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Background: In this study, we evaluated the recent changes in the standardized, age-specific, stage-specific incidence rates (IRs) of
thyroid cancer in Korea and compared them with the incidence data reported by the Surveillance, Epidemiology, and End Results
Program.

Methods: The analysis was conducted using the incidence data (2005 to 2018) from the Statistics Korea and Korea Central Cancer
Registry.

Results: The age-standardized IR (SIR) of thyroid cancer increased from 24.09 per 100,000 in 2005 to 74.83 in 2012 (annual per-
cent change [APC], 14.5). From 2012 to 2015, the SIR decreased to 42.52 (APC, —17.9) and then remained stable until 2018 (APC,
2.1). This trend was similar in both men and women. Regarding age-specific IRs, the IRs for ages of 30 years and older showed a
trend similar to that of the SIR; however, for ages below 30 years, no significant reduction was observed from the vertex of IR in
2015. Regarding stage-specific IRs, the increase was more prominent in those with regional disease (APC, 17.4) than in those with
localized disease until 2012; then, the IR decreased until 2015 (APC, —16.1). The average APC from 2005 to 2018 increased in men,
those under the age of 30 years, and those with regional disease.

Conclusion: The SIR in Korea peaked in 2012 and decreased until 2015 and then remained stable until 2018. However, in young in-
dividuals under the age of 30 years, the IR did not significantly decrease but tended to increase again. In terms of stage-specific IRs,
the sharpest increase was seen among those with regional disease.
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INTRODUCTION

In recent decades, the incidence rate (IR) of thyroid cancer has
risen markedly worldwide with substantial variability between

geographic regions or populations [1-3]. Although this increase
in incidence has predominantly been affected by the increased
detection of early tumors, other risk factors, such as obesity,
must have had an effect as well [2,4,5]. A growing awareness of
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the impacts of overdiagnosis has led to substantial modifica-
tions of national and international guidelines for the manage-
ment of thyroid nodules and cancers, which now explicitly rec-
ommend against screening for thyroid cancer in asymptomatic
individuals and advocate active surveillance for microcarcino-
mas [1,6,7].

Notably, Korea has the highest IR worldwide, reaching 45 per
100,000 according to the Global Cancer Observatory (GLOBO-
CAN) estimates in 2020 [8]. The number of women in Korea is
15 times greater than that in different regions of the world [8].
In Korea, the incidence of thyroid cancer had been increasing
by 22.3% per year in both sexes and had been the most common
cancer from 2009 to 2014 [9]. By gradually recognizing the ef-
fects of overdiagnosis, a study reported a marked decrease in
thyroid operations in Korea [10]. The epidemiology and natural
history of cancer can vary across populations (e.g., by geogra-
phy) or among subgroups within a population [11]. This might
be because of multiple causes, such as differences in diagnostic
practices, healthcare systems, environmental exposures, and in-
dividual risk factors [2]. The acquisition of population-based
epidemiological data on cancer burden is a fundamental attri-
bute of a well-functioning healthcare system and will help guide
future clinical recommendations and the search for contributing
factors for the disease [12,13].

In this study, we evaluated recent trends in the IR of thyroid
cancer by age-standardization or according to age and stage un-
til 2018 and estimated the annual percent change (APC) in Ko-
rea. Additionally, we compared Korean incidence trends of thy-
roid cancer with the incidence data from the Surveillance, Epi-
demiology, and End Results Program (SEER).

METHODS

Data source

The cancer-specific incidence data from 2005 to 2018 were ob-
tained from Statistics Korea. The disease was coded and classi-
fied according to the code for thyroid cancer (C73) in the tenth
revision of the International Statistical Classification of Diseases
and Related Health Problems. Stage-specific incidence data
were obtained from the Korea Central Cancer Registry. Stage-
specific incidence data was available since 2005. The stages
were described as follows: localized (single or multifocal inva-
sive tumor[s] confined to the thyroid); regional (tumor[s] ex-
tending beyond the thyroid gland); distant (tumor[s] extending
beyond the thyroid gland to other organs or also known as pri-
mary tumor is metastatic); and unstaged (unknown stage). Data
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were downloaded on July 27, 2021. We assessed SEER *explorer
and downloaded the incidence data on August 2021 [14]. In-
formed consent was waived and the study protocol was ap-
proved by the Institutional Review Board (IRB) of Hallym Uni-
versity Dongtan Sacred Heart Hospital, Korea (IRB no. HDT
2022-04-015).

Analysis

The crude and standardized IRs (SIRs) were calculated for thy-
roid cancer. The 95% confidence interval (CI) of the IR was
calculated by assuming a Poisson distribution. The age-SIR was
determined using the Korean mid-year resident registration
population of 2,000 (defined as the standard Korean popula-
tion). We sub-analyzed the IRs according to sex, age, and stage
groups.

We performed joinpoint regression analysis allowing for a
maximum of two joinpoints using a log-linear model to identify
significant changes in IR trends [15]. For each period of the
identified trends, we calculated the estimated APC. P values of
less than 0.05 were used to indicate statistical significance. Sta-
tistical analyses were performed using the Joinpoint Regression
Program version 4.8.0.1 (Statistical Research and Application
Branch, National Cancer Institute, Bethesda, MD, USA).

RESULTS

The SIR of thyroid cancer was 24.09 (95% CI, 23.65 to 24.54)
per 100,000 in 2005, which sharply increased to 74.83 (95% CI,
74.06 to 75.62) per 100,000 in 2012 (Table 1, Fig. 1A). After
2012, the SIR started to decrease and reached 42.52 (95% CI,
41.93 to 43.11) per 100,000 in 2015 and remained at a similar
level until 2018. The APC of the SIR between 2005 and 2012
was 14.5 (95% CI, 10.5 to 18.7; P<0.01), and that between
2012 and 2015 was —17.9 (95% CI, —30.2 to —3.4; P<0.01)
(Table 2, Fig. 1B). The APC of the SIR between 2015 and 2018
was 2.1 (95% CI, 9.1 to 14.6; P=0.70) and did not show statis-
tical significance. The average APC (AAPC) from 2005 to 2018
was 3.3 (95% CI, —0.8 to 7.5; P=0.10). This SIR trend was sim-
ilar in both sexes (Table 1, and Fig. 1A, C, D). In contrast, the
SIRs in the SEER were not as pronounced as those in the Kore-
an data. The SIR of thyroid cancer was 11.12 (95% CI, 10.92 to
11.32) per 100,000 in 2005, which gradually increased to 16.23
(95% CI, 16.00 to 16.46) per 100,000 in 2015. Furthermore, the
trend decreased after that (Fig. 1E). The APC of the SIR be-
tween 2009 and 2014 was 2.35 (95% CI, 1.11 to 3.59) and that
between 2014 and 2018 was —2.76 (95% CI, —3.91 to —1.59).
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Table 1. Age-Standardized, Age-Specific, and Stage-Specific Incidence Rates of Thyroid Cancer from 2005 to 2018 in Korea
Age-standardized rates Age-specific rates Stage-specific rates
(per 100,000) (per 100,000) (per 100,000)
Total Men Women <20 20-29 30-39 4049 50-59 60-69 =70 Localized Regional Distant Unknown
2005 24.09 6.62 4191 082 11.59 28.68 49.73 57.17 44.11 23.86 9.78 9.33 0.36 4.63
2006 29.87 854  51.65 081 13.62 37.51 62.65 7220 50.68 2541 12.74 12.30 0.39 445
2007 3859 1147 6635 1.04 1648 4756 8294 91.62 70.67 30.12 16.47 16.67 0.44 5.01
2008 48.82 1533  83.17 129  22.04 62.85 101.13 11726 85.09 384l 20.88 22.42 0.45 5.07
2009 57.15 1823  97.19 132 2462 77.53 117.21 13236 101.92 44.81 24.01 26.16 0.50 6.48
2010 63.74 21.70 107.03 1.61 29.09 87.55 12932 14743 111.81 4553 26.71 31.86 0.60 457
2011 7021  24.06 117.89 1.73 3120 97.69 140.69 164.88 121.77 51.40 30.28 34.93 0.42 4.59
2012 74.83 2734 124.03 1.72  33.64 10538 146.72 173.10 136.02 55.40 32.52 37.95 0.45 3.92
2013 7197 28.64 11691 2.09 3490 105.24 143.10 157.01 12099 51.5 29.39 37.72 0.35 451
2014 52.07 20.65  84.65 1.93 2759 77.82 101.93 11024 83.16 36.64 20.58 27.32 0.29 3.87
2015 4252 18.19  67.81 1.74 2374 6568 8320 8431 6585 29.84 16.26 22.90 0.24 3.11
2016 4455 1896  71.16 1.87 2791 7042 8595 8348 65.56 30.90 16.92 24.19 0.27 3.17
2017 45.03 2073  70.32 2.10 2811 7415 8635 81.00 63.96 29.62 17.54 24.56 0.29 2.63
2018 48.62 2280  75.50 1.73 3169 83.76 9123 8501 6428 33.01 20.74 24.76 0.31 2.81
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Fig. 1. Standardized incidence rates (SIRs) of thyroid cancer (A) in Korea, and annual percent change of the SIR in Korea in (B) total, (C)
male, and (D) female. (E) The SIR in the Surveillance, Epidemiology, and End Results Program (SEER) data. APC, annual percent change;
IR, incidence rate. *Indicates that the APC is significantly different from zero at the alpha=0.05 level.

Regarding age-specific IRs, the IRs for patients aged under  crease; however, this decrease was insignificant. In patients in
their 30s, the IR increased from 28.68 (95% CI, 27.58 to 29.82)

in 2005 to 105.38 (95% CI, 103.16 to 107.64) in 2012 (APC,

20 years and those in their 20s showed a significant increase un-
til 2013 (Table 1, Fig. 2A-C). After that, the IR tended to de-
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Table 2. Trends in Thyroid Cancer Incidence in Korea between 2005 and 2018 Using a Joinpoint Regression Model
Trend 1 Trend 2 Trend 3 AAPC
Years APC (95% CI) Years APC (95% CI) Years APC (95% CI) (2005-2018)
Age-standardized rate
Total 20052012 14.5(10.5-18.7)*  2012-2015 —17.9(-30.2t0o—3.4)* 2015-2018 2.1(-9.1to14.6)  3.3(-0.8t07.5)
Men 20052012 19.3 (14.7-24.1)*  2012-2015 —13.9(-24.0to—2.6)* 2015-2018 5.7(-19t013.9)  7.6(42to 11.1)"
Women 20052012 13.7 (9.7-17.8)* 2012-2015 —18.8(-31.8t0—3.4)* 20152018 1.1(-11.3t0o15.1) 2.4(-1.9t06.9)
Age groups, yr
<20 20052013 10.7 (5.9-15.8)*  2013-2018 —1.7(-6.5t03.3) 5.8(2.7t08.9)
20-29 20052012 15.1(10.9-19.5* 2012-2015 —11.5(-23.5t02.3) 20152018 7.5(-02t0159)  6.6(3.0to 10.3)*
30-39 20052012 16.7 (12.0-21.6)* 2012-2015 —15.8(-28.1to—1.4)* 2015-2018 6.2(-39t017.3)  5.9(1.9to 10.1)*
40-49 20052011 16.9(7.2-27.3)* 20112018 —8.8(-12.7to—4.7) 2.3(-1.7t06.4)
50-59 20052012 13.5(9.9-17.3)*  2012-2015 —21.4(-32.5t0—8.5)* 2015-2018 -3.0(-153t011.0) 0.6(-3.4t04.7)
6069 20052012 14.5(10.1-19.0* 20122015 -21.4(-34.8t0—5.3)* 2015-2018 -3.0(-16.6t012.8) 1.0(-3.7t05.9)
=70 20052012 12.3(8.3-16.5)* 20122015 —18.9(-31.7to—3.7)* 2015-2018 0.8 (-10.6t0 13.7) 1.6 (-2.6t0 6.0)
Summary stage groups
Localized 2005-2012 149 (11.1-18.9)"  2012-2015 —21.4(-33.7t0—6.7)" 20152018 59(-6.2t019.5)  3.3(-09t07.7)
Regional 20052012 17.4(12.6-22.4)* 2012-2015 —16.1(-279to—2.4)* 2015-2018 0.5(-9.7t011.9)  4.8(0.8—9.0)
Distant 20052010 10.3 (4.8-16.0)* 20102015 —15.2(-229t0—6.8)* 2015-2018 7.3 (-12.2t031.1) —1.0(-5.8t04.1)
Unknown 20052009 7.9 (1.6-14.5*  2009-2018 —8.8(-11.3to—6.2)" —4.0(-6.2t0-1.7)"
APC, annual percent change; CI, confidence interval; AAPC, average annual percent change.
*Considered as statistically significant.

16.7; 95% CI, 12.0 to 21.6; P<0.05) and then decreased to
65.86 (95% CI, 63.88 to 67.52) until 2015 (APC, —15.8; 95%
Cl, —28.1 to —1.4; P<0.05) (Tables 1, 2, Fig. 2D). In patients
aged under 20 years, those in their 20s, and those in their 30s,
the AAPC during the 2005 to 2018 period significantly in-
creased (Table 2). The IR trend in patients aged 40 years and
above was similar to that of the SIR (Fig. 2E-H). Furthermore,
in the SEER data, in patients under the age of 15 years, the IR
trend persistently increased from 2000 to 2018 (4.61; 95% CI,
3.50 to 5.80). In other age groups, the IR continued to increase
until 2014 or 2015 and then declined (Fig. 2I).

Regarding stage-specific IRs, the most prominent increase
was observed in patients with regional disease (Table 1, Fig.
3A). The stage-specific IR of regional disease was 9.33 (95%
CI, 9.05 to0 9.61) in 2005, increased to 37.95 (95% ClI, 37.40 to
38.51) in 2012, and then decreased to 24.76 (95% CI, 24.31 to
25.21). The APC of the IR of regional disease was 17.4 (95%
CI, 12.6 to 22.4; P<0.05) between 2005 and 2012 and —16.1
(95% CI, —27.9 to —2.4; P<0.05). The AAPC of the IR of re-
gional disease during the 2005 to 2018 period was 4.8 (95% CI,
0.8 t0 9.0; P<0.05) (Table 2, Fig. 3B). The localized and distant
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groups showed a trend similar to that of the SIR (Table 2, Fig.
3C, D). In contrast, SEER data have a high proportion of pa-
tients with localized disease throughout the years, and the IR
seemed to have a similar increasing trend (Fig. 3E).

DISCUSSION

In this study, we investigated the recent trends of the SIR of thy-
roid cancer in Korea. The SIR peaked in 2012 and began to de-
cline. This trend was the same for both sexes and for all age
groups. However, since 2015, the decline in the SIR has slowed
down or even tended to increase again. Of note, the IR of thy-
roid cancer in patients aged under 20 years and those in their
20s did not show a clear decline even after 2012, even if the ab-
solute number of occurrences among those was small. Accord-
ing to the stage groups, the IR in patients with regional disease
characteristically showed a larger increase than that in patients
with localized disease. Finally, the groups showing an increase
in the AAPC over the entire period were men, those under the
age of 20 years, those in their 20s, those in their 30s, and those
with regional disease. In contrast, in the SEER data, the SIR in-

Copyright © 2022 Korean Endocrine Society
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Fig. 2. Age-specific thyroid cancer incidence rates (A) in Korea, and annual percent change of the age-specific incidence in Korea by age
groups: (B) <20, (C) 20-29, (D) 30-39, (E) 4049, (F) 50-59, (G) 60-69, and (H) =70 years. (I) Age-specific thyroid cancer incidence
rates in the Surveillance, Epidemiology, and End Results Program (SEER) data. APC, annual percent change; IR, incidence rate. “Indicates
that the APC is significantly different from zero at the alpha=0.05 level.
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cantly different from zero at the alpha=0.05 level.

creased until 2015 and then began to decline steadily, regardless
of sex and stage. Of note, the IR of thyroid cancer in young in-
dividuals (under 15) increased in the SEER data.

Until the early 2010s, the IR of thyroid cancer showed a very
steep increase worldwide. Because concerns about overdiagno-
sis were raised in 2010, numerous studies on the IR trends of
thyroid cancer have been steadily conducted in each geographic
region. After the US Preventive Services Task Force announce-
ment of its opposition to screening for asymptomatic thyroid
cancer and changes in clinical guidelines, many regions began
to show a decrease in the IR of thyroid cancer [16-18].

Korea experienced the highest thyroid cancer epidemic
among other countries worldwide. The problem of the overdi-
agnosis of thyroid cancer has been examined and discussed by
the medical community and the public [19-23]. Recent study re-
ported the decrease of thyroid cancer incidence in Korea ana-
lyzing data from 1999 to 2016 [24]. In our study, we evaluated
the more recent incidence data until 2018 and used the Korean
mid-year resident registration population for age standardiza-
tion. We demonstrate that the incidence of thyroid cancer was
not decreased in men and younger age evident by positive
AAPC during the entire study period in this subgroup. Recently,

796 www.e-enm.org

the incidence of thyroid cancer has been declining more slowly.

The gender disparity in the incidence of thyroid cancer is well
known, and the differences have become even more pronounced
recently as the incidence of the disease has increased [25,26].
To date, biological causes of gender-specific differences in thy-
roid cancer incidence are not exactly known. Moreover, it is be-
lieved that this is due to differences in healthcare use [25].
However, in this study, the APC of the IR increase until 2012
was steeper, and the decline after that was slower for men than
for women. This phenomenon was also observed in another
study [27].

Additionally, some recent studies reported the increasing inci-
dence of childhood thyroid cancer in Korea [28,29] and world-
wide [30-32]. In Korea, thyroid cancer is the most common
cancer in both sexes among the adolescent and young adult
populations (15 to 34 years), accounting for 50.8% of all can-
cers [17]. According to Park et al. [28], this might be accompa-
nied by actual increases due to environmental factors, such as
excessive iodine intake, exposure to medical radiation, and in-
creased obesity prevalence, as well as the screening effect.

Stage-specific IRs increased for all SEER stages. Most stud-
ies revealed that the increase in the incidence of localized dis-

Copyright © 2022 Korean Endocrine Society



Recent Changes on Thyroid Cancer Incidence E n M

ease was the most obvious [33]. However, in this study, specifi-
cally, the increase in the IR of regional disease is the most re-
markable. Furthermore, a study reported that Asians present
with more advanced well-differentiated thyroid cancer than
their White counterparts—a finding that is consistent with the
findings of this study [34]. Studies to determine whether there
are racial differences in the risk of developing thyroid cancer
have been conducted before [35-38]. These differences could be
contributed by not only access to medical care but also lifestyle,
including diet, specifically iodine exposure; biological; and en-
vironmental factors.

On the other hand, we should consider whether there are dif-
ferences in terms of the general public’s perception of the over-
diagnosis of thyroid cancer between populations. Despite having
an excellent prognosis, the diagnosis of thyroid cancer is a senti-
nel event in patients’ lives that has a profound and lasting psy-
chosocial impact [39]. A major limitation is the inability to know
prospectively with certainty which cancers are overdiagnosed
[40]. Recently, in Korea, several studies on patient and public
understanding of the issue of thyroid cancer overdiagnosis have
been conducted [23,41,42]. According to these studies, a wide-
spread lack of awareness of information on thyroid cancer over-
diagnosis was noted, and even after receiving information, pa-
tients and the public were less concerned about overdiagnosis in
deciding whether to undergo thyroid cancer screening.

This study has several limitations. First, we could not demon-
strate any direct, specific cause of the trends in IRs. Second, we
lacked data on tumor histology.

In conclusion, the incidence of thyroid cancer in Korea has
decreased after 2012 and tended to increase again, and the in-
crease was large in men and young individuals. Additionally,
characteristically, there was a very distinct increase in the IR
among patients with regional disease. The contribution of over-
diagnosis to the increasing incidence of thyroid cancer could be
substantial; however, a true increase in thyroid cancer incidence
has not been ruled out. One of the greatest needs is developing
biomarkers or tests that better distinguish indolent or very-slow-
growing cancers from aggressive ones. Additionally, we need
more profound education for the individuals under social and
health system support, which can facilitate shared decision-
making and informed consent. Lastly, continuously monitoring
the trends in the epidemiology of thyroid cancer according to
changes in the diagnostic nomenclature system and clinical
guidelines and in-depth understanding of uncovered risk factors
are necessary.
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