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Background: Thyroid cancer is becoming increasingly common worldwide, but little is known about the epidemiology of medul-
lary thyroid carcinoma (MTC). This study investigated the current status of the incidence and treatment of MTC using Korean Na-
tional Health Insurance Service (NHIS) data for the entire Korean population from 2004 to 2016. 
Methods: This study included 1,790 MTC patients identified from the NHIS database. 
Results: The age-standardized incidence rate showed a slightly decreasing or stationary trend during the period, from 0.25 per 
100,000 persons in 2004 to 0.19 in 2016. The average proportion of MTC among all thyroid cancers was 0.5%. For initial surgical 
treatment, 65.4% of patients underwent total thyroidectomy. After surgery, external-beam radiation therapy (EBRT) was performed 
in 10% of patients, a proportion that increased from 6.7% in 2004 to 11.0% in 2016. Reoperations were performed in 2.7% of pa-
tients (n=49) at a median of 1.9 years of follow-up (interquartile range, 1.2 to 3.4). Since November 2015, 25 (1.4%) patients with 
MTC were prescribed vandetanib by December 2016.
Conclusion: The incidence of MTC decreased slightly with time, and the proportion of patients who underwent total thyroidectomy 
was about 65%. EBRT, reoperation, and tyrosine kinase inhibitor therapy are additional treatments after initial surgery for advanced 
MTC in Korea. 
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INTRODUCTION 

Medullary thyroid carcinoma (MTC) originates from parafollic-
ular C-cells; therefore, its treatment and prognosis are different 

from those of other thyroid cancers, which are driven by follicu-
lar cells [1-4]. 

According to the Surveillance, Epidemiology, and End Results 
Program (SEER) database (1975 to 2016), MTC accounted for 
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1.6% of all thyroid cancer in all races, 1.6% in Whites, 1.8% in 
Blacks, and 0.9% in Asian/Pacific Islanders [5]. However, lim-
ited data are available regarding the nationwide proportion of 
MTC in Asian countries including Korea; the only relevant study, 
which analyzed data from the Korea National Cancer Incidence 
Database during 1997 to 2011, reported that MTC accounted for 
0.6% of cases of thyroid cancer in Korea [6]. In addition, because 
of the rapid worldwide increment in the incidence of papillary 
thyroid cancer [7,8], which has been particularly noticeable in 
Korea due to the increasing rate of papillary thyroid microcarci-
noma [9], the incidence of MTC might have changed. In addi-
tion, a recent paper analyzing the SEER database from 1983 to 
2012 showed that the incidence of medullary thyroid microcar-
cinoma (micro-MTC), which is less than 1 cm, increased with 
time [10]. These results suggest that MTC could be found at an 
early stage due to the increasing frequency of screening tests us-
ing thyroid ultrasonography, and the incidence of MTC has cor-
respondingly increased in national data from the United States 
[10], Canada [11], and Norway [12]. In contrast, the incidence 
trends of MTC were stable in China [13] and England [14]. 

Regarding the prognosis of MTC, the mortality rate has been 
reported to range from 13.5% to 15.6% [1,15]. The likelihood 
of survival depends on the patient’s disease status and whether 
any persistent or recurrent tumor exists; furthermore, different 
survival rates have been reported in patients according to whether 
they had locoregional or distant metastasis [10]. Patients with 
tumors confined to the thyroid gland had an excellent 10-year 
survival rate of 95.6%, whereas those with regional-stage dis-
ease had a rate of 75.5%. Moreover, only 40% of patients with 
distant metastases at diagnosis survived for 10 years [16]. How-
ever, the overall thyroid cancer mortality rate in Korea has de-
creased from 1985 to 2010 [17] and the reduction in mortality 
from thyroid cancer has also been confirmed in global data [18]. 
Therefore, the prognosis of MTC may have changed in recent 
decades according to the changes in its incidence or likelihood 
of being detected at an early stage. A recent study of Korean 
MTC patients showed that the recurrence rate had decreased 
over time, concomitantly with reductions in tumor size and the 
extent of extrathyroidal invasion [19]. However, according to 
the results of SEER data analysis, despite an increase in the di-
agnosis of micro-MTC [20], the rate of total thyroidectomy and 
lymph node dissection has increased in recent years [10]. How-
ever, when the disease-specific survival rates at 5 and 10 years 
were compared by dividing the 30-year intervals into 1983–1992, 
1993–2002, and 2003–2012, there was no difference in the sur-
vival rates in the SEER database [10]. 

In order to provide proper, up-to-date guidelines about the 
treatment and follow-up of MTC patients, it is important to have 
exact information on the current status of MTC diagnosis, treat-
ment, and prognosis. For this purpose, this study investigated 
the current status of incidence and treatment of MTC using Ko-
rean National Health Insurance Service (NHIS) data for the 
whole Korean population from 2004 to 2016. 

 
METHODS 

Data source and study population 
This study is based on the Korean NHIS database [21], which 
covers information about the medical use of 97% of the Korean 
population. All outpatient and inpatient data related to diagnosis 
and treatment costs are submitted to the NHIS by hospitals in 
Korea in order to claim payments for patient care. 

 Because NHIS data since 2002 can be extracted, the present 
study analyzed data from 2004 to 2016, with a 2-year wash-out 
period. We used International Classification of Disease, 10th 
edition (ICD-10) disease codes [22]. Specifically, the disease 
codes used in this study were those for thyroid cancer (C73), 
hyperparathyroidism or parathyroid tumors (E21, D351, C75) 
and adrenal tumors (D350, D441, C74). 

This study was approved by the Institutional Review Board 
of Chung-Ang University Hospital (IRB 1711-005-16115). The 
requirement for informed consent was waived. 

Definition of medullary thyroid cancer 
To identify MTC patients, we first selected all thyroid cancer 
patients using the ICD-10 code of C73 in the NHIS data, be-
cause the NHIS database contains no histologic information. 
Patients with thyroid cancer were defined as those who had two 
or more C73 codes during the study period (from 2004 to 2016) 
and who underwent thyroid surgery within 2 years of receiving 
the first C73 code. We also adapted a special exempted calcula-
tion code for the Korean health insurance system, which was 
developed in 2006 and has since been applied to all cancer pa-
tients at the time of initial diagnosis to provide additional sup-
port for medical costs. The number of patients extracted using 
the operational definition of newly-diagnosed thyroid cancer 
(n=397,536) was compared with the number of thyroid cancer 
patients (n=368,250) from the reports of the Korean National 
Cancer Center (https://ncc.re.kr/cancerStatsList.ncc?searchKey
=total&searchValue=&pageNum=1).

Next, we excluded those who had two or more serum thyro-
globulin measurements after surgery (n=395,626), in order to 

https://ncc.re.kr/cancerStatsList.ncc?searchKey=total&searchValue=&pageNum=1
https://ncc.re.kr/cancerStatsList.ncc?searchKey=total&searchValue=&pageNum=1
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exclude pure or co-existing follicular cell-driven thyroid cancers. 
Then, we defined MTC patients (n=1,790) as those who had two 
or more serum calcitonin measurements after initial surgery (Sup-
plemental Fig. S1). The proportion of MTC extracted by this op-
erational definition was 0.5% of all cases of thyroid cancer, which 
is similar to the proportion of 0.6% reported in a survey on the 
status of thyroid cancer in Korea from 1997 to 2011 using the 
Korean National Cancer Center registry database [6]. In addi-
tion, the number of MTC patients was comparable with those 
collected from 2004 to 2012 at 12 hospitals in Korea [23,24]. 

Definition of other components of multiple endocrine 
neoplasia present clinically
MTC associated with multiple endocrine neoplasia (MEN) syn-
drome is classified as MEN type 2 (MEN2), which in turn is di-
vided into two subtypes: MEN2A is accompanied by parathy-
roid adenoma (10% to 25%) or pheochromocytoma (>50%) in 
addition to MTC, and MEN2B is accompanied by pheochromo-
cytoma (>50%) or other associated abnormalities such as mu-
cosal neuroma, marfanoid habitus, or megacolon [25]. To exam-
ine whether MEN2 was present, we checked diagnoses of hy-
perparathyroidism or parathyroid tumor (E21, D351, C750) or 
the parathyroid surgery code (P4541-43), as well as codes for 
adrenal tumor diagnosis (D350, D441, C741, C749) or adrenal 
surgery (P4571, P4572). 

Definition of treatment
Total thyroidectomy was defined as surgical codes P4552 and 
P4561, and lobectomy was confirmed by the presence of the 
codes P4551, P4553, and P4554. Reoperation due to recurrent 
or persistent tumors was defined as any thyroid surgery with or 
without lymph node dissection (P2112-4, P2116, P2118, P2119) 
for 6 months or more, or lymph node dissection alone performed 
at any time after the first thyroidectomy. Additional thyroid sur-
gery with or without lymph node dissection within 6 months af-
ter the first operation was not considered as reoperation related 
to recurrence or persistence.

After the surgical treatment of MTC, additional treatment with 
external-beam radiation therapy (EBRT), radioactive iodine 
(RAI) therapy, or chemotherapy with a tyrosine kinase inhibitor 
(TKI) can be considered. For adjuvant treatment, EBRT was 
confirmed by the treatment codes HD061 and HZ271 and RAI 
was confirmed by the drug code for sodium iodide (I-131). Pre-
scriptions of vandetanib were also found using the correspond-
ing drug code in the inquiry system of Health Insurance Review 
and Assessment Service. 

Postoperative hypothyroidism was defined by the presence of 
at least two levothyroxine prescriptions after surgery. Calcium 
prescriptions were also investigated.

Statistical analysis 
The ratio of MTC in each year was expressed as the proportion 
of MTC per 1,000 cases of thyroid cancer. The age-standardized 
incidence rate was defined as the weighted average crude age-
specific rate, where the crude rates were calculated for different 
age groups and the weights were the proportion of persons in 
the corresponding age groups of a standard population (2000) 
[26]. The annual percent change (APC) can be expressed as 
(exp(b)–1)×100, where b is the estimated slope from a linear re-
gression on the logarithmic scaled age-standardized rate and 
calendar year. Categorical variables are presented as numbers 
and percentages. For statistical analysis, SAS software version 
9.3 (SAS Institute Inc, Cary, NC, USA) was used.

RESULTS

Trends in the age and sex distribution and incidence of 
medullary thyroid cancer during 2004 to 2016
Among the 1,790 patients, 467 (26%) were male and 1,323 (74%) 
were female, and their mean age at diagnosis of MTC was 55.4± 
12.5 years old. The majority of them (73%) were between 40 
and 69 years of age. The sex and age distribution did not change 
throughout the period (Fig. 1A, B). The age-standardized inci-
dence rate (Fig. 1C) showed a slightly decreasing or stationary 
trend during the period, from 0.25 per 100,000 persons in 2004 
to 0.19 per 100,000 persons in 2016. The APC was –2.4%. 

The average proportion of MTC was 0.5% (1,790 of 397,536) 
among all thyroid cancers. However, a sudden decrement was 
observed in 2008, as the number of cases of MTC per 1,000 to-
tal thyroid cancer cases (Fig. 1D) was about 7 to 8 from 2004 to 
2007 and decreased to 3 to 4 starting in 2008. The number in-
creased again to 5 from 2015. 

Proportions of other phenotypes of multiple endocrine 
neoplasia 
Among the phenotypes of MEN, the presence of co-morbid 
parathyroid adenomas (or hyperparathyroidism) and/or adrenal 
masses was investigated. A total of 40 (2.2%) patients were di-
agnosed with one or two of the above conditions concurrently 
with or after the diagnosis of MTC, of whom eight (20%) had a 
parathyroid adenoma, 31 (77%) had an adrenal mass, and one 
(3%) had both. 
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Trends in the initial surgical extent and replacement of 
levothyroxine and calcium in 2004 to 2016
For initial surgical treatment, 65.4% of patients underwent total 
thyroidectomy and 34.6% of patients had lobectomy, and the 
proportion did not change during the period (Fig. 2A). The rate 
of completion thyroidectomy within 6 months from the first op-
eration was 3.3% among the patients who underwent lobectomy. 

Thyroid hormone replacement was performed in 59.6% of the 
598 patients who underwent lobectomy only. The percentage of 
patients who received calcium supplementation after thyroid 
surgery was 42.5%. 

Radiation therapy after surgery 
After surgery, EBRT was performed in 10% of patients, and this 
proportion increased from 6.7% in 2004 to 11.0% in 2016 (Fig. 
2B). Of these patients, 60% underwent EBRT within 1 year af-

ter surgery, while the remaining 40% were treated with EBRT 
more than 1 year after surgery.

The overall proportion of patients who underwent RAI treat-
ment was similar, at 7.5%, but this proportion decreased dramat-
ically over time, from 29.1% in 2004 to 0.8% in 2014 (Fig. 2C).

Reoperation and prescription of tyrosine kinase inhibitors 
during follow-up
Reoperation was performed in 2.7% (n=49) of patients at a me-
dian of 1.9 years of follow-up (interquartile range, 1.2 to 3.4). 
The average interval until reoperation was 2.7±2.3 years from 
the first operation. Thirty-seven (75.5%) reoperations were per-
formed within the first 3 years, and 43 (87.8%) occurred within 
5 years (Fig. 3A). Of the patients who underwent lobectomy, 
five (10.2%) were reoperated, and the remaining 44 patients 
(89.8%) initially underwent total thyroidectomy. Of the 171 pa-
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Fig. 1. (A) Number of patients with medullary thyroid cancer (MTC) according to age range by year. (B) Number of patients with MTC ac-
cording to sex by year. (C) Age-standardized incidence rate of MTC by year. (D) Number of MTC patients per 1,000 total thyroid cancers by 
year.
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tients who underwent EBRT after surgery, seven (4.1%) were 
reoperated (Fig. 3B).

In Korea, vandetanib has been prescribed since November 
2015 for patients with advanced MTC. A total of 25 (1.4%) pa-
tients with MTC were prescribed vandetanib by December 2016. 
Six patients underwent reoperation, six patients received radia-
tion therapy, and two patients underwent both reoperation and 
radiation therapy prior to the use of vandetanib (Fig. 3B). The 
average duration of vandetanib treatment was 199.7 days (range, 
28 to 480). The mean age at the start of vandetanib was 50.4 
years (range, 14 to 70). Six of the vandetanib-treated MTC pa-
tients died. 

When we compared the rate of reoperation or vandetanib treat-
ment according to radiation therapy, there was no statistically 
significant difference in the frequency of reoperation (2.4% in 
the no-EBRT group vs. 3.8% in the EBRT group, P=0.318). 

However, patients who received EBRT were significantly more 
likely to receive vandetanib treatment (1.1% in the no-EBRT 
group vs. 4.3% in EBRT group, P=0.002) (Fig. 3C).

DISCUSSION 

The age-standardized incidence ratio of MTC slightly decreased 
during 2004 to 2016 in Korea, with an APC of –2.4%. The pro-
portion of MTC among total thyroid cancers showed a marked 
decrement of about 50% from 2008 to 2014, but it slightly re-
increased in 2015. Approximately two-thirds of patients under-
went total thyroidectomy as an initial treatment, and this num-
ber did not meaningfully change during the time period. How-
ever, the proportion of patients who underwent ERBT gradually 
increased, while the proportion of patients who underwent RAI 
markedly decreased. 

Fig. 2. (A) Percentage of patients who underwent thyroid surgery (total thyroidectomy and lobectomy) by year. (B) Percentage of patients 
who underwent external-beam radiation therapy by year. (C) Percentage of patients who underwent radioactive iodine treatment by year.
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The incidence of MTC showed different trends from the over-
all incidence of total thyroid cancer reported by the Korean Na-

tional Cancer Center statistics [27], which primarily reflected 
trends in PTC. According to these statistics, the total incidence 
of thyroid cancer increased annually at a rate of 22.5% from 
1999 to 2011, and then decreased by –108% from 2011 to 2017. 
As shown in Fig. 1D, the ratio of MTC suddenly dropped to al-
most half compared to previous years. The reason for this is that 
the average diagnosis of differentiated thyroid cancer almost 
doubled since 2008 compared to 2004 to 2007. However, the 
number of MTC diagnoses remained relatively constant; there-
fore, the ratio of MTC decreased starting in 2008. This change 
reflects the issue of overdiagnosis of thyroid cancer, which has 
been a major concern since 2014 in Korea. Regardless of the 
overall trends in thyroid cancer, however, the steadily decreas-
ing APC of MTC in this study, although it was only –2.4%, sug-
gests that the incidence of MTC is likely to have decreased or to 
have remained unchanged in Korea in the most recent decade. 
The average incidence of 0.19 to 0.25 per 100,000 population is 
similar to that reported in other countries: 0.18 per 100,000 pop-
ulation in the US SEER data (1983 to 2012) [7,10], 0.22 per 
100,000 person-years in Norway (1994 to 2016) [12], and 0.19 
per 100,000 person-years in Denmark (1997 to 2014) (Table 1) 
[28]. These suggest that the incidence of MTC is similar regard-
less of regions or ethnicity, unlike PTC (https://gco.iarc.fr/).

In terms of age at diagnosis of MTC, the patients in our study 
were found to be slightly older at the time of diagnosis, with an 
average age of 55 years, than those in previous studies, which 
reported an average age of 43 to 48 years [29,30]. However, in 
another study of Israeli patients, patients diagnosed from 2006 
to 2016, with an average age of 54 years, were older than before 
1995 (average of 38 years), showing similar results to our study 
[31] and national data from several other countries also reported 
that MTC was diagnosed at an average age of 52 to 55 years 
(Table 1). 

Previous studies [1,16,30] and other national epidemiological 
data (Table 1) have reported that the ratio of men and women 
among MTC patients is almost 1:1 to 1.5. However, a clearer 
female predominance of MTC was observed in our study, which 
found that three times more women than men developed MTC. 
This sex ratio is similar to that of PTC [7,32]. However, whether 
the risk of MTC is higher in Korean women than in those from 
other countries is still unclear, and future nationwide studies 
could clarify this result. 

For the surgical treatment of MTC, the American Thyroid As-
sociation (ATA) guideline recommends total thyroidectomy and 
central neck dissection even if no lymph node metastasis is found 
[4]. In our results, however, only 65% of patients underwent to-
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tal thyroidectomy. In addition, the rate of completion was only 
3.3%. The reason why the rate of total thyroidectomy was lower 
than expected may have been that many nodules had an indeter-
minate result on fine-needle aspiration before surgery and a de-
finitive diagnosis was made after lobectomy. The higher frequen-
cy of small MTC in Korea (31.1% less than 1 cm, 35.4% 1 to 2 
cm) [23], could be another possible explanation, because addi-
tional surgery is not needed if lymph node metastasis is not sus-
pected in small MTC less than 1 cm in size [4]. In addition, the 
fact that about 81.1% to 85% of MTCs were sporadic in the most 
recent decade in Korea [23,33] could reduce the proportion of 
patients who underwent total thyroidectomy. 

According to ATA guidelines for MTC, adjuvant EBRT should 
be considered in patients with a high risk of recurrence or with 
incompletely resected MTC [4]. However, RAI treatment is not 
recommended because it has been found to be ineffective in im-
proving disease-specific survival in MTC patients [34]; instead, 
RAI is only recommended in MTC patients who also have PTC 
or FTC. The reason why RAI was performed in MTC patients is 
unclear, but it is possible that some patients with co-existing 
PTC or FTC could have been included, even though we tried to 
exclude them by using an operational definition based on serum 
thyroglobulin tests. Additionally, as the RAI treatment rate was 
mostly 20% to 30% in 2004 to 2005, and decreased to less than 
10% starting in 2007, it is possible that many MTC patients re-
ceived RAI treatment before 2006, because there were not yet 
well-established treatment guidelines for MTC treatment at that 
time. The trends of increasing EBRT and decreasing RAI over 
time also could be interpreted as reflecting a change in the treat-
ment strategy for MTC according to recommendations in re-
search and guidelines [4].

Six of the patients treated with vandetanib died; however, since 
data about relapse or persistent disease were not available, it was 
impossible to investigate the prognosis of MTC in this study. 
Reoperations were performed in 2.7% (n=49) of patients at a 
median of 1.9 years of follow-up (interquartile range, 1.2 to 3.4). 
Furthermore, 4.1% (n=74) of patients received EBRT more than 

1 year after surgery and 1.4% (n=25) patients with MTC were 
prescribed vandetanib. Therefore, it can be estimated that 127 
(7.1%) patients received active treatment due to recurrent or 
persistent disease.

Interestingly, there was no statistically significant difference 
in the reoperation rate according to EBRT. However, patients 
who underwent EBRT were significantly more likely to receive 
vandetanib treatment (Fig. 3C). A possible reason for this differ-
ence is that it is more likely that surgery was not considered in 
these patients because of the technical difficulties and high com-
plication rate of reoperation due to tissue damage at the site of 
EBRT. Further studies to clarify the long-term outcomes for 
each treatment after initial therapy are required.

This study has some limitation. First, because the ICD-10 
codes do not include information about the histologic subtypes 
of thyroid cancer, an operational definition was used to select 
MTC patients. However, this method may be inaccurate com-
pared to using diagnostic codes with histological subtypes. In 
addition, some non-expert physicians might not check serum 
thyroglobulin, or might check calcitonin instead of thyroglobu-
lin, during follow-up in real-world practice; therefore, some pa-
tients with follicular cell-driven thyroid carcinoma might have 
been included in the group of MTC patients, or the number of 
MTC patients may have been underestimated. Secondly, since 
only data billed to the National Health Insurance were checked, 
no information was available on the results of blood tests, RET 
mutations, postoperative pathological results (stage, tumor size, 
lymph node metastasis, etc.), or changes in calcitonin levels. 
Third, for MEN diagnosis, the proportion of patients with a 
pheochromocytoma diagnosis may not have been accurate be-
cause biochemical or pathology results could not be confirmed. 
Therefore, the proportion of patients with MEN may have been 
overestimated due to the inclusion of non-functioning adrenal 
adenoma, or underestimated because there may have been some 
cases of pheochromocytoma that were not diagnosed due to the 
relatively short follow-up period.

However, an advantage of this study is that it included infor-

Table 1. Comparison of Epidemiological Data on Medullary Thyroid Cancer in Several Nationwide Databases 

Study Period No. of 
patient 

Age standardized incidence 
rate, /100,000 person-year   

Annual percent 
change

Mean 
age

Sex ratio, 
female:male

Total thyroidectomy 
rate, %

USA [7,10] 1983–2012 2,940 0.18 0.7 52.6 58.5:41.5 74.6

Norway [12] 1994–2016 201 0.22 0.3 55.0 57:43 87.0

Denmark [28] 1997–2014 224 0.19 1.0 52.4 58.9:41.1 91.0

Present study (South Korea) 2004–2016 1,790 0.20 -2.4 55.4 74:26 65.4
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mation on MTC diagnosis and treatment for almost the entire 
population of Korea.

In conclusion, the incidence of MTC decreased over time, and 
the rate of total thyroidectomy was about 65%. External radiation 
therapy is on the rise, and a new treatment, TKI therapy (vande-
tanib), was found to be prescribed in patients with advanced 
MTC in Korea. 
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