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Background and Objectives: The incidence of thyroid cancer is increasing worldwide. The increase in the
frequency of screening tests may have led to an over-detection of small thyroid cancers. The Korean Thyroid
Association (KTA) discourages the find needle aspiration of thyroid nodules <0.5 cm. The aim of this study was
to evaluate fime trends of characteristics of thyroid cancer patients in a single medical center. Materials and
Methods: This stfudy included 15,465 patients who underwent operation due to thyroid cancer from 1995 to
2012. Data on age, gender of patients and hisfology, clinical stage of the thyroid cancer were reviewed
retrospectively. Results: New thyroid cancer cases have dramatically increased and papillary thyroid carcinoma
(PTC) accounted for a maijor part of this increase. PTCs were accounted for 98% of all thyroid cancer surgeries
in 2012 and 79% in 1995. The proportion of PTCs <0.5 cm has increased from 1% in 1995 to 32% in 2009 and
then slightly decreased afterward. The peak age of patients with PTC has increased from 40 years in 1995-2000
fo 55 years in 2006-2012. The proportion of small follicular thyroid carcinomas and medullary thyroid carcinomas
(<£1.0 cm) also steadily increased during study periods. Conclusion: Thyroid cancers became smaller but,
increase of very small PTCs stopped after 2010, in which the KTA guidelines were infroduced. These findings
suggest that the increasing incidence of thyroid cancer in Korea might be due to the over-detection of small
thyroid cancets.
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With the development of diagnostic technology,

Introduction

The incidence of thyroid cancer is on the sharp rise
globally and also in Korea.'™® The wel—known risk
factors for thyroid cancer are exposure 10 ionizing
radiation, a history of benign thyroid tumor, and a
family history of thyroid cancer.7’8)
cause of this global trend for increasing thyroid cancer

However, the

remains unknown,

especially high—resolution ultrasonography (US), it has
become possible to detect small thyroid cancers that
were previously undetectable. Many small silent thyroid
cancers may be diagnosed consequent to the increase
in the frequency of thyroid cancer screening tests” and
the incidence of microcarcinomas have increased,
indeed.“g) As a result, the Korean Thyroid Association
(KTA) revised the guidelines for thyroid nodule and
cancer diagnosis in 2010 and proposed that fine
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needle aspiration cytology (FNAC) would be performed
for nodules over 0.5 cm if patients have risk factors of
thyroid cancer or malignant features on US.WO) Neve—
rtheless, a recent report using the Korea Central Cancer
Registry and the Korea National Cancer Incidence
Database data demonstrated that thyroid cancer was the
most common cancer on 2011 in Korea,” However, little
has been reported about the recent time trends in
thyroid cancer according to pathologic characteristics in
Korea.g)

The aim of this study was to evaluate time trends in
the characteristics of thyroid cancer patients between
1995 and 2012 in a single center with comprehensive
analysis of pathologic data.
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Materials and Methods

Patients

This study included 15,465 patients who were dia—
gnosed with thyroid cancer and underwent initial surgery
at the Asan Medical Center between 1995 and 2012,
Data on age, gender of patients and histological type,
clinical stage of the thyroid cancer were retrieved and
reviewed retrospectively. Clincopathological data are
analyzed according to the year of operation. This study
was approved by the Institutional Review Board of Asan
Medical Center.

Definitions

Pathologic types of thyroid cancer were categorized
into papillary thyroid carcinoma (PTC), follicular thyroid
carcinoma (FTC), medullary thyroid carcinoma (MTC),
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Fig. 1. Time trends

of the thyroid cancers. (A) Changes in the number of thyroid cancer patients according to their pathology

type. (B) Changes in the number of papillary thyroid carcinoma patients according to their primary tumor size. (C) Changes in
the proportion of papillary thyroid carcinoma patients according to their primary tumor size. The number in this table presented

the percentage of patients in each vyear.
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poorly differentiated thyroid carcinoma (PDTC), anapla—
stic thyroid carcinoma (ATC).

Microscopic invasion was defined as extension to
the sternothyroid muscle or perithyroidal soft tissues.'"
Primary tumors without invasion of surrounding tissue
beyond the thyroid capsule regarded as having no
perithyroidal extension. The clinical stage of thyroid
cancer was classified according to the 6th edition of
Tumor Node Metastasis (TNM) staging system of the
American Joint Committee on Cancer/International Union

against Cancer.'"

Methods

R version 3.0.1 and R library Cairo were used for data
analysis and graph creation (R Foundation for Statistical
Computing, Vienna, Austria, and http: //www.R—project.org).
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The number of patients or the proportion of patients acco—
rding to variable characteristics and the year of operation
was presented, The comparison of age according to the
year of operation was done using analysis of variance
(ANOVA) test.

Results

Baseline Characteristics

Of 15,465 patients, 12,678 (82%) patients were
female, 2787 (18%) patients were male. The proportion
of male has increased 11% in 1995 to 21% in 2012.
14,798 (96%) patients were diagnosed with PTC and
343 (2%) were diagnosed with FTC. One hundred and
seventeen patients had MTC, 89 had PTC combined
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Fig. 2. Time trends in the number of thyroid cancer patients
except papillary thyroid carcinoma. (A) Changes in the number
of thyroid cancer patients except papillary thyroid carcinoma
according to their pathology type. (B) Changes in the number
of follicular thyroid carcinoma patients according to their primary
tumor size. (C) Changes in the number of medullary thyroid
carcinoma patients according to their primary tumor size.



with FTC, 57 had ATC, 30 had PDTC, and 31 had
other histological types.

Time Trends of Pathology Distribution

The number of thyroid cancer has increased 23.7
fold from 89 in 1995 to 2105 in 2012. PTCs accounted
for a major part of this increase. The number of PTC
cases has increase 29.3 fold from 70 in 1995 to 2054
in 2012. PTCs were accounted for 98% of all thyroid
cancer surgeries in 2012 and 79% in 1995 (Fig. 1A).
The number of FTC and MTC patients has also in—
creased but, the proportion of those patients were
decreased (Figs. 1A, 2A).

Time Trends of Primary Tumor Size

The number and proportion of PTCs <0.5 cm in—
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creased prominently until 2009, slightly decreased and
plateaued from 2010 onward (Fig. 1B); those of PTCs
>05 cm and =<1 cm showed a continuous, sharp
increase and accounted for 44% of PTCs in 2012; and
the proportion of PTCs >1.0 cm and <2 cm fluctuated.
The number of PTCs larger than 2.0 cm remained
constant during study periods but, the proportion of
PTCs larger than 2.0 cm showed sharp decreased
from 62% in 1995 to 7% in 2012 (Fig. 1C).

The number of FTCs =<1.0 slightly increased and
the proportion of them also slightly increased from 0%
in 1995-1996 to 8% in 2011-2012 (Fig. 2B). The
number of MTCs <4.0 cm, especially that of <1.0 cm,
increased prominently, and the proportion of MTCs <
1.0 cm was 70% in 2011-2012 (Fig. 2C).
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Fig. 3. Time trends in the age of thyroid cancer patients. The
X axis represents the age of patients and the Y axis represents
the percentage of patients. Patients were classified into 3
groups according to their year of operation; 1995-2000,
2001-2005 and 2006—2012. (A) Overall patients. (B) Female.
(C) Male.
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Time Trends of Age Distribution in PTC

The peak age at diagnosis was 40 years in 1995-2000,
which increased to 50 years in 2006—2012 (Fig. 3A).
The mean age at diagnosis has also increased over time
and this trend was statistically significant using ANOVA
analysis (p<0.001). With regard to sex distribution, the
age at diagnosis increased from 40 years in 1995-2000
to 55 years in 2006-2012 in female patients and
increased from 35 years in 1995-2000 to 45 years in
2006—2012 in male patients (Fig. 3B, C).

Time Trends in Surgical Extent and Stage of PTC
(Table 1)

The proportion of total thyroidectomy including com—
pletion thyroidectomy among PTC cases increased from
1995 to 1998, fluctuated afterward and steadily decreased
since 2007, The proportion of PTC patients who unde—
rwent partial thyroidectomy has changed oppositely.

The proportion of PTC cases with macroscopic
invasion steadily decreased and those with micro—
scopic invasion have slightly increased until 2010 with
wax and wane pattern and decreased afterward, The
proportion of intra—thyroidal PTC cases also showed
fluctuation.

The proportion of pT1 PTCs is increasing conti—
nuously and that of pT3 PTCs increased untl 2010 and
then decreased. Even though primary tumors became
smaller, the prevalence of lymph node (LN) metastases
was increased from 33% in 1995 to 41% in 2012, The
proportion of pN1a according to TNM staging system
cases markedly increased from 1995 to 2000 and
remained constant afterward. The number of pN1b
cases according to TNM staging system has decreased
until 2008 but remained constant afterward. The
proportion of PTCs with distant metastasis has sign—
ificantly decreased with some fluctuations,

Overall, the proportion of stage | cases slightly de—
creased whereas that of stage Il cases prominently
increased until 2009, and has been on the decline
since 2010. The proportion of stage I and IVC cases
significantly decreased and that of stage IVA remained
constant.

Hyung Seo Jung, et al

Discussion

Our study presented recent time trends of the
characteristics of thyroid cancer in a large patient
population. The new thyroid cancers have dramatically
increased from 1995 to 2012 and PTCs, especially <
1 cm PTCs, accounted for a major part of this increase.
These are consistent with previous reports,‘ﬁ'g) However,
the number and proportion of PTCs <0.5 cm decreased
and plateaued since 2010. It could not be natural and
might be affected by the revised KTA guidelines in
2010 because FNAC is not recommended for small
nodules according to this new guideline. Consensus
on ENAC for thyroid nodules smaller than 1 cm has
not yet been reached, and various guidelines have
different recommemdations_”%) Most thyroid cancers
<0.5 cm are associated with a favourable prognosis
and small nodules often yield inadequate specimens
with FNAC; accordingly, the 2010 revised Thyroid
Nodule and Cancer Diagnostic Guidelines of the KTA
recommended FNAC for nodules >0.5 cm if the patient
belongs to a high—risk group or if malignant features
are detected on US."”

The exact cause of the sharp increase in thyroid
cancer is stil uncertain and the widespread use of US
is the one most important cause.”‘” Our findings, the
rapid change in the number of new small thyroid
cancer cases following the revision of the guideline,
supported the previous report that the increasing thy—
roid cancer reflected greater detection of subclinical
disease due to an increased use of neck US with
FNAC." However, recent epidemiologic study revealed
that only half of the increase in thyroid cancer is due
to the increased use of US and the remaining half may
be a true increase of cancer.m This is supported by
the other studies reported that the thyroid cancer inci—
dence seems to be increasing in children, adolescents
and young adults and over 2 c¢cm large—sized cancers
are also increasing.m’wg) In this study, the number of
large thyroid cancers was also not decreased during
study periods. Additional studies are needed to inve—
stigate environmental, dietary, and genetic factors that
might cause the increase of thyroid cancer.
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Of note, the proportion of stage IVA cases with pN1b
disease remained constant despite most of cancers
are microcarcinomas. Lateral cervical LN involvements
are associated with the high risk of recurrence or

19,2
29 However, recent preo—

distant metastasis of PTC.,
perative neck US also detects small, subclinical meta—
static LNs and these are known to have better
prognosis,m We could not analyze the prognosis of
patients in this study but, another study of our group
identified that the size and the number of metastatic
LNs were significantly decreased with the improve—
ment of prognosis over time. It is unclear whether early
diagnosis and treatment of thyroid cancers improve
survival. However, neck US has led to the detection
of earlier stage disease with smaller tumors and LNSs,
and might improve patient outcome in terms of
recurrence. Therefore, the proper application of neck
US and FNAC according to the guideline is needed and
it might lead to the decrease in over—detection of sub—
clinical cancers.

However, still 30% of new PTCs were equal or
smaller than 0.5 cm since 2010. The possible reasons
for the plateau rather than a prominent decline in the
number of PTCs =0.5 cm as follow. First, the nodule
size on US usually is larger than that measured after
formalin fixation of the sample. Although the nodule may
appear >0.5 cm on US, its size may be smaller after
excision and formalin fixation for pathological examination.
Second, the revised guidelines recommend FNAC in
cases of cervical LN involvement regardless of the nodule
size. Third, microcarcinomas could be incidentally found
from surgical specimens of the clinically benign large
thyroid nodule,

Surprisingly, the age at diagnosis of thyroid cancer
was 40 years in 1995-2000 and increased to 55
years in 2006—2012 in this study. The age at diagnosis
increased even when male and female patients were
analyzed separately. Although the cause of the increase
in the age at diagnosis is still unclear, this finding is
consistent with previous reports from Cho et al.g) This
phenomenon might be explained by the fact that the
age at diagnosis increased with the increase in the
age of patients exposed to the certain risk factor.

The present study is limited in its retrospective design.
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We could not analyze the changes in disease outcome,
As well, we only included patients who underwent initial
surgical treatment for thyroid cancer at a single insti—
tution., They might not be representative of all patients
with thyroid cancer in Korea and the result from them
might be biased. Further nation—wide or multicenter re—
search is required supporting our findings.

In conclusion, thyroid cancers became smaller but,
increase of very small PTCs, <0.5 cm stopped after
the revised KTA guidelines were introduced. These
findings suggest that the increasing incidence of thyroid
cancer in Korea might be due to the over—detection
of small thyroid cancers. The proper application of
neck US and FNAC according to the guideline is
needed.
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