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Preface

It is with deeply felt affection that we dedicate this book, Chernobyl: Message for the 21st
Century, to the future of all of the children affected by the Chernobyl accident. This book
contains the proceedings of the Sixth International Chernobyl Sasakawa Medical
Cooperation Symposium, held in Moscow, Russian Federation on May 30-31, 2001. More
than 180 participants attended the symposium, which was organized as a forum to report
the results of the second stage of the Chernobyl Sasakawa Health and Medical
Cooperation Project (1996—-2001) as well as to mark the project’s completion. The project
ran for 10 years from 1991 to 2001.

It was with mixed feelings that we commenced this project—to help overcome the
tragedy of Chernobyl, with the tragedies of Hiroshima and Nagasaki still on our shoulders.
The first half of this project focused on the health screening of children in five areas affected
by the Chernobyl accident, within Belarus, Russia and Ukraine, based on a common
protocol and standardized procedures. The results were reported at the Fifth Chernobyl
Sasakawa Medical Cooperation Symposium in Kiev in 1996, the proceedings being
published as Chernobyl: A Decade by Elsevier Science as part of its International
Congress Series. Thus this book serves as a follow-up to the first set of proceedings.

This book is composed of two parts: the first consists of addresses, presentations and a
discussion of the Symposium, and the second invited papers by international experts
written specifically for this volume.

Towards the end of the first (1991-1996) stage of the project, a dramatic increase in
thyroid cancer among children, particularly living in the Gomel region of Belarus,
came to our attention. To test the hypothesis that this increase was a result of the
Chernobyl accident, we launched a study aimed at comparing the prevalence of thyroid
diseases between children born before and after the accident in the Gomel region. We
present the results in this volume.

We are very pleased to see, in the second stage of this project, formation of inter-
national communities around some of the health issues of the Chernobyl accident. These
efforts include the international cooperation to establish post-Chernobyl NIS thyroid tissue,
nucleic acid and data banks, as a collaborative project of Belarus, Russia, Ukraine, the EC,
the National Cancer Institute of the USA and our Foundation, and the WHO Health
Telematics project “Medical relief for children affected by the Chernobyl accident,”
conducted by Belarus, WHO and our Foundation. The scope of these activities is reported
in the proceedings.

All through the ten years of the Chernobyl Sasakawa Health and Medical Cooperation
Project, our basic stance has been that the project should be humanitarian and scientific. It
was for the children who would build the future of humankind. It was for the children
whose parents lived with the fear of uncertainty in the areas affected by the Chernobyl
accident. The project centered around the health and welfare of those who had been child
at the time of the accident, although the effects on the adult population were by no means
ignored. We believed from the first that humanitarian acts of this kind must be based on
solid scientific principles. Thus the data obtained from all screenings needed to be of high
quality and bearable to the scrutiny of the world’s scientific community, and could be
shared by all when necessity arose.

It is our sincere wish that this volume of proceedings serves to contribute to build a
more humane and peaceful world.

Kenzo Kiikuni
Chairman
Sasakawa Memorial Health Foundation
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Ministry of Health of the Russian Federation

Gennadiy G. Onischenko, Deputy Minister

Japan was one of the first countries to react to the appeal for help made by WHO and
the government of the USSR following the Chernobyl accident. International assistance
was considerable. The financial support made through the government of Japan, which
amounted to about 20 million US dollars, realized an international WHO program for
minimizing the aftermath of the Chernobyl accident during the period from 1991 to 1994.
Russian and Japanese scientists are continuing an active collaboration in research on
radionuclide content in the environment of territories polluted by the Chernobyl accident.

Since 1995, the project for research on causes of thyroid diseases induced by the
Chernoby! accident has been implemented jointly by Sasakawa Memorial Health Foun-
dation and the International Agency for Research of Cancer in Lyon. Modem equipment
for this project was purchased by Sasakawa Memorial Health Foundation, at a total cost of
about 900 000 US dollars. The main aim of the research project was to clarify the
involvement of radiation in the induction of thyroid cancer among children living in the
most affected regions of the Russian Federation, i.e., Bryansk, Kaluga, Tula and Oryol
regions. In the project, 500 children have already been examined and 72 cases of
childhood thyroid cancer have been detected.

Another highly important medical project has been conducted since 1998 with the
participation of Sasakawa Memorial Health Foundation, WHO, the Medical Radiological
Research Center of the Russian Academy of Medical Sciences and the National Cancer
Institute in the USA, as well as the Ministries of Health of Russia, Ukraine and Belarus.
This project aimed at establishing a bank of thyroid tumor tissue, blood and blood
components obtained from thyroid cancer patients who underwent surgical procedures. It
is hoped that this project will allow us to make an objective estimation of the late effects of
radiation received by the population of the Russian Federation. About 480 cases of thyroid
cancer have been confirmed in the framework of the project and a considerable amount of
tissue samples has been collected. We will continue this project in Russia regardless of
what further collaboration we may receive.

At the end of the last millennium, both the people of Japan and the former Soviet Union
faced the catastrophic effects of radiation exposure. It was perhaps these common
experiences that drew the attention of Sasakawa Memorial Health Foundation to the
Chernobyl accident. We earnestly hope that this collaboration will long continue, and I
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consider this symposium a step towards that goal. Further cooperation, primarily with
Sasakawa Memorial Health Foundation, in the following areas will be of significant
importance to achieving our aims:

1. Continuation of bilateral projects to clarify the mechanism of pathogenesis of thyroid
cancer in children and adolescents; further support of the medical organizations and
donations of essential equipment in Klincy and Obninsk of the Russian Federation;

2. Use of electronic sources of individual medical dosimetry information in the
framework of the above-mentioned bilateral project;

3. Use of telemedicine technology aimed at urgent consultation at diagnostic centers of
patients residing in radio-contaminated areas;

4. Extension of training of young Russian specialists in clinical bases and scientific
centers;

5. Sanitation of children in Russian territory and abroad; and

6. Working out of appropriate scientifically based medical recommendations.

On behalf of the Minister of Health of the Russian Federation, Yu. L. Shevchenko, and
the Board of the Ministry of Health of the Russian Federation, I would like to wish this
symposium an overwhelming success, The Ministry of Health recognizes that the great
work of the scientists involved in the collaboration from Sasakawa Memorial Health
Foundation will be once again noted in the symposium, and most importantly the tasks for
the future will be determined. We would like to thank all persons involved in this work.

Ministry of Health of Belarus
Igor B. Zelenkevich, Minister

The accident that occurred in Chernobyl 15 years ago is considered the largest
technological catastrophe of the past century. As a result of the accident, a territory of
about 46 000 square kilometers, inhabited by more than 2 million people (about 20% of
Belarus’ population), was polluted by long-life radionuclides such as cesium, strontium
and plutonium. During the initial period after the accident, almost the entire population of
Belarus was affected by radiation caused by radionuclides of iodine.

Because of the size of the contaminated territories and the considerable number of
people affected by radiation and non-radiation factors of the Chernobyl catastrophe, the
government of Belarus, the Ministry of Health and many scientists were obliged to
investigate a new approach, to organize a new system for estimation of the health
condition of the affected people, and to develop early diagnostics, treatment and
rehabilitation. Very large expenses to resettle the population away from the contaminated
areas were also required. We will continue to deal with those problems in future.

Estimation of the health condition of the population was carried out by screening 1.67
million people, among whom 350 000 were children. The data were accumulated in the
Russian state registry of people affected by the Chernobyl catastrophe. The results of
analyis of this information are still being studied both inside our health care system and in
the framework of international projects. The results will be used to improve the health care
of all people affected by the catastrophe.
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The Chernobyl accident has badly affected the health of a great part of the Belarussian
population. The increase of thyroid diseases, especially that of thyroid cancer in children,
which has been demontrated to be a direct consequence of the accident, is of especial
concern. Understanding of the pathogenesis of malignant tumors is one of the main tasks
of medical science, and is possible only under close international cooperation. Belarus is
open for implementation of international scientific projects in the field of medical care for
the population.

Public figures and scientists from many countries, including Japan, USA, Germany,
France and Italy, together with specialists from Belarus, have been working on the
problems caused by the Chernoby! accident in our country for more than 10 years. Among
our overseas collaborators, the contribution of Sasakawa Memorial Health Foundation is
of particular note. Humanitarian and scientific projects of Chernobyl-Sasakawa have been
carried out since 1991. Aside from one-time humanitarian action, the projects of Sasakawa
Memorial Health Foundation have enabled the long-term study of the influence of low-
dose radiation on children’s health.

The Joint Japan-Belarus Chernobyl-Sasakawa centers have been built in the cities of
Mogilev and Gomel on the foundations of pre-existing medical organizations. Regular
visits of the Japanese specialists, and expensive medical equipment, consumables and
medicines were donated to these centers. Screening was carried out both in the centers and
in mobile laboratories supplied on Japanese automobiles.

Besides donating equipment to our country, Sasakawa Memorial Health Foundation
provided considerable assistance in the form of consultations and education of staff in
various aspects of endocrinology, hematology and dosimetry. Education was provided
during visits by Japanese specialists and by training courses at leading centers of Japan.
We exchanged opinions and data during regularly held symposiums. As a result of this
work, we have covered the distance from complete non-understanding to at least partial
knowledge, because 10 years is quite a short time in the study of such a large problem.
Thus for this reason, I would like to express the hope that this research will continue into
the future and that our knowledge will become deeper and wider.

We express our gratitude to Sasakawa Memorial Health Foundation, the president of
The Nippon Foundation, Mr. Yohei Sasakawa, to Prof. Kiikuni, Prof. Nagataki and Prof.
Yamashita, and to many, many others who took part in the projects and who have helped
us and are continuing to help us to overcome the problem. I would also like to congratulate
all of the organizers for holding a conference devoted to the Foundation’s activities, and [
wish you good health, success and excellent results. Thank you for your attention.

Ministry of Health of Ukraine
Olga A. Bobyliova, First Deputy Minister

The accident at the Chernobyl Nuclear Power Plant led to radiation pollution in 77
districts of 12 regions of Ukraine. Now, more than 2.5 million people are included on our

dispensary control list, 529 000 of whom are children. Follow-up of the health condition of
the affected people over the last 15 years has witnessed degrading health conditions in
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every category, and that of children is outstanding. The disease rate increased firstly due to
diseases of the nervous system, which were of no specific character and presented as a form
of vegetovascular dystonia, and diseases of the urogential system, skin and subcutaneous
fat. The number of children born with abnormalities and deformity increased § fold
following the accident; 40% of these births occurred during the last 5 years.

A considerable increase of thyroid cancer among children in Ukraine has been observed
since 1990. According to the Institute of Endocrinology and Metabolism, more than 1600
people who were children or adolescents at the time of the accident underwent surgical
procedures for thyroid cancer in Ukraine between 1986 and 2000. The most considerable
increase in the incidence of thyroid cancer occurred in people who were aged up to 4 years
at the time of the accident. The disease rate in this group increased more than 3.1 fold.
There is a network of special medical organizations, namely radiation centers and radiation
defense dispensaries for the examination of affected people, devoted to medical help in
Ukraine. The total number of specialized beds is more than 3000. A network of expert
commissions to determine causal connections of disease and invalidity is spread over the
country. Control and monitoring of the population mortality index has been carried out.
We have managed to stabilize and decrease the mortality of children in all areas
contaminated by the Chernobyl accident, by constant medical follow-up and improvement
of methods of diagnosis and treatment.

Considerable help and improvement in assisting those affected by the Chernobyl
accident reached Ukraine through the two diagnostic centers in Kiev and Korosten in
Zhitomir region, which were set up in the framework of the Chernobyl-Sasakawa project.
Modern medical equipment in these centers, provided by Sasakawa Memorial Health
Foundation, proved to be the most effective implements of all in solving our problems.
Toyota laboratory buses, in which screening activities can be carried out, were donated to
Ukraine. Ukrainian specialists in these centers received education and training from the
best organizations in Japan in the fields of radiology, endocrinology and hematology. We
are very grateful to the highly qualified Japanese specialists who, together with Ukrainian
doctors, worked during all these years for the improvement of medical care for the affected
people. We would like to express our gratitude in particular to Prof. Yamashita, Prof.
Fujimura, Prof. Shibata and Prof. Hoshi, and to all of the others whom we so often saw in
our country, and whom our people, our patients at the polluted territories, know and think
of as their own doctors.

A total of 64 000 children were examined at the two Sasakawa-supported centers in
Ukraine when the project was implemented. Autoimmune thyroiditis was found among
those examined. There were up to 12 000 different pathology cases, and Ukrainian and
Japanese specialists together tried to find out the reasons for their appearance.

Another important aspect of the implemented research, in our opinion, is that it was
very much future-oriented. The program was significant in that it aimed at analyzing
children’s health and that it led to recommendations for the improvement of children’s
health and for managing risk factors. The underlying principle of the collaboration was to
determine what should be done today and what should be done tomorrow. For this reason,
priority was focused on children. The Japanese specialists made several visits to the
Ukraine during the Chernobyl-Sasakawa project, and these helped reduce the biggest after-
effects of the Chernobyl catastrophe: psycho-emotional tension among the affected
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population. Japanese specialists who are working and, we hope, will continue to work with
Ukrainian specialists have gained enormous trust from their Ukrainian patients. The
Ministry of Health remains very grateful to Sasakawa Memorial Health Foundation, to Mr.
Sasakawa and to the specialists who worked in Ukraine all these years.

On behalf of the Ministry of Health, once more I would like to express our gratitude to
Mr. Sasakawa, Sasakawa Memorial Health Foundation, all the specialists, and all our
colleagues in Russia and Belarus who strengthened the project by their knowledge. We
would like to wish this symposium a fruitful one for the welfare of all people affected by
the Chemnobyl accident, and to express hope for the continuation of projects such as the
epidemiological survey of thyroid abnormalities, genetic monitoring, the unique bank for
thyroid cancer tissue supported by Sasakawa Memorial Health Foundation, WHO and
others, and the development of medical telecommunication. Let me express hope, and
confidence, that we will find ways of collaboration and that the collaboration will develop
further advances in science. I would also like to say that the Ukrainian government awards
the special gratitude of the Prime Minister of Ukraine to the leading Japanese specialists
who worked at the contaminated territories. Thank you.

EMERCOM of Russia
Nadezhda V. Gerasimova, Deputy Minister

Fifteen years have passed since what was the greatest technological catastrophe of the
20th century. The government of the Russian Federation has been trying to solve the
consequences of it ever since. I would like to take this opportunity to say what the state has
been doing to minimize the consequences of the Chernobyl catastrophe. The law “About
social protection of citizens, affected by radiation as a result of the Chernobyl accident”
was adopted in 1992. After the adoption of this law, three programs, “Chernobyl children”
“Program for population’s protection of Chernobyl consequences” and “Housing problem
for the liquidators™ in relation to Chernobyl were also adopted and are in effect now. Since
the time the programs were adopted, considerable funds have been allocated to stabilize
the economic situation of the radiation-contaminated territories. Initially, 14 regions of our
country were polluted or had radioactive influence. Now, after 15 years of undertaking
significant measures, we consider 4 regions, Kaluga, Tula, Oryol and Bryansk, contami-
nated. A considerable amount of work has been conducted in the agricultural sector to
clear radionuclides and recover land.

All of the programs are to be finished in 2001, as planned. This is the reason for which,
on the instruction of the government, the EMERCOM (Ministry of the Russian Federation
for Civil Defense, Emergencies, and Elimination of Consequences of Natural Disasters)
and other federal ministries and agencies intend to carry out programs for liquidation till
2010 of the consequences of the Chernobyl accident, nuclear weapon tests in Semi-
palatinsk, and the accident at “Mayak” manufacturing enterprise. Now the programs are
almost ready and have been adjusted with other ministries and agencies. Experts have
examined the programs, and they will be reviewed at a session of the Government of the
Russian Federation in June. The program is to build all of the objectives, mostly of health
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care that were started before, and the rest should be oriented for practical measures and
scientific work.

However, it must be emphasized that, with regard to the Chernobyl tragedy, the
consequences of liquidation will continue even after the programs end in 2010, and that
environment monitoring should be conducted for a long time after that date. Many problems
connected with forestry in the contaminated territories, and equally many problems
connected with monitoring the health of the population, remain unsolved. A medical
registry, in which more than 500 000 of the liquidators and people affected by radiation are
listed, has been created here. Similar registries exist in Belarus and the Ukraine.

The Government of the Russian Federation has taken considerable measures to provide
assistance to liquidators of consequences of the accident at the Chernobyl Nuclear Power
Plant. There are, we believe, more than 200 000 liquidators in the Russian Federation. The
Government of the Russian Federation has instructed the exchange of certificates of those
who participated in liquidating the consequences of the accident at the Chernobyl Nuclear
Power Plant this year and the following. Currently, the certificates in use are those of the
Soviet Union. We have faced several problems, especially in Caucuses republics, where
certificates are forged. The certificates of those who participated in liquidation will be
exchanged to provide possible assistance only to those who require it. A program to
provide the liquidators with dwellings has not yet been completed. Only 30% of
liquidators who were involved in the program have received dwellings. There are more
than 11 000 square kilometers of dwellings. In total, 9000 families have received dwellings
and about 30000 are in need of improvements of their own dwelling. A new law
concerning compensation for damage to health, primarily on the liquidators, was adopted
this year, as the liquidators had previously received a very small assistance to compensate
for health effects. About 99.3% of the population are satisfied with the law, because the
invalids of the 1st category (about 60%) had been receiving up to 500 rubles per month,
and now they will receive 5000 rubles per month; invalids of the 2nd category 2500 rubles
per month and those of the 3rd category, about 1250 rubies per month. This represents
only compensation for harm to health and does not include other payments and social
privileges, of which the Russian Federation provides about 30 different categories. This is
undoubtedly only a very small amount of what the state can do for the people whose health
was affected, but contributes to the liquidation of the largest accident of the 20th century.

We will continue to work on improving the laws for the social protection of citizens. A
new law, the “dose law,” has been discussed at a government session. According to this
law, from 2003, privileges and compensations are planned for those who are exposed to
radiation exceeding 1 mSv per year over the technological level existing in Russia.
Another law was adopted in 1996, effective January 1, 2000, stating that if a person is
exposed to radiation exceeding 1 mSv per year against natural background levels, the
person should be provided with social privileges. Visiting different territories, and
observing activities there, I must say that a lot of work has been done, and a good
quantity of it has been carried out by international non-government organizations. At the
same time, we have a huge amount of problems that we have failed to solve, especially
concerning the long-term prospects of the health condition of the population. I would like
to express true gratitude to Sasakawa Memorial Health Foundation, which was the first
organization to offer a helping hand to the three affected countries — Ukraine, Belarus and
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Russia. I would also like to extend our gratitude to Sasakawa Memorial Health Foundation
on behalf of the people who received radiation exposure. I hope that this symposium will
have a great beneficial effect for our people in the future. Only those who experienced the
tragedy can estimate its consequences, and can understand and feel what help is necessary
for the people who suffered the same tragedy in Japan.

Thank you very much. We hope for further collaboration with you, and we are thankful
for the great assistance you gave us. I wish you good luck in the symposium.

The Nippon Foundation
Yohei Sasakawa, President

I am pleased to be here today at the opening of this International Sasakawa Chernobyl
Symposium to greet you on behalf of The Nippon Foundation. This Symposium has been
organized to commemorate the Tenth Anniversary of the Chernobyl Sasakawa Health and
Medical Cooperation Project.

In early 1990, I visited Moscow as head of an economic mission. On that occasion,
then-President Gorbachev asked me if there was anything I could do to aid the victims of
the Chemobyl accident. My country is the only country to have experienced the terrors of
an atomic bombing. Thus, it was my strong conviction that there was no country better
suited than Japan to provide assistance.

On return to my country, I immediately consulted with Dr. Itsuzo Shigematsu, one of
the foremost experts on radiation medicine in Japan. He agreed with me that we should
gather a team of experts from Nagasaki and Hiroshima to study how to help. A group of
the best qualified people in the world was thus brought together.

Building on the experiences of Nagasaki and Hiroshima, our group decided to do two
things. First, we would try to ease the fears of the people in the Chernobyl area. Second,
we decided to conduct extensive medical examinations of its children.

I was determined that I would make this project humanitarian aid in the true sense of
the word. This must be the aid , not only for the people of aregion, but for all of humanity.
Thus, we decided that the project had to have a firm scientific basis. Then, when President
Gorbachev came to Japan in April of 1991, he allowed us to use the Antonov—the
world’s largest military transport plane. Using this giant aircraft, we sent five mobile
examination vehicles, the most-up-to-date equipment for treatment, supplies and medicine,
to Moscow. There, on the anniversary of the Chernobyl Accident, we initiated the whole
program in Red Square.

Over the next five years from 1991 to 1996, we examined about 160 000 children in
five locations in Russia, Belarus and Ukraine. According to my original plan, the project
was to end here. However, we had discovered an enormously high prevalence of thyroid
cancer in the Gomel region of Belarus. Thus, I extended the program for another five
years, focusing on this area.

Over the ten years to date, we have provided about 50 million US dollars in funding to
support this program. In the end, the number of children screened totaled over 200 000.
We have donated fifteen mobile examination vehicles. They have traveled a distance equal
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to roughly ninety times the length of the equator. In addition, about six hundred medical
personnel have traveled back and forth between the Chernobyl region and Japan.

The volume of equipment, medicine and supplies was also impressive. This was a truly
large project. The result of our steady screening program is a massive collection of data.
Should a similar accident occur again in the future, and I hope it doesn’t, this data will be
of immeasurable value.

But I firmly believe that this difficult program would not have succeeded on grant
money alone. It was all of us, working so hard together, that brought it such success. The
cooperation and understanding of the governments of Russia, Ukraine and Belarus were
vital. Then, Aeroflot provided aid more than forty times by transporting supplies and
personnel at very low prices. Above all, it was the devotion of individual people that made
this project possible: the selfless medical staff in the region who cared for the health of the
residents, and dedicated specialists from Japan. They played absolutely vital roles. To all
of these people and groups, I extend my deepest gratitude.

Over the past ten years, many international aid organizations and NGOs have
contributed to the rescue of the region. However, very few of them persisted for that
entire period. 1 am very proud that The Nippon Foundation and Sasakawa Memorial
Health Foundation are in the small group that did. For us, the key words that helped us to
sustain our effort were “patience’ and “continuity.”

I firmly believe that the trusting relationship built among all the people who worked for
this project and the things learned together will never fade away. These strong bonds, the
peace of mind of the residents of the region and the network of people and technology will
only continue to grow stronger in the future. This is not simply a “‘thing” that I have given
to the people of Chernobyl. Rather, you could say we have helped raise the children of the
region. Let us all look forward together to their bright future.

I thank you all for your help over the past ten years.

World Health Organization
Michael Repacholi, Coordinator, Occupational and Environmental Health

On behalf of the World Health Organization (WHO), 1 am pleased to add my sincere
thanks to you for coming to Moscow and welcome to this important symposium of the
International Chernobyl Sasakawa Project.

WHO was associated from the very beginning with many of the activities related to the
Chernobyl accident. Just over 7 days following the announcement of the accident, WHO
convened a meeting at its Copenhagen office to evaluate the consequences and to make
preparations for the catastrophe that followed. With the contribution of some 20 million
US dollars from the Government of Japan and a number of other countries, WHO was able
to begin a large humanitarian effort to build up the health care systems in the 3 affected
countries of Belarus, Russia and Ukraine, and to conduct studies of victims of the accident.

During this period, WHO has been pleased to be associated with the excellent works of
the Sasakawa Memorial Health Foundation. Our activities continue to this day...15 years
after the accident. Collaboration with Sasakawa has been both meaningful and very
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beneficial to the affected populations and WHO has been pleased to be associated with
these activities.

Let me add my thanks to the organizing committee, and particularly Sasakawa
Memorial Health Foundation for inviting WHO to the prestigious symposium. On behalf
of WHO I wish you all an enjoyable stay in Moscow and that the symposium will be both
scientifically stimulating and worthwhile.

Thank you.
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Chernobyl Sasakawa Health and Medical
Cooperation Project

Itsuzo Shigematsu ™

Sasakawa Chernobyl Scientific Committee, 4-8-8 Yakumo, Meguro, Tokyo, 152-0023 Japan

Abstract

The Chernobyl Sasakawa Health and Medical Cooperation Project was launched in May 1991
and its 5-year programs were completed in April 1996. Measurements of exposed radiation dose,
thyroid examinations and blood tests were conducted for children in the five regions of the Ukraine,
Belarus, and Russian Federation contaminated by radioactive substances from the Chernobyl
accident. Examination of about 160000 children revealed that thyroid nodules and thyroid cancers
were prevalent in Gomel, the most heavily contaminated among the five regions. However, no
increases in leukemia were observed in any of the five regions. An additional 5-year project was
initiated in May 1996 and completed in April 2001. The project programs included a case-control
study on childhood thyroid cancer, a follow-up thyroid examination of children exposed to radiation
and a health examination of children born after the accident. A telemedicine program between the
Gomel Center and Nagasaki University School of Medicine, and an international cooperative project
to establish thyroid cancer tissue banks are also being implemented. It is expected that all these
programs have contributed to their original objectives, which were to provide support for the three
Republics in their efforts to supply the best medical care for the people affected by the Chernobyl
accident. © 2002 Elsevier Science B.V. All rights reserved.

Keywords: Chemobyl accident; Sasakawa Project; Thyroid cancer; Tissue bank; Telemedicine

The Chermobyl Sasakawa Health and Medical Cooperation Project was launched in
May 1991 in response to the request from the former Soviet government. Furthermore, its
5-year programs were completed in April 1996. An additional 5-year project was initiated
in May 1996 and completed in April 2001. This paper intends to summarize the total 10-
year Chemobyl-related activities of Sasakawa Memorial Health Foundation (SMHF).

* Tel./fax: +81-3-5729-1855.

0531-5131/02 © 2002 Elsevier Science B.V. All rights reserved.
PII: S0531-5131(01)00589-1
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When the Chernobyl nuclear power plant accident occurred in April 1986, interna-
tional aid was extended by various organizations. These include international organ-
izations such as the United Nations (UN), the World Health Organization (WHO), the
International Atomic Energy Agency (IAEA) and the European Union (EU) as well as
governmental agencies and nongovernmental organizations from many countries. How-
ever, for several years after the accident, such aid was mainly focused on investigations
of the effects due to the accident and almost no aid was delivered directly to the
residents in the affected areas.

Under these circumstances, the former Soviet government requested, in February 1990,
assistance for the afflicted residents of Chernobyl from SMHF, which has a notable record
of achievement in international medical cooperation. Upon receipt of the request, the
“Chernobyl Sasakawa Health and Medical Cooperation Project” was created with the
collaboration of the Japan Shipbuilding Industry Foundation (now the Nippon Founda-
tion). A mission to survey how to best implement the project was dispatched in August
1990. The mission’s report highlighted the following five points:

Fear and anxiety were so pervasive among residents in the affected areas.

One of the reasons for such fear and anxiety was lack of accurate information.

It was imperative to identify health problems among the residents.

Direct health examinations were considered to be the most suitable response to this
problem.

5. Children who were most sensitive to radiation should be given priority.

Sl NS

Based on this report, the five regions, namely, Kiev and Zhitomir in the Ukraine, Gomel
and Mogilev in Belarus and Bryansk in the Russian Federation were selected from the
areas contaminated by radioactive substances from the accident. It was also decided to
implement a 5-year health examination program targeted at the children at the time of the
accident in these five regions. In May 1991, the examinations began with one Health
Examination Center established in each of the five regions. Three major items, measure-
ments of exposed radiation dose, thyroid examinations, and blood tests were covered by
the examinations. During the 5-year period completed in 1996, altogether about 160000
children were examined at the five centers.

The main items implemented by the 5-year programs are summarized in the following
seven points. Total expenditure of the project reached more than US$30 000 000.

1. Donation of five mobile units for health examination equipped with whole body
counters, supersonic thyroid diagnostic machines, blood analysis equipment and 10
passenger buses for transportation of children.

2. Provision of a complete set of the above equipment to each of the five centers.

3. Supply of various medical equipment, supplies, pharmaceuticals and personal
computers.

4. Dispatch of experts from Japan to the area (about 90 times, total of 310 persons).

5. Technical training in Japan and on-site for the center’s staff in charge of the
examinations (13 times, total of 130 persons).

6. Educational activities for residents in the affected areas.
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7. Presentation of the results of the examinations (four lectures for the residents, six
workshops and five symposia).

According to the proceedings of the symposia and workshops mentioned in item 7
above [1-5], the actual status of internal cesium 137 dose was made clear to some extent
and no serious exposure was observed at the time of examination, but it was reported that
to identify the exposed radiation dose immediately after the accident is important. The
thyroid examination revealed a variety of thyroid abnormalities. The detection rates of
thyroid nodule and thyroid cancer were highest in the Gomel region in Belarus, the most
heavily contaminated with radioactive substances among the five regions. It was thus
pointed out that further study on the relation with radiation exposure and with an iodine
shortage is necessary. Furthermore, since blood tests did not reveal any increase of
leukemia that had been anticipated, it was indicated that follow-up blood examination
should be continued.

As mentioned earlier, the first S-year programs were finished in April 1996. However,
reagents and other medical supplies and repairs of the equipment have been provided from
time to time to support the autonomous health examination activities of the five centers.
Also, an additional project was begun after May 1996 at the Gomel and Mogilev Centers
in Belarus and at the Bryansk Center in the Russian Federation. It includes a case-control
study on childhood thyroid cancer, a follow-up thyroid examination of children exposed to
radiation and a health examination of children bom after the accident. These additional
programs have been carried out up to the present in cooperation with the International
Agency for Research on Cancer (IARC) and the Medical Radiological Research Center
(MRRC) at Obninsk. The results of these activities will be presented at this symposium.

Recently, using funds from the European Commission (EC), WHO, the National
Cancer Institute (NCI) of the US and SMHEF, three tissue registration banks were
established at Minsk, Obninsk and Kiev for the purpose of preventing the dissipation
and loss of the sample tissues from thyroid cancer operations and for ensuring manage-
ment of the related data. At these tissue banks, international joint studies are being
conducted in the areas of pathological and molecular biological research into thyroid
cancer. Furthermore, since February 1999, Gomel Center—which has the highest
incidence of thyroid cancer—and Nagasaki University School of Medicine in Japan have
Jjointly used satellite communications to operate a remote medical care and diagnostic
support system. At present, they perform thyroid diagnostic imaging using two sets of
ultrasonic diagnostic equipment. Based on this means of telemedicine, WHO, in
cooperation with SMHF, is promoting what is called the Health Telematics Project for
the support of remote diagnoses and medical education in Belarus. A presentation
concerning these new activities is also included in the agenda of the current symposium.

The effort of the Chernobyl Sasakawa Health and Medical Project has been focused on
the humanitarian aid of providing health examinations to as many children in the affected
areas as possible. To date, most children have had only one opportunity to undergo a
health examination. However, it was felt necessary to provide additional support to
maintain a continuing examination and follow-up care system for those examined and
diagnosed with thyroid or blood abnormalities. I would like to emphasize that these
procedures are now being activated at least as far as the five centers are concerned.
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Begun in May 1991, this project has completed its 10-vear activities mcluding the
additional programs in April 2001, ‘The achievements of this project during the period
have resulted in the accumulation of massive amounts of Important data covering exposed
radiation dose measurement, thyroid examination, blood tests and other related domains.
This result is not only useful for the health and welfare of the residents in the affected
areas, but alse will serve as globally important lessons about the effects of radiation on
human health.

We owe a great deal (o the support extended by the Ministries of Health and the State
Agenctes of Health of the Ukraine, Belarus and the Russian Federation and especially to
the devotion of the staff in charge of the examination at the five centers and to the
cooperation of the residents of those respective arcas. Allow me to express my heartfelt
respect and appreciation to all those concerned. The contribution of the Japanese experts
who voluntarily took part in on-site training is also to be especially noted, and T am deeply
grateful 1o each of them. Last buf not the least, to close this keynote address, I sincerely
hope that all the programs mentioned above have achieved their original objectives, which
were 1o provide support for the three Republics in their efforts to supply the best possible
medical care for the benefit of the people affected by the Chernoby!l accident.
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Radiation accidents: medical effects and radiation
protection experience
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A wide range of work elaborated by Japanese specialists in collaboration with medical
practitioners of Russia, Belarus and Ukraine was based upon the thoroughly prepared
research program of high statistical confidence, which was elaborated under the single
methodology and quality assurance of studies. It follows to the conclusion that the
Sasakawa Project is one of the most fundamental ones if results and conclusions are
considered.

The goal of the present paper was to generalize research and practical experience of
radiation accidents at the former USSR together with their medical effects and human
protection countermeasure efficiency.

Basic postulates of UNSCEAR, ICRP and national bodies engaged in the protection of
professionals and population in case of radiation accidents (and large scale radiation
accidents, essentially) can be briefly formulated as follows:

(a) the deterministic effects have to be excluded;
(b) the induction of stochastic radiation effects has to be as low as possible, taking into
account social and economical options.

The regular requirements on the prevention of deterministic (most severe) early
effects of the accidental irradiation determine the provision of the preventive and
immediate medical assistance, which is the integral component of the comprehensive
measures of technical, economical and social policy character. Our experience confirms
the statement that high efficiency of measures at early phase of the accident and,

" Tel.: +7-95-190-9629; fax: +7-95-190-3590.
E-mail address: clinic@rcibph.dol.ru (L.A. Ilyin).

0531-5131/02 © 2002 Elsevier Science B.V. All rights reserved.
PII: S0531-5131(01)00590-8
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partially, at intermediate accidental phase will significantly determine the followed
frequently insignificant efficiency of measures of the mitigation of accidental stochastic
effects.

The deterministic and stochastic effects of radiation accidents can be considered for the
radiation accidents that happened in the former USSR.

According to 50-year data of the Registry of the Institute of Biophysics of the Ministry
of Health of Russia (information until 2001), the accidents that happened in the former
USSR and Russia specifically have the following features: (1) 175 radiation accidents and
incidents of the relatively local character have happened; (2) three large-scale radiation
accidents have happened in Techa river (1949-1952), Mayak Combine (1957) and
Chernobyl Nuclear Power Plant (NPP) (1986); (3) the population has been irradiated
due to the first nuclear explosion at the Semipalatinsk test site (1949).

The following induction of deterministic radiation effects in humans is specific to
these events, as shown in Table 1, where data are shown for acute radiation injuries that
resulted from (1) radioisotope installations and radiation sources; (2) X-ray machines
and accelerators; (3) nuclear reactor incidents including criticalities; (4) nuclear sub-
marine accidents and the Chernobyl accident shown separately for comparison. This
table shows data of 568 victims with clinical (deterministic) symptoms observed.
Victims (344 out of 568) have been diagnosed to have acute radiation sickness (ARS)
of different severity grades. Thirty-nine percent (134 ARS cases) of these patients were
victims (so-called “accident witnesses”) of the Chernobyl disaster; 25% were the
victims of submarine accidents; 21% were the radiation workers of the atomic industry;!
14.5% were people overexposed due to the accidents with radioisotope sources and
other casualties.

Table 1 shows that all cases of local radiation incidents (including the wide spectrum
of the specific casualties) are specific to each of several victims (and less than 10
victims, usually). At the same time, the submarine accidents cannot be considered as
local ones. The specific features of sailor activities inside the nuclear submarine (closed
compartments, autonomy of sailing) has determined the significantly higher scale of
radiation damages that occurred in only two accidents (the combined radiation pathology
was found in 133 persons including 85 ARS cases). It should be noted that about 600
persons were in the site of the Chernobyl NPP at the time of the accident (firemen are
included).

Actually, ARS has developed in each fifth witness of the accident. All these patients
have been exposed to acute gamma and beta radiation emitted by short-lived radionuclides
and to powerful flows of gamma radiation from the destroyed reactor at the first hours after
the disaster.

A total of 71 fatalities were observed at the first 3 months after the accidental irradiation
of 344 ARS patients (20.6% early fatality percentage). These fatalities have resulted in life
incompatible severe damages (including combination of ARS and LRI). Twenty-three
percent of these fatalities were victims of radioisotope source accidents, 17% of these
fatalities were victims of two submarine accidents, 18% of these fatalities (13 cases) were

! Deterministic effects of NPP personnel were observed at the Chernobyl NPP only.
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Table !

State Research Center-Institute of Biophysics Registry data on radiation accidents and incidents at the territory of
the former USSR (as of 15 March 2001) and the number of acute radiation sickness (ARS) and local radiation
injury (LRI) victims

Incident classification Number of Number of victims with clinical symptoms (ARS+LRI)
incidents Subtotal Including those Including those
with ARS who died
(1) Incidents with 88 163 45 16

radioisotope devices
and radiation sources (total)

%o 17 28 15 3
7cs 19 59 13 9
192 34 50 10 1
Other gamma emitters 8 10 2 -
Gamma and beta emitters 2 2 - -
Beta emitters 8 14 5 3
(2) X-ray devices 38 39 1 -
and accelerators
X-ray devices 26 26 - -
Electron accelerators 9 10 1 -
Proton accelerators 3 3 - -
(3) Reactor incidents and 34 83 73 13
criticality accidents
(subtotal excluding 1986
Chernobyl accident)
Criticality accidents 16 42 42 10
Reactor incidents (other causes) 18 41 31 3
(4) Nuclear submarine accidents 4 133 85 12
(5) Other incidents (subtotal) 11 16 6 2
Subtotal (excluding 1986 175 434 210 43
Chernobyl accident)
(6) 1986 Chernobyl accident 1 134 134 28
Total 176 568 344 71

*Excluding LRI cases at Mayak PA in 1949- 1956, which are not included in SRC-IBP Registry.

victims of local accidents in the atomic industry and research, and almost 40% of these
fatalities (28 witnesses) were victims of the Chernobyl accident.”

In analyzing the medical effects of three large-scale radiation accidents in the former
USSR, it should be noted that ARS and LRI cases were not observed (excluding the
Chernobyl accident witnesses) in: (a) recovery workers (should not be mixed with the
accident witnesses!) and population; after the Chernobyl accident; (b) Techa river
population and (c) population of the South Urals Radioactive Trace (SURT) where
radiation occurred after the thermal chemical explosion of a capacitor tank of high-activity
radioactive waste at the Mayak Combine (1957).

2 Fourteen ARS survivors have died within 14 years by different causes of death (heart insufficiency, liver
cirrhosis, lung tuberculosis, etc.) including three cases of myelodysplastic syndrome and acute myeloid
leukemia).
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Despite the formal consideration of nuclear weapon tests as non-accidental events, we
think that there is the possibility of ARS incidence in some people of the Uglov area in the
Altei region, taking into account that a rather high intensity of the radioactive fallout
exposure inside the passage trace of radioactive clouds resulted from the first nuclear test
at the Semipalatinsk test site in 29 August 1949.

Unfortunately, at the present time, the medical documents indicating this assumption
are not available due to a number of reasons: people were not warned of the possible
hazard, any protective countermeasures were not taken, and medical examinations were
not done within 40 years after the explosion. However, the retrospective assessments of
average individual effective doses and collective doses of people of this area [1,2]
indirectly confirm this assumption. Actually, the assessed average individual cumulative
dose was in the range of 800 mSv of acute—subacute irradiation, resulting probably from
gamma and beta radiation emitted by short-lived radioactive products of the nuclear blast.
It is obvious that actual variations of individual doses versus calculated averages could be
five times higher at least.

This finding means that such radiation exposure could induce acute radiation pathology.

Table 2 sums up our data on individual and collective doses of different population
cohorts exposed to large-scale radiation accidents and nuclear weapon test (1949) at the
territory of the former USSR [2].

Table 2
Collective doses of specific population cohorts: radiation accidents and nuclear weapon tests in the former USSR

(2]

Event Regions Population ~ Time period Collective dose ~ Average individual
number (man Svx 10%) dose (mSv)
(x10%)
1949 Nuclear Altei region, three 200 1949-1992 28* 142
explosion southwest areas
Uglov area 21.4 1949-1992 16.5" 800
Urals Techa river 28.1 19501994 6.0° 210
accidents
SURT 24.0 19571994 1.5% 60
Chernobyl Strict control 273.0 For 70 years 23.7° 87
(population)  areas from 1986
Nine most 15600.0 For 70 years  192° 12.3

affected regions
including strict
control areas

Chernobyl 1986 Recovery 117.4¢ Work period 9.34 80 mGy
(recovery workers
workers)
1987 Recovery 109.6 Work period 5.1 47 mGy
workers

# Ninety percent dose accumulated for the first year.

® Ninety percent dose accumulated for 5-6 years.

¢ Upper estimates.

¢ About 5% of recovery workers have been exposed to >0.25 Gy.
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Table 2 shows the most intensive irradiation of 21000 people of the Uglov area in the
Altei region (D,, ~ 800 mSv, Dgoy—16.5X 10® man Sv), as well as the population (28.1
thousand of people) lived at Techa river (D,,—210 mSy, Deon—6.10° man Sv). More
than 40 years of studies elaborated by the Institute of Biophysics (affiliated branch no. 4,
basically, the present name is Urals Research Practical Center of Radiation Medicine) have
demonstrated that this irradiated population of Techa river upper stream was recorded and
described for the first time to show cases of so-called “chronic radiation disease” (ChRD),
which is the obvious radiation-induced deterministic pathology [3,4].

Detailed medical dosimetric studies have demonstrated that about 37% of ChRD
patients had red bone marrow cumulated doses of more than 0.5 Gy; 27% of these patients
had >0.7 Gy doses and 18% had from 1 to 4 Gy doses.

The repeated verification of ChRD diagnoses has demonstrated that at least 66 patients
had well-substantiated ChRD diagnosis [3].

Thus, medical effects of all radiation accidents that happened in the former USSR within
the last 50 years (excluding nuclear weapon tests) result in the following conclusion. The
deterministic radiation effects of acute radiation sickness and chronic radiation disease were
observed in more than 400 victims and combination with local radiation injuries was found
in more than 600 victims. (These numbers do not include about 2000 chronic radiation
disease cases among radiation workers of the Mayak Combine, who were exposed to high
radiation doses at the start-up period of the new radiation technologies).

Somatic stochastic effects of the three large-scale radiation accidents are summarized
below.

1. Techa river

(a) At the period of 1956—1994, 16.9 thousand of the irradiated people were recorded
which showed 50 leukemia cases. The excess value (21 cases) is 40%. It should be noted
that in case of red bone marrow doses of >0.5 Gy, the leukemia excess is above 60%. The
increase of leukemia mortality rate has been established for people of average red bone
marrow dose of >0.7 Sv [3].

(b) The number of the excessive fatal solid cancers (in the whole irradiated cohort) is 30
cases or 3.1% as compared to the observed value (969 cases, 6.41X10° man years). It
should be noted that the increase of fatal cancer incidence was found for cumulated doses
of >0.5 Gy, which is similar to the leukemia findings.

Because the leukemia input to the general mortality rate was not predominant and the
increase of radiation-induced solid tumor incidence rate was insignificant, the decrease of
the life span of the irradiated population was not found at the late periods of the
observation [3,4].

Calculated values of the absolute risk of leukemia in Techa river irradiated population
cohort is 0.85 (0.24-1.45) (per 10000 man years/Gy) for 90% confidence, which is
practically 3.5 times lower than that in LSS cohort [2.94(2.43-3.49)]. Obviously, this fact
regularly confirms the importance of the reparation process in the case of chronic
irradiation to the relatively low doses and dose rates as compared, for instance, to
momentary exposure to high dose rates that existed in Japanese LSS cohort. Thus, for
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the discussed situation, the DDREF coefficient was 1.75 times higher than that adopted by
ICRP (DDREF=2) [5]. According to Ref. [6], the replacement of the numerical value of
this coefficient from 2 to 3 means that the current risk assessments are overestimated for
50% and they are overestimated for 75% if DDREF obtained for Techa river materials is
accepted [3,4].

2. South Urals Radioactive Trace (SURT, 1957)

According to generalized results of 30-year surveillance of different population groups
exposed at SURT [4,7,8], the excessive oncological mortality was not revealed including
the one by leukemia, which can be associated to the accidental radiation. Obviously, to
obtain final data and to take into account solid tumor latency, the longer and more
thorough observations are necessary (essentially in two evacuated cohorts of 2300 of
people exposed to the relatively higher doses).

It should be noted that cohort retrospective study was performed by four groups of
exposed population, taking into account the dose values and period of the relocation, when
the comparison group was composed of non-irradiated population of the Chelyabinsk
region. Evacuated population was divided into three groups of average effective doses of
496 (150—1500 mSv), 120 and 40 mSv, respectively; the permanent residents (non-
relocated people of SURT) had 30 years cumulated effective dose of 58 mSv.

Calculated assessments of Buldakov [4,8] have demonstrated that the additional input
of probable death resulted from radiation-induced malignancies in the whole SURT
population versus spontaneous mortality that can be assessed at the level of 0.94-—
1.27% whereas for most exposed people (2.3 thousand), it is at the level of 12-16%.

3. Chernobyl accident

Table 3 shows calculation assessments of the prognosis of life span incidence of
malignant solid fatal tumors (excluding thyroid tumors in children). The prognostic values
are in the range of 3% (strict control zone) to 0.3% of spontaneous rate. In Ukraine,
Belarus and Russia, about 2000 thyroid cancers were recorded until 2000.

The brief description of doses and effects in Chernobyl accident recovery workers is
given below. It is known that the dose verification problem is one of the most complex
problems for recovery workers. A number of publications are devoted to this subject.
Table 4 shows standardized assessments for 1986—1987 recovery workers that were done
by Ilyin et al., Ivanov et al. and UNSCEAR (2000). Table 4 demonstrates that average
values of individual and collective doses have two times maximum difference. Corre-
spondingly, the prognostic values of life span incidence of leukemia and solid tumors are
in the same range. UNSCEAR has adopted the value of the average individual dose of
1986—1987 recovery workers to be 100 mGy. This value is within assessments done by
Ilyin and Ivanov (see Table 4) and apparently, it is applicable for approximate calculations.
Thus, the conclusion on prognostic somatic stochastic effects in 1986—1987 recovery
workers can be drawn from the upper and lower limits of assessments and averaged values
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Table 3
Effective cumulated doses and predicted incidence of fatal cancer (non-threshold concept) in population after the
Chernoby! accident

Areas and Number Collective dose Seventy Percentage Predicted Spontaneous Percentage of
regions of people (man Svx 10%) years of natural number cancer number spontaneous
delineated (x10%) average background of cancers cancer number
by 37 kBq/m2 effective (210 mSv)

dose (mSv)*
Strict control 0.273 23.7° 87 41.4 1185 38220 3.1

areas of nine
regions of the
former USSR
Nine regions 15.3 168.3° 10.9 5.20 8415 2142000 04
excluding
strict control
areas of nine
regions of the
former USSR
Ukraine 2.4 20.0 8.3 395 1000 336000 03
(37 kBg/m®)°
Former USSR 7.2 70.0 9.9 4.60 3500 1008 000 0.35
(37 kBg/m?)
i

Fatal cancer spontaneous incidence rate is 2x10°x1x10 3.year™".
10728v7" [5].

* Excluding thyroid dose (effective dose is applicable to stochastic effect probability assessment and only for
absorbed doses far below the deterministic effect threshold).

® Upper estimates (1990).

° From Ref. [14].

Life span risk coefficient is 5x

of radiation-induced effect rates, which are within ~20% of spontaneous rates for
leukemia and 5—6% of solid tumor spontaneous rate (see Table 5).

Thus, the analysis of somatic stochastic effects of three large-scale radiation accidents
gives the opportunity to conclude that 30—40 years of clinical epidemiological studies
have established the excess rate of radiation-induced leukemia in the Techa river
population (within 40% of excessive cases out of 50 cases recorded). At the same time,
SURT people (35 years surveillance) and people living in Chernobyl contaminated areas

Table 4
Average individual and collective doses of external exposure of recovery workers
Year of Number of Individual doses (mGy) Collective doses (man Gy x10%)
employment people Source® Source®

1 2 3 1 2 3
1986 117299 80 168 - 9.4 19.7 -
1987 109601 47 93 - 5.1 10.2 -
1986—1987 226900 64 130 100 145 29.7 22.7

? (1) L.A. Ilyin, et al., Radiation Biology and Radicecology, 35 (6) (1995) (in Russian). (2) V.X. Ivanov, et
al., Outline: radiation related cancer from the Chemoby! accident. 50th session of UNSCEAR, 23-27 April 2001.
(3) UNSCEAR 2000 Report, Annex J. Exposures and effects of the Chernobyl accident, UN, New York, 2000.
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Table 5
Predicted life span risk of fatal leukemia and solid tumors in 1986—1987 recovery workers according to external
gamma doses

Number of 19861987 Leukemia (%spontaneous rate) Solid tumors (Y%spontaneous rate)

recovery workers Source® Average Source® Average
1 2 3 1 2 3

226890 13.8 21.5 28.1 211 35 54 9.1 6

Leukemia spontaneous rate is 5x1x107>-year™'; solid tumor spontaneous rate is 2x10°x Ix107year ",

Life span risk coefficients of radiation workers are: 4x107>.8v™" (leukemnia) and 4x1072-Sv™" (solid tumors).
Life span under risk is 37 years.
# See Table 4.

(14 years surveillance) were not found to have the increase of leukemia morbidity that
could be associated to radiation. There are considerations supporting the assumption of the
absence of the epidemiologically detectable increase of this pathology in the future. The
1986 recovery workers (data of Russian State Medical Dosimetric Registry) were found to
have the short time increase of leukemia morbidity at year 3 after the accident in 1996. If
the non-threshold concept is accepted, then the theoretical prognosis of the excessive
incidence of this pathology for the whole life span would be about 23% [9]. According to
our assessments, this value will be in the range of less than 15%.

Solid tumors: According to epidemiology studies at Techa river, the excessive increase
of 3% above spontaneous rate was established for fatal cancers. Theoretical assessments of
the prognostic radiation-induced fatal cancer incidence in SURT population and Cher-
nobyl strict control area zones are in the range of 1-5%, similar to the recovery workers
[2,4,9]. As in 2000, the actual increase of the morbidity and mortality was not detected for
malignant tumors in people of categories noted above, which is confirmed by research
studies and statistical reports of the healthcare authorities.

This conclusion is also valid for the current indices of general mortality of population
and recovery workers.

Based upon these assessments indicating very low values of the prognostic rates of
radiation-induced solid cancers as compared to the spontaneous rate, one can assume that
even the large-scale epidemiological studies (including adequate controls) can hardly
provide retrospective actual data confirming the prognostic assessments. This conclusion
is also supported by publications devoted to the analysis of the necessary quantity of
statistically confident data able to reveal radiation carcinogenic effect of low radiation
levels (see Table 6).

On the background of these conclusions, the clearly expressed excess of the thyroid
malignant tumor incidence was established in persons, who were in their childhood at

Table 6

The size of sample required to assess dose-effect ration for carcinogenesis (90% confidence probability) [10]
Dose (Sv) Sample size (number of people)
1 1000

0.1 100000

0.01 10000000
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the time of Chernobyl accident, and in the 1986 recovery workers (data of Russian State
Medical Dosimetric Registry).

The radiobiological explanation of this phenomenon consists in high thyroid doses and
dose rates that resulted from the “iodine impact’ of Chernobyl. For instance, it should be
mentioned that average thyroid absorbed dose in children (ages below 7 years) in rural
areas of Gomel region was up to 1 Gy [11]. Apparently, it can be accepted that these are
deterministic —stochastic effects of thyroid damage resulting from the relatively short-time
(1-2 months after the accident) acute—subacute irradiation from thyroid incorporated
radionuclides of iodine.

This circumstance that resulted in major radiological effects is the specific feature of
the Chernobyl accident, which is different from events in Techa and SURT. At the same
time, all three accidents are specific to chronic whole-body low-dose rate exposure to
long-lived radionuclides. Levels of this exposure are generally the same as the life span
doses resulted from the natural background radiation. In the framework of philosophy of
assessments and prognosis of radiological (stochastic) effects of chronic exposure at the
population level, the concept of so-called “practical threshold” for the induction of such
effects is shared and supported [1,2,12] by authors of the present paper. The adoption of
possibility of such threshold levels, where stochastic effects would not be realized if
doses are below these thresholds, is predominantly determined by the importance of the
reparative processes in the whole organism, if low-LET radiation of low intensity is
under consideration. The subject of recommended numerical values of the “practical
threshold” is discussible. In recent years, the necessity of the “threshold” approach is
shared by more radiation protection researchers.

The de facto adoption of “practical threshold” will particularly give the opportunity to
exclude the concept of “collective dose™, when risks of stochastic effects are assessed for
large human populations exposed to low and, essentially, super low doses equal to portions
of the natural background dose; at these doses, the effects were not detected and,
moreover, will not be detected (see above). Examples of such assessments are given in
Table 3.

When discussing problems of protective measures to prevent deterministic effects and
to mitigate stochastic effects of human irradiation in case of large-scale accidents, it is
necessary to take into account the comprehensive origin of these measures. Obviously, the
major goal of protective measures is the exclusion or decrease of population doses taking
into account economical and social factors. It is also obvious that one of the most effective
countermeasures is the population evacuation at early phase of the accident [4]. If such
evacuation was delayed for days, weeks, months and even years (e.g., Techa situation),
then the dose decrease efficiency would be inversely proportional to the evacuation-term
or would be inconvenient. The modern approaches state that the preventive evacuation
(relocation) of 28000 people from the upper stream river area settlements could be most
effective in 1949, when the release of radioactive waste to Techa river system had started.

It is also obvious that the effectiveness of protective measures at early phase and less
effective measures at intermediate phase of the accident determine the scale of stochastic
effects of the radiation.

Example: The absence of the operative information on terrestrial scales and levels of
iodine hazard within first 2 weeks after the Chernobyl accident and the absence of the state
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alarm system to warn people in the European part of the former USSR, the organizational
non-preparedness of correspondent authorities to provide iodine prophylaxis to people as
well as other circumstances, have basically determined radiological effects related to the
overexposure of the thyroid in people under the radioactive fallout.

Our experience certifies to the fact that timely and strict management of the accidental
and post-accidental exposure of population and radiation workers are the most important
factors to minimize radiation health effects. Example: The differentiated standards of
population exposure at first 3 years after the accident adopted by National Commission on
Radiation Protection in May 1986 have resulted to three to five times decrease.

The other purely medical aspect of protective measures consists of the problem of
medication prophylaxis of the external gamma irradiation and radionuclide body incorpo-
ration. This subject is considered in monograph [13]. It should be noted that strictly
differentiated indications to apply correspondent medications and means are only justified
at early and, partially, intermediate phases of the accident. During the accident recovery
period, when doses are basically below the established standards, the indications to the
long-term application of radioprotectors seem to be absent because of their inefficiency for
low doses and dose rates specific to the situations of chronic exposure. The same
considerations are valid for means considered to increase the radioresistance of the
organism. Moreover, the experimental evidences of their effect in the decrease of malignant
tumor incidence are absent. The same conclusion is relevant to means of radionuclide
excretion acceleration. Nevertheless, the “non-threshold” hypothesis predetermines the
logic of such recommendations. Unfortunately, such proposals do not take into account the
fact of the long-term application of such means in the case of chronic radionuclide intake. In
the majority of cases, there is no experimental evidence of the biological safety of such a
long-term application. Alternatively, there are a number of experimental studies confirming
the fact that the relative “benefit” of the moderate decrease of doses is incomparable to the
biological harm (mortality criterion) of such agents [13].

The experience demonstrates that most rational and effective system of medical
assistance to population exposed to the accidental radiation is the screening based upon
the differentiated approach to the irradiated individuals. The principal importance of
screening management for late radiation effects consists in the separation of population
groups at higher risk of carcinogenic diseases, which increases the efficiency of early
diagnosis, prophylaxis and therapy of such pathology.

Finally, it should be noted that the fundamental monograph on Large Radiation
Accidents: Effects and Protective Measures has been published in April 2001. This book,
for the first time, generalizes the Russian experience of the discussed subject and provides
the critical analysis of all population protective measures and environment protection
actions applied with the specific emphasis to their adequacy, insufficiency and over-
application.
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1. Introduction

The Chernoby! Sasakawa Health and Medical Cooperation Project, which was con-
ducted with the cooperation of Japanese scientists over a 10-year period, made it possible
to study and implement new medical technologies for the diagnosis and treatment of
patients with hematological and thyroid diseases and to statistically process the scientific
data obtained from investigation results.

Regular contacts between Japanese scientists and Mogilev specialists, as well as
training courses for our doctors and engineers at Nagasaki University in Japan, allowed
us to enrich our knowledge and practical skills. The Sasakawa Memorial Health
Foundation also extended enormous support by providing medical equipment, reagents,
consumables and various scientific medical information.

One of the most serious medical problems after the Chernobyl accident was a dramatic
increase in the incidence of thyroid cancer among the population of the Mogilev region.
While only 58 cases of thyroid cancer were found among adults residing in the territory of
the Mogilev region before 1985 as shown in Table 1, 1063 cases (including 37 children) of
thyroid cancer have been diagnosed during the period of 15 years after the Chernobyl
disaster. This represents an 18-fold increase in thyroid cancer. The first case of childhood

* Corresponding author. Tel.: +375-222-22-4745; fax: +375-222-22-2997.

0531-5131/02 © 2002 Elsevier Science B.V. All rights reserved.
PII: S0531-5131(01)00591-X
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Table 1

Thyroid cancer in the Mogilev region in the two periods before and after the Chernoby! accident

Period Cases Childhood cases
(0—15 years old)

1972-1985 58 -

19862000 1063 37

Total 1121 37

thyroid cancer was found in 1990. An increase in thyroid cancer occurred in 1993, but a
dramatic increase was noted in 1998 (Fig. 1).

In comparison with other regions of the Republic of Belarus, a significant increase was
noted in the incidence of thyroid cancer among the population over 19 years of age in the
Mogilev region, people who were children at the time of the accident (Fig. 2). Thus, in the
Mogilev region, the incidence per 100000 population was 19.5 and 20.4 in 1999 and
2000, respectively, while in the Gomel and Brest regions it did not exceed 13.9 and 5.7 in
1999 and 2000, respectively. Since the average incidence per 100000 population is 10.6 in
the Republic of Belarus, the prevalence of thyroid cancer in adults is now highest in the
Mogilev region.

We, therefore, changed the target of medical screening from children to adults after the
first Chernobyl—Sasakawa Project, which had focused on the screening of school children,
terminated in April 1996. In this presentation, we introduce the role and medical activities

192
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Fig. 1. Incidence of thyroid cancer among the population of Mogilev region from 1980 to 2000. The figures
present the number of cases and the parenthetic entries refer to the number of cases diagnosed by the Mogilev
Regional Diagnostic Center.



T.A. Kroupnik et al. / International Congress Series 1234 (2002) 21-27 23

251
20 L —e— Beralus
--m-  Brest
(@]
S ~x- Gomel
g 15F ——  Mogilev N
5]
(o}
@ 10 |
[72)
[§+]
O
5 -
O ] 1 1 (] ] ] 1 [ (] I 1 [ | L | I |
1986 1990 1995 2000
Year

Fig. 2. Temporal trends of incidence of thyroid cancer in adults (over 19 years of age) after the accident in Belarus
and the three districts of the country.

of the Mogilev Region Diagnostic Center and summarize the results of thyroid examina-
tions conducted from 1996 to 2000.

2. Structure and methods

A step-by-step improvement of medical assistance programs for patients with thyroid
diseases was conducted and organized with the support of the Sasakawa Memorial
Health Foundation. The flow diagram of medical checkups for thyroid diseases is now
established in the Mogilev region as shown in Fig. 3. In particular, the development of a
multistep thyroid examination made it possible to improve the accuracy of thyroid
disease diagnosis and contributed to the establishment of a relay system from diagnosis
to treatment, especially from the Mogilev Diagnostic Center to the Republican Thyroid
Cancer Center.

Owing to the medical support received from the Sasakawa Memorial Health Founda-
tion, the following goals have now been achieved. First, thyroid ultrasound screening
carried out by mobile teams has made it possible to determine high-risk groups among the
radiation-exposed and general population in the radio-contaminated areas. Second, if a
more extensive examination is needed, patients are consulted and referred to our center
from four different routes: doctors participating in mobile diagnostic teams, physicians
from local medical centers, doctors from the Diagnostic Center, and patients who come for
examinations of their own volition. Third, the verification of diagnoses of thyroid diseases
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Fig. 3. Flow diagram of thyroid disease detection at the Mogilev Regional Diagnostic Center.
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is now established on the basis of cytological investigations of aspirates obtained from
echo-guided fine-needle aspiration biopsy (FNAB).

3. Results

The prevalence of thyroid tumors in patients diagnosed by endocrinologists from 1993
to 2000 is summarized in Table 2. Out of 177259 patients examined, 13 838 underwent
FNAB, and the cytological diagnosis indicated malignant thyroid tumor in 610 cases. A
total of 542 cases (62 males and 480 females) of malignant thyroid tumor were diagnosed

Table 2
Prevalence of malignant thyroid tumor in patients diagnosed by endocrinologists at the Mogilev Regional
Diagnostic Center

Year Number of Number of patients Number of cases with malignant thyroid tumor
patients examined undergoing biopsy Absolute Per 1000 patients
1993 10795 219 12 1.1£0.32%
1994 16762 562 20 1.240.27
1995 12460 1031 36 294048
1996 16607 1892 50 3.0+0.43
1997 19261 2036 56 2.94+0.39
1998 28339 2377 126 4.4%0.39
1999 34989 2622 145 424035
2000 38046 3099 165 43+0.33
Total 177259 13838 610 3.44:0.14

 Standard error.
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by our center from 1996 to 2000. The data on the number of thyroid cancer cases by sex
and age presented in Fig. 4 show that the largest number of cases was observed in the 41—
50 years age group in both of males and females.

Various thyroid nodular lesions were found in 12026 of 137200 patients who under-
went echo-guided FNAB from 1996 to 2000. Adequate materials were obtained from 72%
of the sampled aspirates. Classification of thyroid diseases was carefully performed after
cytological verification and all the suspected malignant tumors were eventually confirmed
by histological examination at the center in Minsk.

Over the last 5 years, 542 cases of malignant tumor were found by our center. The
classification of malignant tumors on the basis of cytological diagnosis is shown in Fig. 5.
A total of 638 patients, consisting of the 542 cases of malignant tumor, 28 patients with
follicular neoplasm and 68 patients with an indefinite cytomorphological diagnosis, were
referred by specialists of our center to the Republic Thyroid Cancer Center in Minsk
(Table 3). Out of 510 surgically treated patients with a cytomorphological diagnosis of
papillary adenocarcinoma, the diagnosis was confirmed histologically in 502 cases
(98.4%). Similarly, out of 12 surgically treated patients with a cytomorphological
diagnosis of medullary carcinoma, the diagnosis was confirmed in 9 cases (75.0%). As
a whole, the cytological diagnoses of malignant tumor made by our center were confirmed
histologically in 97.9% of cases by the Republic Thyroid Cancer Center.

Experts recommend that the phenomenon of a high incidence of thyroid cancer be
followed up carefully for many years. The increases observed in lymphatic and hemato-
genic metastasis remain to be elucidated, a problem that causes considerable concern
among our medical staff. It is imperative that we organize an adequate system of medical
assistance for those whose health has been affected by the accident. At the same time,

200

150 L D Males

- Females

Number of cases

0-14 15-18 19-30 31-40 41-50 51-60 61-70 71-80 81-90
Age (years)

Fig. 4. Number of thyroid cancers by sex and age diagnosed by the Mogilev Regional Diagnostic Center from
1996 to 2000.
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Fig. 5. Classification of 542 malignant thyroid tumors diagnosed on the basis of cytology by the Mogilev
Regional Diagnostic Center from 1996 to 2000.

however, the resources allocated by our government are clearly insufficient. The current
economic situation in the Republic of Belarus simply does not allow proper medical
attention to the people exposed to the Chernobyl accident.

Table 3
Cytological diagnosis at Mogilev Regional Diagnostic Center and their diagnosis by the Republic Thyroid Cancer
Center (RTTC) in Minsk

Diagnosis made Cytological diagnosis

by RTTC* Papillary Medullary Follicular Undifferentiated Malignant Follicular Hyperplasia? Total
carcinoma carcinoma carcinoma carcinoma lymphoma neoplasm Tumor?

Papillary 502 1 2 14 519
carcinoma

Medullary 9 9
carcinoma

Follicular 1 3 3 7
carcinoma

Undifferentiated 1(4) 1(4)
carcinoma

Malignant (2) 2)
lymphoma

Goiter 5 2 1(5) 5 13(5)

Thyroiditis 2 2

Follicular 1 S 2 8
adenoma

Others

Subtotal 510 12 1 5 2 16 24 570

Data not 12 12 44 68
available

Total 522 12 1 5 2 28 68 638

? Based on histology (except those in parentheses, which were confirmed without surgery).



T A. Kroupnik et al. / International Congress Series 1234 (2002) 21-27 27

Therefore, the healthcare authorities in our region will be grateful for any additional
humanitarian aid, which will contribute to the improvement of our health situation.

4, Conclusions

(1) The increase in thyroid cancer requires the establishment of an effective system of
early diagnosis and continuing treatment in specialized centers in the Mogilev region.

(2) Ultrasound thyroid screening should be carried out on people exposed to the
accident under 19 years of age, irrespective of place of residence.

(3) Due to the limitation of state budgets addressing health problems and minimizing
the consequences of the Chernobyl accident, the establishment of a joint program of
cooperation with international organizations is needed to resolve the fundamental
scientific and practical problems related to the accident.
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Bryansk Regional Diagnostic Center No. 2, Sverdlovskaya 76, Klincy, Bryansk Region 243100,
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1. Introduction

The Bryansk Regional Diagnostic Center No. 2 was established in 1998 on the basis of
the diagnostic laboratory of the Klincy City Children’s Hospital, which was originally set
up in 1991 within the framework of the “Chernobyl—Sasakawa’ Project. The Center has
received all diagnostic, auxiliary and office equipment and transport facilities from
Sasakawa Memorial Health Foundation as a humanitarian aid donation. All staff members
employed previously at the diagnostic laboratories are working for the Center at the pres-
ent time.

The aim of the medical screening performed is to determine thyroid abnormalities in
children residing in radio-contaminated areas of the Bryansk region.

2. Subjects and methods

During the period from May 1996 to the end of 2000, children from four districts in the
Bryansk region, aged 5—17 years, were examined annually. A majority of the children
resided in Klincy city. The examination of the children was carried out in accordance with
orders of the Russian Ministry of Health and local health care authorities as part of the
relevant federal program.

" Corresponding author. Tel.:+7-8336-2-0454; fax: +7-8336-2-2411.

0531-5131/02 © 2002 Published by Elsevier Science B.V.
PIl: S0531-5131(01)00592-1
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The examinations were carried out using diagnostic equipment donated by the
Sasakawa Memorial Health Foundation during the period from 1991 to 1996. All
diagnostic equipment is in good working condition, thanks to continuation of financial
support from the Sasakawa Memorial Health Foundation. The supply of sufficient
quantities of consumable materials is financed by federal and regional budgets.

Up to 1998, the approach and content of the examinations in all children were similar to
those of the first Chemobyl—Sasakawa Project.

Measurement of whole body '*’Cs concentration in children was performed with a
whole body counter (Model-101) manufactured by Aloka (Japan). Height, body weight
and size of the chest were measured before the examination.

Examination of the thyroid glands included examination by an endocrinologist, ultra-
sound investigation and, if thyroid abnormality was suspected, determination of serum free
thyroxine (FT,) and thyroid-stimulating hormone (TSH) concentrations as well as the
titers of antimicrosome (AMC) antibodies and antithyroglobulin (ATG) antibodies.

Ultrasound scanning of the thyroid gland was carried out with an arch-automatic
ultrasound instrument (Aloka SSD-520). The definition of goiter is a thyroid volume
exceeding the volume calculated using a certain formula. To study thyroid function, we
determined the concentration of FT, and TSH by the immunometric diagnostic system
“Immunotech” (Czechia) using “Amersham” apparatus. The titers of AMC and ATG
antibodies were determined by the reaction of indirect hemagglutination using “Eritrog-
nost” kits (Obninsk, Russia).

Thyroid volume, echogenity, presence of thyroid abnormalities, nodules, cysts, calci-
ficates, as well as the levels of FT4 and TSH and positive titers of AMC and ATG
antibodies, were taken into consideration in the establishment of a diagnosis.

Peripheral blood tests were conducted using the hemoanalyzer, Model K-1000 and NE-
7000 of Sysmex. The analysis of morphologic leukocyte differentiation was performed

Year of
examinati?n

2000 h—‘
Born after

EI the accident

. Born before
the accident

Boys Girls

5000 4000 3000 2000 1000 O 0 1000 2000 3000 4000 5000

Number of children

Fig. 1. Number of children examined by Bryansk Regional Diagnostic Center No. 2 from May 1996 to December
2000, by sex, period of birth and year of examination.
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using an “Olympus” microscope. Peripheral blood smears were stained by the May-
Griinwald-Giemsa method.

Since 1998, the examinations mentioned above have been carried out only for children
born before the accident. We conducted ultrasound investigation of the thyroid and
determinations of TSH and FT,, titers of ATG and AMC antibodies only in cases in which
thyroid abnormality was suspected as a result of examination by a pediatrician and
endocrinologist.

3. Results

A total of 56941 children (28 374 boys and 28 567 girls) in four districts of the Bryansk
region, aged 517 years, were examined by Bryansk Regional Diagnostic Center No. 2 in
the period from May 1996 to December 2000. The number of children examined each year
is presented in Fig. 1 by sex and birth period. The number of children born before and after
the Chernobyl accident was 26 767 (13207 boys and 13 560 girls) and 30174 (15167 boys
and 15007 girls), respectively. The number of children born before the accident exceeded
that of those born after the accident up to 1998, but the relationship was reversed in 1999
and 2000.

A total of 41787 children underwent thyroid ultrasound examinations from May 1996
to December 2000: 28233 were born before the accident and 13554 were born after the
accident. The number of children examined in 1996 and 1997 was similar for children
born before and after the accident, while children born before the accident became
dominant from 1998 onward (Fig. 2). The reason for this peculiar phenomenon is that
thyroid ultrasound examinations, which were performed for all children in 1996 and 1997,
have been restricted as a rule to children born before the accident by order of the Ministry

Born before

70001 . the accident
i Born after

6000 D the accident

5000
4000
3000

Number of children

2000

1000

1996 1997 1998 1999 2000
Year of examination

Fig. 2. Number of children who underwent thyroid ultrasonography, by period of birth and year of examination.
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Fig. 3. Prevalence of goiter in children, by period of birth and year of examination. The numerals above the bars
present the number of respective cases.

of Health. Children born after the accident undergo thyroid ultrasound examinations only
if an abnormality is suspected.

Goiter was diagnosed, from May 1996 to December 2000, in 25366 children among
whom 17044 were bom before the accident and 8322 were born after the accident. The
prevalence of goiter was, therefore, 60.4% and 61.4% in children born before and after the
accident, respectively (Fig. 3).

Ultrasonographic thyroid abnormalities, i.e., nodules, cysts and abnormal echogenity,
were diagnosed in 1273 children from May 1996 to December 2000 (Fig. 4). The

299 Born before
the accident
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—_— 209 the accident
=
g 3 135 5
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o
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1996 1997 1998 1999 2000

Year of examination

Fig. 4. Prevalence of ultrasonographic thyroid abnormalities in children, by period of birth and year of
examination. The numerals above the bars present the number of respective cases.
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Table |

33

Thyroid cancers revealed in 41787 children examined from May 1996 to December by the Bryansk Regional

Diagnostic Center No. 2

Case Place of residence Sex Year of birth Year of examination Histology
1 Klincy city male 1983 1997 papillary carcinoma
2 Klincy city male 1984 1997 papillary carcinoma
3 Klincy city male 1985 1998 papillary carcinoma
4 Kliney city male 1985 1998 papillary carcinoma
5 Klincy city male 1985 2000 papillary carcinoma
6 Klincy city female 1981 1998 papillary carcinoma
7 Kliney city female 1981 1999 papillary carcinoma
8 Klincy city female 1983 1999 papillary carcinoma
9 Klincy city female 1985 1997 papillary carcinoma

10 Klintsovskii district female 1984 1997 papillary carcinoma
11 Klintsovskii district female 1987 1999 papillary carcinoma

prevalence of ultrasonographic thyroid abnormalities in children bormn before the accident
was 3.6% on average, varying from 2.9% (in 2000) to 4.6% (in 1998). It should be noted
that the prevalence of ultrasonographic thyroid abnormalities observed from 1998 onward
in children born after the accident is probably biased because these children underwent
thyroid ultrasound examinations only in cases in which abnormality was suspected.

100 1
5
10 %
= 1996-1997
3 O 1777 Males s
P A 2058 Females °
e ° °
iy 1 F 1998-2000
w < 155 Males x
X 258 Females
0 1 [ i 1 1
0.01 0.1 1 10

TSH (ulU/mL)

100

Fig. 5. Scatter plots of TSH and FTj levels measured for 1932 boys and 2316 girls from May 1996 to December
2000. Different kits were used in the two periods of 19961997 and 1998-2000. The normal limits of TSH and
FT, in the respective periods are presented by solid lines (0.24 and 3.0 plU/ml for TSH; 10.0 and 25.0 pmol/ml
for FT4) and dotted lines (0.17 and 4.1 pulU/ml for TSH; 11.0 and 23.0 pmol/ml for FTy), respectively.
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Fig. 6. The frequency of children with both positive ATG and AMC antibodies, by sex and age at examination.
The numerals above the bars present the number of respective cases.

Thyroiditis 28 (0.5%)
Nodules 114 (1.9%)
Cyst 216 (3.7%)

Cancer
11 (0.2%)

5889 cases in total Goiter 5520 (93.7%)

Fig. 7. Classification of thyroid diseases revealed for 5889 children by the Bryansk Regional Diagnostic Center
from May 1996 to December 2000.
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Fig. 8. The annual number of adults and children with thyroid abnormalities referred to the Bryansk Regional
Diagnostic Center No. 2 by medical institutions in the districts of the Bryansk region severely affected by the
Chernoby! accident.

Out of 41 787 children examined from May 1996 to December 2000, 11 thyroid cancers
were revealed from 1997 to 2000 (Table 1): all were cases of papillary adenocarcinoma.
Ten patients (five boys and five girls) were born before the accident, and one was a girl
bomn in 1987. Eight of the patients were aged 0—4 years at the time of the accident.

Fig. 5 presents the scatter plots of TSH and FT, levels measured for 1932 boys and
2316 girls in the two periods. Both TSH and FT, levels were within normal range.
Hyperthyroidism was registered more frequently than hypothyroidism, but both conditions
were diagnosed in only a few children. A small number of cases showing an increase only
in TSH were diagnosed as subclinical hypothyroidism.

Titers of ATG and AMC antibodies were measured in 5206 children (2077 boys and
3129 girls). The frequency of children who had both positive ATG and AMC antibodies
was higher in girls than in boys in all age groups and tended roughly to increase with age
as shown in Fig. 6.

A total of 5889 cases of thyroid abnormality were found among children screened from
May 1996 to December 2000. A breakdown of the diseases is shown in Fig. 7. Euthyroid
goiter accounted for most of the thyroid abnormalities (93.7%) and was followed by
cystic lesions (3.7%), nodular lesions (1.9%), autoimmune thyroiditis (0.5%) and cancer
(0.2%).

From 1997 to 2000, a total of 31326 patients (26451 adults and 4875 children) with
thyroid abnormalities were referred to the Bryansk Regional Diagnostic Center No.2 by
medical institutions in the districts of the Bryansk region severely affected by the
Chernoby!l accident. The number of visits showed a yearly increase in both adults and
children, and a remarkable increase in the number of adult patients was observed in 1999

(Fig. 8).
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Cancer

Non-informative material
96 (3.2%)

123 (4.1%) Follicular neoplasm

275 (9.2%)

Adenomatous goiter
697 (23.3%)

1240 (41.4%) 2992 Biopsies in total

Fig. 9. Classification of cytological findings in 2992 children who underwent echo-guided fine-needle aspiration

biopsy in 1997—

2000.

One of the most important techniques is echo-guided fine-needle aspiration biopsy,
which is performed to verify diagnoses and to provide information useful for the treatment
of patients. Fig. 9 presents a breakdown of the cytological findings in 2992 children who
underwent echo-guided fine-needle aspiration biopsy in the period from 1997 to 2000.
Note that the cytological and histological diagnoses coincided in 97% of thyroid cancer
cases (data not shown).

Whole body '*’Cs specific activity was measured in 41523 children (20557 boys and
20966 girls). The distribution of whole body "*’Cs specific activity by sex and year of

Whole body 137Cs count per body weight (Ba/kg)

1000 (
100
10
[] Boys
Girls
1 1 1 L L 1

1996 1997 1998 1999 2000 Year
(3785) (3841) (6035) (6067) (3777) (3876) (3382) (3507) (3578) (3675) Examinees

Fig. 10. The box-and-whisker plots of whole body '*’Cs specific activity by sex and year of examination in
children residing in southwestern areas of the Bryansk region. The bottom and top ends of the box and the bar
inside the box correspond to the 25th, 75th and 50th sample percentiles, respectively.
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Fig. 11. The box-and-whisker plots of whole body '*’Cs specific activity by period of examination in children
residing in southwestern areas of the Bryansk region. The bottom and top ends of the box and the bar inside the
box correspond to the 25th, 75th and 50th sample percentiles, respectively.

examination is shown in Fig. 10. The median level of whole body '*’Cs specific activity
was higher in boys than in girls throughout the period of examination and showed, though
small, a temporal tendency to decrease. A seasonal variation was observed in the
distribution of whole body '*’Cs specific activity (Fig. 11). The median level of whole
body *”Cs specific activity was higher in the petiod from summer to autumn (from June to
November) than in the period from winter to spring (from December to May) through the
whole periods of examination. It can be explained by the consumption in summer season of
mushrooms, forest berries, fish, milk and game available in radio-contaminated areas.

4. Summary

(1) The prevalence of ultrasonographic thyroid abnormalities was higher in children
born before the Chemobyl accident than in those born after the accident. The thyroid
disease most frequently observed in children was euthyroid goiter, which accounted for
93.7% of cases. Cystic lesions were registered in 3.7%, nodular lesions in 1.9%,
autoimmune thyroiditis in 0.5% and cancer in 0.2% of cases.

(2) Eleven cases of thyroid cancer were found from 1997 to 2000. The patients were
five boys and five girls born before the accident (in 1981-1985), and one girl bom in
1987. All of the cases showed papillary carcinoma.

(3) The levels of TSH and FT4 were within normal range in most of the children and,
therefore, this type of analysis should be carried out in screening only when it is indicated
and economically justified. The frequency of children with both positive ATG and AMC
antibodies was higher in girls than in boys in all age groups and tended roughly to increase
with age.
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(4) The '*’Cs specific activity in the body had a tendency to decrease. The *’Cs
specific activity was higher in boys than in girls. The '*’Cs specific activity during the
summer and fall periods was higher than during the winter and spring. The main dose-
forming factor in the population residing in radio-contaminated areas is the consumption
of radio-contaminated food.

(5) For the purpose of early detection of thyroid diseases, it is necessary to perform
annual screening on people born in the period of 1968—1986 and residing in the exposed
territories at the time of the accident. There is no sense in performing screening without
thyroid ultrasound examination.
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Korosten Inter-Area Medical Diagnostic Center, Kievskaya 21b, Korosten, Zhitomir Region 260100, Ukraine

1. Introduction

After completion of the humanitarian Chernobyl Sasakawa project in April 1996, we
faced the following problems: how to keep the medical staff, the majority of whom are
highly qualified specialists; how to supply reagents and consumables for subsequent use;
and how to maintain the database and to preserve serum samples and hematological
archives.

Geographically, the Korosten Inter-Area Medical Diagnostic Center is located close to
the center of the radionuclide-contaminated area. In implementing the decisions of the
Zhitomir Regional Health Care Department, which are directed toward further examina-
tions of the population exposed to the Chernobyl disaster, the Diagnostic Center has
accepted patients from the northern area of Zhitomir region, Ukraine. The patients are
referred by local physicians and come with written recommendations. The Diagnostic
Center is equipped with modern ultrasonic and endoscopic instruments and blood
analyzers. Highly qualified specialists who participated in the Chernobyl Sasakawa Project
from 1991 to 1996 are continuously working in our center. The main items of medical
equipment were donated by the Sasakawa Memorial Health Foundation. The problem with
shortage of reagents has partially been solved since 1997 owing to special support from
the Basic Human Needs (BHN) Association in Tokyo, Japan.

2. Subjects and methods

Approximately 600000 people including 80 000 children live in the radio-contaminated
territory of the northern area of the Zhitomir region. The patients examined from 1996 to

- Corresponding author. Tel.: +380-4142-3-2001; fax: +380-4142-3-0459.

0531-5131/02 © 2002 Elsevier Science B.V. All rights reserved.
PII: S0531-5131(01)00593-3
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2000 were subdivided into three groups: those who were adults at the time of the
Chernobyl accident, those who were children at the time of the accident and those who
were bomn after the accident.

Thyroid examinations were performed using an Aloka-630 (7.5 MHz probe) ultra-
sonographic instrument. Diagnoses of thyroid diseases were verified on the basis of
thyroid structure, echogenity, thyroid volume and laboratory data including general blood
count, hormonal status and titers of anti-thyroglobulin (ATG) antibody and anti-micro-
some (AMC) antibody. Physical data such as height and weight were collected as well as
demographic data, including sex and age. Furthermore, functional examination of electro-
cardiograms (ECG) was conducted.

3. Results

The frequency of thyroid diseases diagnosed by the center in patients referred by local
physicians from 1996 to 2000 is presented in Figs. 1, 2 and 3 for the three groups of patients.
First, among 13 713 patients (2243 males and 11 470 females) who were adults at the time of
the accident, thyroid diseases were diagnosed in 11 600 (1716 males and 9884 females) (Fig.
1). Thyroid diseases, except for diffuse goiter, were diagnosed more frequently in females
than in males. Thyroid cancer was diagnosed in 15 (0.7%) males and 111 (1.0%) females.
Second, among 8346 patients (2189 males and 6157 females) who were children at the time
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Fig. 1. Frequency of thyroid diseases diagnosed by the Korosten Inter-Area Medical Diagnostic Center among
patients referred by local physicians from 1996 to 2000. The patients were all living in northern areas of the
Zhitomir region of Ukraine and were all adults at the time of the Chemobyl accident. The figure on the bar
indicates the number of patients diagnosed.
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of the accident, thyroid diseases were diagnosed in 6164 (1555 males and 4609 females)
(Fig. 2). Thyroid diseases, except for diffuse goiter, cancer and hypoplasia, were diagnosed
more frequently in females than in males. Thyroid cancer was diagnosed in 4 (0.2%) males
and 7 (0.1%) females. Finally, out 0f 2612 patients (1022 males and 1590 females) who were
born after the accident, 1836 (682 males and 1154 females) were found to be suffering from
thyroid disease (Fig. 3). Except for cancer, which was diagnosed in 1 male (0.10%) and 1
female (0.06%), thyroid diseases were diagnosed more frequently in females than in males.
The high frequency of diffuse goiter observed throughout the three groups of patients
classified by birth period is noteworthy: the frequency of diffuse goiter remained high in
patients born after the accident, while the frequency of other thyroid diseases decreased to
below 3.3%. This may be related to the fact that the northem area of the Zhitomir region is
endemically iodine deficient.

Since 1999, we have been operating a cytological diagnostic laboratory and performing
echo-guided fine-needle aspiration biopsy using an Aloka-630 (7.5 MHz probe) with a
special adaptor when thyroid abnormality is suspected. The findings of biopsies conducted
in 1999 and 2000 are shown in Fig. 4. Among 511 patients who underwent fine-needle
aspiration biopsy, 36 (7.0%) cases of adenocarcinoma and 11 (2.2%) cases of thyroid
neoplasms were diagnosed on the basis of cytological analysis. All patients with thyroid
adenocarcinoma were referred to the Institute of Endocrinology and Metabolism in Kiev
for surgical treatment.

From May 1996 onward, 14 thyroid cancers were found among children who had been
screened in the first Chernobyl Sasakawa Project from May 1991 to April 1996 but whose
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Fig. 2. Frequency of thyroid diseases diagnosed by the Korosten Inter-Area Medical Diagnostic Center among
patients referred by local physicians from 1996 to 2000. The patients were all living in northern areas of the
Zhitomir region of Ukraine and were all children at the time of the Chemoby! accident. The figure on the bar
indicates the number of patients diagnosed.
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Fig. 3. Frequency of thyroid diseases diagnosed by the Korosten Inter-Area Medical Diagnostic Center among
patients referred by local physicians from 1996 to 2000. The patients were all living in northern areas of the
Zhitomir region of Ukraine and were all born after the Chernoby! accident. The figure on the bar indicates the
number of patients diagnosed.

disease had remained undetected at that time. Among these, one girl underwent surgery for
thyroid cancer in 1994 after the screening, but the information did not reach us until she
visited us recently for treatment of other diseases (Table 1). The patients were from various
districts in the radio-contaminated northern areas of the Zhitomir region: the surface '*’Cs-

Follicular epithelium hyperplasia 202
Active prolifelation

Chronic thyroiditis with nodular lesion
Chronic thyroiditis

Cyst

Degeneration cyst

Atypia (neoplasm)

Adenocarcinoma

Non-informative @ 5 1 1 ! )

0 10 20 30 40
Frequency (%)

Fig. 4. Classification of cytological diagnosis in 511 patients who underwent echo-guided fine-needle aspiration
biopsy by the Korosten Inter-Area Medical Diagnostic Center in 1999 and 2000. The figure adjacent to the bar
indicates the number of patients diagnosed.
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Table |
Thyroid cancers found in children after the screening of the first Chernobyl Sasakawa Project carried out from
May 1991 to April 1996

Sex* Year District Age at Thyroid Ultrasonographic  Year of Histology
of birth examination® volume (cm®)®  findings® operation

F¢ 1976 Korosten city 16 49.0 diffuse goiter 1994 papillary ca.
F 1980 Luginskii 13 13.1 diffuse goiter 1999 papillary ca.
F 1980 Narodichskii 14 9.0 normal 1996 papillary ca.
F 1980 Narodichskii 14 18.5 cyst 2000 papillary ca.
F 1982 Korostenskii 10 6.7 normal 2000 papillary ca.
F 1982 Ovruchskii 13 19.5 nodular goiter 1996 papillary ca.
F 1983 Emilchinskii 12 15.2 normal 2000 papillary ca.
M 1984 Narodichskii 8 9.3 diffuse goiter 1997 papillary ca.
M 1984 Olevskii 8 3.4 normal 2000 papillary ca.
M 1984 Narodichskii 10 8.2 normal 2000 papillary ca.
F 1984 Korosten city 9 8.3 diffuse goiter 1999 papillary ca.
F 1985 Korostenskii 7 2.9 normal 1998 papillary ca.
F 1985 Narodichskii 8 6.1 nodular goiter no operation -

M 1986 Korosten city 8 5.5 normal 2000 papillary ca.

? M=male, F=female.

® Data at the time of the screening of the first Chemobyl Sasakawa Project.

¢ TSH=0.10 1U/ml, FT4=47.2 pmol/l and ATG and AMC antibodies were both positive, while for the rest,
TSH and FT4 were both within normal ranges and ATG and AMC antibodies were both negative.

contamination level in Narodichskii district where five thyroid cancers were found was
15—40 Ci/km? in 1992. All were cases of papillary adenocarcinoma and, except for one
case, all underwent surgery at the Institute of Endocrinology and Metabolism in Kiev.

The above-mentioned conditions led to a decision in 1999 to screen children in the
northern areas of the Zhitomir region. A total of 5489 children (2499 males and 2990
females) in Narodichskii, Olevskii, Novograd—Volynskii and Emilchinskii districts were
examined. The screening included thyroid ultrasonographic examination, determination of
titers of ATG and AMC antibodies if required, general blood count and measurement of
whole body '*”Cs specific activity. The findings of thyroid ultrasonographic examinations
are presented in Table 2. The frequency of ultrasonographic thyroid abnormalities showed
a tendency to increase with age in both boys and girls. Ultrasonographic thyroid
abnormalities were detected more frequently in girls than in boys as a whole and this
tendency was observed in the two groups of 7--13 and 1418 years of age. The frequency
observed in the group of 0—6 years of age is less reliable than that observed in the other
two groups because of the small number of children examined. Thyroid cancer was
diagnosed in two among 905 boys aged 14—18 years. Chronic thyroiditis was more
frequently observed in girls than in boys for all age groups.

The whole body counter 101 (WBC-101) manufactured by the Aloka Company of
Japan was continuously used to determine the whole body '*’Cs specific activity. The
distribution of whole body '*’Cs specific activity by age in girls and boys who underwent
the above-mentioned screening in 1999 is presented in Figs. S5 and 6, respectively. The
distributions in the two figures showed a similar tendency, though slight, to decrease with
age. The median level of whole body '*’Cs specific activity was between 55 and 60 Bq/kg
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Table 2
Thyroid diseases detected by ultrasonography among children in northern areas of the Zhitomir region who
underwent screening in 1999

Diagnosis Age at examination (years) Total
0-6 7-13 1418 Male Female
Male Female Male Female  Male Female
Thyroiditis 1(0.6)* 8(0.6) 28(1.8)  5(0.6) 46(3.6)  14(0.6) 74(2.5)
Cancer 2(0.2) 2(0.1)
Cyst 7(0.5) 20(1.2)  192.1)  75(5.8)  26(1.0) 95(3.2)
Diffuse goiter 38(24.4) 28(22.2) 570(39.6) 713(45.2) 364(40.2) 627(48.8) 972(38.9) 1368(45.8)
Hypoplasia 2(0.1) 1(0.1) 3(0.1)
Multi-nodular goiter 6(0.5) 6(0.2)
Mixed goiter 1(0.1) 4(0.3) 6(0.7) 20(1.6)  7(0.3) 24(0.8)
Nodular goiter 3(0.2) 7(0.4) 9(1.0) 21(1.6)  12(0.5) 28(0.9)
Normal 117(75.0) 98(77.8) 847(58.9) 807(51.1) 499(55.1) 490(38.1) 1463(58.5) 1395(46.6)
Total 156 126 1438 1579 905 1285 2499 2990

* Number of children with percentages in parentheses.

in all sex- and age-specific groups, but the measurements in several children exceeded 500
Bg/kg as shown in Figs. 5 and 6. No significant change was observed during the period
from 1991 to 2000 in the distribution of whole body '*’Cs specific activity in either boys
or girls (Figs. 7 and 8), a fact that suggests the continuing intake of radio-contaminated
food.
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Fig. 5. The box-and-whisker plots of whole body '*’Cs specific activity by age in girls examined in 1999 by the
Korosten Inter-Area Medical Diagnostic Center. The bottom and top ends of the box and the bar inside the box
cotrespond to the 25th, 75th and 50th sample percentiles, respectively. The open circle and the double circle with
black dot represent extreme values, called “outside™ and “far out,” respectively.
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Fig. 6. The box-and-whisker plots of whole body "*’Cs specific activity by age in boys examined in 1999 by the
Korosten Inter-Area Medical Diagnostic Center. See Fig. 5 for details of the plots.

In addition to the medical activities described above, we have to solve the very
difficult problem of how to maintain the present level of medical service under the
limited state budget allocated to the public health care system. The budget limitations
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Fig. 7. The box-and-whisker plots of whole body '*’Cs specific activity by year of examination in girls screened
in the period from 1991 to 2000 by the Korosten Inter-Area Medical Diagnostic Center. See Fig. 5 for details of
the plots.
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Fig. 8. The box-and-whisker plots of whole body '¥7Cs specific activity by year of examination in boys screened
in the period from 1991 to 2000 by the Korosten Inter-Area Medical Diagnostic Center. See Fig. 5 for details of
the plots.

make it necessary to search for outside resources to cover the expenses of repairing
medical instruments, purchasing reagents and medicines and maintaining data quality
control.

Sasakawa Memorial Health Foundation (SMHF)
(16.1%)

Enterprise sponsorship
(0.3%)

State budget
(44.2%)

Basic Human Needs (BHN)
Association (27.7%)

Voluntary contributions
(11.7%)

Fig. 9. Breakdown of the budget of Korosten Inter-Area Medical Diagnostic Center for the 2000 fiscal year.
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One of these outside resources supporting the Korosten Iter-Acea Medical Diagnostic
Center is the BHN Association, which has provided funding for the purchase of reagents
for K-1000 and NE-7000 blood analyzers as well as thyroid hormone (TSH and FTy)
determination, for ATG and AMC antibody kits, for clinical laboratory expenses and for
consumables and instruments. Secondly, a chantable foundation has been esiablished
within our ceniey whereby people who wvisit the center for examination can make
donations. Furthermore, companies located in the area of our town have assisted by
providing construction materials and other services to improve the departments and other
TOOIS.

The propertion of respective contributions to the total budget of the Korosten [nter-
Area Medical Diagnostic Center Tor the 2000 fiscal year is presented in Fig. 9. Owing fo
extra-budget assistance, we have managed 1o maintain all existing instruments and devices
in good working condition and to render medical diagnostic aid to 70000 people out of
280000 mvestigated each year. The budger, however, 1s not enough to purchase new
instruments. The Karosten Inter-Arca Diagnostic Ceater is deeply obliged to the Sasakawa
Metorial Health Foundation and the Japanese specialists who worked with us for the Fast
10 years and with whom we continue to keep friendly contacts, We are also grateful to the
BHN Association.

4. Conclusion

{1} Our reeent medical examinations of people exposed to the Chernobyl disaster
indicate that thyroid cxaminations need to be carried out continuously for both children
and adults.

{2) Special care should be given (o people aged under 20 years at the time of the
accident since they are considered to be at high risk for thyreid cancer over the entire life
span.

(3} To solve these problems, it is necessary to keep existing financial resowrces and
find new ones outside the state budget, because ideal thyreid cxaminations are very
expensive.
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1. Introduction

The medical impact of the Chernobyl accident, such as the enormous increase in
childhood thyroid diseases, has made it necessary to establish a new type of medical
institution geared not only toward general services but also toward the direct benefits of
consultation, medical diagnosis and treatment for the radiation-exposed victims. In the
Gomel region of Belarus, the medical examination of the victims has been carried out by
the Gomel Regional Specialized Dispensary, which started its work on 10 September 1990
in accordance with decision No. 3358, which was issued effective on 6 September 1990 by
the Regional Soviet Deputy Minister of Health.

Mobile teams for outpatient screening have been working at the Dispensary since 1991,
their establishment closely linked to the previous humanitarian aid project of “Chernobyl-
Sasakawa.” At present, there are five mobile teams. The main task of the mobile teams is
to perform medical screening of the affected population in the Gomel region. Standard
medical screening includes examination by a pediatrician (therapeutist), ultrasound
examination of the thyroid gland and general blood analysis. When thyroid and
hematological abnormalities are found, patients are introduced to the Polyclinic Depart-
ment of the Gomel Regional Specialized Dispensary to verify the diagnosis and to provide
consultations regarding diagnosis and treatment. The data from these patients are stored in
the database of the Gomel Regional Specialized Dispensary, facilitating the process of
ongoing observation and treatment. Here, we will introduce our activities at Gomel

" Corresponding author. Tel: +375-232-48-7120; fax: +375-232-53-1903.

0531-5131/02 © 2002 Elsevier Science B.V. All rights reserved.
PII: S0531-5131(01)00594-5
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Regional Specialized Dispensary and summarize the second Chernobyi-Sasakawa Project
conducted from 1997 to 2000.

2. Overall activities

In accordance with an order from the Public Health Ministry dated 4 October 1989, the
Gomel| Regional Specialized Dispensary adopted another function as a ‘“‘Regional
Radiation Medicine Center.” The organization of the Gomel Regional Specialized
Dispensary is shown in Fig. 1. The activities of the dispensary include the following.

(1) Medical screening of affected people (adults and children) to identify the groups in
need of various types of medical assistance. Patients with thyroid and hematological
disorders are referred to the Polyclinic Department of the Gomel Regional Specialized
Dispensary to receive consultation, accurate diagnosis and proper treatment. Patients with
other physical diseases are referred to other institutions at different levels: district, regional
or republic medical institutions.

(2) Extensive examination by the Polyclinic Department and follow-up of persons
classified into the second and third groups of primary registration. All of the patients are
evaluated for health status, receive a verification of clinical diagnosis, and are referred to
specialized regional or republic medical institutions according to the type of the disease.

(3) Treatment and follow-up of outpatients for endocrinological and hematological
diseases.

POLYCLINIC 4 DISPENSARY MANAGEMENTH ADMINISTRATION & ECONOMY SERVICE |

—

=) 1 |
:{hera?eIUti’Stts (3) Begistw l Clinical Diagnwostia gé%Zﬂ?;ﬁn-methomca‘l
Erg oo Room for Medical Laboratory
docrinologists (3) .
Procedures Departments: Methodical
o General Clinic ivisiol
Esﬂ:atrl‘aans(ﬁ) oo @ rRadiometw Room 1 Hematological ||| Subdivision
lidren Hemalologists Biochemical
Children Endocrinologists (3) | | Ultrasound Diagnosis Hormonal Statistics
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Immunologist(2) Functional Diagnosis Radioimmune _
Neuropathologist(2) Room Cytogenetic Expert Council
Surgeon Cytalogical Group
Ophthalmologist ';Endosco‘py Room ] Radiological B
Otola(ypgzologists(Z) Computer Center I
y : egional Registry Data Processing Group
82?21§;gtgynecologysts(2) R IR D p G - —
! . roup of Program
Psychotherapists(2) ' Maintenance Service Department ]. Development & Installation

L Mobile Out-patient Station

Group of Data Processing l

Fig. 1. Organization of the Gomel Regional Specialized Dispensary. The number of doctors exceeding one is

indicated by parentheses.
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Table 1
Activities of the Gomel Regional Specialized Dispensary in thyroid screening from 1998 to 2000
Year of examination Total
1998 1999 2000
Screening 53096 56130 58333 167559
Chermobyl-Sasakawa Project 19101 21336 19488 67247
Others 33995 34794 38845 100312
Ultrasound investigations 67904 70756 62125 200785
Hormonal investigations® 75070 84038 82395 241503
Fine-needle aspiration biopsy 939 1489 1735 4163

* Each figure presents the number of investigations.

At present, unfortunately, we have no special facilities for the hospitalization of
radiation-exposed victims. There are, however, medical institutions which coordinate
specific tasks associated with the mitigation of the medical consequences of the accident:
(1) regional department of the state registry which collects medical and dosimetry data on
the affected population; and (2) regional expert council which investigates the causality of
diseases and mortality.

3. Results

The activities of the Gomel Regional Specialized Dispensary in thyroid screening from
1998 to 2000 are summarized in Table 1, including the second Chernobyl-Sasakawa
Project and other projects. About 60000 patients were examined each year and approx-
imately 80000 hormone measurements were carried out. About 40% of the investigations
have been conducted with the financial support of the Sasakawa Memorial Health
Foundation. The thyroid diseases diagnosed in 167559 people are presented in Table 2.
About 5% of the patients with thyroid nodular disorders were found to have thyroid
cancer.

A total of 437 thyroid cancers were diagnosed among children and adolescents in
Gomel region from 1992 to 2000 and 137 (30%) of these were detected by Gomel
Regional Specialized Dispensary (Fig. 2). Continuation of early detection of thyroid
diseases in chidlren and adolescents is urgently needed because, as shown in Fig. 2, no
significant decrease has been observed in thyroid cancer among children and adolescents.
Fig. 3 shows the contribution of the Chemobyl-Sasakawa Project in the diagnosis of

Ii\‘lgfr;ebér of patients diagnosed with thyroid diseases for the first time by Gomel Regional Specialized Dispensary

Diagnosis Year of examination Total
1998 1999 2000

Cancer 33 47 44 124

Nodular goiter 861 885 742 2488

Thyroiditis 402 307 351 1060
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Fig. 2. Annual number of thyroid cancers found in the Gomel region and those detected by the Gomel Regional
Specialized Dispensary from 1992 to 2000.

thyroid cancer among children and adolescents in the two periods 1992—1996 and 1998—

2000. During the entire period, the Chernobyl-Sasakawa Project discovered 60 (15.7%)
out of 437 thyroid cancers. We note that more than one-third of thyroid cancers found in
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Gomel Region Dispensary Chernobyl-
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Fig. 3. Contributions of the Gomel Regional Specialized Dispensary and the Chernobyl-Sasakawa Project in the
detection of thyroid cancers among children and adolescents in the Gomel region.
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Gomel region were diagnosed by Gomel Regional Specialized Dispensary owing to the
implementation of the Chernobyl-Sasakawa Project.

From 1998 to 2000, the second stage of the Chemobyl-Sasakawa Project was newly
implemented and it included the following three main projects.

(1) A comparative study of more than 38000 children and adolescents born before and
after the Chernobyl accident. In effect, all of the children attending secondary schools in
the four agricultural districts of Gomel region and seven secondary schools in Gomel city
underwent complete thyroid examination conducted by two mobile teams of the Gomel
Regional Specialized Dispensary. As a result, 223 patients with thyroid nodular lesions
and 155 patients with autoimmune thyroiditis were found and received follow-up
examinations at Gomel Regional Specialized Dispensary. Twenty-two patients with
thyroid cancer were referred for surgical treatment in Minsk.

(2) Participation in the case-control project was under the joint collaboration of the
Sasakawa Memorial Health Foundation, the Belarussian Center of Medical Technologies
and the International Agency for Research on Cancer. Medical supervision of the project
was provided in Gomel city and the Gomel region. Out of 1500 targeted subjects, 1200
were examined and the analysis of collected data is under progress.

(3) Regular follow-up of patients with thyroid disorders. All patients with initial
diagnoses of thyroid nodular goiter, autoimmune thyroiditis and thyroid cancer regularly
receive follow-up examinations by pediatric endocrinologists. Technical support is
provided by the “Telemedicine” system in service between Gomel Regional Specialized
Dispensary and Nagasaki University since February 1999. The system will make it
possible to expand the range of communication to the leading medical institutions in
Belarus and abroad. A total of 475 patients including 51 thyroid cancer cases received the
advice of Japanese experts, and their regular follow-up examination and treatment are
conducted at Gomel Regional Specialized Dispensary.

Nodular 1
O Screened
Thyroid M Referred
cancer
0 50 100 150 200

Number of cases per 100 000

Fig. 4. Prevalence of thyroid diseases among children by type of examination in 2000.
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To summarize our activities over the past decade, the Gomel Regional Specialized
Dispensary has developed into the leading institution on problems of radiation medicine in
the Gomel region, owing to the support of the Sasakawa Memorial Health Foundation and
Japanese experts. In particular, the following factors contribute significantly to the
increased efficiency of the diagnostic activities.

(1) Development of a mobile form of outpatient examination geared to thyroid screening
and the creation of mobile outpatient stations as a powerful independent department.

(2) Methodological approaches in early diagnosis of thyroid diseases based on the
consecutive stages of diagnostics: screening with appropriate medical instruments, addi-
tional investigations for those whose diagnosis needs confirmation by Polyclinic Depart-
ment of the Gomel Regional Specialized Dispensary following modern diagnostic
procedures such as echo-guided fine-needle aspiration biopsy and cytological analysis.

(3) Use of the “Telemedicine” system for differential diagnostics of thyroid disease in
the screened population.

(4) Training courses for our mobile team specialists at Nagasaki University.

Having summarized the data on initial incidence of thyroid diseases in the affected
population of the State Registry, we attempted to estimate the efficiency of the screening
conducted by our mobile teams.

Figs. 4 and 5 present the prevalence of thyroid abnormalities including thyroid cancer
in children and adults in 2000. The prevalence was 1.5-5 times higher in the screened
population than in the referred population.

A higher prevalence of thyroid diseases in the screened population can be explained to
some extent by over-diagnosis (false-positive diagnosis). However, the comparison of
initial data with the findings of verification examinations at the Polyclinic Department of
the Gomel Regional Specialized Dispensary demonstrated that at least 75% of cases with

Thyroiditis
Nodular
goiter
H Screened
O Referred
Thyroid
cancer
L L 1 ] 1 L L 1 L I 1 ]

0 200 400 600 800 1000 1200
Number of cases per 100 000

Fig. 5. Prevalence of thyroid diseases among adolescents and adults by type of examination in 2000.
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thyroid abnormalities detected by screening was confirmed as abnormal by extensive
examinations. We may, therelore, conclude that the Chemoby!-Sasakawa Projeet findings
demonstrate the valid prevalence of thyreid diseases among children and adolescents in
the Gomel region. These people are also suffering from 1odine deficiency, which may
mfluence the nature of the Chemobyi-induced thyroid diseases. The findings of the
examinations [rom [997 o 2000 show no decreasing trend in the oceurrence of new cases
of thyroid cancer. All of these facts make 1L necessary te exlend or, at [east, to maintain the
current level of medical sereening of the targeted population in the Gomel region,

Before concluding the discussion, we would like to mention the future seope and
structure of the Gomel Regional Specialized Dispensary, A new dispensary on radiation
medicine problems has been under construction sinee 1993 It is designed (o accommodate
500 outpaticnts and 450 patients, and to have all the departments necessary [or children
and adulis as well as a sanatorium for special discases (60 beds). The new dispensary will
have a department for stemn cell transfusion (10 beds), rehabilitation and intensive therapy
department (15 beds) and a surgical department with four eperating rooms. The fotal area
is 46802 m? and the estimated cost of congtruction is USS 78 600 000, Despite the present
difficult economic sitvation in Belaus, we hepe that the construction of the Polyclinic
Depariment in the new dispensary will be completed by the begioning of 2002, [n tus
comaction, our ongoing joint work with the Sasakawa Momorial Health Foundation is of
greal imporiance. We plan to have two specilic departments, Hematology and Endocri-
nology, which will be chaired by the Goinel State Medical Institute. Qur foremost desire is
continuous cooperation with Sasakawa Memorial Health Foundation and the scientists
fromn Magasak) University.

4, Conclusions

(1) Screening of the radation-exposed popuoiation reached a high level of efficiency
during the period of the Chernobyl-Sasakawa International Medical Cooperation Project.

(2) Approximately 16% of thyroid cancer cases among children and adelescents of the
Gomel region were diagnosed owing to the sophisticated assistance of Chemobyl-
Sasakawa Project.

(3) Completion of the Gomel Regional Dispensary on the Problems of Radiation
Medicine will open new perspectives for international s¢ientilic cooperation in the study of
health effects of low-dose radiation.
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1. Introduction

Fifteen years have elapsed since the Chernobyl disaster, but at the present time, and in
the coming years, the study of radiation effects on the thyroid gland will continue to be a
vital undertaking for the mitigation of the consequences of the accident. It is especially
important to clarify the other etiological factors of non-radiation origin and to determine
the appropriate prophylaxis of thyroid diseases.

A total of about 30000 children were examined by the *“Sasakawa-Chernobyl”
Diagnostic Center as part of the Chernobyl Sasakawa Health and Medical Cooperation
Project, a 5-year health screening project that began in May 1991 and reached completion
at the end of April 1996. From mid-1996 up to the present time, the “Sasakawa-
Chernobyl” Diagnostic Center has functioned as a part of Kiev Regional Hospital No.
2 and engaged in the examination of the adult population from the affected areas. The
people who were exposed to the accident in childhood are at highest risk because the
developing organism is several times more sensitive to radiation than the adult. However,
the number of children and adolescents examined over the past 5 years was relatively
small because the ““Sasakawa-Chernobyl”” Diagnostic Center has not received any
concrete material support since the conclusion of the above-mentioned project. Further-
more, the examination program was reduced and the majority of children and adolescents
examined were those who presented themselves for examination.

" Corresponding author. Tel.: +380-44-225-5025; fax: +380-44-212-3412.
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2. Subjects and methods

The subjects were 11086 children and adolescents in the Kiev region examined by the
“Sasakawa-Chernobyl” Diagnostic Center of the Kiev Regional Hospital No. 2 from May
1996 to December 2000. Only 1776 (16%) of the subjects underwent health screening by
the mobile team of the “Sasakawa-Chernobyl” Diagnostic Center; the remaining 9310
(84%) were referred to us for examination. The age distribution of the subjects is shown in
Table 1.

The method of examination was similar to that of the health screening conducted by the
Chernobyl Sasakawa Health and Medical Cooperation Project, and the data were stored in
the database used in the project [1]. However, measurement of serum free thyroxine (FT,)
and thyroid stimulating hormone (TSH) levels, and titers of anti-thyroglobulin (ATG)
antibody and anti-microsome (AMC) antibody were conducted only in cases in which
thyroid disease was suspected.

3. Results

A high frequency of diffuse goiter and iodine deficiency was a characteristic feature of
the Kiev region among the five regions where the 5-year health screening was conducted
in the Chemnobyl Sasakawa Health and Medical Cooperation Project [2].

Out of 10361 children and adolescents (4692 males and 5669 females), diffuse goiter
was diagnosed in 4139 (1781 males and 2358 females) (39.9%). The prevalence of diffuse
goiter was significantly (»<0.001) higher in females than in males, and it showed a
significant (p<0.001) increase with age in both males and females as shown in Fig. 1.

The urinary iodine concentration was less than 10 ug/dl in 744 (47.7%) of the 1560
children and adolescents measured. The distribution of urinary iodine concentration by
district is shown in Fig. 2. A significant correlation was observed (Spearman rank
correlation coefficient=0.65, p<0.05) between the prevalence of goiter and iodine
deficiency as shown in Fig. 3.

Ultrasonographic thyroid abnormalities were revealed in 1177 (308 males and 869
females) (11.3%) of 10447 children and adolescents (4727 males and 5720 females). The

Table 1
Distribution of age (years) at the time of examination in study subjects
Group Male Female Total
Number of Age distribution Number of Age distribution ~ Number of Age distribution
subjects subjects subjects
Referred 4170 (10, 12, 14y 4-19° 5140 (10, 12, 14) 4-19 9310 (10, 12, 14) 4-19
Screened 695 (10, 12, 14)4-19 1081 (11, 13, 14) 4—17 1776 (10, 12, 14) 4-19
Total 4865 (10, 12, 14y4-19 6221 (10, 12, 14) 4-19 11086 (10, 12, 14) 4-19

# Each triplet gives the 25th, 50th and 75th sample percentiles of age distribution at the time of examination.
® Minimum and maximum.



N.V. Nildforova et al. / International Congress Series 1234 (2002) 57-65 59
25 1 595 gp3
1409
1038

20 -

15 148

|:| Males

. Females

146

Prevalence (%)

(544) (608) (2890) (3323) (1258) (1738)
4-8 9-13 1419 Age

Fig. 1. Prevalence of diffuse goiter by sex and age among children and adolescents in Kiev region who were
examined by the “Sasakawa-Chemnobyl” Diagnostic Center from May 1996 to December 2000. The figure in
parentheses and the figure on the bar denote the number of subjects examined and number of cases, respectively.
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Fig. 2. Distribution of urinary iodine concentration (ug/dl) by district in Kiev region. Italics denote the number of
subjects who underwent measurements of urinary iodine concentration. The triplets give the 25th, 50th and 75th
sample percentiles of the measurements, and the two figures following the triplets denote the minimum and
maximum of the measurements.
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Fig. 3. The prevalence of diffuse goiter and iodine deficiency by district in Kiev region. The figures on the left
and right of the slash denote the prevalence of diffuse goiter and iodine deficiency in percentage, respectively. The
minus mark indicates that data were unavailable.

prevalence of ultrasonographic thyroid abnormalities was significantly (p<0.001) higher
in females than in males and showed a significant (p<0.001) increase with age in both
males and females as shown in Fig. 4. Nodular goiter was diagnosed in 60 (14 males and
46 females) (0.6%) of 10845 children and adolescents (4800 males and 6045 females).
The prevalence of nodular goiter was significantly (p<0.01) higher in females than in
males and showed a significant (p<0.01) increase with age in both males and females as
shown in Fig. 5. Thyroid cystic lesions were found in 69 (14 males and 46 females) (0.6%)
of 10835 children and adolescents (4799 males and 6036 females). The prevalence of
thyroid cystic lesions was significantly (p<0.001) higher in females than in males and
showed a significant (p<0.001) increase with age in both males and females as shown in
Fig. 6.

Out of 5107 children and adolescents (2033 males and 3074 females) who underwent
measurement of titers of ATG antibodies, 250 (44 males and 206 females) (4.9%) had
positive ATG antibodies. The prevalence of positive ATG antibodies was significantly
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Fig. 4. Prevalence of ultrasonographic thyroid abnormalities by sex and age among children and adolescents in
Kiev region who were examined by the “Sasakawa-Chernobyl” Diagnostic Center from May 1996 to December
2000. The figure in parentheses and the figure on the bar denote the number of subjects examined and number of
cases, respectively.

(p<0.001) higher in females than in males and showed a significant (p<0.05) increase
with age in females, while in males no significant association was observed between the
prevalence of positive ATG antibodies and age (Fig. 7). Similarly, out of 5106 children and
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Fig. 5. Prevalence of nodular goiter by sex and age among children and adolescents in Kiev region who were
examined by the “Sasakawa-Chernobyl” Diagnostic Center from May 1996 to December 2000. The figure in
parentheses and the figure on the bar denote the number of subjects examined and number of cases, respectively.
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Fig. 6. Prevalence of thyroid cystic lesions by sex and age among children and adolescents in Kiev region who
were examined by the “Sasakawa-Chernoby!” Diagnostic Center from May 1996 to December 2000. The figure

in parentheses and the figure on the bar denote the number of subjects examined and number of cases,
respectively.

Prevalence (%o)

adolescents (2034 males and 3072 females) who underwent measurement of titers of AMC
antibodies, 447 (77 males and 370 females) had positive AMC antibodies. The prevalence
of positive AMC antibodies was significantly (»<0.001) higher in females than in males
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Fig. 7. Prevalence of positive ATG antibodies by sex and age among children and adolescents in Kiev region who
were examined by the “Sasakawa-Chemnoby!” Diagnostic Center from May 1996 to December 2000. The figure
in parentheses and the figure on the bar denote the number of subjects who were measured titers of ATG
antibodies and number of subjects with positive ATG antibodies, respectively.
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Fig. 8. Prevalence of positive AMC antibodies by sex and age among children and adolescents in Kiev region
who were examined by the “Sasakawa-Chernoby!” Diagnostic Center from May 1996 to December 2000. The
figure in parentheses and the figure on the bar denote the number of subjects who were measured titers of AMC
antibodies and number of subjects with positive AMC antibodies, respectively.

and showed a significant {»<0.01) increase with age in females, while in males no

significant association was observed between the prevalence of positive AMC antibodies
and age (Fig. 8).
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Fig. 9. Prevalence of hypothyroidism by sex and age among children and adolescents in Kiev region who were
examined by the “Sasakawa-Chernobyl” Diagnostic Center from May 1996 to December 2000. The figure in
parentheses and the figure on the bar denote the number of subjects examined and number of cases, respectively.
Hypothyroidism was diagnosed when FT4<7.5 pmol/l and TSH>3.57 ulU/ml.
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Fig. 10. Prevalence of hyperthyroidism by sex and age among children and adolescents in Kiev region who were
examined by the “Sasakawa-Chernobyl” Diagnostic Center from May 1996 to December 2000. The figure in
parentheses and the figure on the bar denote the number of subjects examined and number of cases, respectively.
Hyperthyroidism was diagnosed when FT,>21.1 pmol/l and TSH<0.30 pIU/ml.

Out of 5482 children and adolescents (2159 males and 3323 females) who underwent
measurement of TSH and FT, levels, hypothyroidism and hyperthyroidism were diag-
nosed in 16 (3 males and 13 females) and 40 (4 males and 36 females), respectively. No

Table 2

Thyroid cancers revealed by fine-needle aspiration biopsy at Kiev Regional Hospital No. 2 among 2012 patients
with nodular and cystic lesions in the period from 1996 to 2001

Age at the time of the Sex® Age at examination (years) Total
Chernobyl accident (years) 10-19 20-29 30-39 40—49 50—
0-9 M 6 1 7
F 7 2 9
10-19 M 1 1
F 5 3 8
20--29 M 2 2 4
F 16 9 25
30-39 M 4 5 9
F 18 9 27
40-49 M 7 7
F 13 13
50~ M 6 6
F 8 8
Total M 6 2 2 6 18 34
F 7 7 19 27 30 90

* M=male, F="female.
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sipnificant difference was observed between males and females in the prevalence of
hypothyroidism (Fig. 2). On the other hand, the prevalence of hyperthyroidism was
significantly (p<0.01) higher in females than in males and showed a significant (»<0.01)
increase with age in fomales, although no association with age was observed in males
(Fig. 10).

Fing-needle aspiration biopsy was performed at Kiev Regional Hospital No. 2 on 2012
patients with nodular and cystic lesions in the period from 1996 to 2001, and thyroid
cancer was [ound in 124 (34 males and 90 females) (6.2%) of these paticnts. Table 2
classifics the cancer cases by age al the time of the Chernobyl accident, sex and age al
examination. Sixteen of the cancer cases (7 males and 9 females) were under 10 years of
age, and 13 (6 males and 7 females) were diagnesed in childheod or adolescence,

4, Conclusions

The present study on children aged (0-1¢ years at the time of the Chernobyl accident
indicated a continuous increase in the risk of developing thyroid diseases. Thyroid
abnormalities were observed more frequently in females than in males. Although ioding
deficiency induces an increase in thyroid abnormalities, it 13 not the unique cause of
thyroid abnormalities.

The results of the present study have impoctant implications for the detection of
abnormalities, treatment of children at an early stage of thyroid disease, and follow-up
treatment.

References

[1] Y. Shibata, 5. Yamashitz, M. 11oshi, K. Fupmura, Chernobyl Sasakawa Health and Medical Cooperation
Prefect; materials and methods, in: 8. Yamashita, Y. Shibata (bds.), Chernobyl: A Decade, Flsevier, Am-
sterdam, 1997, pp. 2338,

[2] W.V. Nikiforova, A V. Nedozhdy, S.V. Semoshing, et al.. Findings of the Chernobyl Sasakawa Health and
Mudical Cooperation Project: goiter and ioding around Chumobyl, in: 5. Yamashita, Y, Shibata (Eds.),
Chermobyl: A Decade, Elsevier, Amsterdam, 1997, pp. 8592,






Overview of thyroid diseases
around Chernobyl






International Congress Series 1234 (2002) 69-75

Thyroid cancer in Belarus

Evgueni P. Demidchik ***, Yuri E. Demidchik ¢,
Zigmund E. Gedrevich*°, Alexandr G. Mrochek ¢,
Vladislav A. Ostapenko °, Jacov E. Kenigsberg®,
Elena E. Buglova®, Yury D. Sidorov?,
Victor A. Kondratovich®, Valerii V. Baryach ,
Elena P. Dubouskaya®, Vera M. Veremeichyk ®,
Svetlana V. Mankouskaya °

AThyroid Cancer Centre, Skorina av. 64, 220013, Minsk, Belarus
®Research and Clinical Institute of Radiation Medicine and Endocrinology, Minsk, Belarus
“Department of Oncology, Belarus State Medical University, Minsk, Belarus
YBelarus Medical Academy of Postdiploma Education, Minsk, Belarus
CInstitute of Physiology of The National Academy of Sciences of Belarus, Minsk, Belarus

Abstract

The Chernobyl accident in April and May of 1986 promoted thyroid carcinomas in 1500 patients
who were exposed to radiation at the age group under 18. The common type of malignancy was
papillary cancer (93.5%). For the period from 1990 to 2000, thyroid carcinomas were diagnosed in
674 children (age group under 15), in 262 adolescents (age group between 15 and 19) and in 564
young adults (age group from 19 to 33). The highest number of thyroid malignancies in children and
adolescents was diagnosed in Gomel and Brest oblasts located closer to the Chernobyl Nuclear
Power Plant. For 15 years (1986—2000), spontaneous (non-radiogenic) thyroid carcinomas appeared
only in 17 children. Thyroid cancer promoted by radiation in children possesses the behavior to form
the regional (73%) and distant (16.6%) metastases, mainly in lung. As a result of performed risk
analysis for the cohort exposed at the age group under 18, the following values were obtained: 1.93
(1.79-2.06) per 104 PYGy for the absolute risk coefficient, and 37.66 (35.06—40.26) per Gy for the
excess relative risk coefficient. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

The Chernobyl accident greatly affected thyroid cancer incidence rate in Belarus [1]. It
was for the first time that the patients with thyroid cancer induced by radiation appeared on
the territory of the republic [2]. This resulted in considerable incidence growth of
differentiated forms of tumors, mostly of papillary cancer, in people of all ages in all
the six regions of Belarus [3—5]. After Chernobyl, thyroid cancer in children appeared to
become the most frequent oncological pediatric disease [6].

2. Materials and methods

The research is conducted on materials of the Thyroid Cancer Center. The therapeutic
and follow-up data were analysed. The materials of the National Cancer Registry were
used also. The cases of thyroid cancer proved in 1990-2000 years are included in the
analysis.

An assessment of thyroid cancer risk considering gender difference was performed for
the cohort of people exposed in the 0—18-year-old age group. Thyroid dose reconstruction
was performed using radioecological model elaborated to include specific for Belarus
parameters. Demographic data was calculated based on Census data for 1989 using
methods of age—gender pyramids, correction of absolute age structure and back movement
of age groups [7,8].

3. Results and discussion

After Chernobyl, in comparison with pre-accident period, the thyroid cancer incidence
increased in children by 88.5 times, in adolescents—by 11.8 times, in adults—by 4.6
times (Table 1).

From 1990 to 2000, thyroid cancer was detected in 6905 patients, including 691
children (among them 674 were born before the accident), 262 adolescents and 5952
adults (Table 2).

Predominantly there was papillary thyroid cancer (Table 3).

The highest amount of cancer cases has been registered in Gomel region. Children and
adolescents have compounded 29.8% (Table 4).

Table 1

Thyroid cancer in Belarus before and after the Chernobyl accident

Patients’ age 1971-1985 19862000 Total
0-14 8 703 711
15—-18 21 267 288
19+ 1465 6719 8184

Total 1494 7689 9183
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Table 2
Age of thyroid cancer patients at the time of diagnosis; cases revealed in 1990-2000
Gender Number of patients Age (years)

0-4 5-9 10-14 15-18 19+
Male 1328 1 62 199 94 972
Female 5577 5 105 319 168 4980
Both genders 6905 6 167 518 262 5952
% 100 0.1 2.4 7.5 3.8 86.2
Table 3

Histological type of thyroid cancer

Histological type Number of cases Age at the time of cancer detection (years)
of thyroid cancer

0-14 15-18 19+

n % n % n %
Papillary 5998 651 94.2 245 93.5 5102 85.7
Follicular 580 35 5.1 14 53 531 8.9
Medullary 127 4 0.6 3 1.2 120 2.0
Undifferentiated 168 1 0.1 0 0 167 2.8
Squamous 32 0 0 0 0 32 0.6
Total 6905 691 100 262 100 5952 100

Cancer in children and adolescents was diagnosed nearly throughout the territory of
Belarus, but predominantly in the Gomel and Brest regions (Fig. 1).

The dramatic growth of pediatric cancer patients began in 1990 (in 4 years after the
Chernobyl accident) [1,2], has lasted for 6 years and reached its peak—90 cases—in 1995
[6]. The years that followed were characterized by a gradual decrease of cancer incidence
in children and the increase of it in adolescents (Fig. 2).

In 2000, the incidence rate per 100000 children, adolescents and adults of the Gomel
region amounted to 5.4, 33.7 and 15.9 cases, respectively (Fig. 3).

The high frequency of thyroid cancer in regions is marked apart, where the radiation
dose of the thyroid gland was more than 1 Gy (Fig. 4).

Table 4
Thyroid cancer among population of Belarus by region
Region Cases Children and adolescents

n %
Gomel 1693 504 29.8
Minsk-city 1218 70 5.7
Mogilev 1016 55 54
Vitebsk 923 14 15
Brest 872 219 25.1
Minsk 760 46 6.1
Grodno 423 45 10.6

Belarus 6905 953 13.8
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Fig. 1. Distribution of 953 cases of children and adolescent thyroid cancer revealed in 19902000 by district of
Belarus.

The cohort was divided into the following groups according to the estimated absorbed
thyroid dose: 0-0.3; 0.3-0.6; 0.6—1.0; 1.0-2.0; 2 Gy or more. In accordance with the
calculated individual doses for persons with the thyroid cancer, the percent distribution of
excess thyroid cancer cases for dose intervals was the following: 37.7% thyroid cancer
cases among people exposed to doses less than 0.3 Gy, 45.4% to 0.3—1 Gy, and 16.9% to
more than 1 Gy.
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Fig. 2. Annual number of children and adolescent thyroid cancer cases in Belarus.
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Fig. 3. Annual incidence (per 100000) of thyroid cancer in Gomel region.

It is known that the level of average dose is higher for those exposed at a younger age.
Therefore, cohort of exposed at a younger age had higher collective dose than those
exposed at an older age. Consequently, more cases of thyroid cancer were observed among
children exposed at a younger age (Fig. 5). Analysis of the correspondence between the
number of excess thyroid cancer and the level of collective dose for different age groups
showed that for the age group under 11 the number of cases is proportional to the
collective dose for boys and girls. For the older cohort (age group between 11 and 18), this
proportionality is violated with ratio being higher for girls than for boys.

Radiation induced differentiated thyroid cancer has highly aggressive characteristic
features (the lung metastasis in children have arisen in 16.6% of cases).

Average thyroid dose / Gy
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Fig. 4. Distribution of 498 children and adolescent thyroid cancers by district of Gomel region with average
thyroid dose.
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Fig. 5. Number of thyroid cancer cases by age at the accident (018 years of age).

From 1500 patients with irradiated thyroid glands during accident, 11 patients (three
children, two adolescents and six adults) have died because of distant metastases that has
compounded 0.7%.

Even microcarcinoma of 3—9 mm diagnosed in 377 patients (age group from 6 to 33)
often resulted in multifocal growth (17.0%), extrathyroid tissue invasion (8.0%), regional
metastases (47.2%) and lung metastases (3.7%).

4. Conclusion

Within the period of 30 years (1971-2000), spontaneous thyroid cancer in Belarus
occurred in 25 children, 17 of which were born after the accident.

Out of 1635 cases, 691 cases—in children, 262—in adolescents, 564—in young
adults (age group from 19 to 33) may be referred to as radiation-induced cancer patients
irradiated at the age of 18 including 135 liquidators. The irradiation doses and pathoge-
netic interconnection with radiation for the rest of the 5270 adult thyroid cancer patients
are still to be cleared out.

The Chernoby! tragedy concerning only children is finished. A new period of
considerable thyroid cancer incidence growth in young adult population (age group from
15 to 33) has commenced. The aggressive character of pediatric radiation-induced cancer
still cannot be explained.

The value of excess absolute risk coefficient calculated for the first nine years period of
Plato after the 4-year latent period for the cohort of people exposed at the age group under
18 is 1.93 (1.79-2.06) per 104 PYGy; excess relative risk of 37.66 (35.06—40.26) per Gy.
For girls, the absolute risk was calculated as 2.6 (2.4-2.86) per 104 PYGy, for boys—1.3
(1.17-1.5) per 104 PYGy. The ratio between boys and girls for absolute risk coefficient is
1:2 for the total cohort under consideration, however, there is a significant variation for
different age groups.
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Abstract

According to the data of the clinico-morphological register of the Institute of Endocrinology and
Metabolism in Ukraine, for the post-Chernobyl period in Ukraine (1986-2000), 472 cases of thyroid
cancer have been reported in children who have been operated at the age of up to 15 years, among
which, 431 were born before the Chemobyl accident, 11 were “in utero” at the time of the accident,
and 30 were bom after the Chernobyl accident. The largest number of cases (57) has been reported in
1996, which made up 0.57 per 100000 children aged 0— [4, and exceeded by 11.4 times the average
pre-Chernobyl incidence rate (0.05) in this age group. The highest incidence rate has been reported
in six regions of Ukraine which have been the most contaminated by iodine radionuclides (Kiev,
Chernigov, Zhitomir, Rovno, Cherkassy regions, and Kiev City). The additional incidence in these
regions was rising with increasing thyroid exposure dose, and this is most evident for a dose over 0.5
Gy. Morphological studies showed that in most of cases, the tumors under study (92.1%) represented
papillary carcinoma (with a dominant solid—follicular structure) that were characterized by a high
incidence of regional metastastic spreading (62% of cases). © 2002 Elsevier Science B.V. All rights
reserved.
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1. Introduction

Numerous investigations which were carried out during the last 15 years have
demonstrated that the most urgent problem that arose from the Chernobyl accident is
the problem of thyroid pathology, especially thyroid cancer in children [1-10]. This
catastrophe differed from those which occurred in world practice until now (atomic
bombardment of Hiroshima and Nagasaki, hydrogen bomb test on Marshall Islands), both
by the spectrum of radionuclides released to the atmosphere, and by the health aftereffects,
in particular, a reliable increase in thyroid cancer reported in the children of Belarus and
Ukraine 4 years after the Chernobyl catastrophe [1-5,7-9,11-13].

Since children who have been exposed to radiation following the Chernobyl catas-
trophe, and in which thyroid cancer has also appeared in childhood (before the age of 15),
are no longer registered beginning 2001 (they passed the group of adolescents and young
adults), it seems to be of great importance to make a complete analysis of thyroid cancer
incidence in this age group for the entire post-Chemobyl period.

2. Materials and methods

The analysis was conducted using the data of a register established at the Institute of
Endocrinology and Metabolism of the AMS of Ukraine [7,9]. At present, this register
includes 1906 cases of thyroid cancer revealed in Ukraine in patients born in 1968, and
later for the period 1986—2000 (data for 2000 is still preliminary). The number of thyroid
cancer cases in children having been operated on at the age of up to 15 is equal to 472. The
incidence per 100 thousand children aged 0— 14 has been calculated, a comparison of the
incidence in the six regions of Ukraine being the most contaminated by iodine radio-
nuclides (Kiev, Chernigov, Zhitomir, Rovno, Cherkassy regions, and Kiev City) and the
other 21 regions of Ukraine has been made.

To analyse the dose-dependence of thyroid cancer incidence in children, a clusterization
has been made of the above regions (Kiev region was considered along with Kiev City) in
the areas having the same rate of average thyroid exposure doses (dose zones). In this case,
average doses “per capita” for a district for the corresponding age cohort were considered
as average ones. For each of the six established dose clusters, a population aged 0-14
years has been estimated in four periods of follow-up: latent period (1986—1989) and three
post-latent periods (1990—-1992; 1993—-1995 and 1996~ 1998).

To estimate the spontaneous incidence rate of thyroid cancer in the cohort aged 0—14
(at the time of surgery), power function was used, whose parameters were assessed
according to the data on thyroid cancer incidence in the whole territory of Ukraine in the
latent period. For each of the periods, a spontaneous incidence rate was calculated, taking
into account the differences in age composition of the cohort 0— 14 years at the moment of
surgery in different periods of follow-up. So, if in the latent period (1986—1989) in this
age cohort, all age groups were represented (though in different proportions); in 1996—
1998, only age cohorts 10—14 years at the moment of surgery were represented.

A pathomorphological analysis was performed on 314 cases of thyroid carcinomas
which were removed in children in 19862000 at the Department of Surgery of the
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Institute of Endocrinology and Metabolism of the AMS of Ukraine, or on material
(paraffin blocks, histological specimens) forwarded to the Laboratory of Morphology of
the institute for consultative conclusion.

3. Results

In assessing the data of the register concerning the number of thyroid cancer cases in
the age group 0—14 years at the time of surgery, it should be noted that for the post-
Chernobyl period (1986—2000), 472 cases of the disease have been reported in Ukraine. It
should be siressed that while for the pre-Chernobyl period (1981 —1985) only 25 cases of
cancer have been revealed in children (five cases per year on average), from 1986 to 1990,
there were 61 cases (12 per year on average), and in 1991-1995, 220 cases have been
reported (44 per year on average). In 1996-2000, 191 cases (38 per year on average) have
been registered, a decrease in the number of cases in 1999-2000 as shown in Table 1. It
should be noted that out of 472 cases, 431 have been reported in children born before the
accident, 11 cases in children born in the first months after the accident (thyroid exposure
took place in the last trimesters of pregnancy), and only 30 cases have been revealed in
children born after the Chermoby]! catastrophe (one in 1991; one in 1992; one in 1993; one
in 1994; two in 1995, four in 1996, two in 1997, two in 1998, five in 1999, and eleven in
2000).

The incidence per 100000 population of children in Ukraine as a whole for the period
1981-1985 varied within the range from 0.04 to 0.06; 0.05 on average. In 1986—1990,
this indicator had increased by 2.2 times (0.11), in 19911995 by 8 times (0.40), and in
1996-2000 by 8.2 times (0.41) as compared to the average pre-Chernobyl rate. Maximum
incidence rates have been reported in 1996 (0.57). In the following years, the incidence
was decreasing, most significantly in 1999-2000: up to 0.30 and 0.28 cases per 100000
children, respectively (Table 1).

The rise in the incidence occurred mainly in the abovementioned regions being the
most contaminated by iodine radioisotopes. In these six regions, the average annual
incidence in the pre-Chernobyl period was only 0.009 (one case of cancer in a child from
Cherkassy region).

In 1986—1990, the incidence rate had increased in the abovementioned regions up to
0.18, which was twice as high as the total rate for the other 21 regions (0.09). In 1991 -
1995 the incidence was equal to 1.38, being 8.1 times as high as in other regions (0.17). In
19962000 the incidence per 100000 children in the above six regions (1.27) exceeded by
6.7 times the average rate for the rest of the territory of Ukraine (0.19). It should be

Table 1
Number of thyroid cancer cases and incidence per 100000 children (aged 0— 14 years at the time of surgery) in
Ukraine

1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

Number of 8 7 8 11 27 25 53 47 48 4 57 38 45 27 24
cases
Incidence 0.07 0.06 0.07 0.10 024 023 049 044 046 046 0.57 039 048 030 0.28




80 N.D. Tronko et al. / International Congress Series 1234 (2002) 77-83

Table 2
Incidence of thyroid cancer per 100000 children (aged 0—14 years at the time of surgery) in six of the most
contaminated and 21 other regions of Ukraine

1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

6 Regions 0.13 - 009 0.18 051 066 17 14 14 17 19 15 15 10 046
21 Regions 0.06 0.08 0.07 0.08 0.18 0.12 0.8 020 022 017 025 0.13 0.24 0.12 0.23

stressed that in spite of a decrease in the average incidence for Ukraine in 1999-2000,
such an excessive rate was preserved in the above six regions versus the rest of the
territory, especially in 1999 (Table 2).

Unlike the pattern described, in children born after the Chernobyl catastrophe, the cases
of thyroid cancer are more often reported in 21 non-contaminated or less contaminated
regions of Ukraine (73% of cases), which is additional evidence of the radiation genesis of
thyroid cancer in children having undergone the consequences of the Chernobyl catas-
trophe.

The analysis of distribution of children with thyroid carcinoma by age at the time of the
accident has shown that a maximum number of cases (311 out of 442 or 70.4%) was
revealed in children having been exposed at the age of 0—4 years, and among these, one
can identify those children who were aged less than 1 year (86 cases) or more than 1 but
less than 2 years (74 cases) at the time of the catastrophe.

An analysis of the dose-dependence of the incidence rate of thyroid cancer has shown
that additional incidence in the age group under study is significantly increasing in the
post-latent period in the presence of an exposure dose over 0.5 Gy (Table 3).

A morphological analysis has shown that 92.1% of carcinomas in children are
represented by papillary carcinomas. Follicular carcinomas have been revealed in 4.1%
and medullary carcinomas in 3.2% of cases. Papillary carcinomas in children throughout
the periods of follow-up were most often (more than 70% of cases) characterized by a

Table 3
Thyroid cancer incidence per 10° person-years and excess incidence by observation period and thyroid dose for
children (aged 0—14 at the time of surgery) in the five northern regions of Ukraine

Thyroid®  Observation period

dose (Gy) 19861989 19901992 1993-1995 19961998
Incidence Excess Incidence Excess Incidence Excess Incidence Excess
incidence® incidence® incidence® incidence®

0.01-0.05 0.13 0.03 0.23 0.09 0.33 0.16 0.57 0.35
0.05-0.1 0.20 0.10 0.92 0.78 1.49 1.32 1.59 1.37
0.1-0.3 0.00 0.00 143 1.29 4.44 4.27 2.90 2.68
0.3-0.5 0.00 0.00 1.64 1.50 4.06 3.89 4,94 4.72
0.5-1.0 0.00 0.00 6.43 6.29 5.74 5.57 12.90 12.68
1.0 0.00 0.00 5.83 5.69 20.93 20.76 29.17 28.95

* Each dose class includes left end and excludes right end.

b Excess incidence=incidence—baseline incidence; baseline incidence for children aged 0—14 at the time of
surgery was estimated for age distribution of Ukraine in 1989 (census data) as varying from 0.1 case per 10°
person-years in 1986—1989 up to 0.22 cases per 10° person-years in 1996-1998.
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solid—follicular structure; but in the last years (1999—-2000), an increase in the rate of
tumors with typical papillary structure (20.6%) as compared to the previous periods of
follow-up were noted [7,9,14]. In addition, tumors with papillary—follicular structure
(2.9%) or papillary—solid structure (8.8%) were more often reported.

Metastases of papillary carcinoma to cervical lymph nodes have been reported in
children operated at our institute in 62.0% of cases. Metastases appeared most often in
children in the presence of solid—follicular structures of papillary carcinoma in 72% of
cases.

4. Discussion

A significant rise in thyroid cancer in children after the Chemnobyl catastrophe re-
presented a basis for performing deepened studies of these tumors in the framework
of international programs involving leading research centers. Large-scale investigations
using methods of immunohistochemistry and in situ hybridization have been conducted by
our institute together with the University of Cambridge (UK) in this field beginning 1994,
and clearing up possible morphological features of thyroid carcinomas in children was a
top priority task, because the morphology of any tumor is closely related to the molecular—
biological changes involved in its genesis.

It has been established that the most frequent subtype of dominant papillary carcinoma
was represented by the solid—follicular one, which occurred in children from the Ukraine
2.2 times more frequently than in children of Great Britain who were considered as a
control group having not undergone the aftereffects of the Chernobyl accident [4,7]. It has
also been shown that the relative risk of developing papillary carcinoma with solid—
follicular structure in children rose with increasing thyroid exposure dose [14].

Hence, it appears that we should first of all take into consideration the peculiarities of
immunohistochemical changes in thyroid carcinomas of just solid—follicular structure. We
have studied a wide spectrum of growth factors and oncogens involved in thyroid carcino-
genesis {4,7,15]. In particular, the differences found in the localization in tumoral cells of one
of the most important factors in the development of papillary carcinoma, ret-oncogen,
depend on the histological structure of the tumor which served as a basis for starting
molecular—biological investigations of the expression and translocations in this gene using
the RT-nPCR. The molecular—biological investigations of papillary carcinomas performed
on children of the Ukraine and Belarus allowed us to establish that rearrangements in ret-
gene are closely related to the histological subtype of the papillary carcinoma, and the solid—
follicular variant of the tumor is mainly characterized by PTC3 translocation, and classical
papillary or diffuse-sclerosing variant by PTCI translocation [16—18].

Taking into account that the tumors with solid—follicular structure are the most frequent
in children of Ukraine and Belarus following the Chernobyl accident, it may be suggested
that PTC3 translocations of ret-gene would be associated with the development of ra-
diation-induced thyroid cancer, but additional investigations are needed to prove such a
hypothesis.

Thus, numerous literature data and our investigations point out that the problem of
post-Chernobyl thyroid cancer will remain a topical one for many years. This will include
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search of new tumoral markers, clearing up additional ways of intracellular transfer of
signal, and analysis of molecular—biological disturbances in different thyroid carcinomas,
which will lead as a whole to the development of additional diagnostic criteria and to
improvement of the methods of treatment of thyroid cancer.

Based on the above data, it is evident that the radiation factor plays an important role in
the development of malignant tumors of the thyroid gland in children. Taking into account
that the Chernobyl catastrophe, as we have pointed out, differs to a large extent—as to the
spectrum of released radionuclides and character of health aftereffects—from previous
radiation accidents in the world, in particular, in Japan and the Marshall Islands,
investigations of the incidence, geographical distribution, and morphological features of
post-Chernoby! thyroid carcinomas depend on the age of the child at the time of the
accident and will remain topical ones for many years. Currently, these studies included
follow-up of children, in the following years, follow-up of adolescents and adults who
were exposed to radiation in their childhood and kept for all their life the sad title of
“Chernobyl children.”
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Abstract

The manuscript presents results of the radiogenic thyroid cancer risk analysis in the Bryansk and
Oryol regions among children and adolescents at exposure (017 years of age). A total of 170 cases
of thyroid cancer were diagnosed from 1991 to 1998. Of these, 106 cases were in the Bryansk and
64 in the Oryol region. The size of the exposed population under study is 374447 persons in the
Bryansk region and 207592 persons in the Oryol region (data of the 1989 census). The mean
thyroid dose from incorporated isotopes of *>'I for children and adolescents at exposure is 0.071 Gy
in the Bryansk region and 0.013 Gy in the Oryol region. The method of maximum likelihood for
nonstationary Poisson series of events was used for risk calculation. The analysis focuses on the
relationship between thyroid cancer incidence and thyroid dose due to incorporated iodine
radioisotopes. The calculations were based on personal data about disease cases and demographic
and dose information for the population points in the regions under study. Statistically significant
excess of thyroid cancer incidence above the spontaneous rate was obtained for children and
adolescents of the Bryansk region. The excess relative risk per unit dose of 1 Gy (ERR,gy) with
95% confidence intervals is 11.9 (7.2, 16.6). For children and adolescents of the Oryol region
between 1991 and 1998 statistically significant excess risk was not detected: 6.5 (—20.2, 30.2). The
value of the standardized ratio of spontaneous thyroid cancer incidence in the region to the general
incidence in Russia is 3.5 with 95% confidence intervals (2.8, 4.2) for the Bryansk region. For the
Oryol region this ration is 5.3 (4.0, 6.6). The excess of spontaneous incidence observed in the study
areas is primarily due to regional differences in incidence and registration features (screening effect).
The attributive risk of induction of radiogenic cancers among children and adolescents in the
Bryansk region is 46%. This mean that one of every two thyroid cancers detected in the Bryansk
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region between 1991 and 1998 are radiation induced. © 2002 Elsevier Science B.V. All rights
reserved.

Keywords: Thyroid cancer; Radiation risk; Children; Chernobyl

1. Introduction

After the Chernoby! accident, an essential growth of thyroid cancer incidence in the
contaminated areas of Russia, Ukraine and Belarus has occurred. One of the potential
causes of the increase is exposure of thyroid gland to incorporated iodine-131 ('*'I). This
is a particular concern for those who were children and adolescents at the exposure, as the
risk of developing thyroid cancer (as well as dose) is strongly dependent on age at
exposure.

There are a large number of publications on radiation induced thyroid cancer after the
Chernobyl accident. Most results of these studies have been described in Ref. [1].

The work [1] focuses primarily on descriptive approaches limited by analysis of
incident rate and standardized incidence ratio (SIR).

Among the above-mentioned works devoted to analysis to thyroid cancer incidence
after the Chernobyl accident, we refer, for example, to Refs. [2-5].

2. Material and methods
2.1. Study area and population

The basic demographic characteristics of the studied population are presented in
Table 1.

Gender and age distribution in the territorial units were calculated under the assumption
that this distribution is identical with the distribution of a rayon, in which this population
point is located. A total of 3085 and 2916 population points were considered in the
Bryansk and Oryol region, respectively, the population of which accounts for 99.9% of the
whole population of these regions.

Table 1

The results of risk estimation for the population under consideration (age at exposure 0—17 years)

Region Bryansk Oryol

Sex Both Both

Size 374 447 207 592

Mean dose (Gy) healthy/cases 0.071/0.15 0.013/0.009
ERR/Gy (95% CI) 11.8 (7.2, 16.6) 6.4 (=20.2, 30.1)

Coefficient £ (95% CI) 3.5 (2.8, 4.2) 5.3 (4.0, 6.6)
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Fig. 1. Geographical pattern of thyroid doses for children and adolescents aged 0 17 years at exposure (Bryansk
region).

2.2. Thyroid doses in the Bryansk region

The personified mean thyroid doses for the population of the Oryol region were
calculated based on the “Methodology for reconstruction of thyroid dose from iodine
radioisotopes in residents of the Russian Federation exposed to radioactive contamination
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Fig. 2. Geographical pattern of thyroid doses for children and adolescents aged 017 years at exposure (Oryol
region).
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as a result of the Chernobyl accident in 1986,” the latest revision of which was issued on
31 May 2000.

Results of the calculation are shown in Figs. 1 and 2 as a map of thyroid dose
distribution among children and adolescents in the Bryansk and Oryol regions.

The thyroid dose was determined using the dependence of dose on age at exposure and
residence address at exposure time (the name of the population point). The basic
dosimetric data for the studied cohort are shown in Table 1.

2.3. Registration of thyroid cancer cases

These are official data of oncological dispensaries in the Bryansk and Oryol regions
which were in charge of registration of cancer patients in accordance with regulations of
the Ministry of Health of Russia.

Information used in the analysis of dose response includes date of birth, gender, address
of residence at exposure, date of diagnosis or surgery and thyroid dose from incorporated
iodine radioisotopes.

2.4. Background incidence rate of thyroid cancer

In Russia annual medical check-ups were started shortly after the accident to survey
children for thyroid disease. Examination included palpation, ultrasound examination and
thyroid hormone testing.

In calculating dynamics of thyroid cancer, spontaneous rate of Russia from 1989 to
1998 was used.

2.5. Risk analysis
As the background rate varies with time, the nonstationary Poisson series of events to

model incidence was used in the risk analysis.
The likelihood function for model under consideration is:

L= ﬁ Ai(ti) - ;/é He ' INI e_»/O Bl
=1

j=1

>

where 7 is the number of cases; N is the number of healthy persons; parameter 4, for a
persons / is a function of age at exposure (i), time since exposure (#;) and absorbed dose
(d;); t; is time interval from the accident time to detection of case, for healthy persons is
time interval from the accident time to the end of 1998.

Excess relative risk per 1 Gy () was determined under assumption of linear depend-
ence of the thyroid cancer incidence rate on dose:

Ai(t) = 22(t) - f - (1 + ERR g, - dy),

where A9(7) is the spontaneous incidence rate of the thyroid cancer in Russia for
attained age (et?) at the time ¢, for person i. f is the factor taking into account the
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Fig. 3. The dynamics of standardized incidence ratio (SIR) for males 0—29 years of age.

difference between incidence in the considered region and Russia as a whole (function of
sex). This difference can be attributed to both the differences in screening effect levels for
the population in general and to the difference in actual incidence levels in the study area.
It is supposed that the shape of the incidence age distribution in Russia and in the region
under study is identical. d; is the absorbed dose in the thyroid gland for the ith person;
ERR;s, is excess relative risk per unit dose. This value is a function of age at exposure.

The obtained model parameters ERR g, and f are used for prediction of the cumulative
mortality in the next 5—10 years.
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Fig. 4. The dynamics of standardized incidence ratio (SIR) for females 0—29 years of age.
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3. Results

Results of estimation of the SIR for thyroid cancers in the studied groups are presented
in Figs. 3 and 4.

The above distributions show a common trend. Up to 1986 the SIR is close to 1, i.e.,
the incidence rate in these regions is close to the general Russian value. In 1986, the SIR
increases and remains to be nearly constant to the spring of 1990. The time interval from
1981 to 1990 is the period of appearance of spontaneous cancers (with allowance for the
latent period of 5 years from 1986 to 1990). The increase in incidence relative to the
control in this time interval can be explained only by the screening effect: better
registration of diseases due to wider coverage by specialized medical examination, higher
attendance of patients and higher quality of check-ups.

An increase in the incidence rate in the age group 0—29 years after 1990 can be
explained by two reasons: the mentioned screening effect and induction of radiogenic
cancers. As was pointed out above, this age group has a higher radiation sensitivity and
thyroid doses from incorporated "*'I.

To answer the question about influence of the radiation factor on thyroid incidence
growth, one should first of all analyze the dependence “dose—effect.” For solving this
problem, knowledge of dose distribution among exposed persons is required. To
reconstruct radiation doses, results of directly measured activities of radionuclides are
required. These data often are not available or absent. However, some characteristics of
thyroid exposure allow a better understanding of the dose effect.

The risk of induction of radiogenic cancers at the same dose rate is known to depend on
age at exposure. For malignant neoplasms of most localization, the decrease in age at
exposure leads to an increase in the risk of cancer. This equally applies to radiogenic
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Fig. 5. The relationship between the distribution functions of spontaneous and observed cases of thyroid cancer
and age at exposure (the Bryansk region).
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Fig. 6. The relationship between the distribution functions of spontaneous and observed cases of thyroid cancer
and age at exposure (the Oryol region).

thyroid cancer. The above risk dependence will be better defined in case of thyroid
exposure to incorporated '*'1, as in this case, the thyroid exposure dose will depend on age
at exposure. Therefore, induction of radiogenic cancers should modify the shape of age
distribution of cancers.
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Fig. 7. Prediction of thyroid cancer incidence among children and adolescents after the Chernobyl! accident in the
Bryansk region.
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Fig. 8. Prediction of thyroid cancer incidence among children and adolescents after the Chernobyl accident in the
Oryol region.

Figs. 5 and 6 present the distribution function of the observed and spontaneous cases in
the population under consideration depending on age at exposure.

As can be seen, the age structure has drastically changed for cases among children and
adolescents in the Bryansk region. The curve shape is indicative of a considerable increase
in incidence for younger ages, as compared with Russia in general. These features of the
distribution may be useful for the analysis of thyroid cancer incidence, because absorbed
doses are not considered for this purpose. The distributions presented in the figures
confirm the conclusions of the regression analysis that there is statistically significant risk
for the Bryansk region, but no statistically significant risk for the Oryol region.

Table 1 illustrates the values of the risk coefficients (ERRgy) and f coefficient taking
into account the difference between incidence in the considered region and Russia as a
whole (function of sex) with 95% confidence intervals. The risks for children and
adolescents of the Bryansk region appear to be significant.

The spontaneous incidence rate in the considered period differs from the incidence of
Russia as a whole by 3—5 times. As stated above, the difference is conditioned by regional
variation in incidence and screening effect of thyroid cancer cases.

The results of thyroid cancer prediction are presented in Figs. 7 and 8. As can be seen,
the result of prediction using the parameters of model is in good agreement with the
observed incidence.

4. Conclusions

The excess relative risk ERR g, per unit dose 1 Gy among children and adolescents at
Chernobyl accident (0—17 years of age) of the Bryansk region was found in the
observation period 1991-1998 to be 11.8 with 95% CI (7.2, 16.6) for both sexes. The
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nsk for the children and adolescents of the Oryol region has not been confimmed. The
spontaneous mcidence rate in the region under consideration is about 3.5-35 times higher
than in Russia as a whole. This excess is attributed to the differences in repgistration of
diseases and regional differences in spontaneous level.
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Abstract

This paper will describe my personal experience in the investigation of childhood thyroid cancer
following the Chernobyl nuclear power plant accident. My experience started in 1987 when [ was
President of the Japanese Society of Nuclear Medicine and held a symposium on “Radiation and the
Thyroid” where the health effects of the Chernobyl accident were reported by an expert from the
European Thyroid Association (ETA). In 1990, I joined the IAEA project and the Chernobyl
Sasakawa Health and Medical Cooperation Project, followed by the WHO/IPHECA Project, and the
projects of the Ministry of Foreign Affairs, Japan. In 1992, I participated as a member of the European
Community Commission, the Nagasaki Association for Hibakushas’ Medical Care (NASHIM), the
Hiroshima International Council for Health Care of the Radiation-Exposed (HICARE), and finally as
the Chairman of the Radiation Effects Research Foundation (RERF). In addition to a description of
the results of each project, the results of a scientific investigation on the health effects of the
Chernoby! accident will be summarized and the gap between the scientific results and the public
understanding will be discussed. Finally, the study themes to advance scientific knowledge for the
benefit of humanity will be suggested. © 2002 Elsevier Science B.V. All rights reserved.

Keywords: International collaboration; Thyroid cancer; Public understanding; Nagasaki University; Radiation
Effects Research Foundation

1. Introduction

Since the previous speakers were experts from each republic, my comments here
represent simply my own personal experiences in the investigations of childhood thyroid
cancer after the accident of Chernobyl nuclear power plant.

My first involvement was in 1987 when I was President of the Japanese Society of
Nuclear Medicine. At the symposium entitled Radiation and the Thyroid, it was reported
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by an expert from the European Thyroid Association that there had been an increase of
thyroid cancer by 50 cases throughout Europe. The effects of the atomic bomb on thyroid
diseases in Nagasaki were also reported.

In 1990, the USSR government requested IAEA to support the International Chermobyl
project and the Sasakawa Foundation to carry out the International Chermobyl Sasakawa
Project in which Nagasaki University School of Medicine was involved. Since then, our
group in Nagasaki University participated in many collaborative works with WHO, EC,
NIS countries, and the projects of Ministry of Foreign Affairs, NASHIM and HICARE,
Japan. In addition to the description of each project, the results of scientific investigation
will be summarized and the dissociation between the scientific results and the public
impression will be discussed. Finally, the study themes to further enrich scientific
knowledge for the benefit of human beings will be suggested.

2. History of the investigation of the health effects of the Chernobyl Nuclear Plant
accident

The history of the investigation of the health effects of Chernobyl Nuclear Plant
accident may be divided into a number of periods as follows:

26 April 1986 Chernobyl nuclear power plant accident
19861989 information difficult to obtain
1990-1991 exchanges with other countries initiated
1992 case report: childhood thyroid cancer
1992-1994 period of ascertainment

1995 ascertainment and search for causes
1996 —present investigation carried out to the future

3. 1986-1989: Information difficult to obtain

In 1987, one year after the accident in Chernobyl, the annual meeting of the Japanese
Society of Nuclear Medicine was held in Nagasaki. Since I was president of the society, I
decided on the series of symposia entitled “Radiation and the Thyroid” [1,2].
4. 1990-1991: Exchange with other countries initiated
4.1. Chernobyl Sasakawa Health and Medical Cooperation Project

In August of 1990, the mission of the Chernobyl health and medical cooperation project

visited the former USSR for a review of the project. A patient with Graves’ disease
encountered in Gomel strongly believed that her disease was due to the Chernobyl
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Table 1

Chernobyl Sasakawa Project

Subjects 100000 children aged 0—10 years at the time of the Chernobyl accident
Methods (A) Thyroid diseases

based on the same method used for A-bomb survivors in Nagasaki
(1) history: residential history, case history
(2) thyroid ultrasonography
(3) thyroid-related hormone (TSH, free Ty), thyroid auto-antibody
(4) cytodiagnosis by paracentesis and aspiration

(B) Hematological diseases

(C) Dosimetry
measurement of internal *’Cs exposure dose

Note: protocol was established between August 1990 and May 1991.

accident. After coming back from the USSR, we developed the protocol of the Sasakawa
Chernobyl! Project (Table 1) based on our experiences in the investigation of atomic bomb
survivors in Nagasaki. The instrument of ultrasonography similar to one invented by us for
the screening of thyroid diseases of atomic bomb survivors [3] was used in the project.

Within 6 months, we succeeded in remodeling five buses equipped with ultrasonogram,
whole-body counter, and hematological analyzer and they were brought to Moscow with
the help of President Gorbachev. Since then, investigation in five diagnostic centers have
continued having symposium once a year for 5 years.

4.2. WHO/IPHECA Project and the other projects

In 1990, the WHO/IPHECA Project [4] was started mainly with support from the
Japanese Government. Furthermore, many international institutes and governments started
to support the scientific (and humane) projects related to the Chernobyl accident (Table 2).

5, 1992: Report of cases and presentation of problems

Dr. Demidchik, Head of the Chair, Minsk State Medical Institute in Belarus, came to
believe that childhood thyroid cancer has been increasing in Gomel, Belarus, since around

Table 2
Scientific (and human) supports for the Chernobyl nuclear accident: support from international institutes and
government

Organization Year of commencement
IAEA 19901991
WHO 1990
EU 1991
Japan 1990
Government, SMHF and other NGOs
Others 1990-1994

France, Germany, Italy, Netherlands, UK, USA, etc.
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1990, based on the number of the cases on which he performed surgery. With the
cooperation of WHO in Europe, Cambridge University, and Pisa University, he published
his finding in an international scientific journal [5,6]. This was the first paper published
with ascertainment by international experts of the findings reported.

At that time, a decision was made that an EC’s mission be sent to Belarus, and I was
asked to join the mission, which was composed of about 10 thyroid experts. As we saw
one child after another with thyroid cancer at the Research Institute of Thyroid Tumor, all
of us in the mission came to agree that we saw more patients with this disease than we had
ever seen before. We usually expect to find one such child out of one million children per
year in Western countries or Japan.

6. 1992-1994: Period of ascertainment

We all agreed that there were many patients, but the problem was whether or not the
Chernobyl accident was the cause. Because of the level of increase, or increase year after
year, in the number of patients, the staff at the Research Institute of Thyroid Tumor
believed that the accident and the radioactive fallout, particularly radioactive iodine from
the accident, had caused the increase in the disease. The EC’s mission used the expression
“very likely” [7], and the experts from the US (5—10 persons) who were at the meeting
with us were opposed to the term “very likely.” I was the only Japanese, and my stance
was relatively close to that of the US experts. Japanese [8], US, and UK (Oxford) [9]
researchers published papers later which said that it was too premature to conclude that the
Chernobyl accident was responsible for the increase of cases.

The discussion as to whether or not the increased childhood thyroid cancer is
attributable to the Chernobyl accident continued for many years since then, and mee-
tings were held by WHO, IAEA, and EC, and in Japan [10] almost every year (Table
3).

Table 3
Period of ascertainment 1992-1994

Symposium in WHO, EC and TAEA

1992 WHO Minsk, Belarus
1993 WHO Kiev, Ukraine

1994 WHO Geneva, Switzerland
1994 EC Vienna, Austria
1994 IAEA Vienna, Austria

Symposium in Nagasaki City

1993 Nagasaki University

1994 Ministry of Education,
Japan Endocrine Society,
Nagasaki University
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7. 1995: Ascertainment and search for causes
7.1. International organizations

The conference, “Health Effects of the Chernobyl Accident and Other Radiation-
Related Accidents” was held at Geneva, Switzerland on 20-23 November 1995
sponsored by WHO [11].

“The 1st International Conference of EC, Belarus, Russia, and Ukraine on the Health
Effects of the Chemnobyl Accident” was held at Minsk, Belarus on 18—22 March 1996
sponsored by EC [12].

“International Conference Commemorating the 10th Anniversary of the Chernobyl
Accident” was held at Vienna, Austria on 8—12 April 1996 sponsored by IAEA [13].

The following are the summary of the reports of these international meetings:

(1) For much of the area contaminated by the accident, the current dose rates (including
the additional dose due to the accident) are within the range of doses due to the natural
background found in areas of Europe uncontaminated by the accident. As a result, it is
unlikely that fiture exposure to contamination from the accident will lead to a detectable
increase in cancer incidence. Any proposed remedial measures intended to reduce this
dose level further should therefore be carefully evaluated for their effectiveness and their
probable economic and psychological impact.

(2) As for demonstrated health effects, acute radiation sickness and early deaths
occurred only among the initial responders to the accident. Two hundred and thirty-seven
subjects were examined in the hospital and among 134 who showed acute radiation
syndrome, 28 died within 3 months.

(3) There has been a substantial increase in the incidence of thyroid cancer, especially
in young children. Thyroid cancer in exposed individuals who were children at the time of
the accident will most likely be in the form of cancer most likely to be clearly associable

Table 4
Summary of the reports in IAEA/WHO/EC Joint Symposium held 10 years after the Chernobyl accident

People considered to have been exposed

(1) Power plant workers, firemen, etc. several hundred subjects
(2) Liquidators hundreds of thousands
(3) Those exposed to radioactive fallout 4 million

People with demonstrated health effects

(1) People with symptoms of acute radiation syndrome 134 (237 were hospitalized)
28 died within 3 months
14 died within the subsequent 10 years (two died of blood disease)
(2) Childhood thyroid cancer about 800
three died because of thyroid cancer
(3) Increase in other diseases including leukemia
has not been confirmed
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with the accident. This is because of (1) the high thyroid doses compared with doses to
other parts of the body, (2) the vulnerability of children to thyroid cancer and (3) the low
incidence otherwise of thyroid cancer, especially in children.

(4) Small but significant increases in the rates of some cancers and other health
problems have been reported among the liquidators and among the most heavily exposed
people of the public. However, except for thyroid cancer, these apparent increases may be
due to the improved medical observation of these groups or from other factors not related
to radiation exposure due to the accident.

(5) There may have been a slight rise in the incidence of mental retardation among
children exposed in utero. However, no clear interpretation of the figures is yet possible
and further study is required.

These results are summarized in Table 4.

7.2. Chernobyl Sasakawa Project

The prevalence of thyroid nodules and cancers in the Chernobyl Sasakawa Project is
summarized in Table 5. It should be noted that other than the remarkable increase in the
prevalence of thyroid cancer, no significant correlation between the prevalence of thyroid
cancer and radiation dose (}*’Cs either in the body or in soil) could be observed [14].

The following current projects will be presented later in this symposium.

1. Comparison of thyroid cancer incidence in children born before and after the accident,
Gomel in the Republic of Belarus.

2. Follow-up of high-risk children of thyroid cancer, Gomel in the Republic of
Belarus.

Table 5
Chernobyl Sasakawa Project: prevalence of thyroid nodules and cancers, and the correlation between the
prevalence and radiation dose

Center No. of examined Thyroid nodule Thyroid cancer
children (%e) (%o)

Belarus

Gomel 19790 350 (17.69) 38(1.92)

Mogilev 13868 24 (1.01) 2 (0.08)
Russia

Klincy 20027 97 (4.84) 8 (0.40)
Ukraine

Kiev 27759 48 (1.73) 6 (0.22)

Korosten 29161 66 (2.26) 9 (0.31)
Total 120605 585 (4.85) 63 (0.52)

Correlation with radiation dose
37Cs in body none none
137Cs in soil none none
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Table 6
Thyroid cancer—search for the cause

101

(1) Radiation dose estimation
(A) Reconstruction of dose
(B) Biological dosimetry
(C) Short half-life 131, 1321, **Te; external exposure
(2) Epidemiological methods
(A) Possibility of involvement of *'I and other radionuclides with short half-life
(B) Genetic factors
(C) Confounding factors promoting carcinogenesis
(3) Registry of information on thyroid cancer patients
(A) History of exposure
(B) Clinical image
(C) Pathological diagnosis
(D) Storage of blood and tissue specimens
(4) Molecular biological methods

3. Case—control study of childhood thyroid cancer and investigation of dose relationship
with international collaboration, both in the Russian Federation and Republic of

Belarus.

4. Post-Chernobyl NIS Thyroid Tissue, Nucleic Acid and Data Bank (NISCTB) in the

Russian Federation and Republic of Belarus [15].

8. 1996—present: investigation should be carried out in the future

8.1. Scientific as well as humanitarian projects

1. Search for cause—radiation: external or internal exposure, issue of the nuclide

2. Treatment of childhood thyroid cancer—methods of diagnosis, indication of operation

and treatment with radioactive '*'I, substitution therapy T4, Vit. D, Ca, etc.

3. Prevention of childhood thyroid cancer—administration of iodine and thyroid

hormone Follow-up of high-risk cohorts

Table 6 depicts further issues with regard to “Search for Cause.”

Table 7
Study themes as scientific knowledge—thyroid cancer in Chernobyl

100-fold increase in cancer incidence during several years—unprecedented
Opportunity to elucidate the mechanism of carcinogenesis—unprecedented
Importance of collecting biological materials
Importance of creating database for study subjects
Necessity of international collaborating system
(EU, USA, Japan, WHO)
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8.2. Study themes as scientific knowledge

As shown in Table 7, a 100-fold increase of thyroid cancer incidence (or any other
cancers) within 4-5 years is unprecedented in the history of medical sciences, and
provides a very unique opportunity to elucidate the mechanism of carcinogenesis.

9. Scientists’ social responsibility

Scientists should explain the results of scientific study to the general public in a easy-to-
understand way. Unnecessary concerns and prejudice should be eradicated.

While seeking the understanding of society, scientists should aggressively conduct
studies which are both relevant to the present and hold the promise of advancing scientific
knowledge.
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Abstract

In 1996, following several years of collaborative international studies of the consequences of the
Chernobyl accident, a number of groups proposed to carry out case—control studies of thyroid cancer
among young people in contaminated territories of Belarus and Russia. Collaborations were set-up
between the participants of the Chernobyl Sasakawa Project and of those of the Belarus/Russia/EU/
IARC project. These involved joint field work and dose reconstruction, although both projects
maintained their original objectives: to evaluate the risk of I-131-induced thyroid cancer and to study
the role of possible modifying factors in radiation carcinogenesis, in particular, iodine deficiency and
supplementation and genetic predisposition. Joint data collection is now virtually finished and dose
reconstruction is nearing completion. Final results are expected in 2002. The current paper
summarises the objectives and methods of the case—control studies, as well as the very preliminary
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results based on joint data collection and analyses. These appear to indicate that cases were likely to
have received higher doses from I-131 on average than controls. The collaboration has resulted in the
collection of one of the largest sources of data on thyroid cancer risk in children, adolescents and
young adults exposed to ionising radiation. Results from this work are likely to have important
implications for radiation protection in general, as well as for public health actions among exposed
populations in the CIS. © 2002 Elsevier Science B.V. All rights reserved.

Keywords: Thyroid cancer; Radiation risk; Risk modifiers; Iodine deficiency; Genetic predisposition; Children;
Chemoby!

1. Introduction

Following initial reports of increased thyroid cancer in young people residing in
territories contaminated by the radiation from the Chernobyl accident [1—6], a number of
international collaborations were set-up in order to verify the increase and evaluate the
magnitude of the problem: Chernobyl Sasakawa Health and Medical Cooperation Project
[7], European Union (EU) International Scientific Collaboration on the Consequences of
the Chernobyl Accident [8,9], WHO International Programme on the Health Effects of the
Chemnobyl Accident (IPHECA) [10], WHO International Thyroid Project (ITP) [11],
International Consortium for Research on the Health Effects of Radiation ICRHER) [12]
and US National Cancer Institute project [13].

In 1996, the results of these collaborations led a number of different organizations to
independently plan case—control studies of thyroid cancer in young people in Belarus and

Table 1
Main characteristics of the case—control studies

Chernoby! Sasakawa Project EU/Belarus/Russia/IARC

Objectives  *Relationship between 1-131 dose *Role of I-131 in thyroid cancer in young people
and risk of thyroid cancer in young following the Chernobyl accident
people following Chernobyl accident
* Estimate the risk per unit radiation dose  *Role of genetic predisposition, stable iodine status,
short-lived isotopes of iodine and screening in
radiation-induced thyroid cancer
Design Case—control study Hybrid case—control and genetic predisposition

Study areas

* Belarus: Gomel and Mogilev regions
* Russia: Bryansk, Kaluga, Orel
and Tula regions

study
* Belarus: Gomel and Mogilev regions
* Russia: Bryansk, Kaluga, Orel and Tula regions

Cases * Belarus: 14 years or less at * Belarus: 14 years or less at time of accident
time of accident
* Russia: 17 years or less at *Russia: 17 years or less at time of accident
time of accident
Controls *Matched on age, sex and region * Matched on age, sex and region

* Excluding thyroid nodules

* Matched on age, sex and settlement
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Russia. These included in particular three proposed studies with overlapping study
populations, but differing study objectives: the Chernobyl Sasakawa Project (CSP), the
Belarus/Russia/EU/IARC project and the ICRHER project. The objective of the CSP and
ICRHER projects was to evaluate the risk of I-131-induced thyroid cancer, while that of
the EU/IARC sponsored project was, in addition, to study the role of possible modifying
factors in radiation carcinogenesis.

Concerns were raised by the investigators planning these studies and discussed at the
5th Chernobyl Sasakawa symposium in Kiev about the burden on cases of being involved
in more than one study. Recommendations were therefore made for concertation and
collaboration between different groups. This was followed by meetings between con-
cerned scientists in order to develop a collaboration strategy.

An agreement was reached between the participants in the Chernobyl Sasakawa Project
and the Belarus/Russia/EU/IARC project to pool resources and carry out joint field work
for both studies, each study retaining its original objectives (see Table 1 for a description
of the objectives and study design for both projects). This allowed the broadening of the
scope of the two projects. Overlap with the ICRHER project was avoided by agreeing on
different periods of case ascertainment in Bryansk oblast in Russia.

The current paper summarises the methods of the joint Belarus/Russia/EU/IARC/SMFH
case—control studies, as well as the preliminary results based on the joint data collection.

2. Material and methods

The study population consists of all persons who resided in the two regions of Belarus
(Gomel and Mogilev) and were aged 14 years or less at the time of the accident, as well as
those who resided in the four regions of Russia (Tula, Orel, Kaluga and Bryansk) and were
aged 17 or less.

The cases were patients diagnosed with a histologically verified thyroid carcinoma (not
restricted to papillary carcinoma) in the study population between 1 January 1992 and 31
December 1998 and operated in Belarus or Russia.

In Belarus, the study included all prospective cases from Gomel region diagnosed until
31 December 1998 and a sample of retrospective cases, as follows: all cases who were
below the age of 2 at the time of the accident and a 50% random sample of all cases who
were aged 2 or above, stratified on sex and age. The sampling was done for logistic
reasons because of the very large number of cases having occurred in Gomel region. In
Mogilev region, all retrospective and prospective cases up to 31 December 1998 were
included.

In Russia, the study included all prevalent and new cases from Tula, Kaluga and Orel
regions in the study population. In Bryansk oblast, only cases diagnosed between 1
January and 31 December 1998 were included.

All cases were independently verified by a panel of pathologists including one
pathologist each from Belarus, Russia, Europe and Japan. The primary sources for
retrospective case ascertainment in Belarus were the Belarus Cancer Registry and the
records of the Republican Scientific and Practical Center for Thyroid Tumours, completed
by the records of the Minsk City Oncological Dispensary. Prospective cases diagnosed on
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or after 1 April 1998 were identified directly from the Center for Thyroid Tumours. The
primary source of ascertainment for cases in Russia was the Russian Medical and
Dosimetric Registry (RMDR).

For each case, four population-based controls were selected for the CSP project,
matched closely on age (within 1 year for those who were 18 months or older at the time of
the accident, within 6 months for aged from 12 to 18 months and within 1 month for those
who were less than 12 months), on sex and on region of residence at the time of the
accident (26 April 1986). Controls had to be free of thyroid nodule, as determined by
ultrasound examination immediately prior to the interview.

In the EU/IARC sponsored project, four population-based controls were also selected.
Two were matched closely on age, on sex and on region of residence at the time of the
accident (same criteria as above). The other two were matched in the same way on age
and sex, but more closely on settlement of residence at the time of the accident. Matching
on settlement was carried out to study the possible modifying effect of locally varying
factors.

Controls were selected from the population registry— bureau Zapisi Akta Grazhdan-
skovo Sostoyania (ZAGS) (the office which registers all vital events)—except in Tula and
Orel regions of Russia where access to the ZAGS was denied. An alternative solution,
using the records from the newly established medical insurance system in these regions,
therefore, had to be worked out and tested.

All cases and controls were contacted by letter, informed about the study and given the
opportunity of refusing to participate.

Information on variables of interest was obtained using the following approaches:

* a questionnaire administered by a trained interviewer to the subject’s mother in the
presence of the subject, if he or she was less than 12 at the time of the accident, or to
the subject him/herself otherwise;

* ultrasound examinations of thyroid volume of the subject;

» for the EU/IARC sponsored project, further information on possible modifying factors
was obtained from medical and school records, results of geographical surveys (of
iodine in urine, goitre prevalence, stable iodine content in soil and water), surveys of
counter measures and analysis of biological samples (including blood, urine and
tumour tissues).

Table 2
Number of cases and controls interviewed by region
Belarus Russia Total
Gomel Mogilev Bryansk Kaluga Orel Tula
Cases 189 35 11 10 27 22 294
Controls
Region 745 170 57 40 131 95 1238
Settlement 308 61 17 20 50 27 483

Total 1242 266 85 70 208 144 2015
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Table 3

Distribution of age at the time of accident among cases interviewed by region

Age Belarus Russia Percentage
Gomel Mogilev Bryansk Kaluga Orel Tula of total

<2 71 10 4 1 1 2 30.2

2--4 59 10 3 2 3 5 27.8

5-9 43 5 2 4 6 6 223

10-14 16 11 2 3 8 4 14.9

15-18 N.A. N.A. 0 0 9 5 4.8

Percentage of total 64.1 12.2 3.7 3.4 9.2 7.5 100

N.A.: not available.

Information on the study subjects was collected during joint field missions involving an
interview, palpation and ultrasound examination of the thyroid gland of the subject and
collection of blood and urine samples.

The primary source of radiation dose considered was I-131, for which individual dose
reconstruction is underway. Crude estimation of exposure to shorter-lived isotopes
(through the construction of an exposure gradient) is also being carried out, as well as
individual estimation of dose from external exposures and from incorporation of long-
lived radionuclides.

Dose reconstruction is the responsibility of a joint dosimetry working group, composed
of dosimetrists from Belarus, Russia, Germany, Japan and the United States and of the
principal epidemiologists in the studies. This working group carried out a critical review of
existing methods developed for dose reconstruction in Belarus and Russia, validated these
and modified them as appropriate to estimate individual doses using information from the
case—control studies. Dose reconstruction and estimation of dosimetric uncertainties are
nearly complete.

3. Results

Table 2 shows the number of study subjects interviewed to date by region and case—
control status. It should be noted that there are still some interviews to do: approximately

Table 4

Distribution of cases by sex and region

Sex Belarus Russia Total
Gomel Mogilev Bryansk Kaluga Orel Tula

Male 73 9 6 4 8 8 108
38.6% 25.7% 54.5% 40.0% 29.6% 36.4% 36.7%

Female 116 26 5 6 19 14 186
61.4% 74.3% 45.5% 60.0% 70.4% 63.6% 63.3%

Total 189 35 11 10 27 22 294

Columnwise percentages are given in italics.
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Table 5
Distribution of subjects by type of settlement of residence at the time of the accident
Case Control Total
Village 135 412 547
45.9% 33.3% 35.7%
Town or city 159 826 985
54.1% 66.7% 64.3%
Total 294 1238 1532

Columnwise percentages are given in italics.

150 controls need to be reselected and interviewed. The majority of these are settlement
controls, which were improperly matched on settlement of residence. All the results
presented here therefore concern only region controls, and must be considered as
preliminary.

Table 3 shows the distribution of age at the time of the accident among cases, by study
region. As anticipated, the largest number of cases came from the region of Gomel. It is
noted that cases tended to be older in the regions of Kaluga, Orel and Tula than in Belarus
or in Bryansk region. Table 4 shows the distribution of cases by sex and by region. There
was a higher proportion of girls than boys with thyroid cancer everywhere except in
Bryansk region (although the latter result is based on relatively few cases). The highest
proportion of girls among cases was seen in Mogilev and Orel regions.

Table 5 shows the type of settlement of residence at the time of the accident. The
proportion of persons living in rural settlements at the time of the accident was
significantly greater among cases than among controls (OR=1.7; 95% CI: 1.3-2.2;
p<0.001). This is supported by the observation that a higher proportion of cases than
controls resided in wooden houses—39.46% of cases vs. 25.93% of controls, p<0.001
(see Table 6).

Table 7 shows the distribution of the source of milk among cases and controls who
consumed milk at the time of the accident. The proportion of persons drinking milk from

Table 6

Distribution of cases and controls by type of dwelling at the time of the accident

Dwelling type Case Control Total

Wood 116 321 437
39.5% 25.9% 28.5%

Brick or concrete block 165 884 1049
56.1% 71.4% 68.5%

Other 13 22 35
4.4% 1.8% 2.3%

Don’t know 0 11 11
0.0% 0.9% 0.7%

Total 294 1238 1532

Columnwise percentages are given in italics.
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Table 7

Distribution of cases and controls by source of milk among those who consumed milk at the time of the accident

Source of milk Case Control Total

Private cow 162 523 685
60.9% 49.8% 52.0%

Other 104 528 632
39.1% 50.2% 48.0%

Total 266 1051 1317

Columnwise percentages are given in italics.

private cows at the time of the accident was significantly greater among cases than controls
(OR=1.6; 95% CI: 1.2-2.1; p<0.001).

4. Discussion

It is too early to draw final conclusions from the data collected jointly under the CSP
and EU/IARC sponsored projects, as some controls still need to be reselected and the
reconstruction of individual doses is not yet complete.

The preliminary results shown here, nevertheless, are compatible with the hypothesis
that cases may have received, on average, higher doses from iodine isotopes than controls.
Indeed, for persons residing in rural settlements in these regions of Belarus and Russia, a
considerable part of the diet generally comes from milk and milk products from private
cows. Further, in a given area, the radioactive iodine content of the milk will be higher, in
general, in fresh milk from local cows than in the milk sold commercially because of the
additional time between the source and the consumer and the consequent decay in iodine
isotopes in the milk.

Individual dose estimates should be available in late 2001 and first publication of results
should follow shortly thereafter. It should be stressed that this work currently represents
one of the largest collections of data on thyroid cancer in children, adolescents and young
adults (up to the age of 30 years) exposed to ionising radiation. It includes nearly 300 cases
and over 1700 controls who were children or adolescents at the time of the accident in
1986. Eighty-nine cases and about 400 controls were below the age of 2 years at exposure.
The majority of the thyroid cancer cases were diagnosed before the age of 15 years.

Planned analyses will address the following:

» Providing more precise information on dose—response of thyroid cancer risk related to
I-131 exposure in young people.

+Evaluating the role of a number of possible modifying factors in radiation carcino-
genesis; these include: iodine deficiency and supplementation, age at exposure, genetic
predisposition, diet, reproductive factors in women as well as previous history of thyroid
and endocrine diseases.

The role of other types of radiation (external radiation, short-lived isotopes of iodine
and tellurium and long-lived radionuclides) in the observed increase in thyroid cancer
among young people following the Chernobyl accident will also be evaluated, as well as
the importance of screening in the detection of these cases.
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Because of the rarity of this disease, the observed increase in thyroid cancer incidence
in children and adolescents in contaminated areas of the former USSR following the
Chernobyl accident is a unique opportunity to evaluate the effects of I-131 on cancer risk
in young people, to identify factors which modify radiation risks and to quantify their
effects. These were the objectives of the CSP and EU/IARC sponsored projects and the
results of these projects are likely to have important implications both for radiation
protection of patients and the general population in the case of future accidents. They will
also allow more focused public health actions among exposed populations, helping to
further identify high-risk groups for possible screening and preventive actions.

5. Conclusions

The collaboration in field work and dosimetry between the CSP and EU/IARC
sponsored projects has resulted in one of the largest collection of data on thyroid cancer
risk in young people exposed to ionising radiation to date. Preliminary analyses appear to
indicate that cases were likely to have received higher doses from I-131, on average, than
controls. Dose—response analyses and study of the role of possible modifying factors will
start shortly and results are likely to have important implications both for radiation
protection in general and for public health planning in the regions contaminated by the
Chernobyl accident.
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Abstract

Long-living 1I-129 is considered as the witness of short-living 1-131 fallout following the
Chernobyl accident. Data on I-129 deposition densities might help to estimate thyroid doses in
population of many contaminated areas where information on the I-131 ground deposition density is
unknown. This pilot study aimed to investigate the correlations between I-129 ground deposition
densities measured in 2000 and those of I-131 measured in 1986. 1-129 measurements were
performed by iodine separation and registration of I-129 decays using beta-x coincidence. Soil
samples were collected and 129, Cs-137 ground deposition densities were measured in three
contaminated raions of Belorussia (14 locations in 12 settlements). For 10 of 12 settlements, there
were available data of I-131 and Cs-137 spectrometric measurements during the first weeks after the
accident in 1986. Results of I-129 and Cs-137 measurements in 2000 were used for the
reconstruction of I-131/Cs-137 ratio. Comparisons of reconstructed 1-131/Cs-137 ratios with the I-
131/Cs-137 ratios obtained by direct measurements in 1986 showed good agreement: correlation
coefficient was 0.69 and linear regression coefficient (+SD) was 2.36(+0.88). The study confirms
the possibility to apply the data on 1-129 ground deposition densities for further application to
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improve estimations of thyroid absorbed doses, which result from I-131 irradiation. © 2002 Elsevier
Science B.V. All rights reserved.

Keywords: Chernobyl accident; 1-129; I-131; Thyroid dose

1. Introduction

Thyroid dose estimations in contaminated settlements are very important for medical
care and epidemiological studies of the thyroid cancer cases following the Chernobyl
accident [1-3]. The lack of information concerning the I-131 ground deposition densities
in many settlements of Chernobyl areas in Belorussia and Russia prevents the correct
thyroid dose estimation [4]. Uncertainties of thyroid dose estimations, which were based
only on Cs-137 contamination, data can reach the value of two orders of magnitude due to
a very big variation of I-131/Cs-137 ratios of ground deposition densities in the
contaminated areas (ranged from approximately 1 to 100 [5]).

The fallout of long-living I-129 (half-life of 1.6 X 107 years) is considered as the witness
of short-living I-131 fallout following the Chernobyl accident [6]. The information on
1-129 ground deposition densities might help to estimate thyroid doses in the population
of many contaminated areas where information on the I-131 ground deposition density is
unknown [7].

For this purpose, the investigations of correlation between I-129 and 1-131 deposition
densities are very important. This pilot study aimed to investigate the correlations between
1-129 ground deposition densities measured in 2000 and those of I-131 measured in 1986.

2. Material and methods

Field missions were performed by the joint team of specialists from Medical Radio-
logical Research Center of Russian Academy of Medical Sciences (MRRC RAMS)
(Russia), Gomel branch of Institute of Radiation Medicine (IRM) (Belarus), Hiroshima
University (Japan). Additional personnel from MRRC RAMS and Gomel branch of IRM
supported the field missions.

Soil samples were collected and 1-129, Cs-137 ground deposition densities were
measured in the three contaminated raions of Belorussia (total 14 locations in 12
settlements — see Results).

The spectrometric measurements of I-131 and Cs-137 activity in soil and grass samples
were performed during the very first weeks after the Chernobyl accident in 1986 [5] in the
vicinity of 10 out of 12 settlements, which were investigated in this study. The exact positions
of sampling locations are now unknown, but in any case it is a good occasion to compare our
estimates with the year 1986, which were obtained in the vicinity of the same settlements.

The following equipment was used during field missions:

¢ Mobile spectrometry Lab on the base of microbus;
s  GPS system;
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* Special soil samplers;

* Dose rate meters;

e FElectro Power generator; and

s Photo and video cameras for documentations.

1-129 measurements in soil samples were performed as follows:

* Rapid desiccation and crushing of big quantity of the soil by special oven and crusher
(20 kg/h up to 1-mm soil grains);

¢ Jodine separation and absorption (provides separation of Cs-137 and Sr-90 from
iodine, as well)— lodine removed from absorption element to liquid solution;

* Preparation of optically clear sample with liquid scintillator; and

* Registration of 1-129 decays by beta-x coincidence system with MDA for I-129 as
0.002 Bg/sample.

It was assumed that the value of ratio I-131/I-129 near the Chernobyl NPP (Unit No. 4)
at the time of the accident was 4 107 with standard deviation of 14% [8].

On this base, the ratios of I1-129/Cs-137, which were estimated on the base of
measurements in sampling points, were recalculated to the values of 1-131/Cs-137. Cs-
137 contamination data were adapted in 1986.

3. Results

Results of I-129 and Cs-137 measurements in soil samples from different locations are
presented in Table 1.

Table 1

Ground deposition density of 1-129 and Cs-137 measured in 2000

Settlements Cs-137 (kBg/m?) (11%)°* 1-129 (Bg/m?) (26%)"
Kryuki 16000 3.3
Masani 8800 9.2
Ulasi 4400 1.6
Bartolomeevka 2400 0.67
Strelichevo 1200 0.73
Dvorische-2 940 0.86
Dvorische-1 920 0.77
Novoselki 600 0.29
Pirki 570 0.11
Vit 480 0.57
Marino 410 0.22
Klivi 340 0.70
Velikiy Bor-2 190 0.17
Velikiy Bor-1 73 0.11

? Coefficient of variation (CV).
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Table 2

Comparison of 1-131/Cs-137 ratios obtained by the present work and by direct measurement in 1986

Settlements 1-131/Cs-137 ratio 1-131/Cs-137 ratio by direct measurement in 1986
by thebp resent work® Min® Mean® Max® Number of locations
(31%) . R

in the vicinity

Kryuki 8.2 7.6 16 37 11

Masani 42 12 15 26 3

Ulasi 14 8.1 14 49 7

Bartolomeevka 11 3.8 6 7.9 3

Strelichevo 24 15 18 26 4

Dvorische 35 7.1 15 29 3

Novoselki 19 12 15 17 6

Pirki 7.7 4.5 9 24 7

Vit 48 ~ 23 - 1

Veliky Bor 48 16 18 21 4

* Reconstructed by the measurements of I-129 and Cs-137 in 2000.

® Coefficient of variation (CV).

¢ Data from [5].

Table 2 and Fig. 1 present the results of comparison of I-131/Cs-137 ratios, which are
based on the measurements in the soil samples of I-129 and Cs-137 activity in 2000, with
these ratios, based on the direct I-131 and Cs-137 measurements in 1986 in the same

settlements.
Y
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I-131/Cs-137, measurements in 1986

Fig. 1. Comparison of I-131/Cs-137 ratios based on the measurements of 1-129 and Cs-137 activity in the soil
samples in the year 2000 (denoted by Y) with those (denoted by X) based on the direct measurements of [-131 and
Cs-137 in 1986 [5]: both measurements were conducted in the same settlements. Each square point denotes the
value 0f 1-131/Cs-137 (X) and the mean value of 1-131/Cs-137 ( Y) for the 10 respective settlements (Table 2). The

solid line depicts the regression line given by Eq. (1) in Discussion.
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4. Discussion

The following regression was estimated based on the data shown in Table 2 (see Fig. 1
as well).

Dependence of the ratio I-131/Cs-137 (present work denoted by Y) on the ratio 1-131/
Cs-137 (according to the measurements in 1986 denoted by .X) is:

Y = —9.52(+13.7) + 2.36(+0.88).X (1)

Coefficient of correlation in Eq. (1) is R=0.69. The regression coefficient in Eq. (1) has
a value larger than “1” (2.36xone standard deviation 0.88).

One of the possible explanations of this result—its accumulation of long-lived I-129
fallout in the soil in comparison with short-lived I-131.

Further work in this direction (more measurements and more statistics) and compar-
isons with other methods are desirable (comparison with mass spectrometry methods are in
process now).

5. Conclusion

Comparisons of 1-131/Cs-137 ratios, which were reconstructed on the basis of I-129
measurements in 2000, with I-131/Cs-137 ratios obtained by direct measurements in 1986,
showed good agreement: correlation coefficient is equal to 0.69 and linear regression
coefficient is equal to 2.36 (tone standard deviation 0.88). The study confirms the
possibility to apply the data on I-129 ground deposition densities for further application to
improve thyroid absorbed doses estimations, which result from lodine-31 irradiation.
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Abstract

A study aimed at comparing the prevalence of thyroid diseases between children born before and
after the accident was outlined with emphasis on rationale and design of the study. In the study, a
total of 21601 children in Gomel city and four districts in the neighborhood of Gomel city were
examined from February 1998 to December 2000. There were 9720 children born from January 1,
1983 to April 26, 1986 (Group I), 2409 children born from April 27, 1986 to December 31, 1986 and
9472 children born from January 1, 1987 to December 31, 1989 (Group III). Out of the examined
children, 32 (0.15%) thyroid cancers were found, among whom 31 were in Group I and one was in
Group II, while no cases in Group IIl. Our findings demonstrate the likelihood that short-lived
radioactive fallout due to the Chernobyl accident induced thyroid cancer in children living near
Chernobyl. © 2002 Elsevier Science B.V. All rights reserved.

Keywords: Chernobyl accident; Causation; Epidemiology; Short-lived fallout; Thyroid cancer

1. Introduction

An enormous increase in childhood thyroid cancer has been reported since the
Chernobyl accident [1] but the cause of such dramatic increase has been the subject of
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controversy. The Chernobyl Sasakawa Health and Medical Cooperation Project, a 5-year
health screening program, which began in May 1991 and reached completion at the end of
April 1996, was the most reliable and comparable program of its kind, revealing 62
thyroid cancers in total and 37 in the Gomel region of Belarus among about 120000 and
19000 children, respectively [2,3]. However, the lack of reliable estimates of individual
thyroid dose has hindered conclusions about the exact effect of the Chernobyl accident on
the thyroid glands of children.

In contrast to radiation exposure by atomic bombing, the mode of radiation exposure
received by general population is quite complicated in the case of the Chemoby! accident.
In the former case, the source of radiation was in effect fixed and people received directly
a high rate of external radiation instantaneously, while in the latter case, general population
received external and internal radiation exposure caused by fallout. Dose estimation is a
very difficult issue. Even in the case of the atomic bombing, which is quite simpler than
the case of the Chermobyl accident, it took more than 40 years to reach a dosimetry system
that deems most reliable: the system, however, is still under revision. Furthermore, we
should note that the dosimetry system for the atomic bombing could be validated by
measuring radiation activities of available exposed materials such as bricks collected in
several places in Hiroshima and Nagasaki. In the case of the Chernobyl accident, however,
dose estimation is totally dependent on a model whose validity is in principle impossible
to prove. Even in the case in which '*'I specific activity at the thyroid gland was
measured, individual estimate of thyroid dose varies with the model adopted.

To overcome the shortage of accurate dosimetry data, we launched a new study aimed
at comparing children born before and after the accident on the basis of the hypothesis that
if children’s thyroid glands were affected by the accident, the prevalence of thyroid
diseases, especially thyroid cancer, would be significantly and selectively higher in
children born before the accident than in those born after the accident.

2. Subjects and methods

The prevalence of childhood thyroid cancer in Gomel region observed in the 5-year
health examination of the Chernobyl Sasakawa Health and Medical Cooperation Project
was about 1.9 per 1000 persons. We therefore estimated the number of children to be
examined in the new project as enough to detect, with probability of 90% or more, a
decrease in the prevalence of thyroid cancer by 1/10 in the children born after the accident
as compared with those born before the accident. We assumed the prevalence of thyroid
cancer in children born before the accident to be 1 per 1000 persons and calculated the
sample size necessary for assuring the above-mentioned power for the statistical hypoth-
esis test of the 5% significance level. The sample size thus calculated was 12000 for each
group.

We reviewed the population in several districts in the neighborhood of Gomel city and
reached a decision, taking feasibility and other issues into account, to screen children born
from January 1, 1983 to December 31, 1989 and living in Gomelskii, Hoynikskii, Loevskii
and Rechitskii districts and Gomel city in the Gomel region of Belarus. These areas are
within a radius of 150 km from the Chernoby! Nuclear Power Plant (Fig. 1). We conducted
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the health screening at all schools except Gomel city, where we sampled seven schools
with an enrolment over 1000 using the stratified random sampling procedure. In effect,
therefore, we examined all of the targeted children in the four districts and about 10% of
those in Gomel city.

The thyroid gland examination consisted of an ultrasound examination as well as
measurement of the serum thyroid-stimulating hormone and free thyroxine levels and
antithyroid peroxidase antibody. Ultrasound examinations were performed with Logic
100 (7.5 MHz) equipped with a digital image recorder (GE Yokogawa Medical Systems,
Tokyo). Children with thyroid ultrasonographs showing nodules of over 5 mm in diameter
or abnormal echogenity further underwent echo-guided fine-needle aspiration biopsy. To
reach a final diagnosis in suspected cases, the ultrasonographs, microscopic cytology of
echo-guided fine-needle aspiration biopsy, results of thyroid examinations and other
important information were sent to Nagasaki University School of Medicine from Gomel
Specialized Medical Dispensary via the telemedicine system (developed by us and
operating from February 1999) [4].

All of the data are processed in an Oracle database developed by two computer
technicians of the Mogilev Regional Medical Diagnostic Center (SPG) and Gomel
Specialized Medical Dispensary (VNA). Data eniry has been conducted using special
software that displays on the computer screen a form similar to that used for health
examination.
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Fig. 1. Districts of the Gomel region with '*’Cs contamination levels (Ci/km?) as measured in 1992. *The triplets
give the 25th, 50th and 75th sample percentiles of contamination levels. "Minimum and maximum levels of
contamination.
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3. Results

A total of 21 601 children were examined from February 1998 to December 2000: 9720
were born from January 1, 1983 to April 26, 1986 (Group I); 2409 were born from April
27, 1986 to December 31, 1986 (Group II); and 9472 were born from January 1, 1987 to
December 31, 1989 (Group III).

A total of 32 (0.15%) thyroid cancers were detected: 31 of them were in Group I
(0.32%), one in Group II (0.04%) and no cases in Group III. All of the patients underwent
surgery at the Thyroid Oncology Center in Minsk and were confirmed by histological
diagnosis: all were cases of papillary adenocarcinoma and 13 had undergone surgery prior
to screening, i.e., from October 1993 to January 1998.

A significant difference in the prevalence of thyroid cancer among the three groups is
apparent, as shown in Fig. 2. However, the distribution of age at the time of the
examination is different among the three groups as well. Since the age as well as the
sex 1s a major factor to increase the risk of thyroid cancer, as shown in the upper right hand
side of Fig. 3, we compared the prevalence of thyroid cancer among children aged 11-13
years. Out of 10055 children in this age class, 2627 were in Group I, 2086 in Group II and
5342 in Group III. A significant difference in the prevalence of thyroid cancer among the
three groups is also seen in the left-hand side of Fig. 3. A formal statistical analysis on the

24

|:| Males

ok . Females

Y

(4810) (4910)  (1258) (1151) (4826) (4646)

Prevalence (%o)

] Il I Group
11-17 11-14 8-13 Age

Fig. 2. Prevalence of thyroid cancer (per 1000) by sex and birth period in 21601 children living in Gomelskii,
Hoynikskii, Loevskii and Rechitskii districts and Gomel city in the Gomel region of Belarus. Examination was
carried out at schools from February 1998 to December 2000. The parenthetic entry refers to the number of
children examined and the figure on the bar indicates the number of cancer cases. Group 1= children born from
January 1, 1983 to April 26, 1986; Group II=children bomn from April 27, 1986 to December 31, 1986; Group
III=children born from January 1, 1987 to December 31, 1989. The age (years) refers to that at the time of
examination.



Y. Shibata et al. / International Congress Series 1234 (2002) 121-126 125

6
D Males £ 4
- Females g
6 7 £2
0 (2101) {2029) : (5169) (4886): (3624) (3792)
4 R (164) {159)
8-10 i11-13 {14-17 Age

2 | % ..............
m NP

(1350) (1277) (1094) (992) 2725)(2617)

I Il il
Group

Prevalence (%o)

Fig. 3. Upper right hand side: prevalence of thyroid cancer (per 1000) by sex and age at the time of examination.
The group of children aged 14--17 years included those in Group I and Group II; the parenthetic entry in the
lower line refers to the number of children in Group II while that in the upper line refers to the total number of
children in Group I or II. Left-hand side: prevalence of thyroid cancer (per 1000) by sex and age at the time of
examination in children aged 1113 years. See Fig. 2 for details.

basis of individual data demonstrated a significant (p =0.006) difference in the prevalence
of thyroid cancer among the three groups after adjustment for sex and age [5].

4. Discussion

Since the design of our health examination was school-based, differences in environ-
mental factors after the accident were deemed small. The major difference in background
was that the children in Group III were not exposed to fallout caused by the Chernobyl
accident, while the children in Groups I and II were probably exposed to fallout directly or
in utero, respectively.

Our findings demonstrate the likelihood that thyroid cancers detected in children after
the Chernobyl accident were caused by direct external or internal exposure to short-lived
radioactive fallout including '*'T and '**I. People exposed to the Chernobyl accident in
their childhood are at high risk for thyroid cancer, and establishment of a global support
system to provide careful and continuous follow-up is urgently needed.
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Abstract

The increased incidence of thyroid carcinoma in patients, resident in the contaminated areas of
Belarus, Ukraine and Russia and who were aged under 19 at the time of the Chernobyl accident has
provided a unique opportunity for the scientific study of a human tumour of known radiation
aetiology. It is important that not only the interests of the patients concerned come first, but also that
information is not lost that may inform our response to a future accident, or could improve prognosis
for those affected. We have therefore set up the first international cooperation — the Newly
Independent States Chernobyl Tissue Bank (known by the acronym NISCTB)— that makes
available a collection of biological samples from tumours and normal tissues from these patients.
Full ethical permission is obtained for each sample and the project is carried out with the agreements
of the governments of Belarus, Ukraine and Russia. A full description of the specimen; its location
within the thyroid; whether other tumours are present in the gland and the relative locations of
material from which RNA and DNA is extracted after frozen section confirmation, together with an
internationally agreed diagnosis is recorded on the project database. The database also contains
anonymised basic clinical information on each patient donating material to the project. Researchers
who obtain material from the NISCTB agree to provide their results to the Coordinating Centre on a
case by case basis on completion of their project. We hope that this project will become a paradigm
for investigations on the mechanisms of human cancer, and provide a basis that fosters international
collaboration in thyroid research. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Thyroid cancer in children and young people is usually extremely rare (of the order of
1—1.5 per million cases per year for those under 15 years of age at operation). However, in
the areas of Belarus, Ukraine and Russia that were contaminated by fallout from the
nuclear disaster at the Chernobyl Power Plant in 1986, there has been a very large increase
in thyroid cancer in those who were exposed to fallout as children. This is highest in those
areas which received the highest levels of radioiodine contamination. The largest increase
in incidence has been in Gomel oblast in Southern Belarus (90 per million per year for
those under 15 at operation). To date, there have been approximately 1800 cases of thyroid
cancer in children and young adults in Belarus, Northern Ukraine and in those areas of
Russia contaminated by fallout. So far, the increase in thyroid cancer is the only
unequivocal carcinogenic consequence of exposure to radioactive fallout from the
accident.

There are two main types of thyroid cancers that derive from the thyroid follicular cell;
papillary carcinoma and follicular carcinoma. Although the separation of these two types
was initially based on morphology, it is now clear that the two types exhibit different
clinical behaviour and are associated with different molecular biological profiles. Papillary
carcinomas are more frequently associated with rearrangement of the ret and trk oncogenes
[1,2] and follicular carcinoma with mutation in one of the ras oncogenes [3]. The increase
in thyroid cancer post Chernobyl has been largely restricted to papillary carcinoma [4—6]
and in particular to a particular subtype, which is associated with a particular rearrange-
ment of the ret oncogene [7-9]. Despite the conclusions of the first small studies on the
molecular biology of post Chemobyl papillary carcinomas [10,11], it now appears that the
frequency of ret involvement in these tumours is not significantly different from that in a
control, non-irradiated population [12,13]. Mutations in other genes known to be
associated with thyroid carcinogenesis such as trk, the TSH receptor, the ras oncogenes
and p53 have not been identified in a significant proportion of post Chernobyl thyroid
carcinomas [9,14~16]. Despite all the scientific studies on thyroid carcinoma, whether
related to Chernobyl or not, there is still much to discover about both the prognosis of
thyroid cancer and the development of new therapeutic areas. While thyroid cancer, and
papillary carcinoma in particular, is not associated with a high mortality rate when
compared with other cancers, it is still important to carry out research which may lead to
earlier diagnosis or the ability to define those who may be at increased risk for the
development of thyroid cancer, both in general and in particular following exposure to
radiation.

The occurrence of such a large number of human tumours of a single tissue, the
majority of which are of a single histological type, due to a known cause at a known time
provides an opportunity to fully investigate the link between exposure to radiation and
thyroid carcinogenesis. This is a unique situation that demands a unique response. In order
to meet this need a cooperative project (known by the acronym NISCTB, for Newly
Independent States Chernoby! Tissue Bank) between the governments of Belarus, Russia
and Ukraine and the European Commission (EC), the National Cancer Institute (NCI) of
the USA, the Sasakawa Memorial Health Foundation (SMHF) of Japan and the World
‘Health Organisation (WHO) has been established. The project seeks to provide material



G.A. Thomas / International Congress Series 1234 (2002) 127-134 129

that has been obtained and documented in a uniform manner, to scientists investigating
mechanisms that underlie the development of thyroid neoplasia following exposure to
fallout from Chernobyl. It is hoped that the results from the studies that use this valuable
resource will lead in the future to better patient care and prognosis through an increased
understanding of the factors that have led to tumour development. The project is governed
by five important principles.

* The interests of the patient must come first.

* Spare tissue of potential value must not be wasted.

* Blood and tissue samples should only be used if appropriate consent is given by the
patient and the appropriate laws of the country are observed.

¢ A tissue bank should be established in the country in which the tissue was removed.

¢ International agencies should participate in the project providing financial support,
training, equipment and expert advice.

2. Management of the project

The responsibility for the project as a whole is taken by the Collaborative Management
Committee and all Panels report to this committee, either directly or through the Scientific
Project Panel. The Collaborative Management Committee is comprised of one represen-
tative of each of the funding organizations (the EC, the NCI of the US, the SMHF of Japan
and the WHO) and of the Ministries of Health of Belarus, Ukraine and Russia, and is
responsible for overseeing political and financial matters relating to the project. The
Scientific Project Panel is responsible for overseeing scientific issues related to the project
and is composed of two scientists nominated by each of the funding organisations and by
each of the three NIS countries concerned.

Collaborative Management Committee

Coordinating Centre }

External Review Panel Scientific Project Panel

Bleod Panel Pathology Panel

Fig. 1. Management structure of the NISCTB.
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A group of experts in thyroid pathology (representing the EC, the US, Japan, Belarus,
Ukraine and Russia) comprises the Pathology Review Panel that is responsible for
provision of a consensus diagnosis on each specimen entered into the NISCTB. There
are two additional panels; one of which provides information that relates specifically to
issues concerned with blood samples. The second panel, the External Review Panel, is
composed of internationally respected experts in thyroid and radiation-related research,
and is responsible for reviewing applications for access by researchers for information
and material from the NISCTB, ie., a peer review group. The entire project is
coordinated from the University of Cambridge (UK). The relationship between the
Coordinating Centre in Cambridge and the various panels is shown in the diagram (see
Fig. 1).

3. Scope of the project
3.1. Study cohort

The project collects material from post operative specimens of thyroid carcinoma and
cellular adenoma from patients who were born after 26th April 1967 (i.e., who were aged
under 19 at the time of the Chernobyl accident) and who are or were at the time of the
accident, resident in Belarus, the northern oblasts of Ukraine, or the four contaminated
oblasts of Russia. Thyroid cancer is extremely rare in this age group; we can therefore be
reasonably sure that the majority of cases are as a result of exposure to radioiodine in
fallout from Chernobyl, particularly in those diagnosed and operated on in childhood and
adolescence.

3.2. Aims of the project
The aims of the project are to provide

* aliquots of RNA and DNA extracted from tumour and normal thyroid tissue, together
with aliquots of DNA and serum from blood for research;

* an internationally agreed pathology diagnosis for each specimen for patient diagnosis
and research;

e complete documentation of the specimen;

* information on sex, age at exposure and operation, oblast of residence;

* an agreed mechanism of access to materials and information for established research
groups;

* a database which records not only all the information about the specimens held in the
bank but also the results of studies using material from the bank on a case by case
basis to permit later correlation of multiple oncogene involvement in the same
tumour.

The NISCTB commenced collection of material from post operative thyroid specimens
and documentation of the pathology of these specimens on 1st October 1998. Collection of
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blood samples commenced in 2000. There is a defined protocol for documentation and
storage for each type of specimen that has been agreed by the doctors responsible for day
to day management of the patients in the three NIS Institutes.

3.3. Collection of material

Informed consent is obtained from the patient or his/her parent or guardian, a sample of
blood is taken pre-operatively for serum separation and extraction of DNA from blood.
The patient is then operated and the operative specimen is seen by the pathologist. The
location of the tumour or tumours is recorded on a simple diagram that is later scanned into
the project database. The positions from which blocks of tissue that will be processed to
paraffin for diagnosis are taken are marked on the diagram. When the pathologist has taken
the material that is necessary for accurate diagnosis, small blocks of tissue from the
remainder of the tumour and normal thyroid are taken and snap frozen. The majority of
these tumours are small, but where possible three blocks of tissue from tumour and three
from normal thyroid are taken. The positions of these blocks relative to those taken for
paraffin are noted on the form.

A frozen section of each block of tissue is taken for future entry into the database using a
digital camera attached to a microscope. Each piece of tissue is stored in its own cryotube at
—70 °C; each tube is labelled with a unique coded number, Paraffin sections of each case
are supplied to the six monthly meetings of the International Pathology Panel, which in-
cludes expert thyroid pathologists from the EC, the US and Japan as well as a representative
each from Belarus, Russia and Ukraine, for provision of a consensus diagnosis.

It is very important to ensure that all the information relating to these specimens is
stored in a way that can be accessed easily. Each of the three Institutes involved in the
project (Research and Clinical Institute for Radiation Medicine and Endocrinology in
Minsk, the Institute of Endocrinology and Metabolism in Kiev, and the Medical Radio-
logical Research Centre of the Russian Academy of Sciences in Obninsk) has been
provided with a specially designed Access database. The database has an identical format
in each of the three Institutes and a back-up integrated database is kept at the Coordinating
Centre at the University of Cambridge in England. All patient data is anonymised and is
totally confidential. The identical format enables regular updates to be made to the
Coordinating Centre and facilitates exchange of data between centres. The database
records not only the minimum dataset— date of operation, date of birth, sex, oblast of
residence, and the pathology panel diagnosis — but also information related to the number
and location of frozen tissue samples, aliquots of nucleic acid, blood samples, serum and
those researchers to whom material and information has been issued.

One of the major aims of the project is the release of DNA and RNA from tissue sample
and DNA from blood to researchers. Provision of pieces of tissue to individual researchers
would result in considerable wastage of nucleic acid. DNA and RNA from the same piece
of tumour or normal thyroid is extracted, and the NISCTB provides aliquots of nucleic
acid to researchers. The standard size for these aliquots is 5 pg. The nucleic acids are
extracted to an internationally agreed protocol; currently, this is being done by scientists
from the Eastern institutes working in Western laboratories, but this will be carried out in
the Eastern institutes by the end of 2001. Quality control is carried out on each extract by
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reverse transcriptase polymerase chain reaction (RT-PCR) for RNA and PCR for DNA.
The quality control information is recorded on the database and provided to researchers
using the material. Aliquots of DNA from blood will be available by Autumn 2001.

We have currently documented 947 cases of thyroid carcinoma and adenoma from
patients aged under 19 at the Chernobyl accident and operated since 1st October 1998. The
majority of these cases are papillary carcinoma. Frozen material has been collected from
747 of these cases; in the majority of cases, paired samples of tumour and normal tissue
are available and the presence of tumour is confirmed by frozen section of the tissue block
prior to extraction of nucleic acids. Aliquots of DNA and RNA area available from 292
cases; this number will almost double by Autumn 2001. In total, there are more than 3000
aliquots of RNA and DNA from normal thyroid and thyroid tumours. In the majority of
cases, multiple aliquots are available from each case; this will permit multiple analyses to
be performed by different laboratories on the same piece of tumour/normal tissue. In
addition, samples of serum and DNA from blood are or will shortly be available from 177
of these cases.

4. Access to information and material from the NISCTB

Applications for access to materials from the NISCTB are now invited from the
worldwide scientific community. It is important that distribution of the material is seen as
fair. The applications are reviewed by an independent external panel of experts, nominated
by the three governments and four sponsors. There is no deadline for submissions of
applications for access to the material, but applications are reviewed twice a year in
February and August. An additional innovation in the organisation of the tumour bank is
that researchers who obtain material from the resource agree to provide the results of their
investigations to the NIS Institutes involved via the Coordinating Centre on a case by case
basis. This information will not be used until after the researchers have published their
findings, but it will allow the results of all of the studies to be correlated at a later date, so
that, for example, the investigations by different groups of a number of different genes can
be correlated to study their interactions. The provision of extracted nucleic acid from
thyroid tissue, rather than each researcher being provided with a small piece of tissue,
maximises the amount of data that can potentially be obtained from a single operative
specimen and will enable multiple molecular biological studies to be carried out for each
case. It is already clear that it is likely to be the interaction of suites of genes which is
responsible for both susceptibility to development of human cancer and the biological
mechanisms which influence tumour growth. In addition, the approach that we have taken
will permit multiple analysis on individual samples from the same piece of tumour and
compare these with analysis on a separate area of tumour. This will enable scientists to
investigate the heterogeneity of a given tumour — a factor that may prove very important
in the future design of therapeutic strategies. The NISCTB aims to provide material for
study not only by this generation of scientists but also the next generation, which may be
in a position to benefit from a much more detailed analysis.

Further information about the project and full details on the application process are
available on the project website (http://www.srl.cam.ac.uk/nistcb). The first group of
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applications were reviewed and approved in June 2001. The NISCTB actively encourages
cooperation, whenever possible, between the NIS Institutes involved in the collection of
material for the NISCTB and researchers based outside Belarus, Ukraine and Russia. It
also hopes to be able to offer a number of fellowships to NIS participants to collaborate in
research projects receiving material from the NISCTB in the near future.

This is truly a cooperative project and if it were not for the dedication of many scientists
based in the three NIS Institutes involved in the project, and the political goodwill of the
governments of Belarus, Ukraine and Russia, this unique response to a unique situation
could not have been brought to fruition. We hope that this project will become a paradigm
for investigations on the aetiology of human cancer, and will provide a basis that reduces
the chance of competition and even friction between groups in their requests for this
limited resource, and will foster international collaboration.
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Abstract

The World Health Organization (WHO) and Sasakawa Memorial Health Foundation (SMFH), in
cooperation with the Ministry of Health of the Republic of Belarus (the Ministry), have established
and promoted a project entitled “Medical Relief for Children Affected by the Chernobyl Accident
through the Development and Implementation of Health Telematics to improve early diagnosis of
thyroid diseases and follow-up of patients who have developed thyroid cancer due to exposure to
radioactive fallout. The article reviews the development and current status of the project. © 2002
Elsevier Science B.V. All rights reserved.
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1. Introduction

The World Health Assembly, in its Resolution 49.22 (25 May 1996), urged Member
States to participate actively in, and to provide further support, for the implementation of
the International Programme to mitigate the Health Effects of the Chernobyl Accident. Tt
has also requested the Director-General to give emphasis to the monitoring and mitigation
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of long-term health effects in highly exposed groups including children. In 1999, following
this resolution, the World Health Organization (WHO) and the Sasakawa Memorial
Health Foundation (SMHF), in cooperation with the Ministry of Health of the Republic of
Belarus (the Ministry), have established a project called “Medical Relief for Children
Affected by the Chernobyl Accident through the Development and Implementation of
Health Telematics™.

2. Background of the project

WHO and SMHF have been carrying out a number of projects aimed at humanitarian
assistance in Belarus, Russia and the Ukraine, the countries most affected by the Chernobyl
accident, to alleviate the medical consequences of this disaster. Medical examinations in the
three countries since 1991 on about 210000 children were performed within the framework
of the WHO International Programme on the Health Effects of the Chermobyl Accident
(IPHECA) and the Chernobyl Sasakawa Project. These examinations have shown a
significant increase in the incidence of childhood thyroid diseases including thyroid cancer.
It is particularly evident in the Gomel region, Belarus, where thyroid cancer incidence is
100 times higher than before the accident [1,2].

Analysis of the health care system at the time of the Chernobyl accident, especially in
Belarus, has shown that there are still many gaps and unresolved problems. For example,
there was an uneven geographical distribution of health care resources throughout the
country, including facilities and manpower; inadequate access to health care in the
radionuclide-contaminated areas because of remoteness of many residents from medical
centres; inadequacy of modem communication facilities between primary, regional and
national health care facilities; insufficient possibilities for training and education of local
medical staff; and lack of information about new methods in medical practice, in particular,
at the primary health care level.

WHO and SMHF considered that one of the important tasks in the continuation of
humanitarian assistance to countries affected by the Chemobyl accident is the strengthen-
ing of medical care facilities, mainly in the areas most radio-contaminated and with the
largest number of childhood thyroid cancer patients. In this context, both organizations
were willing to initiate a project in order to improve diagnosis of thyroid diseases and
follow-up of patients treated for thyroid cancer. It was decided to follow the recommen-
dations of the WHO Group Consultation on Health Telematics Policy in support of the
renewed Health-for-All Strategy in the 21st century, which was held in Geneva in 1997.
According to WHO, “health telematics is a composite term for health-related activities,
services and systems, carried out at distance by means of information and communication
technologies, for the purposes of global health promotion, disease control and health care,
as well as education, management, and research for health.” Considering health telematics
opportunities for health care systems and taking into account the recommendation of the
WHO Group Consultation to “Explore and promote the best use of health telematics in
public health: e.g. in disease surveillance, prevention and control, health education, health
promotion, health systems and service development, ...environmental health, with par-
ticular attention to ...specific population groups that are most in need or undeserved”,
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WHO and SMHF, after consultation with the Ministry, agreed to combine their efforts in
the development of health telematics in Belarus focusing its implementation on the
improvement of humanitarian medical relief actions for children affected by the Chermobyl
accident. The idea to establish the health telematics project was supported by the positive
outcome of the earlier Second Chernobyl Sasakawa Project resulting in the introduction of
a telecommunication system between Gomel Specialized Medical Dispensary, Belarus,
and the Nagasaki University School of Medicine, Japan [3]. Since the establishment of this
system, ultrasound and cytological images of the thyroid of 448 patients, who were
suspected of having thyroid abnormalities, have been sent via the Immarsat B satellite
communication system from Gomel to Nagasaki [4]. It helped to diagnose thyroid cancer
at early stage in 18 patients.

The current WHO-SMHF project on health telematics is a logical continuation of the
Second Chernobyl Sasakawa project and is aimed at further strengthening of diagnostic
capabilities of childhood thyroid cancer in Belarus through the implementation of health
telematics. The WHO—-SMHF project is focusing on the use of the internet for imaging
information exchange. The project duration is to be 10 years with any extension to be
agreed upon by the parties concerned. Funds for the initial stage of 3 years, in the amount
of US$1000000 are available to WHO from the Sasakawa Health Trust Fund. Contin-
uation of funding by the Sasakawa Health Trust Fund beyond the initial 3-year stage will
be subject to a separate agreement between the parties. The future extension of this project
to Russia and Ukraine may also be considered.

3. Main project objectives and activities

The project includes two main parts. The first is related to the improvement of early
diagnosis of thyroid pathology and is called as “telepathology”. The second part deals
with the strengthening of education and training of medical doctors and students in
Belarus, in particular to those who are working or will work in contaminated territories.
This part of the project is called “tele-education”.

The following short-term objectives of the project have been identified for its 3-year
pilot phase:

* To improve early diagnosis and treatment of children affected by the Chernobyl
accident.

* To establish the telecommunication infrastructure, including local and international
network systems, which will facilitate the development of remote-area medical
consultations.

* To develop remote-area assistance by establishing health telematics communication
between the Gomel Specialized Dispensary and the WHO Collaborating Centre for
Research on Thyroid Diseases and the Nagasaki University School of Medicine,
Japan.

¢ To develop telematic communication links between Gomel and Minsk medical centres
in order to improve the quality of diagnosis of persons exposed to radiation on the
basis of better exchange of medical information within and outside Belarus.
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¢ To develop telepathology as an integral part of the diagnostic process and follow-up of
children with thyroid diseases and establish a project clinical database.

¢ To establish an information centre for the exchange of experience and promotion of the
training and education of medical staff in Minsk and the Gomel region in the field of
radiation-related thyroid pathology.

The long-term objective of the project is to establish an international telepathology
network involving the medical facilities in territories contaminated by radionuclides in
Belarus and relevant WHO collaborating centres, and to establish a long-term follow-up
system for patients after completion of their thyroid cancer treatment.

In order to achieve the short-term and long-term objectives, WHO and the Ministry
experts in collaboration with specialists from SMHF outlined the main project activities,
which include the study of the local telecommunication infrastructure in Belarus for the
implementation of telepathology and tele-education, supply of relevant equipment to
participating institutions, development of project protocols for telepathology and tele-
education, relevant training programmes, and a software for analysis of the project
database.

It is planned that due to implementing project activities during the pilot phase, the
health telematics infrastructure will be established in Belarus. It will facilitate communi-
cation links between Belarussian participants of the project and relevant WHO collaborat-
ing centres experienced in early diagnosis of thyroid cancer.

Minsk State Medical Institute

WHO Collaborating Centre
on Thyroid Diseases,
Nagasaki University

Sehool of Medicine, Japan

Gomel Medical Institute
i} .

Gomel Specialized
Medical Dispensary

Thyroid Oncology Centre,
Clinical and Research Institute
of Radiation Medicine and
Endocrinclogy

= == mm = telecommunication line for telepathology
teleco mnication line for tele-education

Fig. 1. Schematic illustration of main project goal related to the establishment of telecommunication links
between participating institutions.
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The establishment of the remote-area medical assistance system in Belarus should
provide a double check in respect to diagnosis of thyroid diseases in children screened by
ultrasound, quality control of medical data, appropriate guidance of cytological diagnosis,
early and appropriate treatment and follow-up of patients. It should also promote
information and experience exchange, and training and education of medical staff. The
improvement of diagnostic quality will contribute to the better health risk assessment of
ionizing radiation at international and national levels.

4. National participating institutions

The Ministry included in the project the following national institutions: Gomel Speci-
alized Medical Dispensary (GSMD), Gomel Medical Institute (GMI), Clinical and Research
Institute of Radiation Medicine and Endocrinology (CRIRME), Minsk state Medical
Institute (MMI), and the Belarussian Centre for Medical Technologies, Information,
Management and Health Care Economy (BelCMT). Each institution plays a role for the
establishment of telepathology and tele-education (Fig. 1). At present, GSMD is in charge of
thyroid screening of children living in radio-contaminated areas in Belarus. The establish-
ment of atelepathology system will give the possibility for GSMD to obtain remote distance
diagnostic consultations from MSMI and CRIRME. The latest institutions will obtain
consultations from the Nagasaki University School of Medicine or some other WHO
collaborating centre.

The establishment of a tele-education system will provide the opportunity for MSMI to
play a key role in implementing training and education programmes, focusing on thyroid
pathology, clinical diagnosis of thyroid diseases, and radiation health effect. The software
for tele-education has been developed in a way that can be adapted to the web browser, such
as Microsoft Internet Explorer.

5. Conclusion

The main goal of the project is to improve the early diagnosis and treatment of thyroid
diseases in children affected by the Chernobyl accident through the development of a
remote-area medical consultative system in Minsk and Gomel, and the WHO Collaborating
Centre for Research on Thyroid Diseases, such as the Nagasaki University School of
Medicine, Japan. This is just the beginning of introducing modern information and
communication technology for Chernobyl problems. If one takes into account that about
4000 additional cases of thyroid cancer would be expected over the lifetime of those who
were children and exposed to radiation at the time of the accident [5], then it becomes clear
that further medical monitoring of this category of Chermobyl victims is vitally necessary.
The use of health telematics technology for this purpose may facilitate the involvement of
qualified experts at national and international levels in the strengthening of a local health
care system and education of medical staff and students in territories affected by the
Chernobyl accident.
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Kenzo Kiikuni

I hope you enjoyed the last coffee break. Now we are going to have the final part of our
2-day symposium, i.e., we are going to have a special session: “Lessons from Chernobyl
and message for the 21st century.” We are, of course, in the 21st century already. I think
the 20th century made many historical events including the Chernobyl disaster. Thus, I
would like to invite the distinguished people from the five centers as well as international
experts to comment on the lessons we have had and the message for the 21st century. The
first speaker is Dr. Krysenko from Gomel Region Health Care Department. Dr. Krysenko,
please take the floor.

Nikolay A. Krysenko

Distinguished Chairman, dear ladies, gentlemen and colleagues:

Fifteen years have elapsed since the day of the Chernobyl catastrophe. All the medical
consequences, which have mostly been estimated today and led to further work, are rather
complicated and considerable. The information announced during this symposium, due to

0531-5131/02 © 2002 Published by Elsevier Science B.V.
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the purposeful and scientific work by Japanese experts and Sasakawa Memorial Health
Foundation, allowed us to estimate more thoroughly, purposefully and systematically the
medical situation existing in Gomel region after the Chernobyl catastrophe. As everyone
must have heard and understood, valid scientifically proved consequences to the health of
the population in Gomel region are quite complicated. They are the reflection of that
complicated radiation situation that existed since the very first hours of the accident at the
fourth reactor of the Chernobyl Nuclear Power Plant. Today, we must take into consid-
eration that the population of Gomel region, being unprotected during the first days after the
accident, was later found with those complicated and non-forecasted consequences, which
were reported during the 2 days of the symposium. Perhaps, among the most difficult fields
for research are thyroid disorders and consequences of that complicated iodine strike which
the unprotected population of Gomel region had been exposed to. Therefore, [ would like to
express special gratitude to the scientists of Japan, to Prof. Shigematsu, Prof. Nagataki,
Prof. Yamashita, Prof. Shibata and others, who in the frames of joint projects during these
past 10 years not only helped us estimate the situation but also helped with the correct
diagnosis, correct treatment, and in the beginning of prophylaxis of those considerable
complications that began to happen in the Gomel region population.

1 would like to draw your attention to the fact that 15 years is a very short period for risk
estimation and forecast for appearance of various diseases, and these are not only thyroid
disorders. Today, we are faced with different, more complicated problems. Because, for
example, if there are 200 cases of thyroid cancer registered in Gomel region per year (40
cases of this number are children and adolescents), then the increase of other kinds of
malignant tumors is quite significant. As for the disease rate, there are 360 cancers in 10000
of the population; the Gomel region is leading in the Belarus Republic, having risen from
240 in 10000 to 360, and this problem is a very acute problem for further diagnosis,
treatment and prophylaxis. Therefore, I, with a great hope, express today a confidence that
our scientifically based joint studies will continue in the future because there are a lot of
problems to be solved today not only conceming tumors and leukemias but also ordinary
somatic disorders, which may be caused by various factors, which affected us humans after
the Chernobyl catastrophe. Thank you for your attention.

Kenzo Kiikuni
Next speaker is from Mogilev Region Health Care Department. Dr. Martynovskiy will
present his comments.

Vladimir V. Martynovskiy

Dear Chairman, dear ladies and gentlemen, dear colleagues:

First of all, I would like to express our true gratitude to Mr. Sasakawa and to all those
who were involved in the work of Sasakawa Memorial Health Foundation and helped our
Mogilev region to solve its problems. I am especially happy to stress it out because I
happened to start this work 10 years ago when I worked as Chief Physician of Mogilev
Regional Diagnostic Center.

Our Mogilev region is one of the regions that have been suffering the consequences of the
accident at the Chernobyl station. More than 200000 people, of whom more than 40000
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were children, more or less have been suffering the consequences of the Chernobyl accident.
There are about 6000 people living in Mogilev region who were the liquidators of
consequences of the accident at the Chernobyl station. They are not “witnesses”, as
reported by one of my colleagues, but real participants of the liquidation of consequences of
the accident at the Chernobyl Nuclear Power Plant. The Chernobyl accident required from
us, doctors of Mogilev region, additional responsibility, efforts and funds for minimizing the
medical aftermath of the accident. We have built our work during the past 15 years aiming to
improve medical equipment at the base of the Mogilev region and many medical institutions,
which were opened during the last 15 years due to the efforts of our government and local
governments aiming to work with consequences of the accident at the Chernobyl! station.

Fifteen years have elapsed and we are now in the new century, but unfortunately, the
problem of Chernobyl remains. I think that many problems and matters have appeared and
that they should be solved today by the medical staff of our country and region, and by the
world community. It is good that the results of scientific research presented in the 2-day
symposium were in a rather narrow field. We more or less understood the details of thyroid
disease problems, which we have met for years, and today we may say, though there is no
complete confidence, that this pathology is connected to some degree with the accident
which occurred in our country.

Dear colleagues, in my opinion, the Chernobyl problem is not so narrow as thyroid
pathology goes. The Chernobyl problem is a wider aspect of medical care for minimizing the
consequences of the accident at the Chernobyl station. These are the liquidators, about
whom I have already spoken today, the people who took part in the liquidation of the
consequences of the accident. Unfortunately, many of them have gone away already; this is a
so-called psychic status of the people living in the territories contaminated by the accident at
the Chernobyl station. It is a huge problem which we feel still exists today. We now have a
high level of incidence of various diseases as well as thyroid disorders. In my opinion, there
is a need to carry out deep epidemiological research of cardiovascular diseases and others,
about which we may say to you distinctly and full of confidence that they are connected to
some degree with a complex of terms that influence the health condition of our population.

Distinguished Chairman, I would like once more, on behalf of our regional govern-
ment, medical staff and the people of the Mogilev region, to express appreciation for the
work that was done in these past 10 years. This work is invaluable and will allow us to
treat in some way a determined piece of work, and to say with some degree of confidence
that we can do something for our people. Thank you for your attention.

Kenzo Kiikuni
Thank you, Dr. Martynovskiy. The third speaker is from Bryansk. Dr. Yakovlev, please.

Sergey N. Fetisov
Deputy Chief of Bryansk Region Health Care Department, on behalf of Dr. Yakovlev.

Distinguished Chairman, dear ladies and gentlemen, colleagues:

Today, we are drawing a bottom line for the minimization of medical and social
aftereffects of the accident at the Chernobyl Nuclear Power Plant. Actually, there is a lot
of work to be done during these years. The accident happened in a united country named The
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Soviet Union, and today, its consequences should be overcome by three independent states.
Problems met by frontier areas are almost the same, and during the present conference, we
managed to hear, feel and understand the fact. Not a few were done during the last years and
not so few funds have been invested to the consequences, but the socio-economical situation
in contaminated areas, including the Bryansk region, remains difficult. The incidence rate of
many kinds of diseases in Bryansk region is higher than the average rate in Russia and it was
reported yesterday. The mortality rate has increased while the birth rate has decreased in
seven southwest areas of the region. These areas are most contaminated by the accident, and
the natural decrease in the population is 15% higher than the average decrease in the region.
The disease rate in main categories is higher than the average in the region by up to 60% in
adults and 3—-3.5 times in children. During the last 5 years, as reported by our center and
presented in a report of Prof. lvanov as well, the prevalence of malignant tumors exceeded
the average ones in Russia by 10—15%. Stable prevalence all over Russia can be seen in the
incidence rate of tumors of stomach, lungs, hemopoietic and lymph tissues. Index of disease
rate of thyroid cancer in children exceeds those of all Russia during the last 10 years by more
than two times. All of these were shown at the conference.

Iwould like to say, as an oriental wisdom says, that if you want to feed a person once, give
him a fish, but if you want the person be replete constantly, give him a fishing rod and teach
him how to fish. Ten years ago, Sasakawa Memorial Health Foundation did just the same
way. During 5 years from 1991 to 1996, there was the medical equipment donated by the
foundation and several measures were taken that allowed us in the next 5 years to work for the
health of the Bryansk region population. I must say that the work done by the distinguished
foundation is not a waste and will not be wasted in the future. As used to be said not so long
ago, the deed of Sasakawa lives and wins. Finally, I would like, after the approval of Mr.
Chairman, to invite the Chief Physician of Bryansk Regional Diagnostic Center to the stage.

Dear representatives of Sasakawa Memorial Health Foundation, let us, on behalf of
the Bryansk region administration and the people for whom you have worked for these
past 10 years in Bryansk region, thank you for the work you did and hand you a small and
very modest present for the foundation.

Sergey Ye. Krivenke
Chief Physician, Bryansk Regional Diagnostic Center No. 2

This picture entitled “A path in the forest” was made by our local artist. We hope that
this path will connect the foundation and us for a long time and we will be happy to see you
in our land any time. On behalf of the citizens of the town whom you have helped, let me
hand diplomas to Mr. Sasakawa, to my favorite Santa Claus Prof. Kiikuni, to Prof.
Yamashita who knows our center so well not only as a doctor but also as an administrator
by advising me at his visit what to do next, to Prof. Fujimura and to Prof. Shibata, and I,
with great pleasure, hand the diploma to Mrs. Maki whom I respect very much. Thank you.

Kenzo Kiikuni .

This is certainly an unexpected surprise but | really appreciate the work of all the five
centers. The next presentation is by Dr. Elagin from Kiev. He is the Chief of Kiev Health
Care Department and is one of my good friends. Where is he?
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Aleksandr Alekseenko
Deputy Chief of Kiev Region Health Care Department, on behalf of Dr. Elagin.

Dear Chairman, dear ladies and gentlemen, dear colleagues:

Dr. Elagin could not attend the meeting for some reasons and I will make a
presentation instead of him. My name is Alekseenko Aleksandr Aleksandrovich. Let
me first of all express my gratitude to Mr. Sasakawa, to all who organized this symposium
and to those who work in Sasakawa Memorial Health Foundation for the opportunity to
meet with the specialists from the countries that take part in the symposium. They are the
specialists from Belarus, Russia, Ukraine and Japan who investigate all the medical
problems in all territories contaminated by the Chernoby! catastrophe. One of the
territories most contaminated by the Chernobyl accident is Kiev region where the
Chernobyl Nuclear Power Plant is situated and about a million (excluding the Kiev city
population) of affected people are living. One-fourth of them are children, that is, 25000
are the affected children. Under the law of Ukraine about the status of affected people,
there are two matters for the practical medical staff to take into consideration—screening
of the affected population and national registry. Every year, the medical staff of the region
carries out a total screening of the affected population. It is a considerable amount of
work, as you understand, to have more than a half of the region’s affected population
(1800000 in total) and to carry out their screening every year. However, we carried it out
in spite of anything, mobilizing the resources and power to do that. If you see the results
of our work and screening, it is obvious that the health condition of the affected
population becomes worse year by year. We are worried about the general health state
of the population affected by the Chernobyl accident, primarily that of those living in the
radio-contaminated territories. There are 25 districts in the region in total and more than
half are radio-contaminated, but the affected people live in all the districts. The influence
of a complex of factors typical for such a catastrophe caused an evident increase in the
disease rate among the affected people, primarily among the population of children.
Particularly, an increase may be observed in tumors, diseases of blood and hemopoietic
organs and congenital abnormalities. If we look at the structure of the screened adult
population, we will see that there were 33.5% of adults practically with no abnormalities
and only 13% in 2000. In the last and previous years, there were only 15.5%. The
structure of the screened children population looks as follows: in 1989, 60.2% of the
children population was considered as normal while in 2000, 17%. In 2000, according to
the results of the screening of those who took part in the liquidation of consequences—
and there are a lot of them in our region—almost one-fourth of the affected people were
liquidators, and of the screening of those who took part in the liquidations of
consequences, only 9.7% were considered normal, while in 1999, 12% were normal.
As 1s seen from the previous data, the normal population in adults and children decreased
by more than three times during the last [0 years. The total number of abnormalities in the
adult people affected by the Chemobyl accident is 16500 people, which is 7.5% higher
than that in 1998. The prevalence of disorders in the affected and non-affected population
of the region looks as follows: the prevalence in the total population is 142000, in the
affected population, 153000, and in the non-affected population, 128000. Thus, the
difference seems to be quite large.
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The screening has been carried out for 14 years already and its results show that the
health condition of the affected population is going worse. The prevalence of general
disorders in the children population was 16.7 per 10000 in 1994, in 1997, 18.6, and in
1999, 24.0 —a similar picture as the one in the adult population. We see a very obvious
tendency of an increase in tumors in the children population. We can present the data
before 1989, and before the accident, there was not any case of thyroid cancer in children
registered in the region, was there? Maybe there was a single case. In 1990, we began to
register thyroid cancer in children. At present, there are 62 cases of thyroid cancer in
children registered in the region. During the period after the accident, a considerable
decrease in the health condition of the participants of liquidation is visible. The number of
healthy people, who were young and healthy at the time of the liquidation of consequen-
ces, considerably decreased during this period. An increase in the disease rate in
liquidators was observed due to diseases of the nervous system, sensory organs, endocrine
system and blood circulation system. It may take a long time to make an analysis of the
disease rate in the adult and children population and liquidators. Even according to the
figures 1 have already mentioned, it is obvious and cannot be ignored that the health
condition of the people affected by the accident is going worse and we must take some
measures. We register the results of the screening into the national registry. There is a
flexible system of registering people affected by the accident at the Chernobyl Nuclear
Power Plant created under the leadership of the Ministry of Health of Ukraine. It is not
necessary to speak much about that. All were discussed in this meeting before, all are
presented now and all will be discussed after me — all these are consequences of a lesson
which we learned from the Chernobyl accident in 1986. As Mr. Chairman said today, we
are already living in the 21st century and there is no need for a message to it. I just want to
wish all in this hall, all affected and all living in these territories, that the Chernobyl
catastrophe would never be repeated. Thank you.

Kenzo Kiikuni
Thank you very much Dr. Alekseenko for your presentation. Our last speaker from the
five regions is Dr. Paramonov from Zhitomir. You have the floor.

Vladimir K. Golovakov
Deputy Chief of Zhitomir Region Health Care Department, on behalf of Dr. Paramonov.

Distinguished Chairman, dear ladies and gentlemen, dear participants of the Interna-
tional Chernobyl Sasakawa Symposium:

Unfortunately, Mr. Paramonov could not come. I am his deputy and will represent the
Zhitomir region. Let me, on behalf of the state administration of Zhitomir region, Zhitomir
Health Care Department and the people of Zhitomir region, express true gratitude to the
distinguished Mr. Sasakawa, staff of Sasakawa Memorial Health Foundation, Japanese
scientists, Prof. Kiikuni, Prof. Yamashita and Prof. Fujimura, and to many other
participants of the Chernobyl Sasakawa Health and Medical Cooperation Project for the
help they rendered to health organizations and to the population of Zhitomir region.
Zhitomir region is one of the territories in Ukraine most affected by the accident at the
Chernobyl nuclear station. In 1986, among the 92 settlements of unconditional evacuation,
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63 were located in Zhitomir region. Also, among 835 settlements of guaranteed voluntary
evacuation and 1290 settlements of thorough dosimetry control, 301 and 363 settlements
were located in the region, respectively. In 2000, 40% of the total population of Zhitomir
region lived in contaminated territories. I would like to draw your attention to the fact that
in comparison with 1986, the region’s population decreased by 8.9%. Furthermore, the
population of the northern districts of the region decreased by 9.4% in the period of 1989—
1995, and by 14%, up to 1 January 2001. This was greatly influenced by migration and
negative index of reproduction, which have been observed since the end of 1988. These
factors not only led to the present situation of demographic crisis but also will lead to
impossible improvement of the situation in the next 10 years of unlimited installation of
social and economic measures from the state and government, and support by human-
itarian funds and public organizations. Since the beginning of the post-accident period and
up to the present moment, we have received a significant financial assistance from
Sasakawa Memorial Health Foundation. With the help of a mobile clinic laboratory
donated by the foundation, we performed medical examination of children living in the
most distant villages affected by the accident at the Chemobyl station. The equipment
donated to Korosten Inter-Area Medical Diagnostic Center gave an opportunity to hold
diagnosis at a high level. There are two ultrasound equipments, Aloka 520 and 630, two
dosimeters for the measurement of Cs-137 specific activity in the body, a stationary and a
mobile one, automatic blood analyzer Sysmex K-1000 and NE-7000, immuno-ferment
blood analyzer for hormones, deep freezers storing blood samples of examined children,
thermostat, lectioscope and many others. We were also donated a 30-seat bus, Toyota
Coaster, to transport children to the Korosten Inter-Area Medical Diagnostic Center for
examination. When the second building of the Korosten Inter-Area Medical Diagnostic
Center was opened, the foundation gave assistance in a sum of 30300 UAH for the
purchase of furniture. In the period of 1991-1996, about 36000 children from the
northern districts of the region, who were affected by the accident at the Chernobyl
Nuclear Power Plant, were examined. Ten cases of thyroid cancer were found in children,
who were operated and are now under follow-up in the place of residence. Autoimmune
thyroiditis was found in 210 (0.6%) and other abnormalities were found in 11219 (31.2%).
Anemia was found in 8.4% of the children, leukocytosis was found in one child and
Werlhof’s disease was found in four children. After the completion of the project for
screening children, the work has been continued owing to the assistance of Sasakawa
Memorial Health Foundation. Medical help to the affected population remained at the
same level owing to the assistance of Basic Human Needs (BHN) Association in Tokyo
which has provided the Korosten Inter-Area Medical Diagnostic Center reagents and
consumables annually during the last few years. Great thanks for that to Mr. Nobusawa,
the President of BHN and Mr. Shinohara, the General Secretary of BHN. After the project
was over, the connection between the Korosten Inter-Area Medical Diagnostic Center and
Sasakawa Memorial Health Foundation has not been cut. The foundation gave assistance
in transport repair and in 2001 donated an ultrasound equipment Logic 100a. During these
years, Japanese specialists and scientists visited the center and rendered practical help. Ten
specialists of the Korosten Inter-Area Medical Diagnostic Center were trained in Japan by
medical organizations of Hiroshima and Nagasaki. Visits to the region, contact with the
people and lectures to the people of the region, which were made by Japanese specialists



150 Comments and discussion

since 1991, mollified psycho-emotional tension in people of the region, particularly in
citizens of Korosten city. We are grateful to Japanese specialists and to Sasakawa
Memorial Health Foundation for a great help to health care in Zhitomir region. By the
joint efforts, we managed to provide the region’s population with the first class medical
care. I wish the cooperation be continued, and friendship and mutual understanding be
strengthened. Thank you for your attention.

Kenzo Kiikuni
Thank you very much for your comment. I will now hand over the task of chairing the
next session to Prof. Williams.

Dillwyn E. Williams

Thank you, Prof. Kiikuni. Now, I have received the task of chairing the second part of
the session in which more international aspects will be presented. Dr. Bruce Wachholz,
please, from National Cancer Institute of the United States to make your contribution to
“Lessons from Chernobyl and message for the 21st century.”

Bruce W. Wachholz

Chairman Kiikuni, Chairman Sir Dillwyn, esteemed scientists, distinguished guests,
ladies and gentlemen:

The past 2 days of this meeting have focused on the tragedy of Chernobyl, and on the
generosity and contributions of the medical and humanitarian resources that Sasakawa
Memorial Health Foundation (SMHF) has provided over the past 10 years to help define
the resulting health effects among the exposed populations in Belarus, the Russian
Federation and Ukraine. It is timely that the foundation sponsors such a meeting upon
the completion of the Chernobyl Sasakawa Health and Medical Cooperation Project,
especially since it is coincident with the 15th year after the accident. It also is thoughtful of
the foundation to invite other organizations that have been active in the Chernobyl area to
reflect upon some of what they have observed and learned during the intervening years.
The National Cancer Institute (NCI) is most grateful and appreciative for this opportunity,
but with just a few minutes of time, I can only touch upon reflections that are, therefore,
limited to general remarks. These can be grouped into a few major categories, each of
which T will comment upon briefly: international and national issues, scientific observa-
tions, and if permissible, a few remarks of a more personal nature.

When looked at from a perspective of international concern and involvement, previous
civilian nuclear accidents such as Three Mile Island and Windscale did not mobilize the
international community with respect to health consequences to the extent that the
Chernobyl accident did, perhaps in part, because these events affected primarily local
populations in the country where the facility was located; moreover, as momentous as
these events were, the resulting health consequences were not comparable with those
associated with the Chemobyl accident. Even fallout from atmospheric nuclear weapons
tests affected mainly the downwind populations which, for the most part, were within
national jurisdictions. With Chernobyl, however, we learned suddenly and with varying
degrees of concern that the impact and consequences of a major civilian nuclear accident
are not necessarily confined to the borders of the country in which it occurs, but also affect
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both adjacent and more distant countries with respect to public health and medical care,
psychological stress, social disruption, agricultural difficulties, economic consequences
and also in other ways. Chernobyl dramatized the need for improved interaction and
collaboration among the international agencies and between them and national authorities
and the public. This has motivated both the multiple agencies of the United Nations, along
with other international organizations (e.g., the Nuclear Energy Agency), and international
and national radiation protection authorities to reassess their guidelines and operational
plans for major emergencies and to revise and coordinate their several responsibilities. (An
example of this is an international nuclear emergency exercise that was to be carried out
last week under the joint sponsorship and coordination of five international organizations.)
These changes hopefully will be beneficial if and when there again is a need for
coordination and cooperation between and among the international agencies and the
affected country in response to another major nuclear accident.

Individual countries also might benefit from improvements in cooperation among their
various national agencies and institutes. Although this observation no doubt is applicable to
a number of countries, I can refer only to my own. Following the Chernobyl accident, there
were within the United States a number of government agencies and non-government
organizations that offered technical or humanitarian assistance and/or that expressed interest
in the potential for environmental and biomedical research possibilities. This assistance and/
or interest was increasingly apparent once it became possible to communicate with and visit
our colleagues in Belarus, the Russian Federation and Ukraine. For example, following an
agreement between USSR and the US in 1988 to cooperate in the area of research on the
safety of civilian nuclear reactors, eventually at least eight US government agencies were
involved in some Chernobyl-related health and environmental activity pertaining mainly to
cooperative research possibilities although some of these agencies also were involved in
programs of cooperative technical assistance. (In addition, numerous non-government
organizations were involved in Chernobyl-related activities, many of which focused on
humanitarian efforts.) Obviously, it took time to clarify the roles, responsibilities and areas
for cooperation among these agencies, and I suspect that perhaps similar situations existed
also in at least a few other countries. This was a learning experience for all of us.

There has, of course, been an immense body of data and information pertaining to the
accident that has resulted from a large variety of studies carried out over the past 15 years
by scientists within each country, often in cooperation with foreign investigators, and the
proceedings of this meeting will add to that database by including contributed papers from
many of these scientists. Anyone reviewing the relevant literature cannot help but be
impressed with all that have been learned of the consequences of the Chernoby! accident
and by the numerous governments and organizations that have financed and otherwise
supported this work. However, there still is much to learn, and I am appreciative that my
government continues to support Chernobyl-related studies.

Although time does not permit a review of the many specific scientific lessons that have
been learned, I would like to mention a few general lessons that may be relevant.

First, we have learned to be more open to findings that do not conform to general
expectations, i.e., the prevailing paradigm. As you know, there was considerable
skepticism when the increases in thyroid cancer were first reported in Belarus and Ukraine
with respect to both the number of reported cases and their latent period; these reports did
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not conform to the then-prevailing paradigm. While causes of thyroid cancer other than
radiation (e.g., I-131) were initially hypothesized (e.g., more intense screening, ascertain-
ment bias, diagnostic uncertainties), these suggestions were to some extent driven by the
reluctance of scientists to attribute the findings to radiation exposure, and therefore, there
was a perceived need to attribute the findings to a cause other than radiation. Obviously,
the findings were real and we now know that the former paradigm with respect to thyroid
cancer and exposure to I-131 was incorrect, that it has changed because of Chermobyl and
that a new paradigm is now accepted although we still are attempting to discern the
relationship between exposure to radioactive iodine and thyroid cancer. As recently as
yesterday, another paradigm is being questioned. We heard of a reported increase in
thyroid cancer among persons born after the accident and after the time when exposure to
[-131 would have been possible. The basis of this report also needs to be investigated and
perhaps, again, another paradigm will need to be reconsidered.

Second, we have learned to cooperate with each other collectively. An excellent example
of this cooperation is the international financial and management support from five countries
(the United States, Japan, Belarus, the Russian Federation and Ukraine) and two interna-
tional organizations (the European Commission [EC] and the World Health Organization
[WHO) to fund and manage the Chernobyl Thyroid Tissue, Nucleic Acid and Data
Repositories in Belarus, the Russian Federation and Ukraine, which you heard about earlier
today. Even this success required several years of negotiation, good will and understanding
among the seven participants in order to satisfy the diverse laws, policies and requirements
of each of them, and the NCI is pleased and proud to be a partner in this achievement.

Third, we also have learned to cooperate with each other in binational relationships.
Given our respective histories, interests and agendas, to say nothing of strong personalities
and numerous practical, political, regulatory and/or legal issues, it is a tribute to everyone
involved that over time, we learned what each party could contribute and how together we
could accomplish scientific and medical research that might not have been successful
without personal, institutional and government cooperation and collaboration. Examples of
these include the successful efforts by the three countries to work initially with the
International Atomic Energy Agency and the WHO, and subsequently with SMHF, the
NCI, the EC and the other governments and organizations. For example, one lesson that
evolved from this experience is the need for each party to clearly understand the expect-
ations and constraints of the others in order to minimize potential discord, e.g., defining the
overlap or the boundaries between humanitarian assistance and research objectives.

Should the need for such international and/or binational cooperation arise in the future,
we hopefully will have learned through this experience, will be more candid with each
other and will come together in a much more timely manner than was the case with
Chernobyl.

Finally, on the personal level, there are many things that I have learned: about people,
countries, cultures and the resolution of bi- and multi-national scientific, financial,
administrative and governmental challenges, both in other countries and in my own.
The privilege of representing the NCI and the US in laying the groundwork and
developing the infrastructure for cooperation between NCI and the scientists and govern-
ments of Belarus and Ukraine to carry out long-term epidemiology studies in those
countries of the relationship between exposure to radioactive iodine and the subsequent
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development of thyroid cancers has again demonstrated that mutually sincere efforts can
overcome decades of alienation and distrust— and for me at least, result in experiences
and friendships that at one time were unimaginable.

In conclusion, what have we learned from the Chernobyl accident? That we are all
affected by the actions of each other; that, since the radioactivity released into the
environment respects no national boundaries, international as well as national cooperation
is mandatory following a major nuclear accident; that our minds must be opened to
unexpected observations; and that professional and personal commitment and goodwill
can overcome the potential challenges of governments, cultures and language, and in the
process, lead to professional accomplishments and satisfaction and to personal rewards
and friendships.

Again, [ wish to congratulate Sasakawa Memorial Health Foundation for their prompt
response to the request of the former Soviet Union for assistance and for implementing a
remarkable and successful program over the past 10 years.

Thank you for your attention.

Dillwyn E. Williams
Next, please, Prof. Shigenobu Nagataki of Radiation Effects Research Foundation in
Japan.

Shigenobu Nagataki

Thank you. This is a session of “Lessons from Chernobyl and message for the 21st
century,” so I will try to deliver a message from Japan because Japan is the only country
that received atomic bombing by which more than 70000 people died and hundreds of
thousands people suffered from the effects of radiation. This information shows what
really happened in the 20th century from the standpoint of radiation exposure, which
includes the atomic bombing to Hiroshima and Nagasaki, nuclear tests in Nevada,
Semipalatinsk and Marshall islands, nuclear accidents in South Ural, Chemobyl and
Three Mile Island, and also medical use in therapy and diagnosis. Financial problems
should be solved by compensation for radiation-exposed victims from the standpoint of
policy and publicity. Here, we have close information from the atomic bomb survivors,
which gives us the universal standards for radiation protection.

First, I would like to talk about the future direction through the atomic bomb survivors’
studies and then about the international collaboration through our lessons from Chernobyl.
Finally, I would like to talk about the importance of bridging science and policy, taking
radiation exposure problem as an example. An overview of the studies on A-bomb
survivors indicates the necessity to continue traditional epidemiological studies that have
been so important during our own 45-year experience in RERF, focusing on the health
effects of radiation by the atomic bomb. It should be continued and new molecular biology
studies should be introduced to clarify the basic mechanism of radiation-induced carcino-
genesis and a radiation dose effect. It may be possible through the establishment of an
invaluable storage of some biological samples at local centers for the survivors. Now, we
change our discussion from the present situation to a future plan of Chernobyl. As for the
internal collaboration, we have to recognize the difference between scientific and human-
itarian collaboration. Both are important but we have to bear in mind what the scientific



154 Comments and discussion

collaboration and humanitarian collaboration are, respectively. The scientific one is to find
out whether they are “Hibakusha™ or not. Alternatively, it has to be investigated if there is
an influence of radiation on humans. The humanitarian approach is to support the general
population living in the radio-contaminated regions, to support the general population
without knowing whether they are “Hibakusha” or not and to support them much more
even they do not know whether they are “Hibakusha” or not. This is a big difference but
both are important. We have to recognize, as another example, what is now ongoing
regarding a support from Japan to Kazakhstan. Next issue of importance is the interna-
tional collaboration which is most important in exchanging information and in avoiding
duplication that we experience very often during the course of the study of Chernobyl. We
can publish all results of studies, from scientific studies or epidemiological studies to
medical studies. At the same time, as they pressed questions to us yesterday, there is a
concern about the use of radiation: nuclear power, medical treatment, waste management,
etc., so what we can do now is to publish and explain what we have obtained from our
experiences. We also have to bear in our mind that international- and nation-specific
decisions can be made according to public understandings and opinions. The policy-
making process should take scientific and humanitarian aspects into consideration. I think
it is important in the 21st century to breed science and policy in the field of radiation. It is
important for social solutions. Scientific experts, regulators, policy makers and radiation
specialists may have to collaborate to reach consensus around people who have taken
different technical regulatory even social rank and political positions on important social
solutions, It is important to make a consensus and develop a strategy for formulating
national and international policy based on available scientific information on important
social solutions. Important social solutions may include the interdiction of nuclear
weapons, utilization of nuclear energy, nuclear waste, low dose radiation, radiation
protection, emergency and volunteer risks, compensation to victims and expositions to
the public. Thank you very much.

Dillwyn E. Williams
Next, please, Dr. Diederik Teunen from the European Commission.

Diederik Teunen

Ladies and gentlemen:

It is my pleasure to participate as representative of the European Commission in this
important symposium and to present to you today our views on the past experiences and
the way forward.

In the early days after the Chernobyl accident, some measures of cooperation between
the European Union and the former Soviet authorities were established, including the
provision of large numbers of small dosimeters to help assess the extent of the radioactive
contamination. Also, the Radiation Protection Research Program 1985-1989 of the
European Commission was revised to include 10 coordinated multinational projects for
assessing and mitigating the short-term consequences of the accident.

In 1991, soon after the start of the third research framework program, the European
Parliament granted the European Commission a specific research budget for the study of
the consequences of the Chermnobyl accident of about 20 million.
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Six years after the devastating accident in 1992, the European Commission has entered
into a historic agreement called ‘Agreement for International Collaboration on the
Consequences of the Chernobyl Accident’ with the three republics most directly
concerned: Russia, Belarus and Ukraine. This agreement formalised the research coop-
eration and allowed for close collaborative field-research work to be carried out on the
territory of the three states. Since that time, an extensive program was initiated involving
scientists from 40 teams from the east and the west to study the nature of the radioactive
contamination resulting from the accident, to broaden the technical skills needed to
control this type of accident in the future and to improve emergency management
procedures. Appropriate scenarios for environmental decontamination were designed
and the assessment of long-term health effects was started, resulting in the finding of
excess numbers of thyroid cancer in people, being children and adolescents at the time of
exposure.

A coordination board was established with participation of all partners to supervise the
implementation of the research projects. Today, this board is still an important instrument
for the coordination of the international efforts and meets on a regular basis to discuss
results and future needs.

This scientific collaboration not only has allowed us to gain a great deal of experience
both as regards the emergency preparedness and health effects of ionizing radiation but
also helped to alleviate the suffering of the affected populations. Therefore, it is the
European Commission’s conviction that close collaboration of this type in a conditio sine
qua non for guaranteeing good scientific progress in the future. One excellent example of
the success of such approach is the ‘International Cooperation to Establish Post-Chernobyl
NIS Thyroid Tissue, Nucleic Acid and Data Banks’ (NISCTB), a collaborative action with
Sasakawa Memorial Health Foundation, WHO, NCI and institutes from the three
republics. The cooperation has a well-defined operational structure and an internationally
agreed protocol, allowing the worldwide scientific community access to important study
material. Therefore, the data bank project will continue to be funded by the Fifth
Framework Program for the next 48 months.

In addition to the research cooperation, [ should also mention that the EC has been
strongly involved in the technical assistance through its TACIS program, which has
contributed to the safety of the sarcophagus, the decommissioning of other reactors and the
decontamination of the site and its surroundings.

The European Commission looks forward to a future collaboration with all the
interested parties present here today.

Thank you for your attention.

Dillwyn E. Williams
Finally, please, Dr. Mike Repacholi from the World Health Organization.

Michael N. Repacholi

The World Health Organization was involved from the very beginning in the assistance
programs for people affected by radioactive materials given off during the Chernobyl
accident. While large reactor accidents of this magnitude are rare, there is a real possibility
of such an accident occurring again in the future.
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It is extremely important that the maximum amount of information be gained from such
a disaster to ensure that the consequences can be minimized as much as possible. While
there was a coordinated effort to reduce the impact of the accident, there are many lessons
that need to be leamed to be better prepared in the future. Some of these are itemised
below.

* Improve coordination of programs by international, government and non-governmental
organizations to provide medical and humanitarian assistance to potentially large
numbers of exposed people.

* Responses should address the fact that accidents cause psychological stress, social and
economical consequences and that these need to be dealt with effectively and as soon
as possible.

* FEstablish effective training on protective measures for emergency and clean-up
workers, firemen and medical staff to reduce their radiation exposures.

* Infrastructure for public health actions and support should be in place well before
accidents.

e Have iodine prophylaxis available for people in case of possible exposure to
radioiodine, but information on simpler measures such as not drinking milk or other
specified food products should be made available.

* As soon as possible, after the accidents, establish registries of people overexposed to
radiation and organize their long-term monitoring.

* Establish a radiation measurement and dosimetry system to allow personnel doses to be
determined (for medical treatment and future studies).

While these are but a few of the lessons that can be learned from the Chernobyl
accident, there are many more. There is NO excuse for not being fully prepared for
another major nuclear accident of the size of Chernobyl. We have had 15 years to be
prepared.

Dillwyn E. Williams

Thank you very much to all the speakers for the contributions. We have time for a few
brief contributions from the floor or questions that anybody wishes to rise about a
particular point... It just seems to me that we have learned a great deal about a role of
radioactive iodine that causes thyroid cancer and the importance of age at exposure as a
factor of sensitivity. However, as several speakers told us, we still have not done enough in
terms of international cooperation to help studies of consequences other than thyroid
diseases, in particular, as Mike Repacholi told us, probable effects of living in environ-
ments of low level radiation. We also have to consider how the international community
responded to Chernobyl and how we can ensure that we will respond, perhaps, in a more
coordinated fashion if there is another accident. It seems to me that by globalization, we
have a large-scale economy which will be accompanied by large-scale disasters. We may
have not only nuclear problems but also other disasters which will affect several countries.
We still need to know how to organize cooperation and how to overcome some of the
problems of sovereignty. Perhaps, you have now time to think of the question... Oh, if
not. .. Do you have anything to say to us, Prof. Kiikuni?
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Kenzo Kiikuni

If not, we will move to the closing ceremony. Prof. Tsyb, Vice Chairman of the
Organizing Committee, would present the Moscow Declaration, or more precisely, the
Sasakawa Declaration in Moscow. I invite Prof. Tsyb. Copies of the draft of the resolution
are distributed, one in English and the other in Russian.

Anatoly F. Tsyb

Dear colleagues, friends, participants of the symposium:

I would like to say a few words as closing remarks. During the past 2 days, we have
witnessed the procession of Sasakawa Memorial Health Foundation, the peaceful and
humanitarian procession in our land, especially in ecologically polluted territories. That
was a parade of the diagnostic centers of the foundation and was a conclusion of the work
of 15 years. We have seen that there are significant achievements in practical medical help
as well as in scientific work. I would like to say that I would sign under every word that
Dr. Wachholz said in his beautiful presentation here. [ liked very much his presentation in
the style and content and the postulates he presented including the disproval of paradigms
that we had in minds before the Chernobyl accident. Now, let me present to you the
Moscow Declaration, or more precisely, the Sasakawa Declaration in Moscow as Prof.
Kiikuni said.

The Moscow Declaration or Sasakawa Declaration in Moscow (see page 159) was read
out by Prof. Tsyb.

Kenzo Kiikuni

Thank you very much Prof. Tsyb for reading clearly the Sasakawa Declaration in
Moscow. I hope everyone is in agreement with this Sasakawa Declaration in Moscow. If
there are any questions or comments, please raise your hand. Would you agree with this
Sasakawa Declaration in Moscow, 31 May 2001?... Thank you very much.

Anatoly F. Tsyb
Thank you very much, friends. See you next time. Thank you.

Dillwyn E. Williams

I wish very briefly, as everybody did, to express thanks to the organizers of this
symposium, particularly to my co-chairman Prof. Kiikuni, to Dr. Shigematsu as chairman
of the organizing committee, to Mrs. Maki and to the staff behind the scenes. Particularly,
all of us have benefited by the generosity of Sasakawa Memorial Health Foundation and
by the wisdom of Dr. Shigematsu as the chairman of the Sasaakawa Chernobyl Scientific
Committee. I think he will still give us that wisdom as he seems to be completely
unchanged through the years. Dr. Shigematsu and other people of this committee, I think,
performed outstanding studies at the five centers, supported this conference, supported the
five centers and will continue to support the tissue bank. Furthermore, the foundation gave
all of us an example of the way to organize the efficient study, produce supreme results
and support international collaboration and development of friendship between nations.

We have a saying in English that you should not carry coals to Newcastle. That means
that you should not give anyone what he or she already has. However, I would like to ask
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Mr. Sasakawa be kind enough to accept a very small gift which has just been published in
Britain. This is an English book about Japan, ‘“One hundred views of Mount Fuji,” written
by one of the keepers of the British Museum and was published by the British Museum in
this year of Britain—Japan collaboration. I think it is very fitting for this occasion. I hope
you will enjoy this and you do not have any copy of the pictures in your home.
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Sasakawa Declaration in Moscow

The accident that occurred at the Chernobyl Nuclear Power Plant on the 26th of April
1986 will be remembered as an event which shook the world and awakened the
consciousness of all people to the realization that a nuclear accident in one country could
easily cross national boundaries and affect both distant and adjacent countries, and to an
awareness of the more general issue of the safety of nuclear power plants.

One of the lingering problems of the Chernobyl accident is the concern regarding
various health effects among the several populations directly affected by the accident,
especially the emergency workers and people living in radiation-contaminated areas.
Among the latter, there has been a dramatic increase in thyroid cancer among those who
were children or adolescents at the time of the accident, the risk of which is expected to be
long-lasting.

Now we have entered into the new century. With the introduction of the new concept of
“environmentally sound sustainable development” and from the viewpoint of “‘protecting
the human environment,” we are required to review the consequences of this accident, to
further clarify both radiation-induced and nonradiation-related late health effects and to
assess and understand them for the future welfare of society.

Here we propose that the findings of the Chernobyl Sasakawa Health and Medical Co-
operation Project, carried out in Belarus, Russia and Ukraine using a uniform protocol for
the diagnosis and treatment of related health effects, and for associated research, be the
bases for additional studies in the 21st century.

Based on the above, the international community is invited to participate in the effort to
maintain the long-term follow-up of irradiated victims, to support field-oriented radiation
research and to improve the health care of children and others affected by the Chernobyl
accident.

31 May 2001
Drafted by:

Kenzo Kiikuni, Shigenobu Nagataki, Michael N. Repacholi, Guennadi N. Souchkevitch,
Anatoly F. Tsyb, Bruce W. Wachholz, Shunichi Yamashita.
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Iodine nutrition in the Chernobyl area before
and after the nuclear accident

Lester VanMiddlesworth *

University of Tennessee, 894 Union Avenue, Memphis, TN 38163, USA

Abstract

Reports from 1950 to 1960 suggest that goiter was frequent in the Chernobyl area and vigorous
efforts were undertaken to distribute iodine supplements. There resulted enthusiastic reports stating
that endemic goiter was no longer a problem. During the 1970s, the distribution of iodized salt
became undependable and by 1980, goiter incidence was reported to have increased. Four to ten
years after the Chernobyl nuclear accident, severe iodine deficiency was unusual but goiter by
ultrasound measurement was found in more than 35% of the children. Unusual thyroid cancer
appeared and its prevalence continues to increase. © 2002 Elsevier Science B.V. All rights reserved.

Keywords: lodine; Goiter; Chernobyl; Thyroid

1. Introduction

Through the years, iodine nutrition has been evaluated chronically by the prevalence of
enlarged thyroids [1] and acutely by urinary iodide excretion [2].

Following two devastating world wars in Europe, goiter surveys were conducted in the
1950s [3]. In the marshy areas, along the Pripet River between Belarus and Ukraine, 20%
of the schoolchildren was found to have goiter. In 1956, an iodine map of Ukraine was
published showing approximately 3 pg iodine per liter of ground water in the Chernobyl
area [4]. Severe endemic goiter was reported in the mountainous areas of Southwestern
Ukraine [5—7], but this was not the major fallout area of Chernobyl.
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Mandatory iodination programs [8—10] were undertaken throughout the country with
highly successful results [10,11]. In 1958, during the Fifth Five-Year Plan, the Ukrainian
Institute of Experimental Endocrinology [7] set a goal to “liquidate goiter disease among
children during the Sixth Five-Year Plan.” By the 1970s, several regions of Ukraine were
reported as having ‘“‘no endemic goiter as a mass disease,” and in Belarus, goiter was
reported as “mild to moderate” [12]. However, in 1970, national programs to control
iodine deficiency were discontinued [9,10]. During the 1980s, interest in the iodine
supplementation programs were reduced [10,11], use of iodized salt was erratic, and free
distribution of “antistruma” (potassium iodide) supplement was discontinued [8—10].

The prevalence of clinical goiter in the Chernobyl area was not known at the time of the
Chernobyl accident in 1986. Russian authors [5,6,12] reported that early in 1980, the
incidence of new cases of goiter began to increase and by 1990, goiter had exceeded its
greatest number in 20 years in most of Belarus [5,6,12]. Information is unclear as to how
iodine medication was administered in the area following the nuclear accident [13].

In nearby Poland, radioactive fallout was much less than in the Chernoby! area but 18—
58% of the population had goiter and 18 million doses of potassium iodide prophylaxis
were administered to more than 90% of children of Poland within 7 days after the
Chernobyl accident [14]. The purpose of potassium iodide was to dilute the environmental
radioiodine to reduce the fraction of radioiodine incorporated into thyroid glands.

In 1990, The International Chernobyl Project of the International Atomic Energy
Agency used ultrasound to survey the thyroid glands of the residents in the Chernobyl
area. They reported no unusual thyroid nodularity and did not comment upon finding
endemic goiter [15].

2. Urinary iodide measurements

In the Chernobyl area, investigations of urinary iodine metabolism were not reported
until after the first thyroid cancers were seen in 1990 and reported in 1991 [16]. The first
measurements of urinary iodide were begun 4 to 5 years after the accident, when
Astakhova et al. [17] measured urinary iodide in 393 schoolchildren of Belarus during
1990—1991. They found 56% of the samples contained less than 50 pg/l (moderate iodine
deficiency), but 36% from 106 children of Vetka showed the measurements less than 20
pg/l (suggestive of severe iodine deficiency). In 1993, the same laboratory [18] studied
20785 subjects from Belarus and they found only 13% of 88 urine samples from Vetka
contained less than 20 pg/l.' Those data suggest that in Vetka (Gomel), a severe iodine
deficiency may have improved between the 4th and 7th year after the accident.

Parts of the data of Astakhova et al. [18] may have been included in a report by
Mityukova et al. [19] regarding 1680 children, age 8—16 years, over a 3-year period. They
showed an increased median urinary iodide in Vetka, from 36 to 68 pg/l between 1990 and
1993.

! Tabulated as mg/], but referred to as g/l in the accompanying text of Ref. [18].
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Table 1

Classification of goiter endemias by severity

Variable Target Mild Moderate Severe
population IDD IDD DD

Prevalence of goiter (grade>0) (%) SAC 5.0-19.9 20-29.9 >30

Frequency of thyroid volume >97th SAC 5.0-19.9 20-29.9 >30

centile by ultrasound (%)
Median urinary iodine level (ug/1) SAC 50-99 20-49 <20

SAC =school age children; IDD=iodine deficiency disorders. Adapted from Ref. [21].

In Ukraine, there were no post-Chernobyl reports of urinary iodide, until 1991,
when a pediatrician in Kiev [20] collected urine from 100 children in Kiev, Rovno,
Zhitomir and Chernogov. The samples were preserved and sent to USA for iodine
analyses. The data show a median of 50 pg/l, in this small sample of Ukrainian
children, suggesting a moderate iodine deficiency in 1991-1992. Twelve percent of
the subjects excreted less than 20 pg/l (compatible with severe iodine deficiency). Ten
of the children were reported to have clinical goiter, three excreted more than 200 pg/l,
and one excreted 16000 pg/l, suggesting an occasional case of inappropriately high in-
take of iodine.

Delange [21] devised Table 1 to relate the severity of iodine deficiency to the pre-
valence of goiter and the daily urinary iodide. This tabulation has become a convenient
index.

Improvements were made in the methods for measurement of iodide excretion [22] and
an improved technique was introduced for the ultrasound measurements of thyroid size
[23].

3. Measurement of thyroid size

Since the introduction of objective technology, the definition of goiter has changed.
Previously, goiter was defined as a thyroid lobe, larger than the terminal phalanx of the
thumb of the subject [24]. With modern ultrasound technology, a thyroid gland is termed
as “goiter” when it is larger than the thyroids found in 97% of the normal population
[25,26].

Ultrasound techniques differ among operators to such an extent that examiners must
compare their results with each other and among controls, because the normal thyroid of
children is small (2 to 15 g) and techniques may differ. Zimmermann et al. [27], in a recent
consensus study, showed that the ultrasound measurements by WHO were 30% larger than
those of some other operators.

Arinchin et al. [28] conducted a goiter survey in Belarus during 1995—1998, examining
11562 children by ultrasound and palpation of the neck. Their results, compared to WHO
standards, showed 17% goiter by ultrasound but 33% by palpation. Therefore, at present,
ultrasound techniques may require inter-comparison of normal controls to insure quanti-
tative agreement regarding the frequency of normal and abnormal thyroid sizes.
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4. Sasakawa investigation of goiter and urinary iodide

In 1991, the Sasakawa Memorial Health Foundation [29] began intensive studies of the
children in the Chernobyl area, which they continued for 5 years. Ashizawa et al. [30]
reported the thyroid sizes from more than 119000 children in the Chernobyl area. They had
found that the standard ultrasound methods underestimated the size of the thyroid,
therefore, they calibrated their methods, using 800 normal children of the Mogilov Medical
Diagnostic Center (one of the five health screening centers in the Chernoby! area). All of the
“standard” subjects had adequate iodine intake, normal measurements of thyroid stimulat-
ing hormone, normal serum-fiee thyroxine and absence of antithyroid antibodies. The
Sasakawa investigators carefully established a thyroid “limit” size, above which was
defined as “goiter.” To do this, they developed an exponential expression and calculated a
thyroid volume related to age, height and weight [30]. They further calibrated their volume
measurements by a computerized digitizer. In addition, they measured pre- and post-
operative thyroid sizes from a series of thyroidectomies. The surgical subjects were mostly
adults, and the operating surgeons estimated the volume of thyroid not removed [23].

Many goiters were discovered in the Chernobyl area [30]. The median thyroid sizes
approached the P-97 values of the thyroid volumes reported by WHO from the school-
children of Eastern Europe [31] and further exceeded the thyroid volumes of European
children reported by earlier investigators [32].

Goiter was found most frequently in children from Kiev, where 54% of 14 800 children
had goiter but their median iodide excretion was 82 pg/l urine [30]. Such iodide output is
compatible with only mild iodine deficiency (Table 1). The results confirmed an earlier
abstract [33], which was quoted [8,9] to have reported 32% to 56% goiter in adolescents
from Kiev. These data suggest that iodine intake was only mildly deficient but a goiter
frequency of 50% is a severe endemic. Therefore, there may have been an unidentified
goitrogen in the community or iodine intake may have been only recently increased, such
that the goiters may have been undergoing resolution.

5. Extremes of urinary iodide

The highest levels of iodide excretion around Chernobyl were 1000 to 10000 ug/l of
urine, from children of Gomel, Mogilev, Bryansk, Kiev and Zhitomir. These values far
exceeded the highest concentrations (600 ng/l) reported from the schoolchildren of
Western Europe [31]. The extreme iodine intakes suggest that some children in the
Chernobyl area may have ingested relatively large doses of iodine, which could have
resulted in iodide thyroiditis [33—35].

6. Disparity between thyroid cancer and recent iodine metabolism
It is emphasized by Ashizawa et al. [30] that 5 to 10 years after the nuclear accident, the

population of Gomel showed the least prevalence of goiter and the highest median iodine
intake in the Chernobyl area and this was confirmed by Arinchin et al. [28]. If those
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conditions were true before and during the nuclear accident in 1986, Gomel might have
been relatively protected from radioiodine fallout. However, the relatively high dose of
radioiodine, from the Chernobyl accident, may have negated a potential protection. The
result is that among the regions around Chernobyl, Gomel has supplied the largest number
of cases of childhood thyroid cancer [36—38].
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Abstract

In December 1999, WHO issued an update to their guidelines on the use of stable iodine as a
prophylactic measure to protect the thyroid gland from radioiodine, issued in 1989. The present
paper explains the need for the update and discusses how the revised recommendations are
implemented in practice. © 2002 Elsevier Science B.V. All rights reserved.
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1. History of WHO guidelines on stable iodine prophylaxis

Following the nuclear power plant (NPP) accident at Chernobyl in Ukraine in 1986, the
WHO Regional Office for Europe (WHO/EURO) reviewed, in detail, the evidence
concerning the effectiveness and safety of using blocking agents to prevent the uptake
of radioactive iodine to the thyroid. At that time, the evidence indicated that provided
stable iodine, in the form of potassium iodate or iodide, was taken either before or shortly
after exposure commenced, 100 mg of stable iodine (in the adult, proportionately less in
children) would be effective in blocking the uptake of radioactive iodine for periods in the
order of 24 h. Although such administrations were thought to be safe, there was no data
from which to assess the risks in a large population.

In 1989, WHO/EURO issued guidelines [1] for the use of stable iodine in what was then
called the “near field” and would now be termed the emergency planning zone (EPZ), an
area extending from 5 to 10 km from the site of the release of radioactivity. The decision on
whether to issue the tablets would be a matter for the local authorities concerned with the
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NPP that was either about to release, or releasing, radioactive iodine. A single admin-
istration was anticipated as the primary hazard was seen as being due to the inhalation of
iodine in air, and this exposure would be of limited duration since in the case of a prolonged
release, evacuation of the near field would be undertaken.

2. Evidence accruing from the Chernobyl accident

At about the same time as the above guidelines were issued, it is now clear that the first
cases of childhood thyroid cancer in Belarus were appearing. By 1991, reports by
Belarussian doctors were being made at scientific meetings claiming significant increases
in childhood thyroid cancer, normally a very rare disease. Early in 1992, a WHO expert
group, convened in collaboration with the EU, examined the evidence and concluded that
further investigation was warranted. In July 1992, a visit to Minsk by a small team of
experts under the auspices of WHO/EURO, in collaboration with Belarussian doctors,
reported a significant increase in childhood thyroid cancer [2]; as a result, the WHO
International Thyroid Project, which was designed to assist Belarus in addressing the
increase in disease, was initiated.

As the extent and magnitude of the increase in thyroid cancer became clear over the
following years, it was realized that the sensitivity to the induction of thyroid cancer must
be very high in children. There was considerable skepticism in the global scientific
community that the increase was associated with the accident. If it were, the most probable
agent responsible was *'I, an isotope widely used in diagnosis and treatment of thyroid
disease and thought to have a very low capacity to induce cancer. Much effort was
expended in trying to determine whether the increase was related to the accident or was,
for example, an artifact resulting from increased screening of children.

By 1995, few skeptics remained, as relative risks (the ratio between the observed
incidence rate and the expected rate) were in the order of between 1 and 200 in some
districts, particularly the Gomel Region, in southeastern Belarus, the closest part of the
country to the site of the accident, but still extending to more than 200 km from the NPP.
However, incidence rates were also markedly increased in places several hundred kilo-
meters from the site of the accident. It was clear that these increases were not the result of
inhalation of radioactive iodine, but of drinking contaminated milk. As the half-life of *'I
is 8 days, most of the radioactivity decays within a few months, but during that period,
there could be continued exposures, especially where fresh milk is a staple of the diet.

This experience cast a clear question mark over a number of features of the then
existing guidelines; and in 1996, WHO took steps to review those guidelines in the light of
the experience from the Chemobyl accident.

3. Experience in the distribution of stable iodine in Poland
Immediately following the accident, with the wind carrying fallout over southern

Belarus and northern Ukraine, towards Poland, the Polish public health authorities initiated
a mass distribution of stable iodine, for children (10.5 million administrations). In addition,
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7 million adults took iodine although it was not recommended. Tablets were not available,
so potassium iodide solution was used.

Subsequent follow up of this population [3,4] revealed few serious adverse reactions to
the administration, two in adults but none in children. This published information provides
a secure basis for estimating the risk of administered stable iodine. The risk for serious side
effects, per administration, can be assessed at 1 in 107 children, and 1 in 10° adults.

4. The scientific basis for estimating the risk of exposure to >'1

Early animal experiments (mainly using rats) appeared to indicate that '*'I was not as
carcinogenic as X-rays delivered from an external source to the thyroid [5]. However, it
would appear that this was due to the use of insufficient numbers of animals; and in 1982,
a much more comprehensive experiment was reported indicating no differential effect
between X-rays and '>'1 [6]. "*'I has also been in use both as a diagnostic and therapeutic
agent for thyroid disease and, particularly in Europe, extensive epidemiological follow up
of patients was available. These studies reported no excess of thyroid cancer whereas more
limited studies, in terms of numbers, mainly on children exposed to external X-rays, show
a marked sensitivity to the induction of thyroid cancer.

This apparent paradox was resolved with a meta-analysis of five cohort studies of
populations exposed to external X-rays [7], which revealed a marked age dependence of
sensitivity to the induction of thyroid cancer, in terms of excess relative risk (ERR), with
the youngest children being at greatest risk. The lack of children in the studies of the
diagnostic use of '*'I and ablation of the thyroid tissue in the therapeutic use of 'l
explain the absence of excess thyroid cancer in these study populations.

Thus, the marked, particularly in terms of relative risk, increase in thyroid cancer in the
children living in southern Belarus is not surprising. In respect of protecting a population
against an environmentally caused disease, however, ERR is not the most appropriate
indicator of effect. More relevant is excess absolute risk (EAR), that is, the total number of
cases caused by a unit of exposure, independent of the spontaneous rate of appearance of
the disease. EAR does not fall off as rapidly with increasing age at exposure as does ERR,
as the spontaneous incidence rate of childhood thyroid cancer also increases sharply with
increasing age. Studies on the populations living in southern Belarus and northern Ukraine
indicate that EAR, in relation to the absorbed thyroid dose, is not significantly different for
B! compared to externally generated X-rays, although the median risk is generally
somewhat lower for the '>'I [8].

5. Preparation of the “Update 1999”

With the clear indications of the safety of stable iodine from the Polish experience,
particularly in the young, and of the sensitivity of the young to the carcinogenic effects of
radiation in general and '*'I in particular, it seemed appropriate to revise the 1989 guidelines
on the use of stable iodine after nuclear accidents. Two features of the experience gained
from the Chernobyl accident were relevant, namely, the wide geographical distribution of
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the cases and the number of cases diagnosed particularly in the very young at the time of
exposure.

In the revised guidelines, “Update 1999 {9], the terms near and far field are dropped
and it is recognized that stable iodine can be used to protect against ingested, as well as
inhaled radioiodine, at least in the early stages of an exposure.

The strong age dependence of the induction of thyroid cancer by radiation needs to be
addressed in any public health policy related to radioiodine. The mass distribution of a
drug (as potassium iodide and iodate are defined in some countries) albeit of demonstrated
safety, should not be treated lightly. The “Update 1999 thus seeks to target stable iodine
prophylaxis to those whom it will be most effective and away from those whom it could
present a hazard. Interventions to limit exposure in accident situations are determined on
the basis of the extent to which dose can be averted by a particular interventional action
[10]. The International Commission for Radiological Protection (ICRP) and the Basic
Safety Standards of the International Agencies (BSS) provide so-called “generic inter-
vention levels” (GILs), which provide a basis for planning interventions. In the event of an
accident, interventions should be “optimized” to achieve a net benefit in terms of averted
dose, social and economic costs being included in the cost—benefit analysis. This latter
stipulation means that intervention policy will depend on circumstances peculiar to
individual countries, therefore no intervention level as such could be recommended from
an international point of view. However, WHO considered that some guidance could be
provided on the interpretation of GILs through the use of “reference levels™.

By comparing the incidence of serious side effects of stable iodine administration
(about 1 in 107 per administration in childhood) with the serious consequences of exposure
to radioiodine, namely cancer (for the youngest about 3% per Gy for boys and 6% per Gy
for girls [11]), a ““break even point™ is attained at less than 0.01 mGy absorbed dose to the
thyroid. It can, therefore, be concluded that any practical intervention has an overall health
benefit for the young and WHO has recommended a reference level of 10 mGy, or one-
tenth of the GIL for children and adolescents. Evidence from the Japanese atomic bomb
survivors indicates that the risk in adults is low and probably nonexistent in those over 40
years of age. Therefore, the reference level for adults under 40 years is 100 mGy, equal to
the GIL, but for older adults intervention is based on the deterministic limit of 5 Gy for the
thyroid, as the stochastic risk is taken to be zero and the adverse side effects of stable
iodine are likely to be more prevalent.

6. Experience with implementation

A workshop held by WHO [12], in collaboration with the Finnish Radiation and
Nuclear Authority, in September 2000 discussed the implementation of the revised
guidelines. The following are some of the issues raised at the workshop.

6.1. Timely distribution of stable iodine

For stable iodine to be effective, it must be administered just before or as soon after
exposure commences as possible. This means, in practice, that decisions will be taken on
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projected doses as distribution takes time. This makes the concept of intervention levels
almost redundant, as in practice, as soon as a release seems probable, a decision to issue
stable iodine will be taken. Reconsideration should therefore be given to the criteria for
intervention, possibly basing them preemptively on the probability of significant release
according to reactor condition, rather than averted dose.

A number of innovative ideas to ensure timely availability of stable iodine to the most
critical groups, namely young children, were discussed. The issuing of tablets to each
newborn with their “passport” for medical follow up and social security benefits was one
of the most effective actions.

6.2. The deterministic limit for adults over 40 years of age

A dose of 5 Gy was considered by many to be too high as an intervention for the
elderly. During the preparation of the “Update 1999”, a value of 1 Gy was initially
proposed, but to achieve conformity with the BSS, 5 Gy was finally chosen. The evidence
base for the deterministic limit of 5§ Gy for the thyroid in the BSS should be reexamined.

6.3. Guidance to health care professionals

WHO was encouraged to produce “fact sheets” for nurses, doctors, hospital admin-
istrators, etc. to increase the general knowledge on issues related to nuclear accidents as a
means of allaying unnecessary public concem.

7. Conclusions

Many countries now accept the need to revise their strategy in connection with the
protection of the thyroid from radioactive iodine in the light of the experience gained from
the Chernobyl accident. Stable iodine prophylaxis is a powerful means to do so over a
relatively short period, but the unknown risks associated with repeated administration
preclude the use of the method for protection against the entire period of exposure to
ingested radioiodine following a deposition. The method is thus ideally used in con-
Jjunction with other mitigation measures such as removing cattle from contaminated
pasture or controls on milk consumption in these circumstances.

The very rapid transfer of radioiodine to the thyroid, once it is internalized, means that
any control measure has to be implemented rapidly, and for iodine prophylaxis, this is
particularly important. Preemptive action is ideal, and for populations close to the source,
this means deciding to implement prophylaxis before the release of radioactivity occurs;
that is, based on the reactor condition and the probability and anticipated severity of release
rather than any measure of exposure. In this case, intervention doses are redundant. How-
ever, at greater distances where several hours can elapse before deposition occurs, the refe-
rence levels of dose recommended (modified by any national considerations) can be used.

Iodine prophylaxis falls into the category of intervention measures that are expensive to
adopt in terms of planning but cheap to implement in the event of an accident. This is in
contrast to, for example, agricultural and food controls, which cost little to plan for but incur
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cost when they are implemented. In terms of public confidence in measures 1o protect public
health, the acquisition of ioding tablets provides a more tangible proof than merely planning
statements to the effect that in “such and such a circumstance the following actions will be
taken.” The investment may therefore be secn as having dual benefits.
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Abstract

Both an increased incidence of thyroid carcinoma mainly of the papillary histotype and to a lesser
extent, of autoimmune phenomena have been observed, several years after external irradiation to the
head and the neck, in subjects treated for various non-thyroidal disorders, in atomic bomb survivors
in Japan, and in residents of the Marshall Island exposed to radiation during the testing of hydrogen
bombs. More recently, the exposure to radioactive fallout as a result of the Chernobyl nuclear reactor
accident has clearly confirmed the causal association of radiation exposure and the development of
thyroid autoimmune phenomena in the population exposed to radiation. This article will review the
most significant features of thyroid diseases associated with the post-Chernobyl radioactive
contamination. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

The thyroid gland is particularly sensitive to the effect of radiation and the evidence that
radiation may damage the thyroid gland is overwhelming. Both external and internal
radiation have been associated with thyroid diseases (cancer and hypothyroidism with or
without thyroid autoimmunity) both in vitro and in vivo. In particular, ionizing radiation is
recognized as the main risk factor for developing thyroid carcinoma especially when
radiation exposure occurs during childhood [1].
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A strong causal relationship has been demonstrated between papillary thyroid carci-
noma and external irradiation to the head and the neck for various benign and malignant
non-thyroidal disorders [2—5]. An increased risk of thyroid cancer has also been reported
in survivors of the atomic bombs in Japan, as well as in Marshall Island residents exposed
to radiation during the testing of hydrogen bombs [6,7].

The Chernobyl nuclear reactor accident has clearly caused an enormous increase in the
incidence of childhood thyroid carcinoma in Belarus, Ukraine, and to a lesser extent, in the
Russian Federation, starting in 1990 and continuing up to now. When epidemiological and
clinical features of thyroid carcinomas diagnosed in Belarus after the Chernobyl accident
are compared with those of naturally occurring thyroid carcinomas in patients of the same
age group in Western European countries, it becomes apparent that the post-Chernobyl
thyroid carcinomas were much less influenced by gender, were virtually always papillary
(solid and follicular variants), had high aggressiveness at presentation, and were more
frequently associated with thyroid autoimmunity [8,9].

Gene rearrangements, involving the RET proto-oncogene (less frequently TRK), have
been demonstrated as causative event specific for papillary cancer. RET activation has
been found in nearly 70% of the patients who developed papillary thyroid carcinomas
following the Chernobyl accident, with specific peculiarities in respect with naturally
occurring tumors.

In addition to thyroid cancer, radiation-induced thyroid diseases including benign
thyroid nodules, non-autoimmune hypothyroidism, and autoimmune thyroiditis have been
observed after environmental exposure to radioisotopes of iodine and in the survivors of
atomic bomb explosion. In the population exposed to the post-Chernobyl radioactive
fallout, thyroid autoimmune phenomena have been searched for in two studies in Belarus
[10,11]. The result of these studies demonstrated an increased prevalence of circulating
thyroid antibodies not associated with significant thyroid dysfunction. This is in keeping
with the short period of follow-up, but the possibility of later development of clinical
thyroid autoimmune diseases especially hypothyroidism is very likely. Future screening
programs for thyroid diseases in the population at risk should be focused not only on the
detection of thyroid nodules and cancer, but also on the development of thyroid
autoimmune diseases.

2. The thyroid gland as a specific target for radiation-induced damage

In April 1986, the explosion of one of the reactors at the nuclear power plant in
Chernobyl (Ukraine) released large amounts of radioactive particles into the atmosphere,
including 1-131 (32—46 MCi), I-132 (27 MCi; resulting from the decay of Te-132) and I-
133 (68 MCi). Most likely, radioiodines were released intermittently over a period of 10
days after the accident. The most contaminated territories were southern Belarus, northern
Ukraine, and the Bryansk and Kaluga regions of southwestern Russia.

In case of radicactive contamination, the thyroid gland is a critical organ at risk. Its
contamination depends upon the magnitude of contamination, the amount of radioactive
iodine taken up by the gland and the thyroid mass itself. Furthermore, whatever the level
of contamination, the thyroid dose is always higher in children than in adults. The thyroid
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dose is dependent from the final concentration, namely the ratio between radioiodine
uptake and thyroid mass. In children, the uptake is similar to adults but since the thyroid
mass is smaller, the thyroid dose per gram of tissue is greater and extremely higher in
newborns and very young children. In the Chernobyl case, radioactive isotopes of iodine
represent a high proportion of the contaminating isotopes.

Being volatile, radioactive isotopes are firstly inhaled and, after being deposited on the
ground, ingested. The time at which ingestion occurs varies considerably but the milk
chain, particularly in children, is the major route of ingestion; at this time, short-lived
isotopes of iodine are no longer present. In the Cherobyl accident, several factors
contributed to the high radiation exposure of the population. Immediate protective
countermeasures such as advising and evacuating the people at risk and distributing
iodine prophylaxis were not undertaken. Furthermore, the most contaminated regions were
in a state of moderate iodine deficiency, which is responsible for increased iodine uptake.
All these factors combined give enough explanation of why the most serious health
consequences of the disaster affected the thyroid gland, and why children were mostly
affected.

3. Post-Chernobyl thyroid cancer
3.1. Epidemiology

As a result of the accident, a tremendous increase in the number of childhood papillary
thyroid cancer has occurred in the following years, continuing up to now [12—14]. The
magnitude of this increase and the geographical and temporal distribution of the cases
strongly suggest that thyroid cancer was due to the reactor explosion, and in particular, to
the huge amount of iodine radioisotopes released [15]. The increase in the number of
thyroid carcinoma in children and adolescents has been observed starting from 1990, only
4 years after the Chernobyl accident, in southern Belarus and northern Ukraine, and from
1994 in southwestern Russia [16—19].

To date, more than 1000 cases of thyroid cancer have been reported among approx-
imately 2 million children younger than 15 years, who were exposed to radioactive fallout.
In the Gomel region, the most contaminated area of Belarus, the incidence between 1986
and 1996 was 13 per 100000 children per year compared to a baseline incidence of less
than one per year [20]. About 98% of these thyroid tumors have been observed in children
less than 10 years of age and 65% in children less than 5 years at the time of the accident.
Thyroid cancer was also diagnosed in some children who were already generated but still
in the uterus at the time of the accident. An increased incidence is now observed also in
adolescents and adults.

The annual distribution of new cases of thyroid cancer shows that the increase in
children reached its peak in 1993, with a trend to a “plateau” in the following years [8]. It
is also apparent that the patients of the 5-year or less age group at the time of the accident
accounted for the majority of the cases in each year of observation. In contrast, a
decreasing number of thyroid cancer cases was observed in patients who were 9 years
of age or older at the time of the accident, with no new cases being observed in 1995.
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The mean latent period between radiation exposure and diagnosis is about 9—10 years,
with a similar trend in children and adolescents, shorter than that found after external
thyroid irradiation [3,4].

3.2. Genetics

Molecular biology investigation of post-Chernobyl tumors shows some peculiarities.
Ras and p53 genes are not involved in their pathogenesis. Rearrangements of the RET
proto-oncogene are found in nearly 70% of the cases, a percentage higher than that
observed in naturally occurring papillary carcinomas [21-24]. Also, the subtype of RET/
PTC rearrangement has a peculiar pattern. Several authors have reported that RET/PTC3
(and more rare variants of RET/PTC3) is the form more frequently expressed in radiation-
induced tumors, rather than RET/PTC]1, which is predominant in naturally occurring cases
[25]. A correlation has also been established between the solid variant of papillary tumors
and the activation of RET/PTC3 [24].

These data indicate that RET/PTC activation may be the direct result of radiation-
induced DNA damage. Since RET/PTC is also frequently found in pediatric papillary
thyroid cancer without known exposure to radiation, it is also possible that age per se may
play an important role. Alternatively, one can speculate that virtually all pediatric papillary
thyroid cancers are radiation-induced cancers, developing in subjects with an increased
susceptibility to spontaneous background radiation [26].

3.3. Comparison with naturally occurring tumors

A comparison between clinical and epidemiological features of thyroid carcinomas
diagnosed in Belarus after the Chernobyl accident and those of 369 children and adolescents,
followed in the past 20 years for thyroid carcinoma in Italy and in France, shows that the
post-Chernobyl thyroid carcinomas were much less influenced by gender, the female to male
ratio being significantly higher in Italy and in France (2.5:1) compared with Belarus patients
(1.6:1). Similar findings have been found in the series from England and Wales [9].
Furthermore, most of the patients in Belarus (87.9%) were diagnosed before the age of 15
years, while the number of cases in Italy and in France increased progressively with age, with
the majority of the patients (57.4%) being diagnosed after the age of 14 years [8].

Over 90% of the post-Chernobyl childhood thyroid carcinomas were papillary, very
few being of the follicular histotype [8,27]. Only a minority (about 10%) were of the
classic papillary histologic type; most cancer (33%) were of the solid and follicular
variants. The diffuse sclerosing variant accounted for roughly 10% of these carcinomas
[28]. The histological features were those of aggressive tumors, as demonstrated by their
histologic appearance, the large size and the frequency of multifocality, extracapsular
extension, lymph node metastases, and lung metastases at the time of diagnosis [29]. A
comparison with naturally occurring thyroid carcinomas in Italy and France showed a
significantly higher extrathyroidal extension in Belarus children (49.1%) with respect to
age-matched cases in Italy and France (24.9%) [8]. A high frequent association of post-
Chernobyl tumors with lymphocyte infiltration of the thyroid gland and humoral thyroid
autoimmunity has also been reported [8].
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3.4. Response to conventional treatment

Radioiodine therapy is a safe and useful procedure for the postsurgical ablation of
thyroid residues [30]. Usually, a single treatment is sufficient to achieve complete thyroid
ablation in 65-90% of the cases, but a significant proportion of patients may require
additional treatment [31].

A recent study [32] reports the results of postsurgical radioiodine thyroid ablation in 249
Ukrainian children and adolescents with post-Chernobyl-differentiated thyroid cancer,
initially treated with near-total thyroidectomy. Radioiodine scan performed 6—8 weeks
after surgery revealed the presence of residual thyroid tissue in all cases. All patients
received one or more courses of radioiodine therapy for a total of 468 courses. Only 129/
249 patients (51.8%) were ablated and among them, only 63 were ablated with a single dose
of radioiodine. These results indicate that in this particular population of post-Chernobyl
thyroid carcinomas, thyroid ablation is a rather difficult task. Possible explanation for this
finding may be the young age of the patients, other particular features of post-Chernobyl
thyroid carcinoma or technical aspects, such as less radical surgery procedures.

Another study [33] analyzed the outcome of 64 Belarus children with post-Chernobyl
papillary thyroid carcinoma who received postsurgical treatment and follow-up in Pisa.
Initial treatment consisted of total thyroidectomy in all patients, followed by 1-131 therapy
for ablation of any thyroid residue and/or for treatment of functioning local or distant
metastases and r-thyroxine-suppressive therapy. The result of treatment was analyzed
according to serum thyroglobulin levels and results of I-131 whole body scan. After a
mean follow-up of 38.6£25.8 months, 33 (58.9%) patients were free of disease and 23
(37.5%) had persistent disease, including 14 lymph node metastases and seven with lung
metastases. Two patients (3.5%) developed lung metastases during follow-up. The results
of this study indicate that patients with radiation-induced papillary thyroid carcinoma
treated with the combination of surgery, radioiodine, and hormonal therapy have a
successful response to treatment not different from that observed in age-matched series
of patients with naturally occurring thyroid carcinoma.

4. Post-Chernobyl thyroid autoimmunity

Thyroid cancer and benign thyroid nodules after thyroid radiation exposure occur as
stochastic effects. Depending on the radiation dose, deterministic effects, hypothyroidism,
and acute thyroiditis are also possible. Another documented consequence of radiation is
the possibility of developing autoimmune thyroid disorders.

Hypothyroidism is caused by radiation doses of the order of more than several gray to
the thyroid. Such levels are mainly observed after radioiodine therapy for benign thyroid
diseases, such as Graves’ disease and toxic nodular goiter, and in this case hypothyroidism
is the objective of treatment.

Spontaneous hypothyroidism (or subclinical hypothyroidism) has been reported in
survivors of atomic bomb in Nagasaki [6]. After external irradiation to the head and neck,
the occurrence of thyroid autoimmunity has been reported in several studies. An increased
incidence of thyroid antibodies was found by De Groot et al. [34] in subjects who received
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radiation during childhood for benign disorders. Variable degree of thyroid lymphocytic
infiltration have been reported in more than two thirds of individuals who received
radiation several years before thyroidectomy for nodular thyroid lesions [35]. In patients
who received radiation of the neck for Hodgkin’s disease, 3% or more developed Graves’
disease (a 7—20-fold excess risk) and 1% thyroiditis [5].

Hypothyroidism has also been reported after exposure to internal radiation (radioactive
iodine). In the people exposed to the fallout of the Marshall Islands accident [7],
hypothyroidism was noted within 10 years from the accident. In this occasion, most of
the cases were not associated to autoimmune thyroid reaction.

On the contrary, an increased prevalence of antithyroid antibodies without hypothyroid-
ism has been reported in children living in Belarus village, which is heavily contaminated
by the post-Chernobyl radioactive fallout, as opposed to children living in a noncontami-
nated village. In particular, in a recent study [10], the authors evaluated thyroid autoimmune
phenomena in 287 (9.2%) of the 3105 children (age at accident, 0—9 years) from the village
of Hoiniki south of Gomel, which was contaminated by the post-Chernoby! radioactive
fallout (5.4 Ci/km? of cesium). The control group consisted of 208 (3.9%) of the 5273
children of the same age from Braslav in the region of Vitebsk, which was not contaminated
(<0.1 Ci/km®). In all patients, thyroid function was assessed by measuring serum TSH, free
T; and T4, and humoral thyroid autoantibodies (antithyroglobulin and antithyroperoxidase).
The prevalence of antithyroglobulin or antithyroperoxidase, or both, was significantly
higher (p=0.0001) in children living in Hoiniki (19.5%) than those living in Braslav
(3.8%). In both villages, no sex differences were found in the antibody prevalence before
age 13 years; thereafter, a significantly higher prevalence of thyroid autoantibodies was
found in girls from Hoiniki. The prevalence of circulating antibodies in the contaminated
group started to increase in children who, at the time of the accident, were in utero or
newborns (15.7%), plateaued until age 8 years and showed a further increase in children 8—
9 years of age (30.1%). In the control group, a very modest prevalence of positive
antibodies was found, starting in the second year of life and remaining constant thereafter.
No major alterations of serum-free T4, free T3, or TSH were found. In conclusion, the
susceptibility to develop thyroid autoimmunity increased with age at the time of exposure
and, in the female sex, reached its maximum in the pubertal age, suggesting that puberty
(estrogen) has an accumulative effect on radiation in the development of thyroid antibodies
in females. This study was conducted only 6—8 years after the Chernoby! accident, which
may be the reason why cases of overt hypothyroidism were not found. However, the
possibility of later development of thyroid failure is very likely in this population.

These data have been confirmed in a similar study [11], which was carried out in
Russian children and adolescents living in the district of the Tula region that has moderate
iodine deficiency and low Cs-137 contamination. The authors demonstrated a high
prevalence of positive thyroid antibodies in children and adolescents already born or in
utero at the moment of the nuclear accident. A much lower prevalence, almost identical to
the prevalence registered in uncontaminated area, was found in children conceived and
born 5 years after the accident.

The release of thyroid antigen from radiation-damaged thyroid cells is the most likely
mechanism triggering the autoimmune reaction after radiation injury, regardless of the
modality of thyroid exposure.
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5. Conclusion

The evidences accumulated in the last 15 years strongly indicate the strict dependency
between post-Chemobyl radiation fallout and reported increase of thyroid tumors and
autoimmune diseases.

Programs of long-term surveillance of the affected population and further molecular
and immunological studies are needed to fully understand the more intimate mechanism
through which ionizing radiation leads to thyroid cell damage.
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Abstract

A combination of ultrasonography and fine-needle aspiration biopsy was performed in the
screening project on children around Chernobyl. The aspirated materials from 446 cases were
analyzed cytologically. The ultrasonographical screening revealed a 2.9% prevalence of thyroid
abnormalities. Fine-needle aspiration biopsy (FNA), conducted in 446 cases, revealed the following
diseases: papillary carcinoma, 7.2%; follicular neoplasm, 10.3%; adenomatous goiter, 22.4%;
chronic thyroiditis, 26.2%; and cyst, 22.9%. We evaluated the detail of findings of papillary
carcinoma. Intranuclear inclusion and nuclear grooving were encountered in 75% and 85%,
respectively. Psammoma body was encountered in about 50% of the cases. Nuclear atypism as
defined by pleomorphism and the ratio of nucleus to cytoplasm were relatively conspicuous. The
cytological characteristics of pediatric papillary carcinoma revealed diagnostic findings almost the
same as those in adult cases, with the noteworthy exception of high prevalence of psammoma body,
which seems to be specific to the Chernobyl cases. We also analyzed 47 cases of chronic thyroiditis
diagnosed by fine-needle aspiration biopsy. Prominent epithelial hyperplasia was encountered in
23.4%, and Askinazy cell metaplasia was present in 55.3%. The presence of epithelial changes
suggests that thyroiditis has existed for a long time or that thyroid follicles are destructed heavily in
children. In this viewpoint, the Chernobyl cases are classified into auto-immune thyroiditis or
Hashimato thyroiditis. This study suggests that childhood thyroid diseases, including both neoplasms
and immunological disorders, are considered to be an ideal follow-up disease for monitoring the late
effect of radioactive fallout. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

An increase in thyroid cancer has been observed over the last 10 years among children in
the Republic of Belarus, especially in regions in which severe iodine-radionuclide pollution
occurred after the Chernobyl nuclear accident. Fine-needle aspiration biopsy (FNA) is
known to be a useful strategy for the detection of thyroid papillary carcinoma. In fact, many
pediatric cases have been identified by FNA in the screening study. Most pediatric thyroid
cancers among the Chermnobyl cases were papillary carcinoma, and they have different
morphological features from adult cases in some particulars. There have been few available
reports on cytological findings in pediatric papillary carcinoma around Chernobyl. To
establish an accurate figure for the prevalence of thyroid cancer, meticulous screening and
morphological confirmation of thyroid disorders are important. During visits to each center
in the 1-year period, from June 1993 to March 1995, as a part of the Chemobyl Sasakawa
Health and Medical Cooperation Project (CSHMCP), we performed FNA on children found
to have thyroid abnormalities.

2. Subjects and methods

To investigate the prevalence of childhood thyroid diseases around Chernobyl, the
screening by a combination of ultrasound examination and fine-needle aspiration biopsy
(FNA) were performed in children in five oblasts in Belarus, Ukraine, and Russia. The
centers involved in the CSHMCP are located in Mogilev (Belarus), Gomel (Belarus),
western part of Bryansk (Russia), Kiev (Ukraine), and Zhitomir (Ukraine). These five
centers (Mogilev, Gomel, Bryansk, Kiev, Zhitomir) cover areas with various degrees of
radioactive contamination. The four oblasts were the administrative regions where radio-
active contamination severely occurred, while the other oblast (Mogilev) served as control.
Approximately 100,000 children, aged 0—10 years old at the time of the accident in 1986,
were screened between May 1991 and March 1996. The screening revealed a 2.9% overall
prevalence of ultrasonographical thyroid abnormalities. The prevalence of thyroid abnor-
malities was 1.39%, 6.30%, 3.31%, 2.67%, and 1.47% in Mogilev, Gomel, Bryansk, Kiev,
and Zhitomir, respectively.

Ultrasonographical abnormalities over 5 mm in diameter, such as nodular lesions,
cystic lesions, and abnormal echogenity, were chosen as targets for FNA. FNA was carried
out with an echoguided syringe pistol (Chiba University Type) made to fit a 20-ml plastic
syringe with a 22-gauge needle. Subjects were re-evaluated by Aloka 630 ultrasonography
using a real time scanner with a 7.5-MHz probe. Four hundred forty-six subjects (154
nodules, 159 cysts, and 133 abnormal echogenities) received FNA according to the same
biopsy criteria in the five centers. The aspirate was smeared on a microscopy slide, and
then stained by May—Grunwald—Giemsa (MGG) staining.

3. Diagnostic criteria

The diagnostic criteria for each disorder were as follows. Papillary carcinoma featured
intranuclear cytoplasmic inclusions, nuclear grooves, and irregular nuclear outlines in a
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cellular cluster, while follicular neoplasm featured many equal-sized microfollicular nests
or rosette-like clusters. Chronic thyroiditis was diagnosed when many small lymphocytes
and scattered plasma cells were encountered. Adenomatous goiter was diagnosed when
follicular cells in sheets and clumps of various sizes, foamy cells, degenerative eryth-
rocytes, and colloid were observed. The multiplicity of nodular and cystic lesions was
taken into consideration for diagnosis of adenomatous goiter by ultrasonography. Cyst
featured macrophages and colloidaspirate without epithelial cell clusters. Smears showing
only bared nuclei or normal follicle cells without a proliferative nature were unclassified.
The main lesion was registered for cytological diagnosis in this study when more than two
lesions coexisted in a single case.

4, The prevalence of thyroid disease in abnormal ultrasonography

Papillary carcinoma was encountered in 32 children (7.2%) from only the contaminated
oblasts. The prevalence of other thyroid diseases was: follicular neoplasm, 10.3%;
adenomatous goiter, 22.4%; chronic thyroiditis, 26.2%; and cyst, 22.9%, suggesting that
a major cause of thyroid abnormality is non-neoplastic changes, mainly chronic thyroiditis
and cysts (Table 1). Chronic thyroiditis was most frequently observed in the contaminated
oblast of Gomel and least frequently in the control oblast. These findings suggest that the
childhood thyroid diseases, including both neoplasms and immunological disorders,
increase in radiation-contaminated areas around Chemobyl. The highest incidence was
found in Gomel, as was the highest cancer incidence, while the incidence of chronic
thyroiditis was lowest in Mogilev. In the children with chronic thyroiditis, 84 out of 99
(84.9%) were positive for anti-thyroglobulin antibody (ATG) and/or anti-micosome
antibody (AMC). Of the 109 children who were positive for ATG or AMC, 82 (75.2%)
were diagnosed with chronic thyroiditis by FNA.

5. Ultasound sonography and cytology

The relation of ultrasonographical patterns to cytological diagnosis was shown in Table
2. Most cases of the papillary carcinoma were found in subjects showing a nodule pattern

Table |
Results of fine-needle aspiration biopsy diagnosis

Country City Number Cytological diagnosis

Of_ Papillary Medullary Follicular Adenomatous Cyst Chronic  Unclassified
subjects carcinoma carcinoma neoplasm goiter thyroiditis
Belarus Mogilev 32 1 0 1 7 11 7 5
Gomel 111 22 0 14 20 27 24 4
Russia Klincy 102 4 2 7 39 25 20 5
Ukraine Kiev 30 1 0 1 4 8 7 9
Korosten 171 4 0 23 30 31 59 24
Total 446 32 2 46 100 102 117 47

(%) (100)  (7.2) 0.4) (103)  (22.4) (229) (26.2)  (10.5)
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Table 2

Classification of the 446 subjects by ultrasonographic and fine-needle aspiration biopsy findings

Fine-needle aspiration biopsy findings Ultrasonographic findings Total
Nodule Cyst Abnormal echogenity

Papillary carcinoma 30 1 1 32

Medullary carcinoma 1 0 1 2

Follicular neoplasm 44 2 0 46

Adenomatous goiter 46 50 4 100

Cyst 16 80 6 102

Chronic thyroiditis 10 7 100 117

Unclassified 7 19 21 47

Total 154 139 133 446

by ultrasonography, while two cases were detected in cases showing cyst and abnormal
echogenity. Chronic thyroiditis was detected mainly in subjects showing abnormal
echogenity.

6. Characteristics of papillary carcinoma

In this study, we evaluated the cytological findings for papillary carcinoma in 32 cases,
all for which tumor tissues that were amply sampled by FNA were available. The patients
were 26 girls and 6 boys with ages ranging from 9 to 17 years, with a mean age of 12 years
at operation. Their ages at the time of the accident ranged from 0.8 to 9.3 years, with a
mean of 4.1 years. The growth pattern and cellular features were reviewed in each case,
and the frequency, such as intranuclear cytoplasmic inclusion, nuclear grooving, multi-
nucleated cell, psammoma bodies, stroma core, and oxyphilic change, was evaluated for
each element. The degrees of nuclear atypism were classified into three grades as follows:
Grade I, mild; Grade II, moderate; and Grade III, severe. Grade I is defined as cells
showing uniform-sized nuclei and cytoplasm, and Grade III as cells having strong nuclear
pleomorphism with high ratio of nucleus to cytoplasm (N/C ratio). These features are less
pronounced than the nuclear atypism seen in undifferentiated carcinoma. Grade Il included
nuclear atypism intermediate between those in Grades I and 111

Table 3

Cytological features of papillary carcinoma diagnosed in 32 children

Findings Number of cases Proportion (%)
Intranuclear inclusion 25 78
Nuclear grooving 29 91
Papillary cluster 26 81
Monolayered sheet 26 81
Follicular structure 11 34
Psammomtous body 15 47
Hyalinized stroma 12 38
Multinucleated giant cells 13 41

Oxyphilic change 8 25
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Fig. 1. Intranuclear pseudoinclusion and nuclear groove were present in a papillary cell cluster. This cell cluster
was classified as Grade II.

The details of FNA findings are summarized in Table 3. Most cases had growth pattern
characterized by monolayered cellular sheet. Papillary cell cluster was present in 81% of
the cases. Colocalized follicular structure was present in 34% of the cases. This figure
probably reflects the contribution of the solid-follicular subtype, which are prevalent
patterns around Chernobyl. Intranuclear inclusion and nuclear grooving (Fig. 1) were
encountered in 78% and 91%, respectively, and mutlinucleated giant cell was observed in
41%. Psammoma body was encountered in half of the cases, and in many of them, a few
clustering foci of psammoma bodies were seen (Fig. 2). Stromal core was present in the
center of papillary cell cluster in 38% of the cases. Oxyphilic change was a less-frequent
finding. Nuclear atypism, as defined by pleomorphism and the N/C ratio, were relatively
conspicuous, and most cases showed mixed nuclear atypism. Then, the results were
subclassified into mixed nuclear atypism, e.g., Grade I+II and so on. No cases showed

Fig. 2. Psammomatous bodies were recognized as a lamellar structure with a glassy, refractile appearance.
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Fig. 3. Askanazy cells in chronic thyroiditis. Nuclear pleomorphism was occasionally associated.

simply Grade I. There were 15 cases (47%) with mild and moderate nuclear atypism
(Grades I+ or II) and 17 cases (53%) with prominent nuclear atypism (Grades [I+II1 or
).

7. Characteristics of chronic thyroiditis

We analyzed 47 cases of chronic thyroiditis diagnosed by FNA. All cases showed
Iymphocytic proliferation in variable degrees. Prominent epithelial hyperplasia was
encountered in 11 cases (23.4%). Askinazy cell metaplasia (Fig. 3) was present in 26
cases (55.3%) in single-cell form and small-cell clusters. Pleomorphic nuclear changes
were occasionally associated in Askinazy metaplasia. Of the 47 subjects with chronic
thyroiditis, 7 were boys and 40 were girls, and the age ranged from 9 to 18 years (mean
13.9). Median values for TSH, free T4, ATG, and AMC in these subjects were 1.59 mIU/
ml, 15.1 pmol/l, X5, and X360, respectively. The prevalence of AMC positivity in these
chronic thyroiditis patients was slightly higher than that of ATG.

8. Discussion

The cytological diagnostic significance of the various features of the pediatric papillary
carcinoma around Chernobyl was almost the same as that reported in the adult cases.
Intranuclear cytoplasmic inclusion was a most useful finding and specific for papillary
carcinoma, but 25% of the cases did not show intranuclear pseudoinclusions in this study.
In such cases, the abundance of papillary cellular clusters and nuclear changes, including
grooving and fine chromatin, were helpful findings. It is generally accepted that nuclear
grooves are a useful criterion in the diagnosis of papillary thyroid carcinoma [1]. In our
study, however, nuclear grooving was demonstrated in 85% of the cases, and this nuclear
change is generally inconspicuous in MGG staining compared with Papanicolaou and
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hematoxylin and eosin staining as indicated by Francis et al. [2]. In contrast to this, the
intranuclear cytoplasmic inclusion was more prominent than the nuclear grooving upon
MGG staining. Papanicolaou staining is known as a useful staining method to evaluate the
details of the nuclear character, but it has not been used routinely in Belarus because of
constraints. In general, psammoma body is specific for papillary carcinoma, but the
detection rate of this structure by FNA is not high, being generally around a fifth to a
quarter of the cases [2]. In our study, psammoma body was observed in about half of the
cases by FNA, and this might reflect the histological characteristics of pediatric papillary
carcinoma in this area, especially considering that psammoma bodies were histologically
present in all cases [3]. This fact supports the idea that physicians should pay attention to
calcification in the nodular lesion by ultrasonography. It is reported that many of the
childhood cancers in Belarus show aggressive features such as rapid growth, local
invasion, and local metastasis [4]. Histologically solid components, recognized as poorly
differentiated, are frequently present in Gomel cases [3]. The relatively high grade of
nuclear atypism might reflect the poorly differentiated nature of the tumor.

Chronic thyroiditis was the most common cause of nontoxic goiters in childhood,
accounting for 30% to 40% of these goiters [5]. In the present study, chronic thyroiditis
was found in 31.0% of the children showing thyroid abnormality, this value being similar
to that in the other studies. A significantly high incidence of chronic thyroiditis among
atomic-bomb survivors exposed to low doses of radiation in Nagasaki was also reported
[6]. In general, two basic patterns of thyroiditis are recognized in correspondence with the
different phases of the disease. In older patients, the classical Hashimoto thyroiditis
generally occurs, and the epithelial hyperplastic changes are encountered occasionally. In
younger patients, the florid lymphocytic thyroiditis is common. The florid thyroiditis
shows lymphocytic infiltration without epithelial changes, including hyperplasia and
Askinazy metaplasia. However, in children around Cheronbyl, the epithelial hyperplasia
and Askanazy metaplasia are the common features. The presence of epithelial changes
suggests that thyroiditis has existed for a long time or that thyroid follicles are destructed
heavily in children around Cheronbyl. In this viewpoint, thyroiditis around Chernobyl is
classified to be autoimmune thyroiditis and Hashimato thyroiditis.

Our results provide the epidemiological evidence of cytologically diagnosed childhood
thyroid diseases among children and suggest a high incidence of thyroid cancer and
possibly also of autoimmune thyroid disease around Chernobyl [7]. In radiosensitive
children, the thyroid may be affected, directly or indirectly, by either immediate exposure
to radiation or continuous exposure to low-dose radiation in the contaminated area. This
study suggests that childhood thyroid diseases, including both neoplasms and immuno-
logical disorders, are considered to be an ideal follow-up disease for monitoring the late
effect of radioactive fallout.

Acknowledgements
The authors thank Noboru Takamura, Kiyoto Ashizawa, Hiroyuki Namba, Yoshisada

Shibata (Atomic Bomb Disease Institute, Nagasaki University) and Garina Panasyuk
(Gomel Specialized Medical Dispensary) for their cooperation.



192 M. Ito, S. Yamashita / International Congress Series 1234 (2002) 185-192

References

[1] S. Bhambhani, V. Kashyap, D.K. Das, Nuclear grooves. Valuable diagnostic feature in May-Grunwald~
Giemsa-stained fine-needle aspirates of papillary carcinoma of the thyroid, Acta Cytol. 36 (1990) 809—-812.

[2] ILM. Francis, D.K. Das, Z.A. Sheikh, P.N. Sharma, S.K. Gupta, Role of nuclear grooves in the diagnosis of
papillary thyroid carcinoma. A quantitative assessment on fine-needle aspiration smears, Acta Cytol. 39
(1994) 409-415.

[3] M. Ito, S. Yamashita, K. Ashizawa, T. Hara, H. Namba, M. Hoshi, Y. Shibata, I. Sekine, L. Kotova,
G. Panasyuk, E. Demidchk, S. Nagataki, Histopathological characteristics of childhood thyroid cancer in
Gomel, Belarus, Int. J. Cancer 65 (1996) 29-33.

[4] Y.E. Nikiforov, D.R. Gnepp, Pathomorphology of thyroid gland lesions associated with radiation exposure:
the Chernobyl experience and review of the literature, Adv. Anat. Pathol. 6 (2) (1999) 78-91.

[S] M.L. Rallison, B.M. Dobyns, F.R. Keating, J.E. Rall, EH. Tyler, Thyroid nodularity in children, JAMA, J.
Am. Med. Assoc. 233 (1975) 1069—1072.

[6] S. Nagataki, Y. Shibata, S. Inoue, N. Yokoyama, M. Izumi, K. Shimaoka, Thyroid diseases among atomic
bomb survivors in Nagasaki, JAMA, J. Am. Med. Assoc. 272 (1994) 364—-370.

[7] M. Ito, S. Yamashita, K. Ashizawa, H. Namba, M. Hoshi, Y. Shibata, I. Sekine, S. Nagataki, . Shigematsu,
Childhood thyroid diseases around Chemnoby! evaluated by ultrasound examination and fine-needle aspira-
tion cytology, Thyroid 5 (1995) 365-368.



International Congress Series 1234 (2002) 193-200

Gene rearrangements in thyroid carcinomas after
irradiation during childhood: lessons from the
Chernobyl reactor accident

Hartmut M. Rabes

Institute of Pathology, Ludwig Maximilians University of Munich, Thalkirchner Str. 36,
D-80337 Munich, Germany

Abstract

Papillary thyroid carcinomas (PTC) developed with a high incidence in children and young
adults who had been exposed to radioactive fallout in contaminated regions of Belarus after the
Chernoby! reactor accident. They are informative for a molecular genetic analysis of radiation-
induced PTC. In contrast to spontaneous PTC, a high prevalence of gene aberrations was found with
rearrangements of the receptor tyrosine kinase gene RET in the majority of cases and a few NTRK/
rearrangements. In the rearranged form of RET, the transmembrane and extracellular parts are
replaced by regulatory units of other genes. Among the fused genes, ELE] (ARA70) is most
prevalent in PTC at short latency periods after irradiation, 4 gene fusions prevail in later-occurring
PTC. Both types of rearrangement, PTC3 and PTC1, respectively, are formed by intrachromosomal
inversions on chromosome 10. Analysing ELEI/RET chimeric genes, we found radiation-induced
DNA breakpoints localized exactly at or in close vicinity to topoisomerase I binding sites indicating
a role for this enzyme in the formation of DNA breaks after irradiation. Breakpoints are distributed
in the affected introns of both genes without significant clustering. They do not contain larger
deletions of insertions. Short regions of sequence homology and short direct or inverted repeats were
observed at the breakpoints suggesting microhomology-mediated DNA end joining as a mechanism
in the fusion process. In addition to PTC1 and PTC3, we and others described several rare novel
types of RET rearrangement, all formed by interchromosomal translocations, with parts of Rlc,
GOLGAS, HTIF, RFG7, RFG8, KTNI, and ELKS fused at the 5” end of the RET tyrosine kinase
domain. These gene fusions appear to have in common an uncoupling of the RET tyrosine kinase
from its physiological control due to an inherent dimerization potential. This may lead to
constitutive, ligand-independent activation of RET tyrosine kinase in thyrocytes lacking this activity
under normal conditions, and subsequent clonal expansion of the affected cells. It is evident from
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our comparative study on a large number of PTC with ELEI/RET and H4/RET rearrangements after
irradiation that the type of the RET-fused gene determines the tumor phenotype and may be decisive
also for the clinical course of radiation-induced PTC. © 2002 Elsevier Science B.V. All rights
reserved.

Keywords: Papillary thyroid carcinoma; Gene rearrangement; DNA breakpoints; Irradiation; RET

1. Introduction

Epidemiological studies revealed a high transformation sensitivity of the thyroid gland
after external irradiation, particularly during childhood [1]. A new dimension for
analysing the underlying principles was opened by follow-up studies in radiation-
exposed children and young adults after the Chemobyl reactor accident when huge
amounts of radiaoctive isotopes, among others also high quantities of iodine radioiso-
topes [2], were released during a limited period of time. They led to contamination of in-
habitants of parts of adjacent countries, most severely in southern Belarus. After a latent
period of about 4 years, the first thyroid carcinomas [3,4] were observed in children in
the heavily radioiodine-contaminated areas. Children exposed at an age of up to about 4
years at the time of exposure showed the highest incidence [5] of papillary thyroid
carcinomas (PTC) [6,7]. In an attempt to disclose mechanisms of radiation-induced
thyroid carcinogenesis, a large number of post-Chernobyl PTC (n=191) that were sur-
gically removed between April 1993 and January 1998 were systematically analysed in
our laboratory [8,9]. In contrast to findings in sporadic thyroid carcinomas, a majority of
these tumors exhibited structural genetic aberrations, mainly gene rearrangements. DNA
breakpoint analyses in a selected series of these tumors with a typical type of rearrange-
ment (PTC3) will be summarized and will shed light on the mechanism of radiation-
induced gene rearrangements. Our original work where details are described has been
published [8—18].

2. The cohort of children and young adults

A total of 191 PTC was investigated that developed in 69 male and 122 female patients
who had been exposed to radioactive fallout after the Chernobyl reactor accident at an age
between 0 and 18 years. They formed an unselected representative cohort of tumors that
developed 7—12 years after the Chernobyl reactor accident, mainly in Belarus [9]. The
largest number of PTC was collected in the most highly contaminated parts of Belarus, the
oblast Gomel (46.6%). Of all patients, 56.5% were at an age of 4 years or less at the time
of exposure, 51.8% were <14 years at the time of surgery. Eighty-five percent had lymph
node metastases. Histological classification according to the predominant structures
revealed 30.9% typical papillary, 37.2% follicular, 22.0% solid and 3.1% diffuse scleros-
ing variants of PTC, besides mixed variants (6.3%). Deep-frozen tissues of the tumors
were analysed for genetic aberrations.
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3. Gene rearrangements

A high prevalence of rearrangements of the RET proto-oncogene was detected in post-
Chernobyl PTC. Under normal conditions, RET is expressed in neural crest-derived cells,
but not in thyrocytes. RET codes for a receptor tyrosine kinase. It is activated in a
heterotrimeric complex with its ligand GDNF and GDNFRa« [19]. Rearrangement leads to
oncogenic activation: The 3’ end of RET that comprises the tyrosine kinase domain is
fused to parts of other genes that permit ligand-independent activation of RET. Among the
RET-fused genes, three types have been described before the Chernobyl reactor accident:
PTC1, with a fusion of the A4 gene of unknown function [20,21]; PTC2, where RET is
fused to the regulatory subunit of the cAMP-dependent protein kinase A [22]; PTC3, with
the fusion gene ELE (ARA70) [23-25]. In post-Chermnobyl tumors of the first decade after
the accident (n=61), RET rearrangements were found in about two thirds of all PTC.
Among them, PTC1 was detected in 23.7%, PTC3 in 63.2% of RET rearrangement-
positive tumors. PTC2 was missing. In tumors with a latency period of more than 10 years
after the reactor accident, the fraction of RET rearrangement-positive cases declined to
43.1% (Table 1). While in the early period a predominance of PTC3 rearrangements was
observed, the later period was characterized by a switch from PTC3 to PTCI rearrange-
ments that comprised more than two thirds of all rearrangement-positive tumors (Table 2).

In addition to PTC1 and PTC3, various other types of RET rearrangements have been
detected recently in post-Chernobyl PTC. In PTCS5, a fusion of the carboxy terminal of
RET with GOLGAS5 was found, coding for a Golgi integral membrane protein [26]. PTC6
is characterized by fusion of RET to the transcriptional coactivator HT/F[ [13]. In PTC7,
an HTIF] homolog is fused to RET at the &' end of the tyrosine kinase domain [13]. PTC8
contains a rearrangement of RET with a gene of yet unknown function [16] (Table 3). In
other rare cases, a part of ELKS, a gene of unknown function, is fused to RET [27]. Very
recently, an additional RET rearrangement has been described in PTC from Belarus with a
fusion to kinectin [28].

The pattern of the newly formed chimeric genes follows the same basic principle: At
the 3’ end, the tyrosine kinase domain is always preserved. The length to the upstream end
of RET differs. In most cases, exon 11 is lost. Rarely a part of it remains preserved with an
intraexonic breakpoint present (PTC4) [29]. However, in all cases, the 5’ end of RET that
warrants the stringent control of RET activation, is replaced by the fused gene. It is
characteristic to the fused genes that they are ubiquitously expressed, contain coiled-coil
domains with dimerization potential and might thus lead to dimerization of the fusion
protein. The hypothesis is proposed that dimerization induces a RET ligand-independent,

Table 1

Prevalence of RET rearrangements in PTC detected at different time intervals after the Chernoby! reactor accident

Tumor latency RET rearrangement Number of cases Proportion

7-10 years Present 38 62.3%
Not detected 23 37.7%

>10 years Present 56 43.1%

Not detected 74 56.9%
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Table 2
Prevalence of various types of RET rearrangements in PTC during the early (<10 years) (»=38) and later (>10
years) (n=56) periods after the Chernoby! reactor accident

Type of RET RETfused gene Latent period
rearrangement First decade >10 years

n Proportion n Proportion
PTC1 H4 9 23.7% 39 69.9%
PTC2 Rlo 0 0 0 0
PTC3 ELEI (ARA70) 24 63.2% 14 25.0%
PTCS GOLGAS 1 2.6% 1 1.8%
PTC6 HTIF 1 2.6% 1 1.8%
PTC7 HTIF homolog 1 2.6% 0 0
PTC8 RFG8 2 5.3% 1 1.8%

constitutive activation of the RET tyrosine kinase and autophosphorylation, a prerequisite
to triggering the signal transduction cascade that under normal conditions seems inactive
in thyrocytes. This cell type-specific RET activation by release from normal control
appears to be the critical step for malignant transformation of irradiated thyrocytes.
However, biology of the developing thyroid carcinoma appears dependent also on the type
of the RET-fused gene. As summarized in Table 3, at least some RET-fused genes belong to
transcription coactivators with important functions in regulating transcription. Changes of
these functions because of (partial) loss of these genes by rearrangements with RET may
bear implications for the specific tumor phenotype. A study on relations between type of
RET rearrangement and tumor phenotype revealed a highly significant prevalence of solid
variants of PTC in PTC3, where ELE] is fused to RET, in contrast to papillary or follicular

Table 3
Types, function and chromosomal location of RET-fused genes (wild-type RET on chromosome 10q11.2)
Type of RET RET-fused Function Chromosomal Reference
rearrangement gene location of
RET-fused gene
PTCI H4 Unknown 10g21 [20,21]
PTC2 Rlx Catalytic domain of 17q23 [22]
cAMP-dependent kinase A
PTC3 ELE] Transcription coactivator 10ql11.2 [23-25]
(ARA70) of androgen receptor
PTCS GOLGAS Golgi integral l4q [26]
membrane protein
PTC6 HTIF] Transcription coactivator 7932 [13,28]
of nuclear receptors
PTC7 RFG7 HTIF homolog 1pl3 [13,28]
PTC8 RFGS8 Unknown 18g21-22 [16]
ELKS Unknown 12p13 [27]
KTNI Influence on microtubular 14g22.1 [28]

organelle movement
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variants of PTC in tumors bearing preferentially the PTCI type of rearrangement (H4/
RET). Further, the significantly higher prevalence of PTC3 in tumors with the shortest
latency period after irradiation indicates a more rapid development as compared to PTCI,
with higher prevalence at later intervals after the reactor accident. This assumption is
corroborated by a significant correlation between the more advanced p73/74 category and
the presence of ELEI/RET rearrangements compared with the H4/RET type of rearrange-
ment [9]. This observation may be relevant for the clinical prognosis.

Typically, RET rearrangements of highest prevalence (PTC1 and PTC3) are formed by
intrachromosomal inversions on chromosome 10 where RET is located at 10g11.2. In
contrast, interchromosomal translocations predominate in rare types of RET rearrange-
ments (Table 3). Obviously, a specific mechanism is involved in breakpoint formation and
recombination processes after DNA damage by irradiation favouring recombination by
intrachromosomal inversion. To contribute to a better understanding of the mechanisms
involved, we performed a genomic breakpoint analysis in 26 post-Chernobyl tumors with
an ELE1/RET rearrangement. Except for very few intraexonic breakpoints in RET exon 11,
all other RET breakpoints were found in RET intron 11. In contrast to former assumptions,
there was no significant microclustering of the breakpoints in this part of RET. A similar
breakpoint pattern without any significant clusters was found also in the ELE] gene. The
area covered by breakpoints in this gene comprised about 2.3 kbp, including a small intron
(522 bp), the following exon (144 bp) and the subsequent intron (1670 bp). Though two
alu elements are present in this large intron, breakpoints or the corresponding fusion points
do not show any clustering at these positions. Remarkably, only minor deletions and
insertions were present in the ELE] or RET gene at the fusion points. However, almost all
breakpoints were found in close vicinity to patches of microhomology in the wild-type
sequences. These findings indicate that rearrangements were not the result of homologous
recombination that would require larger stretches of homology. Instead, the results suggest
that fusions are formed by nonhomologous DNA end-joining mechanisms. Details of these
investigations are given elsewhere [18].

Usually it is assumed that double strand breaks are a prerequisite to gene rearrange-
ments [30]. Double strand breaks in ELE] and RET genes might be the consequence of
incorporation of high amounts of radioiodine into the thyroid gland. However, we found
in our genomic analysis a significant abundance of strong and intermediate topoisomer-
ase I binding sites at or near the fusion points of the two participating genes ELE] and
RET. Topoisomerase 1 changes the superhelical state of DNA under a variety of
conditions, including replication and recombination. It could be envisaged that the nor-
mal function of this enzyme, to induce a single strand break after formation of a covalent
bond between DNA at the recognition sequence and the enzyme, could also lead to a
double strand break when the enzyme is cross-linked by irradiation during DNA rep-
lication (for details see Ref. [18]). It is not yet clear whether such processes are involved
in the generation of ELEI/RET rearrangements because adequate test systems are still
missing.

The high prevalence of rearrangements formed by intrachromosomal inversions
between genes located at close vicinity to each other on chromosome 10 (ELE] and
RET, both at 10q11.2) suggests that the physical vicinity of the two genes is essential for
this type of rearrangement. We speculated about the possibility that ELE! and RET could
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be located, at least temporarily, at the same chromatin loop which could bring the two
genes close to each other and under the influence of the recombination machinery
triggered into action by a single strand break. This and other possible models of
rearrangements have been described [18].

4. Conclusions

Gene rearrangements appear to be typical, if not characteristic for radiation-induced
PTC. Other genetic aberrations as found in various types of sporadic thyroid tumors do not
play a major role in post-Chemobyl PTC. Exposure of the thyroid gland to high doses of
radioiodine induces multiply DNA damage sites and may lead to single or double strand
breaks without a preformed pattern in the genome. However, cells capable of repairing
DNA damage are a population at risk for malignant transformation. In the thyroid gland,
repair of DNA strand breaks occurring in a specific part of the RET proto-oncogene, in
intron 11, or, in a few instances also in exon 11, represents a critical lesion for changing
the regulation of the affected thyrocyte. The stringent control of RET tyrosine kinase
activity by a complex interaction of the ligand-binding domain with ligand and a specific
ligand-receptor molecule is suspended. Replacement of the extracellular part of RET by
fusion with various kinds of ubiquitously expressed genes that have in common coiled-coil
domains with putative potential for dimerization, triggers the preserved RET tyrosine
kinase to ligand-independent constitutive activation. Despite many attempts in the past,
consistent genetic alterations in addition to gene rearrangements have not yet been found
in post-Chernobyl. The fact that different parts of the same primary tumor as well as lymph
node metastases of the same patient exhibit identical RET rearrangements (unpublished
observations) suggests that gene rearrangements of the RET type represent the most critical
genetic change that putatively leads to clonal expansion and progression and may even be
important for invasion and metastasis. The exact mechanisms of rearrangement are not yet
known, but findings at gene fusion points suggest that chromosomal loops at the site
where ELE] (or H4) and RET are located might play a role for bringing these genes most
frequently involved into a position that allows microhomology-mediated recombination.
Other mechanisms may be effective in the other rare RET rearrangements that involve
interchromosomal translocations. They comprise less than 10% of all RET rearrangements
found after Chernobyl. With the unifying concept at hand that RET rearrangements are
important in radiation-induced thyroid carcinogenesis, it should not be overlooked that
RET-fused genes seem to participate in the phenotype determination of the tumors, as
became evident by comparing the biology and clinical behaviour of PTC1 and PTC3
tumors in our series of post-Chernobyl PTC large enough to draw a statistically valid
conclusion. The underlying mechanisms are not well understood, mainly as not much is
known about the exact physiological function of various RE7-fused genes, and how the
normal expression of these factors is influenced by balanced inter- or intra-chromosomal
inversion.

Post-Chernobyl PTC will continue to serve as a most valuable tool to understand
mechanisms of radiation-induced carcinogenesis and every effort should be made to use
this unique chance.
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Abstract

The unexpected serious increase in the incidence of thyroid cancer following the reactor accident
in Chernobyl led to considerable research efforts from abroad and the support of Belarus in order to
mitigate these health problems. In 1991, the Otto Hug Strahleninstitut-MHM (Otto Hug Radiation
Institute), a German non-governmental medical—scientific charity organization, started several long-
term aid programmes and treatment and research projects on thyroid cancer and other diseases of this
organ. Since 1993, the project “Thyroid Center Gomel” had more than 70000 patients from this
region for the diagnosis and treatment of thyroid diseases including cancer. The project of the
“Pathological Anatomical Laboratory” is situated in the Oncological Dispensary in Minsk, where all
childhood and juvenile and many adult thyroid cancers of Belarus are operated. More than 6500
thyroid tumours were diagnosed, preparing over 30000 pathological slides. In 1997, the project of
“Radioiodine Therapy” started in Gomel, giving treatment to more than 450 patients since that time.
Since 1992, a fruitful international scientific cooperation on the pathology and molecular genetics of
thyroid cancer resulted in a considerable progress in the understanding of this disease and in the
installation of a tumour tissue bank. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Among the CIS countries, the Republic of Belarus has received the biggest part of the
radioactive release after the reactor accident in Chernobyl. Belarus does not have the
capacity to face the enormous costs of remedying the Chernobyl effects on its own, and it
is insufficient to report and investigate only the plight of the affected population. It is our
moral obligation to support them as has also been emphasised by the Secretary General of
the United Nations. In contrast to the predictions of the International Chernobyl Project in
1991 released by the advisory committee of IAEA, the affected regions of the three
countries, in particular Belarus, experienced dramatic increases in the incidence of thyroid
cancer in children. Additionally, in contrast to the statements of the UN-Committee
UNSCEAR in 2000, the incidence of thyroid cancer in adults in the meantime also
increased dramatically in Belarus by a factor of about 5.

2. The medical programmes of the Otto Hug Strahleninstitut-MHM in Belarus

After studying the health system and the available possibilities under the situation of
the post-soviet time, it became clear that it would be preferable and more effective to
install and equip suitable diagnosis and treatment facilities inside the country instead of
taking selected patients for medical procedures abroad. Moreover, it appears that it is
unacceptable to perform research programmes on the state of health and use the biological
material of the patients if their complete medical treatment and after-care are not included
or guaranteed.

Following these principles, the Otto Hug Strahleninstitut, a German non-governmental
medical-scientific charity organization, started several long-term aid programmes and
treatment and research projects on thyroid cancer and other diseases of this organ in 1991
(Table 1). At that time, the incidence of thyroid cancer in children in Belarus had already
risen 30-fold over the mean incidence 10 years before the Chernobyl accident. According
its statute, the Otto Hug Strahleninstitut, after the events or in situations with radiological
exposure, gives the affected people humanitarian aid and health protection. The relief
measures have to be accompanied by the qualified scientific investigation of the radio-
logical situation and the examination of the health disorders in order to increase the
knowledge of the processes of the development of radiation-induced diseases, and to get
the information for the adaptation and improvement of the measures for the actual needs. It
is a principle of all medical aid programmes of the Otto Hug Strahleninstitut that the
medical care has the priority over scientific investigation since it is the standard in leading
clinics worldwide.

Five out of these eight programmes are directly associated with the diagnosis, treatment
and after-care of thyroid diseases including thyroid cancer in children, juveniles and adults
and the further education and training of the staff. The programmes are also the basis of an
international scientific collaboration with the scientists of the institutions in Belarus being
supported and several research groups in the west.

Since 1993, the project “Thyroid Center Gomel” had more than 70000 patients from
this region for the diagnosis, internal treatment of thyroid diseases including cancer and
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Table 1
List of the long-term programmes and projects of the Otto Hug Strahleninstitut-MHM in Belarus (year when the
programme started and main institutions being supported)

(1) Radiometric Control of Food and Territories (1991)
Centers of Hygiene and Epidemiology, Public Health Departments
(2) Prenatal Diagnostics—Genetic Consultation (1994)
Oblast Center of Genetic Consultation, Gomel
(3) Equipping of Hospitals (1991)
Hospitals and Dispensaries in Belarus
(4) Thyroid Center in Gomel (1992)
Endocrinological Dispensary of Oblast Gomel
(5) Pathological Anatomical Laboratory {1992)
Oncological Dispensary of the City of Minsk, Medical High School, National Thyroid Center of Belarus
(6) Radioiodine Treatment of Patients with Thyroid Tumours (1996)
Oncological Dispensary of Oblast Gomel
(7) Further Education (Medicine, Medical Technology, Radioecology) (1991)
Health services of all levels, University and Medical High School of Minsk, International Sakharov
University of Radioecology, Minsk
(8) Thyroid Endocrinology Laboratory in Minsk (1997)
Oncological Dispensary of the City of Minsk, Medical High School, National Thyroid Center of Belarus

medical after-care and performed more than 150000 thyroid status blood tests using
luminescence immune assays. The work of the hormone laboratory of this project is
regularly tested for its quality through the participation in an international quality test
programme.

The project of the ““Pathologic Anatomical Laboratory,” its routine work started in
1993, is in collaboration with the Belarussian National Thyroid Center and is situated in
the clinic where all childhood and juvenile and many adult thyroid cancers of Belarus are
operated. Until the spring of 2001, more than 6500 thyroid tumours were diagnosed,
preparing over 30000 pathological slides for the differential diagnosis of various types of
thyroid tumours according to internationally accepted standards. During the last months of
1997, the new project of “Radioiodine Therapy’ started in Gomel. This is of particular
importance for Belarus because it includes also the long-term aftercare and controlled
medication of the patients with L-thyroxine, taking advantage of the possibilities of the
Gomel Thyroid Center. About 50% of the children with thyroid cancer in Belarus come
from the region of Gomel. The value of the goods and services, which have been given to
Belarus on the basis of the programmes of the Otto Hug Strahleninstitut for all projects
until spring of 2001, is more than 22 million Deutsche mark.

3. Results of the scientific work under the Chernobyl aid programmes

The Chernobyl aid programmes of the Otto Hug Strahleninstitut were also the basis for
many international research activities and collaborations, in particular not only on cancer
and other disorders of the thyroid but also on other health disorders. This resulted in more
than 30 scientific papers. Since 1992, a fruitful international cooperation on the pathology
and molecular genetics of thyroid cancer resulted in a considerable progress in the
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understanding of the molecular processes involved in this discase. A fow examples of the
results of this scientific work are given in Refs. [1-5]. In the course of this long-term
international cooperation, a tumour tissue bank has been set up, which in the meantime
consists of a large number of samples. Further studies on the radiation-induced thyroid
cancer depend on this tissue bank, which also help in getting more fundimg necessary for
the medical therapy of the increasing number of thyroid cancer patients in Belarus after
Chemobyl,
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Abstract

Exposure of the thyroid to ionising radiation leads to an increased cancer risk. Whereas the
average excess relative risk after external exposure amounts to approximately 8 per Gy, this relative
risk is lower by a factor of 2 after exposure to radieiodine. The risk is greatest in newborns and small
children below age of 5, intermediate in adolescents and questionable in adults. Papillary thyroid
cancer with a relative incidence of approximately 80% per se is typical for thyroid cancer in
childhood and adolescence; however, after exposure to radioiodine, this relative frequency is
increased close to 100%. Bilateral involvement, multicentric growth and cancer not limited to the
thyroid gland seem to be characteristic for radiation-induced thyroid cancer. Up to now,
approximately 1500 cases of thyroid cancer in children below age of 15 have been diagnosed
between 1990 and 2000 after the Chernobyl accident in Belarus, the Ukraine and Russia.
Histologically, 94% of the tumors were classified as papillary thyroid cancer and tumors with stage
pTl in 26%, pT2 in 28%, pT3 in 1% and pT4 in 45%. Between Ist of April 1993 and 31st of
December 2000, 209 children from Belarus with most advanced stages of thyroid cancer have been
treated totally with 755 courses of radioiodine therapy in Germany. Of those selected cases, 71%
were staged as pT4, 97% as pN1 and 46% as pM1. Disseminated miliary spread was typical for lung
metastases detectable in 97 of those children. Up to now, complete remissions of tumor disease could
be achieved in 84% of the whole group (and in 67% of the children with distant metastases).
Fortunately, in no single case treated with radioiodine progressive disease or a recurrence has been
observed up to now. © 2002 Elsevier Science B.V. All rights reserved.

Keywords: Childhood thyroid cancer; Chernobyl; Radiciodine treatment
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1. The Chernobyl accident

During the night from 25th to 26th of April 1986, the most severe reactor accident
happened at the nuclear power plant Chernobyl 30 km south from the border of the
Ukraine to Belarus. The reactor core exploded and caught fire, which could be
extinguished not earlier than on the 9th of May 1986. Due to the burning graphite,
enormous amounts of radioactivity were released during the first 10 days. According to
recent calculations, approximately 12x10'® Bq (= 0.3 billion Ci) of radioactivity were
released, among them 1.8 X 10'® Bq of I-131. The radioactivity was transported with the
prevailing winds from the northern parts of the Ukraine to Belarus and the westem parts of
Russia, and later Scandinavia and parts of western Europe. Belarus has been most heavily
contaminated with 70% of the released activity. Extremely high contaminations have been
found in the regions surrounding the cities of Gomel and Brest [1].

2. Thyroid cancer in Belarus after Chernobyl

The frequency of thyroid cancer in children from Belarus, the Ukraine and the western
parts of Russia is increasing since 1990 [2—6]. Totally, in the three republics afflicted by
radioactive fallout from the Chemnobyl accident, approximately 1500 cases of thyroid
cancer in children below age of 15 have been diagnosed between 1990 and 1998, as
compared to approximately 100 cases diagnosed between 1968 and 1989 [2-6].

The most reliable epidemiological data seem to be available from Belarus [2,3]. The
relative incidence of thyroid cancer per 100000 children below age of 15, which amounted
to 0.1-0.3 between 1986 and 1989, increased to 4.0 in 1995 (Fig. 1). In the region of
Gomel, which has been most heavily contaminated after the Chernobyl accident by
radioactive fallout containing 1-131 and short-lived radioisotopes of iodine, the relative
incidence increased to 13.5 in 1995. Since 1996, the relative incidence of thyroid cancer in
children is decreasing (Fig. 1).

Fig. | shows that the relative incidence of thyroid cancer in adults from Belarus as well is
increasing since 1986. However, whereas the increase in children is approximately 20-fold
comparing the year 1995 to the mean of the years 1986—1989, the increase of the relative
incidence in adults between 1986 and 1997 is fivefold only. According to actual data of the
Survival Epidemiology and End Results Programme [7] from the USA, the yearly incidence
of thyroid cancer between 1990 and 1994 amounted to 4.9 per 100000 inhabitants (women
6.9, men 2.8 per 100.000). In children and adolescents below age of 20, the incidence was
0.1 per 100000 US inhabitants. Between 1950 and 1994, the incidence of thyroid cancer in
the USA increased by approximately 22% [7]. This comparison shows that the incidence of
thyroid cancer in children from Belarus, which was comparable to the incidence in the USA
before 1990, increased without any doubt after the Chernobyl reactor accident. On the
contrary, the incidence of thyroid cancer in adults from Belarus was lower by a factor of 2 in
1986 and at the end of the observation period in 1997, the incidence in Belarus was
approximately twofold higher as compared to adults from the USA. This increase in adults
may be related to the Chernobyl accident too, since children exposed in 1986 at the age
of 4 and older changed in 1997 from the cohort of children and adolescents below age of
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Fig. 1. Annual incidence of thyroid cancer from 1986 to 1999 in adults and children below the age of 15 years in
Belarus.

15 years into the cohort of adults. On the other hand, it has to be considered that the
incidence rate of 10.7 cases per 100000 adults lies in between the world wide variability of
incidence rates from 0.2 to 8.8 for men and 0.8 to 18.2 for women [8].

The mean dose to the thyroid of the 500000 children from Belarus exposed to
irradiation amounted to 0.4 Gy (25 percentile 0.08, 75 percentile 1.0 Gy) [9]. After
correction for the dependence of average thyroid doses on age, the radiation-induced
absolute thyroid risk in Gomel is about a factor of 3 higher for children up to the age of 10
years at exposure compared to older ones. Up to 10 years of age at exposure, the sex ratio
females/males is about 1.5. After puberty, the ratio increases. Taking the data together, an
excess absolute risk of 2.3 (95% CI 1.4-3.8) per 10* person-year Gy for children below
age of 15 can be calculated [10]. This is a factor of 2 lower than the best estimate derived
from the pooled study of thyroid cancer after external exposures [11]. Projecting the age-
adjusted average excess risk per unit thyroid dose for the period of 5—50 years following
the Chernobyl accident, it has been estimated that about 15000 cases (95% CI 5000—
45000) may develop [12].

As a whole, 673 cases of childhood thyroid cancer have been detected and operated by
the Centre for Thyroid Tumors in Minsk between 1986 and 1997 [2,3]. Of those children,
52% lived in the Gomel region. Histologically, 94% of the tumors were classified as
papillary thyroid cancer. At the time of surgical intervention in Minsk, 26% of the cases
had to be staged as pT1 (tumors of less than 1 cm of diameter), 28% as pT2 (between 1
and 4 c¢cm of diameter), 1% as pT3 (more than 4 cm of diameter without invasion of
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surrounding tissue) and 45% as the most advanced stage pT4 (tumors invading soft tissue
surrounding the thyroid gland). In 25% of tumors stage pT1-2 and 45% of tumors stage
pT4, cancer growth was classified histologically as multicentric. In 50% of the cases stage
pT1-3 and 81% of patients stage pT4, lymph node metastases have been observed during
surgery. The relative frequency of distant metastases diagnosed in Minsk immediately
postoperatively amounted to 5% in tumor stages pT1-3 and 24% in tumor stage pT4.

3. Treatment of thyroid cancer in children from Belarus

The German project “Scientists help Chernobyl Children” has been established in the
framework of a bilateral cooperation between two centres in Minsk and the University
Clinics for Nuclear Medicine in Essen and later Wiirzburg. Surgical resection of thyroid
tumors and removal of lymph nodes have been performed by the surgical team of the Centre
for Thyroid Tumors in Minsk. Radioiodine treatment and staging with nuclear medicine
procedures was the task of the Clinics for Nuclear Medicine in Essen and Wiirzburg,
respectively. Follow-up was performed in Minsk by the Centre for Thyroid Tumors and the
Research and Clinical Institute of Radiation Medicine and Endocrinology in Minsk.

3.1. Patients

Between the Ist of April 1993 and the 31st of March 2000, 209 children from
Belarus with most advanced stages of thyroid cancer have been selected for treatment in
Germany (Table 1). A total of 755 courses of I-131 therapy have been applied until the
31st of March 2000.

Table 1
Children with thyroid cancer from Belarus treated with I-131 in Germany between 1st of April 1993 and 31st of
December 2000

Patients 209 Children
755 Treatment courses

Origin 91 Gomel] area
118 Other parts of Belarus

Gender 119 Girls
90 Boys

Age 7-18 years (11.942.5)

Histology 207 Papillary cancers
2 Follicular cancers

Stage pTx—2 pNo—=6 pMo—112
pT1—3 pN1—203 pM1—97
pT2—51 95 Lung
pT3—4 2 Bone
pT4—149 1 Brain

Pretreatment 39 Radioiodine therapies in Minsk

5 Radioiodine therapies in Italy
19 Percutaneous irradiations
6 Chemotherapies
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Forty-four percent of the children originated from the heavily contaminated Gomel
region. The mean age of the children at the time of the reactor accident was 2.6+2.2 years
(78% of the children were below age of 5). Their mean age at the time of surgery ranged
from 7 to 18 years with a mean age of 11.9£2.5 years. This corresponds to a mean latency
time of approximately 9 years; the shortest time interval between exposure and surgery
was 3.2 years. Of the total number of the children, 59% were female, 41% male; 99% of
the cancers were typed histologically as papillary and 1% as follicular carcinomas.

Seventy-one percent of the cases selected for treatment in Germany because of the
aggressiveness of tumors had to be classified as stage pT4. In 97% of the cases lymph
node metastases and in 46% of the children distant metastases had been detected. With the
exception of two cases with secondaries to bone, distant metastases were localized in the
lungs (among those cases, one child with metastases to lungs and brain). Nearly all of
the cases with lung metastases presented as disseminated miliary spread, only 4% of
the children showed single localized nodular lesions. Only 53% of the children with lung
metastases detectable by I-131 scanning showed positive thorax X-rays; this proportion
was higher (82%) for high resolution computed tomography. In 44 of the 209 children,
radioiodine treatment had been performed with different activities in Minsk (mainly low
activities up to 1 GBq) and previously in Italy; 19 of the children had been irradiated
percutaneously with mainly low radiation doses (up to 20 Gy). In six children, chemo-
therapy with different drugs had been performed in Minsk.

3.2. Protocol

The diagnostic protocol included ultrasonography and scintigraphy of the neck, thorax
X-ray, computer tests of pulmonary function, determinations of thyroglobulin, TSH, free
T, and free T3 in serum as well as measurements of calcium, phosphate and differential
blood cell counts. Additionally, X-ray computed tomography (CT), whole-body counter
measurements of incorporated radionuclides and biological dosimetry have been per-
formed in a subset of children.

For treatment, 50 MBq of I-131 per kg of bodyweight have been applied to eliminate
thyroid remnants. For ablation of metastases, 100 MBq of 1-131 per kg of bodyweight
were given. Simultaneously, antiemetica and emulsions for the protection of gastric
mucosa were given to reduce gastrointestinal side effects. Two days after treatment,
replacement therapy with levothyroxine, which had been withdrawn 4 weeks before
treatment, was restarted. The mean dose amounted to 2.5 pg of levothyroxine per kg of
bodyweight. For staging, whole-body scans were performed 4 days after the application of
radioiodine. The mean interval between two consecutive treatment courses was 4.6
months.

3.3. Results of treatment

In 191 of 209 children, more than one course of radioiodine treatment has been
performed in Germany up to now. In those cases, the results of treatment could be checked
by follow-up with I-131 scintigraphy (Fig. 2), ultrasonography of the neck, X-ray of the
thorax and determinations of thyroglobulin in serum (Table 2).
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Fig. 2. I-131 whole-body scans in a 13-year-old boy with disseminated pulmonary metastases of papillary thyroid
cancer successfully treated with four courses of radioiodine.

In 160 out of 191 children (84%), complete remissions of thyroid cancer could be
achieved up to now. In 16%, we were able to recognize partial remissions defined as
decrease of tumor volume, tumor marker serum level or intensity of radioiodine uptake for

Table 2

Results of radioiodine treatment in 191 children with differentiated thyroid cancer from Belarus (01.04.1993 -
31.12.2000)

N=191 Complete Partial No Progressive
remission remission change disease
pT1-3 NO MO 1 - - -
M1 1 1 - -
N1 MO 35 1 - -
M1 4 I1 - -
pT4 NO MO 1 - - -
M1 I - - -
N1 MO 64 - - -

M1 52 19 - -
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at least 50%. Fortunately, in no case progressive disease has been observed. It is important
to mention that the results given here are not the final results of treatment since in some
cases without complete remission, further courses of radioiodine are applicable. Up to
now, fortunately, only three children from Belarus with thyroid cancer after Chernobyl
died, among them, two cases with postoperative complications due to locally widespread
tumor and one child with a recurrence which escaped from follow-up.

4. Discussion and conclusions

There is no doubt that exposure to radiation may induce thyroid cancer in children
[1,5,6,9-27]. According to the review of Ron et al. [20] “The thyroid gland in children
has one of the highest risk coefficients of any organ and is the only with convincing
evidence for risk at about 0.1 Gy.” Linearity best describes the dose response in children
exposed to radiation before age of 15. Risk decreases significantly with increasing age at
exposure, with little risk apparent after age of 20. The excess relative risk seems to be
higher for females than that for males [20].

Latent times between radiation exposure and development of thyroid cancer range
between minimally 3—7 years and maximally 40—50 years. Between 10 and 15 years, a
nadir of the statistical distribution may be presumed [23]. The relative incidence of thyroid
cancer per 100000 of children below age of 15 increased in Belarus from 0.1-0.3 cases
between 1986 and 1989 to 4.0 cases in 1995. For comparison: According to figures from
the USA [7,16,28] and data from the German Cancer Registries in Hamburg and the
Saarland, incidences of thyroid cancer in children below age of 15 amount to approx-
imately 0.3-0.5 cases per 100000.

It has been claimed that malignant thyroid tumors after external irradiation typically
present as papillary cancers in approximately 85% of the exposed children and adolescents
[19,24,26]. However, Samaan et al. [22] showed, when comparing two cohorts of thyroid
cancer patients with and without a history of head and neck irradiation as children, that the
proportion of papillary cancers in those two cohorts was not different with 87% and 84%,
respectively. This indicates that papillary histology per se is typical for thyroid cancer in
childhood and adolescence. However, Samaan’s study revealed with statistical significance
that bilateral lobe involvement (51%) and cancer not limited to the thyroid gland (70%)
seemed to be characteristic for radiation-induced thyroid cancer [22].

Table 3 compares recent multicentric studies on childhood thyroid cancer from Italy,
France and Germany [18,29] to the statistical material which is available at the Centre for
Thyroid Tumors in Minsk, Belarus, about 574 cases of childhood cancer diagnosed after
the Chernobyl accident between 1986 and 1997 {2,3].

Table 3 proves that a high proportion of papillary histology is typical for thyroid cancer
in children and adolescents [22]. However, in children exposed to irradiation from Belarus
the percentage of papillary cancers is extremely high with 98% as compared to children
from Ttaly and France (82%) and Germany (78%). In addition, the proportions of tumors
with multicentric growth (33% versus 20%) and pT4 stage (45% versus 25% and 29%,
respectively) are higher in children from Belarus. Lymph node involvement as well is
more frequent in children from Belarus (68%) as compared to children from Italy and
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Table 3
Thyroid cancer in children: data from Belarus in comparison to data from Italy, France and Germany
Study features Belarus [3] Italy and Germany
France [18] [29]
Number of children 574 369 114
Mean age 9.9 years 14.6 years 13.2 years
Female/male 1.5:1 2.5:1 2.4:1
Papillary histology 98% 82% 78%
Multicentric growth 33% - 20%
pT4 45% 25% 29%
pN1 68% 54% 52%
pM1 16% 17% 25%

France (54%) or Germany (52%). An unequivocal difference of the frequency of distant
metastases is not conceivable (16% versus 17% and 25% respectively). However, the data
available from Belarus may underestimate the frequency of distant metastases because
routine I-131 whole-body scans have been performed only in a small subgroup of the
patients.

To summarise, characteristics of thyroid cancer in children exposed to Chernobyl
fallout seem to be papillary histology and signs of aggressive growth. However, it cannot
be ruled out completely that these peculiarities are related to the younger age of Chernobyl
children (mean 9.9 years) as compared to the mean ages of children from Italy and France
(14.6 years) and Germany (13.2 years), respectively (Table 3).

It is well known that papillary thyroid cancers tend to spread via the lymphatic pathway
to the lungs [30]. Typically, this miliary type of disseminated pulmonary metastases may
only be detected by whole-body scintigraphy and not by thorax X-ray [24], which was
observed in 47% of our children with lung metastases. Eighty-six of the nine children from
Belarus with secondaries to the lungs treated in Germany presented with disseminated
pulmonary lesions. These could be removed completely by I-131 therapy in 67% of the
children. In the remaining 33% of patients, partial remissions have been observed with
decreasing intensity of radioiodine uptake and reduction of mostly extremely elevated
thyroglobulin levels in serum. However, 8 of those 90 children with radioiodine uptake in
lung metastases showed decreases of vital capacity, which has been measured routinely
during therapy. Computed tomography proved that pulmonary fibrosis had developed.
Lung fibrosis is one of the possible complications of high-dose radioiodine treatment in
patients with pulmonary metastases of thyroid cancer. However, five of the eight cases
diagnosed in our study had been treated previously with Bleomycin which itself is known
to induce pulmonary fibrosis. Fibrosis may develop according to the literature in up to
10% of children with lung metastases [31].

However, generally, prognosis of thyroid cancer in children is reported to be excellent
[14,16,22,28,32,34]. Children have a prognosis better than the adults. Even in cases of
scintigraphically, persistent pulmonary metastases prognosis seems to be good [30,33].
Today, it is generally accepted that treatment guidelines for children and adults have to be
identical [14,16,22,28,32,34]. Routine treatment has to include thyroidectomy, selective
removal of positive lymph nodes and consecutive radioiodine treatment. Only in cases
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stage pT1 total thyroidectomy and subsequent radioiodine ablation of thyroid remnants are
not mandatory because of the excellent prognosis of such tumors. However, it should be
taken into consideration that a tumor diameter of 1 cm in a 10-year-old child with a thyroid
volume of approximately 10 ml is relatively larger by a factor of 2 as compared to a tumor
of same size in an adult with a thyroid volume of 20 ml [35].
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Abstract

Data on thyroid cancer cases operated in the period 1986—1999 among those born in Belarus and
in Ukraine during the period 19681985 are analysed. Whereas the dependence of the total number
of thyroid cancer cases on time after exposure is similar in the two countries, there are obvious
differences in the dependencies on age at operation and on age at exposure. © 2002 Elsevier Science
B.V. All rights reserved.
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1. Introduction

A large increase of the thyroid cancer incidence was observed in Belarus [1] and in the
northern oblasts (regions) of Ukraine [2] among those who were children or adolescents
during the Chernobyl accident. In both countries, special registries were set up to which all
of the operated cancer cases among those bor after 1 January 1968 have to be reported.
Compared to the national cancer registries, a main advantage of these special registries is
the information on the place of residence at the time of exposure, which is a necessary
prerequisite to perform risk estimates. All of the cases in the registries were diagnosed by
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local pathologists. In Belarus, many of the cancer cases were checked by international
teams of pathologists [3]. In Ukraine, one third of the cases (543 cases) were verified by
the Institute of Endocrinology and Metabolism of Ukraine and most of these cases, again,
were checked by international teams of pathologists. The confirmation rate for the cancer
diagnosis was in the order of 97%.

2. Thyroid cancer incidence in Belarus and in Ukraine

The thyroid cancer cases that have been reported to the national thyroid cancer
registries for the birth cohort 1 January 1968 to 31 December 1985 and for the time
interval of operation from 1 January 1986 to 31 December 1999 amount to 1292 in
Belarus and to 1613 in Ukraine (Fig. 1). The birth cohort includes 2.7 million persons in
Belarus, and 13 million in Ukraine. In Belarus, the annual incidences increased from about
10 cases per year in the period 1986—1988, over 100 cases in 1992 to 185 cases in 1999.
The corresponding incidences in Ukraine were 20, 110 and 251 cases per year. According
to recent estimates of the exposure-independent baseline incidence, about two third of the
cases in Belarus [4] and about one third of the cases in Ukraine [5] are due to the
Chernobyl accident.
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Fig. 1. Thyroid cancer cases that have been reported to the national thyroid cancer registries for the birth cohort 1
January 1968 to 31 December 1985 and for the time interval of operation from 1 January 1986 to 31 December
1999. The numbers in the figure give the cumulated number of cases.
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Fig. 2. Number of female and male thyroid cancer cases reported for the period 1986—1999 to the registries for
the birth cohort 19681985 of Gomel oblast (0.24 million males and 0.23 million females) in Belarus and of the
Zhytomyr, Chernihiv and Kyiv oblasts including Kyiv city (0.95 million males and 0.92 million females) in

Ukraine.

Most of those born in 1986 were exposed in utero or by breast feeding. Their doses are
smaller than those who consumed fresh milk. Among those born in 1986, 34 cases have
been registered among 0.17 million Belorussian children and 31 cases among 0.77 million
Ukrainian children. Accordingly, the thyroid cancer incidence rate among the 1986 birth
cohort is 14 cases/10° person-years (PY) in Belarus (3 cases/10° PY in Ukraine) and

Annual cases per birth year
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Age at operation (years)

Age at operation (years)

¥ 1992 - 1995 [ 1996 - 1999
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- - Zhytomir,Chernihiv
L and Kyiv
10 15 20 2510 15 20 25 30

Fig. 3. Number of thyroid cancer cases as a function of age-at-operation as reported for the periods 19921995
and 1996—1999 to the registries for the birth cohort 19681985 of Gomel oblast in Belarus and of the Zhytomyr,
Chernihiv and Kyiv oblasts including Kyiv city in Ukraine.
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Fig. 4. Number of thyroid cancer cases reported for the period 19861999 to the registries for three birth cohorts
of Gomel oblast in Belarus (solid line for females and broken line for males) and of the Zhytomyr, Chernihiv and
Kyiv oblasts including Kyiv city in Ukraine (broken line with dots for females and dotted line for males).

considerably smaller than among the birth cohort 1968—1985 (34 cases/ 10° PY in Belarus
and 8.9 cases/10° PY in Ukraine).

Radiation induced effects are especially expressed in highly contaminated regions. The
living place at the time of the Chernobyl accident is used here to assign the cases to the
different regions of the two countries. The lower panel of Fig. 1 shows operated thyroid
cancer cases reported for the Gomel oblast (region) in Belarus and for the Zhytomyr,
Chernihiv and Kyiv oblasts including Kyiv city in Ukraine. These areas have been chosen
here to show dependencies of the thyroid cancer incidence on gender, on age-at-operation
and on age-at-exposure.

In the contaminated areas of both countries, the ratio of the number of thyroid cancer
cases among females is about a factor of 2 larger than among males (Fig. 2).

The thyroid cancer incidence in Gomel was highest for age at operation’ of 10 years in
the period 1992—1995 for age at operation of 14 years in the period 1996—1999 (Fig. 3).
For older ages at operation (17-27 years in the period 1992—1995 and 21-31 years in the
period 1996—1999), the number of cases does not vary strongly with age and the incidence
in this age range is by factor of 6—8 smaller than in the peak. In the contaminated area of
Ukraine, however, the incidence depends less on age at operation. An increase is observed
for higher ages at operation, which is mainly due to an increasing incidence among
females.

The incidence among those with an age at exposure” of 16 years is in Gomel by a
factor of 5 larger than the incidence among those with an age-at-exposure of 13—18 years,
the ratio of cases among females to cases among males is about the same in both age-at-
exposure groups (Fig. 4). In the contaminated areas of Ukraine, the incidences in the two
age-at-exposure groups differ less than by a factor of 1.5, the ratio of cases among females
to cases among males is considerably larger for the older ones.

! Throughout the paper, the difference between the year of operation and the year of birth is used as a
surrogate for the age at operation.

2 Throughout the paper, the difference between 1986 and the year of birth is used as a surrogate for the age at
exposure.
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3. Conclusion

In summary, it may be concluded that the dependence of the total number of thyroid
cancer cases on time after exposure is similar in the highly contaminated areas of Belarus
and Ukraine. However, there are obvious differences in the dependencies on age at
operation and on age at exposure. Probably, differences in screening and case reporting to
the central registries contribute to these differences in the thyroid cancer incidence in the
two countries. It may be concluded that thyroid cancer risk estimates based on these data
[6—8] reflect situations as they can occur after exposures of larger population groups to
311 and will therefore be of help in the planning of emergency actions like the distribution
of the stable iodine in such a case.
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1. Introduction

Because of its superficial location, thyroid gland is ideally situated for high-frequency
ultrasound examination. Nowadays, ultrasound examination of thyroid is recognized as
the most useful radiological examination for screening and early diagnosis of nodular
thyroid disease, thyroid cancer in particular. Initial clinical application of ultrasound in
diagnosis of thyroid diseases was made by Fujimoto et al. [1] in 1967. Technical
possibilities of the equipment used at that time did not allow the assessment of
morphological organ structure because there was no gray-scale estimation in the real
scale of time. It was only possible to detect the thyroid gland itself and differentiate solid
nodules from cyst. The improvement in the ultrasonic diagnostic equipment in the 1970s
and usage of high frequency probes increased sensitivity of this examination [2]. At
present, ultrasound is used to distinguish diffused pathological processes from local ones,
cystic formations from solid ones; conduct topic, and, in some cases, nosology diagnosis
[3,4]. Besides using ultrasound examination, it is possible to measure the exact thyroid
volume. This information is extremely important for dose calculation in radio-iodine
therapy. Ultrasonography is particularly useful during follow-up to control the patients’
response for suppressive L-thyroxin therapy. One of the most important applications of

- Conesponding author.
E-mail address: drozd@bcsmi.by (V.M. Drozd).
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ultrasound in thyroid diagnosis is fine-needle aspiration biopsy (FNA) guidance. Con-
tinuing improvements in image quality and development of more sophisticated Doppler
techniques will lead to an increased role of ultrasound in clinical management of thyroid
patients [5].

After the Chernobyl accident, there was a tendency to a considerable increase in the
incidence of thyroid cancer in Belarus. The frequency of thyroid cancer in children from
Belarus, Ukraine, and the southwestern part of Russia had been increasing since 1990.
There is no doubt that systematic screening of the thyroid gland in children that started in
the most contaminated regions in 1990 contributed to it. However, the increase in the
number of carcinoma cases was considerably higher than it could be expected due to the
implementation of screening alone. In Belarus, by the end of 2000, 710 children with
thyroid carcinoma were operated. Of these cases, pT1 was diagnosed in 21.7%, pT2-3 in
41.1%, and pT4 in 37.2% of the patients. In 69% of the children, lymph node metastases
have been observed during surgery (pN1). Distant metastases (pM1) were diagnosed
postoperatively in 17% of the children.

An analysis showed that child thyroid carcinoma is more aggressive compared to that
of the adult, and characterized by a high frequency of complications required after
additional surgery. These particularities make the problem of early diagnosis of thyroid
cancer one of the most important.

The paper aimed to show our results in clinical application of ultrasound examinations
for early diagnosis of thyroid cancer in children of Belarus.

2. Materials and methods

All children with thyroid pathology (nodes and diffuse changes in the thyroid at
ultrasonic scanning) were thoroughly examined in “Aksakovschina”, the hospital of
Research and Clinical Institute of Radiation Medicine and Endocrinology, to prove or
disprove thyroid pathology. A fine-needle aspiration was performed for those patients who
had thyroid nodes of more than 0.5 cm.

Since 1990, 122 cases of thyroid carcinoma in children have been diagnosed in the
Aksakovschina Clinic and all these patients were involved in our study. The male/ferale
ratio was 1:1.6, age, 6—16 years.

2-D ultrasound thyroid examination was performed with the ultrasonic real-time
scanner, “Toshiba” SSA 240A (7.5 MHz sector probe) and Hewlett Packard “Image
Point” (7.5 MHz linear probe). Both gray-scale and Power Doppler images were analyzed.
Sonography was performed with the patient in the spine position with the neck slightly
hyperextended.

Using 2-D ultrasound examination, thyroid volume (V') measurements were done by
measuring the height (H), width (W), and length (L) of the thyroid lobes from two
selected orthogonal scans (transverse and sagittal). Calculation of thyroid volume, as that
of the corresponding ellipsoid, was done by Brunn et al. [6]: V=HX WXL x0.479. The
volumes of the right and left lobes were added together to give the total volume.

During the Power Doppler examination, we detected a pattern of nodule vascularisa-
tion. Power Doppler patterns of thyroid node vascularisation were classified into three
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Fig. 1. Classification of 122 thyroid cancer cases by pTNM staging. The figure on the bar indicates the number of
cases.

types: I—nodules without vascularisation, lI—nodules with perinodular vascularisation,
[II—nodules with intra- and perinodular vascularisation [7]. All cases of thyroid
carcinoma were verified by morphological study after surgery.
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Fig. 2. Patterns of the ultrasound images of 114 thyroid carcinomas. The figure on the bar indicates the number of
cases.
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Statistical analysis was performed with parametric and nonparametric methods in the
electronic tables Excel 5 of Microsoft Windows.

3. Results

The early recognition of thyroid carcinoma has become possible now due to the
conducted mass ultrasonic screening and follow-up of patients from the risk group
exposed to radiation (children exposed to ionising radiation in utero and during the first
4 years of their lives, and children with changes in the echoimage of the thyroid or with
small nodules in thyroid in diameter up to 0.5 cm.) As a result of the intensive screening
and follow-up program, we diagnosed patients with T1 stage of thyroid cancer (micro-
carcinoma) in 48.4% of our 122 patients (Fig. 1). Meanwhile, regional lymph node
metastasis was found in 60.7% of the patients.

We have studied particularities of ultrasonic picture in thyroid cancer patients before
surgical removal. QOur experience showed that visualization of thyroid carcinoma is
possible in two forms: nodular (114 patients—93.5%) and diffuse (8 patients—6.5%).

The nodular variant of thyroid carcinoma is visualized as a node that is located within
the enlarged gland. The enlargement of the gland can be up to 1.5 times compared to the
normal size of thyroid. Mean diameter of the nodules was 1.5 cm.

Patterns of the ultrasound images of thyroid cancer are shown in Fig. 2. Single node
was registered in 88% of the cases. Two or more nodular formations were visible in 12%
of the cases. The node was topically located next to the thyroid capsule in 95.5% of
patients.

Fig. 3. Thyroid cancer with regular outline.
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Fig. 4. Thyroid cancer with irregular outline.

The nodular formation looked more frequently like an inhomogeneous structure (84%)
with both regular (37%) (Fig. 3) and irregular outline (63%) (Fig. 4). A “halo”, a hy-
poechogenic margin, was observed in 12.4% of the children with thyroid cancer (Fig. 5).
Thyroid nodes were hypoechogenic in the majority of the patients, 62% of the cases,

Fig. 5. Thyroid cancer with halo sign.
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Fig. 6. Papillary carcinoma (T4N1Mx). Multiple metastases in lymph nodes, (a) transverse scan, (b) longitudinal
scan.

isoechogenic in 24%, and mixed in 14% of the cases. Pathological study showed that the
isoechogenic feature of the node might indicate either the dissemination or multifocal
growth of tumor within the thyroid gland [8].

In general, regional lymphatic nodes of different echogeneicity (hypo-, iso- and mixed)
were visible in 66% of the children with the nodular form of thyroid cancer. By FNA, we
proved that the isoechogenis pattern of lymph node visualization was typical for metastatic
lymphatic nodes (Fig. 6).

The diffuse variant is characterized by essential volume enlargement of the thyroid (more
than two times) with a diffuse structure modification, hypo- or mixed, inhomogenous
echogeneicity (Fig. 7). Enlarged lymphatic nodes were visible in all cases. Although a
hypoechogenic character of the thyroid was found in three out of eight children, mixed
echogeneicity occurred more frequently (in five children). In the homogeneous and
hypoechogenic character of the enlarged thyroid, children with the diffuse form of car-

Fig. 7. Papillary carcinoma diffuse variant in transverse scan (looks like autoimmune thyroiditis) (TAN1BMO).
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a. b.

Fig. 8. 3-D reconstruction and Power Doppler images of thyroid carcinoma.

cinoma looked like an ultrasonic picture of autoimmune thyroiditis, and it was diagnosed
only due to the fine-needle aspiration puncture.

Power Doppler examinations of the thyroid nodes were carried out in 11 thyroid cancer
patients. Absence of intranodular vasularisation was registered only in three patients: type
I of nodule vascularisation was registered in two patients, type II in one patient. Type 111
was registered much more often, in eight patients (Fig. &).

4. Discussion

Nowadays, ultrasound plays a significant role in the early diagnosis of thyroid cancer.
Particularities obtained in our study of ultrasound visualization of the thyroid carcinoma
correspond to other reports. For example, 78% out of the 506 cases of thyroid carcinoma
that were described from 1968 to 1983 were hypoechoic [9]. Besides, the most reliable
ultrasound pattern of the nodular form the thyroid carcinoma in other reports was of an
irregular outline [10,11].

In our study, ultrasound characteristics of thyroid carcinoma in children were more
variable. For example, in 11.4% of the cases of thyroid carcinoma in children, we detected
the “halo” sign. Therefore, in contrast to some authors [12], we cannot rely on the absence
of “halo” as the good sign of malignancy.

In the current literature related to ultrasound investigations, we did not find any
reference on the diffuse variant of thyroid carcinoma. The majority of authors analyze
ultrasound images only for the nodular form of cancer with regular and irregular outline
[13,14]. In children exposed to radiation, we observed the diffuse variant of thyroid
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carcinoma. This diffuse form may result from the multifocal growth and rapid progression
of the disease. In some cases, diffuse forms were caused by diffuse sclerosing variant of
papillary thyroid carcinoma.

One of the most important parts of ultrasound examination of children with thyroid
carcinoma is the determination of affected regional lymph nodes. According to the
pathological study, up to 18.2% of the cases of thyroid microcarcinoma [15] and 38—
90% of all the cases of thyroid carcinoma are associated with regional lymph node
metastasis [16]. Detection of multiple isoechogenic lymph nodes is one of the most
reliably and frequently unique criteria for the early diagnosis of thyroid carcinoma
metastasis. Criteria for ultrasound diagnostic of differentiation of benign and malignant
lymph nodes in children are similar to those in adults [17].

Increased sensitivity in detecting slow blood flow using Power Doppler Sonography, in
contrast to Color Doppler, enables to improve the detection of intranodal vascularity. As
thyroid cancer growth is associated with tumor neoangiogenesis and neovascularisation
[18], a high percentage of Power Doppler pattern I1I was more often found in children with
thyroid malignancy than in children with benign nodes [12].

Future development of ultrasound diagnostics will be in the clinical application of the
3-D reconstruction of US images. This method can provide much more exact volume
measurements, detailed topic diagnostics of node location, and its relation with surround-
ing tissues. Our experience in this sphere is unique, but our results fully correspond
to the in vitro study on cadaver thyroids and phantoms [19,20], 3-D reconstruction
allows to conduct a comparison of the ultrasound and morphological composition of the
tumor. It could result in the improvement of early ultrasound verification of thyroid
cancer.

5. Conclusion

Ultrasonic particularities of thyroid carcinoma in children exposed to radionuclides
could be characterized as follows;

1. The ultrasonic picture of thyroid carcinoma, with respect to spread, can be
distinguished into two forms: nodular and diffuse. The nodular variant can be divided
into nodes with the limited spread (which have either regular or rather regular outlines) and
nodes with a vast spread (with an irregular outline).

2. More frequently, the tumor is visualized as a hypoechogenic node. However, the
isoechogenic feature of the node might indicate either the dissemination or multifocal
growth of the tumor within the thyroid gland or diffuse sclerosing variant of papillary
thyroid carcinoma.

3. Thyroid carcinoma is frequently followed by metastasis in regional lymph nodes.
Isoechogenic character of visualized cervix lymph nodes is likely to indicate the presence
of malignancy in the thyroid.

4. Location of the node next to the thyroid capsule might cause extra capsule
dissemination of tumor (T4).

5. Recent improvement of early diagnosis of thyroid cancer increases a part of the
patients with T1 stage and decreases T4.
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6. 3-D> ultrasound and Power Doppler Senography could improve the early diagnosis of
thyroid nodular pathology.
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Abstract

A medical team consisting of 36 specialists has examined 36454 children and adults living in Tula
region of Russia, where Cs-137 ground contamination levels are from 3.2 to 5.6 Ci/km®. A procedure
of ultrasound thyroid screening was divided to medical and computer parts. The medical part included
registration through individual thyroid examination; ultrasound examination of the thyroid of each
person; repeated ultrasound examination of individuals with thyroid abnormalities; fine-needle
aspiration biopsy of the thyroid, if needed, under ultrasound guidance and blood drawing; and
physical examination by endocrinologist. The “Chart of ultrasound screening” was elaborated to
summarize ultrasound findings and to simplify the documentation. The computer-based information
system assured: database maintenance; saving thyroid images in digital format; providing the patients
with the results of their examinations; and obtaining health statistics data. In summary, in the group of
5-9 years of age, no thyroid carcinomas were found; in age group of 10—14 years — 0.013%; in age
group of 15—19 years — 0.044%; in age group of 20-29 years — 0.091%; in age group of 30-39
years — 0.121%; in age group of 40—49 years — 0.553%; in age group of 50-59 years — 0.349%.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

The conventional methods of medical examination for thyroid disease diagnosis begin
with the inspection of patients by the endocrinologist. It should be realized, however, that
the palpation and external inspection do not reveal all the thyroid diseases.
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The principal difference in our ultrasound screening procedure compared with the
conventional approaches was that it began with the primary ultrasound examination of the
individuals by the ultrasonographists who concluded either normal thyroid state or thyroid
abnormality.

In general, the medical part of ultrasound screening included five steps: (1) registration
of the persons to be examined; (2) primary ultrasound examination of the thyroid of each
person; (3) repeated ultrasound examination of individuals with abnormalities detected at
previous step; (4) fine-needle aspiration biopsy of the thyroid abnormality, if needed,
under ultrasound guidance and blood drawing; and (5) physical examination of patients by
the endocrinologist.

The other part of the ultrasound screening was the collection and organization of data
using computer-based information system. The “Chart of ultrasound screening” was
elaborated to summarize ultrasound findings and to simplify the document filing by the
medical team. The expert evaluation of the charts and the information from charts were
entered into database. The computer-based information system assured: database keeping;
saving thyroid images in digital format; providing the patients with detected thyroid
diseases with the results of their examinations in the form of printed protocols; obtaining
health statistics data and reports.

We have a 12-year experience of thyroid screening examinations using the above
procedure. Twenty specialists of the medical part and 10 computer operators are capable to
complete examination and data entry for 3000 persons within one working day.

2. Subjects and methods

Table 1 shows age and sex distribution of subjects examined. In all, 364354 people
underwent ultrasound screening examination. There were 16238 (44.6%) males and
20216 (55.4%) females. The main attention was given to children and teenagers. In the
age group of 5—14 years, 23936 (65.6%) persons were examined, in the age group of 15—
19 years— 6754 (18.5%) persons, in the age group of 20—60 years or more — 5764
(15.9%) persons.

Table 1
Age and sex distribution of subjects examined
Age group Total Males Females

No. % No. % No. %
5-9 8958 24.57 4565 28.11 4393 21.73
10-14 14978 41.09 7576 46.66 7402 36.61
15-19 6754 18.53 2955 18.20 3799 18.79
20-29 1099 3.01 263 1.62 836 4.14
30-39 1647 4.52 332 2.04 1315 6.50
40-49 1810 4.97 316 1.95 1494 7.39
50-59 860 2.36 156 0.96 704 3.48
60— 348 0.95 75 0.46 273 1.35

All ages 36454 100.00 16238 100.00 20216 100.00
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A total of 860 patients were examined with echo-guided fine-needle aspiration biopsy
and cytologic investigation. Blood was taken from 266 patients to verify autoimmune
thyroiditis. After screening, 74 patients underwent surgical operations.

The ultrasound images of the abnormal thyroid gland were saved in digital format or on
thermopaper. On the basis of the screening results, a database was created.

The ultrasound screening program was carried out in the towns of Uzlovaya and
Novomoskovsk of Tula Region. According to medical monitoring findings, Cs-137
ground contamination levels in Uzlovaya resulting from the accident at the Chernobyl
Nuclear Power Plant were 3.2—5.6 Ci/km?.

3. Results

On the basis of ultrasound examination, the following thyroid diseases were diagnosed:
nodular goiter, multinodular goiter, solitary cyst, multiple cysts, autoimmune thyroiditis,
and carcinomas. The diagnosis of diffuse goiter was established on the basis of qualitative
and quantitative ultrasound criteria. However, those results are not presented in this paper
because the data on ultrasound criteria of diffuse goiter are being developed separately.

Table 2 shows the frequency of nodular goiter and multinodular goiter, solitary and
multiple cysts, autoimmune thyroiditis, and carcinomas in each age group. Thyroid
abnormality was detected in 0.28% of 8958 patients of both sexes aged 59 years; in
1.68% of 14978 patients aged 10—14 years; in 4.13% of 6754 of patients aged 15—19
years; in 10.56% of 1099 patients aged 20—29 years; in 19.19% of 1647 patients aged 30—
39 years; in 27.9% of 1810 patients aged 40—49 years; in 34.88% of 860 patients aged
50-59 years; and in 43.10% of 348 patients aged 60 years or more. Nodular and
multinodular goiter was found in 0.28%, 0.68%, 4.13%, 10.56%, 19.19%, 27.4%, 34.88%
and 43.10%, respectively. Solitary and multiple cysts were detected in 0.08%, 0.79%,
2.35%, 4.37%, 4.31%, 4.26%, 3.95% and 2.87%, respectively. Autoimmune thyroiditis
was detected in 0.10%, 0.45%, 0.52%, 1.91%, 2.19%, 3.81%, 4.65% and 1.72%,
respectively. In the group of 5-9 years, no thyroid carcinomas were found; in the group
of 10—14 years they were detected in 0.013%; in the group of 15—19 years in 0.044%; in

gﬁ:&zezncy of thyroid diseases revealed in males and females by screening

Age Number Nodular Multinodular Cyst Cysts Autoimmune Carcinoma Total

group  of people goiter goiter W W thyroiditis No. % No. %
oxamined oo, No. % No. %

5-9 8958 6 007 2 0.02 4004 4004 9 010 — 25 028

10-14 14978 49 033 14 0.09 90 060 28 0.19 68 045
15-19 6754 68 1.01 14 021 111 164 48 071 35 0.52
20-29 1099 34 3.09 12 1.09 36 328 12 1.09 21 191
30-39 1647 124 753 8 504 51 310 20 121 36 2.19
40-49 1810 203 11.22 146 8.07 64 354 13 072 69 3.81
50-59 860 114 13.26 109 12.67 23 267 11 128 40 4.65
60— 348 51 14.66 83 23.85 7 201 308 6 172
All ages 36454 649 178 463 1.27 386 1.06 139 038 284 0.78

0.013 251 1.68
0.044 279 4.13
0.091 116 10.56
316 19.19
0.553 505 27.90
0.349 300 34.88
— 150 43.10
1942 533
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Table 3
Frequency of thyroid diseases revealed in males by screening
Age Number Nodular  Multinodular Cyst Cysts Autoimmune Carcinoma Total
group of people goiter goiter W W thyroiditis No. % No. %
examined \o o, No. % No. %
5-9 4565 2 004 - - 3 007 1 002 3 007 - - 9 020
10-14 7576 18 024 - - 32 042 8 011 16 021 1 0013 75 099
15-19 2955 15 051 3 010 27 091 12 041 4 014 - - 61 2.06
20-29 263 4 152 1 0.38 5 190 1 038 1 038 - - 12 456
30-39 332 11 331 6 1.81 7 211 3 09% 2 060 1 0301 30 9.04
40-49 316 20 633 11 3.48 7 222 2 063 1 032 1 0317 42 1329
50-59 156 11 705 4 256 4 256 1 064 - - - - 20 12.82
60— 75 6 800 5 667 3 400 1 133 - - - 15 20.00
All ages 16238 87 054 30 0.18 88 054 29 0.18 27 0.17 3 0019 264 1.63

the group of 20—-29 years in 0.091%; in the group of 30—39 years in 0.121%; in the group
of 40—49 years in 0.553%; and in the group of 50—59 years in 0.349%. With increasing
age, the frequency of thyroid diseases showed a rise from 0.28% to 43.10%.

Among the various thyroid diseases, nodular and multinodular goiter were observed
most frequently. With an increase in age, the respective frequency increased: from 0.07%
to 0.02% at the age of 5—9 years; from 1.01% to 0.21% at the age of 15—19 years; from
14.66% to 23.85% at the age over 60 years.

The frequency of solitary cysts varied with age from 0.04% to 3.54%. At the age of
40—49 years, the frequency reached its maximum (3.54%), and at the age of 60 years or
more, it decreased to 2.01%. Whereas, the frequency of nodular and multinodular goiter
kept increasing with age, the frequency of cysts decreased after reaching its maximum. At
the age of 60 years, the frequency of nodular and multinodular goiter exceeded that of
cysts by six to seven times.

With an increase in age, the frequency of autoimmune thyroiditis increased from 0.10%
at the age of 5—9 years to 4.65% at the age of 50—59 years, and then to 1.72% at the age of
60 years or more.

Table 4

Frequency of thyroid diseases revealed in females by screening

Age Number Nodular  Multinodular Cyst Cysts Autoimmune Carcinoma Total

group  of people goiter goiter No. % No. % thyroiditis No. % No. %
examined No o, No. % No. %

5-9 4393 4 009 2 005 1002 3007 6 014 - - 16 0.36

10-14 7402 31 042 14 019 58 078 20 027 52 0.70 1 0014 176 238
15-19 3799 53 140 11 0.29 84 221 36 095 31 0.82 3 0079 218 574
20-29 836 30 359 11 1.32 31 371 11 1.32 20 239 I 0.120 104 1244
30-39 1315 113 859 77 5.86 44 335 17 1.29 34 259 I 0.076 286 21.75
40-49 1494 183 12.25 135  9.04 57 382 11 0.74 68 455 9 0.602 463 30.99
50-59 704 103 14.63 105 14.91 19 270 10 1.42 40 5.68 3 0426 280 39.77
60— 273 45 1648 78 28.57 4147 2073 6 220 - - 135 4945
All ages 20216 562 2.78 433 2.14 298 147 110 0.54 257 127 18 0.089 1678 8.30
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Tables 3 and 4 present the frequency of thyroid diseases in males and females,
respectively. As shown in the two tables, any thyroid disease occurred more frequently
in females than in males. For example, in females aged 40—49 years, nodular goiter
occurred in 12.25% while it occurred in 6.33% in males. Multinodular goiter was found in
3.48% of males and in 9.04% of females of the same group, solitary cysts in 2.22% and
3.81%, respectively, multiple cysts in 0.63% and 0.74%, respectively, autoimmune
thyroiditis in 0.32% and 4.55%, respectively.

Our screening program revealed 21 cases of thyroid carcinoma (3 males and 18
females). All the patients with carcinomas were operated on at the Medical Radiological
Research Center, Russian Academy of Medical Sciences (MRRC RAMS). There were 17
papillary carcinomas, two medullar carcinomas, and two follicular carcinomas. The results
of tumor-staging were as follows: stage T1, four cases; stage T2, 15 cases; stage T3, two
cases. The size of carcinomas ranged from 7 to 60 mm, 10 mm in four cases, 20 mm in 11
cases, 30 mm in three cases, 40 mm and more in three cases. Sixteen patients had solitary
carcinomas and five patients had multiple ones. Five patients showed metastases into
lymph nodes of the neck.

Thus, no thyroid carcinoma was found in patients aged 5~9 years and in those aged
over 60 years. The frequency of thyroid carcinoma increased from 0.013% to 0.553%
among patients aged 10—49 years and decreased up to 0.349% in those aged 50-—59
years.

4. Discussion

The frequency of thyroid diseases has been already reported by the representatives of
different medical authorities: epidemiologists, diagnosticians, endocrinologists, surgeons,
and pathologists [4—11]. A considerable part of works shows the frequency of carcinomas
in children [12] and adults [3]. So, according to the data of some national registers [3], the
mortality rate of thyroid carcinomas made up 1% of all the carcinomas. In the USA, new
thyroid carcinomas are yearly found in 11000 persons. Among children, thyroid
carcinomas occur in 0.2—-3.0% [1] and according to other authors [3] — in 1.75% of
patients aged up to 20 years. The frequency of thyroid carcinomas is higher in girls aged
10-20 years.

The frequency of thyroid diseases depends, in many respects, on the diagnostic method.
So, during palpation nodular, formations were detected in 1.9-6.5% of cases examined.
According to the data of some surgical clinics, nodular goiter occurred in 9-39% and
carcinomas in 2—-7%. Fine-needle aspiration biopsy can reveal 10% of carcinomas. During
autopsy, some abnormal changes in the thyroid were noted in 91.62% and malignant
lesions in 8.38%.

Ultrasound examination being notable for a high sensitivity [10] is used in increasing
frequency for detection of any mass or tumor lesions in thyroid gland. According to the
data using ultrasonographic findings, thyroid diseases are found in 27.3-67.0%.

The difficulty of epidemic evaluations is due not only to the method of examination.
The incidence of thyroid diseases is influenced by sex, age, race, genetic factors, iodine
deficiency, and classification used at the present moment.
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A special attention among factors of the external and internal environment must be paid
on exposure to radiation. This problem is especially urgent in the context of the Chernobyl
accident [2,5-7,9] and nuclear weapon tests [8].

Within one month, ultrasound screening examinations of the thyroid were performed on
36454 individuals. There were 16238 (44.6%) males and 20216 (55.4%) females.

Different types of thyroid diseases were detected in males and females with different
frequency in different age groups. Thyroid diseases were detected in 0.28% of 8958
patients aged 5—9 years; in 1.68% of 14978 patients aged 10— 14 years; in 4.13% of 6754
of patients aged 15— 19 years; in 10.56% of 1099 patients aged 20—29 years; in 19.19% of
1647 patients aged 30—39 years; in 27.4% of 1810 patients aged 40—49 years; in 34.88%
of 860 patients aged 50—59 years; and in 43.10% of 348 patients aged 60 years or more.
With increasing age, the frequency of thyroid diseases showed a sharp rise from 0.28% to
43.10%. In females, any kind of thyroid diseases occurred more frequently than in males.

Among the diseases detected, nodular and multinodular goiter occurred the most often.
At the age of 5—9 years, nodular and multinodular goiter were detected in 0.09%; at the
age of 10—12 years in 0.42%; at the age of 15—19 years in 1.22%; at the age of 20-29
years in 4.18%; at the age of 30—39 years in 12.57%; at the age of 40—49 years in 10.29%;
at the age of 50—59 years in 25.93%; and at the age of 60 years or more in 38.51%.

The frequency of solitary and multiple cysts was 0.08%, 0.79%, 2.35%, 4.37%, 4.31%,
4.26%, 3.95% and 2.87%, respectively.

The frequency of autoimmune thyroiditis was 0.10%, 0.45%, 0.52%, 1.91%, 2.19%,
3.81, 4.65% and 1.72%, respectively. From 50 to 59 years, frequency was increasing from
0.10% to 4.65% and from 60 years, it was reducing up to 1.72%.

No thyroid carcinoma was found in patients aged 5—9 years and in those aged over 60
years. The frequency of thyroid carcinoma increased from 0.013% to 0.553% in patients
aged 10—49 years and decreased to 0.349% in those aged 50—59 years.

In summary, ultrasound screening of the thyroid gland revealed a high frequency of
thyroid diseases in 36454 children and adults living in the Tula region of Russia. Based on
our results and the approaches to thyroid examination, more accurate epidemiological
study can be established around Chernobyl to further clarify the cause and effect relation-
ship between the Chermobyl accident and thyroid diseases, especially carcinomas.
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Abstract

The purpose of the study was to analyze the histological features of post-Chernobyl papillary
thyroid carcinoma (PTC) that occurred in children, adolescents and young adults living in
radionuclide-contaminated territories of the Russian Federation. We reviewed the histological
sections of thyroid carcinoma in 123 patients (39 males and 84 females) aged 0—16 years at the time
of accident from Bryansk, Kaluga, Oriol and Tula regions of Russia. All patients were surgically
treated in the Clinic of Medical Radiological Research Center, Russian Academy of Medical
Sciences during 1990—2000. The age range of patients at the time of surgery was 8—-29 years.
Papillary thyroid carcinoma was diagnosed in 109 cases (89%), follicular carcinoma in 10 (8%),
medullary carcinoma in 4 (3%). In 54% of papillary thyroid carcinomas, the age of patients during
the accident was 0—4 years. The classic papillary architecture of papillary thyroid carcinomas (or
dominant papillary component) occurred in 25%; dominant follicular architecture in 46%; dominant
solid in 11%. Twelve percent of tumors had mixed architecture without dominant architectural
component. Diffuse sclerosing and other variants occurred in 6%. We analyzed the histological
features of papillary thyroid carcinomas depending on the age of patients at accident (analyzed
groups of 0—4 and 5-16 years), age at operation (groups of 8—14, 15—19 and 20-29 years) and the
duration of a latent period (analyzed groups of 4—10 and 11-14 years). No significant differences of
papillary thyroid carcinoma architecture depending on the patient’s age at accident and on a duration
of latent period have been revealed. We found that the occurrence of classic papillary architecture (or
dominant papillary component) of papillary thyroid carcinoma often occurred in the 20—29 years age
group at operation (33%) than in the 814 years age group (16%). © 2002 Elsevier Science B.V. All
rights reserved.
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1. Introduction

The histological study of thyroid carcinoma in children and adolescents after the
Chernobyl accident revealed that papillary thyroid carcinoma (PTC) is a dominant type of
thyroid malignant tumor, accounting for 96.5% in Belarus [1] and 92.9% in the Ukraine
[2]. Post-Chernobyl PTCs in children from the Ukraine are mostly represented by tumors
of solid-follicular architecture (79.8%) than PTCs in unexposed population of children
from England and Wales in whom solid-follicular type occurred (33%) [3]. Belarussian
authors [1] have demonstrated that architectural patterns of PTC depend on the time after
exposure (latent period).

The aim of the present study was to analyze the histological features of post-Chernobyl
PTCs that occurred in children, adolescents and young adults of Russia, and to compare
our findings with those in Belarus and the Ukraine.

2. Materials and methods

A total of 123 cases of histological sections (39 males and 84 females) of thyroid
carcinoma in children, adolescents and young adults (aged 8—29 years at the time of
surgery) from Bryansk, Kaluga, Oriol and Tula regions of Russia were reviewed. All
patients were surgically treated in the Clinic of the Medical Radiological Research Center,
Russian Academy of Medical Sciences (MRRC RAMS) during 1990-2000. All cases of
thyroid carcinoma were classified in accordance with the criteria of the WHO International
Histological Typing of Thyroid Tumors [4].

3. Results

The 123 reviewed cases of thyroid carcinoma included 39 males and 84 females (M/F
ratio 1:2.2). Among the patients, 81 (66%) came from Bryansk region, 19 (15%) from
Kaluga, 19 (15%) from Tula, and 4 (4%) from Oriol region. Of the 123 patients, 109
(89%) had papillary thyroid carcinoma, 10 (8%) had follicular carcinoma, 4 (3%) had
medullary carcinoma (Table 1). The 109 cases of papillary carcinoma included 34 males
and 75 females (M/F ratio 1:2.2). The sex and age distributions of the patients at the time
of the Chernobyl accident (April 26, 1986) are shown in Fig. 1. Three patients (two girls
and one boy) were exposed in utero (6th (1) and 7th (2) months of pregnancy). The age of

Table 1
Classification of 123 thyroid carcinoma cases by histological type and age at the time of surgery
Histological type Number of cases (%) Age at surgery (years)

8-14 (%) 1519 (%) 20-29 (%)
Papillary carcinoma 109 (89) 45 (96) 28 (88) 36 (82)
Follicular carcinoma 10 (8) 2(4) 39 5(11)
Medullary carcinoma 4(3) 0 1(3) 3 (D

Total 123 (100) 47 (100) 32 (100) 44 (100)
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Number of cases

Fig. 1. Number of patients by sex and age at the time of the Chernobyl accident.

other 106 patients ranged from 2 months to 16 years. Of the 106 patients, 13 (6 boys and 7
girls) were younger than | year at the accident, the age of 93 patients (28 males and 65
females) ranged from 1 to 16 years. The age of 59 (54%) patients was 0—4 years at the
time of the accident. The M/F ratio varied throughout the age groups. It was [:1.4 in
patients below 5 years of age compared to 1:4 in children 5—16 years at the time of the
accident.

The distribution of cases by sex and age at the time of initial surgery is shown in Fig. 2.
Their ages ranged from 8 to 29 years. The mean age for males was 15.3 and for females 18.3.

Number of cases

Years

Fig. 2. Number of patients by sex and age at the time of surgery.
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Table 2
Classification of 109 papillary thyroid carcinoma cases by architectural pattern and age (years) at the time of the
accident

Architectural patterns Number of cases (%) Age at accident (M/F) (%)

0-4 5-16
Papillary dominant 27 (25) 12 (1:2) (20) 15 (1:6.5) (30)
Follicular dominant 50 (46) 30 (1:1.3) 51) 20 (1:5.7) (40)
Solid dominant 12 (11) 6 (1:1) (10) 6 (1:1) (12)
Mixed 13 (12) 8 (1:1) (14) 5 (1:1.5) (10)
Diffuse sclerosing variant 22) 2 (0:2) (3) 0
Others 54) 1(0:1) (2) 4 (0:4) (8)
Total 109 (100) 59 (1:1.5) (100) 50 (1:4) (100)

There were 45 patients (24 males and 21 females, M/F ratio 1:0.9) in the 8—14 years age
group, 28 patients (6 males and 22 females, M/F ratio 1:3.7) in the 15—-19 years age group
and 36 patients (6 males and 30 female, M/F ratio 1:5) in the 2029 years age group.

The sex-specific distribution of age at the time of accident showed one prominent age
peak for both males (0—1 year at the time of accident) and females (0—2 years at the time
of accident) and one light age peak for female (13 years). The distribution of age at the
time of surgery showed a similar pattern: there was one prominent age peak for both males
(12—14 years at the time of surgery) and females (15 years) and one light peak for females
(27 years at the time of surgery).

Papillary carcinomas showed a variety of histological appearances. They were assessed
by their dominant architectural component: 27 cases (25%) were dominantly papillary, 50
(46%) dominantly follicular, 12 (11%) dominantly solid, 13 (12%) of tumors had mixed
architecture without one dominant component. In addition, there were two tumors of
diffuse sclerosing variant of papillary carcinoma, two tumors with morphology associated
with familial polyposis coli and three papillary microcarcinomas. The distribution of
architectural patterns of PTC by age of patients at the time of accident is shown in Table 2.
There were light variations in the frequency of different architectural pattern of PTCs but
they were not statistically significant. The distribution of architectural patterns of PTC by
age of the patients at surgery is shown in Table 3. The occurrence of papillary carcinoma
with classic papillary patterns (or dominant papillary component) in patients aged 20-29

Table 3
Classification of 109 papillary thyroid carcinoma cases by architectural pattern and age (years) at surgery
Architectural patterns Number of cases (%) Age at surgery (M/F) (%)

8-14 15-19 20-29
Papillary dominant 27 (25) 7 (1:0.8) (16) 8 (1:7) (28) 12 (1:11) (33)
Follicular dominant 50 (46) 22 (1:0.8) (49) 11 (1:4.5) (39) 17 (1:3.3) (47)
Solid dominant 12 (11) 6 (1:1) (13) 3 (1:0.5) (11) 3(1:2)(8)
Mixed 13 (12) 9 (1:0.8) (20) 2(:1) (7 2 (0:2) (6)
Diffuse sclerosing variant 2(2) 1(0:1) (2) 101 @ 0
Others 5@ 0 3(0:3) (1) 2 (0:2) (6)

Total 109 (100) 45 (1:0.9) (100) 28 (1:3.7) (100) 36 (1:5) (100)
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Table 4
Classification of 109 papillary carcinoma cases by architectural pattern and latent period (years)
Architectural patterns Number of cases (%) Latent period (M/F) (%)

4-10 11-14
Papillary dominant 27 (25) 7 (1:0.8) (20) 20 (1:9) 27)
Follicular dominant 50 (46) 13 (1:3) (38) 37 (1:1.6) (49)
Solid dominant 12 (11) 6 (1:1) (18) 6 (1:1) (8)
Mixed 13 (12) 5 (1:1.5) (15) g (1) (1)
Diffuse sclerosing variant 2(2) 1 (0:1) (3) 1(0:1) (1)
Others 5(4) 2 (0:2) (6) 3034
Total 109 (100) 34 (1:1.8) (100) 75 (1:2.3) (100)

years at operation was more common (33%) than in patients of 8—14 years at operation
(16%). No significant difference of architectural patterns of PTC between other age groups
was revealed. The distribution of architectural patterns of PTC depending on the duration
of a latent period is shown in Table 4.

4. Discussion

In our study, we examined the histological features of post-Chernobyl PTCs in patients
who were children and adolescents at the time of the accident. These individuals were
children (41%), adolescents (26%) and young adults (33%) at the time of surgery. PTC
was diagnosed in 89% of the whole group. However, among children (8—14 years at
operation) PTC was diagnosed in 96%. This figure is higher than that reported in England
and Wales [3] and close to the figure reported among Belarussian [1] and Ukranian
children [2]. The age distribution of the cases at the time of surgery showed a slightly bell-
shaped curve. The peak incidence at the age of 11—12 was also demonstrated in Belarus
and Ukraine. The histological patterns of PTC varied with age. Tumors with the papillary
dominant pattern occurred more often in older patients (33%) than in young children
(16%). Tumors with solid architectural pattern were more common in younger children
(13%) than in older subjects (8%) but this difference was not significant in this study.
Tumors with dominant solid and dominant follicular architecture were found in 61% cases
in the group aged 8—14 years at surgery, in 50% cases in the group of 15—19 and in 55%
cases in the group of 2029 years at the time of surgery. The frequency of solid-follicular
PTCs reported in the Ukraine [2] is higher (79.8% in children and 69.6% in adolescents).
Our figures are intermediate between the frequency of solid-follicular subtype of PTC seen
in England and Wales and that seen in the Ukraine. The high relative frequency of the
solid-follicular type of PTC in children from exposed areas of Belarus and the Ukraine
suggests that this type may be specifically associated with radiation. Belorussian authors
[1] demonstrated that the architectural features of PTC depend on the duration of a latent
period. More recently [5], studies carried out on Belorussian tissue specimens revealed
differences in molecular genetic aberrations and the related phenotypes of PTCs occurred
in the first post-Chernobyl decade. No differences of dominant architectural patterns of
tumors depending on the duration of a latent period like that observed in Belarus have
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been revealed in our study. Possibly it was due to the differences of analyzed age groups,
differences between the chronological periods chosen and a smaller number of examined
cases in Russia.

References

[1] E. Cherstvoy, V. Pozharskaya, A. Nerovnya, The pathomorphology of childhood papillary thyroid carcinoma
in Belarus in different periods after the Chernoby! accident (1991-1997), in: G. Thomas, A. Karaoglou, E.D.
Williams (Eds.), Radiation and Thyroid Cancer, World Scientific, Singapore, 1999, pp. 55-60.

2] T. Bogdanova, V. Kozyritsky, M. Tronko, I. Likhtarev, I. Kairo, M. Chepurnoy, V. Shpak, Morphological
features and analysis of radiation risk of development of post-Chemoby! thyroid carcinoma in children and
adolescents of Ukraine, in: G. Thomas, A. Karaoglou, E.D. Williams (Eds.), Radiation and Thyroid Cancer,
World Scientific, Singapore, 1999, pp. 151—-154.

[3] H.R. Harach, E.D. Williams, Childhood thyroid cancer in England and Wales, Br. J. Cancer 72 (1995) 777
783.

[4] Ch. Hedinger, E.D. Williams, L.H. Sobin, Histological typing of thyroid tumours, International Histological
Classification of Tumours, 2nd edn., Springer, WHO, Berlin, 1988.

[5] H.M. Rabes, E.P. Demidchik, J.D. Sidorov, E. Lengfelder, C. Beimfohr, D. Hoelzel, S. Klugbauer, Pattern of
radiation-induced RET and NTRK! rearrangements in 191 post-Chemnoby! papillary thyroid carcinomas:
biological, phenotypic, and clinical implications, Clin. Cancer Res. 6 (2000) 1093—1103.



International Congress Series 1234 (2002) 245-252
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Abstract

We summarized the results of studies on the post-Chernobyl thyroid function among evacuees
from the estrangement zone, “liquidators” of 1986 period and people living for a long time (“self-
settlers”) and working in the 30-km zone. Studies were conducted using standardized procedures
including clinical examination, thyroid ultrasound examination, and assay of serum thyroid
hormones and anti-thyroid antibodies content. Both of the radiation exposure modes, e.g., short-
term, prolonged, combined, and the radiation dose were taken into account in the analysis of the
results. The data analyzed indicated that the thyroid function has been subjected to alteration through
the post-Chernobyl period and that nonstochastic radiation effects on the thyroid function, i.e.,
chronic thyroiditis and hypothyroidism, have been emerging though gradually. © 2002 Elsevier
Science B.V. All rights reserved.

Keywords: Chernobyl disaster; lonizing radiation; Thyroid gland; Nonstochastic effects; Chronic thyroiditis;
Hypothyroidism

1. Introduction

Incomparable release of radioactive iodine to environment as a result of the Chernobyl
Nuclear Power Plant accident (11.8—12.0 million Ci of '*'I without taking short-lived
isotopes into account) predetermined the leading type of health consequences, especially
thyroid diseases [1].
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Early and severe stochastic effects of irradiation on thyroid gland, i.e., malignant
tumors in children and adolescents, have been observed after the Chernobyl accident for
the first time. This evidence completely drew attention of researchers to that problem,
leaving almost no interest to the nonstochastic thyroid aftermath, e.g., chronic thyroiditis
and hypothyroidism. Both benign diseases, however, are not less important than malignant
tumors from the viewpoint of the integral health detriment.

Thyroid dosimetry data indicate the inevitability of the increase in these diseases among
various people affected by the accident. According to the published data, in addition to the
liquidators and evacuees from the 30-km zone around the Chernobyl Nuclear Power Plant,
185000 Ukrainian residents received the thyroid irradiation dose exceeding 0.3 Gy
including 28 000 who received more than 1 Gy.

A clear dependence of absorbed dose on the age of affected people was observed: the
younger in age, the more the dose was. Thus, children aged 0—3 years at the time of the
accident received the highest thyroid dose.

Analysis of literature data regarding the effects of radioactive iodine on thyroid makes
it worth paying afttention to the fact that low dose of radionuclides did not lead to
hypothyroidism although functional and organic alterations in the gland were pronounced.

Significant corrections by age were done for radiation effects on the thyroid gland.
Experimental exposure of adult animals to radioactive iodine revealed the increased
incidence of degenerative effects followed by glandular parenchyma necrosis and fibrosis
[2,3]. In young animals, the thyroid injuries arose under lower doses than in adults but the
capacity for functional compensation (hormone production ability) was preserved for a
longer period by means of compensatory thyroid hyperplasia. The autoimmune processes
take an important place in the pathogenesis of nonstochastic radiation effects on the
thyroid gland. Studies on survivors of the Hiroshima and Nagasaki atomic bombings
indicate the potential genesis of hypothyroidism on the autotmmune thyroiditis [4,5].

2. Subjects and methods

The present work summarizes the results of examinations conducted within post-
Chernobyl period by the clinic of Research Center for Radiation Medicine, Academy of
Medical Sciences of Ukraine. The subjects were 23 182 persons belonging to various
population contingents of the Chernobyl disaster [6—10]. A total of 6179 (1869 children
and 4310 adults) were examined in the clinic, while the remaining of 17003 (12499
children and 4504 adults) were examined within 30-km zone around the Chemobyl
Nuclear Power Plant and in contaminated territories.

The cohorts studied were as follows:

1. children of various age including those irradiated in prenatal period, adults evacuated
from the estrangement zone, and residents of territories contaminated with
radionuclides;

2. liquidators of the consequences of the Chernobyl Nuclear Power Plant disaster
including people who worked for a long time (not less than 5 years) in the 30-km
estrangement zone around the Chernoby! Nuclear Power Plant; and
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3. unauthorized residents of the 30-km zone, i.e., the “self-returnees” to estrangement
zone.

For comparison, residents of Kiev city with similar age were examined, and as the
control group, people from “clean” districts of the Poltava region were examined.

The thyroid study program included clinical examination, thyroid ultrasound exami-
nation and assay of serum thyroid hormones content.

In the clinical examination stage, the standardized data processing computer system for
clinical thyroid screening was used [11].

Immunological research included the immunogram of serum immunoglobulin with the
assay of anti-thyroglobulin and anti-microsome antibodies.

Table 1
Total serum thyroxin (T4) content (nmol/l) among children and adults in the first year after the Chernobyl Nuclear
Power Plant accident

Age (years) at the Statistical Time (months) since the Chernobyl Nuclear Power Plant accident
time of the accident indices® 6 3 10 12
0-3 N 38 49 36 42
Mean+SD 2519+11.8 151.2+105 109.5+£4.0 143.0+12.6
P <0.001 <0.01 <0.01 <0.01
Py <0.01 >0.05 >0.1 <0.01
4-6 N 64 70 83 34
Meanx=SD 245.1+8.5 141.4+8.9 106.3+3.5 137.9+14.2
P <0.001 <0.01 <0.05 <0.01
P >0.1 >0.1 >0.1 >0.1
Py <0.01 >0.1 >0.1 <0.01
7-10 N 124 220 162 253
Mean+SD 2102+6.1 131.0+£4.0 107.1£2.8 128.6+8.1
P <0.001 <0.01 <0.02 <0.01
Py <0.01 >0.05 >0.1 >0.1
P, <0.01 >0.1 >0.1 >0.1
Py =0.05 >0.1 >0.1 <0.01
11-15 N 147 214 253 158
Mean=+SD 188.4+5.5 113.24+3.9 95.442.0 108.9+4.5
P <0.001 <0.01 >0.1 <0.02
P, <0.01 <0.01 <0.01 <0.02
Py <0.01 <0.02 <0.02 =0.05
Py <0.02 <0.01 <0.01 <0.05
Py >0.1 >0.1 >0.1 <0.01
Adults N 21 25 26 17
Mean+SD 172.7+£18.8 121.3£159 104.1£13.0 85.8+4.7
P <0.001 >0.05 >0.1 >0.05
Control Mean+SD 91.3+5.1

# N=Number of subjects; SD=standard deviation; P=significance probability of the difference as compared
to control; P;=significance probability for the difference as compared to the group of 0—3 years of age;
P,=significance probability for the difference as compared to the group of 4—6 years of age; P;=significance
probability for the difference as compared to the group of 7—10 years of age; P4=significance probability for the
difference as compared to the group of adults.
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3. Results and discussion
We classified chronologically the results of research into three stages:

1. primary thyroid reaction;
2. latent preclinical period; and
3. period of clinical manifestation of thyroiditis.

Primary thyroid reactions to radiation exposure observed in 1986—1988 were hyper-
thyroxinemia and short-term elevation of thyrotropin content in blood. Total thyroxin level
in blood showed a significant decrease with age (Table 1).

In the group of children with thyroid dose exceeding 2 Gy, a statistically relevant dose—
response relationship was observed for total serum thyroxin content (Fig. 1).

Hormonal deviations at that stage had no clinical manifestation, which is thyroid
morbidity in all age groups did not exceed the one in the preaccident period.

No substantial shifts in morbidity were observed in the subsequent period either
(1989-1990).

In children assigned to the high risk groups, i.e., those evacuated from Pripyat city and
resident of the most severely contaminated territories (Narodichi district of Zhitomir
region) with thyroid radiation dose exceeding 0.3 Gy, the prevalence of hyperthyroxinemia
remained in the period of 1988—1989. Among children with thyroid radiation dose under
0.3 Gy, the frequency of hyperthyroxinemia in the same period did not differ from that in
the control.

In the study of cellular and humoral immunity among children in contaminated
territories and those evacuated from Pripyat city, a decrease in the total content of T-
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Fig. 1. Mean content (nmol/l) of total serum thyroxin (T4) in children with thyroid dose exceeding 2 Gy.
Measurement was conducted in the first year after the accident.
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cells and their suppressor subpopulation was observed until 1989 as well as predominance
of T-helper subpopulation. Serum immunoglobulin content did not differ from the normal
level.

A significant correlation was observed between total serum thyroxin content and titers
of anti-thyroglobulin antibodies in exposed children.

The above-mentioned immune disorders are the factors predisposing to autoimmune
thyroid disorders.

Autoimmune processes were also predetermined by primary reaction of thyroid to
radiation, i.e. euthyroid hyperthyroxinemia. Excessive content of total serum thyroxin in
children after the accident was probably provided with its serum protein-bound fractions
including the auto-antigen—thyroglobulin with normal content of free thyroxin. Excess in
circulation of thyroglobulin could occur as the result of alteration in structure and function
of thyroid cellular membranes in response to radiation exposure.

In the same period, a difference was observed between children from Narodichi districts
and two districts of Poltava region (Mashevka and Lokhvitsa districts) through thyroid
ultrasound examination. In some children living in contaminated areas, a high level of
echogenic, echopositive and hydrophilic parts in thyroid tissues were observed. There are
no such findings in children of the control group.

In the study of high risk groups, i.e., children exposed to radiation in prenatal period
and people who worked for a long time or permanently reside in the 30-km zone around
the Chernobyl Nuclear Power Plant, appropriate shifts demonstrating dose—response
relationship for thyroid effects and the role of immune disorders in their genesis were
observed.

However, no substantial disorder of endocrine systems including thyroid was observed
in the period of 1991-1993 among children exposed to radiation in prenatal period.
Nevertheless, a significant correlation was observed between thyroid radiation dose and
serum thyrotropin content, which was within normal range at that stage. This may indicate
the presence of interaction between prenatal thyroid exposure to radiation and the risk of
thyroid dysfunction.

In permanent residents of the 30-km zone (“self-returnees™), a significant correlation
was observed between serum thyroxin content, thyroid dose, and inhalation radiation dose
(Table 2). We note that a significant correlation was observed between serum thyroxin
content and titers of anti-thyroglobulin antibodies in the same group.

Table 2

Correlation between serum thyroid hormone content and radiation dose in 176 “self-returnees”

Hormone® Thyroid Effective External Inhalation Internal

dose equivalent gamma-radiation radiation radiation
dose dose dose dose

TSH —-0.219 —0.229 —0.211 —0.216 —-0.217
FT, 0.333* 0.280 0.162 0.351% 0.282
ATG —0.368 —0.306 —0.285 —0.348 —0.295

# TSH=thyroid stimulating hormone; FT,=free thyroxin; ATG=anti-thyroglobulin antibody.
* Correlation was significant at P<0.05.
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Fig. 2. Prevalence of chronic thyroiditis in adult and adolescent survivors of various categories (per 10000
population).

Functional and structural alterations in the thyroid glands that were revealed in the
period of 1986—1990 and were interacted with immune system disorders demonstrated
their clinical manifestation, which began in the period of 1992—1993, through increasing
prevalence of chronic thyroiditis and hypothyroidism among the survived population.

According to the official statistical data issued by Ministry of Health Protection of
Ukraine [12—14], the occurrence of chronic thyroiditis per 10000 population increased
during the period of 1990—-2000, from 4.0 to 63.8 among adult and adolescent survivors of
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Fig. 3. Prevalence of hypothyroidism in adult and adolescent survivors of various categories (per 10000
population).
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all categories, to 306.1 among adult and adolescent liquidators, and to 187.7 among adult
and adolescent evacuees from the 30-km zone (Fig. 2).

Similarly, the occurrence of hypothyroidism per 10000 population increased during the
period of 1989-2000, from 6.5 to 29.6 among adult and adolescent survivors of all
categories, to 61.6 among adult and adolescent liquidators, and to 84.0 among adult and
adolescent evacuees from the 30-km zone (Fig. 3).

4. Conclusions

The results of 15-year clinical survey provide a basis for objective conclusions
regarding the nonstochastic thyroid consequences of the Chernobyl Nuclear Power Plant
accident.

(1) Changes in thyroid function are marked characteristic of nonstochastic radiation
effects on thyroid, which gradually progressed during all periods since the Chernobyl
Nuclear Power Plant accident. Direct temporal link to radiation factor, dose-dependence
and existence of dose threshold are characteristic features of nonstochastic radiation
effects.

(2) Early primary functional thyroid reaction to radiation was observed in the first year
after the accident, which manifested through *“euthyroid” hyperthyroxinemia and short-
term “stress” hyperthyrotropinemia followed by further interconnections with restoration
in pituitary and thyroid axis system.

(3) Thyroid doses in survivors were positively dependent on age while the extent of
hyperthyroxinemia was negatively dependent on age.

(4) Primary thyroid reaction to radiation, immune shifts in the first year after the
accident and alterations in thyroid structure revealed by ultrasound examination, which
began in 1990—1991, indicated with high probability the onset of autoimmune thyroiditis.

(5) Nonstochastic radiation effects on thyroid were dependent on thyroid dose and
mode of radiation. Threshold dose at which radiation-induced effects were registered was
about 30 cGy. Significant correlation between functional state of thyroid gland and
individual radiation dose was marked in various study groups (children exposed in
prenatal period, those with high thyroid dose and elderly people in the 30-km zone).

(6) Initial clinical forms of nonstochastic radiation effects on thyroid, i.e., chronic
thyroiditis with hypothyroidism outcome became clearly apparent since 1992-—1993.
Results of clinical survey were validated by previous epidemiological data.

(7) Regarding various age-related adaptation and compensation capacities of organism
in survivors, in contrast to thyroid cancer issue, the chronic thyroiditis and hypothyroidism
occurred initially not only in children but also in the adult exposed population.

(8) A high risk group of chronic thyroiditis and hypothyroidism is also constituted of
survivors with the most complex mode of thyroid irradiation, i.e., a combination of
internal exposure to *'I and short-lived iodine isotopes on the one side and external
gamma-radiation on the other side. Females are concerned first of all among former
residents of the 30-km zone around the Chernobyl Nuclear Power Plant and participants in
liquidation of the consequences of the Chernobyl Nuclear Power Plant disaster in the
“iodine period” of 1986.
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{%) Nonstochastic radiation effects on thyroid, e.g., chronic thyroiditis with hypo-
thyroidism cutcome will further make a substantial contribution 1o thyroid morbidity in
Chemobyl disaster survivors.

{10} Progress of thyroid disorders with Lirne will have a substantial impact ¢n organism
ol cnergy-supply system, especially on mechanism of adaptation and cempensation for
strain, which will affect the general psychosomatic morbidity. Participation of thyreid
disorders and related intcgral disorders in endocring regulation is possiblie in pubcrly
period disorders (physical and sexual progress disorders), reprodoctive function and
premature aging process.
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Abstract

This paper presents data on changes in cancer incidence in Belarus in the post-Chernobyl period.
Average figures for the periods 19801989 and 1990-1999 were compared. Data for the whole
Belarus, as well as for Gomel, Vitebsk and Minsk regions, are presented. The average annual
increases in the crude incidence rate per 100000 person-years (slope of linear regression) for the
periods 1980—1989 and 1990-1999 were 9.89 (95% confidential interval: 9.2—10.59) and 9.14
(8.07-10.21) for males and 5.30 (4.75—5.84) and 7.75 (6.75-8.76) for females, respectively. The
average annual increases in the age-standardized rate (ASR, world standard population) for the same
periods were 7.98 per 100000 (7.11-8.84) and 4.79 (4—5.59) for males and 3.18 (2.68-3.67) and
3.6 (3.1-4.11) for females, respectively. The 1980—1989/1990-1999 standardized rate ratio (SRR)
for all cancers was: for males, in total, of Belarus, 1.24 (1.23-1.25), of the Gomel region, 1.37
(1.35-1.4), of the Minsk region, 1.28 (1.26—1.31); for females, in total, of Belarus, 1.23 (1.22~
1.24), of the Gomel region, 1.32 (1.29-1.34), of the Minsk region, 1.28 (1.25-1.31). On the
average, in Belarus, the most increase in ASR was observed for the following sites: for males,
prostate 1.7 times, kidney 2.22 and thyroid 3.32; for females, kidney 2.2 and thyroid 4.07. A
significantly higher increase in ASR was observed in separate regions than in Belarus in total: in the
Gomel region, for males—in rectum and bladder cancers; for females—in bladder and thyroid
cancers; in the Minsk region, for males and females—in leukemia. © 2002 Elsevier Science B.V.
All rights reserved.
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1. Introduction

One of the expected consequences of the Chernobyl accident is an increase in cancer
risk. Presently, the problem of the acute increase of thyroid cancer incidence in Belarussian,
Ukrainian and Russian children exposed to '*'I is well known and studied. The objective of
this paper was to study changes in the cancer incidence in Belarus in the post-Chernobyl
period. Not pretending to reveal the relation of these changes with radiation exposure, the
authors nevertheless counted it necessary to show the objective picture not just for the entire
Belarus, but also for separate regions with different levels of radioactive contamination.

2. Material and methods

Data on incident cases registered from 1980 to 1999 in Belarussian Cancer Registry,
which is population-based and covers the whole of Belarus, were used for this study. The
data on the mean resident population from 1980 to 1999 up to region level were obtained
from the Belarussian State Statistical Department.

Two decades, 1980—1989 and 1990—1999, were chosen for comparison. Both average
crude rate (CR) and age-standardized incidence rate (ASR, world standard population)
were calculated for each period. Data on changes in relative frequencies of the leading
types of cancer were presented. To demonstrate changes in incidence, the 1980—1989/
1990—1999 standardized rate ratio (SRR) was calculated. To estimate temporal changes in
incidence growth, the average annual increase/decrease in CR and ASR per 100000
person-years were calculated for each period using simple linear regression approximation.
For reflecting the regional variations in the incidence time trends, data were presented both
for the entire Belarus and for several regions: Gomel region as the most contaminated by
radionuclides, Vitebsk region as “clean” and Minsk region as weakly contaminated were
selected for the study.

All calculations were made using the formulas given in Ref. [1]. Data on changes in
age-specific incidence rates were also presented.

3. Results and discussion
3.1. Changes in population structure

Fig. 1 shows average population structure (percentage) for the periods 1980—-1989 and
1990—-1999. It should be noted that in 1990—1999, proportion of the population aged 35—
74, which contributes mostly to cancer incidence, slightly increased as compared to 1980
1989 (42.9% vs. 37.5% for males and 46.6% vs. 43.0% for females).

3.2. Relative frequency of leading cancers

In 1990—1999, certain changes in the relative frequency of different types of cancer
were observed in Belarus as compared to the previous decade. Fig. 2 shows relative
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Fig. 1. Changes in population structure in Belarus (percentage).

frequencies of the leading types of cancer in Belarus, including thyroid cancer, which is

not really leading (especially in males) but increased adversely within the last decade.
A considerable decrease in the proportion of stomach cancer (for males—20.6% in

1980-1989 vs. 14.5% in 19901999, for females—15.3% vs. 11.3%) correlates well with
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Fig. 2. Changes in the relative frequencies of the most common cancers in Belarus (non-melanoma cancer of the
skin is not shown on the graphs).

the known (since early 1980s) tendency of this disease to decrease. A considerable
increase in prostate cancer (3.9% vs. 5.5%), which moved from seventh to fourth position,
should also be noted, as well as that in kidney cancer, whose proportion increased by 1.8
times.

Among female cancers, we would like to draw the readers’ attention to the increase in
the proportion of breast cancer (15.6% vs. 17.2%) which was previously ranked second
place and, of course, to that of thyroid cancer, which considerably increased not just in
children alone. Exchange of the positions between cancers of the cervix and corpus uteri
should also be noted. The relative frequency of kidney cancer in males increased
considerably (almost two times), though it moved to a lower position among other cancers.

3.3. Age-specific incidence rates

Age-specific incidence rates (ASIR) increased in their peaks (ages 65—80) on average
in all cancers and in most of the leading sites except stomach and cervix cancers (Figs. 3
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and 4). Besides, while the nature of growth of ASIR for all cancers for males and females
is about the same (1.3—1.4 times), in some sites, it has interesting features. The 5—10-year
shift of peaks for the older ages is seen in colon and kidney for males and in rectum,

breast, cervix uteri, kidney and leukemia for females.
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While growth of peak ASIR for separate sites ranged normally from 1.4 to 2 times,
growth of that for kidney cancer was three times and for ages 80—85, more than four
times. It should also be noted that all age-specific incidence rates in kidney cancer for
males starting from the age of 35 showed not less than twofold growth and, in age group
40-44, more than threefold.

For females, interesting peculiarities are seen in the changes of ASIR for breast cancer.
Here, considerable growth of the rates started from the age of 35 and the peculiar
“plateau” made up of the peak value of the ASIR in the ages from 45 to 74 can be seen.

It should also be noted that up to sevenfold growth of ASIR of thyroid cancer for
females in the age group 45-49 was observed.

Completely untypical behavior of ASIR of cervix cancer was observed. It would be
interesting to conduct a special study to explain this phenomenon.

As for males, a considerable increase in age-specific incidence rates of kidney cancer in
age group of 65-74 was observed (more than 2.5 times).

3.4. Incidence

3.4.1. Common tendencies

On the average, in Belarus, crude rates of all cancers in total for males and females
grew, as well as age-standardized rates (Fig. 5). However, while the average annual
increase of crude rate was practically the same for the both study periods, the tempo of
growth of the age-standardized rates in 1990—1999 was significantly lower for males than
in 1980-1989 and remained practically stable for females (Table 1). At the same time,
significant growth/fall of the average annual increase of crude rates correlates well with
that of age-standardized rates for some of the separate sites.

3.4.2. Interregional variations

3.4.2.1. Belarus. In Belarus, time trend of all cancers in total showed an increase of ASR
1.24 times for males and 1.23 times for females, while the average annual increase in the

400
350 -
300 -
250 -
200 -
150 -
100 - Females

50

9 V"
1980 1982 1984 1986 1988 1990 1992 1994 1996 1998

Fig. 5. Time trend in incidence (crude and age-standardized) rates for all cancers in Belarus (1980-1999).
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second decade was significantly lower than in the first one for males and practically
stable for females (Tables 2 and 3). At the same time, there were some sites where
there was indication that the average level was exceeded. For males and females, it
was firstly the thyroid gland (SRR—3.32 and 4.07, accordingly). Then considerable
growth of kidney cancer (SRR—2.22 and 2.2) and prostate cancer (SRR—1.7) should
be noted.

3.4.2.2. Gomel region. Since the objective of this paper was to study the cancer
incidence after the Chernobyl accident, the Gomel region drew special interest as the
most radioactive contaminated area. Here, we pointed at those cancer sites, which
significantly increased more than the average in Belarus. Presence of the Gomel data
in Belarus data is not crucial, because they constitute far less than 30% of the total
[1].

For males of the Gomel region, the following sites should be distinguished, in which
growth significantly exceeds the Belarus average. Those are primarily urinary bladder
(SRR—2.05 vs. 1.41) and prostate (2.16 vs. 1.7), as well as rectum (1.63 vs. 1.33) and
lung (1.45 vs. 1.29). At the same time, it should be noted that incidence growth of prostate
cancer did not significantly exceed that of Vitebsk region.

For females of the Gomel region, compared to data of Belarus, growth showed bladder
cancer (SRR—2.34 vs. 1.44) and thyroid cancer (5.22 vs. 4.07) to be most affected. Also,
the Gomel region significantly exceeded Belarus growth of age-standardized rate of lung
cancer (1.3 vs. 1.02) and cancer of the corpus uteri (1.6 vs. 1.38).

3.4.2.3. Vitebsk region. For males of Vitebsk region, considerable growth of ASR in
1990-1999 should be noted for the cancers of thyroid (SRR—2.26), kidney (2.19),
prostate (1.91) and colon (1.55) but it never significantly exceeded average growth in
Belarus.

For females of Vitebsk region, considerable growth of thyroid cancer (SRR—3.58) and
kidney cancer (2.14) should be noted, but it also did not significantly exceed average
Belarus level.

3.4.2.4. Minsk region. Minsk region was weakly contaminated with radionuclides and
had similar levels of cancer incidence with Gomel region in the pre-Chernoby! period.

In the Minsk region, first of all, significant excess of growth of ASR of leukemia for
males (1.62 vs. 1.23), as well as for females (1.54 vs. 1.25), compared to entire Belarus
should be noted.

In addition, for males of the Minsk region, considerable growth of ASR in 1990—
1999 should be noted for the cancers of the thyroid (SRR—2.71), kidney (2.54),
prostate (1.52) and colon (1.61), but it also did not significantly exceed average growth
in Belarus.

Females of the Minsk region were leading those in Belarus in growth of breast cancer
(SRR—1.56 vs. 1.42 in Belarus), but compared to Gomel and Vitebsk region, excess is not
significant. As in other regions, incidence of thyroid cancer (SRR—3.64), kidney cancer
(2.57) and colon cancer (1.46) considerably increased, but the growth was not significantly
higher than the average in Belarus.
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4. Conclusions

In post-Chernobyl period, on the average in Belarus, moderate increase of the age-
standardized cancer incidence rate was observed for males and females. While tempos of
increase became lower practically for all leading types of cancer, rates increased
considerably for cancers of the prostate, kidney, and thyroid gland for males, and for
cancers of the kidney and thyroid gland for females. Average growth of incidence of all
cancers in total significantly exceeded that in Belarus, not just in the Gomel region but also
in the Minsk region. Very serious increases of kidney cancer for males and females and
prostate cancer in all regions of Belarus, as well as bladder cancer in the Gomel region,
require further investigations. Special attention should also be paid to the considerable
increase of thyroid cancer in adolescents and adults (nearly sevenfold of incidence rate for
females in the age group 45—49 was observed).
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Abstract

The results of the 15-year monitoring of health status among the different groups of victims of the
Chernobyl! disaster, i.e. clean-up workers, evacuated people, residents of contaminated areas and
children, were overviewed. A significant increase in prevalence was noted among the clean-up
workers for the diseases of the nervous system and sensitivity organs, endocrine system, blood
circulation, digestion organs, urogenital system, blood and blood formation organs. The level of the
disease exceeded the indices of morbidity among the adult population in Ukraine. A dramatic
increase in the psychic disorders among this group was noticed especially in 1990-1993. It was
determined during the cohort epidemiological studies that the most significant rates of growth of
morbidity and the incidence of chronic non-tumoural diseases are observed among the clean-up
workers of 19861987 compared with those who worked there during the subsequent years. Clean-
up workers who suffered from acute radiation syndrome have high risks of realization of
oncohematological pathology and combined immune deficiency. The results of monitoring the health
status of the evacuated people showed the same negative tendencies. From 1988 to 1998, the ratio of
healthy people decreased from 67.7% to 29.0%. The ratio of people with pathology increased from
31.5% to 71.0%. The increase of the morbidity level among the evacuees is conditioned mostly by
the pathology of blood and blood formation organs, nervous system and sensitivity organs, endocrine
system, organs of digestion, respiration, urogenital and osteomuscular systems. During the whole
post-accident period, the condition of the medical and demographic indices of the population
residing in radio-contaminated territories is worse than that in clean territories and in the country in
general. In general, the stable demographic crisis was formed in radio-contaminated territories.
Among the children’s population that suffered as a result of the Chernobyl Nuclear Power Plant
accident, the evacuees from the 30-km zone and the inhabitants of radiation-contaminated territories,
including those relocated from the territories with a ground contamination density of 555—1480 kBq/
m?, the children bomn to clean-up workers and evacuees are the group of priority observation. All
population health indexes have negative dynamics and are dramatically worse in comparison to the
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same age of Ukrainian population. The incidence of all cancers in clean-up workers increased. Since
1995, all cancer incidence rates are higher in the population of Ukraine. The thyroid incidence rate in
evacuees exceeds the national rate by five to six times. The priority tasks for the achievement of the
goals of health protection for the people who suffered as a result of the Chemobyl catastrophe were
determined. © 2002 Elsevier Science B.V. All rights reserved.

Keywords: Chernobyl disaster; Health status; Long-term monitoring; Incidence; Prevalence

1. Introduction

Recognition of the consequences of the Chernobyl Nuclear Power Plant accident as a
national catastrophe was reflected in the Ukrainian legislation. A concept of the Ukrainian
national program for eliminating the consequences of the Chernobyl catastrophe and for
the social protection of the citizens considers, as its main goal, the reduction of the total
risk of health loss in the population of Ukraine and the reduction of social, psychological,
ecological and economic effects of the accident [1].

The state social programs of our country, which are directed to the protection and
rehabilitation of the health condition of those children and adults who suffered, confirm
legislatively the Law of Ukraine “On Status and Social Protection of the Citizens who
Suffered as a Result of the Chernobyl Catastrophe.”

2. Health status of clean-up workers

A significant worsening health condition was detected among the clean-up workers of
the Chernobyl Nuclear Power Plant accident during the post-accident period. The number
of healthy individuals among this contingency that are young and relatively healthy at the
time of their participation in the elimination of the consequences of the accident decreased
from 78.7% to 10.3%, and to 7.2% among those who received whole-body external
irradiation dose above 250 mSv as a consequence of the increase in mostly non-tumoural
chronic diseases which are leading today in their morbidity, invalidism and mortality.

A significant increase in the number of patients among the clean-up workers was
observed on the account of the diseases of the nervous system and sensitivity organs,
endocrine system, blood circulation, digestion organs, urogenital system, blood and blood
formation organs [2]. The level of the disease exceeds the indices of morbidity among the
adult population in Ukraine (Table 1). A high frequency of psychic disorders was noticed
especially in 1990—1993. Clinical observations of the condition of the nervous system in
clean-up workers of 1986—1987 revealed symptoms of disruptions in the diencephalic-
column fractions of the brain, dominating its depth and expression under the background
of lesion of all the levels of the brain and its vascular system. The dynamics of the
development of a disease in them is characterized by the progradient course of the
pathological processes with the gradual deepening of neurological symptoms and the
development of encephalopathy of different degrees of severity [3].
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Table 1

The incidence of non-tumour diseases (per 1000 individuals) in the cohort of clean-up workers of 1986—1987
(the men are healthy at the time of participation in eliminating the consequences of the Chernobyl Nuclear Power
Plant accident) and the healthy population of Ukraine (men and women) in 1988 and 1998

Class of diseases (ICD-9) Clean-up workers Adult population of Ukraine
1988 1998 1988 1998
All the diseases 209.0 2590.0 1018.6 1291.9
Infectious and parasitical diseases 2.5 11.0 29.4 36.9
Endocrine system diseases 0.9 172.9 27.0 40.3
Diseases of the blood and blood formation organs 0.1 7.9 1.7 6.5
Psychic disorders 3.1 414 49.2 49.5
Diseases of the nervous system and sensitivity organs 14.0 522.3 106.4 144.9
Blood circulation system diseases 5.2 584.8 158.7 349.4
Respiratory organ diseases 1185 303.3 286.5 230.8
Diseases of the digestion organs 7.4 601.5 86.2 126.9
Diseases of the urogenital system 1.6 66.7 52.3 76.6
Diseases of the skin and subcutaneous fat 7.6 17.5 38.0 43.1
Diseases of the osteomuscular system 18.8 241.6 64.1 84.8

Diseases of the digestion organs, blood circulation system, nervous system and
sensitivity organs were of the first rank in the structure of the diseases first revealed.
These three classes of diseases include 85-87% of the causes of invalidism, and diseases
of the blood circulation system rank first among the causes of death among the clean-up
workers. During the last years, the diseases of digestion organs are the most common.
Their structure pathology of the hepatobiliary system is 42—46%. During the first 5 years
after the accident, among the diseases of the nervous system and sensitivity organs, a
significant contribution was made by vegetovascular disruptions, and further, by ence-
phalopathies, myelopathies, polyneuropathies and eye diseases. In the structure of the
diseases of the blood circulation system, the contribution of essential hypertension is 39—
41%, ischemic heart disease, —20%, and cerebrovascular pathology, —15%. The bulk of
the diseases of the endocrine system is thyroid pathology (73—78%). The contribution of
chronic non-specific diseases of the bronchi and lungs is growing in the structure of the
diseases of the respiratory organs.

It was determined during the cohort epidemiological studies that the most significant
rates of the growth of morbidity and the incidence of chronic non-tumoural diseases are
observed among the clean-up workers of 1986—1987 compared with those who worked
there during the subsequent years.

The 14-year observation of the health condition of clean-up workers who suffered from
acute radiation syndrome testifies on the high risk of the realization of oncohematological
pathology and combined immune deficiency. Skin lesions have recidivate among 1/3 of
the patients. Radiation cataracts, laboratory hypothyrosis and the organic pathology of the
nervous system dominate the clinical symptoms. More than 90% of the reconvalescents of
acute radiation syndrome are invalids of two groups. The basic cause of death is instant
heart death.

The efficiency of the countermeasures on the prophylaxis of the stochastic effects of
irradiation in the group of reconvalescents of acute radiation syndrome is considered as
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extremely problematic and doubtful, and non-stochastic ones are more probable under the
condition of regular supportive therapy at the hospital, ambulance and health center and
resort stages and the elimination of other common risk factors which depend, first of all,
on the personal position of the victims [4].

The obtained data testify on the appropriate dependence of the formation of chronic
non-tumour morbidity among clean-up workers from irradiation dose. At different periods
after their participation in the elimination of the Chernobyl Nuclear Power Plant
consequences, the risk of the development of some diseases of the blood circulation
system, digestion organs, nervous system, thyroid and urogenital system was higher
among the clean-up workers who received an irradiation dose above 250 mSv.

The annual decrease in mortality was observed among the clean-up workers. Indices of
mortality approached the mortality level among the whole Ukrainian population of working
capability age. During the last 6 years, the average annual rates of the increase of mortality
from diseases of the organs of blood circulation, respiration, digestion and endocrine
pathology grew two times. Nowadays, diseases of the blood circulation system rank first in
the mortality cause structure.

3. Health status of evacuees

According to the Ukrainian State Registry of the Individuals who Suffered as a Result
of the Chernobyl Catastrophe, among the adult population evacuated from the city of
Pripyat’ and the 30-km zone around the Chernobyl Nuclear Power Plant, negative
tendencies of changes in health condition were noticed. From 1988 to 1998, the ratio of
healthy people decreased from 67.7% to 29.0%, whereas the ratio of people with
pathology increased from 31.5% to 71.0%. For the above-mentioned period, the incidence
of diseases increased three times, and primary morbidity increased two times on the
account of more significant excess of diseases compared with the Ukrainian adult
population. The increase in the morbidity level among the evacuees is conditioned mostly
by the pathology of blood and blood formation organs, nervous system and sensitivity
organs, endocrine system, organs of digestion, respiration, urogenital and osteomuscular
systems. Indices of such classes of diseases of the nervous system, blood and blood
formation organs, psychic disorders, nervous system and sensitivity organs, systems of
blood circulation, digestion and osteomuscular system exceed the population level.

The level of primary morbidity of the thyroid increased by more than 1.5 times among
the evacuees, mostly on the account of acquired hypothyrosis, thyroiditis and non-toxic
nodular goiter. The annual level of thyroid disease is higher in women than in men. The
frequency of the diseases increases with age. Its increase is more pronounced from the age
of 30 [5].

Appropriate peculiarities are noticed in the disease structure among the evacuees.
During the first post-accident years, the leading role was played by psychic disorders and
their contribution in the structure reached to 14%. During the subsequent years, diseases of
the organs of blood circulation, respiration, nervous system and sensitivity organs and
digestion organs were more common. It is necessary to point out the considerable increase
in the dynamics of the structure in the contribution of the diseases of the digestion organs,
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which rank first in the disease incidence structure after ranking third, and that in the
structure of the primary diseases ranks second.

Special cohort studies of the morbidity of evacuees with different terms of evacuation
from Pripyat’ and the 30-km zone around the Chernobyl Nuclear Power Plant (during the
first 2 days and also 8—12 and 19-50 days after the catastrophe) established that the
highest morbidity level was among the evacuees from Pripyat’, e.g. evacuees of earlier
terms. Here, the morbidity accumulated for the period of 1988—1998 in the cohort of
evacuees of the first 2 days after the catastrophe was 7780.7+212.4 %o. The lowest indices
were detected in the cohort of individuals evacuated at later terms (19—50 days). Here, the
index of the accumulated morbidity was two times lower (3124+108.8 %0). Among the
evacuees of 8—12 days, the morbidity index was 5437.6+£62.2 %o . Appropriate differences
among the evacuees of different terms are also observed as for the levels of the diseases by
classes and nosological forms and structure of the diseases—it is connected with both the
factor of age and the impact of complex factors of the accident (stress, value of dose
loading, etc.).

During the study of mortality dynamics among the evacuees for the above-mentioned
period, it was established that for a given period, the total mortality level did not exceed
that of the population. Meanwhile, the study of age changes revealed that at separate years
(1993 and 1994), the mortality level among the adolescents (age: 15—17) was higher than
that of individuals aged 18—29 or in concordance with the mortality level in elderly age
groups. In the structure of the causes of death, the diseases of blood circulation organs
(47.6—-83.1%), neoplasms (7.4—16.5%) and traumas and intoxications (2.7—19%) have
the highest proportion [6].

Considerable changes in health condition were registered also among the population
residing in radiation-contaminated territories. For the period of 1988—1998, the incidence
of the diseases and primary morbidity grew by more than two times (respectively, from
620.9 %0 to 1275.6 %0 and from 309.5 %o to 746.0 %o). The growth of morbidity is re-
gistered almost in all the classes of diseases, especially in the class of diseases of blood
and blood formation organs (10.8—15.4 times), endocrine pathology (4.1-8.1 times),
nervous system and sensitivity organs (3.8-5.0 times) and skin and subcutaneous fat
(4.0-4.6 times). The level of morbidity of the organs of digestion, urogenital and
osteomuscular systems increased by more than two times. From 1993 to 1994, the in-
dices of morbidity among the victims exceed that of the population on the account of
rather higher annual rate of excess of indices among the population of radio-contaminated
areas.

The morbidity among the inhabitants of radio-contaminated territories depends on the
zone of residence. In the period of 1988—1997, the highest excess was registered in zone 2
(surface deposition of *’Cs is exceeding 15 Ci/km?). In zone 3 (surface deposition of
B37Cs is 5—15 Ci/km?), the level of morbidity increased by 2.3 times, while in zone 4
(surface deposition of '*’Cs is 1—5 Ci/km®), 1.4 times. The average annual rate of excess
of morbidity indices in zone 2 compared with zone 3 is higher by 2.9 times, while with
zone 4, 5.6 times. For the first time, a higher level of revealed pathology was reliably
established in zone 2 only compared with the population level. Such differences in the
morbidity indices among the inhabitants of different zones are registered almost in all the
classes of diseases. It should be pointed out however that in zones 3 and 4, like in zone 2,
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very high levels of psychic disorders were registered in separate years, reaching 1116 %o
in zone 3 and 10.6 %o in zone 4. In zone 2, the maximum level of this index reached to
69.7 %0 compared with 4.4—5.4 %o among the adult population.

During the special cohort study of the inhabitants of radiation-contaminated territories,
the reliable dependence of the formation of some classes and forms of diseases from
thyroid irradiation dose was established. In individuals with thyroid doses exceeding 200
cGy, the high relative risk of the development of diseases of organs of blood circulation,
especially cerebrovascular pathology, was noticed compared with those for whom this
dose is below 30 cGy. The risk of the formation of endocrine pathology and diseases of the
osteomuscular system is also reliably higher [7].

Molecular and genetic studies conducted in the Urology and Nephrology Institute,
Academy of Medical Sciences of Ukraine, in collaboration with the specialists of the
Medical Center of Osaka University (Japan), testify that the mutation inactivation of
the p53 tumour-suppressor gene takes place in 53% of the cases, and in 96% of the
cases—the development of precancer changes in the urothelium of the urinary bladder
among the patients with prostate adenoma—of the inhabitants of territories contami-
nated with radionuclides as a result of long-time chronic impact of low ionizing
irradiation doses (more than 14 years). It leads to genetic instability with the possible
development of mostly invasive forms of urinary bladder cancer.

4. Demographic features

Beginning from 1990 to 1991, the symptoms of demographic crisis were observed in
the country. Its peculiarities are the considerable decay of birthrate and rapid growth of
mortality among the population. Infant mortality remains on the increased levels.
Population morbidity, especially among children, is constantly growing. Everything
takes place under the negative radiation and ecological conditions caused by the
Chernobyl catastrophe and its consequences. The collective population irradiation dose
is growing because more than 2.5 million people reside in the localities with increased
levels of radioactive contamination, and for 15 years, they have been experiencing the
impact of chronic irradiation by low radiation doses.

During the whole post-accident period, the condition of the medical and demographic
indices among the population residing on radiation-contaminated territories is worse than
on non-contaminated territories and in the country in general [8]. It was reflected more
essentially on the levels of basic indices, characterizing the dynamics of population num-
ber, its structural peculiarities and processes of renovation. The dynamics of the formation
of demographic indices on radiation-contaminated territories has such peculiarities. For the
first 2 years after the accident, the local decay of birthrate and the increase of infant
mortality were registered. At the third to fifth years, the return of indices to pre-accident
levels took place. From the sixth year, the decrease of birthrate, increase of infant mor-
tality, total mortality and mortality from separate causes of death and the decrease of life
span were registered. In general, stable demographic crisis took place on radiation-con-
taminated territories. Its consequences will negatively influence the health condition of
future generations in those areas.
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With such integral index as a human development index, the health condition of the
inhabitants in the areas that mostly suffered from the catastrophe is worse than in the
country in general (Fig. 1). The human life index is an integral index where the
methodology of calculation is based on four indices—Ilife span, gross internal product
per capita, education level and number of citizens who are studying.

The lowest levels of this index were observed on radiation-contaminated territories. Of
special concern is the decrease of the average expected life span (AELS). For the whole
post-accident period, the AELS for the individuals of both sexes on radiation-contami-
nated territories in the Zhitomir, Kiev and Chernihiv regions decreased within 4—5 years,
while that in the control Poltava region and in Ukraine in general decreased within 3
years.

Studies of the past years showed that external causes of death (incidents, traumas and
intoxications), neoplasms and somatic diseases are the leading ones in the reduction of life
span of the population both in radio-contaminated and non-contaminated territories. The
average expected life span under the mortality from somatic pathology is essentially higher
(12—16 years for men and 4-7 years for women) than in the case of oncological diseases
irrespective of the territory studied. Analysis of age-relative risks by causes of death
revealed that the decrease of AELS among the population is conditioned, first of all, by the
mortality among the individuals of both sexes of working capability age from somatic
pathologies and—presumably for men—from external causes. Under the general tendency
of the growth of risks of death from neoplasms of individuals aged 45 and above both in
radio-contaminated areas and in the control, the presence of groups of increased risk was
observed for this pathology. Thus, in the Zhitomir region, these are children of ages | and
above and women of ages 2029, and in the Kiev and Chernihiv regions, individuals of
both sexes of ages 15-29.

For the whole period of observations, the reliable growth (p<0.001) of mortality
from neoplasms was revealed in the most radio-contaminated areas and in Ukraine in
general. Here, the average annual rates deviated within 0.015-0.04 per 100000 people.
During the post-accident period, the average annual rates of excess were significantly
higher in the Kiev, Zhitomir and Chernigiv regions than in the contro! region of Poltava

1.0
=== Ukraine
0.9 A —a— Zhitomir region
08 —a— Kyiv region
=>6= Poltava region.
0.7 A
—e— Chernihiv region
0.6 T T T T T T r T T T T

Year
85 8 87 88 89 90 91 92 93 94 95 96 97

Fig. 1. Dynamics of the human development index in the most radio-contaminated areas in 1985-1997.
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and Ukraine in general (by two times). The highest rates of excess were revealed in the
Ivankiv district of the Kiev region and in the Luginy and Narodichi districts of the
Zhitomir region.

Consequences of 15-year studies after the Chernobyl catastrophe still do not give the
opportunity to determine the size of the contribution of ionizing irradiation into the
worsening demographic indices, including the mortality from diseases which could be
induced by irradiation. The data obtained testify on the changes of basic demographic
indices during the post-accident period, and the prognosis calculations testify on the
subsequent worsening of the medical and demographic situation in radio-contaminated
territories.

5. Production and health status of children

Among the pregnant women residing in areas with increased level of radiation
contamination, a considerable decrease in birthrate takes place (from 30% to 40%). The
growth of somatic morbidity (cardiovascular pathology—2 times, diseases of the
kidney — 3 times, thyroid diseases—35 times and anemia— 10 times compared with the
pre-accident period) is taking place under such background.

The presence of the connection is proven between the accumulation of separate
radionuclides in the placenta and fetus body weight. Here, the decrease in the body
weight (hypotrophy) of a neonate takes place. It takes place three times more often than in
the total population.

The condition of reproductive health of women from radiation control areas is
determined clinically by the increase of the frequency of chronic inflammatory diseases
of the genitals, hyperplastic processes (1.5—2 times) and the decrease of fertility by almost
1.5 times. Disruptions of the hormonal function of the fetoplacentary complex and the
thyroid gland are established, which lead to the appearance of the complicated course of
pregnancy and labors, worsening of the condition of a fetus and its intrauterine death as
a result of hypotrophy, hypoxia and developmental malformations under the background
of characteristic changes. The health quality of the neonates is decreasing, while neonatal
losses and invalidism in children are growing.

Based on the immunological monitoring of women and children’s population that
suffered, regularities are revealed in the changes of the immune status in a “pregnant
woman-fetus-child” biological system. The concept is suggested for the disruptions of
immunity in children from radiation control areas, which assumes that the development of
immunodeficiency conditions and autoimmune pathology at the above-mentioned con-
tingency of children begins from the activation of separate links of intrauterine fetus with
their subsequent exhaustion and disruptions of endocrine regulation of immune homeo-
stasis at children, first of all, on the account of the changes in the hypophysis—thyroid
system.

In concordance with the data of the first post-accident years, the number of healthy
evacuated children and born to clean-up workers decreased from 30% to 2.8-5% in
different observation groups, and the percentage of the children increased by more than
two times whose health condition belong to the third health condition group (62%). The



V.G. Bebeshko, O.A. Bobyliova / International Congress Series 1234 (2002) 267-279 275

number of children-invalids among the survivors exceeds four times the average popu-
lation level in Ukraine.

An increase in the level of somatic diseases was revealed and registered during medical
follow up {9]. Thus, in 1987-1988, this index was 25948, and in 1999, it increased by
almost two times to 49967. The most pronounced changes consider the index of the
morbidity of digestion organs (4659 in 1998; 10122 in 1999) and the nervous system
(2369 and 4350, respectively). Comparison with children of the same age testifies on the
considerable difference between the levels of this index (by the data of 1999 which is three
times higher among the children who suffered). Clear tendency is determined as for the
increase of risk of the development of pathology of digestion organs, nervous system and
diseases where the main chains in the pathology are the changes of immune condition
(allergic bronchitis, dermatitis and colitis) compared with the children of the same age.

The structure of all diseases among the children’s population that suffered acquired
qualitative changes: ranking first is the diseases of digestion organs (chronic diseases of
the liver, gallbladder, biliary ways and pancreas, gastritis and gastroduodenitis). It is
different from the general regularities of the formation of morbidity in the populations of
children’s age (respiratory organ diseases are in the first rank in the structure of all the
diseases in children’s populations). The age of first diagnosis of the diseases of digestion
organs is lowered among the children’s population that suffered. More often, diseases of
the liver, gallbladder, biliary ways and pancreas, gastritis and gastroduodenitis are
diagnosed for first time in a younger school age.

The growth of the level of neurotic conditions is revealed among the children born to
clean-up workers. The structure of this nosological group is mostly represented by anxiety
neurosis. The frequency of logopedic pathology exceeds by almost two times the similar
index in the control registry.

It was determined that the basic risk of health loss for children’s population residing on
radio-contaminated territories is connected with the diseases of blood and blood formation
organs, endocrine system, digestion organs and psychic disorders. For the evacuees from
the 30-km zone, these are psychic disorders and discases of the digestion organs and
nervous system, Without the impact of the consequences of the Chernobyl Nuclear Power
Plant accident, it would be possible to avoid the diseases of the endocrine system by 24%,
diseases of blood and blood formation organs by 33%, psychic disorders by 52% and
digestion organ diseases by 24%.

The formation of morbidity is connected with the impact of both radiation and non-
radiation factors (ground contamination with radionuclides, heavy metals, pesticides,
chemical composition of potable water, etc.) Part of the ionizing irradiation is from 2% to
20%.

Among the children’s population that suffered as a result of the Chemobyl Nuclear
Power Plant accident, the evacuees from the 30-km zone and those residing in radiation-
contaminated territories including those who were relocated from the territories with a
contamination density of 555—1480 kBg/m?, and children born to clean-up workers and
evacuees are the priority observation group.

An increase in the general population morbidity (from 455.4 in 1987 to 1519.6 in 1999)
and morbidity by all the basic disease classes, the decrease of the ratio of practically
healthy children (from 27.5% in 1986—1987 to 8.3% in 2000) and an increase in the
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number of children with chronic diseases (from 8.4% in 1986—1987 to 55.5% in 2000)
and children-invalids are established on the population level. The most unfavourable
changes were observed among children with high thyroid irradiation doses (above 200.0
c¢Gy) and children irradiated in the uterus. Part of the practically healthy children among
them does not exceed 2.6—5.0%.

Beginning from 1986, the determined effects of thyroid irradiation were observed: the
primary functional response was detected in 1986—1987, while the beginning of the
formation of chronic autoimmune thyroiditis was detected in 1990—1992, and the clinical
realization of the diseases was observed in 1992—1993. In 1993—1995, in the group of
evacuees from the 30-km zone, non-tumoural diseases of the thyroid (chronic thyroiditis
and hypothyrosis) were 0.057—-0.089 per 10000 children, while those among the children
residing on contaminated territories were 0.083—0.160 per 10000, respectively. In 1998,
the incidence of chronic thyroiditis and hypothyrosis was 320 per 10000 children, while
those among inhabitants of territories of radioecological control was 145, respectively.

Excess of thyroid cancer incidence among children and adolescents in Ukraine is
confirmed by the dynamics of the disease. During the pre-Chernobyl period in 19811985
in Ukraine, the level of thyroid cancer incidence among the children of ages 15 and below
was 0.05 cases per 100000 children. Nowadays, there are 1400 verified cases of thyroid
cancer among the children in Ukraine. Its significant growth is determined beginning from
1990. In 19861990, the thyroid cancer incidence among the children’s population in
Ukraine was 0.11 per 100000, in 1991-1995, 0.41 per 100000 and in 19962000, about
0.40, e.g. in the last decade, it was eight times higher.

The presence of mutations in the genome of children born to families of parent-clean-
up workers and the structural —functional condition of the bone tissue of the children borm
to mothers irradiated at the children’s age were determined. A tendency of the increase of
the mutation levels by 1.5 times is detected only for the children conceived when their
parents were exposed to the ionizing irradiation during their work at the Chemobyl
Nuclear Power Plant. This fact testifies that the male genital cells could be sensitive to the
mutagenic impact of ionizing irradiation only on the stage of meiosis (spermatogenesis).

At delayed terms of the post-accident period, the prognosis of the children’s health
remains unfavourable. A high number of children is preserved in groups of the risk of the
development of pathologies of the most irradiated organs and systems: thyroid, 32.6% (in
control — 15.4%, p<0.05); respiratory organs, 26.0% (in control— 13.7%, p<0.05);
cardiovascular system (taking into account vegetovascular dystonia), 57.8% (in con-
trol—31.8%, p <0.05); gastrointestinal tract, 18.9% (in control—8.9%, p <0.05); immu-
nological insufficiency, 43.5% (in control—28.0%, p<0.05); and endocrine infertility in
girls, 32.0% (in control— 10.5%, p<0.05).

In children born to mothers irradiated in the children’s age of the disruption of
calcium—phosphorus metabolism, the metabolism of the bone tissue (decrease of activity
of osteoblasts) is revealed already in early infancy. In the future, it could lead to the
development of structural—functional disruptions in the bone tissue. Earlier, structural
disruptions in the bone tissue were revealed in girls (by the data of ultrasound den-
sitometry).

The chronic radiation affliction of children born to clean-up workers and inhabitants of
radiation-contaminated territories leads, first of all, to the disruption of the integrative
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function of the central nervous system in the outlook of the regional changes of vegetative
innervation, vascular dysfunction of different degrees of expression and multiple dis-
ruptions of higher nervous activity. Under the background of these disruptions, the
development of encephalopathies is characterized by the most severe course such as those
individuals who were exposed to ionizing irradiation at the children’s age.

Mortality among the children who suffered during the whole post-accident period is
lower or on the level of the total index of children’s mortality, ages 0—14, in Ukraine.

6. Cancer mortality and morbidity

A long-term monitoring of malignant neoplasm diseases among the clean-up workers
of the Chernobyl Nuclear Power Plant, accident evacuees and the population residing in
radiation-contaminated territories showed the difference of these processes compared with
the total Ukrainian population.

Malignant neoplasm morbidity among the clean-up workers shown by the data of
1990-1998 grows constantly, and beginning from 1995, exceeds similar indices for the
appropriate age group of the Ukrainian population. Thus, in 1998, malignant neoplasm
morbidity among the clean-up workers was 650.0 per 100000 and in appropriate age
groups of the Ukrainian population, 540.0 per 100000. Breast cancer incidence in women-
clean-up workers (1990—1998) and among the population residing in territories contami-
nated with radionuclides (1993—1997) increased by 1.5 times. It is a common knowledge
that radiogenic solid tumours could also appear within 30—50 years after irradiation, that is
why there is a necessity of subsequent monitoring of malignant neoplasm diseases among
the clean-up workers, evacuees and the population of teritories contaminated with ra-
dionuclides for timely detection of possible stochastic effects of irradiation. Thyroid can-
cer morbidity among the clean-up workers of 1986—1987 exceeds four to five times the
indices for the appropriate population age groups (SIR: 415.4%, 95% CI: 304.6—529.2%).
It testifies on its connection to irradiation.

The total morbidity level among the evacuees as for the malignant neoplasms during
1990-1998 does not essentially differ from the morbidity level of the Ukrainian
population, and in 1998, it was 256.3 per 100000. However, thyroid cancer morbidity
exceeds five times this index among the appropriate age groups of the Ukrainian
population [10].

During the period of the study (1980—-1998) among the population residing in
contaminated territories, the level of malignant neoplasm morbidity is constantly growing.

7. Concluding remarks

The results of the [5-year observation of the health condition of the population
categories that suffered from the Chernobyl Nuclear Power Plant accident factors testify
that despite of the unprecedented scale of the accident, the medical service, thanks mostly
to the efforts of the Ukrainian medical workers, managed to provide, in general, the
necessary amount of measures and actions directed on the protection of the population
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that suffered against the impact of the negative factors of the accident in the limits allowed
by the possibilities of that time.

During the whole post-accident period, the condition of the medical and demographic
indices of the population residing in radio-contaminated territories is worse than that on
clean territories and in the country in general. In general, stable demographic crisis was
formed in radio-contaminated territories. Its consequences will negatively influence the
health condition of future generations.

For subsequently 10 years (until 2010), it is necessary to expect the preservation of the
tendency for the growth of morbidity of the same classes of diseases, and possibly, malignant
neoplasms by taking into account the natural aging of the contingencies that suffered.

The morbidity by many classes of diseases among the survivors of all the categories is
constantly growing during the post-accident years. Thyroid and breast cancer incidence
reliably increased among the oncological pathologies.

Comparison of health indices of the survivors with appropriate indices of the
population that did not suffer from the Chemobyl Nuclear Power Plant accident testifies
that the worsening of both the health condition of the population that suffered and the
general health condition of the Ukrainian population takes place under the influence of
negative factors that are different in their nature and not only under the impact of ionizing
radiation.

Among the children’s population that suffered as a result of the Chernobyl Nuclear
Power Plant accident, the evacuees from the 30-km zone and inhabitants of radiation-
contaminated territories, including those relocated from the territories with ground
contamination density of 555—1480 kBq/m” and children born to clean-up workers and
evacuees are the group of priority observation.

The determination of population health condition and the implementation of the
measures on its protection for the survivors are among the most important problems in
the system of measures on the elimination of the consequences of the Chernobyl
catastrophe. Basic efforts should be directed on the achievement of the level of basic
health indices in all the categories of survivors that are not worse than the same indices for
the appropriate groups of population in clean territories.

An increase in the efficiency of the measures as for the minimization of medical
consequences of a radiation accident, taking into account the experience acquired on the
engagement of efforts of health care establishments, is possible only under the condition of
existence of timely planning of organizational, medical and sanitarian, social measures and
implementation of the population protection system into practice. Their implementation
should take place in concordance with the Draft National Program for the Minimization of
the Consequences of the Cherobyl Catastrophe for 2001 -2005 and until 2010.

Priority tasks for the achievement of the goals of health protection for people that
suffered as a result of the Chernobyl catastrophe should provide first of all:

+ the provision of highly qualified and guaranteed medical aid to individuals included
into the priority groups of medical care and patients with realized pathology;

¢ the development and implementation of scientifically substantiated efficient methods
of therapy of radiogenically induced and other invalidizing diseases for survivors at a
delayed period;
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¢ the development and implementation of prophylactic measures on the diminishing
morbidity level and health protection for children and adults;

* the development of rehabilitation directions;

* the functioning of clinical—dosimetric epidemiological registry of survivors and
priority groups of medical care; and

¢ the improvement of the system of the establishment of the connection of diseases with
the impact of ionizing irradiation and other factors of the accident.
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Abstract

We analyzed the temporal trend in cancer incidence rate in different groups of Ukrainian
population affected by the Chernobyl accident using the data obtained from the following two main
information sources: (1) local cancer registry, which was established in 1987 and covers 150,000
population in the most radio-contaminated areas close to Chernobyl; and (2) state registry of people
affected by the Chernobyl accident. The latter registry covers 90,000 emergency workers in 1986
1987 and 50,000 evacuees from Pripyat city and 30-km zone who received different doses of
radiation. The mean dose was evaluated as 100-200 mSv for emergency workers in 1986, 50—100
mSv for those in 1987, and 10—12 and 20—-30 mSv for evacuees from Pripyat city and 30-km zone,
respectively. The lifetime dose in residents of contaminated areas with deposition density exceeding
555 kBg/m® was estimated to reach 100 mSv. A significant risk of thyroid cancer due to exposure to
radioactive iodine was noted, especially in children. According to the evaluation of dose distribution
in Ukrainian population, about 85% of children aged below 3 years received the dose of 0.1-1.0 Gy;
60% of children aged 4—15 years and 50% of adolescents received 0.05-0.3 Gy; and 15,000 children
born on 19791986 before the accident received more than 2 Gy. Cancer incidence in people still
living in contaminated areas has shown a slow increase with time more than 10 years after the
accident. Comparison of the standardized incidence ratio (SIR) in the three groups of affected people,
i.e., residents of contaminated areas, emergency workers in 19861987, and evacuees, the periods of
1990-1993 and 19941997 showed a significant increase in emergency workers in 1986—1987 only.
As to site-specific cancer, a significant increase in thyroid cancer incidence in the three groups of
population, especially in evacuees, should be noted. Breast cancer incidence rate showed a significant
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increase in female residents of contaminated areas and women who participated in emergency work in
1986-1987. © 2002 Elsevier Science B.V. All rights reserved.

Keywords: Cancer incidence rate; Standardized incidence ratio; Dose of radiation; Contaminated area; Emergency
worker; Evacuee; Population

1. Introduction

According to national report {1], a significant part of Ukrainian population was
subjected to radiation after the Chemobyl accident. These circumstances have provoked
anxiety in wide circles of population about the influence of radiation on human health,
particularly on the risk of inducing malignant tumors.

Emergency workers who participated in clean-up works in 1986 and 1987 were
estimated to have received highest average accumulated effective doses of 100—-200 and
50—100 mSy, respectively [1]. Profound attention has to be paid for detailed surveillance of
evacuees from Pripyat city and 30-km zone, whose mean doses are estimated as 10—12 and
20-30 mSv, respectively. It should be noted that the most significant accumulated
collective doses were found in 11,870 individuals in a population of six large northern
regions: 36,910 person-Sy, i.e., 75.3% of collective dose received by the whole population
of Ukraine. Expected individual lifetime dose varied from 80 to 400 mSv in some groups of
the most radio-contaminated areas.

Irradiation of thyroid gland by radioactive iodine especially at an early age gives quite a
significant risk of developing thyroid cancer. Collective dose of this critical organ in
children of Ukraine was estimated at 400,000 person-Gy, but in eight most radio-
contaminated districts, it was 57,000 person-Gy, i.e., 14.2% of total collective dose in
children. Together with the known susceptibility of the thyroid gland to induction of
radiogenic tumors especially in young people, this justifies extensive epidemiological
study of thyroid cancers in affected groups. Continuous surveillance for harmful health
effects in these affected groups, especially the possible induction of radiogenic cancers, is
important.

2. Materials and methods

The present research was undertaken to investigate a possible increase in incidence rate
of malignant neoplasms after irradiation of large parts of Ukrainian population due to the
Chernoby! accident. It was conducted in three main groups of affected population:
residents of the most radio-contaminated areas, emergency workers in 1986—1987, and
evacuees from Pripyat city and 30-km zone.

As to residents of the most radio-contaminated areas, we noted that the local cancer
registry was set up in 1987 and that retrospective and prospective studies have been
conducted to identify all cancer cases diagnosed since 1980 in the four districts: Naroditchy
and Ovrutch districts of Zhitomir region, and Ivankov and Polesskoye districts of Kiev
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region. Furthermore, all cancer cases in the former Chernobyl district in 1981 —1985 were
also reconstructed and included in the study group. The population of these five districts at
the time of the accident was 274,000 including 59,200 children aged 0—14 years. In 1997,
the population of the four districts, excluding practically unpopulated Chernobyl district,
was 132,000 including 23,400 children. All medical documents including urgent notifica-
tion of new cancer cases and death certificates were collected from all medical institutions
which diagnosed and treated the patients. All records were cross-checked to avoid
duplication before compiling the final file. A total of 9987 new cancer cases have been
registered since 1980.

Annual age-specific and age-adjusted (by direct method) incidence rates were
calculated for 1980-1997 and were compared with corresponding data for the whole
Ukraine and for the Kiev and Zhitomir regions which include the districts of interest. The
standard age structure was constructed on the basis of the 1979 all-union census
population.

State registry data were used for the study of cancer incidence in emergency workers in
1986-1987, and evacuees from Pripyat city and 30-km zone. We analyzed the data of
83,965 emergency workers in 1986-1987 living in Dnepropetrovsk, Donetsk, Kiev,
Lugansk, and Kharkov regions as well as Kiev city, and 50,437 evacuees resettled in the
whole territories of Ukraine. The indirect method of standardization was used for the
analysis. Because of the relatively small number of subjects and age-specific cancer
incidence rate of Ukrainian population in 19901996, it was used as the standard rate in
the calculation of the standardized incidence ratio (SIR).

3. Results

Cancer incidence rates in various tertitories are illustrated in Fig. 1. Throughout 1980-
1997, the cancer incidence rate was lower in people still living in the most contaminated
areas than in the entire Ukraine, Kiev region, and Zhitomir region. The temporal trend in
cancer incidence rate, however, was similar for the four territories: the respective annual
cancer incidence rates were around a gradually increasing line throughout the entire
period. Such a temporal change is characteristic of the entire Ukraine as well as radio-
contaminated regions and most of the contaminated small districts. No significant differ-
ence was noted among regression coefficients, which estimates the annual increase.

Comparison of the standardized incidence ratios (SIR) in different groups of affected
population in periods 19901993 and 19941997 (Table 1) indicated no significant
increase in cancer incidence rates either in evacuees or residents of the most contaminated
areas, while it indicated a significant increase with the emergency workers in 1986—1987.
A feature of the temporal trend in the cancer incidence in evacuees is that a significant
increase with time was observed in young age groups while no such increase was observed
in other age groups.

The greatest interest at present, which is more than 10 years after the Chernobyl
accident, is malignant tumors such as breast, lung, stomach, bowels, ovary cancers, etc., as
well as lymphoma and leukemia which could be attributed to prolonged effect of ionising
radiation.
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Fig. 1. Dynamics of cancer incidence rates in the Ukraine, Kiev region, Zhitomir region, and the areas most

contaminated with radionuclides. Males and females.

Temporal fluctuation is notable in the leukemia and lymphoma incidence rate especially
in the most radio-contaminated areas (Fig. 2). It should also be noted that the leukemia and
lymphoma incidence rate increased in 1987—-1991 and then decreased. Since the minimum

Table 1

Standardized incidence ratio (SIR) of all cancers (ICD-10, 140-208) in different groups of Ukrainian population

affected by the Chernobyl accident

Observation Person-years Observed number Expected number SIR 95% CI
group and period of observation of cases of cases

Residents of contaminated territories

1990-1997 1,211,132 3963 4890 81.1 78.6—83.6
1990—-1993 654,501 2143 2607 82.2 78.8-85.7
1994-1997 556,631 1820 2283 79.7 76.1-83.4
Emergency workers 1986— 1987 (males)

19901997 577,536 1496 1354 110.5 104.9-116.1
19901993 263,084 538 443 121.5 111.2-131.8
1994-1997 314,452 958 911 105.1 98.5-111.8
Evacuees from 30-km zone

1990-1997 408,882 870 1234 70.5 65.8-75.2
19901993 208,805 432 618 69.9 63.3-77.8
19941997 200,077 438 616 71.1 64.5-77.8
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Fig. 2. Dynamics of leukemia and lymphoma incidence rates in the Ukraine, Kiev region, Zhitomir region, and
the areas most contaminated with radionuclides. Males and females.

latent period for these diseases is 2 years [2] and since the incidence is expected to reach
the peak in 6—8 years, the observed transient increase would be caused not by radiation
but screening. The regression coefficient estimates (*standard errors) were 0.14+0.03,
0.1940.07, 0.31£0.10, and 0.31£0.13 for the entire Ukraine, Kiev region, Zhitomir
region, and most contaminated area, respectively; no significant difference was noted in
the regression coefficient among the territories.

Comparison of the leukemia and lymphoma incidence rate in the extended period
showed, however, significantly much higher levels in the periods 1986—1991 (P<0.01)
and 1992-1997 (P<0.05) as compared with the pre-accidental periods (1980—1985)
(Table 2). In the similar analysis of respective sub-types of these diseases, a significant
increase was observed in the lymphatic leukemia incidence in 1986-1991 (P<0.05) but
the disease is not radiogenic [3]. Similarly, a significant increase was observed in the
myeloid leukemia incidence rate in 19861991 (P <0.01). However, a relatively large
standard error in 1980-1985 forestalls drawing conclusion. A gradual increase was
observed in the lympho- and reticulosarcoma incidence rate, which was significantly
higher in 1992—-1997 (P<0.05) as compared with the period 1980~1985. However, due
to the large-scale migration of people from contaminated areas, there is concern that some
members of the group of highest potential risk may have been lost for follow-up.

The radiation origin of the dramatic increase in thyroid cancer incidence rates (Fig. 3)
raises no doubt these days. In Ukraine, on the whole, this increase was approximately 2.0
times the above spontaneous expected level in male and female populations. Fig. 4
indicates that the increase in Kiev city and Kiev region, to which 70% of the population of
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Table 2
Age-adjusted annual incidence rates of leukemia and lymphoma in the most contaminated areas during the three
periods of (I) 1980—1985, (II) 1986-1991 and (III) 1992-1997

1CD-9 Diseases 4§) Im ' (1) fun®

code 19801985 19861991 1992-1997

200-208 Leukemia and 10.12+0.75 15.63+1.06 425, P<0.01 1341%1.10 248, P<0.05
lymphoma

200, 202 Lympho-and 1.84+033 2.70+041 1.64,P>0.05 3.70+0.58 2.77, P<0.05
reticulosarcoma

201 Hodgkin’s desease 1.82+034 2471048 1.12,P>0.05 2.10+0.48 048, P>0.05
(Lymphogranulematosis)

203 Multiple myeloma and 0.544+0.16 1.03£0.25 1.66, P>0.05 0.78%0.22 0.88, P>0.05
immunoproliferative
neoplasms

204 Lymphatic Jeukemia 3.08+040 4.93+0.59 2.59, P<0.05 2.97+049 0.17, P>0.05

205 Myeloid leukemia 0.49+0.17 1994041 340, P<0.01 1.062£0.30 1.68, P>0.05

206-208 Other leukemia 2.35+0.36 2514041 029, P>0.05 2.81%£0.53 0.71, P>0.05

? ¢-value and P-value as compared the incidence in the period 1l to that in period 1.
® -value and P-value as compared the incidence in the period Il to that in period L

Pripyat city and 30-km zone evacuated, was 5 and 6 times, respectively. The regression
coefficient estimates (*standard errors) were 0.17+0.01, 0.61+£0.10, 0.19+0.05,
0.5010.06, and 0.43£0.10 for the entire Ukraine, Kiev region, Zhitomir region, Kiev
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Fig. 3. Age-adjusted annual thyroid cancer incidence rates in the Ukraine by sex and observation period.
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Fig. 4. Dynamics of thyroid cancer incidence rates in the Ukraine, Kiev region, Zhitomir region, and the areas
most contaminated with radionuclides. Males and females.

city, and most contaminated area, respectively. The dramatic increase in thyroid cancer

incidence rate occurred in 1996 in the most contaminated areas.

Comparative analysis of thyroid cancer incidence in different groups of affected
population (Table 3) showed the most significant exceeding of national level in evacuees

Table 3

Standardized incidence ratio (SIR) of thyroid cancer (ICD-9, 193) in different groups of Ukrainian population

affected by the Chernobyl accident

Observation Person-years Observed Expected SIR 95% CI
group and period of observation number of cases number of cases

Residents of contaminated territories

1990-1997 1,211,132 72 41.7 172.9 135.2-215.1
1990-1993 654,501 24 22.4 107.2 68.6—-154.4
19941997 556,631 48 19.3 249.1 183.6-324.6
Emergency workers 19861987 (males)

1990-1997 577,536 37 8.4 442.7 300.0-585.3
19901993 263,084 13 3.3 393.0 179.4-606.6
1994-1997 314,452 24 5.1 4752 285.1-665.4
Evacuees from 30-km zone

1990-1997 408,882 66 12.9 513.4 389.6—-637.3
1990-1993 208,805 23 6.4 362.0 214.1-510.0
19941997 200,077 43 6.5 661.4 463.7-859.1
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(in 3.6 and 6.6 times in 1990—1993 and 1994—1997, respectively), emergency workers (in
3.9 and 4.8 times in 1990-1993 and 1994-1997, respectively). In the population of
contaminated areas, statistically significant 2.5-fold increase was registered in 1994—1997.

As to other forms of malignancy incidence rates, attention should be drawn to female
breast cancer, which belongs to radiosensitive form of cancer. In the most contaminated
areas, female breast cancer incidence rates were relatively stable during 1980—1992 (Fig.
5) though lower than in Ukraine as a whole or in regions that include contaminated areas.
The regression coefficient estimates (+standard errors) were 0.76+0.04, 0.73+0.10, and
0.89+0.09 for the entire Ukraine, Kiev region, and Zhitomir region, respectively. For the
most contaminated areas, however, the regression coefficient estimates (+standard errors)
differed by period: 0.01£0.25 in 1980-1992; 1.114+1.08 in 1993-1997; and 0.72+0.20
in 1980-1997.

In 1993-1997, however, an increase in rate (Table 4) occurred in the most contami-
nated areas, the rate now corresponds more closely to the rate typical of Ukraine as a
whole. A statistically significant increase in breast cancer incidence was also observed in
female emergency workers in 1986—1987 during 1994—1997, but not during 1990—1993
(Table 4). In evacuees, a small increase (1.3-fold) is suggested.

Special attention has to be paid to children as the most vulnerable to radiation group of
population and to incidence rate of individual forms of cancer in this group such as thyroid
cancer, leukemia, and lymphoma. During 1980-1997, in the most radio-contaminated
areas, some fluctuations were observed in cancer incidence rate in children population
because of the smallness in number of observed cases. In this situation, the importance of
each of them increases. The completeness or lack of quality of registration could influence
a value of incidence rate in large degrees (Table 5).
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Fig. 5. Dynamics of breast cancer incidence rates in the Ukraine, Kiev region, Zhitomir region, and the areas most
contaminated with radionuclides.
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Table 4
Standardized incidence ratio (SIR) of breast cancer (ICD-9, 174) in different groups of Ukrainian population
affected by the Chernobyl accident

Observation Person-years Observed Expected SIR 95% CI
group and period® of observation number of cases number of cases
b

Residents of contaminated territories
1993-1997 389,645 162 107.8 150.3 127.1-173.4

Clean-up workers 1986—1987°¢

1990-1997 39,188 44 29.1 151.2 106.5-195.8
19901993 15,913 12 10.9 110.2 479-172.6
19941997 23,275 32 18.2 175.6 114.8-236.5

Evacuees from 30 km zone®

1990-1997 235,072 72 523 137.7 105.9-169.5
1990-1993 119,915 37 25.7 143.9 97.5-190.2
1994-1997 115,157 35 26.6 131.7 88.1-175.3

# Because of the variation by territory in the breast cancer incidence in the Ukraine, SIR was calculated on the
basis of two standards:local and national.

® Local standard, 1980-1992.

¢ National standard, 1990—1996.

It should be pointed out that in 19801985, the level of morbidity did not significantly
differ from expected national level. Significant increase was observed in 1986—1991 and
1992—1997. In the last 2 years, the difference of morbidity was insignificant.

As to individual forms of childhood cancer, the most significant attention has to be paid
to thyroid cancer. In 1980—1983, no case of this disease was observed in the territory of
interest. First cases of thyroid cancer were observed in 1990. However, significant
preponderance of observed number in comparison with expected one was registered in
1992—-1997—in 18.2 times.

Temporal variation in the lymphoma and leukemia incidence rate was quite large.
However, in 1980—1985, it did not exceed expected level. In 1986—1991, a significant
excess of observed cases over expected ones was registered as 2.5 times. However, in the
subsequent period of 1992—1997, the level of morbidity did not significantly differ from
national data. This situation is similar for leukemia only (ICD-9, 204—-208). Attention
should be paid on the fact that the peak of incidence was notified in 1990, i.e., 4 years after
the Chernobyl accident, followed by a sharp decrease in the incidence in the subsequent
years. Observed number of cases exceeded the expected one in 3.2 times (statistically
significant difference). In 1992—-1997, SIR was not significant.

As to other forms of malignancy incidence rate, it did not significantly differ from the
national level.

Thus, only thyroid cancer has significantly increased in 1992—1997. One explanation
of this situation could be that the peak of the leukemia and lymphoma incidence has
passed. Another hypothesis is the impact of out-migration of the most risky group of
population. Effective functioning of the state tegistry of persons affected by the Chernobyl
accident is therefore very important. Application of cohort approach to this group of
population is very important because of ageing. However, SIRs for the child population at
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Table 5

Standardized incidence ratio (SIR) of cancer in children (0—14) in areas most contaminated with radionuclides
Site of tumors Person-years Observed  Expected  SIR 95% CI

(ICD-9 code) and of observation  number number

observation period of cases of cases

All cancers (140-208)

1980-1985 337,076 44 36.48 120.62  84.98-156.26
19861991 209,337 44 22.69 19395  136.64-251.26
19921997 150,170 31 16.26 190.62  123.51-257.72
1992--1997 196,027 43 29.52 145.68  102.14-189.23

(524 years of age)

Leukemia and lymphoma

(200-208)

1980~ 1985 337,076 21 17.28 12151 69.54-173.49
19861991 209,337 27 10.75 25111 156.39-345.84
19921997 150,170 1 772 14249 58.28-226.69
1992-1997 196,027 12 1243 96.54  41.92-151.16

(524 years of age)

Leukemia (204-208)

19801985 337,076 19 10.88 174.68  96.13-253.22
19861991 209,337 22 6.78 32435  188.82-459.89
19921997 150,170 7 4.87 143.70  37.25-250.15
19921997 196,027 5 5.29 9459  11.68-177.51

(524 years of age)

Thyroid cancer (193)

19801985 337,076 0 1.13 0.00  0.00-0.00
19861991 209,337 2 0.69 289.84  (—111.86)-691.53
19921997 150,170 9 0.49 1824.77  632.59-3016.95
19921997 196,027 14 1.33 1054.52  502.13-1606.92

(5-24 years of age)

All cancers except leukemia, lymphoma, and thyroid cancer (140-208 excluding 200-208, 193)

19801985 337,076 23 18.07 127.29  75.27-179.31
19861991 209,337 15 11.24 13340  65.89-200.91
19921997 150,170 11 8.05 136.65 55.89-217.40
1992-1997 (5—24 years of age) 196,027 17 15.76 107.88  56.60-159.17

the time of the accident (aged 5—24 years in 1992—1997) do not significantly differ from
the expected number of cases.

4. Discussion and conclusions

Similar trends in the cancer incidence rates were apparent in different Ukrainian
population groups directly affected by the Chernobyl accident (those that still reside in the
most contaminated districts, emergency workers and evacuees). There is an excess of
thyroid cancer [3]. For leukemia and lymphomas, female breast cancer, and solid cancers,
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there are suggestions of mcreases. Further monttoring 15 regoired to verify this along with
evafuation of the effects of screening and improved registration quality. The small number
of cases of ceriain types of cancer and the confounding effects of out-migration means that
cancer moniforing and surveillance should nclude not only contaminated districts but
cutside regions where such residents relocated. The apparent increases, at least in part,
may reflect differences in case ascertaimment between these groups and the general
population of Ukraine as opposed to a radiation-related effect [3].

Resolution of these questions will be aided by utilizing state registry of persons affected
by the Chemoby] accident and by data Imkage between this registry and the regional
cancer registries responsible for collection of information about cancer cases in their
particular territories. If this information is to be used for 1isk assessment, it 1s important to
obtain information about deses to individuals for the purposes of late risk assessments.
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1. Introduction

The accident at the Chernobyl Nuclear Power Plant resulted in the release to the
atmosphere of tremendous amount of "*'I (about 1760 PBq), short-lived and long-lived
iodine radionuclides as well [1,2]. The released amount of iodine radionuclides signifi-
cantly exceeded the releases from all known accidents at nuclear power plants. Meteoro-
logical conditions of airflow spread during the first weeks following the accident
determined the formation of radioactive fallout in northwest and northeast directions from
the Chernobyl Nuclear Power Plant, and as a result, vast territories of Belarus were
contaminated by iodine radionuclides. The density of contamination by '*'I in five out of
six regions of Belarus was from 0.2 to 37 MBg/m? [3].

The affliction of the thyroid by radioactive iodine in the early period of the accident
caused a serious danger to the health state of the Belarussian population. Particularly, it
resulted in the increased development of malignant thyroid malformations. It is known that
iodine is the most important component of thyroid hormones. It is quickly accumulated by
the thyroid and relatively slowly deduced from it. This is the reason why even if small
amounts of iodine radionuclides entered the body, a high level of absorbed dose is formed
in the thyroid [4].

Risk assessment of radiation-induced cancers requires a period of time following the
accidental exposure during which the latent period will be finished and a certain amount of

" Corresponding author. Tel./fax: +375-172-64-0124,
E-mail address: jekenig@nsys.by (J.E. Kenigsberg).
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excess cancer cases may be revealed. During the last 15 years, studies of stochastic
consequences of the Chernoby! accident among the population of Belarus have allowed
the estimation of the risk coefficient only for radiation-induced thyroid cancer. There is
still not enough data for the conclusion about the observed excess of cancer cases since the
end of the latent period (10 years is assumed as a latency for solid tumors). Risk estimation
of radiation-induced diseases caused by the Chernobyl accident based on obtained data
from registered cases would allow us to make more precise prognosis for late health
radiation effects.

The current paper presents the results of risk assessment of thyroid cancer development
for the whole cohort of 0—18 years of age at the time of the accident, considering
specificity of sex and age at the time of exposure using the data of dose levels and
incidence rate throughout the whole territory of the republic.

2. Materials and methods
2.1. The gender—age structure of the population of Belarus in 1986

The necessary demographic information has been obtained as a result of the retro-
spective estimation of the gender—age structure of the population for 1986. The
calculations were made on the basis of the data concerning the total number of inhabitants
with regard to the settlements of the country in 1989, the year of the general census of the
population and the nearest one to 1986 [5,6].

2.2. Collection and analysis of information about thyroid cancer cases of the inhabitants
of Belarus exposed to radiation at the age of 0—18

The medical history data of the patients, who underwent treatment in the Republican
Scientific—- Practical Center of Thyroid Oncopathology, as well as the Belarussian Cancer
Register data were the information source of the first revealed thyroid cancer cases. The
examined cohort included the people exposed to radiation at the age of 0—18 (born from
1 January 1968 to 26 April 1986).

2.3. Reconstruction of thyroid doses from 7’1

The reconstruction of the thyroid doses was made based on the radioecological model
[7,8] using refined values of the parameters [9,10]. The main principle of clarifying the
values was to use region-specific values for the particular parameter rather than the values
averaged all over Belarus.

3. Results and discussion

The analysis of available quantitative and qualitative data of direct measurements of
exposure dose rate above the thyroid performed in May—June 1986 for a limited part of
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the population (Table 1) showed the necessity of using alternative methods of dose
calculation from incorporated "*'I.

It is important to emphasize that in all persons with thyroid cancers revealed until the
end of 2000, less than 8% have information about thyroid dose reconstruction based on
direct measurements. For the rest of the patients and for the Belarussian population,
another method of thyroid dose reconstruction should be applied.

The ECOSYS-87 radioecological model [7] was suggested as an alternative method for
thyroid dose reconstruction for the affected population of Belarus. Parameters used in the
radioecological model were adapted to Belarussian conditions. The main principle of
parameter clarification was to refuse the usage of averaged estimates throughout Belarus
and the calculation of the specific parameters for the particular regions. The following
important parameters of the model were determined according to the respective local
conditions: ratio between '*'I and *’Cs deposition, initial interception factor, yield of
pasture grass and age-dependent milk consumption for the rural and urban population.

While adapting the radioecological model to the conditions existing in Belarus at the
time of the accident, it was accepted that the consumption of locally produced milk was
the only way of radioiodine intake. It could be explained by the fact that during the first
days following the accident the inhalation intake of radioiodine was one of the most
important ways for thyroid exposure dose formation only for the population who
continued living on contaminated territories close to the Chernobyl Nuclear Power Plant,
and for the majority of the population, consuming foodstuffs (milk and leafy vegetables)
locally produced was the most important way of radioiodine intake in the body. In the
territories where dry fallout took place and where people are permanently residing in the
contaminated territory, in the lack of countermeasures, the contribution to the dose from
inhalation to the total dose of thyroid exposure was from 2% to 10%.

Taking into account the seasonal factors, it was accepted that the radioiodine intake
with green leafy vegetables was much less than that with milk. In this case, according to

Table 1
Number of Belarussians aged 0—18 years in 1986 who underwent direct measurement of the dose rate of the
thyroid gland in May—June 1986

Region Number of people Population with thyroid dose calculated on the
aged 018 years in 1986 basis of direct measurements
Number of Proportion (%) in the
people total population aged
0-18 years in 1986

Brest 404017 0 0

Vitebsk 354655 0 0

Gomel 468092 27463 5.9

Grodno 306784 0 0

Minsk® 422121 0 0

Minsk City 424455 7177 1.7

Mogilev 342685 4548 13

Belarus 2722809 39188 1.4

# Excluding Minsk City.
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the radioecological model, the dose to the thyroid could be calculated in the following way
(fallouts are considered as single and dry):

D= DFVmGDlg‘]fW/YIgTleb/(;ub — /1w+d) /{6Xp(—(lw+b -+ ).,r)l‘)
—exp(—(A + A)8) Hdr,

where: DF — age-dependent dose factor, Sv/Bq; V;,, — amount of daily consumed milk,
I/day; GD,3; — density of '*'I fallout, kBq/m?; f;, — initial interception factor of '*'I by
the grass, relative units; ¥'— grass productivity, kg/m?; I,— consumption of grass by the
cow, kg/day; TF,, — "*'I transfer factor from the grass to the milk, 1/day; A, — biological
elimination rate constant for the milk from "*'I, day; Aw+q— weathering and growth
dilution rate constant for the grass, day; 4,— constant of radioactive decay, day; and
t— time period from the beginning of the fallout, day.

Using a radioecological model with adopted parameters for Belarussian conditions, the
reconstruction of the absorbed thyroid doses from '*'I for the population of all Belarussian
settlements exposed at the age of 0—18 years was conducted. The average levels of the
dose for each age within the mentioned age group were performed. According to this
estimation, about 98% of the cohort have doses less than 1 Gy, and only 2% have doses
exceeding 1 Gy (Fig. 1).

The specific feature of the radiation accident at the Chernobyl Nuclear Power Plant is
its patchiness and irregularity of contamination of the territory by radionuclides which
resulted in a great variation of the average thyroid doses received by the population of the
different regions. The population of the Gomel region received the highest levels of
thyroid doses. The most affected districts were Khoiniki, Bragin, Narovlya and Vetka,
where the average doses in the population group of 0—18 years old exceeded 1 Gy. For the

2.1%

[00-30cGy
30-100cGy
M> 100cGy

Fig. 1. Percent distribution of the population aged 0— 18 years at the time of the accident by the level of thyroid
dose from '],
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population in the rest of the regions of the country, the levels of thyroid doses were within
1 Gy. For the population within the same region, the levels of dose vary depending on the
age of the exposed group. The distinction between the doses within one settlement
conditioned only by the age at the time of the accident reached the correlation of 1:5.5.

Taking into account the levels of thyroid doses for the patients with thyroid cancer, the
distribution of the cases through the dose intervals is presented in the following way:
37.7% cases of thyroid cancer occurred in the group of population who received a dose of
up to 30 cGy, 45.4%, 30—100 cGy and 16.9%, more than 1 Gy (Fig. 2).

While comparing Figs. 1 and 2, which present the distribution of the Belarussian
population in the age cohort of 0—18 years at the time of exposure by dose intervals and
distribution of the thyroid cancer cases among this cohort, it is evident that the highest
thyroid cancer incidence is observed among the population that belongs to the high dose
group. Thus, only 2.1% of the population fell in the dose interval exceeding 1 Gy.
Meanwhile, the percentage of patients in this dose group is about 17%. At the same time,
the percentage of the population in the dose group 0—30 cGy is 83.6% and the percentage
of patients from this dose group is 45.4%. A comparison of these distributions is presented
in Fig. 3.

Depending on the location at the time of the accident, the thyroid cancer incidence
could be presented in the following way: the maximal cumulative incidence rate for the
post-accidental period for the cohort of 0—18 years old is observed among the children
who lived at the time of the accident in the Gomel region at 101.6, and in the Brest region,
at 53.2. The Grodno region, Minsk region and Mogilev region have approximately equal
rates of 22.2, 22.4, and 20.2, respectively, and in the Vitebsk region, 12.8 per 10° of the
population. Table 2 presents the distribution of the thyroid cancer cases by calendar years
in different regions of the republic for patients whose place of residence at the time of the
accident is known.

16.9%

O00-30cGy
30-100cGy
> 100cGy

Fig. 2. Percent distribution of the people with thyroid cancer aged 0—18 years at the time of the accident by the
level of thyroid dose from '>'I,
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Fig. 3. Percent distribution of the Belarussian population and people with thyroid cancer by thyroid dose intervals.

In the republic following the accident at the Chernobyl Nuclear Power Plant, thyroid
cancer incidence rates exceed the expected age-specific incidence rates for both boys and
girls. The highest rates of cumulative incidence for the post-latent period (since 1990) are
observed among the population who received the highest doses to the thyroid from *'I
(Figs. 4 and 5).

We calculated the number of person-years at risk and the excess thyroid cancer
incidence for the population with thyroid doses in the intervals <0.3, 0.3-0.6, 0.6—1.0,

Table 2
Number of thyroid cancer cases after the Chernobyl! accident by year and region of residence at the time of the
accident

Year Region Total
Brest Vitebsk Gomel Grodno Minsk Mogilev
1986 0 1 0 1 1 0 3
1987 0 1 6 2 2 i 12
1988 1 0 3 1 4 0 9
1989 0 1 7 2 3 1 14
1990 9 2 18 0 7 2 38
1991 3 2 54 6 7 5 77
1992 21 10 45 1 9 4 100
1993 31 3 52 3 19 6 114
1994 32 5 60 10 25 14 146
1995 32 5 68 6 18 8 137
1996 42 5 67 8 25 9 156
1997 20 7 75 9 28 11 150
1998 40 5 60 8 36 16 165
1999 35 9 91 5 30 33 203
2000 34 5 81 6 22 23 171
Total 300 61 687 78 236 133 1495
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Fig. 4. Cumulative incidence rate for the girls exposed at the age of 0—18 years.

1.0-2.0 and >2.0 Gy. With the use of the obtained parameters, we performed the
calculation of the excess absolute and excess relative risk coefficients per unit of dose
(Table 3) [6).

The absolute risk coefficient calculated for the boys and girls who were exposed to the
radiation at the age of 0—18 years is 1.93 (1.79/2.06) per 10* person-year-Gy, and the
relative risk coefficient is 37.66 (35.06/40.26) per Gy. The boys—girls ratio with regard to
the absolute risk coefficient is 1:2, yet it fluctuates within this age cohort according to the
thyroid dose.

e

100 200 300 400 500 600

Cumulative incidence rate per 103
Expected background {1 Observed excess

Fig. 5. Cumulative incidence rate for the bays exposed at the age of 0—18 years.



300 JE Kenigeberg ef al. / International Congresy Sertes 1234 (2002) 293300

Table 3
Resuls of the rgk assessment for mdiatien-induced thyroid cancer for the population ol Belarus exposed at the
ape of O 18 years

Parameters Boys Girls Boll genders

LAR (10* persan-years-Ciy) L33 {1.17 -1.4%) 2.03 (2.40-2 86} L.93 {1.79- 2.06)
(5%

ERR (Gy) (95% C1) 5503 (45.6 .61.5) 3239 (29.6-35.16) 37,66 (35.06- 40.26)

Since the thyreid cancer incidence rate within the ¢ohorl under investigation dows not
have a tendency to decrease yet, it is a necessary to continue the study and perform the re-
evaluation of the data on a regular basis,
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Abstract

The main stages of the work conducted and the results of thyroid dose reconstruction for the
Belarusian residents are presented in the paper. The problems relating to the systematic errors which
occurred during in vivo monitoring of '*'I-thyroid content are considered. The importance of using
the most adequate model of thyroid dose formation has been justified in order to account for
systematic errors. The main statements of the modified semiempirical model of thyroid dose
formation have been described. The problem regarding possible production of fresh fission products
(including short-lived radioiodines) at the time of the explosion of the Chernobyl reactor is
presented. The main materials related to presentation of the results of our investigations on thyroid
dose reconstruction in Belarus were in the literature, for example, Refs. [1—4]. This is the reason for
which they are described here in a shortened view. The main attention is paid to the questions, which
are actual for the time being, and those questions are likely to be actual in the future. Because of their
importance those questions are being discussed in the framework of BelAm and UkrAm thyroid
cohort projects as well as of the other projects. © 2002 Elsevier Science B.V. All rights reserved.

Keywords: Chemobyl accident; Belarus; Thyroid dose; Calculation models; Fresh fission products

1. The main stages of the work conducted on thyroid dose reconstruction

1. Collection of more than 250,000 results of direct thyroid measurements for the
Belarusian residents in Gomel and Mogilev Oblasts and in Minsk city.

2. Organization and implementation of personal interviews of approximately
150,000 residents living in the most contaminated areas in Gomel and Mogilev
Oblasts.
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3. Verification and systematization of the results of direct thyroid measurements and
putting them into computer data bank.

4. Determination of the systematic errors in the results of direct thyroid measure-
ments.

5. Thyroid dose calculation for about 130,000 inhabitants of Belarus.

6. Determination of average thyroid doses for the populations living in 900 settlements
in Belarus.

7. Passportization of the settlements according to levels of thyroid exposure to the
residents.

8. Comparison of average thyroid doses for the residents in the settlement with
average ground deposition densities of '*'T and "*’Cs in the vicinities of a given
settlement.

9. Development of the semiempirical model of thyroid dose formation.

10. Account for contribution from short-lived radioiodines ('**I-'**1) to thyroid
exposure.

2. The main results of thyroid dose reconstruction

Calculation of individual thyroid dose for the resident in the settlement is carried out
using one of the three possible methods depending upon whether the residents in that
settlement have the results of direct thyroid measurements. So, the estimates of thyroid
dose have been divided into three classes: Class I (“measured” doses), Class 2 (doses
“derived by affinity” so-called “passport” doses), and Class 3 (“empirically derived”
doses). The higher the Class number, the more uncertainty in the dose estimate.

Class 1 contains estimates of dose derived from the results of direct thyroid measure-
ments.

Class 2 contains estimates of dose calculated on the basis of the passport of the
settlement.

Class 3 contains estimates of dose reconstructed by the use of the semiempirical model.

Table 1 presents average thyroid dose estimates for the three age groups of the residents
living in areas of Belarus. The presented estimates of thyroid dose were calculated as of
the beginning of 1996. The maximum value of average dose=4.7 Gy was realized for age-
group of 0—6 years in the 30-km zone in Khoiniki raion in Gomel region.

It is important to stress that all the estimates of thyroid dose in Table | were calculated
assuming a non-nuclear nature of the Chernobyl accident. It means that in such case
thyroid dose for the residents was mainly formed due to exposure from "*'I taking into
account the ratios of short-lived radioiodines (**I—'3°I) to '*'I in the reactor at the time of
the steam (hydrogen) explosion. Reality of that assumption is considered in the final
section of the paper.

3. Account for systematic errors under calculation of Class 1 individual thyroid dose
estimates

This problem is especially actual for Belarus because, during in vivo monitoring of '*'I-
thyroid content and reporting the results a lot of mistakes occurred. It resulted to the fact that
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Table |

Average thyroid dose (mGy) for the three age-group residents in areas of Belarus [4]

Area Age-group Total

0—6 years 7—17 years Adults

Minsk city® 80 29 18 27

Minsk region 14 7.0 4.7 6.1

Total in Minsk region 48 180 11 17

Gomel city” 461 160 78 140

Evacuated villages (before 5 May 1986) in Bragin, 2800 1400 990 1200
Khoiniki and Narovlya districts”

Non-evacuated villages (before 5 May 1986) in Bragin, 1200 550 330 460
Khoiniki and Narovlya districts”

Other areas of Gomel region with sufficient 450 250 120 180
number of Class 1 doses®

Remaining areas of Gomel region where the thyroid 650 240 170 230

measurements were not conducted

Total in Gomel region 610 240 150 220
Mogilev city® 81 31 20 29
Five districts of Mogilev region: Slavgorod, Klimovichi, 300 140 96 120
Krasnopolye, Kostukovichi, Chericov®
Remaining districts of Mogilev region 83 30 23 31
Total in Mogilev region 100 41 31 40
Total in Brest region 99 36 26 37
Total in Vitebsk region 6.0 2.8 2.0 2.6
Total in Grodno region 23 83 5.8 8.1
Total in Republic 150 58 38 53

? Average doses were calculated on the basis of the direct thyroid measurements.

the values of average exposure rate near thyroid, P, calculated for each set of sufficient
number (1) of measurements of the residents from the same settlement (/) measured at
different places and times to a common date were very different (up to factor of 5 and even
more).

Systematic errors due to the above reasons can be accounted for by using the
following method. Among all the values of average exposure rate near thyroid, P,
calculated for different sets of direct thyroid measurements the value is chosen, Py,
which is the most close to the corresponding value, Py, which is calculated by the use
of the most adequate model of thyroid dose formation. In our opinion, the modified
semiempirical model of thyroid dose formation should be used for that purpose. Then,
all the other values of average exposure rate near thyroid, P,;, which are located outside
the range of variation of P,; near P,, should be corrected by multiplying the correction
coefficient in order to reach the closest border of the range considered (left border or
right border).
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4. Calculation of Class 2 individual thyroid dose estimates (“passport” doses)

Average thyroid dose for the adults, D;, in the settlement considered () calculated
using Class 1 doses, is the basis for the calculation of “passport” doses, Dy, for the
residents in that settlement. In order to calculate D;; for the residents of any age, the dose
D; is multiplied by the age-dependent coefficient K;, whose value is taken from the table
presented in Ref. [5] taking into account the individual rate of fresh milk consumption
locally produced including zero milk consumption rate. In the latter case dose to thyroid
Dy is due to inhalation intake of radioiodines. If there is no information regarding
individual rate of milk consumption, then the value of K;; is taken which is typical for the
given age of the residents. The passports developed for approximately 900 settlements in
Belarus allow to calculate individual thyroid doses for about 2,700,000 residents including
the inhabitants of Minsk City.

5. Calculation of individual thyroid dose estimates on the basis of the modified
semiempirical model (Class 3 doses)

Taking into account the results of comparison of average thyroid dose, Dy, (so-called
“measured” average doses, index “m”) calculated on the basis of Class 1 doses and
radionuclide ground deposition density, g;, in the vicinities of the corresponding settlement
considered (j), as well as analytical analysis [6], it was shown that the average thyroid
dose depended upon the type of '*'I deposition (dry —index “d”, wet—index “w™, and
combined—index “c”). In general case the average thyroid dose for the residents who
were not measured should be estimated according to the following four equations:

Dy = Cq % qqj; Dy = B X quy Dy = C;. x g4 + B X q; (1)
Dy = C X gy + B X g4 (2)
where
Ca=Bx(1+p xm)/(1+m); Ce
=B x (1~ D/(f x (1 4+m); B=FxS; C=Coxqyly ()
t =38g/Ss M =qea/qsas S = qed/ e (4)

where, S,— effective surface, from which 1311 goes to grazing animal with pasture grass
(index “g”), m%; Ss—reduced surface, from which "*'I goes to grazing animal with soil
(index “s”), m%; go4—dry deposition onto grass, Bq m ™% geq— dry deposition onto soil,
Bq m™%; ggc—combine deposition onto grass, Bq m~?; F— age-dependent dose factor,
Gy Bq™'; ¢, ground deposition density of '*'T on average over the delineated territory
(x), Bq m™2.

Eq. (2) should be used if it is impossible to delineate the territories with only dry
deposition in the vicinities of the settlement considered (;) or in the vicinities of the
neighboring settlements. The values of the generalized coefficients Cy, C, B, and C for
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different areas are determined by analyzing the dependence of the values of D, as a
function of the measurable parameters qq;, gnyj, 9> and g, or according to Eq. (3) if it is
possible. Different lifestyle and dietary habits of the residents living in different areas
during the period of thyroid dose formation are taken into account by insertion addition
multiplied coefficient into Eqs. (1) and (2).

It is necessary to take into account that deposition of large radioactive particles can be
considered as wet deposition with respect to deposition onto grass and soil.

In the case of the use of ground deposition densities of '*’Cs, then the values of gy/(1),
qu(113)7, ge;(1), and g,(I) for 311 in Eqs. (1) and (2) are replaced by the corresponding values
for °'Cs:

90/(I) = Rqy x qai(Cs),  gmi(1) = Ry x quyy(Cs),  ggi(1)
=Ry X qej(Cs), gx(I) = Ry x g(Cs) (5)

In order to determine the type of radionuclide deposition one can use:

* the data received from meteorological stations;

» the results of the determination of '*’Cs ground deposition density with identification
of spots, which are characterized by sharp increase in the values of ¢, as a rule, it
evidences about wet deposition;

¢ “effect of bent birch tree” [7], showing that exposure rate, 4;, on the side of the bent
birch tree is substantially higher than that, 4,, on the opposite side of the tree in the
case of wet radioactive fallout, while in the case of dry deposition (including
deposition of large radioactive particles) such effect is absent.

In order to identify the deposition of large radioactive particles, special investigations
need to be carried out.

6. The problem regarding possible contribution to thyroid exposure for the
Belarusian people of short-lived radioiodines (**I—"°I) freshly produced

Since 1991 in some publications, for example, Refs. [8,9], the information pointing out
to the nuclear nature of the Chernobyl accident (regarding the way of energy release) has
appeared. No fuel was discovered in the reactor core shaft. No fuel-containing masses,
which could have reached underground water, were realized. Small amount of fuel was
found in the reactor of the fourth block after the explosion of the reactor core, which
resulted in its lifting at a height of about 17—18 m due to reactive flight.

Many “anomalous” (from widely accepted point of view of non-nuclear scenario of the
accident) facts and results of the study of radionuclide ratios in fallout and in air above the
reactor [10] (in particular, many values of the ratio of 134Cs 1o 137Cs exceeding the ratio of
those radionuclides in the reactor at the time of the accident) were reported. In such case,
one cannot exclude substantial production of fresh fission products in a local area of
reactor core and their release to the Belarusian side according to wind direction. Then (if
the nuclear scenario of the accident is correct), we can expect more substantial intake of
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short-lived radioiodines by the residents living in downwind directions and corresponding
increasc of thyroid marbidity.

Because of the imporiance of the problems mentioned above we should study it more
carefully. Multi-factor analysis of all the available materizls shonld be carned oul. The
guality of the results of the investigations aimed at the study of the dependence “dose-
effect™ depends upon the resolving of the problem mentioned ahove.
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Abstract

With the aim of carrying out a long-term medical follow-up with radiation dose reconstruction, a
cohort of subjects was selected among inhabitants of the most contaminated area in Russia following
the Chernobyl accident (the western districts of Bryansk region). The cohort is comprised of 1065
subjects who were under 10 years old at the time of the accident. Most of them were examined on
health status in the Chemnobyl Sasakawa Health and Medical Cooperation Project. Since the main
findings of studies in the project were thyroid abnormalities, selection of subjects was conducted on
the basis of the plausible estimates of radiation dose to the thyroid. To estimate thyroid doses, the
data from direct measurements of ' in the thyroid and questionnaire data on individual dietary
habits in May 1986 were used. Reasonable approximations were applied to reconstruct individual
doses from available data, including doses for those persons who had not been measured for
thyroidal radioiodine. The distribution of internal radiation dose to the thyroid among cohort
members was obtained. The individual doses to particular subjects are estimated with inevitably
essential degree of uncertainty. However, the distribution of subjects into wide dose intervals, from
under 200 mGy to over 2 Gy, seems to be an acceptable approach for cohort study in radiation
epidemiology. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Radioactive contamination of large areas following the Chernobyl accident stimulated
the undertaking of epidemiological studies of possible health effects of low radiation
doses. The important task in radiation epidemiology studies is the evaluation of individual
radiation doses to the members of population samples under consideration. The joint
research project conducted by Sasakawa Memorial Health Foundation (Japan) and the
Research Institute of Radiation Hygiene (RIRH, Russia) was launched to assign individual
doses to the children in the Russian Federation under 10 years old at the time of the
accident who were subjected to health screening within the framework of the Chernobyl
Sasakawa Health and Medical Cooperation Project (CSHMCP). It has been agreed to
establish a cohort of about 1000 subjects selected in line with supposed individual dose
distribution appropriate to the purpose of investigating health effects by long-term medical
follow-up. Since the main findings of studies in the CSHMCP were thyroid abnormalities
[1], selection of cohort members was conducted on the basis of the plausible estimates of
thyroid dose. The paper describes dosimetry and questionnaire data used in the study, as
well as the approaches accepted to estimate individual doses and to derive distribution of
cohort subjects among intervals of thyroid dose.

2. Materials and methods
2.1. Selection of cohort members

The measurement of radioiodine in man is of primary importance for the estimates of
individual dose. However, only a small percentage of children examined in CSHMCP
were found to be measured on '*'I in the thyroid properly and in due time. Unmeasured
subjects were selected on the basis of availability of environmental and questionnaire data
that may prove useful for the estimates of thyroid dose. On the other hand, some persons
were included in the cohort who had been measured for thyroidal radioiodine, but who had
not been included before in the Chernobyl Sasakawa investigation. The procedure for
cohort selection was described in more detail earlier [2]. Finally, the cohort is comprised of
1065 subjects under 10 years old (at the time of the accident) who were residing in the
western districts of the Bryansk region, i.e., in the territory of the Russian Federation most
affected by radioactive contamination following the Chernobyl accident. The level of
contamination in terms of '*’Cs ground-deposition density ranges from 170 kBq m™ to
2.8 MBq m™2 in the settlements where cohort members were residing.

2.2. Direct thyroid measurements

The most part of timely and qualified thyroid measurements in Russia following the
Chernobyl accident were carried out by the Institute of Medical Radiology (now the
Medical Radiological Research Center of the Russian Academy of Medical Sciences) in
the Kaluga region where the level of radioactive contamination was not so high as in the
western districts of the Bryansk region [3]. Most measurements recorded in the Bryansk



Y.O. Konstantinov et al. / International Congress Series 1234 (2002) 307-319 309

region were carried out by inexperienced (in dosimetry) personnel from the local health
service. These measurements are of use in thyroid dose reconstruction studies with
laborious work to verify data in view of incomplete records and/or problems of
retrospective calibration of measuring devices [4,5]. For consideration in the present
study, only reliable data from the measurements performed by the staff of RIRH in May—
June 1986 are used.

There were two types of devices used in RIRH for measurement of radioiodine in the
thyroid: stationary spectrometry whole-body counter (WBC) and gamma radiometry
devices. Most measurements were made with portable or transportable units: gamma
and X-radiation dosimeter DRG3-02 (Russia) with scintillation plastic detector containing
dispersed luminophor ZnS(Ag); gamma radiometer SRP-68-01 (Russia) with scintillation
crystal Nal(T1) of a 30-mm diameter by 25 mm thick; and one-channel scintillation
spectrometry radiometer VA-M-141 (RFT, East Germany). The most widely used,
especially in field conditions, was radiometer SRP-68-01 in view of its accessibility,
compactness and portability.

Calibration of all devices was performed by means of thyroid phantom with certified
activity of *'I. The paraffin phantom of the human neck contained a plastic ball filled with
the standardized water solution of '*'I. Applying non-spectrometric devices, calculation of
BIT activity in the thyroid from measurement data was carried out taking account of the
contribution of incorporated radiocesium into registered gamma radiation from the neck.
To evaluate this contribution and to derive correction factors, special research was
performed by analysis of WBC spectrometry data for 253 persons of various age on the
body content of incorporated radionuclides, including **'I, '**Cs and '*’Cs. The values of
correction factor were derived for various ages of individuals and for various times of
measurement.

There are two sets of measurements taken into consideration in this study: examination
of people who arrived in Leningrad (St. Petersburg) from contaminated areas and
examination of the local population in the settlement situated in the Bryansk region.
Soon after the Chernobyl accident, the Research Institute of Radiation Hygiene, local
administration and health services organized a special sanitary unit to check the surface
and internal radioactive contamination of people who were arriving in Leningrad from the
regions of Russia, Belarus and Ukraine affected by exposure to radiation following the
accident, From the total number of 2676 persons examined for internal radioactivity, 310
residents from seven of the most contaminated districts of the Bryansk region were found
who had been measured for '*'I content in the thyroid from May 17 to June 15, 1986;
among them, 146 children 0—10 years old. Data from later measurements are not taken
into consideration because of their insignificance in view of radioactive decay of *'I and
excretion of radioiodine from the body. The contents of '*'I in the thyroid of children of
different age derived from the measurements of 146 subjects are shown in Fig. 1. The
presented data are extrapolated to a common date (May 22) for comparability of data
derived from measurements performed at different days. The extrapolation was made by
exponential factor accounting for age-dependent half-time of '*'I in the thyroid.

During the radiological monitoring in the most contaminated territory of the Bryansk
region carried out by RIRH, residents of the settlement Mirny (**’Cs contamination level
of 1.3 MBq m™2) were examined on the content of radioiodine in the thyroid. Measure-
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Fig. 1. The box-and-whisker plots of **' activity in the thyroid of children from the Bryansk region measured in
Leningrad (St. Petersburg) from May 17 to June 15, 1986. Measurement data are extrapolated to the reference
date of May 22. The bottom and top of each box represents 25% and 75% of the data, while the line through the
middle is the median. The points outside whiskers are those which liec more than 1.5 times the interquartile range.

ments were made at May 22, 1986 with portable radiometer SRP-68-01. Measurement

data corrected for contribution of radiocesium are presented in Fig. 2 for 283 children who
were residing in Mirny.

2.3. Questionnaire data

It is seen in Fig. 2 that even in a single settlement, the distribution of individual thyroid
burdens of '*'I measured at the same time and in the same age group is very wide. Sources
of variability in the measured values of '*'I activity in the thyroid are not related to
instrumental errors but to environmental and lifestyle factors. This variability, first of all,
resulted from individual dietary differences including food habits and the perception that a
person or family had with respect to radiation risk and recommended countermeasures.
Locally produced milk from cows grazing on contaminated pastures usually provided the
main contribution into **'I intake via food. Therefore, information on food habits, mainly
on consumption of milk in May 1986 is useful both to interpret the measurement data and
to ascribe a dose value to those subjects who had not been measured on *'I in the thyroid.

For the purpose of this study, available information on individual dietary behavior was
analyzed on the basis of primary records from mass examination of people in the western
districts of the Bryansk region carried out by RIRH after the Chernobyl accident. During
February— April and July 1987, along with the whole-body measurements of radiocesium,
the inhabitants of the Bryansk region were interviewed with respect to their lifestyle and
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Fig. 2. The box-and-whisker plots of '*'I activity in the thyroid of children in Mirny (Bryansk region), May 22,
1986. See Fig. 1 for details of the plot.

diet at the early post-accident period. Questions were asked about consumption of local
food products, the daily amount and sources of consumed milk, the date of taking advice
to stop consumption of locally produced milk, dates of temporal relocation in 1986. The
concentration levels of *'I in milk were in excess of temporary permissible levels
established by the State Sanitary Authorities, and a ban on local milk consumption in the
contaminated territories was launched. However, people stopped consumption of locally
produced milk at various times. Analysis of questionnaire records for 11080 examinees
who were 010 years of age at the time of the accident revealed 4988 replies related to the
date of discontinuation of local milk consumption. The median of dates distribution was
16 May, 1986, i.e., T =18 days after the start of radioactive contamination of the territory
(28 April, 1986 for the western districts of the Bryansk region). However, this value was
less for children in the most contaminated settlements, where countermeasures had been
initiated earlier and more intensively. As an example, Fig. 3 shows the distribution of
duration of locally produced milk consumption in the village Yalovka (**’Cs contami-
nation of 2.8 MBq m™?), where the median value of 7 was 12 days.

2.4. Individual dose for subjects measured on BI1 in the thyroid

The pasture—cow—milk pathway is assumed to be the dominating contributor of '*'I
into the human body, and the model of radioiodine content in the thyroid was
approximated in the present study by the constant intake rate during 7' days after the
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Fig. 3. The length of time during which contaminated milk was consumed by children under 10 years old in the
village Yalovka.

beginning of radioactive deposition on the territory and no further intake after 7" The value
of T'was taken as 20 days in the absence of countermeasures, or 7'<20 days in the case of
earlier interruption of '*'I intake by the following actions: departure of the individual from
contaminated area, stopping consumption of contaminated milk (see Fig. 3), iodine
prophylaxis (intake of stable iodine preparations effective in blocking the uptake of By
by the thyroid). This simplified approach yields practically the same results in dose
reconstruction as the sophisticated models describing processes of '*'I migration from
nitial deposition on the territory to the human thyroid after the Chemobyl accident.

In line with the above, the calculation of individual dose (Di,q, mGy) for those cohort
members who had been measured for iodine-131 in the thyroid was carried out by the
following equation:

AaTind ehalt=Tina)

Dipg = Atka I (1)

— e~ %aTind

where: 4, kBq—the content of '>'T in the thyroid at time 7; #, days—the time elapsed
from 28 April, 1986 to the date of measurement; Ti,q, days— individual value of T (see
above), counted from 28 April, 1986; ,,, day~' —age-dependent effective constant of By
excretion from the thyroid; k,, mGy kBq ~' — age-dependent absorbed dose per unit intake
of *'1 in the thyroid.
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Eq. (1) is valid for > Tj,4 (corresponding to the measurements under consideration).
Values of , and k, were taken from ICRP Publication 67 [6] and updated from the latest
paper on this topic [7]. Values of Ti,q were derived from available questionnaire data.

2.5. Derivation of thyroid dose for unmeasured subjects

Various methods were considered to estimate thyroid doses for the residents of
contaminated settlements where no measurement data are available [8,9]. The methods
suggested a correlation of reference thyroid dose (the mean thyroid dose for some age
groups) with various environmental and behavioral factors in the first weeks after the
accident in the place where people resided. The environmental factors explored were the
ground-deposition density of iodine-131 (S)3,) or cesium-137 (S}37), the kerma rate in air
(p), the concentration of '*'I in locally produced cows’ milk (g,,), as well as the
radiocesium body burden measured during the first months after the accident (A¢s). The
behavioral factor under consideration was the consumption of cows’ milk: daily amount in
diet and dates when the consumption of contaminated milk was stopped.

For the purpose of the present study, the analysis of various methods for dose
reconstruction was carried out. Special attention was paid to the availability and reliability
of numerical values of environmental and behavioral parameters involved into the
suggested correlation. This analysis resulted in the conclusion that the most appropriate
general approach might be a relationship between '*’Cs contamination of the territory
(S137, kBq m™?) and the representative thyroid dose in specified settlement (Dy,, mGy).
Information on *’Cs contamination is available for all settlements with S;37>37 kBq m~?
[10], while the data for other considered environmental factors are scarce and not so
reliable as for S5+

Balonov et al. [11] found that the thyroid dose correlated with Sy37 is better than with
other factors (p, gm, Acs) and proposed that the mean dose for children 3—6 years old might
be evaluated as:

Dy, = 0.76 - Si37. 2)

Gavrilin et al. [12] proposed more universal formulae where the ratio of the *'I to
137Cs ground-deposition was taken into account. However, this ratio is practically constant
for the territory under consideration (western districts of Bryansk region) [10]. Consid-
ering various distances from Chernobyl, the regression equation was formulated applying
to the reference age of 3 years [13]:

Dy =g+h-Si37, (3)

where parameters g and / are different for the settlements with S5, above 400 kBq m~?

(374 and 0.44) and for those with lower contamination (105 and 0.95 for Bryansk region).
In the present study, in view of most cohort subjects under consideration (96%) were
residing in the settlements with S;37>400 kBq m™ and in account of age-dependence of
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dose factor (k,), a satisfactory approximation to the above relationships is found for 3-
year-old children:

Dy, = 0.94 - Sy37. (4)

Individualization of thyroid dose is based on the assumption that the main contribution
to intake of radioiodine was delivered by consumption of milk, but with account of some
contribution from inhalation and consumption of other food items, mainly leafy vegeta-
bles. Time integrated intake via milk was presented by the product of consumption rate (¥,
1 day™') and effective duration of consumption of contaminated milk (7, day). This
approach for the individual dose was expressed by the following equation [14]:

Vind Tind

Dipa =D | f+(1-f) T

(5)

where Dy,, Vand T are the representative values for the settlement and age group, and Djpq,
Vina» T'ng are the individual values. It was assumed that the fraction of non-milk intake was
=02 [14].

Based on questionnaire data, a reasonable simplification is introduced in the present
study by assumption that the mean value of consumption rate was ¥=0.5 | day™" and
T7=20 days where countermeasures were not undertaken. Substitution of Eq. (4) for Dy,
results in the following approach to derive the individual dose for unmeasured cohort
subjects:

k,
Ding = 0.94 - 5137k—:[f+ 0.1(1 — f) VinaTind) (6)

where k3 and k&, are the dose coefficients for a 3-year-old infant and for a subject of a
years.

Inhalation rate and consumption of green vegetables are less for younger children. For
this reason, the non-milk fraction of dose (f) is assumed to be age-dependent for a<11
years:

£ =0.05+0.005 a. (7)

3. Results and discussion

Individual dose was calculated according to Eq. (1) for cohort members measured for
'T in the thyroid and to Eq. (6) for other subjects. Distribution of subjects among the
intervals of thyroid doses, from <0.2 to >2 Gy is shown in Fig. 4. This distribution is not
representative for population of the territory under consideration, because subjects
unmeasured for thyroidal radioiodine were intentionally selected from those examined
in the Chernobyl Sasakawa Project for whom the dose might be individualized by
available questionnaire data.
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Fig. 4. The distribution of cohort subjects among the intervals of thyroid dose.

A set of assumptions was taken for approach to individual dose with Eqgs. (1) and (6)
using incomplete or partially relevant data. Therefore, an actual thyroid dose might be
significantly different from D4 ascribed to a specified person as a result of dose
reconstruction based on the available data. It is hardly possible to make a correct
evaluation of uncertainty in estimation of individual dose. Nevertheless, the degree of
uncertainty should be realized by consideration of main features of dose reconstruction.
The following discussion considers this matter.

Usually, individuals were measured for '*'I in the thyroid only once. There is an
inevitable uncertainty in calculation of the individual dose from a single measurement,
because we have to know the dynamics of '*'I content in the gland both before and after
the measurement. An analytical research was carried out in the present study to obtain a
range of uncertainty in common case when the measured '*'I activity in the thyroid, the
date of measurement and the age of examined person are known. Three modes of intake of
B into the human body were taken into account: inhalation, consumption of leafy
vegetables and consumption of milk. An instantaneous inhalation intake, one-exponent
model of *'I concentration in greens after their surface contamination and two-exponent
model of "*'T concentration in cows’ milk following the deposition of radionuclide on
pasture were considered with the wide variation of numerical values of parameters derived
from published data and reviews [15—-17]. For different combinations of intake modes,
models and parameters, as well as taking account of the effect of countermeasures (e.g.,
discontinuation of consumption of contaminated food or iodine prophylaxis), the ratio
between the absorbed thyroid dose and the unit of "*'I activity in the thyroid (dose—
activity ratio) was calculated as a function of time of measurement after the start of
contamination.
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The details of this analytical research will be published elsewhere. The results of
calculations are shown in Fig. 5 applying to a 3-year-old infant. The column presented for
each day of measurement extends from the lowest to highest value of dose—activity ratio.
The length of columns represents uncertainty in dose calculation. This uncertainty varies
with the day of measurement (¢) counted from the date when deposition of '*'I on the
territory was started. It is lowest at /=10—16 days when deviation from the geometric mean
between the top and bottom of columns is within a factor of 1.5. The deviation exceeds 2.0
at >30 days. The uncertainty decreases with increasing age, i.e., it is relatively higher for
younger children and the lowest for adults.

The calculated range of the dose—activity ratio in Fig. 5 is related to the case when no
information is available besides the content of '*'I in the thyroid, the date of measurement
and the age of examinee. The uncertainty would be essentially reduced by available data
and reasonable assumptions on relative contribution and time course of various pathways of
1311 intake. The milk path is suggested to be dominating, but assumption of the constant
intake rate during 7 days (Section 2.4) means that inhalation and consumption of surface-
contaminated foods, mainly green vegetables, would compensate an overestimation of milk
contribution during exponential rise of '*'I concentration in cows’ milk at the initial time
after deposition. This model was used to derive Eq. (1), and corresponding values of dose—
activity ratio are exemplified by the curve in Fig. 5 for a 3-year-old old infant and 7=15
days.

In estimates of the individual dose for unmeasured subjects by Eq. (6), two points are
delivering the main uncertainty additional to real variance of Dy,/S}37 ratio. The first one is
insufficient reliability of Vi,q and Tj,q values derived from personal interviews. Most
individuals do not remember these factors with accuracy. The second is the assumption
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Fig. 5. The ratio of thyroid absorbed dose to the measured '*'I content in the thyroid of a 3-year-old infant.
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that the concentration of '*'1 in locally produced milk was the same for all subjects in the
specified settlement. In real situations, the 1311 concentration in milk varied at the same
time and in the same settlement as a result of non-uniform deposition of "*'T on pastures,
the variability in the consumption rate of grass by different cows, the use of cultivated
pastures and uncontaminated stored forage and other factors. Assumption was used for
values of Tin Egs. (1) and (6) that milk-producing cows began to consume contaminated
feed just after deposition of '*'T on pastures, while at some farms, graziery started some
days after 28 April 1986 (for these cases, the dose is overestimated or Tj,q should be
counted from the date of the beginning of cows’ pasture).

The values of D;,4 estimated in the present study are the absorbed doses in the thyroid
from incorporated "*'I. The contribution of short-lived radioiodines into internal dose is
negligible in situations with the dominating milk path of intake [15]. More essential
addition to the thyroid dose might be delivered by external radiation from the environ-
ment, as well as from incorporated radiocesium (***Cs and *’Cs). Taking into account Eq.
(4) and generalized ratio between whole-body dose and S37 in the Bryansk region due to
the Chernobyl accident [18], the average addition in terms of adsorbed dose would be 4—
13% for children 1-10 years old. This addition might be much larger in particular case of
low intake of contaminated milk and effective countermeasures. Furthermore, it should be
noted that there are suggestions of essentially higher biological effect of external gamma
radiation to the thyroid as compared to that of internal exposure of the gland from 'I
[19,20]. Due to relatively low individual variability of exposure to external radiation and
the large number of individual measurements of radiocesium in the body, the whole-body
dose from the Chernobyl accident has been better studied than the thyroid dose. Therefore,
the external dose to the thyroid can be taken into account if further epidemiologic and
dosimetric efforts would be closely coordinated. Depending on interpretation of the
relative radiation effects from external and internal exposure of the thyroid, the estimates
of externally received thyroid dose can be either added to internal dose component or
retained in the epidemiological analysis file for analysis as an additional risk factor.

We can conclude from the above discussion that the individual thyroid doses to particular
subjects are estimated with an inevitable essential degree of uncertainty. However, this
uncertainty can be considered as acceptable for cohort study in radiation epidemiology, where
the distribution of cohort subjects among sufficiently wide dose intervals is needed rather
than ascribing precise numerical dose values to each member of the cohort. This kind of
presentation is shown in Fig. 4. Actual doses for some cohort members assigned to the
predetermined dose interval may fall into the neighboring or even farther interval, but an
appropriate number of subjects in each dose interval should provide the statistical consistency
of epidemiological analyses. Availability of ascribed individual dose for each cohort member
permits us to reorganize dose intervals, as well as to group subjects on the basis of any specific
health end point under investigation and to consider the mean dose for each group.
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Abstract

Immediately after the Chernobyl accident, the team of Medical Radiological Research Center
(MRRC) specialists carried out wide-scale measurements of iodine-131 content in the thyroid gland
of 27887 inhabitants of the Kaluga region. This initial information was presented only as official
reports to governmental structures. Similar work was done by local specialists for 1441 inhabitants of
the Bryansk region. The data of direct measurements provided us the basis for further individual
thyroid dose estimations, where we exploited the developed model and personal interviews. This
paper presents the results of updated dose evaluations, including the additional factors, such as
dynamics of fallout and data on the pasture period. According to new estimations, the median of
individual dose values in the Kaluga database (seven districts) vary from 30 mGy for children to 8
mQGy for adults (geometric standard deviation of about 2.6). In the database of Bryansk (five raions),
the median dose values are ranging from 140 mGy for children to 30 mGy for adults (geometric
standard deviation of about 2.7). The obtained data were used for the validation of the semi-empirical
model for thyroid dose reconstruction. This allowed the reconstruction of the mean doses for the
settlements where 1-131 measurements were not performed. The collective thyroid doses for the
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Bryansk and Kaluga regions were estimated as 72600 and 3400 persons-Gy (for population of
1137100 and 213500 inhabitants). © 2002 Elsevier Science B.V. All rights reserved.

Keywords: Chernobyl accident; I-131; Thyroid dose; Individual dosimetry

1. Introduction

Iodine-131 is the main factor of internal irradiation of the thyroid gland in the
population that inhabited the contaminated Russian territories on April—May 1986 [1].
The thyroid dose estimations in contaminated settlements of the Kaluga and Bryansk
regions started in May 1986, in order to provide information for the evaluation of the
possible consequences of the Chernobyl accident [2]. The team of Medical Radiological
Research Center, Russian Academy of Medical Sciences (MRRC RAMS) specialists
carried out wide-scale measurements of iodine-131 content in the thyroid gland of
27887 inhabitants of the Kaluga region [3]. Initial data were reported only to
governmental structures as official report. Similar work was done for 1441 inhabitants
of the Bryansk region by local specialists. Now, these data became very important for
medical care and epidemiological studies of the thyroid cancer cases following the
Chemobyl accident.

Thyroid dose calculations in 1986 were based on the results of direct measurements of
1-131 content in the thyroid and on the data of personal interviews, excluding data on
prolonged fallout and the dates of the pasture period.

Our further thyroid dose re-evaluations were performed in 1996, taking into account the
recently published data concerning the time dependence of fallout and the dates of the
pasture period. The results of this re-evaluation were reported only to the Ministry of
Public Health of Russia [4]. The paper presents the main results of the updated thyroid
dose evaluations.

2. Material and methods

The measurements of iodine-131 content in the thyroid gland of 27887 inhabitants of
the contaminated Kaluga region were performed by specialists of MRRC RAMS during
the period from 18 to 30 May 1986 in seven raions [3]: Khvastovichskiy (102 kBg/m” of
caesium-137 ground deposition density), Zhsizdrinskiy (129 kBg/m?), Ulianovskiy (191
kBg/m?), Lyudinovskiy (102 kBqg/m?), Kuibishevskiy (39 kBg/m?), Duminicheskiy (75
kBq/m?), and Kozelskiy (41 kBg/m?). Because of the lack of special equipment, all thyroid
measurements were done by means of very simple instruments with analogue output in
exposure rates: SRP-68-01 with Nal(T1) scintillation detectors without collimator. As a
rule, two measurements for each person were performed: first, close to the thyroid gland,
and second, close to the abdomen area (near the liver). The second measurement was
selected in order to evaluate the caesium-137 input readings from the thyroid. The
calibration of the instruments was verified before, during, and after the entire measurement
campaign. The minimum I-131 activity in the thyroid that could be detected by this device
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is in the range of 1-2 kBq (dependent on the age of the subject). Detailed description of the
measurements is presented in Refs. [3-5].

The measurements of iodine-131 content in the thyroid gland of 1441 inhabitants of the
contaminated Bryansk region were performed by specialists of the Bryansk regional
Oncological Hospital during May and June 1986. The results of the measurements, which
are available in our database, are related to the following five districts and for Bryansk city
[4]: Gordeevskiy (510 kBg/m” of Cs-137 ground deposition density), Krasnogorskiy (535
kBg/m?), Novozybkovskiy (736 kBq/m?), Klintsovskiy (343 kBq/m?), and Klimovskiy
(200 kBg/m?). The measurements were done by “GAMMA” equipment (Hungary) with
scintillation Nal(T1) probe supplied by lead collimator. All measurements were performed
in integral mode with discrimination of the low gamma energy component. Therefore, two
measurements had been done: first, over the thyroid gland, and second, over the hip area.
The second measurement was selected in order to evaluate the caesium-137 input readings
from the thyroid. The calibration of the equipment was done everyday using adult neck
phantom and 20-ml solution with standard iodine-131 activity. Detailed description of the
measurements is presented in Refs. [4,5].

The results of the direct measurements of I-131 thyroid content were used as the basis
for individual thyroid dose estimations. The obtained thyroid measurements gave
information related to the thyroid dose rate at the time of the measurement. In order to
estimate the individual thyroid dose, it is necessary to have information on the dynamics of
I-131 intake before and after the measurement. Only relative information is needed
because the thyroid measurement provides a point of reference upon which the activity in
the thyroid can be “tuned”. For such kind of individual dose calculation, the model of
dynamics of I-131 intake was used. This model provided dose calculations, taking into
account the age, the moment of beginning and ceasing of the person’s stay in the
contaminated territories, food consumption peculiarities (milk and leafy vegetables,
including the date of the consumption stop), respiratory uptake, dynamics of prolonged
I-131 fallout, and dates of the beginning of the local pasture period. The description of this
model is presented in Refs. [3—5]. The dates of the beginning of the local pasture period
were provided in 1996 by the specialists of the Institute of Agriculture Radiology [4,3].
The dynamics of the prolonged I-131 fallout was adopted according to the recently
published data [6]: as in Obninsk town (Kaluga region) for Kaluga’s districts and as in
Gomel city for the southwestern districts in the Bryansk region.

For the individual thyroid dose estimation, the results of questioning during the course
of the measurements were used as well. The interviews included the questions concerning:
age at the moment of accident, address, locations from the moment of accident till the
moment of the measurement, consumption and origin of the milk and leafy vegetables
including stopping of this consumption, stable iodine prophylaxis.

3. Results
The individual thyroid doses were estimated for 26 724 persons from seven districts of

the Kaluga region (Kaluga’s database) and for 891 persons from five districts of the
Bryansk region (Bryansk’s database). Dose estimations were performed only for persons



324 V.E. Stepanenko et al. / International Congress Series 1234 (2002) 321-328

Table 1
Estimated parameters of individual thyroid dose distribution in the Khvastovichskiy district of the Kaluga region

(102 kBg/m? of Cs-137 ground deposition density)

Itemns® Groups by age at the time of the accident®
Below 1 1-2 2-7 7-12 12-17 17 above

N 150 159 906 996 1006 3183
MID (mGy) 300 340 310 230 120 250
DA (mGy) 56 42 28 18 15 16

SD (mGy) 59 44 29 18 14 17
DM (mGy) 36 28 19 13 11 10
GSD 2.5 2.5 2.3 2.3 2.3 2.6

? N=number of records; MID=maximum individual dose; DA =arithmetic mean dose; SD = standard
deviation; DM =median dose; GSD = geometric standard deviation.
® Including the left end while excluding the right end.

Table 2
Estimated parameters of individual thyroid dose distribution in the Zhizdrinskiy district of the Kaluga region

(129 kBg/m? of Cs-137 ground deposition density)

Items® Groups by age at the time of the accident®
Below 1 1-2 2-7 7-12 12-17 17 above

N 153 117 646 549 620 609

MID (mGy) 550 350 430 200 180 110

DA (mGy) 110 738 48 29 24 15

SD (mGy) 81 62 43 25 24 15

DM (mGy) 85 57 34 20 i5 9.6
GSD 2.0 2.2 22 24 2.6 2.6

* N=number of records; MID=maximum individual dose; DA=arithmetic mean dose; SD = standard
deviation; DM = median dose; GSD = geometric standard deviation.
® Include the left end while exclude the right end.

Table 3
Estimated parameters of individual thyroid dose distribution in the Ulianovskiy district of the Kaluga region

(191 kBg/m® of Cs-137 ground deposition density)

Items® Groups by age at the time of the accident®
Below 1 1-2 2-7 7-12 12-17 17 above

N 144 157 780 802 705 265
MID (mGy) 520 530 460 320 250 140

DA (mGy) 80 88 56 29 26 21

SD (mGy) 66 83 50 28 27 21

DM (mGy) 60 62 42 22 18 15
GSD 2.1 2.3 2.2 2.2 2.4 2.3

# N=number of records; MID=maximum individual dose; DA =arithmetic mean dose; SD = standard
deviation; DM = median dose; GSD = geometric standard deviation.
® Including the left end while excluding the right end.
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Table 4
Estimated parameters of individual thyroid dose distribution in the Lyudinovskiy district of the Kaluga region

(102 kBg/m? of Cs-137 ground deposition density)

Ttems® Groups by age at the time of the accident®
Below 1 1-2 2-7 7-12 12-17 17 above

N 283 233 2631 1331 587 559
MID (mGy) 200 100 130 100 120 54

DA (mGy) 38 25 14 12 9.3 8.7
SD (mGy) 31 18 11 8.4 8.1 6.6
DM (mGy) 30 20 12 11 7.5 7.0
GSD 2.0 1.9 1.8 1.7 1.9 1.9

? N=number of records; MID=maximum individual dose; DA=arithmetic mean dose; SD = standard
deviation; DM = median dose; GSD = geometric standard deviation.
® Including the left end while excluding the right end.

Table 5
Estimated parameters of individual thyroid dose distribution in the Kuibishevskiy district of the Kaluga region

(39 kBg/m® of Cs-137 ground deposition density)

Ttems® Groups by age at the time of the accident®
Below 1 1-2 2-7 7-12 12-17 17 above

N 104 65 658 694 558 179
MID (mGy) 140 78 76 50 48 36

DA (mGy) 23 24 15 11 8.8 7.2
SD (mGy) 23 17 11 7.1 6.6 59
DM (mGy) 13 20 12 9.1 7.2 5.4
GSD 3.0 1.8 19 1.8 1.9 2.1

? N=number of records; MID=maximum individual dose; DA=arithmetic mean dose; SD = standard
deviation, DM = median dose; GSD = geometric standard deviation.
® Including the left end while excluding the right end.

Table 6
Estimated parameters of individual thyroid dose distribution in the Duminicheskiy district of the Kaluga region

(75 kBa/m? of Cs-137 ground deposition density)

Ttems® Groups by age at the time of the accident®
Below 1 1-2 2-1 7-12 12-17 17 above

N 173 154 926 1097 720 451
MID (mGy) 170 130 170 110 54 85

DA (mGy) 31 25 17 12 9.8 8.9
SD (mGy) 28 18 15 11 83 9.0
DM (mGy) 23 20 14 9.4 7.5 6.3
GSD 2.2 2.0 2.0 2.0 2.1 2.3

* N=number of records; MID =maximum individual dose; DA =arithmetic mean dose; SD =standard
deviation; DM =median dose; GSD = geometric standard deviation.
® Including the left end while excluding the right end.



326 V.F. Stepanenko et al. / International Congress Series 1234 (2002) 321-328

Table 7

Estimated parameters of individual thyroid dose distribution in the Kozelskiy district of the Kaluga region

(41 kBg/m® of Cs-137 ground deposition density)

Ttems® Groups by age at the time of the accident’
Below 1 1-2 2-7 7-12 12-17 17 above

N 68 104 944 971 801 486
MID (mGy) 80 82 89 56 45 27

DA (mGy) 12 12 6.4 43 3.0 24
SD (mGy) 14 11 6.5 4.0 33 2.6
DM (mGy) 6.3 8.1 4.6 3.6 2.5 1.9
GSD 3.0 2.4 2.3 1.8 1.9 2.0

% N=number of records; MID =maximum individual dose; DA =arithmetic mean dose; SD = standard

deviation; DM = median dose; GSD = geometric standard deviation.
® Including the left end while excluding the right end.

Table 8
Estimated parameters of individual thyroid dose distribution in all the seven investigated districts of the Kaluga
region
Items® Groups by age at the time of the accident®

Below | 1-2 2-7 7-12 12-17 17 above
N 1075 989 7491 6440 4997 5732
MID (mGy) 550 530 460 320 250 250
DA (mGy) 52 43 23 15 14 13
SD (nGy) 58 52 29 17 17 15
DM (mGy) 31 26 14 10 8.3 8.1
GSD 2.7 2.7 2.6 2.4 2.7 2.7

4 N=number of records; MID=maximum individual dose; DA = arithmetic mean dose; SD = standard

deviation; DM = median dose; GSD = geometric standard deviation.
® Including the left end while excluding the right end.

Table 9

Estimated parameters of individual thyroid dose distribution in the five investigated districts of the Bryansk
region

District Arithmetic mean dose (mGy) Median dose (mGy)* Number of adults
Gordeevskiy 120 74 75

Klimovskiy 48 31 9

Klintsovskiy 62 41 10
Krasnogorskiy 223 143 93
Novozybkovskiy 46 30 83

? Geometric standard deviation is 2.7.
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with available personal information (at least age, address, and location). It should be noted
that there were no countermeasures for the Kaluga region and for the Klimovskiy district
of the Bryansk region [4]. For the Gordeevskiy, Klintsovskiy, and Krasnogorskiy districts,
the date of introducing countermeasures is 10 May 1986 (the date for Novozybkovskiy
district is 05 May 1986) [4].

It was found that individual thyroid dose distributions are very similar to the log normal
type of statistical distribution {3—5]. Tables 18 provide the main experimental parameters
of such kind of distributions for seven districts in Kaluga’s database, where a lot of
measurements were performed: number of records, maximum individual dose (MID),
mean arithmetical dose (DA) and standard deviation (SD), median dose (DM) and
geometric standard deviation (GSD) for different age groups. Table 9 presents the mean
and median thyroid doses for adult persons in five districts of the Bryansk region. All
doses are presented in mGy.

The obtained data were used for the validation of the semi-empirical model for thyroid
dose reconstruction [4]. This allowed the reconstruction of the mean doses for Russian
settlements in the contaminated territories of the Bryansk, Kaluga, Tula, and Orel regions,
where 1-131 measurements were not performed [5]. The dynamics of I-131 fallout and the
dates of the beginning of the local pasture period were taken into account. The values of
the collective thyroid doses for the Bryansk and Kaluga regions were estimated as 72 600
and 3400 persons-Gy (for population of 1137100 and 213500 inhabitants). The corre-
sponding values for the Tula and Orel regions are 13400 and 16900 persons-Gy (for
population of 1310100 and 448 000 inhabitants).

4. Discussion

Re-evaluation of the thyroid doses for the Russian contaminated territories were based on
the available data, including dynamics of I-131 fallout and of the beginning of the pasture
period. Efforts are now underway to refine the performed dose estimates in a second run and
to assess the appropriate dose uncertainties. The following activities are in progress now:
development of a method of thyroid dose reconstruction based on measurements of the
deposition density of I-129 (for the territories where I-131 measurements were not
performed—see paper by Hoshi et al. in this issue); more correct dose estimation, including
the wet or dry types of fallout (for the territories where this information is not available—see
Ref. [7] concerning “birch tree effect” as an indicator of fallout type).

5. Conclusions

Re-estimations of individual thyroid doses for Kaluga’s and Bryansk’s databases (27615
total personal values) were based on recently published data concerning dynamics of fallout
and the dates of the pasture period. According to new estimations, the median of individual
dose values in the Kaluga database (seven raions) varies from 30 mGy for children to 8 mGy
for adults (GSD about 2.6). In the database of Bryansk (five raions), the median dose values
are ranging from 140 mGy for children to 30 mGy for adults (GSD about 2.7). The obtained
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data were used for the validation of the semi-empirical model for thyroid dose reconstruc-
tion. This allowed the reconstruction of the mean doses for the settlements, where 1-131
measurements were not performed. The new estimations of collective doses differ from
those which were published before [2,8]. The collective thyroid doses for the Bryansk and
Kaluga regions were estimated as 72 600 and 3400 person-Gy (for population of 1137160
and 213 500 inhabitants). The corresponding values for the Tula and Orel regions are 13400
and 16900 person-Gy (for population of 1310100 and 448 000 inhabitants).
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Postscript

The achievements of the first stage of the Chernobyl Sasakawa Health and Medical
Cooperation Project have already been published as a book (Chernobyl: A Decade,
Elsevier, Amsterdam, ICS1156, 1997). That volume includes detailed data collected in the
S-year examinations at the five centers. To continue the medical support for radiation-
exposed victims, especially for children, several new projects were launched, mainly in
the Gomel region of Belarus, beginning in 1996 and reaching completion at the end of
April 2001.

Despite the difficulties of the socio-economic state of the former USSR, each center has
made enormous efforts in the last five years to continue medical screening around
Chernoby! according to its own budget. These activities contributed enormously to the
improvement of health and welfare in each locality, especially for children. The five
centers reported their activities and follow-up data carefully during the second stage of
the Chernobyl Sasakawa Project. Unfortunately, we could not evaluate their data by direct
comparison to the same level as we had been able to do in the first stage, because the data
were not always based on a common protocol or standardized procedures. However, the
principal approaches to medical diagnosis were exactly the same as those introduced
and guided by us in the first stage of the project. The staff of the five centers handled and
analyzed their own data and presented the results fairly concretely on the first day of the
Symposium.

Surveys conducted for the epidemiological studies on childhood thyroid cancer in the
new Chernobyl Sasakawa Project under international cooperation have been completed. The
collected data are now under statistical analysis and publication of the results in scientific
journals is expected.

The present volume is unique in including scientific data in the form of invited papers as
well as the overview articles from Belarus, Russia and Ukraine, which are mainly focused
on wide-ranging topics of childhood thyroid cancer. The invited articles are compiled as
follows the first eight papers are from non-CIS countries and the following 11 from three
CIS countries.

The editors would like to thank all authors of invited papers for their contribution to
enriching this volume. Although we had to confine the papers to those on the main topics of
the symposium and those on radiation-related childhood thyroid cancer, many leading
scientists reported medical, epidemiological and dosimetry data on the Chernobyl
accident. Each invited manuscript has been minimally edited in the same format.

Finally, we would like to extend our deep gratitude to the many people involved in this
project over the last ten years, and especially to the staff of the Moscow and Tokyo offices
of Sasakawa Memorial Health Foundation for their continuous support.

The Editors
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