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The paper dwells on assessment of dynamics in incidence with malignant neoplasms in the thyroid gland among 

Chelyabinsk region population over 1998-2016. Dynamics is taken in different age groups; incidence with different ma-
lignant neoplasms is characterized among men and women. The authors took data from major medical and diagnostic 
institutions in Chelyabinsk region where information about patients suffering from malignant neoplasms in the thyroid 
gland could be accumulated. We detected 4,467 people with the diagnose confirmed with histological (93.2%) and cyto-
logical (6.8%) research.  

We detected that primary incidence with malignant neoplasms in the thyroid gland tended to grow in Chelyabinsk re-
gion and it completely corresponded to the dynamics in the Russian Federation as a whole. This growth was mostly due to an 
increase in primary incidence among people aged 60 and older. Papillary carcinoma is the most widely spread malignant 
neoplasm with 68.1% cases in the overall structure of thyroid gland carcinoma in Chelyabinsk region. This malignant neo-
plasm tended to grow steadily from 64.2% in the beginning of the observation period to 73.0% at the end of it. But at the 
same time follicular carcinoma tended to decrease from 25.5% to 18.2% cases; just as an aggregated share of other carci-
noma types which were relatively rare. Average age of men at the moment malignant neoplasms in the thyroid gland were 
detected in them was lower than that of women; they were 49.6±0.22 and 50.9±0.9, p<0.001, respectively. The highest aver-
age age was detected for people with non-differentiated malignant neoplasms (66.9±0.7); the lowest one, for people with 
follicular carcinoma (49.7±0.1), p<0.001. 
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 A large number of studies performed at 

different times in different countries, as well 
as in different regions of Russia were devoted 
to examining thyroid cancer epidemiology. 
One would think that all the aspects of thy-
roid cancer have been covered in these pa-
pers. Possible range of incidence rate was es-
timated as being equal to 0.8–11.2 per 
100,000 persons over the period 1998–2016. 
The range among males was 0.6–5.0; and 
among females, 1.2–16.0. The incidence rate 

among people aged 0–19 ranged from 0.5–-4.2, 
and it ranged from 2.1 to 16.8 per 100,000 per-
sons among people older than 60. However, 
there are good reasons still attracting epide-
miologists’ attention to the problem of thyroid 
cancer. Perhaps, the main one is the increase in 
the thyroid cancer incidence over the recent 
years. In Russia, for example, the growth was 
from 5.8 to 8.3 cases per 100,000 persons [1–6]. 
Nowadays, it is not clear to what extent this 
growth is due to improved quality of diagnos-
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tics, and to what extent due to environmental, 
medical, and biological or some other factors.  

The number of published papers on the 
problem of thyroid cancer sharply increased 
after the Chernobyl accident and the catchment 
area went further beyond the borders of the 
territory that was actually contaminated with 
radiation. The problem of thyroid cancer ac-
quired a different meaning for other radioac-
tively-contaminated territories (except the ter-
ritory around Chernobyl nuclear power sta-
tion) including the resettlement territory for 
persons exposed as a result of the Mayak PA 
activities.  

Long time after the onset of radiation 
contamination in the Urals, the assessment of 
thyroid cancer risk becomes relevant among 
the offspring of the exposed population. Up to 
now, a large number of persons exposed as a 
result of the Mayak PA activities and their 
offspring have settled in Chelyabinsk region 
[7–9]. Taking into account high variability of 
epidemiological data on thyroid cancer inci-
dence [1–6, 10–19], obtained in different re-
gions, solid substantiation for radiogenic risk 
assessment requires evaluation of background 
incidence rate among the population living in 
Chelyabinsk region.   

 Iodine deficiency, hypothyroidism as-
sociated with it, and a high level of TSH stand 
out among the main factors contributing to the 
onset of tumor progression in thyroid gland 
[20, 21]. The possibility of tumor development 
in thyroid gland depends on its functional and 
morphological status which is gender and age 
dependent [22]. Malignization risk increases 
against the background of nodular euthyroid 
goiter, adenomas and thyroiditis [21, 23].  

The thyroid gland is highly radiosensitive 
and it is especially true for children. A lot of 
papers have been published so far concerning 
high risks of malignant neoplasms in the thy-
roid gland among various groups of irradiated 
population1 [23–25]. When a solid variant of 
papillary carcinoma develops, it can have a 

particular importance. Until recently, this vari-
ant of papillary carcinoma has been treated as 
rather rare [27]. However, as it has been 
shown by recent studies, it amounted to 37 % 
of papillary carcinomas associated with thy-
roid gland exposure as a result of Chernobyl 
accident, and it can now be regarded as radia-
tion-induced thyroid cancer [28]. 

Thus, our research goal was to study 
primary incidence and structure of thyroid 
cancer among the population living in Chely-
abinsk region over the period 1998-2016 and it 
seems quite justified. 

Materials and methods. We used infor-
mation on all cases of thyroid cancer contained 
in the Chelyabinsk Regional Population On-
cology Register, the medical database of the 
Urals Research Center for Radiation Medicine, 
in the archive of the histological laboratory at 
the anatomic pathology department of the City 
Clinical Hospital №1 of Chelyabinsk (in 1985, 
on the basis of City Clinical Hospital No. 1, 
a regional center of endocrine surgery was es-
tablished, where all persons (including chil-
dren) from Chelyabinsk region who have en-
docrine pathology are sent to for treatment). 
As a result of combining information from all 
available sources and primary analysis, a sam-
pling was made up of 4,467 individuals who 
lived in Chelyabinsk region from 1998 to 
2016, inclusive, with the newly diagnosed thy-
roid cancer. Repeated references to the same 
patient were removed from the general list due 
to duplication of information in different insti-
tutions or due to return visit regarding treat-
ment, clarification of the diagnosis, recurrence 
of the disease or detection of metastases. All 
relevant consistent information taken from any 
of the sources mentioned above is taken into 
account for each patient and thyroid cancer 
case. These retrospective data were in some 
way incomplete. For example, the age at 
which a diagnosis was put was not known for 
39 persons (0.9 %), no sex was indicated for 
123 persons (2.8 %), there was no histological 

__________________________ 
 
1 Health effects of the Chernobyl accident and social healthcare programs: a report by “Health” group of experts of the UN 

Chernobyl forum / English edition edited by: B. Bennet, М. Renazoli, G. Karr; Russian edition edited by М. Balonov. – Geneva, 
2006. – 182 p. 
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confirmation of the diagnosis for 302 persons 
(6.8%). Data on sex were incomplete due to 
the following: first, direct indication of sex 
could be absent; second, there could be sur-
names that are the same for feminine and mas-
culine gender; third, there could be incomplete 
information on names and patronymics (only 
initials are given). When there is no histological 
examination data, the diagnosis of thyroid can-
cer was confirmed by cytological examination. 

Only in 69 cases out of 4,467 (1.5%) thy-
roid cancer was first diagnosed post mortem 
(neglected cases of thyroid cancer, which led 
to the death of a patient, or it was accidentally 
detected during an autopsy in the event of 
death from other causes). In all these cases 
the diagnosis was confirmed histologically. 
For 98.5% of patients thyroid cancer was di-
agnosed in their lifetime by an endocrinolo-
gist. Thus, calculated standardized parameters 
of newly diagnosed thyroid cancers can be 
considered as indicators of primary incidence. 
The incidence rate was calculated as a num-
ber of newly diagnosed thyroid cancers over  
a period x 100,000/number of person-years 
over the period under consideration.The data 
on the population living in Chelyabinsk re-
gion over the study period are taken from sta-
tistical books of the Chelyabinsk Department 
of Statics. Alignment of time-series data on 
thyroid cancer incidence were performed with 
the standard method of least squares [29]. 
Statistical processing was carried out with χ2 

test and Student’s test [30].  
Results and discussion.  
Analysis of thyroid cancer incidence 

and structure dynamics over the period 
1998–2016 

Distribution of males and females from 
different age groups with thyroid cancer re-
veals features of obvious similarities (Figure 1). 
Predominance of males aged from 20 to 24 y.o. 
can be an exception (6.4% and 2.8% respec-
tively, p <0.001). The maximum percentage of 
males with thyroid cancer (14.1%) is detected 
among people aged 55–59; the highest per-
centage of females (12.9%), among people 
aged 50–54. Males and females with thyroid 
cancer from the 50–59 age group account for 

26.7% and 25.3% respectively, which is con-
sistent with the published data (15.2%–31.1%) 
[1–3, 6, 18, 19].  

Taking into account a similar type of dis-
tribution of males and females by age, as well 
as taking into account a relatively low number 
of males with thyroid cancer (629 persons, 
14.1%) the analysis of incidence was carried 
out for males and females together. As it can 
be seen from Figure 2, the incidence in Chely-
abinsk region as well as in the Russian Federa-
tion as a whole is uneven, while in both cases 
there is a tendency to an increase in the inci-
dence of thyroid cancer. 

We applied the least squares method to 
calculate parameters of incidence with thyroid 
cancer taking into account preliminary align-
ment of time-series data on thyroid cancer in-
cidence over 19 years for Chelyabinsk region 

 
Figure 1. Thyroid cancer distribution  
(C73 – ICD-10) by age and sex, % 

 
Figure 2. Dynamics of newly diagnosed  

thyroid cancers over the period 1998-2016  
(newly diagnosed cancers per 100,000 persons  

per a particular year) 
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and the RF as a whole; the results turned out 
to be almost identical [29]. An absolute 
growth in incidence rates amounted to 0.170 
and 0.174, respectively; an average growth 
rate was 1.3% and 1.4%; average value of 
1% of growth – 0.026 and 0.028 cases per 
100,000 persons.   

Thus, the obtained data indicate that this 
increase in incidence with thyroid cancer in 
Chelyabinsk region is a reflection of the gen-
eral Russian trend. 

It can be seen that the trend lines of inci-
dence growth go almost parallel (Figure 2). 
The increase in incidence over the period 
1998–2016 in Chelyabinsk region was 3.91; in 
the Russian Federation, 3.90 cases per 100,000 
person-years during the period under review. 
The rate of changes in incidence, especially in 
Chelyabinsk region, is uneven. In Chelyabinsk 
region, the maximum growth was registered in 
2007 (by 1.74 cases compared with the previ-
ous year), in the Russian Federation the maxi-
mum growth was only 0.63 cases and it was 
achieved in 2015. 

Table 1 presents the incidence rates of 
thyroid cancer for the period 1998–2016 inclu-
sive. Over the whole reviewed period, the pri-
mary incidence rate was 6.6 cases per 100,000 
person-years and it is consistent with the pub-
lished epidemiological data for the most coun-
tries and the Russian Federation (according to 
published data, the incidence rate varied 
within the range 5–10 per 100,000 persons) 
[1–6, 10–19]. A steady growth of thyroid can-
cer incidence is registered in Chelyabinsk re-
gion as well as in most regions in the RF [31]. 
As it can be seen in Table 1, there is a steady 
increase in the dynamics of incidence rates per 
100,000 person-years, starting from 5.2 in 
1998–2002 to 7.6 in 2013–2016, while an in-
crease in the second five-year period is statis-
tically significant (p <0.01).  

The incidence rate among persons aged 
0–19 decreased from 0.9 to 0.3 per 100,000 
person-years (Table 2). There were no signifi-
cant differences in incidence rate between the 
calendar periods. The average value was 0.6 
cases per 100,000 person-years, which corre-
sponds to the published data [32, 33].  

T a b l e  1  
Dynamics of thyroid cancer incidence 

Period, 
years 

Amount of 
person-years 
for the period

Number of 
cases over 
the period 

Incidence rate 
per 100,000 
person-years 

1998–2002 18,267.677 956 5.2 
2003–2007 17,722.374 1,213 6.8* 
2008–2012 17,411.500 1,239 7.1 
2013–2016 13,973.315 1,059 7.6 

Total 67,374.866 4,467 6.6  

Note: * – p <0.001 when compared with the 
previous period. 

T a b l e  2  
Dynamics of thyroid cancer incidence among 

people aged 0–19  

Period, 
years 

Amount of 
person-years 
for the period

Number 
of cancer 

cases 

Incidence rate 
per 100,000 
person-years 

1998–2002 4,874.823 43 0.9 
2003–2007 4,277.526 25 0.6 
2008–2012 3,767.369 20 0.5 
2013–2016 3,051.365 10 0.3 

Total 15,971.083 98 0.6  
 
The maximum incidence rate among peo-

ple aged 20–59 (Table 3) was detected in the 
period 2003–2007 and amounted to 8.2 cases 
per 100,000 person-years, the minimum was 
registered for the initial period – 6.5 cases per 
100,000 person-years, the differences are sta-
tistically significant when the given periods 
are compared, p <0.001. 

T a b l e  3  
Dynamics of thyroid cancer incidence  

among people aged 20–59  

Period, 
years 

Amount 
of person-

years 

Number  
of cancer 

cases 

Incidence rate 
per 100,000 
person-years

1998–2002 10,007.895 652 6.5 
2003–2007 10,325.207 844 8.2* 
2008–2012 10,475.736 797 7.6 
2013–2016 8,116.241 654 8.1 

Total 38,925.079 2947 7.6 

Note: * – p<0.001 when compared with the 
previous group. 
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T a b l e  4  
Dynamics of thyroid cancer incidence among 

people aged 60 and older 

Period,  
Years 

Amount of 
person-years 
for the period 

Number  
of cancer 

cases 

Incidence rate 
per 100,000 
person-years 

1998–2002 3384,959 261 7.7* 
2003–2007 3119,641 344 11.0 
2008–2012 3168,395 422 13.3** 
2013–2016 2805,709 395 14.1 

Whole  
period 12478,704 1422 11.4 

Note:* – p <0.001 when compared to other 
groups; ** – p <0.025 when compared to the previ-
ous group.  

 
Thyroid cancer incidence statistically sig-

nificantly increases among people aged ≥ 60  
(Table 4) from 7.7 cases per 100,000 person-
years during the initial period to 14.1 cases 
per 100,000 person-years in the final period, 
p<0.001. 

Over the entire examined period from 
1998 to 2016 (Table 2–4), the highest primary 
incidence with thyroid cancer was observed 
among people older than 60, 11.4 cases per 
100,000 person-years; the minimum value was 
detected among people aged 0–19, 0.6 cases per 
100,000 person-years. The intermediate values 
of thyroid cancer incidence were detected 
among people aged 20–59 and amounted  
to 7.6 cases per 100,000 person-years. The dif-
ferences in incidence rates between the age 
groups are statistically significant, p<0.001.    

For the majority of thyroid cancer types 
(Table 5) their percentage corresponded to that 
in the world and in Russia [11, 13, 14, 18]. 

Papillary and follicular thyroid cancers 
predominated in Chelyabinsk region (68.1% 
and 22.6%, respectively) and it corresponded 
to the published data. Percentage of different 
thyroid cancers was comparable for males and 
females. However, the percentage of the most 
frequent cancers (papillary and follicular) 
tended to be higher in females as compared to 
males, whereas the percentage of rare types of 
cancer (medullary, undifferentiated cancers) 
was higher in males. 

The dynamics detected in the structure of 
the main thyroid cancer types was character-
ized by a gradual increase in the percentage of 
the papillary cancer from 62.9% in 2003–2007 
to 73.0% in 2010–2016, with the respective 
decrease in the percentage of the follicular 
cancer from 25.5% to 18.2% (Table 6). Up-
ward tendency in the percentage of medullary 
cancer, downward tendency in the percentage 
of other, relatively rare, types of thyroid can-
cer was also noted. 

The age of the patients with newly diag-
nosed thyroid cancer varied in the range equal 
to 9–99 years. Mean age at which the disease 
became apparent, which was assessed mainly 
based on the date when histological sampling 
was performed, was 50.7±0.07 years (Table 7). 
It was slightly higher as compared to the data 
given in the majority of published papers  
[2, 11, 12, 14, 16, 21, 22]. Mean age at which 
thyroid cancer was diagnosed was 50.9±0.09 
for females, whereas it was 49.6±0.22 for 
males. The differences are statistically sig-
nificant (p <0.001).  

The oldest mean age at which thyroid can-
cer was diagnosed (66.9±0.7 years) (Table 8) 
was observed for people with undifferentiated 

T a b l e  5  
Percentage of different thyroid cancers among the population in Chelyabinsk region  

for the period of 1998 through 2016 depending on sex 
Types of thyroid cancer Sex Papillary, % Follicular, % Medullary, % Undifferentiated, % Lymphoma, % Other types, %*

Male 66.8 21.3 4.9 2.7 1.5 2.7 
Female 68.5 22.6 3.6 2.2 1.8 1.3 
Total 68.1 22.6 3.7 2.3 1.8 1.6 

Note: * – other types include solid cancers, squamous cancers, embryonal tumors, and metastases of 
other tumors into the thyroid gland. 
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T a b l e  6  
Distribution of different thyroid cancers 

among the population in Chelyabinsk region 
taken in dynamics 

Types of thyroid cancer  Calendar  
period, years Papillary Follicular Other 
1998–2002 64.2% 25.5% 10.3% 
2003–2007 62.9% 27.8% 9.3% 
2008–2012 71.4% 19.5% 9.1% 
2013–2016 73.0% 18.2% 8.8% 

Total 68.1% 22.6% 9.4% 
 

T a b l e  7  
Distribution by sex and mean age at the time 

of thyroid cancer development among the 
population in Chelyabinsk region in 1998–2016   

Sex Number  
of cases 

Percent-
age, % 

Mean age 
(years) 

Male  629 14.1 49.6±0.22*
Female  3715 83.2 50.9±0.09

Sex is unknown 123 2.7 49.6±0.94
Total 4467 100.0 50.7±0.07

Note: * – p<0.001 when compared to females. 

T a b l e  8  
Mean age of the patients with different types of thyroid cancer  

Mean age 
Types of thyroid cancer Male Female Total, including persons 

 with unascertained sex  
Papillary 48.6±0.4 50.7±0.2*** 50.4±0.1* 
Follicular 48.7±0.8 49.8±0.2 49.7±0.2** 
Medullary 49.8±1.1 54.0±0.6*** 53.0±0.6 
Undifferentiated (anaplastic) 66.6±1.1 66.5±0.96 66.9±0.7 
Other types 57.7±1.1 53.0±1.0**** 54.1±0.8 

Note: * – p<0.002 when compared with the follicular cancer, p <0.001 when compared with all the 
other types of cancer; 

** – p<0.001 when compared with all the other types of cancer, except the papillary cancer; 
*** – p<0.001 when compared with males; 
**** – p<0.002 when compared with males. 
 

cancers, the youngest one (49.7±1.2 years), for 
people with follicular cancers (p<0.001). For 
the majority of thyroid cancer types the oldest 
age of the disease manifestation was registered 
for females as compared to that for males. 
No differences were revealed in case of undif-
ferentiated cancers. In the group of people 
with “other cancers” males were even older 
than females (57.7±1.1 years and 53.0±1.0, 
respectively, p<0.002). 

Among 4,344 patients with thyroid can-
cer with ascertained sex, the females to males 
ratio was 5.9:1.0. It is slightly higher than the 
same ratio given in the majority of published 
papers dealing with thyroid cancer. Accord-
ing to them the sex ratio among people with 
thyroid cancer is mainly in the range 3:1–5:1 
[1–6, 13, 14, 34]. 

Sex ratio is notably shifted in favor of fe-
males with the most frequent types of thyroid 

cancer: papillary and follicular, and malignant 
lymphomas. Sex ratio with respect to me-
dullary cancer for the studied group of people 
from Chelyabinsk region was 4.3, which is 
lower than that for papillary and follicular 
cancers. At the same time it was noted in a 
number of published papers that the sex ratio 
for medullary cancers is 1:1 [14]. 

Conclusion. The increase in the number 
of newly diagnosed thyroid cancers in Chely-
abinsk region over the period from 1998 
through 2016 could be determined by a num-
ber of reasons. It could be associated with im-
proved quality of diagnostics; first and fore-
most, with large-scale screening of persons 
suspected of thyroid gland diseases introduced 
into routine practice, and targeted histological 
examination of these people. One of the rea-
sons for the increase in the number of cancers, 
including thyroid cancers, could also be eco-
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logical factor which takes on greater and 
greater importance with the economic revival 
and industrial production growth in the whole 
Russian Federation, and in Chelyabinsk region 
in particular. It has been stated that the dynam-
ics of the growth in the incidence rate in 
Chelyabinsk region is generally consistent 
with that in Russia as a whole. It implies 
common reasons for the increase in thyroid 
cancer incidence.  

A significant increase in thyroid cancer 
incidence in elderly people (˃60 years) that 
was noted in the paper could be due to the in-
creased life expectancy in Chelyabinsk region, 
higher percentage of elderly people in the 
population structure, and shift in the critical 
physiological age of thyroid cancer develop-
ment to higher values.  

A descending trend in thyroid cancer in-
cidence among children and teenagers could 
not be explained straightforwardly. How-
ever, relatively low statistics of thyroid can-
cers among people aged 0–19 years attracts 
certain attention (only 98 cases were regis-
tered over the whole examined period in 
Chelyabinsk region).  

Some parameters characterizing the struc-
ture of thyroid cancers are in line with the pub-
lished data for the majority of the world and 
the Russian Federation. The older mean age of 
females in comparison to that of males at thy-
roid cancer manifestation (50.9±0.09 and 
49.6±0.22, respectively, p<0.001), is probably 
associated with longer life expectancy for fe-
males, or with physiological aging of males as 
compared to females. The revealed age-
dependent differences are mainly due to papil-
lary and, to a lesser extent, follicular cancer, 
i.e. those types of cancer for which main etio-
logical factors are iodine deficit and pre-
existing thyroid gland diseases which are more 
frequent in females. 

Some increase in the percentage of follicu-
lar thyroid cancers is probably associated with 
regional ecological peculiarities, such as low 
content of iodine in the atmosphere and soil in 
the Urals region. The percentage of certain can-
cer types in males and females turned out to be 
comparable. It suggests similar pathogenetic 

mechanisms of thyroid cancer development in 
representatives of both sexes despite great dif-
ferences in cancer detectability. 

It is difficult to explain a higher rate and 
older mean age of the medullary thyroid cancer 
occurrence in females as compared to males. It 
is known that medullary cancers could be one 
of the manifestations of familial or sporadic 
form of hereditary complex disorder MEN-2, 
caused by mutations of the c-RET proto-
oncogene on chromosome 10q11.2. It means 
that it could occur in either male or female with 
equal probability. Thus, it could be assumed 
that in Chelyabinsk region a greater part of me-
dullary thyroid cancers were initiated by the 
effect produced by exogenous factors, and the 
revealed differences between two sexes are as-
sociated with higher predisposition of females 
to these factors.  

It could be stated that in 1998–2016 the 
rate and dynamics of thyroid cancer incidence 
among the population in Chelyabinsk region 
were mainly consistent with the nation-wide 
rate (Figure 2). The revealed low incidence 
rate in childhood and young age requires fur-
ther follow up and control of the data com-
pleteness.  

Radioactive contamination of the territory 
in certain districts in the region and exposure of 
the population living there in 1950–1960 did 
not influence the average regional incidence 
rate of thyroid cancer in the long-term period. 
Nevertheless the task to determine a radiation-
induced risk of thyroid cancer development in 
representatives from particular groups of ex-
posed population and their offspring continues 
to be relevant.  

From a practical perspective, the signifi-
cance of this work is in the fact that the ob-
tained results provide reasonable grounds to 
refuse from large-scale (within the Chelyab-
insk region) activities aimed at targeted health 
check-ups of the exposed persons and their 
offspring, paying special attention to areas of 
their compact settlement. 

The information that people of older ages 
(as compared to 1980–1990s) are prone to ad-
ditional risk of thyroid cancer development is 
important for Chelyabinsk region. And it 
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should be taken into account by endocrinolo-
gists and oncologists who are involved in thy-
roid cancer detection.   

The obtained regularities and tendencies 
will be taken into account in future risk analysis 
of thyroid cancer development associated with 
the study of the radiation effects on residents of 

Chelyabinsk region who were grouped into the 
cohort of exposed population. 
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