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Chornobyl impact on the health of adult population in Ukraine, Belarus and Russian Federation was a subject of several studies.
However, the studies of the effects of Chornobyl on leukemia in adult populations in post-Soviet countries are scarce and the results
are contradictory up to present. The results of the epidemiological studies of the oncohematological consequences of Chornobyl
accident are briefly reviewed with particular focus on pre-Chornobyl and post-Chornobyl trends in leukemia incidence in Ukraine,
Belarus and Russian Federation as well as in small territories of these countries with various levels of radionuclide contamination.
This article is a part of a Special Issue entitled “The Chornobyl Nuclear Accident: Thirty Years After”.
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Since the first publications of the study of A-bomb
survivors, excess leukemia has been considered
to be the earliest indicator of the health risk associated
with ionizing radiation. The relative risk for leukemia
from radiation was shown to be one of the highest
in comparison to other cancers [1]. The effects of ir-
radiation due to Chornobyl in the cohorts of cleanup
workers have been a subject of several studies [2].
The statistically significant radiation risks of leukemia
in cleanup workers for 1986-1997 follow-up pe-
riod have been demonstrated [3]. However, the data
on hematological malignancies in adult population
of Ukraine, Russian Federation and Belarus exposed
to low dose radiation due to Chornobyl catastrophe
are scarce and the results are contradictory up to pre-
sent. Prior to surveying the findings of the descriptive
epidemiological studies of leukemia incidence in con-
taminated regions of Ukraine, Russian Federation and
Belarus that suffered utmost from Chornobyl radiation,
itwould be appropriate to compare the general tempo-
ral trends in the incidence of hematological malignan-
ciesin pre-accident period (up to 1986), early and late
post-accident periods (defined differently in different
studies) in these countries.

Although the National Cancer Registry of Ukraine
was set up in 1989 and it was not until 2002 when
the activity of the Registry covered all the territory
of Ukraine, several earlier descriptive studies based
on the official statistical reports of the Health Ministry
of Ukraine were available to provide the general pat-
terns of overallincidence of hemoblastoses in Ukraine.
The malignant tumors of hematopoietic and lymphoid
tissues as the separate sections under the entry
“malignant neoplasms” started to be registered and
reported to health management officials in ex-USSR
since mid-60s. Until 1989, only the hemoblastoses
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as total were recorded as the single entry without
subdivision into the specific forms of these diseases.
Nevertheless, even in the recent edition of the National
Cancer Registry of Ukraine only four categories related
to hemoblastoses are delineated, namely “leukemia”,
“Hodgkin disease”, “non-Hodgkin lymphoma”, and
“multiple myeloma” [4]. Several specialized cancer
registries developed for the populations suffered from
Chornobyl accident should also be mentioned.

In the 60s-80s, hemoblastoses were among
the most prevalent malignancies in the population
of Ukraine (then Ukrainian SSR). The overall age-
standardized (world standard) incidence rate of hemo-
blastoses for male and female populations in Ukraine
amountedto09.9and 6.3 per 100,000in 1968-1972 and
12.4and 7.9 per 100,000in 1977-1981 [5]. At that time,
the hemoblastoses (in total) ranked the third in males
and the fifth in females (excluding intentionally non-
melanoma skin cancer) [6]. The increasing incidence
rate of hemoblastoses both in male and female popula-
tions of Ukraine in 1965-1981 was evident [6]. In 1989—
1990, the incidence rate of hemoblastoses in Ukraine
amounted to 15.9 per 100,000 for males and 10.1 per
100,000 for females. In 1971-1990, the average annual
gainintheincidence rate was 2.3% for males and 2.5%
for females with the maximal increment in 70+ age
group (both in males and females, respectively, 5.5%
and 4.4% annually) [5]. Quite unexpectedly, in 1991-
1996 the incidence of hematopoietic malignancies
in Ukraine dropped by 3.5% that was explained by the
incomplete information provided by the network of the
primary cancer care facilities in their reports to cancer
registry system as well as poor standards of diagnostic
routine at the local level [7]. In 1989-1990, in Ukraine
the maximal hemoblastosis incidence in males was
recorded in 70-74 age group (69.5 per 100,000) and
in females in 65-69 age group (33.8 per 100,000).
As to the death rate, in 1989-1990 in Ukraine leukemia
death rate was 6.3 and 3.8 per 100,000 for males and
females, respectively. The death rate for other forms
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of hemoblastoseswas 5.0 and 2.7 per 100,000 (world
population standard).

According to the official statistical data of 70s of the
last century, the incidence and death rates due to he-
moblastoses as well as their year-by-year trends in ex-
USSR resembled the corresponding indices in several
European countries [8]. For example, in Belarus, the
average standardized incidence rate for leukemia per
100,000 amounted to 6.5and 3.9 in males and females,
respectively, in 1977-1985 and 9.0 and 5.3 in 1986-
1994, The corresponding figures for non-Hodgkin lym-
phomawere 0.7 and 0.6 per 100,000in 1977-1985 and
1.3and 0.9in 1986-1994 [9]. The maximal rates were
recorded in Baltic countries, Belarus, Ukraine and
Armenia (then the republics of the USSR). In 1980,
the incidence rates for all hematopoietic malignan-
cies for males and females (calculated per 100,000)
amounted to 17.2 and 11.6 in Belarus, 20.8 and
14.8 in Latvia, 21.7 and 16.8 in Lithuania, 14.8 and
9.1 in Ukraine. In Russian Federation, the incidence
of malignancies of hematopoietic and lymphoid
tissues in males was 10.8 per 100,000 in 1981 and
12.4 per 100,000 in 1993 with the annual growth incre-
ment of 3.0% in 1981-1986 and 0.3% in 1987-1993;
in females the incidence of hematological malig-
nancies was 7.2 per 100,000 in 1981 and 8.5 per
100,000 in 1993 with the annual growth increment
of 2.0% in 1981-1986 and 1.1% in 1987-1993 [10].
Nevertheless, the serious underestimation due to in-
sufficient diagnostic level is evident by the above inci-
dence and death rates compared with those in Western
countries. It should be also noted thatin ex-USSR only
limited isolated comparative descriptive studies were
provided [8, 11].

The Ukrainian trends in incidence rates of hemato-
poietic malignancies outlined above may be compared
with such trends worldwide based on the data from
corresponding national registries giving an insight
into the global trends within the same temporal span,
namely from 1979 to 1990. It should be noted that
as early as in the 70s, the national registries of Wes-
tern countries have accounted for several categories
of hematopoietic malignancies rather than hemato-
blastoses as a whole.

As an example of the European trends, in UK the
standardized incidence of leukemia (European stan-
dard) increased from 15.1 per 100,000 in males and
8.3 per 100,000 in femalesin 1979to 18.1 and 10.1 per
100,000 in males and females, respectively, in 1990. The
incidence of non-Hodgkin lymphoma increased from
10.1 per 100,000 in males and 6.8 per 100,000 in fe-
malesin 1979to 18.2and 12.1 per 100,000 in males and
females, respectively, in 1990. The corresponding inci-
dence rates for multiple myeloma were 6.6 and 4.4 per
100,000in 1979 and 8.6 and 5.8 per 100,000 in 1990 for
males and females, respectively [12].

Based on population-based cancer registries in USA
within the framework of the Surveillance, Epidemio-
logy, and End Results (SEER) Program of the National
Cancer Institute, age-adjusted incidence in USA per

100,000 were for leukemia 16.8 in males and 9.7 in fe-
males in 1979, 17.4 and 9.8, respectively, in 1990; for
non-Hodgkin lymphoma 14.2 and 11.2 in 1979,
23.0and 14.8in 1990; and for multiple myeloma 6.0 and
4.1in 1979, 7.3 and 4.6 in 1990 [13].

Besides the general temporal and spatial trends
in leukemia incidence, several studies focused on the
comparison of such indices in populations of con-
taminated and non-contaminated areas accounting
for the incidence of hematopoietic malignanciesin the
regions (and even districts) in Ukraine, Belarus and
Russian Federation with varying levels of contamina-
tion with radionuclides.

In Ukraine, Prysyazhnyuk et al. [14] analyzed
the calculated individual average dose equivalents
in the most contaminated regions and statistical data
on cancer incidence in the same regionsin 1980-1993.
The study also included the analysis of the incidence
of malignant neoplasms including leukemia and lym-
phomas among population in small areas of Ukraine,
which suffered utmost from the contamination with
radionuclides due to the Chornobyl accident, namely
Narodychi, Ovruch districts of Zhytomyr region and
Polissia, lvankiv and Chornobyl districts of Kyiv re-
gion. The map-matching method was also used for
the comparative analysis of territorial distribution
of cancers for studying pre-Chornobyl (1980-1985)
and post-Chornobyl incidence rates. Dynamic mo-
dels of incidence rates of malignant neoplasms in the
most contaminated territories of Zhytomyr and Kyiv
regions of Ukraine before and after the Chornobyl ac-
cident were analyzed [14]. When leukemia incidence
was compared in different age groups, the incidence
in the older persons (> 65 years) increased since
1987 (in separate post-Chornobyl years 2-3-fold in-
crease was registered). Nevertheless, in the persons
of other age groups leukemia incidence prior to and
after Chornobyl accident was quite similar. Since radio-
genic excess might be attributable mainly to relatively
young persons, one could not associate such increase
with radiogenic factor. The trends inincrement of inci-
dence rates for hemoblastoses prior to 1986 and after
1986 were of the same direction.

When incidence rates of leukemia and lymphomas
were analyzed year-by-year in contaminated regions
(Kyiv and Zhytomyr), separately in the most con-
taminated districts of these regions, and in Ukraine
aswhole, the temporal annual fluctuations of incidence
rates of leukemia and lymphomas in separate years
were noted, especially in the most contaminated areas.
Moreover, the increase in incidence rates in 1987-
1991 was followed by the decrease in the subsequent
years. The regression coefficients of the dynamic se-
ries for 1980-1997 were calculated as 0.14 for entire
Ukraine, 0.19 for Kyiv region, 0.31 for Zhytomyr region,
and 0.31 for most contaminated areas, although due
to high standard error values the differences were
not significant [15, 16]. Moreover, taking into account
that the minimum latent period of leukemia is 2 years
and the peak of incidence is 6-8 years, the observed
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transientincrease could not be associated with radia-
tion. The dynamic models for several specific subtypes
of leukemia and lymphomas also were analyzed in this
study [15]. Again, the increased lymphoid leukemia
incidence (the type of leukemia was not specified
by the authors) and myeloid leukemia observed
in 1986-1991 does not suggest the radiation effects
because of short latency.

Prysiazhnyuk et al. [17] pointed out that the
committed individual life-time doses in the popula-
tion of several districts heavily contaminated with
radionuclides may amount to 70 mSv. Therefore,
the thorough analysis of the stochastic effects
of radiation in such specific groups of population
in Ukraine is required. In particular, cancer incidence
for the period 1980-2000 was analyzed in a cohort
of 125,000 residents from the most contaminated
districts and 51,500 persons relocated from Chor-
nobyl area. In general, cancer rate in the populations
still living in the most contaminated districts did not
exceed that for the overall Ukraine or for Kyiv and
Zhytomyr regions. Leukemia and lymphoma inci-
dence rates increased in 1986-1991, 1992-1997,
and 1998-2000 in comparison with the pre-accident
period (1980-1985). The temporal differences in the
incidence of specific forms of these diseases were also
evaluated. Anincrease was demonstrated for lymphoid
leukemia in 1986-1991, 1992-1997, 1998-2000 and
myeloid leukemia in 1986-1991 and 1998-2000 (the
forms were not specified by the authors) [17, 18].
In persons relocated from contaminated regions, the
incidence of leukemia and lymphoma was elevated
only for the 1990-1998 sub-period.

Nevertheless, the overall regression coefficients
for this entire period of the study do not suggest any
significant difference among contaminated vs non-
contaminated territories. One should also bear in mind
the large-scale migration of population from con-
taminated areas challenging the complete coverage
of the persons exposed to radiation due to Chornobyl
accident [16, 18].

Recently, Prysyazhnyuk etal. [19] have updated and
summed up the analysis of the incidence rate of malig-
nant diseases including hematological malignancies
in a cohort of the residents of Ukraine inhabiting the
most contaminated areas. The recent analysis covers
35 years (1976-2010) and is based on the statistical
data provided by the Ministry of Health of Ukraine.
The incidence of the malignant diseases of hema-
topoietic and lymphoid tissues increased through
1976-1990 while in 1991-2010 the increase in inci-
dence rates slowed down significantly [19]. And again,
the analysis of the dynamic series in the incidence
of hematopoietic malignancies prior to 1986 and after
1986 for the inhabitants of the utmost contaminated
areas demonstrated the complete similarity of these
temporal trends. The increased incidence of leukemia
was consistent with pre-existing ascending trends.
Post-Chornobylincrease in incidence rate for leukemia
and lymphoma in the most contaminated areas fits

completely the increased incidence rate in Ukraine
when the same periods are compared. The authors
pointed out that the extensive migration of population
including the possible groups at risk should be taken
into account. Therefore, the monitoring of hematologi-
cal malignancies should cover not only contaminated
areas but also outside locations, especially at the sites
of the compact residence of specific groups of the
population [19].

Several other studies on the incidence of leuke-
mia in the areas with different levels of contamination
were performed in Ukraine. Lukavetsky studied the
incidence and death rates of hematopoietic malig-
nancies in the population of Rivne (as contaminated)
and Ivano-Frankivsk (as non-contaminated) regions
in 1981-1994 [20]. The standardized incidence rates
of hematoblastoses increased when the periods
of 1981-1985 and 1987-1994 were compared. Such
increase was attributed mainly to the increase in the
incidence rate of chronic lymphocytic leukemia and
non-Hodgkin lymphoma as well as myeloma in aged
patients. Nevertheless, the death rate due to leuke-
mia and lymphoma was similar in contaminated and
non-contaminated districts. Leukemia and lymphoma
morbidity and mortality rate increased mainly during
the period of 1987-1994 in both regions, irrespectively
of their contamination with radionuclides. The increase
was most pronounced in older age groups of the popu-
lation of both regions. Itis of importance that no trends
inincidence rate for hematological malignancies have
been identified in younger populations of these two
regions [20].

Another paper in this series focused on the analy-
sis of hemoblastosis incidence and the structure
of leukemia in Rivne region with six districts contami-
nated with radionuclides. The increased incidence
of hematological malignancies for 11 post-Chornobyl
years was ascertained as compared to the years pre-
ceding Chornobyl catastrophe. Among the specific
types of hematological malignancies, the incidence
of acute leukemia, multiple myeloma and malignant
lymphoma increased significantly. Nevertheless, the
difference inincidence rate in contaminated and non-
contaminated regions of Rivne region was not evident;
neither the association of the incidence rate with the
effective equivalent dose was observed [21].

Within the framework of the French-German Initia-
tive, the multinational health project was implemented
from 1997 through 2004 in Belarus, Russian Federation
and Ukraine. Leukemia incidence was studied either
at the national level or in several regions by compar-
ing contaminated with only slightly contaminated re-
gions [22]. In Ukraine, the slight augmentation in the
incidence rate of leukemiain Zhytomyr and Kyiv regions
was registered compared with the period before the
Chornobyl accident although the differences with the
all-Ukrainian rate are quite small. Acomparative analy-
sis of the particular types of leukemia demonstrated
thatincidence rates of acute lymphoblastic and acute
myeloid leukemia in 1987-1992 and 1993-1999 are
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moderately higher than in 1980-1986. Where the data
of Chernihiv region contaminated with radionuclides
were compared with those of the relatively clear Sumy
region, leukemia incidence rates fluctuated between
these zones before and after the accident. But the
incidence observed in the contaminated region has
never exceeded the national mean. It should be also
noted that in the contaminated region, the incidence
rates for men older than 44 years were higher after the
accident than before.

The conclusions of the study within framework
of the French-German Initiative confirming the ab-
sence of the excess of leukemia in the inhabitants
of the contaminated territories of Ukraine were outlined
in the National Report of Ukraine “20 Years of Chor-
nobyl catastrophe” [23].

The data on leukemia incidence in 2001, 2006 and
2012 for the population of six regions of Ukraine heavily
contaminated with radionuclides, Kyiv city and Ukraine
in whole calculated in National Cancer Registry
of Ukraine [4] are given in Table.

Table. Leukemia incidence in population of six regions of Ukraine heavily
contaminated with radionuclides in 2001, 2006, and 2012

Region 2001 2006 2012
Males Females Males Females Males Females

Vinnytsia 6.8 4.4 8.3 6.8 9.8 7.3
Volyn 9.8 6.3 75 3.8 8.6 5.6
Zhytomyr 7.2 5.6 9.8 4.8 7.8 5.9
Kyiv 6.4 5.1 6.9 5.8 7.9 4.9
Rivne 8.4 6.8 5.1 5.1 8.7 5.5
Chernihiv 6.8 5.1 9.0 4.7 7.6 5.3
Kyiv city 6.3 5.6 8.5 6.0 8.3 5.8
Ukraine in whole 7. 5. 7.5 4. 7.9 5.4

Note: The data are given according to statistics compiled by the National
Cancer Registry of Ukraine [4]. The standardized incidence rates (world stan-
dard) per 100,000 males and females are provided. The data for the popu-
lation of Kyiv city as well as Ukraine as whole are also given for comparison.

The datain the Table demonstrate that actually the
increased incidence rate throughout 2001-2012 was
evident only in Vinnytsia region (for both males and
females) and Kyiv city (for males only). In Zhytomyr and
Chernihiv regions, the leukemiaincidence in males in-
creased through 2001-2006 followed by the decrease
through 2006-2012. In Ukraine as whole, the leukemia
incidence in 2001-2012 was practically at the same
level both in males and females.

Itis of interest to mention that according to the data
of the National Cancer Registry of Ukraine the highest
registered incidence rates of leukemia were in Crimea
and Sevastopol (11.3 per 100,000 in males and 6.7 per
100,000 in females in 2001 in Crimea and 10.8 per
100,000 in males and 7.4 per 100,000 in females
in Sevastopol in 2001). Therefore, some other factors
of leukemogenesis should be taken into account such
as excess insolation [24] or otherwise it is a problem
of different diagnostic efficacy or consistency in ac-
counting the patients in different regions. By the way,
the latter may well be the reason of the increased
leukemia incidence rate in Vinnytsia region throughout
12-year interval being analyzed.

The analysis of the dynamics in leukemiaincidence
rates in the population of six regions of Ukraine that are
most contaminated with radionuclides is in line with

the findings of the above-mentioned studies. Overall,
the changes of the incidence levels seem to be con-
nected with overall temporal trends and not with the
levels of contamination.

It should also be noted that the most studies of leu-
kemia risks in the territories stated above are rather
ecologicalin their design and should be followed by the
analytical epidemiologic approaches. In general, such
studies demonstrate that the incidence rate of various
types of hematological malignancies increased with
time that coincides with general temporal trends both
in the contaminated and non-contaminated regions
but do not point out association with the level of con-
tamination with radionuclides [18]. Due to this reason,
the results of studies in residents of contaminated with
radionuclides territories concerning leukemia risk
remain unconvincing.

In Russian Federation the extensive study was
performed on cancer incidence and death rate
in Bryansk, Kaluga, Orel, and Ryazan regions, which
are known as the most radiocontaminated after the
Chornobyl accident [25]. The study comprised the
dynamics of morbidity indices in 1981-1994 and the
assessment of relative risks of malignant neoplasms,
leukemia in particular, among population of the
most contaminated regions as compared to Russian
Federation in whole before and after the Chornobyl
accident. The standardized incidence of malignan-
cies of hematopoietic and lymphoid tissues per
100,000 was compared in 1979 and 1993. It was
demonstrated that incidence rate both in males and
females in Bryansk, Tula, Ryazan regions is somehow
higher than in Russian Federation in whole both in pre-
Chornobyl and post-Chornobyl period. In Bryansk
region, the incidence in 1979 and 1993 was 11.1 and
13.1 per 100,000 in males and 7.0 and 11.7 per
100,000in females. In Kaluga region, the correspond-
ing figures were 8.3 and 12.5 in males (with increase
upto 16.1in 1991) and 4.2 and 9.1 in females. In Orel
region — 11.5and 10.3in males and 5.9-6.9 in females
(with increase up to 10.7 in 1988). In Tula region —
9.9 and 14.8 in males and 6.5 and 10.6 in females.
In Ryazan region — 11.9 and 13.1 in males (with
increase up to 16.5in 1990) and 11.1 and 13.1 in fe-
males. Meanwhile, when the incidence of leukemia
in 19938 was studied in the districts groupedin all these
regions by their contamination levels, the indices were
rather similar [25].

In another study, the morbidity of leukemia and other
hemoblastoses in 6 south-west districts of Bryansk
region (territory of observation), the remaining 21 dis-
tricts (territory of comparison), and Bryansk city was
compared [26]. Data in contaminated districts of Bry-
ansk region in 1986-1993 suggest the excess of acute
lymphoblastic leukemia only in children, not adults.
However, very short latency in several cases makes
questionable the causative relationship. In the following
7 years, the relative risk of all forms of leukemia in popu-
lation of the most contaminated areas was not more
than 1.0 both for children and for adults [26]. Analysis
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of dynamic trends of leukemia incidence demonstrated
the statistically significant gainin the incidence of acute
leukemia and lymphomas in post-Chornobyl period.
Nevertheless, the standardized incidence for all he-
matopoietic malignances was similar in highly contami-
nated districts and relatively non-contaminated districts
of Bryansk region (15.85 vs 15.50 per 100,000 males
and 10.59 vs 14.23 per 100,000 females standardized
according to population of the same Bryansk region).
The increase in relative risk was not found out except
for Bryansk city where the standardized incidence rate
was higher (22.15 per 100,000 males and 19.97 per
100,000 females) and the relative risk for most hemo-
blastoses exceeds 1.0. While in the most contaminated
territories the chronic forms of leukemia contributed
to the slight increase in the incidence of hematological
malignancies such differences were not statistically sig-
nificant. Moreover, in this region in the post-accidental
period a positive trend of increased incidence of acute
leukemia and non-Hodgkin lymphomas was detected.
Nevertheless, the authors do not believe that the diffe-
rences that were revealed are sufficient for suggesting
the causal relationship between risk of leukemia and
radiation effect due to the Chornobyl accident.

Overall, the analysis of the long-term medical
consequences of Chornobyl accident for the persons
inhabiting the contaminated areas of Russian Federa-
tion as well as for the persons relocated from the highly
contaminated areas did not reveal the excess of leuke-
mia incidence rates over the spontaneous levels [27].

The National Report of Russian Federation
“20 Years of Chernobyl catastrophe” [28] summa-
rized the conclusions of the above papers confirming
the absence of excess in leukemia incidence in adult
population of the most contaminated areas including
those who were evacuated.

The same was stated within the framework of the
French-German Initiative [22]. Namely, in Russian
Federation no excess leukemia incidence between
1986 and 1998 in the highly contaminated districts
of Bryansk region compared with the general Russian
population was observed. The comparison of leukemia
incidence rates in the highly contaminated Bryansk
region and Kaluga region analyzed as relatively non-
contaminated one did not demonstrate significant
differences in all types of leukemia.

In Belarus, starting from 1992, a significantly in-
creased incidence of all forms of leukemia was iden-
tified in the adult population. The greatest increase
was observed during 1992-1994 as compared to the
pre-Chornobyl period [29].

In one study focusing on Chornobyl problems,
the standardized incidence rates of hemoblastoses
were compared prior to Chornobyl accident (1979-
1985) and in two periods after Chornobyl accident
(1986-1992 and 1993-1997) [30]. The incidence
of acute leukemia was shown to increase in the first
post-Chornobyl period (3.17 per 100,000 vs 2.82 per
100,000 before 1986). The same dynamics was re-
vealed for chronic lymphocytic leukemia (8.14 per

100,000 vs 6.09 per 100,000 before 1986). The in-
crease was shown to be statistically significant [30].
Also, the increased incidence rate was demonstrated
for multiple myeloma, Hodgkin lymphoma and
non-Hodgkin lymphomas. For several forms of he-
matological malignancies the increased incidence
rate continued to persist through the second (late)
post-Chornobyl period (1993-1997). In the second
post-Chornobyl period the increased rate of myelo-
dysplastic syndromes (MDS) was also evident. The
significant increase in leukemia incidence among the
aged persons was also found out.

The National Report of Belarus “20 Years of Cher-
nobyl catastrophe” stated the increase in leukemia
incidence, in particular multiple myeloma and non-
Hodgkin lymphomas in adult population in Gomel
and Mogilev regions (both contaminated and non-
contaminated areas) in 1979-1985 as compared
to 1993-2003 [31].

The studies on leukemia incidence in Belarus
were summarized also within the framework of the
French-German Initiative [22]. It was stated that the
overall national standardized incidence rate of acute
leukemia as well as chronic lymphocytic leukemia
and chronic myeloid leukemia in 1986-1992 was
slightly higher than in the pre-accident period (1979-
1985). In 1993-1997, the incidence rate of leuke-
mia was slightly declined. Of particular note is the
increase in polycythemia vera rate from 0.56 per
100,000 in 1979-1985 to 0.85 in 1993-1997. Never-
theless, in the most contaminated regions of Belarus
(Mogilev, Gomel and Brest regions), the time trends for
the polycythemia vera incidence rate were the same
as in other regions. The standardized rates of diffe-
rent types of leukemia for each study period remained
similar to those of Vitebsk region considered as non-
contaminated one [32].

The leukemia incidence and patterns of specific
forms in the structure of hematological malignancies
in the persons evacuated from the contaminated re-
gions did not differ from that in Belarus in whole. Im-
portantly, the emerging trend of increasing incidence
of MDS became evident in the adult population of Be-
larus since 1996. In particular, in Mogilev, Gomel and
Brestregions 1.5-2.0-fold increase in MDS incidence
was registered. In Mogilev region, MDS incidence
increased up to 3.0 per 100,000 in 1997 as compared
to 0.9 per 100,000 in Belarus as whole [33].

The actual epidemiological data were used for
assessing the probable excess of leukemia cases
in population exposed to low-dose radiation due
to Chornobyl catastrophe for life-time of Chornobyl-
affected generation. However, such risk projections
according to various sources differ substantially taking
into accountthe inherent uncertainties in the estimates
of the effects of Chornobyl accident.

In particular, Cardis et al. [34] calculated the pre-
dicted number of fatal cancers and leukemia in the
population of the most contaminated areas based
on risk estimates derived from studies of survivors
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of the atomic bombing allowing for the modifying
effects of age at exposure and sex. According to cal-
culations, 100 excess leukemia deaths are expected
for life-time in 270,000 residents of strict control zone
(9% of life-time deaths in this group will be attribut-
able to radiation). Moreover, 370 excess leukemia
deaths are predicted for life-time in 6,800,000 resi-
dents of other contaminated areas (1.5% of life-time
deaths in this group will be attributable to radiation).
It should be noted that the fraction of excess leukemia
cases is much higher for the first 10 years. In principle,
such increases would be very difficult to detect epi-
demiologically and the predictions suffer much from
uncertainty. In addition, the extrapolation of the effects
of A-bomb exposure to lower dose and lower dose rate
protracted exposures after Chornobylis subject to un-
certainties since evidence from other studies (such
as workers in the nuclear industry) suggests that low
dose protracted exposures to ionizing radiation may
increase the relative risk of cancer.

Based on the real numbers of radiogenic can-
cers recorded for 1986-2000 in the contaminated
territories of Belarus and Ukraine, Malko [35] cal-
culated the ratio between radiation dose and the
number of additional cancers attributable to that
dose by comparing pre-Chornobyl and post-Chor-
nobyl number of cancer patients and transferring
the radiation risks established for the Belarusian
population to other affected populations. Based
on the current data of the official Belarusian health
statistics and his estimates of radiation exposure
in various regions of Belarus, Malko estimated that
the Chornobyl accident could result in an additional
2800 extra cases of leukemia in Belarus between
1986 and 2056, with up to 1880 of these being fatal.
In Ukraine for the same period 2801 excess leukemia
with 1989 fatalities are calculated and in Russian
Federation — 2512 and 1784, respectively.

Overall, the results of epidemiological studies
in Ukraine, Belarus and Russian Federation do not
suggest the radiation-associated excess of leuke-
mia in population of the utmost contaminated areas
of these countries. Nevertheless, one has to agree with
the opinion that such epidemiological studies should
be continued, especially with the involvement of the
analytical epidemiology methods that were notin wide
use as applied to the analysis of oncohematological
consequences of Chornobyl accident among the adult
population evacuated from Chornobyl area and those
still inhabiting the contaminated districts.

Studying leukemia incidence in bulk without deli-
neating the separate biological forms of leukemia may
disguise the radiation effects on induction of specific
forms of hematological diseases taking into account
the different association of specific forms of leukemia
and lymphoma with ionizing radiation. Cardis et al. [34]
pointed out that analytical epidemiological studies
focusing on specific diseases and populations may
be a more useful approach to investigating the effects
of radiation exposure among the exposed populations.

In fact, the results of the analysis in which the forms
of leukemia known or suspected as associated with
radiation exposure are treated separately may be quite
different from those based on bulk data. Therefore,
the comparison of the incidence patterns of distinct
biological forms of leukemia in contaminated and
non-contaminated regions of Ukraine remains a topi-
cal issue [36].

Another promising approach consists in study-
ing leukemia incidence in the separate categories
of the exposed populations considered as most
vulnerable to the stochastic effects of the ionizing
radiation. Among them are those exposed to radiation
in 1986-1987 in childhood or in utero. One such case-
control study was in fact performed in Ukraine [37].
Noshchenko et al. analyzed leukemia cases that oc-
curred in 1987-1997 among the residents of the most
contaminated regions of the Ukraine, namely Zhytomyr
and Rivne, who were aged 0-20 at the time of Chor-
nobyl accident. A statistically significant association
of the risk of acute lymphoblastic and acute myeloid
leukemia among subjects aged 0-20 at the time of the
accident was found with radiation exposure >10 mSy,
particularly in males [37].

In two recent studies in Ukraine and Belarus [38,
39], the incidence of leukemia and lymphoma were
analyzed in the cohorts of persons who were under
the age of 18 years in 1986 and who had direct mea-
surements of thyroid radioactivity shortly after the
accident. The main attained age at the moment of the
study was above 30 years. Neither of these studies
has registered increased incidence of leukemia and
lymphoma. Nevertheless, the authors consider it im-
portant to continue monitoring the cohorts exposed
at sensitive ages.

Evaluation of health status of the population af-
fected by the Chornobyl accident remains one of the
most important problems in the correct assessment
of the oncological consequences of the disaster. The
analysis of the trends in leukemia incidence and death
rates requires the reliable and comprehensive system
of recording the disease cases and follow-up of leuke-
mia patients, which may be operative only on the basis
of the precise diagnosis and sufficient coverage. The
proper use of the current International Classifications
of Hematopoietic Malignancies (2008 WHO Clas-
sification of Tumors of Hematopoietic and Lymphoid
Tissues and its 2016 revision) is also challenging
for healthcare network as well as research facilities
in Ukraine, Belarus and Russian Federation. It should
be mentioned that the data on leukemia incidence
in Ukraine are underestimated due to several reasons.
Several forms of hematopoietic malignancies (MDS
and several forms of myeloproliferative neoplasms)
are not reported in the National Registry. It is evident
that only verified diagnosis could generate the strong
basis for the advanced studies in analytical epidemi-
ology of leukemia aimed at elucidating the role of the
radiogenic factor in the pathogenesis of hematological
malignancies. In this context, the improvement of the
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general standards of diagnosing malignancies of he-
matopoietic and lymphoid tissues at the local level and
the verification of the diagnosis by reference labora-
tories is a problem of high priority.
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