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abstract

PURPOSE There is limited knowledge of the long-term health effects of the Chernobyl nuclear power plant
accident that occurred more than 30 years ago in Ukraine. This study describes trends in the incidence of solid
organ malignancy in Ukraine and the five regions most affected by the radioactive fallout.

METHODS The National Cancer Registry of Ukraine was queried for age-standardized incidence rates (ASIRs) of
solid organ malignancy in Ukraine and the regions of Kyiv, Chernihiv, Zhytomyr, Rivne, and Volyn covering the
period of 1999 to 2016. Joinpoint analysis was used to calculate the average annual percentage of change.

RESULTS The highest burdens of cancer incidence in Ukraine were seen in the lung, stomach, breast, and
prostate. We observed significant increases in the ASIRs of colon (average annual percentage of change, 1.5
[95%CI, 1.3 to 1.7]), rectal (0.9 [95%CI, 0.6 to 1.2]), kidney (2.3 [95%CI, 1.8 to 2.9]), thyroid (4.2 [95%CI, 3.1
to 5.3]), breast (1 [95%CI, 0.6 to 1.4]), cervical (0.7 [95%CI, 0.3 to 1.2]), and prostate (3.9 [95%CI, 3.6 to 4.2])
cancers, with decreases in stomach (−2.4 [95% CI, −2.5 to −2.3]) and lung (−1.8 [95% CI, −2.1 to −1.5])
cancers. ASIRs in the affected regions were similar to nationwide rates, with the exception of those for Kyiv.

CONCLUSION The incidence rates of many solid organ malignancies in Ukraine are rising. However, the rates of
solid organ malignancy in the five regions most affected by fallout did not substantially differ from national
patterns, with the exception of those for Kyiv. Ongoing monitoring of cancer incidence in Ukraine is necessary to
understand how best to decrease disease burden nationwide and to elucidate the causes of regional variations in
ASIRs, such as access to diagnostics and environmental exposures.
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INTRODUCTION

More than 30 years have passed since the 1986
Chernobyl nuclear power plant accident in Ukraine.
Radioactive contamination from the explosion contam-
inated much of northern Europe, with the bulk of the
fallout in Ukraine, Belarus, and the Russian Federation.1

Notable contaminants included radioiodines, such as
131I, and cesium isotopes, Cs-134 and 137Cs.2 Given the
known effects of ionizing radiation on cancer (particu-
larly lung, breast, stomach, bladder, and renal cancers
and leukemia), there has been much discussion sur-
rounding the long-term effects of radiation from Cher-
nobyl on the incidence of cancer in Europe.

Most epidemiologic studies have focused on the effect
of exposure to radioactive 131I on thyroid cancer; it is
now well documented that children and adolescents
exposed to radioactive 131I after the accident had
a dose-related increase in risk of thyroid cancer.3,4 This
can be attributed to the ingestion of foods contaminated
by 131I1; however, the increased population incidence of

thyroid cancer in Ukraine, Belarus, and part of Russia
may also be a reflection of increased medical moni-
toring and diagnosis in the wake of the accident.5

Because of the elevated risk of leukemia among sur-
vivors of the atomic bombings in Japan, there has also
been considerable interest in the incidence of hema-
tologic malignancies after Chernobyl, but studies have
found little to no evidence of an increase in childhood
and adult leukemias,1 apart from a small population of
Chernobyl liquidators.6

As for nonthyroid solid cancers, the effect of radiation
from Chernobyl is less certain.7 There has been
a general paucity of studies on nonthyroid solid can-
cers, whichmay be in part because of the longminimal
latency period of radiation-induced solid cancers, in
the magnitude of decades, compared with a minimum
of 4 years for thyroid cancer and 2 to 7 years for
leukemias.1,8,9 Many factors, including screening prac-
tices and additional environmental exposures, may
contribute to the evolving trends in cancer incidence in
this region. For instance, there may have been increased
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interest in cancer risk after Chernobyl, resulting in in-
creased incidence rates secondary to more detection,
reporting, and diagnosis.10 The National Cancer Registry
of Ukraine (NCRU)11 is a population-based database that
monitors cancer incidence and mortality and represents
a network of cancer registries based on Ukraine’s ad-
ministrative regions.12 Despite the NCRU’s existence for
more than 20 years, there remains a paucity of literature
on cancer epidemiology in Ukraine, which may be a result
of the low global visibility of registries from countries in the
former Soviet Union.13

The aim of this study was to describe the trends in the
incidence of solid organ malignancy among men and
women in Ukraine and to examine the incidence in the five
regions most affected by the Chernobyl accident: Kyiv,
Chernihiv, Zhytomyr, Rivne, and Volyn (Fig 1).

METHODS

Data Source

This is a descriptive study of solid tumor incidence trends
in Ukraine from 1999 to 2016. We queried the database
of the NCRU for incidence rates of solid organ malig-
nancy. The NCRU is a population-based registry that de-
pends on mandatory reporting of cancer diagnoses by local
medical practitioners to regional administrators.12 The data

collected by each Ukrainian administrative region are then
submitted to the NCRU. Established in 1988, the database
had reached near-universal coverage by 1997, and since
1999, the NCRU has published an annual report that in-
cludes data by region and Ukraine at large. Ryzhov et al13

recently published a report on the quality of the data in the
NCRU from 2002 to 2012, and they found its incidence and
mortality data to be in accordance with international cancer
registry standards with respect to timeliness, completeness,
validity, and comparability. Specifically, there was uniform
data collection, analysis, and timely reporting (cases entered
in the same year of diagnosis) across all 27 regional registries.

We specifically used the age-standardized incidence rates
(ASIRs) per 100,000 people, which were based on the
Ukrainian standard. We gathered data for both the whole
nation of Ukraine and for the regions of Kyiv, Chernihiv,
Zhytomyr, Rivne, and Volyn, which were most affected by
the Chernobyl accident (Fig 1). The specific topography
examined included esophageal, stomach, colon, rectal,
pancreatic, lung, kidney, bladder, brain, and thyroid in both
sexes, as well as breast, cervical, and ovarian in women and
prostate in men. Of note, the database did not distinguish
between rectal and anal cancers, and these were recorded
in a single category; furthermore, data on pancreatic cancer
were not collected until 2002.
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FIG 1. Map of Ukraine and the five regions most affected by the Chernobyl accident. Adapted fromMelnitchouk et al14 and the Humanitarian Data
Exchange.15
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Statistical Analysis

Joinpoint regression analysis (https://surveillance.cancer.
gov/joinpoint/, version 4.6.0.0) from the Surveillance Re-
search Program of the National Cancer Institute) was used
to analyze trends in ASIRs. The software calculated an
estimated average annual percentage of change (AAPC)
over this 18-year interval and allowed for comparison be-
tween AAPC values by region and sex for each cancer. A P
value of , .05 was deemed significant.

RESULTS

Incidence Trends Across Ukraine

In this 18-year period, general trends were observed across
Ukraine as a whole (Fig 2, Table 1). Of the 14 solid cancers
included in this study, ASIRs were highest in the lung,
stomach, breast (women only), and prostate (men only).
Incidence rates of cancer were consistently higher in men
than in women, with the exception of thyroid cancer, which
was higher in women. A more than five-fold difference in
incidence rate between sexes was noticed for esophageal,
lung, and bladder cancers, with a near two-fold difference for
stomach, rectal, pancreatic, kidney, and thyroid cancers.

There were statistically significant increases in the incidence
rates of colon (AAPC, 1.5 [95% CI, 1.3 to 1.7]), rectal (0.9
[95% CI, 0.6 to 1.2]), kidney (2.3 [95% CI, 1.8 to 2.9]), and
thyroid (4.2 [95%, CI 3.1 to 5.3]) cancer, with significant
decreases in stomach (−2.4 [95%CI,−2.5 to−2.3]) and lung
(−1.8 [95% CI, −2.1 to −1.5) cancer for all Ukrainians, for
men and women combined. Incidence rates of breast (1
[95% CI, 0.6 to 1.4]) and cervical (0.7 [95% CI, 0.3 to 1.2]
cancers in women and prostate (3.9 [95% CI, 3.6 to 4.2])
cancer in men also increased significantly.

Differences by Region

ASIRs in individual regions were comparable to the ASIRs
for all of Ukraine, but certain regions stood out (Fig 3,
Table 1). Kyiv frequently had higher incidence rates than the
other four regions. This was observed in all cancers com-
bined and for cancers of the stomach, colon, lung, bladder,
thyroid, and breast. These rates were generally comparable
to Ukraine’s national average, with the exception of thyroid
cancer incidence rates, which were twice the rate of that
of the overall nation. Interestingly, the incidence rates of
thyroid cancer in Volyn were two-fold lower than those for all
of Ukraine; rates of pancreatic and lung cancers in Volyn
were also lower than the national rates. The rate of prostate
cancer was higher in Volyn from 1999 to 2013.

The AAPCs in individual regions were generally similar to
the AAPCs for all of Ukraine, with a few notable exceptions.
Although the esophageal cancer incidence did not sig-
nificantly change nationwide, regional analysis showed
a modest yet statistically significant decrease in Kyiv over
the 18-year interval (−1.4 [95% CI, −1.8 to −0.1]), which
was driven primarily by a decrease in incidence rates
in men. Likewise, although pancreatic cancer rates were

either stable to minimally increasing in Ukraine, there was
a sharp, significant increase in Volyn (7 [95% CI, 1.8 to
12.5]) for both men (4.5) and women (9.1). Brain cancer
incidence rates also increased in Volyn (2.9 [95% CI, 0.3 to
5.5]), particularly in women, and decreased in Zhytomyr
(−2.3, [95% CI, −4.4 to −0.1]), again mostly in women,
while remaining stable elsewhere.

DISCUSSION

Our study used data from the NCRU to assess trends in
solid organ tumor incidence in Ukraine from 1999 to 2016
and regional variations in five areas surrounding Chernobyl.
We found that nationwide, many cancers exhibited clear
sex-based differences in incidence rates with typically
higher rates seen in men compared with women, with the
exception of thyroid cancer. Although ASIRs for total ma-
lignancy burden were stable over this 18-year interval,
ASIRs for stomach and lung cancers decreased markedly,
whereas ASIRs for thyroid, kidney, colon, female breast,
and male prostate cancers increased.

These trends are comparable to cancer trends in neighboring
countries also in close proximity to the Chernobyl accident.
Review of the International Agency for Research on Cancer
database16,17 indicates that Belarus (an Eastern European
neighbor country north of Ukraine that was also affected by
the Chernobyl accident) showed a similar decrease in ASIRs
of stomach cancer and an increase in thyroid, kidney, colon,
breast, and prostate cancers. Although the absolute ASIR
values cannot be compared from country to country because
of differences in cancer reporting and age standardization,
the fold-difference between incidence rates in men and
women was also observed in Belarus. Belarus showed
similarly strong sex-based differences for esophageal, lung,
and bladder (more than five-fold higher in men) cancers, as
well as for stomach, pancreatic, kidney, and thyroid cancers
(two- to five-fold inmen, except in the case of thyroid cancer).

The majority of cancer trends in Ukraine were also mostly
comparable to those in the United States in terms of di-
rection of change,17 although notable decreases in colon
and cervical cancer incidence have occurred in the United
States, whereas mild increases were observed in Ukraine.
This may reflect the presence of screening programs, in-
cluding Pap smears and colonoscopies, that catch pre-
malignant lesions, which were in clinical use long before
1999 in the United States.18,19 Otherwise, the decrease
in stomach cancer incidence rates in Ukraine, much like
in Belarus and the United States, may reflect globally
improving hygiene together with decreased Helicobacter
pylori exposure,20 whereas the decrease in lung cancer
may reflect a decrease in smoking and air pollution.
However, because the majority of nationwide efforts to curb
smoking in Ukraine started in 2005 and we expect a 5- to
15-year lag in lung cancer incidence,21 a steeper drop in
lung cancer incidence rates (closer to that observed in the
United States) may be seen in the near future.
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FIG 2. Trends in incidence of cancer in Ukraine from 1999 to 2016. The Ukrainian age-standardized incidence rates (ASIRs) shown are for all residents of
Ukraine (male [M] and female [F] combined), with the exception of breast, cervical, and ovarian cancer, which reflect data from women only, and prostate
cancer, which reflects data from men only. Average annual percentage of change is represented graphically as a linear regression of each data set.
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FIG 3. Trends in cancer incidence in the regions of Volyn, Zhytomyr, Kyiv, Rivne, and Chernihiv. The Ukrainian age-standardized
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Surprisingly, our calculated AAPC for thyroid cancer in-
cidence rates in the nation of Ukraine from 1999 to 2016 was
4.2, which was not particularly different from the 3% to 4%
observed in the United States SEER registry over a similar
time interval.22 That Ukraine did not have a substantially
different AAPC for thyroid cancer may relate to the fact the
effects of radiation are difficult to see at the population level.23

The rate of increase in the United States is felt to reflect
overdiagnosis, and it is difficult to determine the extent to
which overdiagnosis in Ukraine is strictly a result of country-
specific fears after Chernobyl or a more generalizable global
phenomenon. We also acknowledge that the effect of ra-
dioactive iodine ingestion after Chernobyl was likely not
captured in our data set, because thyroid cancer risk was
seen in children born between 1982 and 1986,24 and our
data collection begins in 1999 and captures only adults.

Our analysis of the NCRU data by region also found that
the rates of many cancers were highest in Kyiv. This is
not unexpected because this region surrounds the ad-
ministrative region that corresponds to the capital city,
Kyiv. Although the data for the city of Kyiv (population,
2.9 million)25 are separate from that of the Kyiv region
(population, 1.7 million; 60% urban) for both administrative
purposes and in NCRU data, it is possible that residents of
the region have improved access to medical care in the
capital city and outlying areas. In fact, a review of the NCRU
database shows that ASIRs for certain cancers were often
slightly higher in the city of Kyiv than in its surrounding
region, which may suggest that high incidence rates are
related to increased access to cancer diagnostics. Indeed,
the health care system in Ukraine is largely state run, with
additional private medical services that are based primarily
around the city of Kyiv.13,23 Of note, Zhytomyr, Rivne, Volyn,
and Chernihiv have populations of 1 to 1.2 million, where
less than 50% to more than 60% of their populations are
classified as urban. This suggests that regional differences
are not solely a result of broad differences between urban
and rural medical care; rather, there may be something
unique to the Kyiv region. This seems to be supported by
a study of the Ukrainian health system by Peabody et al,23

which found that regional variations in the quality of health
care in Ukraine are not only present but are greater than the
rural-urban differential seen in other countries.

Our analysis also found several regional differences in Volyn
that are difficult to explain, including lower ASIRs of thyroid
and lung cancer and higher ASIRs of prostate cancer when
compared with the rest of Ukraine. Future work examining
differences in the health system, demographics, and en-
vironmental exposures of different regions in Ukraine are
needed to better elucidate why these differences exist.

Our study’s primary limitation is caused by its depen-
dence on data from the NCRU, which did not have robust
available data before 1999. We also recognize that certain
diagnostic codes were grouped in the NCRU data, such as

those for rectal and anal cancers (C19 to C21), which are
considered separate cancers. However, these data are
grouped together in other national cancer registries, and
the quality of data in the NCRU from 2002 to 2012 was
found to be to be in accordance with international cancer
registry standards.13 Of note, Ryzhov et al13 does not
comment on the data from 1999 to 2001 or after 2012 that
we included, and indeed, we recognize that the data after
2012 are intermittently absent for certain regions because
of political instability. Although the quality of these data has
yet to be validated, NCRU reporting was nearly complete by
1997,12 and we did not observe substantial changes in the
trend of ASIRs for the whole nation of Ukraine at the 2001
or 2012 time points (Figs 2 and 3). This suggests that the
absence of certain regions did not have a visible impact on
the ASIRs and calculated AAPCs from 1999 to 2016.

Ultimately, there remains a great need to continue moni-
toring cancer trends in Ukraine, Belarus, and Russia from
both a public health perspective and to monitor the long-
term effects of radiation, not only from Chernobyl but also
from active uranium processing facilities that have been
associated with an increased incidence of lung, breast,
kidney, and hematologic cancers.26 Colorectal and cervical
cancer screenings may relate to decreased incidence rates
in the United States, but currently there are no equivalent
screening programs in Ukraine. Although this may relate to
limited funding in a developing country, cost-effectiveness
studies suggest that these screening programs may be
feasible.14,27,28 Furthermore, a report from the World Bank21

noted that cancer in Ukraine is marked by extremely high
lethality, particularly among people under the age of
65 years. There may even be a role for lung and breast
cancer screening because, despite the downtrending in-
cidence rate of lung cancer, it continues to account for
a large burden of cancer mortality in men, whereas mortality
from breast cancer is rising in women.21

Incidence rates of solid tumors in Ukraine are subtly rising,
with increases in colon, rectal, kidney, thyroid, breast,
cervical, and prostate cancers and notable decreases in
stomach and lung cancers. The effects of radiation from
Chernobyl were not seen in the regional cancer registries for
the five regions most affected by fallout; however, higher
incidence rates were observed in the Kyiv region, which
may reflect a concentration of resources around the city of
Kyiv. National trends in cancer incidence rates for the
nation of Ukraine are comparable to those observed in its
neighbor country, Belarus, and are mostly comparable to
those of the United States, with the exception of decreas-
ing colon and cervical cancer rates in the United States.
Additional work is needed to assess the feasibility and
potential effects of widespread screening programs for
these preventable cancers in Ukraine; furthermore, ongoing
monitoring of regional variations not only in cancer incidence
but also in mortality is required.
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