NUCLEAR MATERIALS AND DISASTER RESEARCH

LEUKEMIA. RADIATION.
CHORNOBYL

(ONCOHEMATOLOGICAL
CONSEQUENCES OF THE
CHORNOBYL CATASTROPHE)



NUCLEAR MATERIALS AND DISASTER
RESEARCH

Additional books and e-books in this series can be found on
Nova’s website under the Series tab.



NUCLEAR MATERIALS AND DISASTER RESEARCH

LEUKEMIA. RADIATION.
CHORNOBYL

(ONCOHEMATOLOGICAL
CONSEQUENCES OF THE
CHORNOBYL CATASTROPHE)

DANIIL F. GLUZMAN
MICHAEL P. ZAVELEVYCH
ALEX A. PHILCHENKOV

STELLA V. KOVAL
AND

LEO N. GUSLITSER

Nnova

science publishers
New York



Copyright © 2020 by Nova Science Publishers, Inc.

All rights reserved. No part of this book may be reproduced, stored in a retrieval system or transmitted
in any form or by any means: electronic, electrostatic, magnetic, tape, mechanical photocopying,
recording or otherwise without the written permission of the Publisher.

We have partnered with Copyright Clearance Center to make it easy for you to obtain permissions to
reuse content from this publication. Simply navigate to this publication’s page on Nova’s website and
locate the “Get Permission” button below the title description. This button is linked directly to the title’s
permission page on copyright.com. Alternatively, you can visit copyright.com and search by title, ISBN,
or ISSN.

For further questions about using the service on copyright.com, please contact:
Copyright Clearance Center
Phone: +1-(978) 750-8400 Fax: +1-(978) 750-4470 E-mail: info@copyright.com.

NOTICE TO THE READER

The Publisher has taken reasonable care in the preparation of this book, but makes no expressed or
implied warranty of any kind and assumes no responsibility for any errors or omissions. No liability is
assumed for incidental or consequential damages in connection with or arising out of information
contained in this book. The Publisher shall not be liable for any special, consequential, or exemplary
damages resulting, in whole or in part, from the readers’ use of, or reliance upon, this material. Any parts
of this book based on government reports are so indicated and copyright is claimed for those parts to the
extent applicable to compilations of such works.

Independent verification should be sought for any data, advice or recommendations contained in this
book. In addition, no responsibility is assumed by the publisher for any injury and/or damage to persons
or property arising from any methods, products, instructions, ideas or otherwise contained in this
publication.

This publication is designed to provide accurate and authoritative information with regard to the subject
matter covered herein. It is sold with the clear understanding that the Publisher is not engaged in
rendering legal or any other professional services. If legal or any other expert assistance is required, the
services of a competent person should be sought. FROM A DECLARATION OF PARTICIPANTS
JOINTLY ADOPTED BY A COMMITTEE OF THE AMERICAN BAR ASSOCIATION AND A
COMMITTEE OF PUBLISHERS.

Additional color graphics may be available in the e-book version of this book.

Library of Congress Cataloging-in-Publication Data

Names: Gluzman, Daniil, author.

Title: Leukemia: radiation, chernobyl (oncohematological consequences of the chernobyl catastrophe) / Daniil
Gluzman, Head of Oncohematology Dept., Kavetsky Institute of Experimental Pathology, Oncology and Radiobiology,
the NAS of Ukraine, Ukraine [and four others].

Identifiers: LCCN 2020041681 (print) | LCCN 2020041682 (ebook) | ISBN 9781536186994 (hardcover) | ISBN
9781536187229 (adobe pdf)

Subjects: LCSH: Leukemia. | lonizing radiation--Health aspects. | Chernobyl Nuclear Accident, Chornobyl’, Ukraine,
1986--Environmental aspects.

Classification: LCC RC643 .G59 2020 (print) | LCC RC643 (ebook) | DDC 616.99/419--dc23

LC record available at https://Iccn.loc.gov/2020041681

LC ebook record available at https://lccn.loc.gov/2020041682

Published by Nova Science Publishers, Inc. 7 New York



To the memory of Borys Paton (1918-2020),
the outstanding scientist, Academician,
President of the National Academy of Sciences of Ukraine






Preface
Abbreviations
Chapter 1
Chapter 2

Chapter 3

Chapter 4
Chapter 5

Chapter 6
Chapter 7

CONTENTS

Leukemia in A-Bomb Survivors

Leukemia Related to Nuclear Weapon Tests and
Radiation Accidents

Biomarkers of Radiation- Associated
Leukemogenesis

lonizing Radiation and Myelodysplastic Syndromes

lonizing Radiation and Chronic Lymphocytic
Leukemia

Leukemia in Chornobyl Clean-Up Workers

Epidemiological Studies of Hematological
Malignancies in Adult Population of Ukraine,
Republic of Belarus and Russian Federation
after Chornobyl Accident

Xiii

11

17
39

49
59

75



Viii Contents

Chapter 8 Epidemiological Studies of Hematological
Malignancies in Childhood Population of
Ukraine, Republic of Belarus and Russian
Federation after Chornobyl Accident

Chapter 9 Diagnostic Studies of Leukemia and Malignant
Neoplasms in Children of Ukraine

Chapter 10  Patterns of Hematological Malignancies in Patients
from Regions of Ukraine with Different Levels of
Contamination by Radionuclides Diagnosed in
Ukrainian Reference Laboratory

References
Author Contact Information

Index

91

109

125
137
171
173



PREFACE

The nuclear accident that happened on April 26, 1986 in Chornobyl
nuclear power station located 130 km north from Kyiv, the capital of
Ukraine, became the worst radiation disaster in the history of the nuclear
industry. A total of about 14 EBq (14 x 108 Bq) of radioactivity was released
including radionuclides important from the radiobiological point of view. In
particular, an area of more than 200 000 km? in Europe was contaminated
with ¥¥’Cs, of which 71% was in the most affected countries — Republic of
Belarus, the Russian Federation and Ukraine. Millions of people inhabiting
the areas contaminated with radionuclides have been exposed to the low
doses of ionizing radiation for a long time due to the residual contamination
of soil and ecosystems with long-lived radionuclides such as *¥’Cs, %Sr,
which predominantly contribute to the population dose as well as transuranic
nuclides.

Due to potential health danger, more than 350 thousand residents of the
suffered regions were evacuated and relocated in 1986-1991. Nevertheless,
more than 5 million adults and children up to present inhabit the territories
with the level of contamination of 1 Ci/m? and more. These groups are at the
increased risk of the stochastic consequences of protracted exposure to low
dose radiation. Moreover, about 600 thousand people have been exposed to
radiation during the recovery works in Chornobyl nuclear power station in
1986-1987.
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The difference in the association of specific forms of leukemia with the
effects of ionizing radiation seems to be determined by the differences in the
radiation type, the dose and dose rate in single, fractionated or protracted
exposure as well as the patterns of the distribution of the incorporated
radionuclides in various organs and tissues of the body.

Hematopoietic and lymphoid tissues are the most radiosensitive in the
body. A lot of evidence confirms that the low doses of ionizing radiation
may be the causative factor of the different types of leukemia. The
hematopoietic stem and progenitor cells residing in the bone marrow are the
major cells at risk of leukemogenic conversion following long-term
radiation exposure. These target cells for radiation-associated leukemia has
been well characterized and incorporated into the modern schemes of
hematopoiesis. The increase in the risk of leukemia associated with the
exposure to the low doses of ionizing radiation runs in parallel with the
emergence of the recurrent genetic abnormalities and mutations in the
transformed cells as well as alterations in hematopoietic stem cell
microenvironment.

The understanding of the precise mechanisms of leukemogenesis in the
setting of the low dose radiation exposure remains a challenging issue. The
priorities in the key research of the basic mechanisms of radiation-associated
leukemogenesis should rely on the insight into the precise nature of
the target cells, the role of DNA damage and mutations, the contribution of
the epigenetic modifications, the effects of the components of
microenvironment.

The risk of childhood leukemia associated with radiation exposure
deserved particular attention. As to the hematological malignancies
associated with radiation exposure in the adults, the risks of several forms
of leukemia such as chronic lymphocytic leukemia, myeloid neoplasms
(polycythemia vera, primary myelofibrosis, essential thrombocytemia) were
underestimated and even overlooked. The association between radiation and
preleukemias, especially myelodysplastic syndromes was not covered
sufficiently as well.

The further studies in the attempts to prove the radiogenic nature of the
specified forms of hematological malignancies require the exact
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reconstruction of the individual radiation doses based on the data of EPOR
spectrometry of the dental enamel, the analysis of the stable aberrations in
the chromosomes of the peripheral blood lymphocytes and other assays.
Unfortunately, such data in post-Chornobyl period are scarce.

The authors of this monograph, the researchers from Oncohematology
Department of the R.E. Kavetsky Institute of Experimental Pathology,
Oncology and Radiobiology, the NAS of Ukraine are engaged for many
years in the study of the tumors of hematopoietic and lymphoid tissues in
the adults and children of 20 regions of Ukraine and Kyiv city and
Chornobyl clean-up workers. The Reference Laboratory operating on the
basis of the Department provides for the refined diagnosis of hematological
malignancies. The activity of the Reference Laboratory covers more than
one third of all the patients diagnosed with hematological malignancies in
Ukraine. The major objective of the studies is to delineate the probable
changes in the patterns of the oncohematological diseases in the regions of
Ukraine that were contaminated with radionuclides including the analysis of
the relative contribution of various forms and variants of such diseases in
the overall structure of the tumors of hematopoietic and lymphoid tissues in
Ukraine in post-Chornobyl era.

The formation of the computerized database of the patients and
systematization of the archives of the specimens of the patients having been
diagnosed in the Reference Laboratory for several decades could be the basis
for the future comprehensive molecular epidemiological studies of the
radiation-associated leukemia.
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