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ABSTRACT

Thyroid carcinoma in people exposed to radiation during their childhood and adolescence is the only solid cancer for which the incidence 
increase as a result of the Chernobyl accident is regarded to be proven. The main evidence in favor of a cause-effect relationship between 
radiation and thyroid cancer incidence increase comes from epidemiologic studies. Bias in some studies was caused by the screening effect, 
improved diagnostics after the accident, overdiagnosis, registration of patients from non-contaminated territories as Chernobyl victims, recall 
bias, dose-dependent selection and self-selection. Prior to the accident, the registered incidence of pediatric thyroid carcinoma was lower in the 
former Soviet Union than in other industrialized countries i.e. there were undiagnosed cases in the population. The screening found not only 
small nodules but also late-stage tumors interpreted as radiogenic cancers developing after a short latency. Pediatric thyroid cancers detected 
during first 10 years after the accident were larger than those detected later on average, many tumors being poorly differentiated and metastatic. 
The relationship of thyroid cancer and Chernobyl exposures is not denied here; however, it is argued that the quantity of radiogenic cases has 
been overestimated according to the mechanisms discussed in this paper. In addition, it is suggested that results of some Chernobyl-related 
molecular-genetic and other studies should be re-evaluated, considering that many tumors detected by the screening or brought from 
non-contaminated areas and registered as exposed to the fallout were advanced cancers. 
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INTRODUCTION

This is an update and continuation of the article previously 
published in the Turkish Journal of Pathology (1). A 
significant increase in the thyroid carcinoma (TC) incidence 
occurred after the Chernobyl accident (CA) among people 
exposed as children and adolescents. There has been no 
convincing evidence of a cause-effect relationship between 
radiation exposures from CA and incidence increase of 
other solid cancers (2,3). The dramatic elevation of TC 
incidence after a short latent period came unexpectedly 
upon the scientific community (4-6). The consequences 
of CA could not be predicted from studies of atomic 
bomb survivors (3). Medical exposures to radioiodine 
were not convincingly associated with an increased TC 
risk (7-13). The main evidence in favor of a cause-effect 
relationship between ionizing radiation and TC incidence 
rise after CA came from the epidemiologic research. 
Confounding factors and bias in some studies have been 
discussed previously: the screening effect, high alertness, 
overdiagnosis, registration of non-exposed patients as 
Chernobyl victims, recall bias, dose-dependent selection, 
and self-selection (14-16). Apparently, the quantity of 
radiogenic TC cases has been overestimated according to 
the mechanisms discussed below. 

Pediatric TC Before and After the Chernobyl Accident

Prior to CA, the registered incidence of pediatric TC had 
been considerably lower in the former Soviet Union (SU) 
than in other industrialized countries (17,18). In the 1981-
1985 period, the TC incidence among children ≤15 years 
old in the northern regions of Ukraine was 0.1 and in 
Belarus it was 0.3 per million per year (18). For comparison, 
the US Cancer Registry reported the total incidence rate 
for the period 2000-2004 equal to 85 per million per year, 
~2.1% being 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 aged 10-14 
years, 1.4 in adolescents 15-19 years old and 2.0 per million 
per year in total for those ≤20 years (19). The TC incidence 
grew with advancing age also in later reports from the 
United States: 0.43 (5-9 years old) to 3.5 (10-14 years) and 
15.6 (15-19 years) per million per year (20,21). Of note, 
the TC incidence in Belarus in people ≤18 years old has 
remained at the enhanced level (15.7 per million per year in 
2012) (22,23), although the radiation factor has no longer 
been active, which indicates that other mechanisms e.g. 
enhanced vigilance have contributed to the high figures. It 
had been known prior to CA that screening can significantly 
elevate the detection rate of TC (24).
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The comparatively low detection rate of TC prior to CA 
is often disregarded in the literature. It was claimed, for 
example, that the frequency of sporadic TC in Belarus 
during the 1971-1985 period did not differ from the global 
statistics (25) with reference to (6), where no such statements 
were found. Balonov (26) wrote about the background TC 
incidence in children ≤10 years old of 2-4 cases per million 
per year in Belarus and Ukraine, which disagrees with the 
data cited above (18). The relatively low TC frequency in 
the contaminated areas prior to CA indicates that there 
were neglected cancers among residents. The screening 
after CA found not only small nodules but also late-stage 
TC interpreted as rapidly growing radiogenic cancers 
developing after a short latent period. Besides, there was 
endeavor to be recognized as Chernobyl victims to gain 
access to health care and other provisions (27). Cases from 
non-contaminated areas must have been averagely higher-
grade as there was no mass screening there. Accordingly, 
the “first wave” TC cases after CA were larger and of higher 
grade than those diagnosed later (28), when neglected 
cases had been sorted out by the screening. Pediatric TCs 
detected during first 10 years after CA were described 
as relatively low differentiated, aggressive, invasive and 
metastatic (29). It can be argued that the screening cannot 
account for differences in the patients’ age as a significant 
increase occurred only in people exposed as children and 
adolescents. The mechanism was selection bias: children 
were given more attention, and they are accessible for 
screening at schools and preschools; mass checkups were 
performed in conditions of high alertness. As mentioned 
above, screening can significantly elevate the registered TC 
incidence (24) due to a “reservoir of clinically silent cancers” 
(30). Obviously, mechanisms such as the counting of tumors 
with uncertain malignant potential and microcarcinomas 
among cancers, false-positivity, and the registration of non-
exposed patients as radiation-exposed have contributed 
to the incidence rise. The relatively high prevalence of 
latent thyroid microcarcinomas in the population is 
known; as discussed previously, some of these cases have 
been overtreated (31). The following statement can cause 
misunderstanding: “77% of primary tumors were larger 
than 1 cm, suggesting that these were not incidental TC 
detected by screening” (32). In fact, the screening detected 
not only small nodules but also advanced TC, neglected 
because of the incomplete coverage of residents by medical 
checkups prior to CA. This predictable phenomenon was 
confirmed by the fact that the “first wave” TC cases after 
CA were on average larger and higher-grade than those 
found later (28). 

Considering the misinterpretation of late-stage TC as 
aggressive tumors caused by radiation, some features 
of supposedly radiogenic cancers must characterize, on 
average, a later stage of the tumor progression. For example, 
chromosomal rearrangements of the proto-oncogene Ret, 
especially Ret/PTC3 fusions, frequently found in TC of 
patients exposed to radiation after CA at a young age (5,33), 
were supposed to be markers of radiogenic TC (34,35). 
In fact, as discussed previously, the Ret/PTC3 frequency 
among TC patients probably correlates with the average 
disease duration and tumor progression (36). The cohort of 
pediatric papillary TC after CA with prevailing Ret/PTC3, 
detected during the first 10 years after CA, was deemed 
exceptional worldwide (37,38). In sporadic papillary 
TC, Ret/PTC1 fusions are more frequent than for Ret/
PTC3 (39). In fact, post-Chernobyl cancer is exceptional 
not worldwide but in more developed countries, where 
malignancies are detected relatively early. Similarly to the 
former SU, Ret/PTC3 was the most prevalent Ret fusion 
type among TC cases from India (40). In particular, Ret/
PTC3 fusions were reported to be frequent in Kashmir (41). 
On the contrary, pediatric TC in Japan has been different 
from that after CA, being averagely of lower grade (42). The 
Ret fusions in the pediatric TC in Japan were found only in 
~10.3%; expectedly, Ret/PTC1 was the prevailing Ret fusion 
type (43,44). This certifies the relatively early diagnostics of 
TC in Japan. Along the same lines, more mutations were 
found in TC from contaminated areas of Russia compared 
with controls from Seattle (45). Additional details are 
summarized in several previous papers (36,46).

No associations between Ret/PTC and radiation doses were 
reported in a research of nodular thyroid lesions in the 
areas of Russia contaminated after CA (47). Correlations 
between individual doses and Ret/PTC among atomic bomb 
survivors (48) could have been caused by a bias similar to 
that discussed here as well as by higher doses. Note that 
for the low-LET (linear energy transfer) radiation, acute 
exposures are generally more efficient than the same doses 
protracted over a long time; an overview of literature was 
provided previously (49). The enhanced frequency of Ret/
PTC  was reported in papillary carcinomas from patients 
who had undergone radiotherapy in childhood. Many 
of these patients had been treated for cancer so that the 
doses were comparatively high (50). The possibility that 
mutations such as Ret/PTC can be induced by radiation 
is not denied here. Of importance is the accumulation 
of mutations in parallel with the tumor dedifferentiation 
and their association with certain steps of the neoplastic 
progression, Ret/PTC3 - with a later step than Ret/PTC1 
(36,46).
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Epidemiological Studies

The main body of evidence in favor of the cause-effect 
relationship between ionizing radiation and TC among 
children and adolescents after CA has come from the 
epidemiologic studies e.g. those regarded pivotal (16,51-54). 
In the case-control study (52), a retrospective estimation 
of doses was carried out by means of questionnaires. The 
research by Davis et al. (53) was similar in design. The 
“Chernobyl victim syndrome” (27) was a widespread 
phenomenon: many patients strived for higher dose 
estimates to support their status of Chernobyl victims and 
could provide biased information. Moreover, cancer patients 
tend to recollect circumstances related to the exposure 
better than controls (55). The low participation rate among 
controls was of concern because of potential selection bias 
(52). Furthermore, no widespread prophylaxis by stable 
iodine occurred in the most contaminated areas of Belarus 
and the Russian Federation immediately after the accident. 
The measures were taken months after the accident to 
provide stable iodine to children (52). Nonetheless, the 
iodine supplementation was reported to reduce the cancer 
risk approximately threefold (52), although there would be 
no appreciable blockage of the radioiodine uptake by the 
thyroid (7). Other questionable aspects of the study design 
(52), favoring an LNT-type dose-response relationship, 
have been commented on previously (56). 

Cohort studies applied interviews along with thyroid 
dosimetry to estimate individual doses. Dosimetry was 
performed within 2 months after the accident (t1/2 of 131I 
is about 8 days). The study design included, if indicated, 
repeated examinations in central clinics of Kiev or Minsk 
(16,54). It can be reasonably assumed that persons with 
higher dose estimates would be more interested in further 
examinations on average. In the health care system of the 
former SU, the thoroughness of medical examinations 
sometimes depended on the patient’s initiative. The dose-
dependent participation of cases could have resulted in 
higher estimates of risk (16). Other epidemiologic studies 
on the effects of low-dose low-rate radiation may be laden 
by the same bias and others (24,57). Of note, a significant 
increase of benign thyroid nodules was found in individuals 
exposed as children or adolescents to the Chernobyl fallout 
(58-60). The pathogenesis of benign lesions is different 
from that of papillary TC (61). The commensurate 
frequency increase of both benign and malignant thyroid 
nodules is circumstantial evidence in favor of the role of 
non-radiation factors. Additional details are summarized 
in the previous paper (1).

Furthermore, detection of thyroid cancer is heavily 
dependent on the intensity of screening, which can elevate 
the detection rate manifold (24,62). The screening effect, 
improved registration and other non-radiation-related 
factors have played their role in the post-Chernobyl 
incidence increase of TC (4). Radio- and cancerophobia 
contributed to the overdiagnosis of cancer, which can 
be illustrated by the following citation from a Russian-
language professional publication (verbatim translation): 
“Practically all nodular thyroid lesions, independently 
of their size, were regarded at that time in children as 
potentially malignant tumors, requiring an urgent surgical 
operation” (63). Obviously, mass screening in the areas 
where pediatric TC had been rarely diagnosed before, in 
the atmosphere of radio- and cancerophobia, must have 
resulted in overestimation (14,15). 

Some Aspects of Morphological Diagnostics 

Mechanisms of the overdiagnosis of TC after CA have been 
discussed previously (1,15,36,46). If a definite conclusion 
about malignancy cannot be made on the basis of a fine-
needle aspiration (FNA), a histological examination 
is required. The surgical specimen is forwarded to the 
department of pathology, where malignancy of a radically 
removed lesion could have been confirmed also in case 
of uncertainty, favored by the insufficient quality and 
quantity of histological specimens. Cases of false-positive 
diagnosis, caused by misinterpretation of nuclear atypia 
as a malignancy criterion of thyroid nodules, are known 
from practice. The overdiagnosis was favored by high 
tumor expectancy and limited availability of foreign 
literature. FNA was started later than ultrasonography, 
which additionally contributed to the false-positivity 
during the 1990s. Panel reexaminations with international 
participation confirmed ~78% of histological diagnoses of 
post-Chernobyl pediatric TC in Russia. The cytological 
diagnosis of TC was confirmed histologically in 161 of 238 
cases (68%), among them papillary carcinoma in 69.5% 
(64). The cutting up of surgical specimens was performed 
in many institutions with blunt knives without access to 
running water, which may lead to the tissue squashing, 
displacement of cells and tissue fragments (65). This can 
explain, for example, the detection of malignant cells within 
blood vessels in 45% of childhood TC cases (66). During 
the 1990s, celloidin embedding was still in use, where all 
nuclei appear somewhat cleared or “ground-glass-like” 
compared to paraffin-embedded specimens, which can 
be misinterpreted as a diagnostic criterion of papillary 
TC. False-positive cases, not covered by reexaminations, 
remained uncorrected also because histological specimens 
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were not always stored properly, some slides were missing 
or “taken for consultation” etc. More details and references 
are in several previous papers (1,64). The misinterpretation 
of late-stage malignancies as aggressive radiogenic cancers 
had consequences for the therapy (31). 

CONCLUSION 

The above and previously published (1,14,15,36,64,67) 
arguments cast doubt on the causality between radiation 
exposures after CA and the increase in the registered 
cancer incidence. The relationship of TC and Chernobyl 
exposures is not denied here; however, it is argued that 
the quantity of radiogenic cases has been overestimated 
according to the mechanisms discussed in this paper. 
In the author’s opinion, results of some Chernobyl-
related molecular-genetic and other studies should be 
re-evaluated, considering that many tumors detected by 
the screening during the first decade after CA or brought 
from non-contaminated areas and registered as exposed 
to the fallout were in fact advanced cancers. Accordingly, 
some supposed markers of radiogenic cancer are probably 
associated with the disease duration and tumor progression. 
The exaggeration of Chernobyl consequences is potentially 
misleading in regard to the carcinogenicity of low-dose 
low-rate radiation, especially from radioiodine. 

The monitoring of populations exposed to low-dose 
radiation is important but will hardly add much reliable 
information on the health risks. It can be reasonably 
assumed that the screening and increased attention of 
exposed people to their health will result in new reports on 
the elevated cancer detection rate in exposed populations. 
An alternative for future work would be large-scale animal 
experiments. The average life duration is known to be 
a sensitive endpoint attributable to radiation exposure. 
Further experiments with different animal species would 
lead to a better quantification of their radiosensitivity thus 
enabling more precise extrapolations to humans. 

CONFLICT of INTEREST

The author declares no conflict of interest.

REFERENCES
1. Jargin SV. Chernobyl-related cancer: Re-evaluation needed. 

Turkish J Pathol. 2010;26:177-81. 
2. UNSCEAR 2008 Report. Sources and effects of ionizing radiation. 

Report to the general assembly. Annex D. Health effects due 
to radiation from the Chernobyl accident. New York: United 
Nations; 2008.

3. World Health Organization. Health effects of the Chernobyl 
accident. Report of the UN Chernobyl Forum Expert Group 
“Health”. Bennet B, Repacholi M, Carr Z, editors. Geneva: WHO; 
2006.

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

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

6. Williams D. Radiation carcinogenesis: Lessons from Chernobyl. 
Oncogene. 2008;27 Suppl 2:S9-18. 

7. Boice JD Jr. Radiation-induced thyroid cancer - what’s new? J 
Natl Cancer Inst. 2005;97:703-5. 

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

9. Dickman PW, Holm LE, Lundell G, Boice JD Jr, Hall P. Thyroid 
cancer risk after thyroid examination with 131I: A population-
based cohort study in Sweden. Int J Cancer. 2003;106:580-7. 

10. 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. 

11. Holm LE. Thyroid cancer after exposure to radioactive 131I. Acta 
Oncol. 2006;45:1037-40. 

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

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

14. Jargin SV. Hormesis and radiation safety norms: Comments for 
an update. Hum Exp Toxicol. 2018;37:1233-43. 

15. Jargin SV. The Overestimation of medical consequences of 
low-dose exposure to ionizing radiation. Newcastle upon Tyne: 
Cambridge Scholars Publishing; 2019.

16. Zablotska LB, Ron E, Rozhko AV, Hatch M, Polyanskaya ON, 
Brenner AV, Lubin J, Romanov GN, McConnell RJ, O’Kane 
P, Evseenko VV, Drozdovitch VV, Luckyanov N, Minenko 
VF, Bouville A, Masyakin VB. Thyroid cancer risk in Belarus 
among children and adolescents exposed to radioiodine after the 
Chornobyl accident. Br J Cancer. 2011;104:181-7. 

17. 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.

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

19. 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. 

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

21. 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. 



5

Turkish Journal of PathologyJARGIN S: Thyroid Nodules After Chernobyl 

Vol. 37, No. 1, 2021; Page 1-6

22. 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. 

23. 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. 

24. Jaworowski Z. Observations on the Chernobyl Disaster and LNT. 
Dose Response. 2010;8:148-71. 

25. 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. 

26. 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. Available at: http://www.medradiol.ru/
vypuski/10-vypuski-zhurnalov/25-n6-2011 

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

28. Williams ED, Abrosimov A, Bogdanova T, Demidchik EP, Ito M, 
LiVolsi V, Lushnikov E, Rosai J, Sidorov Y, Tronko MD, Tsyb 
AF, Vowler SL, Thomas GA. Thyroid carcinoma after Chernobyl 
latent period, morphology and aggressiveness. Br J Cancer. 
2004;90:2219-24. 

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

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

31. Jargin SV. Thyroid neoplasia after Chernobyl: A comment. Int J 
Cancer. 2019;144:2897. 

32. 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. 

33. Rabes HM, Demidchik EP, Sidorow JD, Lengfelder E, Beimfohr 
C, Hoelzel D, Klugbauer S. Pattern of radiation-induced RET 
and NTRK1 rearrangements in post-Chernobyl papillary thyroid 
carcinomas: Biological, phenotypic, and clinical implications. 
Clinical Cancer Res. 2000;6:1093-103. 

34. Nikiforov YE, Rowland JM, Bove KE, Monforte-Munoz H, 
Fagin JA. Distinct pattern of ret oncogene rearrangements in 
morphological variants of radiation-induced and sporadic thyroid 
papillary carcinomas in children. Cancer Res. 1997;57:1690-4. 

35. Nikiforov YE. Radiation-induced thyroid cancer: What we have 
learned from Chernobyl. Endocr Pathol. 2006;17:307-17.

36. Jargin SV. On the RET Rearrangements in Chernobyl-related 
thyroid cancer. J Thyroid Res. 2012;2012:373879. 

37. Nikiforov YE. Molecular diagnostics of thyroid tumors. Arch 
Pathol Lab Med. 2011;135:569-77. 

38. Fridman MV, Man’kovskaia SV, Kras’ko OV, Demidchik IuE. 
Comparative clinical and morphological analysis of technogenic 
and cryptogenic papillary thyroid carcinoma in children and 
adolescents. Arkh Patol. 2014;76:20-5. 

39. Trovisco V, Soares P, Preto A, Castro P, Máximo V, Sobrinho-
Simões M. Molecular genetics of papillary thyroid carcinoma: 
Great expectations. Arq Bras Endocrinol Metabol. 2007;51:643-
53. 

40. Rao PJ, Vardhini NV, Parvathi MV, Murthy PB, Sudhakar G. 
Prevalence of RET/PTC1 and RET/PTC3 gene rearrangements in 
Chennai population and its correlation with clinical parameters. 
Tumor Biol. 2014;35:9539-48. 

41. Khan MS, Qadri Q, Makhdoomi MJ, Wani MA, Malik AA, Niyaz 
M, Masoodi SR, Andrabi KI, Ahmad R, Mudassar S. RET/PTC 
gene rearrangements in thyroid carcinogenesis: Assessment and 
clinico-pathological correlations. Pathol Oncol Res. 2020;26:507-
13.

42. Williams ED, Abrosimov A, Bogdanova T, Demidchik EP, ItoM, 
LiVolsi V, Lushnikov E, Rosai J, Tronko MD, Tsyb AF, Vowler 
SL, Thomas GA. Morphologic characteristics of Chernobyl-
related childhood papillary thyroid carcinomas are independent 
of radiation exposure but vary with iodine intake. Thyroid 
2008;18:847-52.

43. Vuong HG, Altibi AM, Abdelhamid AH, Ngoc PU, Quan VD, 
Tantawi MY, Elfil M, Vu TL, Elgebaly A, Oishi N, Nakazawa 
T, Hirayama K, Katoh R, Huy NT, Kondo T. The changing 
characteristics and molecular profiles of papillary thyroid 
carcinoma over time: A systematic review. Oncotarget. 
2017;8:10637-49. 

44. Mitsutake N, Fukushima T, Matsuse M, Rogounovitch T, 
Saenko V, Uchino S, Ito M, Suzuki K, Suzuki S, Yamashita 
S. BRAF(V600E) mutation is highly prevalent in thyroid 
carcinomas in the young population in Fukushima: A different 
oncogenic profile from Chernobyl. Sci Rep. 2015;5:16976. 

45. Kimmel RR, Zhao LP, Nguyen D, Lee S, Aronszajn M, Cheng 
C, Troshin VP, Abrosimov A, Delrow J, Tuttle RM, Tsyb AF, 
Kopecky KJ, Davis S, Neiman PE. Microarray comparative 
genomic hybridization reveals genome-wide patterns of DNA 
gains and losses in post-Chernobyl thyroid cancer. Radiat Res. 
2006;166:519-31.

46. Jargin SV. Malignancies after chernobyl accident: What is true 
and what is untrue. Diagn Pathol Open. 2016;1:107. 

47. Tuttle RM, Lukes Y, Onstad L, Lushnikov E, Abrosimov A, 
Troshin V, Tsyb A, Davis S, Kopecky KJ, Francis G. ret/PTC 
activation is not associated with individual radiation dose 
estimates in a pilot study of neoplastic thyroid nodules arising 
in Russian children and adults exposed to Chernobyl fallout. 
Thyroid. 2008;18:839-46. 

48. Hamatani K, Eguchi H, Ito R, Mukai M, Takahashi K, Taga 
M, Imai K, Cologne J, Soda M, Arihiro K, Fujihara M, Abe K, 
Hayashi T, Nakashima M, Sekine I, Yasui W, Hayashi Y, Nakachi 
K. RET/PTC rearrangements preferentially occurred in papillary 
thyroid cancer among atomic bomb survivors exposed to high 
radiation dose. Cancer Res. 2008;68:7176-82. 

49. Jargin SV. Biological effectiveness of ionizing radiation: Acute vs. 
protracted exposures. J Environ Stud. 2016;2:5. 

http://www.medradiol.ru/vypuski/10-vypuski-zhurnalov/25-n6-2011
http://www.medradiol.ru/vypuski/10-vypuski-zhurnalov/25-n6-2011


6

Turkish Journal of Pathology JARGIN S: Thyroid Nodules After Chernobyl 

Vol. 37, No. 1, 2021; Page 1-6

50. Suzuki K, Saenko V, Yamashita S, Mitsutake N. Radiation-
induced thyroid cancers: Overview of molecular signatures. 
Cancers (Basel). 2019;11:1290. 

51. Jargin SV. Overestimation of thyroid cancer incidence after 
Chernobyl. Health Phys. 2009;96:186; author reply 186-7. 

52. Cardis E, Kesminiene A, Ivanov V, Malakhova I, Shibata Y, 
Khrouch V, Drozdovitch V, Maceika E, Zvonova I, Vlassov 
O, Bouville A, Goulko G, Hoshi M, Abrosimov A, Anoshko J, 
Astakhova L, Chekin S, Demidchik E, Galanti R, Ito M, Korobova 
E, Lushnikov E, Maksioutov M, Masyakin V, Nerovnia A, Parshin 
V, Parshkov E, Piliptsevich N, Pinchera A, Polyakov S, Shabeka 
N, Suonio E, Tenet V, Tsyb A, Yamashita S, Williams D. Risk of 
thyroid cancer after exposure to 131I in childhood. J Natl Cancer 
Inst. 2005;97:724-32. 

53. Davis S, Stepanenko V, Rivkind N, Kopecky KJ, Voillequé P, 
Shakhtarin V, Parshkov E, Kulikov S, Lushnikov E, Abrosimov 
A, Troshin V, Romanova G, Doroschenko V, Proshin A, Tsyb 
A. Risk of thyroid cancer in the Bryansk Oblast of the Russian 
Federation after the Chernobyl Power Station accident. Radiat 
Res. 2004;162:241-8. 

54. Tronko MD, Howe GR, Bogdanova TI, Bouville AC, Epstein OV, 
Brill AB, Likhtarev IA, Fink DJ, Markov VV, Greenebaum E, 
Olijnyk VA, Masnyk IJ, Shpak VM, McConnell RJ, Tereshchenko 
VP, Robbins J, Zvinchuk OV, Zablotska LB, Hatch M, Luckyanov 
NK, Ron E, Thomas TL, Voillequé PG, Beebe GW A cohort study 
of thyroid cancer and other thyroid diseases after the Chornobyl 
accident: Thyroid cancer in Ukraine detected during first 
screening. J Natl Cancer Inst. 2006;98:897-903. 

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

56. Scott BR. Re: Risk of thyroid cancer after exposure to (131)I in 
childhood. J Natl Cancer Inst. 2006;98:561. 

57. 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. 

58. Hatch M, Brenner AV, Cahoon EK, Drozdovitch V, Little MP, 
Bogdanova T, Shpak V, Bolshova E, Zamotayeva G, Terekhova 
G, Shelkovoy E, Klochkova V, Mabuchi K, Tronko M. Thyroid 
cancer and benign nodules after exposure in utero to fallout from 
Chernobyl. J Clin Endocrinol Metab. 2019;104:41-8. 

59. Tronko M, Brenner AV, Bogdanova T, Shpak V, Oliynyk 
V, Cahoon EK, Drozdovitch V, Little MP, Tereshchenko V, 
Zamotayeva G, Terekhova G, Zurnadzhi L, Hatch M, Mabuchi 
K. Thyroid neoplasia risk is increased nearly 30 years after the 
Chernobyl accident. Int J Cancer. 2017;141:1585-8. 

60. Zablotska LB, Bogdanova TI, Ron E, Epstein OV, Robbins 
J, Likhtarev IA, Hatch M, Markov VV, Bouville AC, Olijnyk 
VA, McConnell RJ, Shpak VM, Brenner A, Terekhova GN, 
Greenebaum E, Tereshchenko VP, Fink DJ, Brill AB, Zamotayeva 
GA, Masnyk IJ, Howe GR, Tronko MD. A cohort study of thyroid 
cancer and other thyroid diseases after the Chornobyl accident: 
Dose-response analysis of thyroid follicular adenomas detected 
during first screening in Ukraine (1998-2000) Am J Epidemiol. 
2008;167:305-12. 

61. Williams D. Thyroid growth and cancer. Eur Thyroid J. 
2015;4:164-73.

62. UNSCEAR 1994 Report to the General Assembly. Annex A: 
Epidemiological studies of radiation carcinogenesis. New York: 
United Nations; 1994.

63. Lushnikov EF, Tsyb AF, Yamashita S. Thyroid cancer in Russia 
after the Chernobyl. Moscow: Meditsina; 2006. 47. (in Russian 
with English summary)

64. Jargin SV. Thyroid carcinoma in children and adolescents 
resulting from the Chernobyl accident: Possible causes of the 
incidence increase overestimation. Cesk Patol. 2009;45:50-2. 

65. Jargin SV. The practice of pathology in Russia: On the eve of 
modernization. Basic Appl Pathol. 2010;3:70-3. 

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

67. Jargin SV. Thyroid cancer after Chernobyl: Obfuscated truth. 
Dose Response. 2011;9:471-6. 


