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Department of Radiation Molecular Epidemiology in FY2024
Vladimir Saenko

Summary

Our lab is traditionally focusing on studies of radiation health effects in populations,
especially on thyroid cancer. In view of an extremely difficult current political situation, it
was very hard to actively cooperate with our long-standing dear friends and colleagues
from Ukraine, Belarus and Russia, although we try to maintain communications on
professional and personal levels. Fortunately, in addition to our traditional international
partners, we established good relationships with the National Laboratory Astana,
Nazarbayev University, Kazakhstan. Several researchers from the Laboratory of Genomic
and Personalized Medicine already worked with us in Nagasaki serving their terms of
Visiting Professors. One of the projects was dealing with genetic variants potentially
underlying some forms of sudden cardiac death, for which we provide our statistical input
and expertise. Another major direction of our studies is elucidation of the role of genetic
and environmental factors, and of their interactions in the development of thyroid cancer

after radiation exposure. Here, I elaborate on these lines of our activities in greater detail.

1. Contribution of genetic and environmental factors to the development of
radiation-related thyroid cancer

Environmental and genetic factors are thought to affect the risk of thyroid cancer. In a
group of thyroid cancer patients and healthy subjects exposed to radioiodine after the
Chornobyl accident, we investigated the impacts of genetic variants that had been
associated with sporadic thyroid cancer on the genome-wide scale, of radiation dose to the
thyroid and of their interaction on cancer development in a case-control study.

About a decade ago we had performed the international genome-wide association
study of thyroid cancer in Belarusian individuals exposed to 1311 after Chornobyl. However,
radiation thyroid doses in the study participants were not available at the time of that
work. To facilitate further research into gene-environment and phenotype-environment
relationships, we performed a study aimed at the reconstruction of individual doses from
131] absorbed by the thyroids of the study participants. This work was based on the
international cooperation and involved a dosimetry team in Minsk, Belarus supervised by
a team leader from the NCI/NIH in the USA, and with the International Agency for
Research on Cancer (IARC) in Lyon, France. Overall, the obtained thyroid dose estimates
were in reasonable agreement with those from previous post-Chornobyl dosimetry and
epidemiological studies. Dose estimates were used in an association study of thyroid

cancer in persons exposed in Belarus to 1311 after the Chornobyl accident for whom we also



analyzed the effects of six SNPs from four genetic loci known to confer thyroid cancer risk
in non-exposed individuals, and gene-environment interactions.

The study included ~1000 cases and ~1000 control subjects. No statistical differences
for the important baseline parameters such as age and sex distribution were observed
between the groups. However, differences in the distribution of areas of living at the time
of exposure and rural/urban settlements of residence were significant. Thyroid doses
were statistically significantly higher in thyroid cancer patients than in controls, and after
adjustment for age and sex explained ~13-14% of variance of the outcome. Of the six
SNPs, only three conferred independent association with radiation-related PTC and
explained ~4-5% of variance. The statistical model that combined the dose and genetic
component demonstrated independent effects of the two types of factors and explained
about 18% of variance.

We also performed the gene-environment interaction analysis between the six SNPs in
the study and radiation dose to find one variant displaying heterogeneity of its effect at
different radiation dose levels. Of importance, the effect size (in terms of odds ratio) of the
interaction term was <1 indicating that the effect of each risk factor declined at the higher
level of interacting counterpart. In other words, the more risk alleles are present, the less
pronounced effect of radiation could be expected, although the dose contribution
remained statistically significant even for the participants homozygous for the risk allele.
Reciprocally, the portion of risk conferred by the genetic component declined with
increasing dose. Of note, the contribution of risk alleles could not be seen after the thyroid
dose exceeded ~150 mGy. For the first time such an effect was found in the Chornobyl
thyroid cancer studies. Introduction of the interaction term to statistical model slightly
improved it further to explain ~18-19% of the variance of outcome.

So far, current results suggest the lack of potentiation of radiation exposure effect on
radiation-related thyroid cancer by the genetic component and vice-versa. The genetic
variant analysis, however, was limited to six “strongest” SNPs of which only three
demonstrated association signals. Further developments of the project may include an
increase in the number of genetic variants using the (partly) available WGS and/or
genotyping microarray data. Separate analyses could be performed for e.g. pediatric/adult
patient subgroups, younger/older age at exposure, shorter/longer period of latency, as

well as other types of statistical approaches could be considered such as survival models.

2. Genetic aspects of sudden cardiac death
Sudden cardiac death (SCD) accounts for more than a half of all cardiac fatalities that

are estimated to total to 4-5 million annual cases worldwide comprising a major public



health problem. Coronary artery disease is a common underlying cause, although SCD can
also occur due to other factors ranging from inherited conditions to unclear reasons.
Identification of individuals at risk for SCD is urgently needed to implement primary
prevention measures, for example for consanguineal relatives of SCD victims.

In a collaborative study, genetic material collected from a group of deceased (due to
secondary cardiomyopathy (SCM) or ischemic heart disease (IHD), which are SCD entities)
and healthy control residents of Kazakhstan was subjected to next-generation sequencing
and extensive bioinformatic and statistical analyses of >2000 variants from ~200 human
genes implicated in cardiac disorders. Analysis was performed with regard to variant
zygosity, annotations in different genetic and clinical databases, mutational burden, and
variant type, frequency and function.

When all variants were considered, very few differences were found between the
combined or separate etiological groups of patients and the control group on principal
component and correspondence analyses, which showed rather poor segregation.
Multivariable machine learning models based on the entire genetic variant dataset also
demonstrated low predictive/discriminative performance indicative of excessive “noise”
and pointed at the necessity of feature selection.

At present, the problem of feature selection is frequently encountered in high-
throughput studies when the number of explanatory variables greatly exceeds the number
of study participants. The goal of feature selection is to find the optimal subset of variables
from a larger set to improve model performance and reduce complexity. Many
computational methods have been developed for this purpose, of which we used
approaches to response screening and predictor screening. A substantial, about an order
of magnitude, reduction in the numbers of potential predictors for each patient/control
group was observed, leading to pronounced changes in the variant distribution by
categories across and within the patient/control groups. Improving changes after variant
selection were also seen on principal component and correspondence analyses although
good segregation of the groups could not be achieved.

For the combined SCM/IHD, and separate SCM and IHD patient versus control groups
analyses, five machine learning models each were constructed using least absolute
shrinkage and selection operator (LASSO), neural network, support vector machines,
bootstrap forest and extreme gradient boosting methods with three-fold cross-validation.
The model performance metrics, including sensitivity, specificity, precision, accuracy, F1
score, the Matthews correlation coefficient, correct classification (or misclassification) rate
and area under the curve demonstrated their high predictive potential. Overall, all models

displayed fair performance for all patient versus control groups. LASSO- and neural



network-based models apparently performed better than other three types of models. All
selected models can now be applied to independent samples and require information on
variant genotypes used in corresponding models as input.

Future directions of this project may address the issues of model overfitting and
efficacy, where one possible solution could be a computer generation of artificial
dataset(s) as an independent data to be used for validation. The algorithms of genotype
generation may be based on Bernoulli (binary) distribution with probability of success
parameter set to variant allele frequency in the patient and control groups for each variant
in the model, and considering linkage disequilibrium of variants from the same genetic
locus. Additional models could be developed based not on the merging variants identified
by response and predictor screening algorithms but rather on the variant cross-section
(overlap). Also, some python-based auto-machine learning pipelines such as Tree-based
Pipeline Optimization Tool, Auto-Sklearn or other could be attempted. Finally, (free)
platforms could be used. Created models can be stored in the cloud and provide facile

access to other researchers. The project is still in progress and awaits the development.
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