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POINT OF VIEW

For more than 35 years after Chornobyl catastrophe, about 5 million people in Ukraine, Republic of Belarus and Russian Federa-
tion inhabit the territories that are residually contaminated with long-lived radionuclides such as '¥’Cs, *’Sr. The previous studies
of the Reference Laboratory operating at RE Kavetsky Institute of Experimental Pathology, Oncology and Radiobiology allowed
specifying the effects of the protracted low dose irradiation on the state of the hematopoietic and lymphoid tissues resulting in the
increased proportion of the B-cell chronic lymphocytic leukemia/small lymphocytic lymphoma and acute myeloid leukemia among the
patients referred from the contaminated areas of Ukraine. Since the beginning of 2020, these effects of radiation were superimposed
by the factors associated with COVID-19 pandemic. SARS-CoV-2 infection is associated with the significant impact on hema-
topoiesis and immune system. Particular attention should be given to the role of such combined burden in the development of the
immunodeficiency-associated lymphoid neoplasms. The extensive studies of the combined effects of low dose irradiation and CO-
VID-19 within the large affected populations could be made a priority in future endeavors of epidemiologists and oncohematologists.
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INTRODUCTION

The vast epidemiological studies provided the
broad evidence of the association between the ex-
posure to ionizing radiation and the increased risk
of the stochastic (leukemogenic and carcinogenic)
consequences. The predominant information about
such consequences has come from studies of the
cohort of Japanese A-bomb survivors who have now
been followed for more than 60 years. The Chornobyl
catastrophe of 1986 becoming one of the worst ra-
diation disasters in the history of the nuclear industry
spotlighted the problems of the oncological conse-
quences of the protracted exposure of the numerous
populations to low dose radiation. In Ukraine, Republic
of Belarus and Russian Federation more than 5 million
people inhabit the territories that are residually con-
taminated with long-lived radionuclides such as *"Cs,
%Sr and transuranic elements. The population of the
most contaminated areas in Kyiv, Zhytomyr, Rivne,
Chernihiv, and Cherkasy regions amounts to more
than 2.6 million. About 100 thousand residents of the
districts assigned as the areas of strict control still
receive more than 1 mSv annually. The estimated
average effective doses accumulated for 30 years
after Chornobyl catastrophe for the general popula-
tion of the most contaminated areas are in the range
of 10-50 mSv [1]. Nevertheless, the assessment of the
stochastic effects of ionizing radiation in population
of the contaminated areas of Ukraine faces with the
difficulties because of the uncertainty in the estimation
of the actual individual doses.
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HEMATOLOGICAL MALIGNANCIES
IN UKRAINE IN POST-CHERNOBYL PERIOD

In Ukraine as well as in Russian Federation and Repub-
lic of Belarus, analytical epidemiologic studies for evaluat-
ing the possible risk of leukemia in persons permanently
exposed to low-dose radiation (mostly internal exposure)
have not been initiated except for a few limited analyses
of the incidence trends and studies covering small ter-
ritories [2, 3]. As a result, the post-Chornobyl data on the
hematological malignancies in Ukrainian population resid-
ing in the areas with different levels of the contamination
with radionuclides are incomplete and inconsistent. There
are some reasons underlying the difficultiesinassessment
of real patterns of hematological malignancies in Ukraine
in post-Chornobyl decades. Among them, the insufficient
quality of diagnosis and the undercounting of several
nosologic forms of leukemia outlines in the modern clas-
sifications of the malignant diseases of hematopoietic
and lymphoid tissues. Moreover, the Bulletin of National
Cancer Registry of Ukraine combines several different
forms of leukemia into aggregated categories that does
notallow analyzing the probable association of intrinsically
different forms and cytological variants of hematological
malignancies with radiation exposure.

Nevertheless, the statistical data extracted from
the National Cancer Registry of Ukraine may be useful
for the crude assessment of some over time trends
in the incidence of leukemia as an aggregated group
both in Ukraine as a whole and in different regions
of the country. Since 1976, the annual incidence
of hematological malignancies in total (C81-C96 ac-
cording to ICD-10) tended to increase both in the
regions of Ukraine referred to as contaminated with
radionuclides or conventionally non-contaminated
suggesting that not only radiogenic factors contrib-
ute to this increasing trend. Currently, the incidence
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of hematological malignancies amounted to 19.3 per
100,000 of population in contaminated regions and
15.5 per 100,000 in non-contaminated regions.
There are several in-house sources of information
in Ukraine that provide the exact diagnoses of oncohe-
matological diseases in complying with the requirements
of the current classifications although such diagnostic
activity does not cover the entire population of Ukraine.
In particular, the database of the Reference Labora-
tory of R.E. Kavetsky Institute of Experimental Pathology,
Oncology and Radiobiology of the National Academy
of Sciences of Ukraine amounted to about 30 thousand
cases of the hematologic malignancies diagnosed
in 1996-2017 among the patients from more than 20 re-
gions of Ukraine [4]. The precise diagnosis of the various
forms of malignant tumors of hematopoietic and lymphoid
tissues was provided using the techniques of cytomor-
phology, cytochemistry and immunocytochemistry.
According to the currently accepted opinion shared
by many epidemiologists, increased leukemia risk
as a consequence of protracted radiation exposure
could not been revealed due to the lack of the statisti-
cal power [5, 6]. Nevertheless, in our opinion, some
approaches could be helpful for understanding the
long-term oncohematological consequences of Chor-
nobyl disaster in Ukraine. While in-house analysis could
not provide the data on leukemia incidence, it would
be useful for studying the year-by-year dynamics
in relative contribution of certain forms of leukemia
in different regions of Ukraine with different levels
of radionuclide contamination hinting at the possible
association between radiation exposure and some
specific forms of hematological malignancies.
According to our data and the data presented
in the issues of “Indicators of Hematological Service
Activity in Ukraine”, the average (2010-2017) num-
ber of chronic lymphocytic leukemia (CLL), multiple
myeloma and acute myeloid leukemia (AML) patients
per 100,000 of population in contaminated regions
of Ukraine was higher compared to thatin relatively clear
regions while the differences expressed by patients per
100,000 of population in contaminated and relatively
clean regions for chronic myeloid leukemia and my-
elodysplastic syndromes have not been revealed. The
slight shiftin the proportion of AML and CLL in the total
diagnosed cases of all hematological malignancies
from contaminated areas has been evident. Therefore,
several differences in the relative distribution of specific
forms of oncohemathological pathologies among the
patients from contaminated and non-contaminated
regions of Ukraine in post-Chernobyl period have been
revealed. Of particular concern is the demonstrated
association between CLL and radiation, since initially
no CLL excess was evident among A-bomb survivors
in Japan. However, some pieces of recent evidence
strongly suggest the association between long-term
exposure to ionizing radiation and CLL risk [7, 8].
Therefore, we have managed to demonstrate
a steady trend in post-Chernobyl redistribution of the
specific forms of hematological malignancies in the

regions of Ukraine suffered from the contamination
with radionuclides although the design of our study did
not provide the stringent epidemiological indices such
as leukemia incidence and mortality. Nevertheless,
our database could be useful for further descriptive
and analytical epidemiological studies on the associa-
tion of the protracted low dose irradiation and several
specified forms of hematological malignancies.

CANCER-RELATED ASPECTS

OF COVID-19 EPIDEMIC: BACKGROUND

AND ASSUMPTIONS

The severe acute respiratory syndrome coronavi-
rus-2 (SARS-CoV-2) that causes coronavirus disease
COVID-19 initiated a global health crisis. Since WHO
declared a pandemic in March 2020, nearly 175 mil-
lion people caught the disease that became a cause
of about 3.7 million deaths.

In our opinion, it seems reasonable to study whether
this pandemic may be a trigger for the development
of oncohematological diseases and whether some excess
of these diseases may be predictable. These probable
sequelae concern not only the cohorts of patients recov-
ering from severe forms of COVID-19 but also those who
had mild and moderate disease [9].

There are some seemingly common features
shared in pathogenesis and some clinical peculiari-
ties of SARS-CoV-2 infection and radiation injuries,
in particular, multisystem failure destroying the bio-
logical homeostasis [10]. COVID-19 is associated with
hematological and immunological abnormalities [11].

Lymphopenia. Low lymphocyte countis one of the
common clinical indicators predicting the severity of the
disease course in COVID-19 patients [12]. The mecha-
nisms underlying lymphopenia in COVID-19 and some
other viral infections are not completely understood [ 12,
13]. Anumber of possible reasons had been put forward
such as directinvasion of lymphocytes, hyperlactic aci-
demia and suppression of lymphoid cell proliferation,
and inflammatory cytokine storm resulting in apoptosis
of lymphocytes [14]. In COVID- 19 patients, the absolute
count of T and NK cells in peripheral blood is deplet-
ed [15]. In severe cases, a significant decrease in lym-
phocyte subpopulations, especially CD4* and CD8*
T cells is even more pronounced [15, 16]. Meanwhile,
T cells are negative for ACE-2 receptors representing
the entry point of virus in different types of human cells.
CD147 also known as Basigin or EMMPRIN has been
recently proposed as an alternative route for SARS-
CoV-2 penetration into the cells [ 17]. This molecule was
originally identified as a T cell activation-associated an-
tigen. The transmembrane glycoprotein CD147 is highly
expressed by the activated T cells. Some data disclose
the role of CD147 in pathogenesis of several hemato-
logical malignancies [9, 17]. CD147 expression is also
detected on neoplastic cells in several cancers. To-
day, several new data on the molecular basis of the
interaction between SARS-CoV-2 spike protein and
CD147 in COVID-19-associated lymphopenia have been
presented. SARS-CoV-2 induced NKG2 expression
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that correlates with the exhaustion of CD8* T cells and
NK cells [18]. In addition, T cell depletion is accom-
panied with decreasing B cell count with concomitant
detection of plasmacytoid lymphocytes in blood [19].

Thrombocytopenia. Several data suggest that
lower platelet count (< 150 x 10°%/L) is associated
with severity of the COVID-19 course and its progres-
sion [20, 21]. The mechanisms of COVID-19-associ-
ated thrombocytopenia are under study. Among them
are direct action of virus on hematopoietic stem cells
and progenitor cells of bone marrow, increased plate-
let destruction by autoantibodies, and platelet aggre-
gation in the lung [22]. Cytokine storm with elevation
of several interleukins may also lead to thrombocyto-
penia and hemophagocytic lymphohistiocytosis [23].

Anemia. In contrast to lymphopenia and throm-
bocytopenia, autoimmune hemolytic anemia does
not represent the major problem in COVID-19 pa-
tients [12]. Nevertheless, we believe that the possible
effects of SARS-CoV-2 on early erythroid progenitor
cells deserve an in-depth analysis.

FUTURE OUTLOOK

The problem of the combination of coronivirus ef-
fects and long-term exposure to the low doses of ion-
izing radiation, both factors affecting hematopoietic
system, seems to be of particular attention while many
variables mediating such effects still remain mostly con-
jectural. Nevertheless, this problem may well become
of high priority in the forthcoming years taking into ac-
count that both COVID-19 pandemic and mass-scale
vaccination kick into high gear. The in-depth study of the
pathogenesis and clinical course of COVID-19 in the pa-
tients from the regions with the residual contamination
with radionuclides after Chernobyl accident is required.
The data pertaining to COVID-19 might be compared
with the data on the patterns of the tumors of hema-
topoietic and lymphoid tissues in the patients from the
same regions. Such comparative data may be of high
concern for the contaminated regions of both Ukraine
and Russian Federation and Republic of Belarus.

Taking into account the impairments in hemato-
poiesis and both innate and adaptive immunity in CO-
VID-19 patients [9, 24], one may suggest the primary
impact on the immunodeficiency-associated lymphoid
neoplasms. No less important are the problems under-
lying the mass-scale vaccination at the height of pan-
demics in the setting of the protracted low dose irradia-
tion. This concerns not only the generation of the stable
immunity against coronavirus but also the possible
impact (positive or negative) on the development of the
various forms of the lymphoproliferative disorders.
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TPUBAJIA OIS IOHI3YBAJIbHOIO
BUNPOMIHIOBAHHAA B HU3bKUX OO3AX TA
NAHAEMIS COVID-19: OHKOFEMATOJIOrI4YHI
ACNEKTH

J.D. Inysman*, M.II. 3aseaesuu, 0.0. Diavuenkos, C.B. Kosaan,
JI.H. Iycaiuyep, B.H. 3inuenxo, T.0. bexcenap
Inecmumym excnepumenmansHoi namoaoeii, onkonoeii i padiobionoeii
im. PE. Kaseyvkoeo HAH Ykpainu, Kuie 03022, Ykpaina
YnpopoBx 6inbLu Hixk 35 pokiB nmicns 4YopHOO6UIbCbKOI KaTa-
cTpodun 6n1mn3bko 5 MNH noaent B YkpaiHi, Pecnybniui binopyck
Ta Pociicbkin @epepalii MeLIKaTb HA TEPUTOPINX i3 3anmLu-

Copyright © Experimental Oncology, 2021

KOBUM 3abpyOHEHHSIM TPMBAJIOXMBYYUMU pafioHyKigamMu,
Takumm gk '¥’Cs, °Sr. MNonepeaHi gocniaxeHHs PedpepeHTHOT
nabopatopii Ha 6a3i I[HCTUTYTY ekcrepuMeHTanbHOT NaTosorii,
oHKoJiorii i pagiobionorii im. P.€. KaBeLbkoro 4o3Bonnan Bu-
3Ha4YUTU BNAMB TPUBANOI Ail HU3bKNX 03 iOHI3yBaNIbHOrO BU-
MPOMIHIOBAHHS HAa CTaH KPOBOTBOPHOI Ta NiMdOigHOI TKaHWH,
6yno 3adikcoBaHo 36iNbLUEHHS YacTKM BUNaaKiB B-kniTMHHOI
XPOHIYHOT NiMdpoumTapHOi nenkemii Ta rocTtpoi MienoigHoi
nenkemii cepen OHKOreMaTosIoriYHUX XBOPUX i3 3abpyaHe-
HUX pagioHyknigamun TepuTopin Ykpainn. 3 noyatky 2020 p.
Ha edeKTU, CIPUYMHIOBAHI BUMPOMIHIOBAHHSAM, HaKNaaalTb-
ca dakTopu, acouioBaHi 3 naHgemieto COVID-19. IHdekuia
SARS-CoV-2 acouiloeTbcs i3 3HA4YHMM BMJIMBOM Ha KPOBO-
TBOPHY Ta iMyHHY cuctemn. OcobnumBy yBary chig npuainutm
MOXJIMBI POAi TAKOrO CYKYMHOrO HaBaHTaXEHHS1 B PO3BUTKY
nimdoigHNX HOBOYTBOPEHb, acoLiioBaHnX 3 iMmyHoaediunTa-
Mu. MornnbneHe BUBYEHHS edeKTiB TPMUBANOr0 ONPOMIHEHHS
B HU3bKMX 033X B NOEAHAHHI 3 pakTopamu, 06yMOBIEHMH
COVID-19, y 3a3Ha4yeHnx nonynsuisx, siki 3a3HaoTb Takoro
BMJINBY, MOXeE CTaTh OOHUM 3 MPIOPUTETHUX HANPSIMIB AOCHi-
[)KEHb enigemMionoris Ta OHKOreMaTosoriB.

KnioyoBi cnoBa: ioHidyBanbHe BUNpoMiHioBaHHs, COVID-19,
HOBOYTBOPEHHS KPOBOTBOPHOI Ta NiIMPOiAHOT TKAHWH.



