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Abstract. Starting in 1990, an increasing number of children were diagnosed as
suffering from thyroid cancer in regions close to the Chernobyl nuclear accident
site, and this increase is continuing. But still today, doubts about the significance
of this increase are being voiced.

Using data from the Belarus epidemiological cancer registration system up to
1994, the geographic distribution, time and cohort trends, age distribution and
other characteristics of this epidemic are reviewed. Results show that the
geographic distribution is similar to that of iodine-131 following the accident; that
when looking at cohorts of children born in the same years incidence has steadily
increased since 1990; and that deviations from this pattern might be explained by
active case finding.

The most likely interpretation of these results is that of a causal association with
radiation exposure related to the Chernobyl accident, but possible modifying factors
should be examined closely. The most likely future course of the epidemic is an
increasing number of cases among those exposed in childhood, and public health
measures should take this into account.

1. Introduction

The Chernobyl nuclear accident occurred on the 26th of April, 1986. In November,
1991, Prisyazhiuk et al [1] were the first to report on a possible increase in incidence of
childhood thyroid cancer following this accident. Their communication was based on
three well examined cases having occurred in 1990 in three districts of the Ukraine close
to the accident site and a doubling of cases from nine to seventeen cases in the country
as a whole. A year later, in a letter in 'Nature', Kazakov, Demidchik and Astakhova [2]
reported that in Belarus an increase from five and six cases in 1988 and 1989 to 29 in
1990, 55 in 1991 and 30 for the first half year of 1992 had occurred. According to a
letter published in the same issue of 'Nature' [3], the the clinical and histopathological
diagnosis was confirmed by an international group of experts.

These reports were met by great skepticism on the part of a number of prominent
scientists [4-6]. In particular, questions were raised about whether the observed cases
were indeed thyroid cancer, or whether they represented clinically irrelevant occult
carcinoma discovered through screening activities in areas with radioactive
contamination.

The purpose of this presentation is to review what is presently known about the
epidemic of thyroid cancer following the Chernobyl accident, and to use this evidence
to answer the question whether the facts support the belief that a real epidemic of
thyroid cancer is occurring, which is caused by the Chernobyl nuclear accident, or
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whether the observations support the suspicion that the reported increase represents an
artefact - in which case the treatment of hundreds of children would have been
unjustified.

Some of the reasons for doubt that the increase of childhood thyroid cancer reported
in 1991 and 1992 was real [4,5,6], are:

Artefact due to active case finding: Active case finding by methods such as ultrasound
screening could have led to the detection of what is known as occult carcinoma. These
are very small focuses of cancer, which remain without malignancy throughout a person's
life. Such occult cancer has been found in autopsy studies of persons having died for
reasons having no connection with the thyroid gland. Their diameter is usually around
one millimeter, and they never go beyond 15 millimeters.

Previous underreporting: The increase reported from Belarus could also have been an
artefact, if childhood thyroid cancer had been grossly underreported in the years
preceding the reported increase.

Unexpected geographic distribution: Based on assumptions formulated in an expert
report of the International Atomic Energy Agency (IAEA) [7], an increase of thyroid
cancer was expected in all areas highly contaminated by Cesium 137, but the distribution
of reported childhood thyroid cancer differed from this expectation.

Short latency period: The fact that in some of the affected regions, childhood thyroid
cancer incidence was considerably increased in 1990 already, i.e. after a latency period
of only four years, was considered as biologically improbable.

Decrease of childhood thyroid cancer after initial increase: After a few years of increase,
a decrease of childhood thyroid cancer was observed in the affected regions, which was
interpreted as evidence for an effect of detection of occult carcinoma.

These reasons for doubt will be discussed on the basis of epidemiologic considerations,
and conclusions will be drawn about the nature and cause of this epidemic.

In addition, a number of questions of practical relevance for the planning of health
services and public health action have been asked, and an indications will be given on
how these can be answered. They concern:

Screening strategy: What is the optimal strategy for programmes of thyroid cancer
screening in high risk regions?

Iodine supplementation strategy: Are there regions where iodine deficiency has
contributed to an increased risk of thyroid cancer, and where iodine supplementation
is needed to reduce the risk in case of future radioactive contamination?

Planning of therapeutic services: If the number of thyroid cancer cases is expected to
further increase, what will be the need for specific services, and where would be the
most cost effective location for such services?

Preventive distribution of stable iodine: up to what distances from nuclear reactors
should preventive distribution of stable iodine be planned?

Although the three Republics of Belarus, the Ukraine and Russia are affected, the focus
will be on Belarus, where the radioactive contamination covered the largest area, and
the increase of incidence rates was most marked. The analyses presented here are based
on all cases of childhood thyroid cancer reported to the Belarus Cancer Registry during
the years 1986 to 1994. In addition, given the long time since the date of the accident,
information on cases among adolescents and young adults were added to the data bank.
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For computation of incidence rates, population data were used by age and sex groups
based on the last Belarus census.

2. Is there a real increase or an artefact?

In order to objectively evaluate the possible risks of nuclear accidents, the health
consequences of disasters have to be established beyond doubt. Critical questions have
to be examined on the basis of well documented evidence. Since skeptical comments
continue to be published, this is particularly important in the context of the observed
increase of thyroid cancer incidence following the Chernobyl nuclear accident.

Artefact due to active case finding: If the cases diagnosed in Belarus are occult
carcinomas discovered through active case finding, then the characteristics of these
tumours should be those generally known for occult carcinoma. Tumour sizes should be
very small, and signs of malignancy such as invasion beyond the organ capsule should
be rare or not be found. In reality, assessment by experienced pathologists shows
invasion beyond the capsule in 61 percent of cases [8], and measurement of tumour
diameters revealed that 12.8 percent of surgically removed tumours were smaller than
1 cm, against 96 percent in a combined series of eight studies including 1759 cases.
Finally, the frequency of distant metastases was that known from clinical series of
childhood thyroid cancer patients [9]. Therefore, the cases diagnosed in Belarus are not
occult carcinomas, and if active case finding played a role, it was by earlier detection of
clinically relevant thyroid cancer only.

Previous underreporting: Examination of childhood thyroid cancer incidence rates from
cancer registries across the world shows that these are in the order of magnitude of
those observed in Belarus before 1990. Therefore previous underreporting cannot
explain the reported increase following the Chernobyl accident [9].

Unexpected geographic distribution: One of the arguments used against a causal
relationship between radioactive contamination following the Chernobyl accident and
childhood thyroid cancer was that there were hardly any cases of thyroid cancer in the
region of Mogilev, which, however, was known for very high radioactive contamination.
What was not considered was that in that region radioactivity is from cesium-137 rather
than from radio-iodines, which due to the strong affinity of iodine to the thyroid gland
can be expected to be involved in thyroid cancer. On the other hand, maps of radio-
iodine contamination show a high correspondence to the geographic distribution of
childhood thyroid cancer cases.

Short latency period: Latency periods between exposure to radioactivity and the
development of thyroid cancer of five years had been observed before, but what was
striking was the large number of cases after such a short period. This does not speak
against a causal relationship, but may indicate a particularly high risk, in which case a
large number of cases is yet to be expected after longer latency periods.

Decrease of childhood thyroid cancer after initial increase: As suggested by earlier
publications, after a few years of increase, a flattening or even decrease of the curve of
childhood thyroid cancer was observed for Belarus and its the affected regions. An
important reason is that among children aged 0 to 14 years, there is an ever decreasing
number of children who had been alive at the time of the Chernobyl accident. For
example, among those aged 0 to 14 years in 1996, only those aged 10-14 had been born
when the accident occurred. Therefore for epidemiological purposes, it is no longer
sufficiently informative to use statistics on incidence rates by the age at diagnosis, but
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rather cohorts of persons defined by their age at the time of the accident should be
followed up. This was done in figure 1, which shows that within all cohorts exposed
between the ages of zero and twenty, a steady increase of cases has continued at least
from 1990 through 1994. The ups and downs between 1991 and 1994 in the cohort aged
0 to 5 at the time of the accident could perhaps be explained by varying intensities of
case finding activities [10], but further research on this hypothesis is needed.

Figure 1. Thyroid cancer incidence 1986 to 1994 for cohorts defined by age in 1986.
New cases
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3. Discussion and conclusions

In summary, the examined evidence is well compatible with a real increase of thyroid
cancer related to the Chernobyl nuclear accident. Projections suggest that numbers
among those exposed in childhood will still increase, and based on experience with
longer latency periods, this increase may still continue for years. Preventive activities,
in particular screening programs should therefore be concentrated on those who were
children when the accident occurred, and who lived in areas contaminated by radioactive
iodine. To facilitate decisions of public health relevance, research is needed to identify
these areas more precisely, and to better understand the role of iodine deficiency as a
modifying factor.
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