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Background: Thyroid cancer has increased globally, with a prominent increase in small, papillary thyroid
cancers (PTC). The Korean population has a high iodine intake, high prevalence of BRAF V600E mutations, and
family histories of thyroid cancer. We examined the clinicopathological characteristics and outcomes of thyroid
cancers in Korean patients over four decades.
Methods: The medical records of 4500 thyroid cancer patients, between 1962 and 2009 at a single center,
including 3147 PTC patients, were reviewed.
Results: The mean age of the patients was 46.8 – 13.2 years; women accounted for 82.9% of the patients, and the
median follow-up duration was 4.8 years (mean 7.0 – 5.8 years, range 1–43 years). The number of patients
visiting the clinic increased from 411 during 1962–1990 to 2900 during 2000–2009. Age at diagnosis increased
from 39.6 – 12.9 to 48.6 – 12.4 years. The male to female ratio increased from 1:6 to 1:4.5. The proportion of small
(<1 cm) tumors increased from 6.1% to 43.1%, and the proportion of cancers with lymph node (LN) involvement
or extrathyroidal extension (ETE) decreased from 76.4% to 44.4% and from 65.5% to 54.8% respectively. Al-
though there were decreases in the proportion of LN involvement and ETE, these decreasing rates were not
proportional to the expected rates based on the decreased proportion of large tumors. The overall recurrence and
mortality rates were 13.3% and 1.4%. The five-year recurrence rate significantly decreased (from 11% to 5.9%),
and the five-year mortality also improved (from 1.5% to 0.2%).
Conclusions: The incidence of thyroid cancer has rapidly increased, with a decrease in tumors of large size, LN
involvement, and ETE, although the decreasing rates of LN involvement and ETE were not as prominent as
decreasing rates of large size tumors. The mortality and recurrence rates have also decreased. Future long-term
follow-up of patients diagnosed in the most recent decade is needed to confirm the prognostic characteristics of
Korean PTC patients.

Introduction

Among endocrine tumors, thyroid cancer is the most
frequent cancer, and its incidence has increased strik-

ingly in many countries (1–8). In particular, the rates of pap-
illary thyroid cancers (PTC) with small tumors have increased
(3,6,9). The increased rate of thyroid cancer is often attributed
to the early detection of tumors resulting from diligent health
screening (1,5,10,11), because changes in the pathological
characteristics have also become more favorable with less
frequent lymph node (LN) involvement, extrathyroidal ex-

tension (ETE), and distant metastases (7). However, several
studies have reported controversial results regarding the
pathological changes (5,12), implying that the increasing
prevalence of thyroid cancer has resulted from other causal
factors, such as hormonal or environmental influences and
exposure to radiation (13–16).

The incidence of thyroid cancer in Korea has increased
rapidly. The age-adjusted incidence rates per 100,000 persons
increased from 2.1 and 10.4 in 1999 to 15.4 and 79.6 in 2009 in
men and women respectively (17). This incidence is higher in
Korea than in other countries, where the incidence range was
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0.5–3.5 cases per 100,000 males and 1.5–12.1 cases per 100,000
females between 1998 and 2002 (3). Although there is no clear
explanation for the increased prevalence in Korea, several
characteristics may contribute to the difference. The Korean
population has traditionally had iodine-rich diets (18), the
rates of patients with BRAF V600E mutations are higher (58–
81%) (19–21) than the average rate (49.2%) in other countries
(22), and the prevalence of a family history of thyroid cancer is
two times higher than in other countries (23). An under-
standing of the clinicopathological characteristics of the Ko-
rean population and how changes in these characteristics
have influenced the incidence of thyroid cancer over long
periods is important.

In this study, we retrospectively reviewed the medical re-
cords of thyroid cancer patients who underwent thyroid
surgery between 1962 and 2009 at the Seoul National Uni-
versity Hospital, and analyzed the clinicopathological char-
acteristics and outcomes.

Materials and Methods

Subjects

The medical records of 4666 patients, diagnosed with thy-
roid cancer (ICD10 code C73) between 1962 and 2009 at the
Seoul National University Hospital Thyroid Clinic, were re-
viewed. After excluding 161 patients who had benign thyroid
disease or did not undergo subsequent examination or treat-
ment, 4500 patients were included in the final analyses of the
changes in the clinical characteristics of thyroid cancer pa-
tients at this clinic.

As the outcomes are quite different among patients with
different histological types of cancers, only the outcomes for
PTC, which was the major histological type, were analyzed.
Of the 4074 patients with confirmed PTC, only those who
underwent thyroid surgery with or without radioactive
iodine (RAI) remnant ablation and who were followed for at
least 12 months were included. Finally, 3147 patients were
analyzed for outcomes and risk factors.

Treatment and follow-up strategy

The patients underwent one of three different types of
thyroid surgery: lobectomy, subtotal thyroidectomy, or total
thyroidectomy. Empirical dissection of lymph nodes at the
central or anterior neck region began in 2003, and its fre-
quency gradually increased. It has been performed routinely
for PTC tumors >1 cm since 2007.

Postoperative RAI remnant ablation therapy was conducted
using 131I in patients who had regional LN involvement, gross
extrathyroidal invasion, or distant metastasis. Diagnostic io-
dine whole body scans (WBS) were not routinely performed.
Instead, patients were initially treated with therapeutic iodine
ablation. Patients without pathologically aggressive charac-
teristics were treated repeatedly with 30 mCi of RAI, until
postablation WBS did not demonstrate iodine uptake. For pa-
tients with an aggressive pathology, including residual tumor
lesions, gross invasions, lateral neck node metastases, or ag-
gressive histological types predicting poor outcomes, higher
doses of RAI of 100–200 mCi were used selectively.

After initial surgery, regular monitoring of clinical ex-
aminations, serum thyroglobulin (Tg) and anti-Tg antibody
(Tg-Ab) levels, simple chest radiographs, and periodic neck

ultrasonography were carried out. Regular monitoring of Tg
levels was started in the mid-1990s, and neck ultrasonogra-
phy was performed at the beginning of 2000. Plain chest
radiography had been routinely performed in our hospital
because of its low price and a lower radiation exposure.
However, during the last decade, our patients were no longer
examined with chest radiography for routine recurrence
screening because there was no evidence of a useful role in the
management of thyroid cancer patients (24). For patients with
a moderate to high risk for recurrence, patients underwent
thyrotropin (TSH) suppression with the aim of an undetect-
able level of serum TSH for 5–10 years. Thereafter, in patients
without evidence of recurrence, the dose of levothyroxine was
adjusted to maintain a normal serum TSH level. For low risk
patients, serum TSH levels were kept close to the lower
margin of the reference range.

Biochemical tests

Over the long period covered by this study, biochemical
test methodologies changed several times. Measurement of
serum thyroglobulin was performed using a commercial im-
munoradiometric assay (IRMA) kit (Diasorin, Saluggia, Italy)
until 2004, when it was replaced by a specific, high-sensitivity
IRMA (Tg-plus; BRAHMS Diagnostica GmbH, Berlin, Ger-
many). Antibodies against thyroglobulin have been measured
using specific radioimmunoassay (RIA) kits (anti-Tg;
BRAHMS Diagnostica GmbH) since July 1997. Measurements
of serum TSH, using a commercially available kit (Daiichi
Radioisotope Labs, Tokyo, Japan), started in August 1998. The
kit was replaced by the Liaison� TSH kit (Diasorin) in Feb-
ruary 2007. Serum total thyroxine (T4) was measured by a
commercial RIA kit (Monobind, Costa Mesa, CA), and
eventually replaced by the measurement of free T4 using
GammaCoat� Free T4 (Diasorin), and free T4 has been
measured using a different commercial kit (RIA-gnost� FT4;
CIS bio International, Gif-Sur-Yvette, Cedex, France) since
March 2003.

Definitions of recurrence

Recurrence was defined as situations in which patients were
pathologically confirmed to have recurrent disease by cytol-
ogy, using fine needle aspiration, or specimens from surgical
excision. Even though pathologic confirmation was not made,
patients with highly suspicious lesions on imaging studies
such as WBS, computed tomography, magnetic resonance
imaging, or positron emission tomography were defined as
having tumor recurrence. In our study, isolated elevations of
serum Tg or anti-Tg-Ab were not defined as recurrence be-
cause monitoring of serum Tg and anti-Tg-Ab had not been
routinely performed prior to the mid-1990s in our hospital.

Statistics

Continuous outcomes were analyzed using independent
t-tests between groups of two and one-way analysis of vari-
ance (ANOVA) among groups of three of more. Dichotomous
outcomes were analyzed using the chi-square test for trend
and logistic regression analysis. Analyses of outcomes,
known to vary broadly depending on histological types, were
confined to patients with PTC. To analyze the changes in
outcomes, the cumulative recurrence and mortality rates were
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calculated by life table analyses. All statistical analyses were
performed using SPSS V19.0 (IBM SPSS, New York, NY).
Statistical significance was defined as p < 0.05.

Results

Patient numbers and histological types
of thyroid cancer

The number of patients visiting the clinic increased rapidly,
with particularly prominent increases in the number of PTC
patients (Fig. 1 and Table 1). Although cases of follicular
thyroid cancer also increased in absolute numbers, their
proportionate occurrence decreased slightly ( p = 0.054). The
incidence of medullary thyroid cancer increased between
1990 and 1999, but then it decreased significantly starting in
2000. The numbers of cases of poorly differentiated cancers,
including anaplastic thyroid cancer, increased, but then they
decreased proportionately over time. The proportion of pa-
tients who underwent total thyroidectomy, including near
total thyroidectomy, increased, and RAI remnant ablation
was performed in more patients over time (Table 1).

Clinical characteristics of thyroid cancer

During the study period, the mean age of patients with thy-
roid cancer was 46.8 – 13.2 years, with 768 men (17.1%) and 3732
women (82.9%). Figure 2 shows the increasing number of pa-
tients of both sexes, with an increasing proportion of men, from
9.3% to 18.6% ( p = 0.001; Fig. 2a). The age at diagnosis also in-
creased linearly from 37.2 – 11.8 years before 1984 to 49.2 – 11.9
years after 2005, for both sexes ( p < 0.001 for both; Fig. 2b).

Pathological characteristics of thyroid cancer

The number and proportion of small tumors (< 2 cm) in-
creased over time, especially for papillary thyroid micro-

carcinomas (PTMC, < 1 cm), from 9% before 1990 to 54% after
2005 (Fig. 3a). Although the absolute number of patients with
tumors > 2 cm also increased until 2004, the number then
decreased after 2004 (Fig. 3b). Comparing the pre-1984 period
and the period starting in 2005, the proportion of cases with
LN involvement showed a consistent decrease from 76.1% to
39.1%, and the proportion of ETEs also decreased from 75.7%
to 53.2% (Fig. 3c). However, despite these reductions, these
rates did not decline to the extent that the rates of tumors
> 2 cm did, from 77.1% to 10.4% during the same period. In the
analyses evaluating the proportion of LN involvement in each
group classified by tumor size, the group with a tumor size
< 1 cm showed a decreasing trend in the proportion of LN

FIG. 1. The number of patients with thyroid cancer,
grouped by time periods, with respect to histological types
(papillary: ; follicular: ,; medullary: -).

Table 1. General Clinical Characteristics of Thyroid Cancers, Grouped by Time Period

Pre-1990 1990–1999 Post-1999 Total

Number 411 1189 2900 4500
Age at diagnosis (y)* 39.6 – 12.9 44.8 – 14.2 48.6 – 12.4 46.8 – 13.2
Sex (male/female), n (%)** 60/351 (14.6/85.4) 185/1004 (15.6/84.4) 523/2377 (18.0/82.0) 768/3732 (17.1/82.9)
Median follow-up duration (y) 18.9 (1–43) 11.0 (1–20) 3.3 (1–10) 4.8 (1–43)
Pathologic type, n (%)

Papillary* 362 (88.1) 1047 (88.1) 2654 (91.5) 4063 (90.3)
Follicular 40 (9.7) 93 (7.8) 212 (7.3) 345 (7.7)
Medullary* 5 (1.2) 26 (2.2) 12 (0.4) 43 (0.9)

Poorly differentiated cancer
(including anaplastic cancer)

0 (0) 15 (1.2) 16 (0.6) 31 (0.7)

Othersa 4 (1.0) 8 (0.7) 6 (0.2) 18 (0.4)
Surgery, n (%)
Total thyroidectomy* 88 (21.4) 560 (47.1) 2682 (92.3) 3330 (73.9)
Subtotal thyroidectomy* 136 (33.1) 308 (25.9) 78 (2.7) 522 (11.6)
Lobectomy* 172 (41.9) 287 (24.1) 113 (3.9) 572 (12.7)
Othersb 9 (2.2) 26 (2.2) 20 (0.7) 55 (1.2)
Missing 6 (1.4) 8 (0.7) 12 (0.4) 26 (0.6)
RAI remnant ablation, n (%)* 132 (39.3) 547 (51.4) 1679 (59.3) 2358 (55.7)

Values are indicated by number with (%) or mean – standard deviation (SD).
aOther pathologic types included lymphoma, carcinoma, etc.
bOther types of surgery were mass excision, debulking surgery, and tumorectomy.
*p < 0.001; **p < 0.05.
RAI, radioactive iodine; Pre-, before (excluding); Post-, after (excluding).
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involvement. However, the group with a tumor size of 1–2 cm
did not show a decreasing trend, similar to the group with a
tumor size > 2 cm (Fig. 4a). Moreover, the proportion of ETE
also did not show improving trends, regardless of tumor size
(Fig. 4b).

Changes of recurrence and mortality rates

During a median follow-up period of 5.1 years (mean
7.0 – 5.8 years, range 1–48 years), 13.3% of the patients expe-
rienced a recurrence, and 1.4% of the patients died from
thyroid cancer. The cumulative recurrence rate increased
continuously, with rates of 18% at 10 years and 31% at 20
years. The cancer-specific cumulative mortality rate also in-
creased, with rates of 1.4% at 10 years and 6% at 20 years.
Comparing the prognoses between time periods, the five-year
recurrence rates and cancer-specific mortality rates declined
significantly from 10.6% to 5.9% and from 1.5% to 0.2% re-
spectively. Owing to the limited number of patients experi-
encing recurrence and mortality, the 10-year recurrence and
cancer-specific mortality rates showed similar trends, without
statistical significance (Table 2).

Discussion

This study demonstrates an increase of thyroid cancer in
Korean patients, with a concomitant decrease in patients with
LN involvement and ETE. Additionally, the recurrence and

mortality rates also declined with time. However, several
clinicopathological differences were found between the study
populations in other countries and our study population.

First, the ratios of PTC tumors among thyroid tumors were
higher in Korea than in other countries. In contrast, the ratio of
follicular thyroid cancer was lower in this Korean study than
in other countries (1,3–5). The high prevalence of PTC may be
attributed to regional characteristics within Korea, including
an iodine-rich diet (18,25), reported to be associated with the
development of PTC (26–29). Furthermore, Hashimoto’s
thyroiditis, which is a major type of autoimmune thyroiditis
known to be associated with elevated iodine intake (30), was
also reported to be associated with PTC (31,32), suggesting a
link between iodine intake and PTC. However, the causal
relationship remains unclear and requires further experi-
mental and epidemiological studies.

Second, the ratio of men afflicted with thyroid cancer pro-
gressively increased, probably due to increasing health exami-
nations (5,26,33). In Korea, the number of participants in health

FIG. 2. Trends of sex distribution and mean ages at diagnosis,
grouped by time periods. (a) Each number on the lines indicates
the proportion of males ( ) or females ( ), grouped by time
periods. (b) Each point indicates mean age and bars crossing a
line indicate standard deviations for males ( ), females ( ),
and both sexes ( ).

FIG. 3. Changes of pathological features of thyroid cancer,
grouped by time periods. (a) The number of patients,
grouped by time periods, with specific sized tumors (< 1 cm:

; 1–1.9 cm: ; 2–3.9 cm: ,; ‡ 4 cm: -). (b) The changes in
the proportions of each tumor size, < 1 cm ( ), 1–1.9 cm
( ), 2–3.9 cm ( ), and ‡ 4 cm ( ). (c) The changes in
the proportion of each pathologic characteristic: lymph node
(LN) involvement ( ), extrathyroidal extension (ETE; ),
and distant metastases ( ).
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examinations has increased more rapidly in men (from 44.5%
to 59%) than in women (from 55.6% to 59.6%) (34,35). Ad-
ditionally, male participants were more likely to have risk
factors for cardiovascular disease, such as hypertension or
smoking, leading to evaluation of their vascular status via neck
ultrasonography (36). However, we could not examine the as-
sociation between increased health examinations and clinical
changes in thyroid cancer, an aspect that warrants further study.

Third, in the first decade, our results showed a lower pro-
portion of PTMC and higher proportions of LN involvement
and ETE than results from other countries, followed by an
increasing rate of PTMC and decreasing rates of LN in-
volvement and ETE (Table 3). Interestingly, in the most recent
decade, the proportions of LN involvement and ETE in our
study were still higher than that reported in other countries,
but there was a decrease in tumor size and increasing rates of
PTMC similar to that found in other studies (7,26). Although
these observations might suggest more aggressive character-
istics of thyroid cancer in patients in Korea, this remains un-
certain because there were considerable changes in the
diagnostic tools and the management strategies over time,
and our study had a number of cases without any information
about nodal (27.0%) or invasion status (14.9%). To achieve
greater certainty in the characterization of the aggressiveness
of thyroid cancer in Korean patients, further studies with
long-term follow-up are needed.

Several studies have suggested that there are different ge-
netic characteristics in Korean patients with thyroid cancer.
One is the higher prevalence of the BRAF V600E mutation
compared to other countries (22,37), a molecular alteration
that has been associated with aggressive characteristics.
However, based on the inconsistent results from previous
studies (38–40), the impact of BRAF mutations remains, at
least in part, controversial. Another aspect is the higher
prevalence of patients with familial nonmedullary thyroid
cancer, which suggests a genetic predisposition in Korean
PTC patients (23,41). However, the poor outcome of familial
nonmedullary thyroid cancer remains a topic of debate, and
there are few studies about the genetic characteristics in
Korean thyroid cancer patients.

As shown in Table 3, the recurrence rate in Korea was higher
than that in Germany during the same period, while our results
were similar to those in Hong Kong (5,7,26,33,42,43). These
regional differences might be associated with the epidemio-
logic background of iodine intake or chronic thyroiditis
(44–47). However, the association between thyroid cancer and
iodine intake or thyroiditis remains unclear (48–50). Table 3
also shows that the disease-free survival rates increased over
time in this study, a finding that is consistent with previous
studies (7,17). As mentioned above, these improvements of
prognostic outcomes of thyroid cancer may be associated with
improved diagnostic tools and optimized management strat-
egies during the most recent decade.

The current study is limited by its retrospective nature in-
volving old records, the selection of cases without missing
data, and the exclusion of patients with missing data re-
garding pathologies or treatments. For example, our data
cannot distinguish minimal ETE from gross ETE because the
pathologic reports did not classify ETE into minimal extension
and gross extension in the past. In addition, this study was
conducted with patients at only one tertiary referral hospital.
Consequently, it is possible that there is a selection bias for

FIG. 4. Changes of the proportion of LN involvement and
ETE, according to tumor size. (a) The changes in the pro-
portion of LN involvement with times, grouped by tumor
size, (b) and the changes in the proportion of ETE with times,
grouped by tumor size (pre-1990: ; 1990–1999: ; post-
1999: ,).

Table 2. Comparison of the 5- and 10-Year

Recurrence Rates and Cancer-Specific Mortality

Rates in Patients with Papillary Thyroid

Cancers, Grouped by Time Period

Pre-1990 1990–1999 Post-1999 p

Recurrence
Overall 101 (36.3) 166 (19.7) 157 (7.7) < 0.001
5 years 29 (10.6) 60 (7.1) 200 (5.9) 0.005
10 years 53 (19.4) 128 (15.3) — 0.061

Mortality
Overall 17 (6.1) 22 (2.6) 5 (0.2) < 0.001
5 years 4 (1.5) 9 (1.1) 4 (0.2) < 0.001
10 years 13 (4.8) 21 (2.5) — 0.060

Values are expressed by the number of cases and (%). Starting in
2000, the 10-year recurrence and mortality rates were not calculated
because of insufficient follow-up duration.
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patients with more severe disease status, making it hard to
expand our results to the general Korean population.

In summary, the proportions of patients of both sexes, as
well as female patients with PTC, were higher in this study
from Korea compared to other countries. The number of pa-
tients with small size tumors has significantly increased, and
those with LN involvement or ETE has decreased. The de-
creasing rates of LN involvement and ETE were gradual
during the study period, and they contrast with the increasing
rate of small size tumors. Although the prognostic outcomes
have improved, further studies with long-term follow-up are
needed to characterize the biological behavior of thyroid
cancer in Korean patients.
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