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Abstract: - This article is a narrative review. The systematic approach is hardly applicable if more and
less reliable data are intermingled due to bias, conflicts of interest, political and economical motives.
The motives to overestimate Chernobyl consequences included financing, international help and
cooperation. Certain writers exaggerating medical and ecological consequences of anthropogenic
increase in the radiation background contribute to a strangulation of atomic energy. This is in the
interests of fossil fuel producers. Nuclear power has returned to the agenda because of the concerns
about energy demand and climate changes. Health burdens are the greatest for power stations based on
coal and oil. The burdens are lower for natural gas and still lower for atomic energy. The same
ranking applies to the greenhouse gas emissions and hence probably for the climate change. Among
limitations of epidemiological studies are the dose-dependent selection and self-selection. It can be
reasonably assumed that people knowing their higher doses would be more motivated to undergo
medical checkups being at the same time given more attention. Therefore, diagnostics is on the
average more efficient in people with higher doses. In this connection the literature on the post-
Chernobyl thyroid and renal cancer, urinary bladder, cataracts and other lesions is reviewed here.
Results of some Chernobyl-related studies should be re-interpreted, taking into account that many
cancers found by the screening during the first decade after the accident, or brought from non-
contaminated areas and recorded as Chernobyl victims, were in fact advanced neglected malignancies.
The misinterpretation of such tumors as aggressive radiogenic cancers should not mislead towards
overtreatment. Examples of the overtreatment are reviewed here. Ionizing radiation is a known
carcinogen but there is no evidence of carcinogenicity below a certain level. Apparently, living
organisms have adapted to the natural radiation background. The background has been decreasing
during the time of life existence. The screening effect and increased attention of exposed people to
their own health will probably result in new reports on the enhanced cancer and other health risks in
areas with an elevated natural or anthropogenic radiation background. This will prove no causality. A
promising approach to the research of dose-response relationships are lifelong animal experiments.
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1 Introduction numerous publications appeared, where diseases

This article is a narrative review. The inter-study among residents of contaminated territories were
heterogeneity [1], a mixture of more and less regarded to be radiogenic; some of such studies
reliable data assessed together is a limitation of have been reviewed [2-6]. Certain data can be
systematic reviews and metaanalyses. The explained by artefacts e.g. more pronounced effects
systematic approach is hardly applicable to the of lower doses compared to higher doses in some
topic, where bias, conflicts of interest, politics and experimental and epidemiological research [7].
economics are intermingled. An impartial evaluation Potential ~ motives to exaggerate Chernobyl
by an inside observer has advantages in this regard. consequences included financing, international help,
After the Chernobyl accident (hereinafter accident), scientific careers and cooperation. Later on, other

motives have come to the fore: the strangulation of
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nuclear industry and boosting of fossil fuel prices.
Potential biases of epidemiological studies are
known: unfounded -classification of spontaneous
conditions as radiation-induced, conclusions about
incidence increase of diseases without adequate
control, tendentious citation, misquoting of
professional literature [2-6], data trimming and
other varieties of scientific misconduct [3,8]. The
publication bias should be mentioned: some studies
with negative results were neither included in
databases nor cited in reviews [9]. Other bias and
confounders have been discussed [10-14]. Of
particular importance are the dose-dependent
selection, self-selection and recall bias noticed in
various cohorts exposed to low-dose ionizing
radiation [15-17]. It can be reasonably assumed that
people knowing their higher doses would be more
motivated to undergo medical checkups being at the
same time given more attention. Therefore,
diagnostics would be a priori more efficient in
patients with higher doses. Apparently, certain
writers exaggerating medical and ecological
consequences of a slight anthropogenic increase in
the radiation background contribute to a
strangulation of the atomic energy. This is in the
interests of fossil fuel producers. An ideological bias
and/or conflict of interest seem to be present in
many cases. Nuclear power has returned to the
agenda because of the concerns about increasing
global energy demand and climate changes. Health
burdens are the greatest for power stations based on
coal and oil. The burdens are inferior for natural gas
and still lower for atomic energy. The same ranking
applies to the greenhouse gas emissions and hence
potentially for the climate change. Well-run nuclear
plants pose less risk than fossil fuel power stations
[18,19]. However, durable peace is needed because
nuclear facilities are potential targets.

Among limitations of some epidemiological
studies has been disregard for the natural radiation
background. The following dose comparisons will
be referred to in this review. Individual doses from
the natural radiation background are expected to
range from 1.0 to 10 mSv/a; some national averages
are >10 mSv/a [20,21]. The average for Russian
Federation (RF) is 3.36 mSv/a; the highest
background is in the Altai region - 8.6 mSv/a [22].
According to the United Nations Scientific
Committee on the Effects of Atomic Radiation
(UNSCEAR), the average individual whole body
dose to 6 million residents of the territories,
officially recognized as contaminated by the
Chernobyl fallout, was ~9 mSv received in the
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period 1986-2005 [23]. According to the data on
solid cancers and leukemia from the Life Span
Study (LSS) of atomic bomb survivors in Japan,
there was a significant dose-effect association in the
survivors who received <500 mSv but the statistical
significance disappeared if only doses <200 mSv
were considered [24,25]. The doses <100 mGy at
low rates can induce adaptive responses, in
particular, counteracting carcinogenesis [26].

2 Methods

The search of the international literature was
performed predominantly using
PUBMED/MEDLINE. Russian-language
professional publications were searched in the
electronic database eLIBRARY.ru. Books were
found in the Russian State Library and other
libraries. The data have been analyzed taking into
account interviews with pathologists, radiologists
and other experts in research centers and medical
institutions including those on the territories
formerly contaminated by the Chernobyl fallout.

3 Thyroid nodules

It is common knowledge that the incidence of
thyroid cancer (TC) among people exposed at a
young age increased after the Chernobyl
accident. There has been no convincing
evidence of a cause-effect relationship between
radiation from the Chernobyl fallout and the
frequency elevation of other cancers [23,27].
The dramatic increase of TC 4-5 years after the
accident came as a surprise for the scientific
community; it could be predicted neither from
LSS nor from studies of medical exposures [28-
37]. The bulk of evidence in support of
relationships  between radiation and TC
incidence increase came from epidemiologic
studies. Possible biases and confounding factors
in such studies have been mentioned above.

Prior to the accident, the detection rate of
pediatric TC had been lower in the former
Soviet Union (SU) than in other developed
countries [38,39]. Only 5 children were
diagnosed with TC in Belarus in the period
1978-1985 [38]. During 1981-1985, the TC
incidence in children <15 years old in the
northern regions of Ukraine was 0.1 and in
Belarus - 0.3 per million per year [39]. For
comparison, the US Cancer Registry reported
the total incidence rate of 85 per million per
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year (2000-2004), ~2.1% diagnosed at the age
<20 years. According to the Tumor Registry in
Germany, the incidence was 69 in adults, 0.2 in
children 0-9 years old, 0.4 in those 10-14 years
old, 1.4 in adolescents 15-19 years and 2.0 per
million per year in total for people <20 years
old [40]. The TC incidence tends to increase
with age: 0.43 (5-9 years old), 3.5 (10-14 years)
and 15.6 (15-19 years) per million per year
[41,42]. The predominant incidence elevation of
TC in children and adolescents after the
accident is attributable at least in part to the
selection bias: children have been given more
attention, they are accessible for the screening
at schools and preschools; mass checkups were
performed in the atmosphere of high alertness.
Of note, the TC incidence in Belarus in people
<18 years old has not declined to the basic
level: it amounted to 15.7 cases/million/year in
2012  [43,44], although the radiation
background is not elevated long since. It is
known that screening can elevate the detection
rate of TC many times due to a reservoir of
clinically silent cancers and tumors with
unknown malignant potential [10,45].

The state of facts discussed above tends to be
obfuscated: “The background rate of TC among
children under the age 10 was approximately
two to four cases per million per year” [46].
The elevated TC incidence 4 years after the
accident and later is compared by the
UNSCEAR [46] not with the pre-accident level
but with the period 1986-1990, when the
incidence had already increased up to 4.1
cases/million/year in those exposed as children
<10 years old and up to 5.4 in those exposed at
<18 years [23]. The period 1986-1990 was used
“since 1986 and not earlier, specific data on
thyroid cancer incidence have been specifically
collected by local oncologists” (UNSCEAR
Secretariat, e-mail communication of October
2013). It was claimed that the frequency of
sporadic TC in Belarus in the period 1971-1985
did not differ from international statistics [47]
with the reference to [48], where no such data
were found. It was stated that the background
TC incidence in children <10 years old in
Belarus and Ukraine was 2-4 cases per million
per year [49], which disagrees with the statistics
cited above [39]. The low detection rate before
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the accident indicates that there had been
neglected cancers in the population. The
screening after the accident found not only
small nodules but also advanced cases
interpreted as rapidly growing radiogenic
malignancies developing after a short latent
period. Besides, many people strived for
recognition as Chernobyl victims to avail
healthcare and other provisions [50]. For the
lack of screening, cases from “clean” areas
were probably on the average more advanced
than those found on the contaminated
territories. In accordance with this concept, TCs
diagnosed in the first 10 years after the accident
were larger and of higher grade than those
detected later [51] as neglected cancers were
sorted out thanks to the screening and high
awareness of the population. As a result, first
wave TCs after the accident were deemed
comparatively poorly differentiated, aggressive
and prone to metastasizing [52].

The counting of tumors with uncertain
malignant potential and microcarcinomas
among cancers, overdiagnosis and registration
of non-irradiated individuals as radiation-
exposed, have contributed to the increased TC
frequency after the accident [4-6]. The
prevalence of papillary thyroid microcarcinoma
was estimated at 1/200 people after their thirties
[53], their detection by screening would
enhance the registered TC incidence.
Statements like the following may be
confusing: “77% of primary tumors were larger
than 1 cm, suggesting that these were not
incidental TCs detected by screening” [54].
Note that the screening found not only small
nodules but also large TCs, neglected because
of the incomplete population coverage by

medical checkups before the accident.
Accordingly, the “first wave” TCs after the
accident tended to be larger and less

differentiated than those diagnosed at a later
date [51]. Considering the misclassification of
advanced TCs as aggressive radiogenic
malignancies, some markers of supposedly
radiogenic cancers must characterize, on the
average, a later stage of the tumor progression
[4,5]. As example of such marker, the
Ret/PTC3 chromosomal rearrangement has
been discussed previously [55,56]. Predictably,
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the mass screening in the areas where pediatric
TC had been rarely diagnosed before, in the
atmosphere of enhanced alertness, resulted in an
elevation of the detection rate. As for the lower
(albeit enhanced as mentioned above [43,44])
TC incidence in people born after the accident,
the data pertaining to them originated from later
time, when the quality of diagnostics improved,
radiophobia declined, and there were no
motives to artificially enhance the figures.

A recent example is a study comparing 359
papillary TCs from patients exposed to the
Chernobyl fallout with 81 TCs from patients
born >9 months after the accident [57]. The
“study population included a substantial number
of papillary TCs occurring after <100 mGy.”
The study reported “...radiation dose-related
increases in DNA double-strand breaks in
human TCs developing after the CA... Non-
homologous end-joining (NHEJ) the most
important repair mechanism... increased
likelihood of fusion versus point mutation
drivers” [57]. These findings could be expected
in advance: mutations tend to accumulate with
the tumor progression. The double-strand
breaks with imperfect repair come along with
the genome diversity [58]. The NHEJ repair
pathway 1is potentially mutagenic [59,60].
Interestingly, no association of the radiation
exposure with transcriptomic and epigenomic
markers was found [57]. This indicates that the
latter markers are not immediately linked to the
tumor progression. On the contrary, epigenetic
mechanisms have been associated with
favorable (hormetic) effects of low-dose
exposures. There has been evidence indicating
that epigenetic mechanisms are involved in the
radiation-induced  life  prolongation  of
experimental animals [61]. As for the controls
born after the accident [57], the data pertaining
to them originated from a later time, when the
pool of neglected cases had been exhausted by
the screening. Considering the above, the
average stage and grade of TCs in the exposed
group must have been higher than those among
the controls due to non-radiation-related
reasons. The causative role of low-dose
radiation e.g. “a dose-dependent carcinogenic
effect of radiation derived primarily from DNA
double-strand breaks” [57] is therefore
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unproven. The notion that the “...increased
detection of pre-existing papillary TCs in the
population that may not become clinically
evident until later, if at all, due to intensive
screening and heightened awareness of thyroid
cancer risk in Ukraine” [57] had been put forth
earlier [4,5]. The articles [4,5] were not cited in
[57]. In conclusion of this section, results of
some Chernobyl-related studies should be re-
interpreted, taking into account that many
cancers found by the screening during the first
decade after the accident, or brought from clean
areas and recorded as Chernobyl victims, were
in fact advanced neglected malignancies. The
misinterpretation of such tumors as aggressive
cancers  should not mislead towards
overtreatment (discussed below).

4 Kidney and urinary bladder

The series of studies [62-68], discussed previously
[69], compared renal-cell carcinomas from Ukraine,
including territories contaminated by the Chernobyl
fallout, with those from Spain and Colombia. The
cancers from Ukraine were on the average of a
higher histological grade than the controls from
abroad. In the most recent research, microvessel
density in the tumor tissue from patients residing
both in “highly” and in “low contaminated areas of
Ukraine” was significantly higher than in cases from
Spain and Colombia (p<0.01). The difference
between both aforesaid groups from Ukraine was
statistically insignificant. The increased
angiogenesis was associated with a higher
immunohistochemical expression of the marker
VEGF (vascular endothelial growth factor) [68].
The authors concluded that irradiation causes an
increase in the microvessel density, which is in turn
associated with a de-differentiation and worse
prognosis of renal cancer [66,68,70]. The proposed
increase in “aggressivity” of both TC (discussed in
the preceding section) and renal cancer after the
accident [62,71] can be explained by finding of
undiagnosed advanced tumors, misinterpreted as
radiogenic cancers with the “rapid onset and
aggressive development” [71]. Similarly to TC, the
special features of renal cancer from the former SU
must have been caused by late cancer detection.

In view of the above dose comparisons, radiation
doses from the natural background should be
specified in studies where patients or specimens
from different parts of the world are compared. The
doses in a control group may turn out to be
comparable with those in the “exposed” group, for
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example, in Spain vs. Kiev [67]. The average
individual dose from the natural background in
Spain is ~5 mSv/a [72,73]. The mean whole-body
dose in Kiev was estimated at <10 mSv in 1986,
declining in subsequent years [74]. No doses were
quoted in the papers [62-68]; it is only claimed with
a self-reference: “This observation also supports the
prevailing suspicion [66] that in Ukraine the
radiation contamination levels were similar within
and beyond the officially-established 80-km extent
of radiation contamination around Chernobyl [75]”
[68]. The report [75] is not in the public domain.

By analogy with TC, the tendency of underreporting
exists also for renal cancer [76]. Some neglected
cases, found by the screening, self-reported or
brought from clean territories and misclassified as
Chernobyl victims, were interpreted as rapidly
growing radiogenic malignancies. As mentioned
above, renal cancers from Ukraine tended to be less
differentiated than Spanish cases. Ukrainian
specimens more often demonstrated the de-
differentiated sarcomatoid histology: 62 from 236
(26.3%) of Ukrainian vs. 11 from 112 (9.8%) of
Spanish cases (p<0.001) [62]; the statistically
significant difference was confirmed later on [64].
The following citations are illustrative: “The
dramatic increase of aggressivity and proliferative
activity” was found in renal cell carcinomas from
Ukraine, while “the majority of the high grade
tumors occurred in the Ukrainian (rather than in the
Spanish) groups” [62]. These differences are
explainable by an earlier, on the average, cancer
diagnostics in Spain and finding by the screening of
advanced cases in Ukraine.

Certain markers of renal cancer from the former SU
compared to those from other parts of the world
need a re-interpretation e.g. the absence of
significant differences in the expression of ubiquitin
[67]. Considering that renal cancers from Ukraine
were higher-grade than those from Spain, these data
indicate that ubiquitination does not correlate with
the neoplastic progression. On the other hand,
VEGF was found significantly more often in clear-
cell renal carcinomas from Ukraine than in those
from Spain and Colombia [68]. The assertions that
the expression of VEGF in renal cell carcinomas
and its serum level was related to the tumor stage
and grade [68] agrees with the literature [70,77-79].
It can be generalized onto other markers, where
significant  differences between Spanish and
Ukrainian cases were detected, especially the factor
kappa B (NF-kappa-B), its p50 and p65 subunits
[64]. The >10% positivity of the tumor cells for p50
was detected in 25 from 59 (42.4%) of specimens
from Ukraine and in 4 from 19 (21.1%) in those
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from Spain. The >50% cell positivity for p65 was
found, correspondingly, in 18 from 59 (30.1%) and
1 from 19 (5.3%) of the cases (p<0.05) [64]. These
data are not surprising as activated NF-kappa-B is
considered to be a promoter of neoplastic
progression [80-85]. By analogy with chromosomal
fusions Ret/PTC3 in papillary TC [55,56], there is
probably an association between the tumor de-
differentiation and those markers, where differences
between the Ukrainian and Spanish groups were
found. This is a promising field for research and re-
interpretation of data already obtained in studies
comparing malignancies from different regions.
Some markers may reflect the diagnostic efficiency
and thus characterize healthcare services in different
countries [86].

5 Malignant vs. benign conditions

As discussed above, the diagnosis of diseases is a
priori more likely in people with higher doses. The
dose-dependent incidence increase of cardio- and
cerebrovascular diseases among employees of the
Mayak Production Association (MPA) and residents
of the Techa river valley was not accompanied by a
proportionate elevation of mortality [87-92]. This
discrepancy can be attributed to a diagnosis of mild,
borderline and unverified cases in patients with
relatively high doses. Furthermore, the excess
relative risk (ERR) per unit dose for leukemia
(except chronic lymphocytic leukemia) among MPA
workers based on the incidence figures was
considerably higher than that based on mortality
[93]. A more efficient detection of latent cases is a
probable mechanism. As for lymphocytic leukemia,
it is often accompanied by lymphadenopathy hence
remaining comparatively rarely undiagnosed.
Accordingly, the screening effect must be less
pronounced in lymphocytic than in other leukemias.

Elevated risks of non-malignant diseases (cardio-
and cerebrovascular, respiratory, digestive and
others) have been found in Chernobyl, MPA and
Techa river cohorts [90,94-106]. For example, the
average dose from external gamma-radiation was
~0.54 Gy in males and 0.44 Gy in females in a
study, where the frequency of lower extremity
arterial disease was found to correlate with the
cumulative external dose [100]. The atherosclerosis
frequency was significantly higher in MPA workers
with doses >0.5 Gy than among those with lower
doses; the same for >0.025 Gy liver dose of internal
alpha-radiation [97]. The risk of cerebrovascular
diseases per unit dose among MPA workers was
reported to be even higher than that in LSS

Volume 7, 2022



Sergei V. Jargin

[87,89,103]. In the Techa River cohort, the risk of
cardiovascular conditions including ischemic heart
disease was found to be higher than in LSS [91],
where the exposure was acute and expectedly more
efficient than that protracted over years. As
mentioned above, the dose-dependent incidence
increase of cerebrovascular and ischemic heart
disease among MPA employees was not
accompanied by an increase in mortality. This can
be attributed to a dose-dependent diagnostic
efficiency with recording of mild and borderline
cases in people with higher doses. According to the
same scientists, the incidence of cerebrovascular
diseases was significantly increased among MPA
workers with cumulative external doses >0.1 Gy
[89,107]. Based on the data from the MPA cohort, a

“specific pathogenesis of radiation induced
cerebrovascular diseases” after low-dose exposures
was expounded [107]. In comparison, the

UNSCEAR could not make any conclusions about
causal relationships between doses <1-2 Gy and the
excess incidence of cardiovascular or non-malignant
diseases in general [108]. According to the
International ~ Commission on  Radiological
Protection (ICRP), there is an excess risk of heart
disease after radiotherapy with heart doses ~1-2 Gy
[109]. The value 1-2 Gy may be an undervaluation
due to bias in epidemiological research. It is known
that cardiovascular derangements can appear after
radiotherapy with doses to the heart ~40 Gy. Lower
doses were discussed [109-112] being, however,
still much higher than averages for the MPA
facility, Techa River and Chernobyl populations.
There may be factors others than radiation e.g.
chemotherapy [113] and stress, leading to cardiac

derangements or symptoms in patients under
radiotherapy. Besides, oncologic patients are
probably better examined than the general

population. The doses associated with a heart injury
in experimental animals have also been much higher
than average doses in the aforesaid populations
[109,114,115]. In some experiments and
epidemiological studies, low doses were associated
with decreased risks of vascular disease [109]. In
accordance with the hypothesis discussed in the next
paragraph, an earlier study from the same institution
found no associations between individual
cumulative doses and the frequency of ischemic
heart disease [116]. In the past, long-term
observations found no differences of cardiovascular
diseases in MPA workers compared to the general
population [117]. There are intriguing data on the
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association between radiotherapy (~0.1 Gy) for tinea
capitis and the risk of carotid stenosis. The
irradiated subjects were significantly older, more
frequently hypertensive, had higher glycated
hemoglobin and alkaline phosphatase levels than
healthy controls [118]. It can be speculated that a
cause-effect relationship of these findings was not
with radiation but with a predisposition to skin
mycosis or symptoms such as itching.

The tendency to overestimate health risks from
low-dose exposures in the MPA facility and Techa
river cohorts has been noticed since approximately
the year 2005. Earlier studies reported no increase in
the cancer incidence at doses <520 mSv or generally
in all MPA workers. Existence of a threshold was
deemed possible [116,117,119-122]. The risk of
leukemia per 1 Gy was reported to be 3.5 times
lower in the Techa river cohort than in LSS i.e.
effectiveness of the acute exposure was expectedly
higher than that of protracted exposures [123,124].
The relative risk of solid cancers in the Techa river
cohort increased with age, whereas in LSS it
decreased [124,125]. The risk elevation with age is
typical for spontaneous cancer. No significant
increase in cancer morbidity and mortality was
found in residents of the territories contaminated
after the 1957 Kyshtym accident i.e. the East Urals
Radioactive Trace [124]. Later on, the same
researchers reported elevated cancer incidence and
mortality among exposed people in the Urals [126].
In more recent publications, the same scientists
concluded that the “carcinogenic efficiency” of
chronic exposures in the Urals is not lower than that
of acute exposure in LSS [126-129]. It can be
surmised that a directive aimed at a strangulation of
the nuclear energy and boosting of fossil fuel prices
was behind these changes in the attitude. Politically
motivated manipulations of statistics in the Soviet
and post-Soviet science are known [6,11].

The author agrees with Prof. Mark P. Little that
some research ‘“‘should therefore probably not be
used for epidemiologic analysis, in particular for the
Russian ~ worker  studies  considered  here
[99,101,102,104]” [130]. Certain data on the
enhanced cancer risk after low-rate exposures are
indeed doubtful. For example, a significantly
increased risk of non-melanoma skin cancer was
reported among MPA workers [131]. The workers
and probably some medics were informed about
individual work histories, whence total doses could
be estimated, potentially affecting the extent of
examinations and self-reporting. An observation
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bias is hardly avoidable under such conditions. In
LSS, the non-melanoma skin cancer dataset was
compatible with a threshold at ~1 Gy [132]. Skin
doses were unknown in the study [131]. The MPA
employees were exposed mainly to gamma rays that
have a long penetration distance, so that energies
absorbed within the skin were correspondingly low.
It comes as no surprise that premalignant skin
lesions such as actinic keratosis were “very rare”
[131]. Considering the above, a cause-effect
relationship between radiation and skin tumors in
[131] is unproven. Risk estimates by the same
researchers [95] were found to be significantly
higher than those by other experts [133].

Concluding the recent review on nuclear
workers, Prof. Richard Wakeford  writes:
“Ultimately, it will be powerful epidemiological
studies examining exposure conditions of direct
relevance to radiological protection against low-
level radiation exposure that will provide the most
reliable evidence” [93]. Neither the radiation
background nor experiments are mentioned in this
connection. Reliable information on the effects of
low radiation doses can be obtained in large-scale
animal experiments. Annual average doses from the
background should be indicated when patients from
different parts of the world are compared; otherwise
exposures in a control group may turn out to be not
significantly different from those in “exposed”
cohorts e.g. from Spain and Colombia vs. Ukraine
(discussed above) [64,68]. In the International
Nuclear Workers Study (INWORKS), many
workers received 2-4 mSv/a [93]. This corresponds
to doses from the natural background. The mean
cumulative doses (red bone marrow - 17.6 mGy,
colon - 19.2 mGy) protracted over years (follow-up
period 1950-2005) [134] are also consistent with the
natural background. These and other considerations
about INWORKS have been published: “Failure to
account for natural background radiation exposure,
the differences in which potentially dwarf the
occupational exposures of the study cohort” [135].
Analogous considerations were formulated also
earlier [136].

Another citation should commented: “A second
important issue in the field of radiation protection is
the hypothesis of a reduction of radiation-associated
cancer risk per unit dose at low dose-rates [137-
139]. Such a hypothesis was derived from
observations of biological results, and has been
implemented in the system of radiation protection
by the introduction of a dose and dose-rate
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effectiveness factor (DDREF)... For solid cancer
mortality, summary estimates of ERR/Gy derived
from the LSS and INWORKS were similar in
magnitude, a finding that does not support the
conclusion of a reduction of ERR/Gy at low dose-
rates” [134]. The argumentation about DDREF on
the basis of INWORKS and other nuclear worker
studies is unconvincing as radiogenic nature of
diseases under discussion is unproven [140]. Certain
mathematical models suggested that protracted
exposures are between 2.0 and infinitely times safer
than acute exposures at comparable doses [141] (i.e.
DDREF up to infinity). The latter corresponds to a
threshold or hormesis concept.

In conclusion of this section, doubtful
correlations between low-dose exposures and non-
malignant conditions call into question the cause-
effect character of such relationships for cancer
reported by the same and other researchers
[71,128,142-146]. It is known that correlations can
be caused by non-radiation factors, systematic errors
and biases, in particular, the dose-dependent
selection and self-selection.

6 Cataracts

Results of the studies reporting correlations
between the cumulative radiation dose and cataract
incidence among MPA workers [147-149] have
been questioned [150,151]. The risk in higher dose
groups starting from 0.25-0.50 Sv was found to be
significantly higher than that in the control group
with doses <0.25 Sv. The average doses were
0.54£0.061 Gy in males and 0.46+0.01 Gy in
females [149]. Dose-effect relationships were
claimed for cataracts; but the well-known
association of the latter with diabetes mellitus was
not confirmed [148-150]. This called into question
the biological relevance of other results by the same
researchers. Supposedly after the criticism [150], the
data on diabetes did not reappear in a subsequent
article [152]. Remarkably, there were no significant
associations of the radiation dose with cataract
surgeries [153]. The cataracts including mild cases
not requiring surgery were probably diagnosed on
the average more efficiently in individuals with
higher doses due to an increased attention to their
own health and/or attention on the part of medics.
Earlier publications with participation of the same
researchers asserted that radiation-induced cataracts
developed among MPA workers only after
exposures >4 Gy [154]. According to the
UNSCEAR 1982 Report, a minimum of 3-5 Gy is
required to produce significant opacities in animals
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which are, like humans, not prone to the cataract
development. More dose is needed when
fractionated. The threshold for chronic exposures
was supposed to be in the range 6-14 Gy. Later on,
lower thresholds and the no-threshold model have
been discussed. Based predominantly on
epidemiological studies, the  International
Commission on Radiological Protection revised
preceding recommendations and proposed a
threshold of 0.5 Gy for low linear energy transfer
radiation [155]. However, some epidemiological
studies do not support this lower threshold for
cataracts [155]. “A threshold for highly fractionated
or protracted exposure was judged as <0.5 Gy
mainly from one paper [156] on cataracts at 12-14
years after exposure in Chernobyl clean-up
workers”  [157], where a possibility of
“underestimation of uncertainties” in dosimetry was
acknowledged [156]. Objectivity of some
Chernobyl-related studies has been questioned [2-6].
A threshold for chronic exposures is regarded to be
uncertain for lack of evidence [157]. In the study of
radiologic technologists, the cumulative
occupational exposure was associated with self-
reported cataracts, but not with the cataract surgery
[158]. “The population of radiologic technologists...
is medically literate” [158]. The self-reporting might
have been related to a professional awareness
associated with a longer work experience and hence
with a cumulative dose. The data on radiologic
technologists agree with the concept of a dose-
dependent diagnostic efficiency and registration of
mild cases not needing surgery. A significantly
increased risk of the cataract surgery as a function
of radiation dose has hitherto been reported only in
LSS [159], where the effect of acute exposure could
have been indeed significant. Of note, the reports
[152,153] on “a clear and significant increased
ERR/Sv in females compared to males” among
MPA workers were designated as “the most striking
study observing sex effects relating to radiation-
induced cataract incidence” [160]. The sex
differences can be attributed to a gender-related
attitude in the Russian healthcare. It is well known
that middle-aged and elderly men visit health care
centers (polyclinics) on the average less frequently
than women. Middle-aged men sometimes
encounter an unfriendly attitude in governmental
medical institutions especially if supposed to be
alcoholics. Some of them don’t seek medical help if
they have symptoms or chronic disease. This is
probably one of the causes of the relatively short life
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expectancy. Besides, aged women are often more
attentive than men to their own health at least in RF.
A higher frequency of cataracts in females than in
males was found also in a study of the Techa river
cohort [161]. Another observation was made in the
same study: the higher frequency of cataracts in
Slavic (353 from 2227, 15.9%) than in Turkic
people (327 from 4116, 7.9%); the figures are from
the paper [161], percentages calculated by the
author of this review. The difference seems to be
camouflaged in the text: “Standardized -cataract
incidence rates in Tatars and Bashkirs were 6%
higher than those in Slavs” [161]. The “incidence
rates” were calculated using not the sample sizes
(2227 and 4116) but the total number of individuals
with  cataracts  (353+327) that  produced
uninterruptable results [161]. Most probably, the
difference was caused by a dependence of
diagnostic  thoroughness on the ethnicity.
Comparable inter-ethnic differences were noticed
previously [162]: a sixfold higher mortality from
circulatory diseases among Turkic people compared
to Slavs in the Techa river cohort [91]. It is known
that cardiovascular diseases have been habitually
written in the former Soviet Union on death
certificates in unclear (unexamined) cases [163].
The aforesaid questions the etiological role of
radiation in [147-149,152,153,156,161,163].

In conclusion of this section, ionizing radiation is a
proven cataractogen [157] but doses and dose rates
associated with risks, i.e. potential thresholds,
should be further investigated. The number of
studies that provide explicit biological and
mechanistic evidence at doses <2 Gy is indeed “very
small” [159]. Reliable information can be obtained
in animal experiments.

of

7 Overtreatment radiation-

related lesions

The misinterpretation of neglected advanced
cases as rapidly progressive cancers supported
the concept that radiogenic TCs are more
aggressive than sporadic ones [51,164-166].
This had consequences for the practice: during
the 1990s, thyroid surgery in some institutions
of the former SU adopted more radical
methods. The following was recommended for
the post-Chernobyl pediatric TC: “Radical
thyroid surgery including total thyroidectomy
combined with neck dissection followed by
radioiodine ablation” [38] and/or radiotherapy
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~40 Gy [167]. Some experts regarded subtotal

thyroidectomy to be “oncologically not
justified” and recommended total
thyroidectomy  with  prophylactic  neck

dissection [168-171]. Less extensive resections
were regarded to be “only acceptable in
exceptional cases of very small solitary
intrathyroidal carcinomas without evidence of
neck lymph node involvement on surgical
revision” [172]. It was stated in a recent
monograph that a bilateral neck dissection must
be performed for all TCs independently of their
size, histological pattern and lymph node status
[173]. This approach is at variance with a more
conservative treatment of TC in other countries.

The sources [174-176] were cited in support of
the claim: “The most prevailing opinion calls
for total thyroidectomy regardless of tumor size
and histopathology” [172]. The citation is
imprecise: the subtotal thyroidectomy was used
or recommended in these studies, in some of
them along with total thyroidectomy [174-176].
The sources [176-178] were inexactly cited in
the article [169], where the total thyroidectomy
with bilateral neck dissection is recommended
for all types of pediatric TC. Apparently, the
total thyroidectomy was overused also in
radiation-exposed thyroid patients in the Urals
[179]. The radical procedure is associated with
complication risks especially if combined with
the neck dissection: hypoparathyroidism,
recurrent laryngeal nerve damage, Horner
syndrome and pulmonary fibrosis [180,181].
Many thyroid patients were young females
potentially concerned about cosmetic aspects.
The overall survival rate was very high in
young people with differentiated TCs regardless
of the extent of surgery [182]. This indicates
that the radicalism has been sometimes
excessive. Reasonable remarks were published
in a review: “After the Chernobyl and
Fukushima nuclear accidents, thyroid cancer
screening was implemented mainly for children,
leading to case over-diagnosis;” “The existence
of a natural reservoir of latent thyroid
carcinomas, together with advancements in
diagnostic  practices leading to case
overdiagnosis explain, at least partially, the rise
in TC incidence in many countries;” “Total
thyroidectomy, as performed after the
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Chernobyl accident, implies patients must live
the rest of their lives with thyroid hormone
supplementation. Additional treatment using
radioactive iodine-131 therapy in some cases
may result in potentially short- or long-term
adverse effects” [183]. This concept had been
formulated also earlier [184-187]. The articles
[184-187] were not cited in [183].

Mechanisms of TC false-positivity have been
discussed in detail previously; among others,
the misinterpretation of nuclear pleomorphism
as a malignancy criterion of thyroid nodules
[187]. Potentially misleading histological
images from Russian handbooks were
reproduced and commented [5,187,188]. The
post-Chernobyl radiophobia [72] contributed to
the overdiagnosis of cancer. This can be
illustrated by the following citation (from
Russian): “Practically all thyroid nodules,
independently of their size, were regarded at
that time in children as potentially malignant
tumors, requiring an urgent surgery” [189]. It
should be stressed in this connection that early
detection and treatment is not a golden rule for
thyroid nodules as the screening is not regarded
to be harmless for asymptomatic patients, for
children in particular [53]. Epidemiologists
have issued a warning regarding overdiagnosis
and overtreatment of patients with thyroid
neoplasm. It is essential to exclude adenoma
and indolent borderline/precursor tumors that
can be treated by excision [190]. As mentioned
above, the iatrogenic = morbidity is
considerable. Finally, the psychological effect
and stigmatization as a cancer patient is an
unfavorable consequence of the thyroid
screening [53].

In regard to renal cancer, the concept of
enhanced aggressiveness of post-Chernobyl
cases can have unfavorable consequences if
surgeons get the message that cancers from
radio-contaminated areas tend to be more
aggressive than regular ones, while surrounding
renal tissues harbor “proliferative atypical
nephropathy with tubular epithelial nuclear
atypia and carcinoma in situ” [63]. Based on
this information, surgeons may decide in favor
of nephrectomy more often than clinically
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indicated
procedure.

instead of a kidney-preserving

The same scientists who participated in the
renal cancer research discussed above [62-66],
found in several groups of patients with benign
prostatic hyperplasia or cystitis, residing in
Kiev or on territories recognized as
contaminated after the accident, severe
urothelial dysplasia and/or carcinoma in situ in
56-96 % of consecutive cases [191-196]. In
earlier studies, the frequency of severe
urothelial dysplasia and carcinoma in situ was
66-73% (contaminated areas) and 56-64% of
randomly selective patients (Kiev). This is
~1300 times more than the incidence of bladder
cancer in Ukraine (43.1/100,000) discussed by
the same writers [192,195,196]. These figures
are obviously unrealistic and indicative of the
false-positivity. The microphotographs from the
papers [191,192] were reproduced in [197]: the
histological slides are visibly thick, the nuclei
are stained insufficiently. Neither cancer nor
severe dysplasia is identifiable. The inadequate
fixation, processing-related artefacts and
electrocoagulation apparently contributed to the
poor quality of specimens. The false-positivity
entailed excessive manipulation and
overtreatment. The “Chernobyl cystitis” or
“irradiation cystitis” characterized by the
“reactive epithelial proliferation associated with
hemorrhage, fibrin deposits, fibrinoid vascular
changes, and multinuclear stromal cells” [196],
was probably caused or maintained by repeated
cystoscopies,  “mapping”  biopsies  and
electrocoagulation. Accordingly, some markers,
especially those associated with inflammation
and proliferation (mitogen-activated protein
kinases, growth factors, TGF-f1, NF-xB, p38)
as well as the “marked activation of
angiogenesis” [192] characterized chronic
inflammation sometimes of iatrogenic etiology.
Looking at the images from [198,199]
(reproduced in [197]), it seems that false-
positive  diagnoses of malignant and
premalignant bladder lesions by the same
experts occurred as early as in the 1980s.

8 Conclusion
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The medical surveillance of populations
exposed to low-dose ionizing radiation is
important; but more consideration should be
given to potential bias, especially to the
screening effect, dose-dependent selection and
self-selection, conflicts of interests, policies of
certain companies and governments. Well-
conducted epidemiological studies can account
for biases. However, this has not always been
the case especially in the former SU [2,6].
Epidemiological studies of Chernobyl victims
would not add much reliable information due to
inexact dose reconstructions and registration of
unexposed individuals as exposed. Some dose-
effect correlations can be attributed to a recall
bias: cancer patients tend to recollect radiation-
related circumstances better than healthy people
[200]. The higher the average dose estimate, the
greater would be a probability to undergo
screening or a medical checkup. The following
citation is enlightening: “The tumors were
randomly selected (successive cases) from the
laboratories of Kiev and Valencia... The tumors
were clearly more aggressive in the Ukrainian
population in comparison with the Valencian
cases” [201]. The explanation is on the surface:
the more efficient and early diagnostics in
Valencia. Considering the results of [68], the
same must be true for Colombia.

Radiation is a known carcinogen but there is no
evidence of carcinogenicity below a certain
threshold. Apparently, living organisms have
undergone an evolutionary adaptation to the
natural radiation background analogously to
other environmental factors: various chemical
substances and elements, ultraviolet rays,
products of water radiolysis, etc. Natural
selection is a slow process; the adaptation to a
changing factor would thus correspond to some
average of historic levels. The natural radiation
background has been decreasing during the time
of life existence [202]. Of note, DNA damage
and repair are in a dynamic equilibrium, and
there must be an optimum of the radiation
impact. Accordingly, there is experimental
evidence in favor of radiation hormesis i.e.
biphasic dose response [11,13,203-206].

The screening effect and increased attention of
exposed people to their own health will
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probably cause new reports on the enhanced
cancer and other health risks in areas with an
elevated natural or anthropogenic radiation
background. In this connection, the following
claims appear counterproductive: “When
considering the effects of irradiation on human
health, it is necessary to clearly distinguish
between the effects of increased background
radiation to which adaptation can occur over
many generations at the population level and
the effects of irradiation as a result of accidents
or medical procedures” [203]. What is
significant, is the dose, dose rate and the type of
radiation, while its source natural vs.
anthropogenic is by itself non-relevant [207]. A
promising approach to the research of dose-
response relationships are lifelong animal
experiments. The life duration is a sensitive
endpoint attributable to radiation exposures
[208] that can quantify the net harm or potential
benefit according to the concept of hormesis.
Most  importantly,  speculations  about
extraordinary aggressiveness of radiogenic
cancers should not be conductive to an
overtreatment [197,209,210].

References:

1. Little MP, Tawn EJ, Tzoulaki I, Wakeford R,
Hildebrandt G, Paris F, et al. Review and meta-
analysis of epidemiological associations between
low/moderate doses of ionising radiation and
circulatory disease risks, and their possible
mechanisms. Radiat Environ Biophys. 2010;49:139-
53.

2. Jargin SV. Opverestimation of Chernobyl
consequences: poorly substantiated information
published. Radiat Environ Biophys. 2010;49(4):743-
5.

3. Jargin SV. Unfounded statements tending to
overestimate Chernobyl consequences. J Radiol.
Prot. 2013;33(4):881-4.

4. Jargin SV. The overestimation of medical
consequences of low - dose exposure to ionizing
radiation. Newcastle upon Tyne, Cambridge
Scholars Publishing, 2019.

5. Jargin SV. Some aspects of thyroid neoplasia
after Chernobyl. Hamdan Med J. 2020;13:69-77.

6. Jargin SV. Thyroid cancer after Chernobyl:
obfuscated truth. Dose Response. 2011;9(4):471-6.
7. Burlakova EB, Goloshchapov AN, Gorbunova
NV, et al. The characteristics of the biological
action of low doses of irradiation. Radiats Biol
Radioecol.1996;36(4):610-31.

ISSN: 2367-8941

47

International Journal of Environmental Science
http://www.iaras.org/iaras/journals/ijes

8. Jargin SV. Misconduct in medical research and
practice. Hauppauge NY, Nova Science Publishers,
2020.

9. Duport P, Jiang H, Shilnikova NS, Krewski D,
Zielinski JM. Database of radiogenic cancer in
experimental animals exposed to low doses of
ionizing radiation. J Toxicol Environ Health B Crit
Rev. 2012;15(3):186-209.

10. Jaworowski Z. Observations on the Chernobyl
Disaster and LNT. Dose Response. 2010;8:148-71.
11. Scott BR. It’s time for a new low-dose-radiation
risk assessment paradigm - one that acknowledges
hormesis. Dose Response 2008;6:333-51.

12. Sacks B, Meyerson G, Siegel JA. Epidemiology
without Dbiology: False paradigms, unfounded
assumptions, and specious statistics in radiation
science. Biol Theory. 2016;11:69-101.

13. Shibamoto Y, Nakamura H. Overview of
biological, epidemiological, and clinical evidence of
radiation hormesis. Int J Mol Sci. 2018;19:2387.

14. Watanabe T, Miyao M, Honda R, Yamada Y.
Hiroshima survivors exposed to very low doses of
A-bomb primary radiation showed a high risk for
cancers. Environ Health Prev Med. 2008;13:264-70.
15. McGeoghegan D, Binks K, Gillies M, Jones S,
Whaley S. The non-cancer mortality experience of
male workers at British Nuclear Fuels plc, 1946-
2005. Int J Epidemiol. 2008;37:506-18.

16. Zablotska LB, Ron E, Rozhko AV, Hatch M,
Polyanskaya ON, Brenner AV, et al. Thyroid cancer
risk in Belarus among children and adolescents
exposed to radioiodine after the Chornobyl accident.
Br J Cancer. 2011;104:181-7.

17. Zablotska LB, Bazyka D, Lubin JH, Gudzenko
N, Little MP, Hatch M, et al. Radiation and the risk
of chronic lymphocytic and other leukaemias among
Chernobyl cleanup workers. Environ Health
Perspect. 2011;211:59-65.

18. Markandya A, Wilkinson P. Electricity
generation and health. Lancet. 2007;370:979-90.

19. Balakrishnan K, Butler C, Chafe Z, Fairlie I,
Kinney P, Kjellstrom T, et al. Energy and Health. In
Global energy assessment (Eds TB Johansson, A
Patwardhan, N Nakicenovic, L Gomez-Echeverri
L):102-300. Cambridge, Cambridge University
Press, 2012.

20. International Atomic Energy Agency (IAEA).
Radiation, people and the environment. Vienna,
IAEA, 2004.

21. UNSCEAR 2000 Report. Annex B: Exposures
from natural radiation sources. Annex G: Biological
effects at low radiation doses. New York, United
Nations, 2000.

22. Barkovsky AN, Akhmatdinov RR, Akhmatdinov
R, Baryshkov NK, Biblin A, Bratilova AA, et al.

Volume 7, 2022



Sergei V. Jargin

Information Bulletin: Radiation doses in Russia,
2020. St. Petersburg, Ramzaev Research Institute of
Radiation Hygiene, 2021. (in Russian)

23. UNSCEAR 2008 Report to the General
Assembly. Annex D. Health effects due to radiation
from the Chernobyl accident. New York, United
Nations, 2008.

24. Little MP, Muirhead CR. Evidence for
curvilinearity in the cancer incidence dose-response
in the Japanese atomic bomb survivors. Int J Radiat
Biol. 1996;70:83-94.

25. Little MP, Muirhead CR. Curvature in the
cancer mortality dose response in Japanese atomic
bomb survivors: absence of evidence of threshold.
Int J Radiat Biol. 1998;74:471-80.

26. Pezzella F, Tavassoli M, Kerr DJ. Oxford
textbook of cancer biology Oxford, Oxford
University Press, 2019.

27. World Health Organization. Health effects of the
Chernobyl accident. Report of the UN Chernobyl
Forum Expert Group “Health”. (Eds B Bennet, M
Repacholi, Z Carr) Geneva, WHO, 2006.

28. UNSCEAR 2000 Report to the General
Assembly. Annex J. Exposure and Effects of the
Chernobyl Accident. New York: United Nations;
2000.

29. Williams ED. Chernobyl and thyroid cancer. J
Surg Oncol. 2006;94:670-7.

30. Williams D. Radiation carcinogenesis: Lessons
from Chernobyl. Oncogene. 2008;27 Suppl 2:S9-18.
31. Boice JD Jr. Radiation-induced thyroid cancer -
what’s new? J Natl Cancer Inst. 2005;97:703-5.

32. DeGroot LJ. Effects of irradiation on the thyroid
gland. Endocrinol Metab Clin North Am.
1993;22:607-15.

33. Dickman PW, Holm LE, Lundell G, Boice JD
Jr, Hall P. Thyroid cancer risk after thyroid
examination with 1311: A populationbased cohort
study in Sweden. Int J Cancer. 2003;106:580-7.

34. Hahn K, Schnell-Inderst P, Grosche B, Holm
LE. Thyroid cancer after diagnostic administration
of iodine-131 in childhood. Radiat Res.
2001;156:61-70.

35. Holm LE. Thyroid cancer after exposure to
radioactive 1311. Acta Oncol. 2006;45:1037-40.

36. Holm LE. Radiation-induced thyroid neoplasia.
Soz Praventivmed. 1991;36:266-75.

37. Wartofsky L. Increasing world incidence of
thyroid cancer: Increased detection or higher
radiation exposure? Hormones (Athens).
2010;9:103-8.

38. Demidchik YE, Saenko VA, Yamashita S.
Childhood thyroid cancer in Belarus, Russia and
Ukraine after Chernobyl and at present. Arq Bras
Endocrinol Metabol. 2007;51:748-62.

ISSN: 2367-8941

48

International Journal of Environmental Science
http://www.iaras.org/iaras/journals/ijes

39. Stsjazhko VA, Tsyb AF, Tronko ND,
Souchkevitch G, Baverstock KF. Childhood thyroid
cancer since accident at Chernobyl. BMIJ.
1995;310(6982):801.

40. Luster M, Lassmann M, Freudenberg LS,
Reiners C. Thyroid cancer in childhood:
Management strategy, including dosimetry and
long-term results. Hormones (Athens). 2007;6:269-
78.

41. Karapanou O, Tzanela M, Vlassopoulou B,
Kanaka-Gantenbein C. Differentiated thyroid cancer
in childhood: A literature update. Hormones
(Athens). 2017;16:381-7.

42. Vergamini LB, Frazier AL, Abrantes FL,
Ribeiro KB, Rodriguez- Galindo C. Increase in the
incidence of differentiated thyroid carcinoma in
children, adolescents, and young adults: A
population-based study. J Pediatr. 2014;164:1481-5.
43. Fridman MV, Demidchik IuE, Papok VE, Savva
NN, Zborovskaia AA, Spivak LV, Schmid KW.
Morphological features of spontaneous papillary
carcinoma of the thyroid in children and adolescents
in the Republic of Belarus. Vopr Onkol.
2012;58:578-81.

44, Fridman MV, Kras’ko OV, Man’kovskaia SV,
Savva NN, Demidchik IuE. The increase of non-
cancerous thyroid tissue in children and adolescents
operated for papillary thyroid cancer: related
factors. Vopr Onkol. 2013;59:121-5.

45. Paulson VA, Rudzinski ER, Hawkins DS.
Thyroid cancer in the pediatric population. Genes
(Basel). 2019;10:723.

46. UNSCEAR 2018 White Paper. Evaluation of
Data on Thyroid Cancer in Regions Affected by the
Chernobyl Accident. New York, United Nations,
2018.

47. Fridman MV, Man’kovskaia SV, Kras’ko OV,
Demidchik IuE. Clinical and morphological features
of papillary thyroid cancer in children and
adolescents in the Republic of Belarus: Analysis of
936 post-Chernobyl carcinomas. Vopr Onkol.
2014;60:43-6.

48. Williams D. Radiation carcinogenesis: Lessons
from Chernobyl. Oncogene. 2008;27 Suppl 2:S9-18.
49. Balonov MI. Health and Environmental Effects
of the Chernobyl Accident Presented in the
UNSCEAR Report 2008: Lessons for Nuclear
Emergency Response. Med Radiol Radiaton Safety.
2011;56(6):15-23.

50. Bay IA, Oughton DH. Social and economic
effects. In Chernobyl - Catastrophe and
Consequences (Eds J Smith, NA Beresford): 239-
66. Chichester, Springer, 2005.

51. Williams ED, Abrosimov A, Bogdanova T,
Demidchik EP, Ito M, LiVolsi V, et al. Thyroid

Volume 7, 2022



Sergei V. Jargin

carcinoma after Chernobyl latent period,
morphology and aggressiveness. Br J Cancer.
2004;90:2219-24.

52. Cardis E, Hatch M. The Chernobyl accident - an
epidemiological perspective. Clin Oncol (R Coll
Radiol). 2011;23:251-60.

53. Takano T. Overdiagnosis of juvenile thyroid
cancer. Eur Thyroid J. 2020;9(3):124-31.

54. Tuttle RM, Vaisman F, Tronko MD. Clinical
presentation and clinical outcomes in Chernobyl-
related paediatric thyroid cancers: What do we
know now? What can we expect in the future? Clin
Oncol (R Coll Radiol). 2011;23:268-75.

55. Jargin SV. On the RET Rearrangements in
Chernobyl-Related Thyroid Cancer. J Thyroid Res.
2012;2012:373879.

56. Jargin S. Chromosomal Rearrangements of
RET/PTC in Post-Chernobyl Thyroid Cancer.
Multidiscip Cancer Investig. 2020; 4 (2) :28-35.

57. Morton LM, Karyadi DM, Stewart C,
Bogdanova TI, Dawson ET, Steinberg MK, et al.
Radiation-related genomic profile of papillary
thyroid carcinoma after the Chernobyl accident.
Science. 2021;372:eabg2538.

58. Hanscom T, McVey M. Regulation of error-
prone DNA double-strand break repair and its
impact on genome evolution. Cells. 2020;9:1657.
59. Korsholm LM, Gal Z, Nieto B, Quevedo O,
Boukoura S, Lund CC, et al. Recent advances in the
nucleolar responses to DNA double-strand breaks.
Nucleic Acids Res. 2020;48:9449-61.

60. Wang XS, Prensner JR, Chen G, Cao Q, Han B,
Dhanasekaran SM, et al. An integrative approach to
reveal driver gene fusions from paired-end
sequencing data in cancer. Nat Biotechnol.
2009;27:1005-11.

61. Belli M, Tabocchini MA. Ionizing radiation-
induced epigenetic modifications and their
relevance to radiation protection. Int J Mol Sci.
2020;21(17):5993.

62. Romanenko A, Morell-Quadreny L,
Nepomnyaschy V, Vozianov A, Llombart-Bosch A.
Pathology and proliferative activity of renal-cell
carcinomas (RCCS) and renal oncocytomas in
patients with different radiation exposure after the
Chernobyl accident in Ukraine. Int J Cancer.
2000;87:880-3.

63. Romanenko A, Morell-Quadreny L,
Nepomnyaschy V, Vozianov A, Llombart-Bosch A.
Radiation  sclerosing  proliferative  atypical
nephropathy of peritumoral tissue of renal-cell
carcinomas after the Chernobyl accdent in Ukraine.
Virchows Arch. 2001;438:146-53.

64. Romanenko A, Morell-Quadreny L, Ramos D,
Vozianov A, Llombart-Bosch A. Alteration of

ISSN: 2367-8941

49

International Journal of Environmental Science
http://www.iaras.org/iaras/journals/ijes

apoptotic regulatory molecules in conventional renal
cell carcinoma influenced by chronic long-term low-
dose ionizing radiation exposure in humans revealed
by tissue microarray. Cancer Genomics Proteomics.
2006;3:107-12.

65. Romanenko A, Morell-Quadreny L, Ramos D,
Nepomnyaschiy V, Vozianov A, Nepomnyaschiy V,
Vozianov A, Llombart-Bosch A. Extracellular
matrix alterations in conventional renal cell
carcinomas by tissue microarray profiling
influenced by the persistent, long-term, low-dose
ionizing radiation exposure in humans. Virchows
Arch. 2006;448:584-590.

66. Romanenko AM, Ruiz-Sauri A, Morell-
Quadreny L, Valencia G, Vozianov AF, Llombart-
Bosch A. Microvessel density is high in clear-cell
renal cell carcinomas of Ukrainian patients exposed
to chronic persistent low-dose ionizing radiation
after the Chernobyl accident. Virchows Arch.
2012;460:611-9.

67. Morell-Quadreny L, Romanenko A, Lopez-
Guerrero JA, Calabuig S, Vozianov A, Llombart-
Bosch A. Alterations of ubiquitylation and
sumoylation in conventional renal cell carcinomas
after the Chernobyl accident: a comparison with
Spanish cases. Virchows Arch. 2011;459:307-13.
68. Ruiz-Sauri A, Valencia-Villa G, Romanenko A,
Pérez J, Garcia R, Garcia H, et al. Influence of
exposure to chronic persistent low-dose ionizing
radiation on the tumor biology of clear-cell renal-
cell carcinoma. An immunohistochemical and
morphometric study of angiogenesis and vascular
related factors. Pathol Oncol Res. 2016;22:807-15.
69. Jargin SV. Renal cell carcinoma after
Chernobyl: on the role of radiation vs. late detection
Pathol Oncol Res. 2015;21:845-46.

70. Yoshino S, Kato M, Okada K. Prognostic
significance of microvessel count in low stage renal
cell carcinoma Int J Urol. 1995;2:156-60.

71. Yablokov AV. Oncological diseases after the
Chernobyl catastrophe. Ann N Y Acad Sci.
2009;1181:161-91.

72. Mould RF. The Chernobyl Record. The Definite
History of Chernobyl Catastrophe. Bristol and
Philadelphia, Institute of Physics, 2000.

73. Ojovan MI, Lee WE. An Introduction to Nuclear
Waste Immobilization. 2nd edn. Amsterdam,
Elsevier, 2014.

74. Likhtarev 1A, Shandala NK, Gul'ko GM, et al.
Dynamics of the radiation conditions and evaluation
of the radiation dosage of the inhabitants of Kiev
following the accident at the Chernobyl Atomic
Electric Power Station. Vestn Akad Med Nauk
SSSR. 1992;(2):49-54.

Volume 7, 2022



Sergei V. Jargin

75. Saydackova NA, Starceva LM, Kravchuk NC.
The state of urological assistance for the population
in Ukraine. Annual Report. Kiev, Ministry of
Health, 2007.

76. Medina-Rico M, Ramos HL, Lobo M, Romo J,
Prada JG. Epidemiology of renal cancer in
developing countries: Review of the literature. Can
Urol Assoc J. 2018;12(3):E154-62.

77. Ebru T, Fulya OP, Hakan A, uslat YC, Necdet S,
Nuray C, Filiz O. Analysis of various potential
prognostic markers and survival data in clear cell
renal cell carcinoma. Int Braz J Urol. 2017;43:440-
54.

78. Tomisawa M, Tokunaga T, Oshika Y, Tsuchida
T, Fukushima Y, Sato H, et al. Expression pattern of
vascular endothelial growth factor isoform is closely
correlated with tumour stage and vascularisation in
renal cell carcinoma; Eur J Cancer. 1999;35:133-7.
79. Zhang X, Yamashita M, Uetsuki H, Kakehi Y.
Angiogenesis in renal cell carcinoma: Evaluation of
microvessel density, vascular endothelial growth
factor and matrix metalloproteinases. Int J Urol.
2002;9:509-14.

80. Balermpas P, Michel Y, Wagenblast J, Seitz O,
Sipek F, Rodel F, et al. Nuclear NF-kB expression
correlates with outcome among patients with head
and neck squamous cell carcinoma treated with
primary chemoradiation therapy. Int J Radiat Oncol
Biol Phys. 2013;86:785-90.

81. Gannon PO, Lessard L, Stevens LM, Forest V,
Bégin LR, Minner S, et al. Large-scale independent
validation of the nuclear factor-kappa B p65
prognostic biomarker in prostate cancer. Eur J
Cancer. 2013;49:2441-8.

82. Giopanou I, Bravou V, Papanastasopoulos P,
Lilis I, Aroukatos P, Papachristou D, et al.
Metadherin, p50, and p65 expression in epithelial
ovarian neoplasms: an immunohistochemical study.
Biomed Res Int. 2014;2014:178410.

83. Khare V, Tabassum S, Chatterjee U, Chatterjee
S, Ghosh MK. RNA helicase p68 deploys B-catenin
in regulating RelA/p65 gene  expression:
implications in colon cancer. J Exp Clin Cancer Res.
2019;38:330.

84. Pyo JS, Kang G, Kim DH, Chae SW, Park C,
Kim K, et al. Activation of nuclear factor-xB
contributes to growth and aggressiveness of
papillary thyroid carcinoma. Pathol Res Pract.
2013;209:228-32.

85. Weichert W, Boehm M, Gekeler V, Bahra M,
Langrehr J, Neuhaus P, et al. High expression of
RelA/p65 is associated with activation of nuclear
factor-kappa B-dependent signaling in pancreatic
cancer and marks a patient population with poor
prognosis. Br J Cancer. 2007;97:523-30.

ISSN: 2367-8941

50

International Journal of Environmental Science
http://www.iaras.org/iaras/journals/ijes

86. Jargin S. Chernobyl cancer studies with overseas
control: High grade vs. late detection. Turk Patoloji
Derg. 2021; doi: 10.5146/tjpath.2021.01526.

87. Azizova TV, Muirhead, CR, Druzhinina, MB,
Grigoryeva ES, Vlasenko EV, et al. Cerebrovascular
diseases in the cohort of workers first employed at
Mayak PA in  1948-1958. Radiat Res.
2010;174:851-64.

88. Azizova TV, Moseeva MB, Grigor’eva ES,
Muirhed CR, Hunter N, et al. Mortality risk of
cardiovascular diseases for occupationally exposed
workers. Radiats Biol Radioecol. 2012;252:158-66.
89. Azizova TV, Haylock RG, Moseeva MB,
Bannikova MV, Grigoryeva ES. Cerebrovascular
diseases incidence and mortality in an extended
Mayak Worker Cohort. 1948-1982. Radiat Res.
2014;182(5):529-44.

90. Azizova TV, Haylock R, Moseeva MB, Pikulina
MV, Grigorieva ES. Cerebrovascular diseases
incidence and mortality in an extended Mayak
Worker Cohort: 1948-1982. Medical Radiology and
Radiation Safety. 2015;60(4):43-61.

91. Krestinina LY, Epifanova S, Silkin S,
Mikryukova L, Degteva M, Shagina N, Akleyev A.
Chronic low-dose exposure in the Techa River
Cohort: risk of mortality from circulatory diseases.
Radiat Environ Biophys. 2013;52(1):47-57.

92. Soloviev VY, Krasnyuk VI. On possible
mistakes in the estimation of radiation risk non-
cancer effects in Mayak plant workers. Medical
Radiology and Radiation Safety. 2018;63(6):83-84.
93. Wakeford R. Overview of epidemiological

studies of nuclear workers: opportunities,
expectations, and limitations. J Radiol Prot.
2021;41(4).

94. Azizova TV, Muirhead CR, Druzhinina MB,
Grigoryeva ES, Vlasenko EV, Sumina MV, et al.
Cardiovascular diseases in the cohort of workers
first employed at Mayak PA in 1948-1958. Radiat
Res. 2010;174(2):155-68.

95. Azizova TV, Muirhead CR, Moseeva MB,
Grigoryeva ES, Sumina MV, et al. Cerebrovascular
diseases in nuclear workers first employed at the
Mayak PA in 1948-1972. Radiat Environ Biophys.
2011;50:539-52.

96. Azizova TV, Zhuntova GV, Haylock RG,
Moseeva MB, Grigoryeva ES, Hunter N, et al.
Chronic bronchitis in the cohort of Mayak workers
first  employed  1948-1958. Radiat  Res.
2013;180(6):610-21.

97. Azizova TV, Kuznetsova KV, Bannikova MV,
Sumina MV, Bagaeva laP, Azizova EV, et al
Prevalence of aortal atherosclerosis in workers
underwent occupational irradiation. Med Tr Prom
Ekol. 2014;(11):1-6.

Volume 7, 2022



Sergei V. Jargin

98. Azizova TV, Bannikova MV, Moseeva MV,
Grigor'eva ES, Krupenina LN. Cerebrovascular
disease incidence in workers occupationally
exposed to radiation over prolonged time periods.
Zh Nevrol Psikhiatr im S S Korsakova.
2014;114(12):128-32.

99. Azizova TV, Grigoryeva ES, Haylock RG,
Pikulina MV, Moseeva MB. Ischaemic heart disease
incidence and mortality in an extended cohort of
Mayak workers first employed in 1948-1982. Br J
Radiol. 2015;88:20150169.

100. Azizova TV, Bannikova MV, Grigorieva ES,
Bagaeva YP, Azizova EV. Risk of lower extremity
arterial disease in a cohort of workers
occupationally exposed to ionizing radiation over a
prolonged period. Radiat Environ Biophys.
2016;55(2):147-59.

101. Ivanov VK, Maksioutov MA, Chekin SY,
Petrov AV, Biryukov AP, et al. The risk of
radiation-induced  cerebrovascular  disease in
Chernobyl emergency workers. Health Phys.
2006;90:199207.

102. Kashcheev VV, Chekin SY, Maksioutov MA,
Tumanov KA, Menyaylo AN, et al. Radiation-
epidemiological study of cerebrovascular diseases in
the cohort of Russian recovery operation workers of
the Chernobyl accident. Health Phys. 2016;111:192-
7.

103. Moseeva MB, Azizova TV, Muirhed CR,
Grigor'eva ES, Vlasenko EV, Sumina MV, et al.
Risk of cerebrovascular disease incidence in the
cohort of Mayak production association workers
first employed during 1948-1958. Radiats Biol
Radioecol. 2012;52(2):149-57.

104. Moseeva MB, Azizova TV, Grigoryeva ES,
Haylock R. Risks of circulatory diseases among
Mayak PA workers with radiation doses estimated
using the improved Mayak Worker Dosimetry
System  2008. Radiat  Environ  Biophys.
2014;53:469-717.

105. Rabinovich EI, Obesnyuk VF. Precancerous
gastric diseases among Mayak PA workers.
Analysis of relation to occupational and non-
occupational factors. In Radioactive sources and
radiation exposure effects on the Mayak PA workers
and population living in the area of nuclear facility
influence. Part 6. (Eds MF Kiselev, SA Romanov):
78-94. Ozyorsk, SUBI, 2014. (In Russian)

106. Yablokov AV. Non-malignant diseases after
the Chernobyl catastrophe. Ann N Y Acad Sci.
2009;1181:58-160.

107. Simonetto C, Schoéllnberger H, Azizova TV,
Grigoryeva ES, Pikulina MYV, Eidemiiller M.
Cerebrovascular diseases in workers at Mayak PA:

ISSN: 2367-8941

51

International Journal of Environmental Science
http://www.iaras.org/iaras/journals/ijes

The difference in radiation risk between incidence
and mortality. PLoS One. 2015;10:e0125904.

108. UNSCEAR 2006 Report. Annex B:
Epidemiological evaluation of cardiovascular
disease and other non-cancer diseases following
radiation exposure. New York, United Nations,
2006.

109. Authors on behalf of ICRP, Stewart FA,
Akleyev AV, Hauer-Jensen M, Hendry JH, Kleiman
NJ, et al. ICRP publication 118: ICRP statement on
tissue reactions and early and late effects of
radiation in normal tissues and organs - threshold
doses for tissue reactions in a radiation protection
context. Ann ICRP. 2012;41(1-2):1-322.

110. Baselet B, Rombouts C, Benotmane AM,
Baatout S, Aerts A. Cardiovascular diseases related
to ionizing radiation: The risk of low-dose exposure
(Review). Int J Mol Med. 2016;38(6):1623-41.

111. BEIR. Health Risks from Exposure to Low
Levels of Ionizing Radiation: BEIR VII Phase 2.
Washington, National Academy Press, 2006.

112. Darby SC, Ewertz M, McGale P, Bennet AM,
Blom-Goldman U, Brennum D, et al. Risk of
ischemic heart disease in women after radiotherapy
for breast cancer. N Engl J] Med. 2013;368(11):987-
98.

113. Aleman BM, van den Belt-Dusebout AW, De
Bruin ML, van 't Veer MB, Baaijens MH, de Boer
JP, et al. Late cardiotoxicity after treatment for
Hodgkin lymphoma. Blood. 2007;109(5):1878-86.
114. UNSCEAR 1962 Report. Annex D: Somatic
effects of radiation. New York, United Nations,
1962.

115. Schultz-Hector S. Radiation-induced heart
disease: review of experimental data on dose
response and pathogenesis. Int J Radiat Biol.
1992;61:149-60.

116. Dudchenko NN, Okladnikova ND. Ischemic
heart disease in workers of radiochemical industry
chronically exposed to radiation dosage less than
MPEL. Med Tr Prom Ekol. 1995;(6):7-10.

117. Okladnikova ND, Sumina MV, Pesternikova
VS, Azizova TV, Kabasheva NIla. Long-term
consequences of external = gamma-radiation
according to the results of the observation of the
personnel of the first atomic power plant in the
country. Klin Med (Mosk). 2007;85(10):21-26.

118. Boaventura P, Durdes C, Mendes A, Costa NR,
Chora I, Ferreira S, et al. Is low-dose radiation
exposure a risk factor for atherosclerotic disease?
Radiat Res. 2018;189(4):418-24.

119. Buldakov LA, Demin SN, Kosenko MM,
Kostiuchenko VA, Koshurnikova NA, Krestinina
Llu, et al. The medical sequelae of the radiation

Volume 7, 2022



Sergei V. Jargin

accident in the Southern Urals in 1957. Med Radiol
(Mosk). 1990;35(12):11-15.

120. Kostyuchenko VA, Krestinina LYu. Long-term
irradiation effects in the population evacuated from
the east-Urals radioactive trace area. Sci Total
Environ. 1994;142:119-25.

121. Tokarskaya ZB, Scott BR, Zhuntova GV,
Okladnikova ND, Belyaeva ZD, Khokhryakov VF,
et al. Interaction of radiation and smoking in lung
cancer induction among workers at the Mayak
nuclear enterprise. Health Phys. 2002;83(6):833-46.
122. Kabasheva Nla, Okladnikova ND. The basic
dynamic indices and structure of morbidity with
temporary loss of work capacity in workers of the
reactor industry. Gig Tr Prof Zabol. 1992;(8):22-24.
123. Akleyev AV, Kossenko MM, Krestinina LIu.
Health  status of population exposed to
environmental contamination in the Southern Urals.
Moscow, Radekon, 2001. (in Russian)

124. Akleev AV, Preston D, Krestinina Llu.
Medical and biological consequences of human’s
chronic exposure to radiation. Med Tr Prom Ekol.
2004;3:30-306.

125. UNSCEAR 1994 Report. Annex A:
Epidemiological studies of radiation carcinogenesis.
Annex B: Adaptive responses to radiation in cells
and organisms. New York, United Nations, 1994.
126. Akleyev AV, Krestinina LY, Degteva MO,
Tolstykh EI. Consequences of the radiation accident
at the Mayak production association in 1957 (the
'Kyshtym Accident'). J Radiol Prot.
2017;37(3):R19-42.

127. Akleev AV, Krestinina LIu. Carcinogenic risk
in residents of the Techa riverside villages. Vestn
Ross Akad Med Nauk. 2010;(6):34-39.

128. Krestinina LY, Davis FG, Schonfeld S, Preston
DL, Degteva M, Epifanova S, et al. Leukaemia
incidence in the Techa River Cohort: 1953-2007. Br
J Cancer. 2013;109(11):2886-93.

129. Ostroumova E, Gagni¢re B, Laurier D,
Gudkova N, Krestinina L, Verger P, et al. Risk
analysis of leukaemia incidence among people
living along the Techa River: a nested case-control
study. J Radiol Prot. 2006;26(1):17-32.

130. Little MP. Radiation and circulatory disease.
Mutat Res. 2016;770:299-318.

131. Azizova TV, Bannikova MV, Grigoryeva ES,
Rybkina VL. Risk of malignant skin neoplasms in a
cohort of workers occupationally exposed to
ionizing radiation at low dose rates. PLoS One.
2018;13:e0205060.

132. Little MP, Charles MW. The risk of non-
melanoma skin cancer incidence in the Japanese
atomic bomb survivors. Int J Radiat Biol.
1997;71:589-602.

ISSN: 2367-8941

52

International Journal of Environmental Science
http://www.iaras.org/iaras/journals/ijes

133. Rithm W, Breckow J, Dietze G, Friedl A,
Greinert R, et al. Dose limits for occupational
exposure to ionising radiation and genotoxic
carcinogens: a German perspective. Radiat Environ
Biophys. 2020;59:9-27.

134. Leuraud K, Richardson DB, Cardis E, Daniels
RD, Gillies M, Haylock R, et al. Risk of cancer
associated with low-dose radiation exposure:
comparison of results between the INWORKS
nuclear workers study and the A-bomb survivors
study. Radiat Environ Biophys. 2021;60:23-39.

135. Cardarelli JJ, Ulsh BA. It is time to move
beyond the linear no-threshold theory for low-dose
radiation protection. Dose Response.
2018;16:1559325818779651.

136. Jargin SV. Debate on the Chernobyl disaster:
on the causes of Chernobyl overestimation. Int J
Health Serv. 2012;42(1):29-34.

137. Jacob P, Riihm W, Walsh L, Blettner M,
Hammer G, Zeeb H. Is cancer risk of radiation
workers larger than expected? Occup Environ Med.
2009;66(12):789-96.

138. Riihm W, Woloschak GE, Shore RE, Azizova
TV, Grosche B, Niwa O, et al. Dose and dose-rate
efects of ionizing radiation: a discussion in the light
of radiological protection. Radiat Environ Biophys.
2015;54(4):379-401.

139. Rithm W, Azizova TV, Boufer SD, Little MP,
Shore RE, Walsh L, Woloschak GE. Dose-rate
efects in radiation biology and radiation protection.
Ann ICRP. 2015;45:262-79.

140. Jargin SV. Dose and dose-rate effectiveness of
radiation: first objectivity then conclusions. J
Environ Occup Health. 2016;5(1):25-29.

141. Haley BM, Paunesku T, Grdina DJ, Woloschak
GE. The increase in animal mortality risk following
exposure to sparsely ionizing radiation is not linear
quadratic with dose. PLoS One.
2015;10(12):¢0140989.

142. Azizova TV, Korobkin AV, Osovets SV,
Bannikova MV. Latency period of acute leukaemia
in the cohort of Mayak workers. In Chronic
radiation exposure: low-dose effects. Abstracts of
the 4th International Conference. Chelyabinsk,
Russia, 9-11 Nov 2010; pp. 14-15.

143. Krestinina LY, Davis F, Ostroumova E,
Epifanova S, Degteva M, Preston D, Akleyev A.
Solid cancer incidence and low-dose-rate radiation
exposures in the Techa River cohort: 1956-2002. Int
J Epidemiol. 2007;36(5):1038-46.

144. Ivanov VK, Gorski Al, Tsyb AF, Ivanov SI,
Naumenko RN, Ivanova LV. Solid cancer incidence
among the Chernobyl emergency workers residing
in Russia: estimation of radiation risks. Radiat
Environ Biophys. 2004;43(1):35-42.

Volume 7, 2022



Sergei V. Jargin

145. Sokolnikov ME, Gilbert ES, Preston DL, Ron
E, Shilnikova NS, Khokhryakov VV, et al. Lung,
liver and bone cancer mortality in Mayak workers.
Int J Cancer. 2008;123(4):905-11.

146. Sokolnikov M, Preston D, Gilbert E, Schonfeld
S, Koshurnikova N. Radiation effects on mortality
from solid cancers other than lung, liver, and bone
cancer in the Mayak worker cohort: 1948-2008.
PLoS One. 2015;10(2):¢0117784.

147. Azizova TV, Bragin EV, Hamada N, et al. Risk
assessment of senile cataract incidence in a cohort
of nuclear workers of Mayak Production
Association. Medical Radiology and Radiation
Safety. 2018;63(4):15-21.
https://doi.org/10.12737/article_5b83b0430902e8.3
5861647

148. Bragin EV, Azizova TV, Bannikova MV. Risk
of senile cataract among nuclear industry workers.
Vestn Oftalmol. 2017;133(2):57-63.
https://doi.org/10.17116/oftalma2017133257-63
149. Azizova TV, Bragin EV, Hamada N,
Bannikova MV. Risk of Cataract Incidence in a
Cohort of Mayak PA Workers following Chronic
Occupational Radiation Exposure. PLoS One.
2016;11(10):e0164357.

150. Soloviev VY, Krasnyuk VI. On possible
mistakes in the estimation of radiation risk non-
cancer effects in Mayak plant workers. Medical
Radiology and Radiation Safety. 2018;63(6):83-84.
https://doi.org/10.12737/article 5cObdefeal4005.22
956834

151. Tukov AR, Kashirina OG. To the article of
T.V. Azizova, E.V. Bragin, N. Hamada, M.V.
Bannikova “Risk assessment of senile cataract
incidence in a cohort of nuclear workers of Mayak
Production Association”. Medical Radiology and
Radiation Safety. 2018;63(6):82.
https://doi.org/10.12737/article 5c0b8b4bcd76d1.44
560

152. Azizova TV, Hamada N, Grigoryeva ES,
Bragin EV. Risk of various types of cataracts in a
cohort of Mayak workers following chronic
occupational exposure to ionizing radiation. Eur J
Epidemiol. 2018;33(12):1193-204.

153. Azizova TV, Hamada N, Bragin EV, et al. Risk
of cataract removal surgery in Mayak PA workers
occupationally exposed to ionizing radiation over
prolonged periods. Radiat Environ Biophys.
2019;58(2):139-49.

154. Okladnikova ND, Sumina MV, Pesternikova
VS, et al. Long-term consequences of external
gamma-radiation according to the results of the
observation of the personnel of the first atomic
power plant in the country. Klin Med (Mosk).
2007;85(10):21-6.

ISSN: 2367-8941

53

International Journal of Environmental Science
http://www.iaras.org/iaras/journals/ijes

155. Authors on behalf of ICRP, Stewart FA,
Akleyev AV, et al. ICRP publication 118: ICRP
statement on tissue reactions and early and late
effects of radiation in normal tissues and organs--
threshold doses for tissue reactions in a radiation
protection context. Ann ICRP. 2012;41(1-2):1-322.
156. Worgul BV, Kundiyev YI, Sergiyenko NM, et
al. Cataracts among Chernobyl clean-up workers:
implications regarding permissible eye exposures.
Radiat Res. 2007;167(2):233-43.

157. Hamada N, Azizova TV, Little MP. An update
on effects of ionizing radiation exposure on the eye.
Br J Radiol. 2020;93:20190829.

158. Little MP, Cahoon EK, Kitahara CM, et al.
Occupational radiation exposure and excess additive
risk of cataract incidence in a cohort of US
radiologic technologists. Occup Environ Med.
2020;77(1):1-8.

159. Ainsbury EA, Dalke C, Hamada N, et al.
Radiation-induced lens opacities: Epidemiological,
clinical and experimental evidence, methodological
issues, research gaps and strategy. Environ Int.
2021;146:106213.

160. Barnard SGR, Hamada N. Individual response
of the ocular lens to ionizing radiation. Int J Radiat
Biol. 2022;
https://doi.org/10.1080/09553002.2022.2074166
161. Mikryukova LD, Akleyev AV. Cataract in the
chronically exposed residents of the Techa riverside
villages. Radiat Environ Biophys. 2017;56(4):329-
35.

162. Jargin SV. Alcohol and alcoholism in Russia:
Insider’s observations and review of literature. J
Addiction Prevention. 2016;4(1):1-6.

163. Jargin SV. Cardiovascular mortality in Russia:
a comment. Cardiovasc Diagn Ther. 2017;7(6):E13-
4.

164. Zablotska LB, Nadyrov EA, Rozhko AV, Gong
Z, Polyanskaya ON, et al. Analysis of thyroid
malignant pathologic findings identified during 3
rounds of screening (1997-2008) of a cohort of
children and adolescents from Belarus exposed to
radioiodines after the Chernobyl accident. Cancer.
2015;121:457-66.

165. Fridman M, Lam AK, Krasko O, Schmid KW,
Branovan DI, Demidchik Y. Morphological and
clinical presentation of papillary thyroid carcinoma
in children and adolescents of Belarus: the influence
of radiation exposure and the source of irradiation.
Exp Mol Pathol. 2015;98:527-31.

166. Iakovleva IN, Shishkov RV, Poliakov VG,
Pankova PA. Clinicomorphological peculiarities of
thyroid cancer among children exposed to the
Chernobyl  disaster radiation. Vopr Onkol.
2008;54:315-20.

Volume 7, 2022



Sergei V. Jargin

167. Mamchich VI, Pogorelov AV. Surgical
treatment of nodular goiter after the accident at the
Chernobyl nuclear power station. Klin Khir.
1992;(12):38-40.

168. Rumiantsev PO. Thyroid cancer: modern
approaches to diagnostics and treatment. Geotar-
Media, Moscow. 2009.

169. Demidchik IuE, Kontratovich VA. Repeat
surgery for recurrent thyroid cancer in children.
Vopr Onkol. 2003;49:366-9.

170. Demidchik EP, Tsyb AF, Lushnikov EF.
Thyroid carcinoma in children. Consequences of
Chernobyl accident. Meditsina: Moscow. 1996. (In
Russian)

171. Lushnikov EF, Vtiurin BM, Tsyb AF. Thyroid
microcarcinoma. Moscow, Meditsina, 2003. (In
Russian)

172. Demidchik YE, Demidchik EP, Reiners C,
Biko J, Mine M, et al. Comprehensive clinical
assessment of 740 cases of surgically treated thyroid
cancer in children of Belarus. Ann Surg.
2006;243:525-32.

173. Demidchik IuE, Shelkovich SE. Thyroid
tumors. Minsk, BeIMAPO, 2016. (In Russian)

174. Giuffrida D, Scollo C, Pellegriti G, Lavenia G,
Iurato MP, et al. Differentiated thyroid cancer in
children and adolescents. J Endocrinol Invest.
2002;25:18-24.

175. Arici C, Erdogan O, Altunbas H, Boz A,
Melikoglu M, et al. Differentiated thyroid
carcinoma in children and adolescents: clinical
characteristics, treatment and outcome of 15
patients. Horm Res. 2002;57:153-6.

176. Danese D, Gardini A, Farsetti A, Sciacchitano
S, Andreoli M, Pontecorvi A. Thyroid carcinoma in
children and adolescents. Eur J Pediatr.
1997;156:190-4.

177. La Quaglia MP, Corbally MT, Heller G,
Exelby PR, Brennan MF. Recurrence and morbidity
in differentiated thyroid carcinoma in children.
Surgery. 1988;104:1149-56.

178. Segal K, Arad-Cohen A, Mechlis S, Lubin E,
Feinmesser R. Cancer of the thyroid in children and
adolescents. Clin  Otolaryngol  Allied Sci.
1997;22:525528.

179. Romanchishen AF. Surgery of thyroid and
parathyroid. St. Petersburg, Vesti, 2009. (In
Russian)

180. Stefan Al Piciu A, Mester A, Apostu D, Badan
M, Badulescu CI. Pediatric Thyroid Cancer in
Europe: An Overdiagnosed Condition? A Literature
Review. Diagnostics (Basel). 2020;19;10(2):112.
181. Francis GL, Waguespack SG, Bauer AlJ,
Angelos P, Benvenga S, Cerutti JM, et al
Management Guidelines for children with thyroid

ISSN: 2367-8941

54

International Journal of Environmental Science
http://www.iaras.org/iaras/journals/ijes

nodules and differentiated thyroid cancer. Thyroid.
2015;25:716-59.

182. Massimino M, Evans DB, Podda M, Spinelli C,
Collini P, Pizzi N, et al. Thyroid cancer in
adolescents and young adults. Pediatr Blood Cancer.
2018;65:€27025.

183. Cléro E, Ostroumova E, Demoury C, Grosche
B, Kesminiene A, Liutsko L, et al. Lessons learned
from Chernobyl and Fukushima on thyroid cancer
screening and recommendations in case of a future
nuclear accident. Environ Int. 2021;146:106230.
184. Jargin SV. Chernobyl-related cancer and
precancerous lesions: Incidence increase vs. late
diagnostics. Dose Response. 2014;12(3):404-14.
185. Jargin SV. Hormesis and radiation safety
norms: Comments for an update. Hum Exp Toxicol.
2018;37:1233-43.

186. Jargin SV. Some aspects of the Fukushima
Daiichi nuclear accident. Environ Dis. 2020;5:16-
22.

187. Jargin SV. Back to Chernobyl: some aspects of
cancer diagnostics. J Environ Stud. 2016;2(1): 8.
188. Jargin SV. Pathology in the former Soviet
Union:  scientific  misconduct and related
phenomena. Dermatol Pract Concept. 2011;1(1):75-
81.

189. Lushnikov EF, Tsyb AF, Yamashita S. Thyroid
cancer in Russia after the Chernobyl. Moscow,
Meditsina, 2006.

190. Kakudo K. How to handle borderline/precursor
thyroid tumors in management of patients with
thyroid nodules. Gland Surg. 2018; 7(Suppl 1):S8-
S18.

191. Romanenko A, Morimura K, Wanibuchi H,
Salim EI, Kinoshita A, Kaneko M, et al. Increased
oxidative stress with gene alteration in urinary
bladder urothelium after the Chernobyl accident. Int
J Cancer. 2000;86:790-8.

192. Romanenko A, Kakehashi A, Morimura K,
Wanibuchi H, Wei M, Vozianov A, et al. Urinary
bladder carcinogenesis induced by chronic exposure
to persistent low-dose ionizing radiation after
Chernobyl accident. Carcinogenesis. 2009;30:1821-
31.

193. Romanenko A, Morimura K, Wei M, Zaparin
W, Vozianov A, Fukushima S. DNA damage repair
in bladder urothelium after the Chernobyl accident
in Ukraine. J Urol. 2002;168:973-7.

194. Romanenko AM, Morimura K, Kinoshita A,
Wanibuchi H, Takahashi S, Zaparin WK, et al.
Upregulation of fibroblast growth factor receptor 3
and epidermal growth factor receptors, in
association with Raf-1, in urothelial dysplasia and
carcinoma in situ after the Chernobyl accident.
Cancer Sci. 2006;97:1168-74.

Volume 7, 2022



Sergei V. Jargin

195. Romanenko AM, Kinoshita A, Wanibuchi H,
Wei M, Zaparin WK, Vinnichenko WI, et al.
Involvement of ubiquitination and sumoylation in
bladder lesions induced by persistent long-term low
dose ionizing radiation in humans. J Urol.
2006;175:739-43.

196. Romanenko A, Vozianov A, Morimura K,
Fukushima S. Correspondence re: W Paile's letter to
the editor Cancer Res, 60:1146, 2000. Cancer Res.
2001;61:6964-5.

197. Jargin SV. Urological concern after nuclear
accidents. Urol Ann. 2018;10(3):240-2.

198. Romanenko AM, Klimenko IA, Iurakh GIu.
Leukoplakia of the bladder. Arkh Patol.
1985;47(1):52-58.

199. Romanenko AM. Chronic cystitis in the aspect
of its relationship with precancerous conditions.
Arkh Patol. 1982;44(12):52-58.

200. Jorgensen TJ. Dental x-rays and risk of
meningioma. Cancer. 2013;119:463.

201. Romanenko A, Morell-Quadreny L, Ramos D,
Nepomnyaschiy V, Vozianov A, Llombart-Bosch A.
Author reply to: overestimation of radiation-induced
malignancy after the Chernobyl accident. Virchows
Arch. 2007;451:107-8.

202. Karam PA, Leslie SA. Calculations of
background beta-gamma radiation dose through
geologic time. Health Phys. 1999;77:662-7.

203. Vaiserman A, Cuttler JM, Socol Y. Low-dose
ionizing radiation as a hormetin: experimental
observations and therapeutic perspective for age-
related disorders. Biogerontology. 2021;22(2):145-
64.

204. Calabrese EJ. The linear no-threshold (LNT)
dose response model: a comprehensive assessment
of its historical and scientific foundations. Chem
Biol Interact. 2019;301:6-25.

205. Doss M. Linear no-threshold model vs.
radiation hormesis. Dose Response. 2013;11:480-
97.

206. Baldwin J, Grantham V. Radiation hormesis:
historical and current perspectives. J Nucl Med
Technol. 2015;43(4):242-6.

207. Jargin SV. Epidemiological research with
special reference to nuclear worker studies:
Commentary. J Clin Med Case Reports.2021;7(1):
5.

208. Braga-Tanaka I 3rd, Tanaka S, Kohda A, Takai
D, Nakamura S, Ono T, et al. Experimental studies
on the biological effects of chronic low dose-rate
radiation exposure in mice: overview of the studies
at the Institute for Environmental Sciences. Int J
Radiat Biol. 2018;94(5):423-33.

ISSN: 2367-8941

55

International Journal of Environmental Science
http://www.iaras.org/iaras/journals/ijes

209. Jargin S. Exaggerated risk perception of low-
dose radiation: Motives and mechanisms. Dose
Response. 2022;20(2):15593258221103378.

210. Jargin SV. Thyroid neoplasia after Chernobyl:
A comment. Int J Cancer. 2019;144(11):2897.

Volume 7, 2022





