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Abstract

Objective: This study aimed to investigate the incidence and mortality of thyroid cancer (TC) in the Republic of
Kazakhstan and East Kazakhstan Region, which includes the areas adjacent to the former Semipalatinsk nuclear test site
over the past ten years, from 2013 to 2023. Methods: The study included information from Form No. 7 Annual “Report
on Patients with Malignant Neoplasms™ and “Indicators of the Oncological Service of the Republic of Kazakhstan” for
the period 2013-2023. Incidence and mortality rates were calculated per 100,000 population, and data were distributed
by gender, age groups, clinical stages. The study included an analysis of trends in annual epidemiological indicators,
which allows us to observe fluctuations in Incidence and mortality over time. Results: Overall, Republic of Kazakstan
experienced a gradual increase in incidence, beginning at 2.9 per 100,000 population in 2013, peaking at 7.2 in 2019,
and ending at 5.5 in 2023. East Kazakhstan, however, showed greater fluctuation, with rates ranging from 3.2 to 4.3
per 100,000, with a notable increase in 2023 to 4.7 per 100,000 population, the highest value observed in the study
period. In East Kazakhstan, mortality remained steady at 0.4 per 100,000 from 2013 to 2016, briefly increasing to
0.9 in 2018, before stabilizing at 0.4 from 2020 to 2023. Nationwide, TC mortality varied between 0.3 and 0.5 per
100,000, with a gradual decline to 0.3 per 100,000 in 2021 and 2023. Conclusion: In the areas adjacent to the former
Semipalatinsk nuclear test site, significant fluctuations and peaks in morbidity are observed, which differ from the
general republican indicators.
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Introduction

Thyroid carcinoma (TC) is the most prevalent
malignancy of the endocrine system, with a steadily
increasing incidence globally. According to the Global
Cancer Observatory’s 2020 data, TC accounted for
approximately 586,000 cancer cases worldwide [1].
TC encompasses several histological types, including
papillary, follicular, medullary, and anaplastic carcinoma,
as well as thyroid lymphoma. Clinically, TC manifests
with symptoms such as dysphagia, throat pain, hoarseness,
cough, weight loss, and sweating. Diagnostic approaches
involve ultrasound, MRI, and scintigraphy, with fine-
needle biopsy serving as the primary method for cellular
confirmation [2].

While TC represents only 2% of all cancers globally, in
2016 alone, 238,000 new cases were reported, with 43,000
deaths [3]. The age-standardized incidence rates stood at
2.2 per 100,000 in men and 4.4 per 100,000 in women.
Over the past three decades, TC incidence has risen
significantly, particularly in countries like Lithuania, Italy,
Austria, Croatia, and Luxembourg. Although mortality
rates remain comparatively low, the rising incidence of
TC can largely be attributed to advancements in diagnostic
technologies, especially for differentiated thyroid cancers
such as papillary carcinoma. By contrast, the incidence of
other forms, including follicular, anaplastic, and medullary
thyroid cancers, has remained constant [4]. In the United
States, TC incidence has surged over the past 40 years,
partly due to overdiagnosis; however, an increase in more
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aggressive forms and a higher mortality rate have been
noted, potentially linked to risk factors like childhood
exposure to ionizing radiation and obesity. Incidence rates
are region-dependent, with women nearly three times more
likely to be affected than men. Risk peaks around ages 55
for women and 65 for men, with lifetime diagnosis risks
estimated at 1 in 55 for women and 1 in 149 for men [5].
The rising incidence of TC has been particularly evident in
Asian countries, such as South Korea, where cases surged
from 4.3 to 5.3 per 100,000 for females from 2008 to 2012,
with similar trends among men. Trends in more rare forms,
including follicular and medullary cancers, have remained
stable, while anaplastic TC has shown a slight decline in
prevalence [6]. Recent data from the Russian Federation
indicate a 49.03% increase in TC incidence from 2008 to
2018, especially among individuals over 55 years. This
increase is likely due to an aging population, enhanced
diagnostic techniques, and extended medical follow-up
periods, with early-stage TC (stages I and II) representing
77.7% of diagnosed cases [7].

In Kazakhstan, the mean age of TC diagnosis is 51.8
years for women and 53.2 years for men. The incidence
rate in women is notably higher, with a peak in the 60—69
age group at 4.21 per 10,000 in men and 15.37 per 10,000
in women, demonstrating upward trends in both sexes
(7.8% in women, 5.0% in men) [8]. Given Kazakhstan’s
historical proximity to the Semipalatinsk nuclear test
site, regions like East Kazakhstan experience high levels
of background radiation, which has likely contributed
to an increased cancer burden, including TC [9]. The
East Kazakhstan region, particularly its districts that fall
within the radiation exposure zone of the Semipalatinsk
test site, represents an area with high risks of radioactive
contamination. These districts, according to classification,
may fall into various categories of radiation risk levels,
depending on the magnitude of the effective equivalent
dose of radiation to the population exceeding 0.1 rem over
the entire period of testing. Specifically, the territories
of East Kazakhstan are divided into zones of extreme,
maximum, elevated, and minimal radiation risk, which
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poses a long-term threat to the health of the population
[10] (Figure 1).

As the prevalence and impacts of TC rise, understanding
regional disparities and their implications on public health
has become imperative. Enhanced data on TC incidence
and mortality across Kazakhstan is essential to strengthen
early diagnosis, preventive strategies, and effective
treatment to improve patient outcomes and mitigate the
growing burden on public health.

Materials and Methods

This study aimed to evaluate the incidence and
mortality rates of thyroid cancer (TC) in Kazakhstan, with
a specific focus on East Kazakhstan Region, over a ten-
year period from 2013 to 2023. The comparison of thyroid
cancer incidence and mortality rates with the general
indicators of the country is due to the historical impact
of the Semipalatinsk nuclear test site, which was located
in the territory of East Kazakhstan. Population data were
sourced from the official website of the Bureau of National
Statistics of Kazakhstan, and epidemiological data were
obtained from official national reports, specifically the
Annual “Report on Patients with Malignant Neoplasms”
(Form No. 7) and “Indicators of the Oncological Service
of the Republic of Kazakhstan” for the years 2013-2023.

The analysis encompassed all recorded cases of
TC incidence and mortality within the study period.
Incidence and mortality rates were calculated per 100,000
population, and data were stratified by gender, age groups,
clinical stages. The study included a trend analysis of
annual epidemiological indicators, allowing for the
observation of fluctuations in incidence and mortality
over time.

Epidemiological indicators, including annual trends,
were calculated to determine changes in incidence and
mortality over the specified period. The significance of
observed trends was evaluated, with particular attention
to changes in clinical stage distribution.
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Figure 1. Location of the Former Semipalatinsk Nuclear Test Site on the Map of Kazakhstan
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Results

The incidence of thyroid cancer (TC) in the Republic
of Kazakhstan and East Kazakhstan Region displayed
distinct trends over the study period from 2013 to 2023
(Figure 2). Overall, Kazakhstan experienced a gradual
increase in incidence, beginning at 2.9 per 100,000
population in 2013, peaking at 7.2 in 2019, and ending at
5.5 in 2023. East Kazakhstan, however, showed greater
fluctuation, with rates ranging from 3.2 to 4.3 per 100,000,
with a notable increase in 2023 to 4.7 per 100,000
population, the highest value observed in the study period.

Figure 2 presents a comparative analysis of thyroid
cancer (TC) incidence in the East Kazakhstan Region
and the Republic of Kazakhstan (2013 to 2023) per
100,000 population. Thyroid cancer mortality in East

8.0

Kazakhstan Region and Kazakhstan revealed stable
trends, with notable regional differences (Figure 3). In East
Kazakhstan, mortality remained steady at 0.4 per 100,000
from 2013 to 2016, briefly increasing to 0.9 in 2018, before
stabilizing at 0.4 from 2020 to 2023. Nationwide, TC
mortality varied between 0.3 and 0.5 per 100,000, with
a gradual decline to 0.3 per 100,000 in 2021 and 2023.
Figure 3 shows the dynamics of thyroid cancer
mortality in East Kazakhstan Region and the Republic
of Kazakhstan (2013 to 2023) per 100,000 population.
Gender disparities in TC incidence were pronounced
(Figure 4). Female incidence rates showed an upward
trend, from 2.9 per 100,000 in 2013 to 4.2 in 2023, with
peaks in 2016 (3.6) and 2019 (3.7) and a notable dip to
2.8 in 2020. Male incidence rates, however, remained
consistently low, fluctuating between 0.4 and 0.6 per

2.0

0.0

2013 2014 2015 2016 2017

—e—Incidence in East region

2018

2019 2020 2021 2022 2023

—e—Incidence in Kazakhstan

Figure 2. Trend Dynamics of Thyroid Cancer in Kazakhstan and East Kazakhstan Region (2013-2023) per 100,000
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Figure 3. Dynamics of Thyroid Cancer Mortality in East Kazakhstan Region and the Republic of Kazakhstan (2013

to 2023) per 100,000 Population
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Figure 4. Thyroid Cancer Incidence among Male and Female Populations in the Republic of Kazakhstan (2013-2023)

per 100,000 Population

100,000 without significant changes over the period.

Figure 4 illustrates the dynamics of thyroid cancer
incidence among men and women in the Republic of
Kazakhstan (2013-2023) per 100,000 population. Age
group analysis indicated that TC incidence was highest
among individuals aged 50-69 and 30-49 years (Figure 5).
The 50-69 age group showed the highest incidence,
reaching 2.0 per 100,000 in both 2019 and 2023. The
30-49 age group increased steadily from 1.0 in 2013 to
1.9 in 2023. In contrast, incidence in individuals under
29 and over 70 years remained low, with minor increases
observed only in the 70+ age group, from 0.3 to 0.5 per
100,000 by 2023.
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Figure 5 presents the age group of thyroid cancer
incidence in the Republic of Kazakhstan (2013-2023) per
100,000 population. Improvements in early detection rates
of TC at stages I-II were observed in East Kazakhstan
and across Kazakhstan (Figure 6). In East Kazakhstan,
the proportion of cases diagnosed at stages I-1I rose from
67.5% in 2013 to 86.7% in 2023. Similarly, the national
rate of early-stage detection increased from 79.5% in 2013
to 91.1% in 2023, reflecting advancements in diagnostic
imaging and early detection efforts.

Figure 6 illustrates detection rate of thyroid cancer
at stages I-1I, III-IV in East Kazakhstan Region and
Kazakhstan (2013 and 2023). The proportion of TC cases
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Figure 5. Age Group of Thyroid Cancer Incidence in the Republic of Kazakhstan (2013-2023) per 100,000 Population
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Figure 6. Dynamics of Thyroid Cancer Detection at Stages I-II, III-IV in East Kazakhstan Region and Kazakhstan

(2013 and 2023)

diagnosed at stages III-IV decreased significantly from
2013 to 2023 in both East Kazakhstan and Kazakhstan
as a whole (Figure 6). In East Kazakhstan, cases at
stages III-IV fell from 32.5% in 2013 to 13.3% in 2023.
Nationwide, late-stage detection dropped from 20.5% in
2013 to 8.9% in 2023, indicating enhanced early diagnosis
and potentially improved prognosis for TC patients.

Discussion

As a result of our study, data analysis suggests that
the East Kazakhstan Region, where the territory adjacent
to the former Semipalatinsk nuclear test site, deviates
from the general trendobserved across the Republic of
Kazakhstan presenting more substantial fluctuations
and peaks in incidence rate. This could indicate
regional characteristics that require further investigation.
Additionally, there are significant differences in mortality
trends between East Kazakhstan Region and the average
indicators across Kazakhstan, highlighting essential
fluctuations and peaks in areas adjacent to the former
Semipalatinsk nuclear test site. During the study period,
anoticeable decline in late-stage cancer cases and a rise in
early-stage thyroid cancer cases were observed in the East
Kazakhstan region and Kazakhstan. The gender aspect
is crucial in understanding thyroid cancer incidence, as
women face a significantly higher risk. The highest risk of
thyroid cancer is observed among middle-aged and elder
adults (30-69 years), which requires attention to these age
groups in prevention and early diagnosis.

For decades, the incidence rate was higher in women
than men, across all global regions, including areas with
lower rates of overdiagnosis [11]. Studies show that
women seek medical care more than men [12] There
are also factors specific to women that make them more
susceptible to thyroid cancer, such as recent pregnancy,

a history of infertility problems, abnormal menstrual
cycles, and a history of breast cancer [13] The results of
the study were consistent with our study. In Kazakhstan,
females demonstrated a higher incidence rate than males
over the past ten years.

The national statistics in the UK in 2015 reported the
highest incidence rate of thyroid cancer in the age group of
65—-69 years, which is an older age group compared to our
study. [ 14]. Wang et al. [15] reported that a peak incidence
in the age group of 50-54 years, and while we also found
the highest number of cases in this age group, the peak
incidence was observed between the ages of 50-69 years.

Thyroid cancer arises under the influence of various
factors, such as ionizing radiation, adenomas, hereditary
syndromes, and genetic mutations. The increase in thyroid
cancer incidence is associated with anthropogenic factors,
environmental pollution, and the use of xenobiotics,
especially in urban areas with high levels of urbanization.
The incidence of thyroid cancer has been rising due
to environmental pollution and iodine deficiency in
Kazakhstan [16]. Kazakhstan is an endemic area of thyroid
diseases. This leads to an increase in morbidity among
the population, especially among women and children,
negatively impacting public health. Furthermore, this
situation requires active preventive measures, including
salt iodization and educational programs on the importance
ofiodine for health [17]. At the Semipalatinsk Nuclear Test
Site (SNTS), 456 nuclear explosions were conducted
between 1949 and 1989 with significant radiation
exposure resulting from early tests, particularly the 1949,
1951, and 1953 tests [18]. Radiation is an environmental
factor that elevates the risk of developing thyroid cancer.
Ionizing Radiation exposure of the thyroid at a young
age (especially in childhood) is a recognized risk factor
for the development of thyroid cancer. Low doses of
radiation increase the number of cells with mutations
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which, in the long term, contribute to the development
of malignant neoplasms. Saenko et al. reported that
patients undergoing radiation therapy for the neck and
who got radiation exposure due to radiation accidents
are susceptible to thyroid cancer [19]. The incidence of
thyroid cancer (TC) in Kazakhstan has increased and it
is caused by the availability of better, more accessible
diagnostic tools as highly sensitive ultrasound imaging.
It leads to overdiagnosis and unnecessary treatment of
patients without clinical manifestations which negatively
impacts health and creates a socio-economic burden. The
risks of thyroid cancer are increased in benign thyroid
diseases, family history, certain intestinal diseases (e.g.,
familial adenomatous polyposis), acromegaly, benign
breast diseases, radiation and the reproductive history of
women. These factors may also contribute to expanding
thyroid cancer incidence in the country [20].

According to the clinical practice guideline of 2023
“Malignant neoplasms of the thyroid gland” by the
Ministry of Healthcare of the Republic of Kazakhstan,
thyroid cancer symptoms include: growth of a neck mass,
rapid tumor growth, hoarseness of the voice and difficulty
breathing. A history of thyroid disease, prolonged use of
antithyroid medications, exposure to ionizing radiation,
prior radiotherapy to the head and neck are significant
factors. Physical exam may reveal neck deformity and
nodules, laboratory tests as cytological and histological
changes, and immunohistochemical examination are
crucial. Ultrasonography, CT, and MRI help assess
the condition of the thyroid gland and regional lymph
nodes. Specialists in field of cardiology, neurology,
gastroenterology, and endocrinology are indicated
depending on comorbidities and contraindications for
patient with thyroid cancer.

Diagnosis, prevention, and treatment of thyroid
cancer can be improved through raising awareness,
educating healthcare workers and the public about
modern diagnostic methods and the importance of early
disease detection. Implementation of thyroid cancer
screening, iodine intake and access to diagnostic imaging,
regional centers should be provided for the population.
Additionaly, update clinical practice guidlines based on
international guidelines, realization of multidisciplinary
teams to treatment, and support science. Setting up of
support groups for patients and families will help to
manage the psychological aspects of the disease. Finally,
systems for monitoring the incidence and mortality
of thyroid cancer will allow for the assessment of the
effectiveness of implemented programs. These steps
should help improve the quality of public health and
medical care in Kazakhstan.

In conclusion, the study highlights significant
differences in thyroid cancer (TC) incidence between East
Kazakhstan and the national trends from 2013 to 2023.
While Kazakhstan saw a steady increase in TC cases,
East Kazakhstan exhibited more pronounced fluctuations,
which may be linked to the long-term effects of radiation
from the Semipalatinsk nuclear test site.

Mortality trends remained stable in both East
Kazakhstan and the country overall, with some regional
variations. Notably, the study showed improvements in
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early detection, with a marked increase in cases diagnosed
at stages III, which likely contributed to a decrease in
late-stage diagnoses.

Gender disparities were evident, with women,
particularly those aged 30-69, experiencing higher
and steadily rising TC incidence rates. These findings
underscore the continued impact of historical radiation
exposure and the need for targeted health interventions
and improved early detection efforts.
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