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Abstract. Statistical data of oncologic service of Ukraine, Belarus, and Russia
on the number of new patients with cancer and leukemia in 1980-1994 in 12
regions adjacent to the Chernobyl NPP are generalized. Spatio-temporal for
incidence of malignant diseases in population are developed. The analysis of
possible connections between the effective dose and incidence of cancer in
population living in the area contaminated by radionuclids is performed.
Spatio-temporal models for the incidence of cancer including leukemias and
lymphomas are found to be the same in the pre- and postaccidental periods.
Nine years after the Chernobyl accident there are no scientific evidence for the
excess of incidence of malignant tumors, except thyroid cancer, attributed to
radiation factor, even in the most contaminated areas. Appearance of
previously unregistered thyroid cancer cases in children living in the territory,
where considerable amount of radioactive iodine was deposited, can indicate
stochastic radiation effects in thyroid.

1. Introduction

The identification of possible stochastic effects from relatively small doses of ionizing
radiation requires both accurate determinations of radiation doses and a thorough
study of the spontaneous incidence of malignant neoplasms. The latter is especially
important because increased levels of tumor incidences attributed to radiation from the
Chernobyl plant have appeared recently in both the social and scientific literature.

Results of our previous studies [1, 2, 3] have been carried out in 1980-1993 in
adjacent to the Chernobyl territories (large regions and small areas) and did not show
significant increase of cancer incidence due to the radiation exposure in the first years
after the accident, except thyroid cancer. So there are continuous needs for long term
study of possible radiation effects.
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2. Materials and methods

To estimate radiation doses received by inhabitants, data were used from the paper by
Ilyin et al. Based on data on expected collective effective dose equivalent during 70
years and population size, we determined the expected average dose per inhabitant in
the adjacent areas of the Ukraine, Belarus, and Russia. According to the dosimetric
model, the expected dose received over 70 years in linearly related to the dose received
in the first several years after the accident.

The average per capita lifetime dose for large regions is relatively small. It is
variated from 0.23 cSv in Orel region to 4.0 cSv in Gomel region. In contrast to these
numbers, the value of average per capita lifetime dose for population of the most
contaminated with radionuclids areas differ by an order of magnitude: from 17.62-24.24
cSv in Bryansk region to 20.19-34.62 cSv in Kiev region.

Ilyin et al. [4] also presented collective doses from 131I in the thyroid of inhabitants
of the contaminated regions in 1986. The data shows that average thyroid doses were
significant in some cases, and that the average thyroid dose to children below 7 years of
age was 3 to 5 times higher than that to adults. Together with the known susceptibility
of the thyroid to induction of radiogenic tumors, especially in young people, this
justifies extensive epidemiological investigations of thyroid cancer in the affected
regions.

We used data from oncology studies performed in the Ukraine, Belarus, and Russia
on the number of cancer cases from 1980 through 1994 to determine the incidence of
cancers. The available data included information on ages of the affected individuals,
which allowed us to account for differences in age distributions of the populations in
different regions and time periods. We assumed as the reference age distribution the
population of the former Soviet Union in 1979 (the year of the all-union census). We
analyzed data on tumor incidence in six areas in the Ukraine (Vinnitsa, Zhitomir, Kiev,
Cherkasy, and Chernigov regions and the city of Kiev), two areas in Belarus (Gomel
and Mogilev regions), and four areas in Russia (Bryansk, Kaluga, Orel, and Tula
regions) totally numbering 19.13 mln people at the moment of the accident. Collective
doses for populations in most of these areas (excluding Vinnitsa and Cherkasy) were
reported by Ilyin [4].

The investigation also included the study of cancer incidence rate in small areas
subjected to maximal radionuclide contamination. Such investigation was performed in
the four areas of Ukraine closely adjacent to the Chernobyl: Naroditchy, Ovrutch
(Zhytomir region), and Ivankov, Polesskoye (Kiev Region). In addition, data were
reconstructed on all cancer patients in former Chernobyl district for the preaccidental
period 1981-1985. All medical records were collected, including the regular notifications
on new cancer cases as well as death certificates from all the institutions and hospitals
where patients had been diagnosed and treated. Every record was cross-checked before
the final register was compiled. A total of 8550 new cases of cancer have been registered
since 1980. At the time of the accident, the five districts including former Chernobyl
district accounted for a total population of 274,000, of which 59,200 children of age up
to 15. In 1994 the four districts without the now unpopulated Chernobyl district had a
population of 146,000, including 26,000 children of age up to 15.

Age-specific and age-adjusted incidence rates were calculated for each year between
1980 and 1994, and were compared to relevant data for the entire Ukraine, as well as for
Kiev and Zhytomir regions which include the study districts.

Regression-trend-models of dynamics of cancer incidence rate in male and female
population for both large regions and small areas were performed for investigated 15-
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years period. The value of dispersion of regression coefficient and significance of the
slope of regression line, and 95% confidence limits were determined [5]. Correlation
analysis of factorial (expected per capita exposure dose) and effective (incidence rate)
attributes, and of incidence before (1980-1995) and after (1986-1994) the accident has
been carried out.

3. Analysis of materials

After the Chernobyl accident there were observed increased incidences of cancer in each
region and compared to the preaccidental period. For males the greatest increases were
observed in the Gomel (32.8%), Chernigov (24.2%), Mogilev (22.5%), Orel (22.4%), and
Bryansk (22.0%) regions. For females the greatest increases were observed in the Gomel
(22.4%), Orel (20.6%), Bryansk (16.3%), and Mogilev (14.2%) regions.

Comparison of the increased incidence with the radiation doses received by the
populations indicates no correlation. Analysis of tumor incidence during the complete
15-yr period in each area indicates that convergence of the level of tumor incidence took
place. This could be attributable to the fact that during the observation period the
quality of diagnostics and accounting of this pathology became consistent among all
regions.

The investigated areas increased cancer incidence were observed in all regions
following the Chernobyl accident. However, in the regions with initially high relative
incidences the increases were lower than in the regions where the level of incidence was
relatively low at the beginning of the period studied.

The analysis of incidence rates during the two periods (1980-1985 and 1986-1994)
indicate that there is good correlation between rates in individual regions for the two
periods. For male inhabitants the value of the correlation coefficient between incidence
rates during the investigated time periods was 0.83 (P<0.01); for female inhabitants the
value was 0.95 (P<0.01). Thus, there is evidence that the factors influencing cancer
incidence rates in 1980-1985 were still present in 1986-1994.

The study of dynamic models of incidence of cancer in the most contaminated with
radionuclids areas, where expected average per capita dose of radiation will exceed the
value for population of large regions by 20-30 times and presents great interest.

Between 1980 and 1994 the age-adjusted incidence rates in the study districts were
lower than those in the entire Ukraine, Kiev and Zhytomir regions. The time-trends,-
however, were the same (fig. 1, 2).

To test for different trends before and after the accident, linear regressions are
performed separately for the periods 1980-1985, 1986-1994, and 1980-1994 (fig. 3). It is
found that the trends are similar with slopes that do not differ with statistical
significance before and after accident. The generally rising trend represents increases in
incidence rates of cancer of the oral cavity, colon, rectum, gall bladder, pancreas,
larynx, lung, skin, breast (in women), corpus uteri, ovary, prostate, kidney and urinary
bladder.

Analysis separately for different age groups - the annual incidence rates for all
cancers except leukemia, and thyroid cancer (fig. 4) has shown that the predominant
change in the time-trend is an increased cancer incidence in the oldest age group (65+)
that begins one year after the accident; it amounts to nearly one third and has remained
at about this level since then. In spite of deviations in some years, no significant increase
of the frequency of cancers is seen in the younger age groups.
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Because radiation-induced cancer occur in all age groups, especially in children, it
can be assumed that the indicated increase of incidence in the eldest age group is not
attributable to radiation. Thus, a study of the frequency of malignant neoplasms in the
most contaminated areas before 1995 provides no bases for the conclusion that the
observed malignant neoplasms are attributable to radiation doses.

A separate study of the distribution of specific malignant neoplasms that have
short latent periods (approximately 5 years) is important because radiation-induced
tumors of these types could reasonably be expected to be observed at this time. Such
types include tumors of lymphatic and hemopoetic tissues and thyroid cancer.

During the analyzed period in large regions there were registered increase of
leukemia and lymphoma incidence (except of Kiev city). The most significant increase
in males was observed in the Gomel (46.6%), Zhytomir (45.7%), Kaluga (44.5%) regions
and in females in Bryansk (56.1%), Zhytomir (54.4%), Gomel (42.3%) regions. Overall,
the pattern observed for all cancers was observed for this subject: the increased rates in
the regions with initially high incidence levels were considerably lower than the
increases in the areas where the incidence levels in the initial period was low. This
results are in convergence of the observed incidence rates.

As in case of all forms of cancers there were no found correlation between
increased incidence of hemoblastosis and radiation doses received by population of
different regions.

Detailed study of trends of incidence of leukemias and lymphomas in the most
contaminated areas and their comparison with the data in large regions (Fig.4 and 5)
has shown that trend models have no significant difference. Even when the male and
female population are analyzed together (Fig.6) the trends remains insignificant.

The analysis of the dynamics of special forms of leukemia and lymphoma show
significant increase in incidence rates in 1986-1994 compared to 1980-85 only for
lymphatic leukemia (P<0.05). Small number of cases of myeloid leukemia do not allow
to draw conclusion about real time trends. Another forms of hemoblastosis (lympho-
and reticulosarkoma, Hodgkin and non-Hodgkin lymphomas, multiple myeloma,
unspecified cellular types of leukemia) do not show significant increase of incidence
(P>0.05).

As for different age groups it was noted that the rates of leukemia (ICD-9, 204-208)
in the eldest age group (65+) increased in 1987 sharply and has remained two or three
times higher than the pre-accident rates. It was due to chronical lymphatic leukemia
which is not belong to radiation dependant form of malignancy. In the intermediate age
groups the observed rates before and after accident were broadly similar. A seeming
increase for children is not, at this point, statistically significant.

Thus, through analysis of epidemiological data on leukemia and lymphoma in
populations residing in territories subjected to the highest contamination levels
provided no evidence of radiogenic tumors of lymphatic and hemopoetic tissues.

Malignant neoplasms of the thyroid were included in official statistics only since
1989, i.e. in connection with the Chernobyl accident. Therefore, the data on this
pathology for inhabitants of the Ukraine were available mainly from our previous
investigations in 1962-1964,1969-1972 and 1977-1979 and from official medical reports
for 1989-1991.

Fig. 7 illustrates that, as a whole, moderate increases in thyroid cancer incidence
rates were registered in the Ukraine during the period from 1962 to 1979. The increase
in women was greater than in men (30% vs.less than 20%).

Fig.8 shows incidence rates and linear regression analysis for 1980-1994 in the
CA where a through investigation of incidence rates has been performed.
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The time trends for the over-all thyroid cancer incidence rates indicate a marked
increase soon after the reactor accident.

The most notable aspect of the data on thyroid cancer is the occurrence of 5 thyroid
cancers in children and 3 - in teenagers which contrasts sharply with the fact, that no
such cases have been observed in children and only one in teenage in years before the
accident. Observed number of thyroid cancer in children exceeded expected one in 13.9
times (confidence interval: 4.5 - 32.2). In 1994 no one case of thyroid cancer was found
in children in age group 0-4 in Ukraine at whole. It is very evidencable because this age
group was born in 1990-94 and did not affected by radioactive iodine.

4. Discussion and conclusions

The analysis of possible radiation effects in the population should be based on
observable population markers. An observed excess of cancer incidence in the youngest
age groups, and an excess of special forms of malignant neoplasms such as myeloid
leukemia, multiple myeloma, and thyroid cancer could be considered such population
markers. If excess of these cancers were observed in the most vulnerable age group, this
would provide evidence of radiogenic effects.

Among the three categories of malignancies that have been considered, only the
thyroid cancer show a statistically significant increase that suggests a relation to the
radiation exposures after the accident of Chernobyl.

In view of small number of cancer in different age groups especially in children, and
long latent period for radiation-induced cancer, there will be continued need to monitor
the cancer incidence in the contaminated areas.
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Age-adjusted all cancer incidence rates in Ukraine (1), Kiev (2), Zhitomir (3) regions and strict control
areas (4), males, 1980-1994
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Age-adjusted all cancer incidence rates in Ukraine (1), Kiev (2), Zhitomir (3) regions and strict control
areas (4), females, 1980-1994
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Regression analysis of age-adjusted cancer incidence rates in strict control areas (males and females)
for periods: 1980-85, 1986-94, 1980-94
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Age-adjusted leukemia and lymphoma incidence rates in Ukraine (1), Kiev (2), Zhitomir (3) regions and
strict control areas (4), males, 1980-1994.
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Age-adjusted leukemia and lymphoma incidence rates in Ukraine (1), Kiev (2), Zhitomir (3) regions
and strict control areas (4), females, 1980-1994..
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Regression analysis of age-adjusted leukemia and lymphoma incidence rates in strict control areas
(males and females) for periods: 1980-85, 1986-94, 1980-94
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Mean annual age-adjusted thyroid cancer incidence rates in the Ukraine: 1962-1964, 1969-1972,
1977-1979, and 1989-1994, by sex
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Regression analysis of age-adjusted thyroid cancer incidence rates in strict control areas (males and
females) for periods: 1980-85, 1986-94, 1980-94
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