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Activities of the Radiation Molecular Epidemiology Group in FY2020

Vladimir Saenko

Summary

The Radiation Molecular Epidemiology Group consistently focuses on the studies of
radiation health effects in exposed populations. An indispensable component of our work is the
international cooperation, as well as collaboration with colleagues in Japan. Here, I describe two
studies performed and/or still running in the Chernobyl regions, and demonstrate how the
knowledge from Chernobyl can be applied to the high detection rate of thyroid cancer in

Fukushima prefecture.

1. Pathological scenarios of thyroid cancer in Chernobyl and Fukushima:
principal differences
1.1. Post-Chernobyl thyroid cancer in Ukraine

The increase of thyroid cancer incidence in individuals exposed to radioactive
lodine-131 (131[) at a young age is well known to be the main health consequence of the
Chernobyl accident on 26 April 1986, exactly 35 years ago. After the accident, radiation
epidemiological studies have been carried out to assess the risk of thyroid cancer (TC) and other
thyroid diseases in the population of radiocontaminated areas of Belarus, Ukraine and the
Russian Federation. These studies have confirmed the dose-dependent risk for developing
thyroid cancer due to 131] exposures from radioactive fallout. Of note, the epidemiologically
significant increase in thyroid cancer incidence was preceded by the so-called period of latency
during which there was no increase in the number of thyroid cancer cases. In Chernobyl, the
duration of the period of latency was about 4 years.

The vast majority of post-Chernobyl thyroid malignancies were papillary thyroid
carcinomas (PTCs). We performed a joint study with a team of our collaborators from Ukraine
lead by Professors M.Tronko and T.Bogdanova (currently, Visiting Professor of Nagasaki
University) aimed at the quantitative comparison of structural characteristics and invasive
features of PTCs in the group of young patients exposed to 131] in early childhood (radiogenic
PTC) with those diagnosed in patients born after the Chernobyl accident in 1987 or later and
therefore unexposed to 131 (i.e., sporadic PTC). Using statistical regression models, we found a
number of histopathological features that distinguish radiogenic PTC from sporadic, including
e.g. more frequent solid-trabecular growth pattern of radiogenic thyroid cancer. Of importance,
radiogenic PTCs also displayed more invasive features than sporadic tumors especially

pronounced in patients of childhood and adolescent age.



1.2. Thyroid cancer in Fukushima

After the accident at the Dai-ichi nuclear power station in March 2011, a large-scale
thyroid ultrasound screening of Fukushima Prefecture residents aged up to 18 years in 2011
was started in October of the same year. One of the reasons of such a prompt launch of
ultrasound screening was the experience from Chernobyl, namely the 4-year period of latency
before one could expect a surge in thyroid cancer cases due to alleged radiation exposure. The
first round of screening referred to as the “preliminary baseline” was accomplished in March
2014, i.e.in 3 years after the accident. The number of detected thyroid nodules, either confirmed
or suspicious for malignancy, was 116. The second round of screening accomplished in March
2016 was 71. Such a high detection rate was rather unexpected given a young age of the
screened individuals. By 2016, a total of 119 patients were operated at Fukushima Medical
University and the diagnosis of PTC was established pathologically.

From these PTCs, 115 tumors were included in our study of their histopathological
particularities and invasive characteristics. Using a protocol similar to that in our previous study
of the Ukrainian PTCs, we compared 78 PTCs diagnosed during the first 4 years after the
accident with 37 PTCs diagnosed thereafter.

In contrast to the findings in the Ukrainian radiogenic vs sporadic PTC, this study
showed that Fukushima PTCs did not display specific qualitative changes in tumor
histopathology or morphological features of tumor aggressiveness over time. The similarity of
pathological characteristics between tumors removed within 4 years after the Fukushima Dai-
ichi NPP accident and 4-5 years after it gave us the ground to propose their common etiology,

which was unlikely related to radiation.

1.3. Chernobyl and Fukushima thyroid cancer side by side

The final stage of this study was to compare tumor architecture and invasive
properties between the Ukrainian radiogenic Chernobyl and Ukrainian sporadic PTC, and
Fukushima PTC and Japanese sporadic PTC diagnosed in patients from other Prefectures of
Japan, i.e. using an appropriate geographic control. For this purpose, the age of patients from the
Ukrainian series was limited to 23 years old, which was the age of the oldest patient in the
Fukushima group. The “control” group for the latter was recruited from pathological archives of
Kuma hospital in Kobe city. Thus, 245 radiation-related and 165 sporadic PTCs from Ukraine,
and 115 Fukushima and 223 PTCs from other Prefectures of Japan were analyzed.

Although the Ukrainian PTCs included in this study were a subset of the larger group
from our previous work, the findings were identical to those in the larger group: the radiogenic
PTC was characterized by the differences in tumor growth pattern and higher frequency of

pathological features of tumor aggressiveness as compared with sporadic PTC.



In contrast, Fukushima PTCs did not display significant differences from those
diagnosed in young patients from other Prefectures of Japan, neither in terms of tumor
morphology nor in invasive characteristics. The only significant differences were the smaller
tumor size and the higher frequency of male patients in the Fukushima group that are likely to
reflect the effect of mass ultrasound screening. Overall, the study demonstrated principal
differences in morphological features of biological behavior of PTC diagnosed after the
Chernobyl and Fukushima radiation accidents, suggesting a non-radiogenic etiology of PTC in

Fukushima Prefecture

2. Reconstruction of radiation doses for genome-wide study of post-Chernobyl
thyroid cancer in Belarus

About a decade ago we had performed the international genome-wide association
study of thyroid cancer in Belarusian individuals exposed to 131] after Chernobyl. However, the
radiation thyroid doses to the study participants were not available at the time of that work. To
facilitate further research into the gene-environment and phenotype-environment complexities
at the genome-wide scale, we are currently performing a study aimed at the reconstruction of
individual doses from 131] absorbed in the thyroids of the study participants.

This study is also based on the international cooperation and involves interaction
with the dosimetric team in Minsk, Belarus, which is supervised by a representative of the
NCI/NIH in the USA, and with the International Agency for Research on Cancer and other
institutions.

The dosimetric team is responsible for the collection and formalization of the
information, the development of theoretical model of thyroid dose based on this information,
and preparation of a computer software that uses the collected information as input into the
computation algorithm created according to the theoretical model.

To estimate individual thyroid doses due to 131 intake, we are taking into account
the availability of individual-based direct measurements of 131 thyroid activity taken shortly
after the Chernobyl accident and of questionnaire data on the residential history, consumption
rates of cow’s milk, dairy products and leafy vegetables within two months after the accident.
According to the collected information, there are four groups of the participants: those with
direct thyroid measurements and interview data, those with direct thyroid measurements but
not interviewed, those interviewed but without measurement, and those without either activity
measurement of questionnaire.

Although the study is not finished yet being in its final stage, the preliminary results

indicate that the thyroid doses due to 1311 intake calculated in the study are in general agreement



with the doses calculated in other post-Chernobyl epidemiological studies conducted in Belarus
and Ukraine, and with the doses reported in the literature. We are looking forward to accomplish
this study in the near future and then to use the obtained dose estimates for the Genotype-

Environment and Phenotype-Environments investigations.
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