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Abstract
Background: South Korea has the highest incidence of thyroid cancer in the world. 
Our study examined the trends in thyroid cancer incidence by the histologic type, 
cancer stage, and age group and explored possible factors that affected thyroid cancer 
trends.
Methods: We conducted a descriptive epidemiological study using the national can-
cer registry data and cause of death data from 1999 to 2016 in South Korea. Age- 
standardized rates were calculated using Segi's world standard population. Joinpoint 
regression analysis was applied to determine the changing point of thyroid cancer 
trends according to histologic type; Surveillance, Epidemiology, and End Results 
(SEER) summary stage; and age groups by sex.
Results: The age- standardized incidence of thyroid cancer in both men and women in-
creased from 6.3 per 100,000 people in 1999 to 63.4 per 100,000 in 2012 but declined 
from 2012 to 2016, before the debates for over diagnosis of thyroid cancer began in 
2014. The age- standardized mortality rate of thyroid cancer, incidence of distant thy-
roid cancer, and incidence of regional and localized thyroid cancer started to decline 
since early 2000, 2010, and 2012, respectively. In addition, thyroid cancer prevalence 
in thyroid nodules showed decreasing trends from 1999– 2000 to 2013– 2014.
Conclusions: The incidence of thyroid cancer began declining from 2012, before the 
debates for over diagnosis of thyroid cancer began in 2014. Changes in guidelines 
for thyroid nodule examinations may have affected this inflection point. Moreover, 
the debates for over diagnosis of thyroid cancer may have accelerated the decline in 
thyroid cancer.
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1 |  INTRODUCTION

In most countries, the incidence of thyroid cancer show in-
creasing trends.1 South Korea has an extremely high thyroid 
cancer incidence, which increased rapidly since 19992 mostly 
because of the increase in thyroid nodule and thyroid cancer 
detection.2,3 However, the thyroid cancer incidence in South 
Korea recently underwent a drastic change4,5 and continu-
ously decreased after the highest peak in 2012.5

The reason for the sudden decline in thyroid cancer inci-
dence was controversial. It was argued that the incidence de-
creased because of the issue of thyroid cancer over diagnosis.4 
On the other hand, changes in the guidelines for examination of 
thyroid nodule could affect the pattern of thyroid cancer detec-
tion; therefore, the thyroid cancer incidence declined due to the 
reduction in small- sized thyroid cancer detection.6

Therefore, we investigated the time point of change in thy-
roid cancer incidence according to the histologic type, cancer 
stage, and age group by sex and explored the possible factors 
that affected the timing of these changes.

2 |  MATERIALS AND METHODS

2.1 | Data source

The Korean Central Cancer Registry (KCCR) has systemati-
cally collected nationwide cancer incidence data since 1999. 
It currently publishes annual reports on cancer incidence, 
prevalence, and survival in South Korea.5 Moreover, it has 
submitted cancer incidence and survival data for five conti-
nents and the Cancer survival in five continents: a worldwide 
population- based study- 3 (CONCORD- 3) study as Korea's 
representative cancer registration data.7,8 Thus, the quality 
of data reported by the KCCR is of international standard.7,8 
Indeed, the completeness of cancer incidence data was es-
timated to be 98.2% according to the method proposed by 
Ajiki et al. The process of data collection and statistical cal-
culations are described in detail in the annual report.5

In this study, we used the cancer incidence data from the 
KCCR between 1999 and 2016 to estimate the trends of thyroid 
cancer incidence in South Korea. The cause of death database 
from Statistics Korea from 1999– 2016 was used to estimate the 
trends in the mortality rate of thyroid cancer. The study protocol 
was approved by the Institutional Review Board of Kyung Hee 
University (IRB number: KHSIRB- 19– 201).

2.2 | Definition and classification of 
thyroid cancer

Thyroid cancer was defined as “C73” according to the 
ICD- 10 code.9 The histological subtypes were classified as 

papillary thyroid carcinoma (morphology codes: 8050, 8260, 
8340– 8344, 8350, 8450– 8460), follicular thyroid carcinoma 
(morphology codes: 8290, 8330– 8335), medullary thyroid 
carcinoma (morphology codes: 8345, 8510– 8513), anaplastic 
thyroid carcinoma (morphology codes: 8020– 8035), and oth-
ers according to the International Classification of Diseases 
for Oncology, 3rd edition.10,11 Patients with thyroid cancer at 
cancer diagnosis were divided into 5 age groups: <20, 20– 44, 
45– 54, 55– 64, and ≥65 years. The KCCR has collected na-
tionwide cancer staging information using the Surveillance, 
Epidemiology, and End Results (SEER) summary stage since 
2005.12 SEER summary stage was used to examine the trends 
in the incidence of thyroid cancer by cancer stage, and the 
SEER summary stage was classified into localized (cancer 
located within the original organ and not found elsewhere), 
regional (cancer invading the regional lymph node or organ 
located around the origin, without remote metastasis), distant 
(cancer fallen away from the primary organ and spread to 
other tissues far away), and unknown stages.12,13

2.3 | Statistical analysis

The baseline characteristics of patients were compared by the 
time period of cancer diagnosis (1999– 2001 to 2014– 2016). 
Continuous variables and categorical variables are expressed 
as mean ±standard deviation and number (percentage), re-
spectively. Information on treatment was classified into those 
who underwent surgery within 4 weeks after diagnosis and 
others (surgery vs. others). Differences in continuous vari-
ables for each diagnosis period were tested using ANOVA, 
while differences in the distribution of baseline character-
istics across the categorical variables were tested using the 
Chi- square test. A direct age- standardized method was used 
to compare incidences by year and to estimate the Joinpoint 
of the trend. Age- standardized incidences were calculated in 

Lay summary
South Korea had the highest incidence of thyroid 
cancer worldwide in 2012, and this was primarily 
due to over diagnosis. However, the incidence had 
shown decreasing trends starting from 2013, and 
the reason for such sudden decline is controversial. 
Although improvements in over diagnosis rates was 
considered to be the main reason, the incidence 
began to decline in 2013, while concerns on over 
diagnosis were only raised starting in 2014. In addi-
tion, there were already signs such as a decrease in 
mortality and sequential decrease of distant stage of 
thyroid cancer before 2013.
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units of 5 years (0– 5 to ≥85 years old) using the Segi's world 
standard population as the standard population (Table S1).14

The Joinpoint regression model was used to detect the 
best- fitting points with significant changes in the thyroid 
cancer incidence trend.15,16 Annual percent changes (APCs) 
were used as estimators to summarize the rate of change for 
each interval, and the average annual percent change (AAPC) 
was estimated as a weighted average of APCs to summarize 
the overall trend for the entire period between 1999 and 2016. 
The Joinpoint regression model was also applied to examine 
the significant changes in the thyroid cancer mortality trend.

P- values <0.05 were statistically significant. All statistical 
analyses were performed using SAS 9.4 (SAS Institute, Cary, 
NC, U.S.A.) and STATA software version 14 (StataCorp LP, 
College Station, TX, USA).

3 |  RESULTS

3.1 | Baseline characteristics of thyroid 
cancer patients from 1999 to 2016

From 1999 to 2016, 392,668 patients were diagnosed with 
thyroid cancer in South Korea (Table 1). The mean age of pa-
tients with thyroid cancer diagnosed from 1999 to 2001 was 
46.4 ± 14.9 years; the majority were aged 20– 44 years (45.8%). 
By SEER summary stage, the percentage of localized thyroid 
cancer cases increased from 2005– 2007 to 2011– 2013, and 
then decreased slightly from 43.1% in 2011– 2013 to 39.4% 
in 2014– 2016. However, the percentage of regional thyroid 
cancer cases gradually increased from 41.1% in 2005– 2007 to 
52.6% in 2014– 2016. The percentage of patients who did not 
undergo surgery within 4 months of thyroid cancer diagnosis 
increased from 7.8% in 2005– 2007 to 9.9% in 2008– 2010 and 
from 9.6% in 2011– 2013 to 12.8% in 2014– 2016.

3.2 | Age- standardized thyroid 
cancer incidence

Age- standardized thyroid cancer incidences showed similar 
patterns in both men and women (Table S2- S4). It increased 
steadily from 1999– 2012 but abruptly dropped in 2013– 2014 
in both men and women. This sudden decrease in the thyroid 
cancer incidence was mostly due to a decrease in patients 
aged 45– 64 years, decrease in the papillary carcinoma inci-
dence, and decrease in the incidence of localized and regional 
thyroid cancer. It is noteworthy that the incidence of distant 
thyroid cancer has been steadily decreasing since 2007– 2009, 
considering that the KCCR only began collecting SEER sum-
mary stage information since 2005. However, there was no 
remarkable change in the anaplastic thyroid cancer incidence 
in both the sexes from 1999– 2001 to 2014– 2016.

3.3 | Joinpoint regression analysis for 
trends in the incidence of thyroid cancer by 
histologic type

Joinpoint regression analysis showed the trends in incidence 
of thyroid cancer in both men and women (Table  2). The 
sharp increase of thyroid cancer slowed down since 2009 
and 2008 for men and women, respectively. For both sexes, 
the thyroid cancer incidence showed a decreasing trend from 
2012 to 2016 (men: APC = −11.8, 95% confidence interval 
[CI]: −17.4 to −5.9; women: APC = −16.3, 95% CI: −21.2 
to −11.1). All histologic types except anaplastic carcinoma 
started to decrease after 2012 in both men and women. 
However, there was no significant change in the anaplastic 
thyroid carcinoma incidence in both sexes during the overall 
study period.

3.4 | Joinpoint regression analysis for trends 
in the thyroid cancer incidence by age group

There was a slight difference between men and women in 
the results of Joinpoint regression according to the age group 
(Table 3). The incidence of thyroid cancer among men aged 
<20 years showed an increasing trend steadily from 1999 to 
2016, whereas the incidence among women aged <20 years 
started to decrease after 2013, but this was not statistically 
significant. For all age groups, except for men aged 45– 
54 years, the incidence of thyroid cancer showed a decreas-
ing trend from 2012 to 2016. In men aged 45– 54 years, the 
incidence declined since 2013.

3.5 | Joinpoint regression analysis for trends 
in the incidence of thyroid cancer by SEER 
summary stage

The trends in the incidence of thyroid cancer were analyzed 
for an 11- year period from 2006 to 2016 according to the 
SEER summary stage (Table 4). In both men and women, the 
incidence of localized and regional thyroid cancer decreased 
from 2012, while that of distant and unknown stage thyroid 
cancer decreased since 2010 and 2009, respectively.

3.6 | Sequential change- point of thyroid 
cancer mortality rates and incidences by SEER 
summary stage

When the mortality rate and incidence of thyroid cancer 
by SEER summary stage in men were analyzed, the age- 
standardized mortality rate has decreased from 2002 in 
men and from 2004 in women (Figure  1). After that, the 
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age- standardized incidence rates of thyroid cancer with dis-
tant stage showed decreasing trends from 2010, and the in-
cidence of regional and localized thyroid cancer started to 
decrease in 2012, respectively (Figure 2).

4 |  DISCUSSION

In South Korea, the incidence of thyroid cancer rapidly in-
creased in both men and women from 1999 to 2008– 2009, 
attenuated from 2008– 2009 to 2012, and declined from 2012 
to 2016. However, there was no specific change in the ana-
plastic thyroid cancer incidence during the same time period. 
In addition, the incidence of localized and regional thyroid 
cancer started to decrease since 2012, while that of distant 
thyroid cancer decreased since 2010.

Interestingly, we observed that the thyroid cancer inci-
dence started to decrease simultaneously in 2012– 2013 for 
all age groups except men aged <20 years. This finding sug-
gests that the changing trends in the thyroid cancer incidence 
were caused by the same factors in all age groups.

Some researchers attributed the decline in thyroid 
cancer incidence in South Korea to the debates for over 
diagnosis of thyroid cancer.4 Cancer over diagnosis had be-
come a major issue in the United States,17,18 but not it is a 
minor issue in the Korean medical community and society 
until year 2014. Most Korean doctors who diagnosed and 
treated thyroid cancer believed that there was no evidence 

for opposing screening for thyroid cancer.19 Although there 
were similar press issues about thyroid cancer over diag-
nosis before 2014, those offerings were not big enough to 
widely affect screening practice for thyroid cancer or re-
sult in discussions at related conferences in South Korea. 
Indeed, previous studies have shown that in the year 2014, 
thyroid cancer screening was a major issue for the public 
as well as epidemiologists and thyroid cancer physicians 
in South Korea.20,21 Therefore, considering the incidence 
of thyroid cancer peaked in 2012 and started to decline in 
2013, the debates for over diagnosis of thyroid cancer ac-
celerated the decline of thyroid cancer in South Korea, but 
it may not be the starting point.

We infer that changes in the examination guidelines 
for thyroid nodule and thyroid cancer may be the reason 
why the incidence of thyroid cancer started to decrease 
from 2012 to 2013, before the societal debate about 
screening. In 2009, the revised guidelines for the man-
agement of thyroid nodules by the American Thyroid 
Association recommended that only thyroid nodules 
>1  cm required further examination except for lymph-
adenopathy or other high- risk groups.22 In 2010, updated 
guidelines for the management of thyroid nodules were 
announced in Korea.23 This new guideline recommended 
that fine needle aspiration (FNA) should not be used for 
thyroid nodule <0.5  cm unless there was evidence of 
malignancy such as cervical lymph node involvement.23 
One tertiary hospital reported that there was a decrease 

T A B L E  2  Joinpoint regression analysis for trends in incidence rate of thyroid cancer by histologic type

Categories

Trend 1 Trend 2 Trend 3

AAPC (95% CI)Years APC (95% CI) Years APC (95% CI) Years APC (95% CI)

Men

Overall 1999– 2009 26.3 (21.7 to 31.1)* 2009– 2012 15.2 (−5.9 to 41.2) 2012– 2016 −11.8 (−17.4 to 
−5.9)*

14.2 (9.8 to 18.8)*

Papillary 1999– 2009 29.6 (24.6 to 34.7)* 2009– 2012 16.2 (−4.7 to 41.7) 2012– 2016 −12.1 (−17.5 to 
−6.3)*

16.0 (11.6 to 
20.7)*

Follicular 1999– 2012 7.8 (5.5 to 10.2)* 2012– 2016 −9.8 (−18.3 to −0.3) - - 3.4 (0.7 to 6.1)*

Medullary 1999– 2012 8.7 (5. to 12.4)* 2012– 2016 −12.4 (−24.7 to 1.8) - - 3.3 (−0.7 to 7.5)

Anaplastic 1999– 2016 0.4 (−1.5 to 2.3) - - - - 0.4 (−1.5 to 2.3)

Women

Overall 1999- 2008 26.3 (22.0 to 30.8)* 2008– 2012 10.9 (1.7 to 21.0)* 2012– 2016 −16.3 (−21.2 to 
−11.1)*

11.2 (8.2 to 14.3)*

Papillary 1999- 2009 26.1 (22.3 to 30.0)* 2009– 2012 9.1 (−8.6 to 30.2) 2012– 2016 −16.2 (−21.3 to 
−10.7)*

11.7 (7.9 to 15.6)*

Follicular 1999- 2012 4.4 (2.6 to 6.1)* 2012– 2016 −9.4 (−17.2 to −0.8) - - 0.9 (−1.3 to 3.2)

Medullary 1999- 2012 8.6 (5.8 to 11.4)* 2012– 2016 −19.8 (- 30.0 to −8.2)* - - 1.1 (−2.3 to 4.6)

Anaplastic 1999- 2016 −1.4 (−3.4 to 0.7) - - - - −1.4 (−3.4 to 0.7)

Note: The age- standardized incidence rates are calculated as incidence cases per 100,000 people using Segi’s world standard population.
Abbreviations: 95% CI, 95% Confidence intervalAAPC, Average annual percent change; APC, Annual percent change.
*p- value <0.05
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in the number and proportion of thyroid cancer <0.5 cm 
since 2009.24 The extent to which the revised guideline 
affected the reduction in the thyroid cancer incidence is 
unclear. The positive attitude of physicians regarding the 
use of guidelines from the academia25,26 suggested that 
these guidelines partly contributed to a decrease in the 
thyroid cancer incidence.

The stage shift due to thyroid cancer over diagnosis and 
the decrease in the thyroid cancer reservoir may be another 
explanation for this decrease of the incidence. First, a stage 
shift through screening may lead to a reduction in the thyroid 
cancer incidence.27,28 Indeed, the age- standardized mortal-
ity rate started to decrease from 2004, and the incidence of 

distant thyroid cancer started to decrease since 2010.29 Then, 
the incidences of regional and local thyroid cancer started 
to decrease since 2012. These sequential changes suggest a 
stage shift. Second, decreased detection of thyroid cancer in 
people with thyroid nodules and an annual decrease in thyroid 
cancer diagnosis/thyroid fine- needle aspiration (FNA) ratio 
suggest that the thyroid cancer reservoir has decreased.30 Lee 
et al. showed that thyroid cancer diagnosis/thyroid FNA ratio 
decreased from 36.5% in 2004 to 25.1% in 2011 using the 
National Health Insurance database.30 Third, our argument 
could be inferred from the trend of prostate cancer, which is 
similar to thyroid cancer, in that over diagnosis has been a 
major issue. Some studies reported that latent prostate cancer 

Categories

Trend1 Trend2

AAPC (95% CI)Years APC (95% CI) Years APC (95% CI)

Men

Localized 2006- 2012 19.4 (11.4 to 27.9)* 2012- 2016 −15.7 (−24.2 to −6.3)* 3.9 (−1.0 to 8.9)

Regional 2006- 2012 23.3 (15.1 to 32.1)* 2012- 2016 −11.8 (−19.8 to −3.0)* 7.8 (3.1 to 12.8)*

Distant 2006- 2010 6.8 (−5.2 to 20.3) 2010- 2016 −10.1 (−15.7 to −4.2)* −3.7 (−8.3 to 1.1)

Unknown 2006- 2009 14.1 (−3.9 to 35.4) 2009- 2016 −6.0 (−10.0 to −1.7)* −0.3 (−5.0 to 4.6)

Women

Localized 2006- 2012 14.7 (8.7 to 20.9)* 2012- 2016 −19.9 (−27.3 to −11.8)* −0.7 (−4.6 to 3.4)

Regional 2006- 2012 17.6 (10.5 to 25.0)* 2012- 2016 −15.9 (−24.0 to −7.0)* 2.8 (−1.6 to 7.4)

Distant 2006- 2010 9.2 (−2.0 to 21.7) 2010- 2016 −15.1(−20.5 to −9.2)* −6.1 (−10.4 to 
−1.5)*

Unknown 2006- 2009 7.5 (−7.6 to 25.1) 2009- 2016 −9.9 (−14.0 to −5.7)* −5.0 (−9.1 to 
−0.7)*

Note: The age- standardized incidence rates are calculated as incidence cases per 100,000 people using Segi’s 
world standard population. SEER summary stage was classified into localized stage, regional stage, distant 
stage and unknown stage and it has been collected nationally since 2006.
Abbreviations: 95% CI, 95% Confidence intervalAAPC, Average annual percent change; APC, Annual percent 
change.
*p- value<0.05

T A B L E  4  Joinpoint regression analysis 
for trends in incidence rate of thyroid cancer 
by SEER summary stage

F I G U R E  1  Joinpoint regression 
analysis for thyroid cancer mortality rates 
of thyroid cancer. Footnotes: The age- 
standardized rates are presented as mortality 
cases per 100,000 people using Segi's world 
standard population as standard population. 
Joinpoint regression analysis was used to 
determine whether there were significant 
changes in trends. The lines represent 
the estimated trends from the joinpoint 
regression, and the dots represent the 
observed (real) rates
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decreased after introduction of prostate cancer screening 
using prostate- specific antigen (PSA).31,32 These study find-
ings suggest that there was a decrease in reservoir of pros-
tate cancer, which represents an over diagnosed cancer, and 
a similar situation might apply to thyroid cancer. However, it 
was impossible to precisely confirm the actual decrease in the 
thyroid cancer reservoir in Koreans; therefore, it was impos-
sible to determine whether this decrease affected the thyroid 
cancer incidence. Finally, occasional discussions regarding 
thyroid cancer over diagnosis before 2014 might have partly 
influenced the practices of thyroid cancer screening.

The present study has several limitations. First, this 
study is descriptive and does not provide information on the 
direct cause of the decrease in thyroid cancer. Second, our 
study did not include the change in the overall reservoirs 

of thyroid nodules and cancer, changes in the attitude and 
behavior of physicians regarding thyroid cancer screening 
such as FNA, and the patients’ participation rate and inten-
tions for thyroid cancer screening. Third, external factors 
could affect the thyroid cancer incidence simultaneously or 
interact with each other. Fourth, the proportion of unknown 
stages was relatively high, and it decreased from 2006 to 
2016. Since the unknown stage had a lower 5- year survival 
rate than did the local or regional stages, it is likely that 
this stage contains some proportion of distant thyroid can-
cer. Nevertheless, our nationwide study provides a clue to 
the cause of the decrease in the thyroid cancer incidence 
by describing events before the changing point of thyroid 
cancer incidence. Ahn et al have only evaluated trends in 
the number of patients who had surgery for thyroid cancer,4 

F I G U R E  2  (A) Joinpoint regression 
analysis for thyroid cancer incidence rates 
of thyroid cancer by SEER summary stage 
in men. Footnotes: The age- standardized 
rates are presented as incidence cases per 
100,000 people using Segi's world standard 
population as standard population. Joinpoint 
regression analysis was used to determine 
whether there were significant changes in 
trends. The lines represent the estimated 
trends from the joinpoint regression, and 
the dots represent the observed (real) rates. 
(B) Joinpoint regression analysis for thyroid 
cancer incidence rates of thyroid cancer by 
SEER summary stage in women. Footnotes: 
The age- standardized rates are presented as 
incidence cases per 100,000 people using 
Segi's world standard population as standard 
population. Joinpoint regression analysis 
was used to determine whether there were 
significant changes in trends. The lines 
represent the estimated trends from the 
joinpoint regression, and the dots represent 
the observed (real) rates
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whereas we examined nationwide trends in the thyroid can-
cer incidence using Joinpoint regression analysis and can-
cer registration database, which includes almost all cancer 
patients in South Korea. Moreover, we examined changes 
in trends by histological types, age groups, and SEER sum-
mary stages. The results showed that the starting point of a 
decreasing trend differed for each stage, with reasons sug-
gested for these trends.

In conclusion, our study showed that the thyroid cancer in-
cidence peaked in 2012 and started to decrease from 2013 in 
South Korea, before the debates for over diagnosis of thyroid 
cancer began. Since 2012, the thyroid cancer incidence started 
to decrease, and this was triggered by changes in guidelines for 
thyroid nodule examination or a decrease in the thyroid cancer 
reservoir before the societal controversy regarding over diag-
nosis. The debates on thyroid cancer over diagnosis may have 
accelerated the decline in thyroid cancer since 2014.
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