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Abstract. This paper summarises the results of pilot studies carried out to evaluate
the feasibility of long-term epidemiological studies of cancer risk among
populations exposed to radiation from the Chernobyl accident.

These studies demonstrated that it is feasible to carry out a study of radiation-
induced risk of specific cancers among "Chernobyl liquidators" included in the State
Chernobyl registries using a case-control approach in Belarus and Russia. Careful
large-scale studies of liquidators will provide important information concerning the
effects of exposure protraction and perhaps of radiation type in the relatively low
dose (0-500 mSv) range. Protocols for case-control studies of leukaemia and thyroid
cancer risk among liquidators are being prepared in Belarus and Russia.

Non-specific studies of cancer risk among the general population exposed in
the contaminated regions are unlikely to be informative for radiation risk estimation
because of the generally lower doses received by the majority of these populations,
the difficulties in estimating these doses and following populations. An exception is
the study of thyroid cancer risk in children, the incidence of which has been
observed to increase dramatically in the first years following the accident. A careful
study appears to be feasible and may provide a unique opportunity to increase our
understanding of factors which modify the risk of radiation induced cancer and thus
have important consequences for the radiation protection of patients and the general
population.

1. Introduction

The accident which occurred in the Chernobyl reactor in Ukraine underlined the fact that
radiation accidents - and nuclear safety in general - are a global concern, and cannot be
restricted to a single region or country. From the point of view of radiation protection, there
were some uncertainties concerning the possible health effects of radiation of the types
received by populations as a result of the Chernobyl accident. Indeed, although ionising
radiation is one of the best studied environmental carcinogens, a number of questions
remain in radiation research and radiation protection today. Some of these questions could,
in principle, be answered by epidemiological studies of the consequences of the Chernobyl
accident. They include:

• the effects of protracted exposures, which could be examined in studies of liquidators;
• the effects of relatively low doses, such as those resulting from environmental

exposures in large areas contaminated by the Chernobyl accident;

- 835 -



• the effects of different radionuclides and different radiation types;
• the effects of factors which may modify radiation induced risks (including age at

exposure, sex, possible genetic predispositions, other host and environmental factors).
To provide answers to these questions, however, studies of the consequences of the

Chernobyl accident must fulfil several important criteria: they must cover very large
numbers of exposed subjects; the follow-up must be complete and non-selective and precise
and accurate individual dose estimates (or markers of exposure) must be available. In
particular, the feasibility and the quality of epidemiological studies largely depend on the
existence and the quality of basic population-based registers, and on the feasibility of
linking information on a single individual from different data sources.

When preliminary contacts were made between scientists from the three most affected
countries and from Western Europe concerning the possibility of carrying out
epidemiological studies of the Chernobyl accident jointly, the feasibility of such studies
was unclear to the international research community. By then, following a 1987 directive of
the Ministry of Public Health of the USSR, much effort had been invested in the CIS
countries into registration and active follow-up - with obligatory annual examinations - of
the most affected populations in the State Chernobyl Registries [1], Little work was
published, however, which demonstrated the feasibility of carrying out long-term, large-
scale passive follow-up of populations. Thus, the first order of work was the assessment of
the feasibility and informativeness of studies of populations exposed as a result of the
accident. To this end, a number of activities were started within the framework both of
Experimental Collaboration Project 7 (ECP-7) between the CIS states and the European
Commission, and of the WHO International Thyroid Project (ITP).

1.1. Liquidators

Efforts within ECP-7 concentrated on the evaluation of the feasibility of studies of
"liquidators" or clean-up workers (i.e. the participants in the "liquidation" of the
consequences of the Chernobyl accident) since it was thought that this population was
likely to be the most informative for the study of radiation effects and the easiest to follow.

In the former USSR, several hundred thousand inhabitants, the majority residing in the
Ukraine, the Russian Federation and Belarus, were drafted - or in some cases volunteered -
to undertake clean-up activities within the polluted areas. On average these workers spent
between one and six months in the region of Chernobyl, and were officially allowed to
receive up to about 0.25 Gy external radiation before being discharged from the area. It is
expected that during the early phases after the accident, workers may have received a higher
dose, in particular those workers having particular expertise, who could not easily be
replaced by others. Table 1 presents the information concerning the distribution of doses
among liquidators which had been published by the time the ECP-7 programme began [2].

By a decree of the Ministry of Public Health of the USSR in 1987, liquidators must be
registered in the Chernobyl Registry of their country of residence at the time of the accident
and must undergo a yearly medical examination. They are also entitled to a number of
social, health and financial benefits and can be identified by a special certificate and/or a
stamp in their military passport.
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8%
0.02%
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120 mSv
0.3 Gy

0.1->2.5Gy
60mSv

> 100 mSv
> 200 mSv

0.1->10 Gy
< lOOmSv

100-250 mSv
250-500 mSv

> 500 mSv
6-7 mSv

Table 1 Distribution of levels of radiation dose among populations exposed as a result of
the Chernobyl accident (dose estimates from Ilyin et al. [2])

Exposed group Approximate size Exposure type Exposure level
Evacuees from 30 km zone

Inhabitants of SCZ's

Liquidators

European part of USSR

Because of their number, their levels of radiation exposures and the fact that they are
entitled to benefits - and hence may be easier to follow than the general population -, the
population of liquidators from the start was seen as one of the most likely to be informative
for the epidemiological study of the effects of relatively low doses of radiation received at
different exposure rates.

Concerns existed, however, about the feasibility of obtaining precise and accurate
individual dose estimates: official dose estimates were not available for all liquidators.
Dosimetric practices varied, moreover, depending on the type of liquidators (civilians,
military, radiation specialists, etc.) and estimates were sometimes based on group (i.e. an
individual dosimeter was assigned to one member of a group of liquidators) rather than
individual monitoring. Moreover, errors may have occurred in the entering of these doses,
which had been measured in various different units, on the liquidators' certificates of work,
as well as in the Chernobyl Registries. There were therefore questions about the accuracy
and comparability of available dose estimates.

1.2. The general population

The information on environmental radiation exposure levels of the general population
available at the time (Table 1) was mainly based on tens of thousands of direct
measurements of external and internal dose made mainly for persons residing on the most
contaminated territories [2] and on models of environmental transport of radionuclides and
of behaviour of individuals at the time of the accident. Given the levels of exposure, the
absence of systematic individual exposure estimates in populations with different
contamination levels, and the amount of population movement thought to have taken place
since the accident, it was judged from the start that non-specific mortality and/or cancer
morbidity follow-up of the general population living in contaminated territories would be
more difficult, and potentially less informative, than studies of liquidators. ECP-7 activities

1 SCZ: strict control zones, defined as areas with Cs-137 contamination above 40 Ci/km2

2 CEDE: committed effective dose equivalent
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were therefore concentrated at first on the assessment of the feasibility of epidemiologic
studies of liquidators and not of the general population.

Specific studies in the general population may be important and feasible, however.
Reports [3,4] of a large increase in thyroid cancer incidence in children, particularly in the
Gomel area of Belarus, were initially met with scepticism, because of the early occurrence
of the increase (as early as four years after the accident) and the very high incidence of the
disease reported (annual age specific incidence in children under the age of 15 in 1991-94:
9.6 per 100 000 in Gomel region and 2.9 per 100 000 in Belarus as a whole [5]). In
addition, little increase was observed in other regions thought to be nearly as highly
contaminated as the Gomel area (Mogilev, in Belarus, Bryansk in Russia), while relatively
large numbers of cases were seen among children residing in regions thought to be less
contaminated (Brest and Grodno). Since then, increased incidences have, however, also
been reported in the Ukraine [6] and, more recently, in the part of Russia most
contaminated by the accident [5,7]. The observation of such a large and early increase in
incidence raised the possibility that host and environmental factors may be playing a role in
the risk of radiation induced cancer. Because of the rarity of this disease, this situation
provided a unique opportunity to identify such factors and quantify their effect. Activities
within the ITP therefore focused on additional documentation of this increase and on the
evaluation of the feasibility of a study of thyroid cancer risk in children [8].

2. Materials and methods

2.1. Liquidators

In October 1993, three pilot studies aimed at assessing the feasibility of a long-term
epidemiological study of cancer risk among "liquidators" of the Chernobyl accident
(sometimes referred to as "emergency accident workers" or "clean-up workers") were
started in Belarus and the Russian Federation [9] within the framework of ECP-7:

• Pilot study I Test of follow-up mechanisms
• Pilot study II Case-control study of leukaemia among liquidators
• Pilot study III Calibration/validation of dosimetry

These three studies were developed in parallel to test different epidemiological
approaches and provide the information necessary to identify which studies are feasible,
how they should be designed and what are the requirements, in terms of expertise,
equipment, existence of population registries and funds, for them to be informative for the
understanding and quantification of radiation induced cancer risk.

The first two studies were carried out in both Belarus and the Russian Federation, the
third in Russia alone as the sample size required was small. No effort was made to set-up
similar studies in the Ukraine since plans for such activities were already underway in
collaboration with scientists from Canada and the USA. The study population for these
studies was defined as all 1986-87 liquidators having worked in the 30 km zone around the
Chernobyl reactor and included in the State Chernobyl Registries of Belarus and Russia.

2.1.1. Test of follow-up mechanisms

The specific objectives of the first study, the test of follow-up mechanisms, were to assess
the feasibility of long-term passive mortality and incidence follow-up of liquidators in
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Belarus and in Russia and to examine available mechanisms for tracing individual subjects
and collecting relevant data pertaining to these individuals.

The study covered 500 liquidators in each country, selected at random from a
computerised list of the study population. In Russia, due to difficulties in carrying out a
State wide follow-up, the study was restricted to three regions - Rostov area, Moscow city
and region and St-Petersburg city and region - and the random sample was stratified on
region. The following step-by-step approach was used to ascertain vital status at the study
cut-off date (1 October 1993 in Belarus and 31 December 1992 in Russia):

• a subject was assumed alive at the end of the study if a recent (within the last 3 months
in Belarus and 6 months in Russia) medical visit had been recorded in the Chernobyl
Registry;

• where a recent medical visit was not registered, the address bureau of the area of last
known place of residence (based on last address in Chernobyl Registry) was to be
contacted in order to confirm the address; if the person had moved, a visit was made to
the address bureau of that locality to ascertain the subject's new address; if the person
had moved outside Belarus, the date and country of emigration were obtained;

• if the subject's current vital status could not be ascertained through the relevant address
bureaus, the records of the local Chernobyl Registries and hospitals and polyclinics
were consulted. If no information could be obtained from these sources, the records of
the population registry (ZAGS - buro zapicii akta grazhdanskovo sostoyania) at the last
known place of residence were to be consulted to determine whether the person had
died; if so, a copy of the death certificate was to be obtained;

• for subjects who could not be traced at all, the date of last known vital status (and the
source of this information) was to be noted. :

2.1.2. Pilot case-control study of leukaemia

The objective of the second study, the case-control study of leukaemia among liquidators,
was to assess the feasibility of carrying out case-control studies of cancer risk among
Chernobyl liquidators by examining available mechanisms for identifying cases of
leukaemia among liquidators and for selecting appropriate controls and by testing a
questionnaire (adapted from the Estonian-US-Finnish collaborative study of liquidators) to
collect information about work as a Chernobyl liquidator as well as about possible non
radiological risk factors for cancer.

In Belarus, the study was restricted to all cases diagnosed in the period 1991-92 in the
study population, while in Russia, it included all cases diagnosed to the end of 1993 in two
regional centres of the State Chernobyl Registry, that of the North Caucasus and that of the
Central-Chernozem region.

The mechanism for case ascertainment differed between Belarus and Russia. In
Belarus, the primary source for case ascertainment was the Registry of Haematological
Diseases; the Cancer Registry and Chernobyl Registry were used as complementary sources
to ensure completeness of ascertainment. In Russia, the sole source was the State Chernobyl
Registry as no cancer registry exists at present. To be included in the study, all cases had to
be confirmed by a haematologist in Minsk or Obninsk.

Controls were drawn at random from the study population on the basis of the
computerised listings of the State Chernobyl Registries. The questionnaire was
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administered in person, usually at the home of the study participants, by a trained
interviewer.

2.1.3. Validation/calibration of biological dosimetry

The third study, calibration/validation of dosimetry, was designed to assess the feasibility
of using biological markers of radiation damage, namely stable chromosome aberrations
scored through fluorescent in-situ hybridisation (FISH), to estimate individual radiation
doses, or at least to provide a gradient of individual radiation doses, which could be used in
epidemiological studies of cancer risk among liquidators.

For this purpose, a random sample of liquidators residing in the Obninsk area of Russia
was selected, stratified on the total official dose registered in the Chernobyl Registry as
follows: 31 with total official doses below 100 mGy (4 had 0 dose), 18 with official dose
between 100 and 200 mGy and 13 with official dose above 200 mGy.

The study subjects were asked to present themselves to a clinic in Obninsk where a
blood sample was drawn and a simple questionnaire was administered. Questions
concerned their work in the 30 km zone and exposures (such as smoking and viral
infections) which may influence the level of stable aberrations. Blood samples were sent to
the NRPB in the UK for cell culture and preparations were distributed to partner
laboratories in the CIS and Western Europe for FISH and conventional dicentric analyses
(in the CIS only).

2.2. General population studies - thyroid cancer in children

In 1993-94 a survey of 50 childhood thyroid cancer cases was carried out in Belarus
[10] within the framework of the ITP, in preparation of a possible case-control study. The
objectives of the survey were to better characterise the reported increase in childhood
thyroid cancer and to test mechanisms for identifying and interviewing cases, in preparation
of a possible case-control study.

The study subjects were the first 50 cases of childhood thyroid carcinoma who attended
the clinic of the Institute of Radiation Medicine between December 1993 and April 1994. A
trained nurse interviewed the parents - preferably the mother - of the cases to obtain
detailed information about the circumstances of diagnosis of thyroid cancer (screening vs.
self presentation) and the behaviour of children around the time of the accident.

3. Results3

3.1. Test of follow-up mechanisms

Follow-up was virtually complete (99.2%) in both countries (Table 2). In Belarus, one
hundred and thirty eight (27.6%) subjects had had a recent medical examination registered
in the Chernobyl Registry; the vital status of 253 subjects (i.e. 69.9% of those who had not
had a recent medical visit registered in the Chernobyl Registry) was ascertained passively,
through the address bureaus, and the remainder through the local registries (100 subjects)
and hospitals and polyclinics (Table 3).

3 Detailed results of the studies presented here are available elsewhere [9,10].

- 840 -



Table 2: Trace rates and distribution of vital status

Follow-up Belarus Russia

Number of subjects
Vital Status:

Lost to follow-up
Alive
Dead
Emigrated

500

4 (0.8%)
489 (97.8%)

5 (1.0%)
2 (0.4%)

Total

500

4(0:8%)
457(91.4%)

17 (3.4%)
22 (4.4%)

Rostov

300

3
267
13
17

Moscow

100

0
94
2
4

St Petersb.

100

1
96
2
1

Table 3: Sources of information used to determine vital status

Source Belarus Russia

Chernobyl Registry
Passport department or
address bureau
ZAGS
Other and combination
Unknown

138 (27.6%)
253 (50.6%)

0
109(21.8%)

0

Total

299 (59.8%)
53 (10.6%)

0
152(30.4%)

3 (0.6%)

Rostov

211
0

0
86
3

Moscow

57
9

0
43
0

St Petersb.

31
44

0
23
0

In Russia, 59.6% of the subjects had had a medical examination registered in the
Chernobyl Registry in the previous 6 months (Table 3). For the remainder, however, the
main source of information was active tracing through the local registries, hospitals and
other medical facilities; 4% were traced by personal contact. Only 53 were traced passively,
through passport departments or address bureaus. It is noted that, in a full-scale study, the
resources associated with direct contact with all but a very small proportion of liquidators
could be considerable. It would therefore be highly important to concentrate on the most
probable avenues of tracing (e.g., the Chernobyl Registry, passport department and address
bureau, local registries, etc.) before turning to this option.

Among subjects who were traced successfully in Belarus, five (1%) were found to have
died - and cause of death was obtained from the Chernobyl Registry and the ZAGS - and
two (0.4%) emigrated (place unknown) (Table 2). In Russia, the corresponding figures were
17 (3.4%) and 22 (4.4%); the place of emigration was known for all twelve of these; all but
two had moved to other parts of Russia. In Belarus, the cohort was also linked to the Cancer
Registry and one case of cancer was identified. Information on cancer diagnosis was
obtained in Russia from the Chernobyl Registry: two cases were found.

Since the samples of liquidators in this pilot study were chosen at random, descriptive
analyses of the data collected provide some comparison between characteristics of Belarus
and Russian liquidators. The former tended to be younger (median age at the time of the
accident 29 compared to 35) and to have received substantially lower doses (when known)
than the latter (median dose 48 compared to 130 mSv), even though the majority of Belarus
liquidators had worked in the first six months following the accident. This difference in age
and doses may be due to many Russian liquidators having been specialists sent to
Chernobyl for specific missions. The majority (74%) of Belarus liquidators in the sample
had missing dose estimates, moreover, possibly reflecting the incomplete personal
monitoring performed in the first few weeks after the accident.
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3.2. Pilot leukaemia case-control studies

The means of identifying leukaemia cases differed between Belarus and Russia. As
discussed above, in Belarus, the primary source of case ascertainment was the Republican
Registry of Haematological Diseases; secondary sources were also used to ensure
completeness of ascertainment. As indicated by Storm et al. in another paper in this
conference [11], the Registry of Haematological Diseases appears to provide adequate
coverage of recent haematological malignancies diagnosed in Belarus.

In Russia, details of cases recorded on the State Chernobyl Registry were sent to the
corresponding regional centres and departmental registries of the Chernobyl Registry in
order to confirm or disprove the leukaemia diagnosis. Out of 117 cases on the Chernobyl
Registry, only 60 were confirmed; 48 were not confirmed and nine were neither confirmed
nor disproved. This low level of confirmation may be explained by the fact that diagnostic
information in the Chernobyl Registry is primarily obtained from local clinics; thus, if the
diagnosis of a patient referred to a regional or national level medical centre for confirmation
of diagnosis and treatment is changed, the information is not necessarily sent to the
Chernobyl Registry. Within a case-control study, this is of concern mainly from the
viewpoint of the resources required for the checking of potential cases that are ultimately
not confirmed. This also raises questions about the completeness of cancer data recorded in
the Chernobyl Registry since some cancers may be missed if the initial diagnosis is not
cancer. It is therefore important to perform cross-checking against data held in regional
oncological dispensaries where, as indicated in [11], the completeness of cancer data is
likely to be high. The low level of confirmation of cancers registered in the Chernobyl
Registry must however be kept in mind, when interpreting results of other types of studies
of disease patterns based solely on that Registry.

Some of the other problems encountered in this study were common to both Belarus
and Russia. For example, it was generally considered that the questionnaire used was too
long and that some questions were not informative (e.g., most liquidators did not know
whether they had consumed locally produced food since they ate in canteens). These points
are valuable in deciding how to rearrange the questionnaire for a full-scale study.

There were also logistical problems associated with the tracing of cases and controls:
the current address given in the Chernobyl registries was often out of date and additional
efforts were required to locate the new address. On occasion, time was expended visiting
the old address in order to determine the new one. It would be preferable in future to check
other sources such as the address bureau before resorting to more labour and time-
expensive options such as visits to last known addresses. Time and transport problems
arising from travel to the liquidators' homes were also cited by the interviewers as a
problem.

Owing to the small number of cases included in the study (6 in Belarus and 16 in
Russia), it was not possible to make meaningful comparisons between cases and controls in
this pilot study. However, various other types of comparison were possible. For example,
some data were common to the questionnaire and to the database of the Chernobyl
Registry. In Belarus it is difficult to examine the consistency of information from these two
sources, since the Chernobyl Registry was used as the primary source in most instances.
However, such comparisons were possible using the data from Russia. There was generally
good agreement between the Russian Chernobyl Registry and the questionnaire data on
variables such as the reason for the liquidator's presence in or near Chernobyl, the dates of
entry to and departure from this region, and the external radiation dose. However, it would
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be worth determining whether there is an alternative data source that could be used in
deciding whether to utilise the Chernobyl Registry or the questionnaire as the main source
of information on the official dose for a full-scale study.

Comparisons were also made of characteristics of subjects in Belarus and Russia. The
proportion of liquidators in the regular army and the proportion of subjects who entered the
Chernobyl region before the end of June 1986 were higher in Belarus than in Russia. As
indicated in Study I above, this latter finding explains in part the higher proportion of
missing doses in the military passport for Belarus liquidators. More Russian subjects
worked in the special zone and for a longer period than their Belarus counterparts. This may
again be explained in part by the Russian liquidators having worked at a later time than
those from Belarus, as well as which the Russians tended to be radiation specialists.

The most common activities performed by the subjects were earth removal, work in the
forest and transport. The majority of subjects in both countries reported having used
breathing masks or respirators often or always, but few wore gloves or were given iodine
tablets. Based on the data from Russia, no association was found between the official
radiation dose estimates and aspects of work at Chernobyl for which information was
available such as date of entry or reason for being in the zone.

3.3. Calibration/validation ofdosimetry

There was no correlation between official radiation dose, as registered in the Chernobyl
Registry, and the percentage of translocation of the genome as estimated by FISH or
conventional dicentric analyses in any of the participating centres (Fig. 1). There was also
no correlation between the results of biological analyses in any of the participating centres
or between these results and characteristics of work as a liquidator. The number of cells
scored for each individual is, however, relatively small (range: 74 to 1506; few individuals
had more than 1000 cells scored) and it is thought that, in the range of doses received by the
liquidators under study, several thousand of cells per individual would need to be scored for
results to be meaningful.

FISH analyses are very labour intensive and time-consuming, however, and even in the
framework of this small-scale pilot study - and despite the fact that analyses were redone to
increase the number of cells analysed - it was not possible to score sufficient numbers of
cells per individual. It therefore appears that, in the range of exposures received by the
majority of liquidators, studies of chromosomal aberrations - whether conventional or
through FISH - are unlikely to provide accurate and precise individual dose estimates for
use in large scale epidemiological studies, at least without prohibitive costs.

The association between official doses and characteristics of work as a Chernobyl
liquidator was also considered in this study. Official dose estimates were found to correlate
with duration of work as a liquidator and with the fact of having worked in the zone of
500 m around the reactor, on the roof of the reactor or on the construction of the
sarcophagus. This information, together with that obtained in pilot studies I and II above,
and with information of the type of work done in the zone and the likely level of exposure
in different jobs, locations and time periods, may prove useful for the construction of a
gradient of exposure which could be used in epidemiologic studies.
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3.4. Additional documentation of childhood thyroid cancer

Table 4 shows the distribution of circumstances in which the diagnosis of thyroid cancer
was made among the 50 cases. The majority of participants were diagnosed as having had
thyroid problems through one form of screening or another - this includes: systematic
screening programmes, routine medical examinations, medical examination for other
reasons or medical consultation unrelated to any symptom or illness, because the mother
was worried (Table 4). Out of 50 children, only 10 were diagnosed when the mother
consulted a physician because they were unwell. The diagnosis was made on the basis of
clinical examination in 35 out of 43 children for which this information is available, and on
ultrasound screening in eight.

The survey showed that the majority of the cases had behaviours around the time of the
accident which would have maximised their exposure to iodine isotopes: 66% were in the
habit of drinking milk from local cows; the majority spent all day (eight hours or more) out
of doors everyday in the period 26 to 30 April 1986 and slept with open windows in the
days following the accident. Only eight of the children were reported to have received
stable iodine in the weeks following the accident This information must, however, be
interpreted with caution as no information is available on the behaviour of controls.

Available 131I dose estimates on 24 of the 50 study participants indicate that doses
among these children were not as high as might be expected given the fact that several
hundred children in Belarus received doses of 10 Gy or more to the thyroid (Table 1). The
available dose estimates in this study were relatively low, ranging from 0 to 2 Sv, with an
average of 0.55 Sv. No information on dose from short lived isotopes was available.

There was a strong correlation between age at the time of the accident (or year of birth)
and age at diagnosis, with younger children at time of exposure being diagnosed at earlier
ages (Figure 2), in particular for girls. Within the range of ages at exposure in the survey (0
to 9 years old), the length of time between exposure and diagnosis does not appear to be
correlated with age at time of the accident; the average time between exposure and disease
is of the order of 6 years. The distribution of ages at exposure and diagnosis among boys
was fairly uniform. In girls, however, peaks were observed around the ages of 1 and 2 years
at the time of exposure and 8 and 12 years at the time of diagnosis.

Both the interviewee and the interviewer were given the opportunity to provide
additional information which they judged relevant to the tumour occurrence or the situation
at the time of the accident. Two out of the 50 children were reported to have a sibling who
was also operated for thyroid cancer. Even in some areas of Gomel oblast, where the iodine
contamination is likely to have been the greatest and the prevalence of thyroid cancer in
children has been estimated to be as high as 1 per 1 000 up to the end of 1992, the
probability of observing two or more sibling pairs with thyroid cancer is extremely low.
Additional information suggests that at least one other sibling pair of thyroid cancer cases
exists in Pinsk (Brest oblast). The possibility that there is some genetic predisposition to
radiation induced thyroid cancer in children should therefore be assessed in an analytical
epidemiologic study.

Three children were also reported to have received "antistrumin", a preparation
containing 1 mg of potassium iodine, on a regular basis (once per week) at school for
periods ranging from 6 months to 5 years. It is thought that iodine deficiency, which
appears to have been - and to remain - common in some of the areas most affected by the
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Table 4. Circumstances of diagnosis of thyroid problem

Circumstances of diagnosis Ultrasound diagnosis Total

Formal screening programme
Incidental to other examination
Consulted since unwell
Consulted even though well

unknown

2 (28.6%)
2 (28.6%)
1 (14.3%)
2 (28.6 %)

no

7 (20.0%)
18(51.4%)
8 (22.9%)
2 (5.7%)

yes

3 (37.5%)
3 (37.5%)
1 (12.5%)
1 (12.5%)

12
23
10
5

Total 35 50

18

16

14

12

10

8

6

4

2

0

<•?:•'

4 6

Age at time of accident

10

Fig 2. Distribution of age at diagnosis by age on 24/04/86

Chernobyl accident, may affect the risk of radiation induced thyroid cancer both by
increasing the uptake of radioactive iodine and by increasing the production of thyroid
stimulating hormone (TSH), which increases cell proliferation in the thyroid gland [12]. On
the other hand, systematic prophylaxis with large doses of stable iodine, which the survey
revealed has occurred for several years after the accident in a number of schools, may
influence the frequency of thyroiditis. The role of iodine status in the observed increases in
thyroid cancer must therefore be assessed in a careful epidemiological study.

4. Discussion

4.1. What is feasible

4.1.1. Liquidator studies

The results of the pilot studies of liquidators indicate that it is feasible to carry out case-
control studies of specific cancers in liquidators using the Chernobyl Registry as the source
population. Approaches for ascertaining cases, selecting controls and interviewing study
subjects have been examined and a detailed questionnaire tested.
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With sufficient financial and human resources, it is also possible to carry out a long-
term mortality follow-up of cohorts of liquidators in Belarus and in Russia. The
circumstances for follow-up differ, however, between the two countries. Since there are
plans to centralise the address bureau information at the Republican level in Belarus,
follow-up for vital status ascertainment based on that source together with the Chernobyl
registry appears to be feasible. In Russia, the difficulties of performing a centralised follow-
up meant that the ascertainment of vital status in the pilot study was performed mainly
actively, via either the main Chernobyl Registry or the regional registries and their contacts
with local hospitals and polyclinics. This approach, within a full scale study, would require
considerable resources and its success would depend both on the continued support of the
Chernobyl Registry over time and on the continued participation of liquidators in the annual
medical examinations.

At present, therefore, no cohort study is planned in Russia and two case-control studies
are being set up in Belarus and Russia as a result of the ECP-7 pilot activities. They are
studies of leukaemia and of thyroid cancer risk among 1986-87 liquidators having worked
in the 30 km zone and included in the State Chernobyl Registries. The detailed protocols for
these studies are being prepared. The approach for ascertaining cases and controls will be
similar to that used in the pilot studies. The questionnaire is being modified in the light of
the responses to the pilot study.

Dosimetry still poses an important problem. The results of the pilot studies indicate
that some characteristics of the liquidators work, such as duration of work in the 30 km
zone, may not be correlated with radiation dose, while others, such as the fact of having
worked on the construction of the sarcophagus, are associated with doses recorded in the
Chernobyl Registry. Work is now underway to gather more detailed information on the
types of work performed by liquidators and the likely level of exposure in different jobs,
locations and time periods from persons familiar with the work in the 30 km zone
(liquidators themselves and persons responsible for co-ordinating the work). The aim of this
work is to formulate a short and simple questionnaire, which liquidators can still answer 10
years following the accident, and which will allow the construction of a gradient of
probable individual exposures.

4.1.2. Case-control studies of the general population

The pilot survey described here has shown that it is feasible to obtain detailed information
about behaviour of children around the time of the accident and about the circumstances of
diagnosis of thyroid cancer from the parents, particularly the mothers, of cases seven to
eight years after the Chernobyl accident. Given the very large increase in thyroid cancer
incidence in Belarus, Ukraine and the contaminated territories of Russia, one or more
important risk factor for this disease must be present and the pilot survey has provided
important hypotheses to identify them.

Information derived from the pilot studies indicate that case ascertainment is feasible
using the records of the Belarus Cancer Registry and those of the Centre for Thyroid
Pathology (where virtually all the thyroid cancers in young persons are operated in
Belarus). Selection of controls from the general population (rather than from the Chernobyl
Registry as was done in the liquidator studies) has not been tested in the pilot projects
described here. It has, however, been carried out in a Belarus-US case-control study of
radiation and childhood thyroid cancer also reported in this conference [13]. Although it
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posed some logistic difficulties, because of the lack of a centralised population list from
which to draw, it was shown to be feasible.

A case-control study of factors which are modifying the risk of 131-1 induced thyroid
cancer in children is therefore feasible and a detailed protocol for this study is now being
developed in Belarus in close collaboration with pathologists, dosimetrists, geneticists and
molecular biologists.

4.2. What is desirable

As mentioned above, there are a number of outstanding questions in radiation research and
radiation protection which could in principle be answered by epidemiological studies of the
consequences of the Chernobyl accident.

On the basis of the work described here, we believe that case-control studies of cancer
risk among liquidators are desirable in order to study the effects of exposure protraction in
the relatively low dose range and the effects of different types of radiation. Given the
distribution of known doses among the liquidators, the power of these studies in individual
countries is relatively low, however, and it is important that studies be set up in the three
mainly affected countries (Belarus, Russia and Ukraine)4 and that the protocols be similar
so that the results can ultimately be compared and combined. At this time, case-control
studies of leukaemia and of thyroid cancer are particularly important: leukaemia because in
high dose studies it is among the most radiogenic cancers and its latency is relatively short
(increases have been observed as early as two to five years after exposure) compared to
solid tumours. Studies of this disease could therefore be informative in the short to medium
term (3-5 years). Thyroid cancer is also of interest as sporadic reports of increases in the
incidence of this disease among liquidators have appeared. In the future, it may also be
appropriate to set-up case-control studies of other cancer types depending, in part, on the
results of the studies of leukaemia and thyroid cancer. Once the approach has been set-up
for one cancer type, however, the difficulty and cost of additional studies should be
minimal.

The observation of a very early and large increase in the incidence of thyroid cancer in
children and young adults in Belarus, and later in the Ukraine and Russia, raises the
important possibility that host and environmental factors may be playing a role in the risk
of radiation induced cancer. This is confirmed by the preliminary results of a case-control
study of thyroid cancer in relation to dose from 131I carried out in Belarus [13]: although a
dose-related increase in risk has been observed in this study, a large number of cases
received low thyroid doses (estimated to be below 0.3 Gy). Our survey has resulted in the
identification of important hypotheses concerning factors which may modify the association
between radiation dose and thyroid cancer. These are a possible genetic predisposition and
iodine status. In addition, it is important to assess the role of short lived isotopes in the
observed increases and whether exposure to these isotopes implies a greater risk per unit of
radiation dose than external irradiation or contamination with 'i .

Because of the rarity of this disease, the observed increase in thyroid cancer incidence
in children and adolescents is a unique opportunity to identify such factors and quantify
their effect. It is noted that such factors may be important not only for thyroid cancer but
also, possibly, for other radiation induced cancers. This work, in addition to contributing to
the understanding of the mechanisms of carcinogenesis, may therefore have important

4 Note: studies of cancer risk among liquidators are already underway or planned in the Baltic countries.
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public health implications, in Europe and elsewhere, for the protection of patients treated
with radiotherapy, of radiation workers as well as of the general population in the event of
further nuclear accidents.

5. Conclusion

The results of pilot studies indicate that it is feasible to carry-out long-term epidemiological
studies of cancer risk among Chernobyl liquidators included in the State Chernobyl
registries using a case-control approach in Belarus and Russia. The cohort study approach is
also feasible, but would require substantial financial and human resources, except in
Belarus where circumstances exist for relatively inexpensive systematic passive follow-up
of populations. Given the distribution of known doses among the liquidators, the power of
such studies in individual countries is low, however, and it is essential that studies carried
out in different affected countries be similar so that the results can ultimately be compared
and combined. Efforts must be made to estimate radiation levels from detailed
questionnaires of activities in the Chernobyl area, as the official dose estimates are
incomplete and biological estimation is too imprecise in the range of doses received by the
majority of liquidators. If these conditions are met, studies of liquidators will provide
important information concerning the effects of exposure protraction and perhaps of
radiation type in the relatively low dose (0-500 mSv) range.

Non-specific studies of cancer risk among the general population exposed in the
contaminated regions are unlikely to be informative for radiation risk estimation because of
the generally lower doses received by the majority of these populations, the difficulties in
estimating these doses and following these populations. An exception is the study of
thyroid cancer risk in children, the incidence of which has been observed to increase
dramatically in the first years following the accident. A careful case-control study appears
to be feasible and may provide a unique opportunity to increase our understanding of
factors which modify the risk of radiation induced cancer and thus have important
consequences for the radiation protection of patients and the general population.
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