
OR I G I NA L ART I C L E

Cost for treatment and follow-up of thyroid cancer increases
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Abstract
Background: The aim of this study was to provide an analysis of thyroid cancer-
related health care costs over a 5-year period, according to the extent of thyroid surgery.
Methods: The study included 33 patients from our institutional database who
underwent thyroid cancer surgery in 2010. Patients were divided into four groups
based on surgical extent: (1) hemithyroidectomy, (2) total thyroidectomy, (3) total
thyroidectomy with ipsilateral radical neck dissection, and (4) total thyroidectomy
with bilateral radical neck dissection and mediastinal dissection. Costs for admis-
sion and outpatient follow-up for 5 years were analyzed.
Results: Costs for outpatient follow-up and admission, and overall cost increased
with increasing stage of disease and increasing extent of thyroid surgery. Patients
who underwent only hemithyroidectomy had the lowest costs for outpatient
follow-up and admission, as well as the lowest overall cost.
Conclusion: Over the 5-year follow-up period, surgery performed at an early dis-
ease stage was the most cost-effective.
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1 | INTRODUCTION

Thyroid cancer is the most prevalent cancer in Korea, and
the incidence of thyroid cancer has increased steadily from
2.4% to 9.4% annually over the last three decades,1,2 with
the increase being more pronounced in younger individuals.3

Similarly, the incidence of thyroid cancer has increased by
almost 300% in the United States over the last 34 years.4

There are two explanations for this increase. One is that
the increase in early detection of small cancers at a preclini-
cal stage because of screening and development of diagnos-
tic tools has resulted in increased rates of diagnosis of
thyroid cancer.5,6 Another explanation is that the rate of thy-
roid cancer is truly increasing because of changes in radia-
tion exposure, environment, diet, and lifestyle.7,8

Despite its increasing incidence, the thyroid cancer-
related mortality rate remains very low.9 Because of its low
aggressiveness and mortality rate, the mortality costs are
low, but the morbidity and direct costs have been increasing
over the last few years. So, thyroid cancer has become a sig-
nificant contributor to the economic burden of health care in
Korea.3 The health care costs of thyroid cancer are substan-
tial not only in Korea but also in the United States. Studies
have shown that the societal cost of thyroid cancer could
increase to $3.5 billion by 2030 if the recent trend of
increased incidence continues. The majority of the total cost
comprises cost of initial treatment, including work-up, sur-
gery, and adjuvant radioactive iodine (RAI) treatment, as
well as continuing phases of therapy. With the projected
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incidence and survival trends, costs will likely continue to
escalate.10

Because Korea has the highest incidence of thyroid can-
cer in the world, the abovementioned findings have raised
concerns about the potential causes of increased thyroid
cancer-related health care costs and the financial burden that
they will impose on the national health care system.11 There-
fore, in this study, we aimed to analyze the health care costs
associated with thyroid cancer, according to the extent of
thyroid surgery.

2 | MATERIAL AND METHODS

This study included 33 randomly selected patients from
among 2120 patients with a diagnosis of papillary thyroid
cancer (TPC) who underwent surgery at the Thyroid Cancer
Center at Yonsei University College of Medicine between
January 2010 and December 2010. Of the 573 hemithyroi-
dectomy, 1220 total thyroidectomy, 166 total thyroidectomy
with ipsilateral radical neck dissection patients, and
10 patients were selected randomly from each group. We
included all three patients who underwent total thyroidec-
tomy with bilateral radical neck dissection and mediastinal
dissection. Written informed consent was obtained from all
the patients. This study was approved by the ethics commit-
tee (IRB number 3-2016-0355).

Surgical extent was chosen according to disease severity.
On the basis of surgical extent, we divided the 33 patients
into four groups: (1) hemithyroidectomy (n = 10), (2) total
thyroidectomy (n = 10), (3) total thyroidectomy with ipsilat-
eral radical neck dissection (n = 10), and (4) total thyroidec-
tomy with bilateral RND and mediastinal dissection (n = 3).

All patients were followed up postoperatively for 5 years,
from 2010 to 2015. Outpatient follow-up was carried out
according to our basic routine protocol: (1) an outpatient
visit every 6 months for the first year, with an annual
follow-up thereafter, (2) a thyroid function test at every visit,
(3) annual sonography follow-up, and (4) a positron emis-
sion tomography-CT scan after 5 years. Patients were seen
more frequently if indicated. Neck CT was performed if clin-
ically indicated. The costs for the clinical examinations and
surgery are shown in Table 1.

Patients who underwent total thyroidectomy or more
than total thyroidectomy received RAI treatment if indicated.
In advanced cases in which laryngeal nerve resection was
necessary due to laryngeal nerve invasion of the tumor,
patients were concomitantly followed up at the department
of otorhinolaryngology.

We analyzed the cost of thyroid cancer treatment and
follow-up, starting from the time of surgery.

Descriptive statistics were used to describe the basic
characteristics of the five groups. We used Kruskal-Wallis
test for continuous variables, and Pearson's chi-square test
and Fisher's exact test for categorical variables. SPSS 23.0

(SPSS, Inc, Chicago, Illinois) was used for the statistical
analysis of patient data. All statistics were 2-tailed, and
P values <0.05 were considered significant.

3 | RESULTS

THE clinicopathological characteristics of the patients are pre-
sented in Table 2. There were no significant differences in sex
and age among the patients in the four groups. However, TNM
staging was significantly different between groups (Table 2).

Analysis of cost of treatment was carried out in three sub-
groups: (1) cost of admission when surgery was performed,
(2) cost of postoperative outpatient follow-up, including imaging
studies and laboratory tests, and (3) cost of admission for reasons
other than surgery, such as RAI treatment (Table 3). Significant
differences were found between the four groups in the cost of
admission for surgery. Cost of outpatient follow-up increased
with increasing extent of surgery, with the highest cost incurred
by the group of patients that underwent total thyroidectomy with
bilateral RND and mediastinal dissection. Readmission for rea-
sons other than initial surgery occurred more frequently in the
other treatment groups than in the total thyroidectomy group,
with the cost increasing with the extent of surgery.

Relative to the cost of hemithyroidectomy, total thyroid-
ectomy had a 1.7-fold higher cost, total thyroidectomy with
ipsilateral RND had a 2.5-fold higher cost, and total thyroid-
ectomy with bilateral RND and mediastinal dissection had
an 8.4-fold higher cost.

4 | DISCUSSION

The results of the present study show that costs of initial sur-
gery and outpatient clinic treatment, and overall cost increase
with increasing surgical extent and disease severity. Patients
who underwent only hemithyroidectomy incurred the lowest
costs for outpatient follow-up and admission, as well as over-
all cost. Patients who underwent total thyroidectomy with

TABLE 1 The costs of major clinical examinations and surgery

Item Cost (Korean Won)

Thyroid U/S 32 160

Neck CT 114 310

PET-CT 334 830

Thyroid function test 54 240

131-Iodine therapy 41 810

I-131 scan 92 180

Hemithyroidectomy c CCND 705 960

Total thyroidectomy c CCND 1 026 220

Total thyroidectomy c CCND and
ipsilateral RND

1 271 810

Total thyroidectomy c CCND and bilateral
RND and mediastinal dissection

1 909 410

Abbreviations: CCND, central compartment neck dissection; PET, positron emis-
sion tomography; RND, radical neck dissection; U/S: ultrasound.
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bilateral RND, and mediastinal dissection showed highest
costs.

In Japan, studies comparing the costs of active surveil-
lance with those of immediate surgery have shown that the
total cost of immediate surgery for the management of low-
risk papillary microcarcinoma is about 4.1 times the total
cost of active surveillance.12,13 As we do not perform active
surveillance at our center, we were not able to perform a
comparison with the cost of active surveillance in the present
study. In addition, the study by Oda et al, which investigated
the cost of active surveillance, did not include the cost of
surgery and only included low-risk papillary microcarci-
noma cases, whereas our study also included advanced and
recurrent thyroid cancer cases. In advanced and recurrent
thyroid cancer cases, which require radical neck dissection or
mediastinal dissection, the cost of high-dose RAI therapy
should be considered in addition to the cost of surgery and
outpatient follow-up. In cases of low-risk cancer, hemithyr-
oidectomy is usually performed; however, if the cancer
advances, total thyroidectomy must be performed, which
costs about twice as much as hemithyroidectomy, and active
surveillance should be reconsidered in terms of cost effec-
tiveness. A recent study showed that the health utility of
active surveillance of individual patient and the remaining
life expectancy of the patient after diagnosis are the key fac-
tors for cost-effectiveness of hemithyroidectomy. If the diag-
nosis of micro PTC is associated with even a modest
decrease in quality of life, patients may benefit from early
hemithyroidectomy as the cost-effective strategy.14

Analysis of post-thyroidectomy surveillance of low-risk,
intermediate-risk, and high-risk patients has shown that costs

increase with an increase in risk. Recommended postopera-
tive surveillance differ according to risk level which leads to
an increase in cost mainly due to more frequent outpatient
visits, laboratory testing, radioiodine treatment, and imaging
studies. The surveillance cost of intermediated-risk and
high-risk PTC patients was 1.4 and 2.3 times greater than
the surveillance cost of a low-risk patient.15

Health care costs vary between different countries
depending on surgical cost, imaging facilities, and hospital
costs. A comparative analysis of the cost of thyroid cancer
care between the United States and France showed that the
cost of care in the United States was threefold greater than
that in France, with the majority of the cost being attribut-
able to hospital cost and nuclear medicine costs rather than
the cost of the surgery itself.16 To determine if the rise in
cost with increasing surgical extent found in the present
study is applicable to the health care costs in the United
States, we tried to extrapolate the cost by using reports10,16

of cost calculation for thyroid surgery. We found that, com-
pared to the overall cost in Korea, the overall cost in the
United States was much higher. The cost of hemithyroidect-
omy, total thyroidectomy, and total thyroidectomy with ipsi-
lateral RND in the United States showed similar trends to
the costs in Korea (data not shown).

The increase in thyroid cancer incidence in recent years
has raised concerns regarding the expected increase in the
financial burden imposed by the increased use of diagnostic
tools to detect small tumors. This has led to consideration of
reduction in ultrasound examination with subsequent sur-
gery, unless clinically indicated.11 A previous study found
that, since the physician coalition's call to stop ultrasound

TABLE 2 Clinicopathological characteristics

Group I (n = 10) Group II (n = 10) Group III (n = 10) Group IV (n = 3) P value

Sex, females (% of total) 8 (80%) 8 (80%) 8 (80.0%) 1 (33.3%) ns

Age, y ± SD 48 ± 7.0 46 ± 7.8 46 ± 9.7 58 ± 26.0 ns

TNM <0.001

Stage I 10 (100%) 4 (40%) 5 (50%)

Stage II

Stage III 5 (50%)

Stage IV 1 (10%) 5 (50%) 3 (100%)

Abbreviations: Group I, hemithyroidectomy; Group II, total thyroidectomy; Group III, total thyroidectomy with ipsilateral radical neck dissection (RND); Group IV,
total thyroidectomy with bilateral RND and mediastinal dissection.

TABLE 3 Analysis of health care costs by extent of surgical treatment

Group I (n = 10) Group II (n = 10) Group III (n = 10) Group IV (n = 3) P value

Adm for OP ₩ 2847 ± 706 ₩ 3366 ± 468 ₩ 5746 ± 1045 ₩ 17 382 ± 14 902 <0.001

OPD ₩ 2919 ± 884 ₩ 4711 ± 621 ₩ 5918 ± 1742 ₩ 13 208 ± 6048 <0.001

Adm ₩ 1675 ± 1054 ₩ 2668 ± 1342 ₩ 18 066 ± 17 246 <0.001

Total ₩ 5766 ± 713 ₩ 9753 ± 1395 ₩ 14 333 ± 3310 ₩ 48 657 ± 16 957 <0.001

Ratio 1:1 1.7:1 2.5:1 8.4:1

Costs are shown in 1000 ₩ units.
Abbreviations: Adm, cost of admission for reasons other than surgery, for example, radioactive iodine treatment; Adm for OP, cost of admission when surgery was per-
formed; Group I, hemithyroidectomy; Group II, total thyroidectomy; Group III, total thyroidectomy with ipsilateral radical neck dissection (RND); Group IV, total thy-
roidectomy with bilateral RND and mediastinal dissection; OPD, cost of outpatient follow-up.
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screening in March 2014, there has been a marked decrease
of 35% in thyroid operations in Korea. Moreover, a 30%
reduction in the incidence of thyroid cancer was estimated
from insurance claims. The authors of that study concluded
that the decrease in thyroid surgeries was not the result of
more conservative surgical practices but rather the result of
lesser screening, which led to a lower diagnosis rate.17

Cho et al showed that the incidence of tumors of large
size and rates of lymph node involvement decreased sig-
nificantly from 1962 to 2009. Furthermore, mortality and
recurrence rates have decreased compared to those in the
prescreening era.18 If the incidence of small cancers were
increasing because of an early detection effect, the propor-
tion of neck dissections would be expected to decrease.
Results of a recent study conducted in Korea during
2007-2011 showed that although screening was performed,
the proportion as well as the absolute number of neck dis-
sections increased.19 The findings of these studies suggest
that screening helps detect early cancer and decrease recur-
rence rates. As the numbers of neck dissections and thy-
roid cancer cases with lymph node metastasis have
increased regardless of excessive screening, if screening is
not performed, the incidence of advanced thyroid cancer
will increase.

In the present study, TNM staging, and the costs of
admission and follow-up increased with increasing surgical
extent. Surgery at an early stage was most cost-effective
approach over the 5-year period. The early diagnosis and
treatment of thyroid cancer may have a cost-reducing effect
on the overall health care costs of thyroid cancer.

This study has some limitations. Although the patients
were selected randomly, the study was retrospective and
only included patients from a single hospital. In addition,
cost of active surveillance was not compared to surgery-
related and treatment-related costs. Finally, because this
study only included direct health care cost, societal costs
such as costs of rehabilitation, traveling, and caregiving ser-
vices were not included. Societal costs are likely to increase
with increasing disease severity. In the future, a nationwide
study should be conducted to investigate the cost of thyroid
cancer treatment, including the social cost associated with
thyroid cancer.

Our results show that costs for admission and follow-up
increased with increasing surgical extent and disease sever-
ity. Over the 5-year follow-up period, surgery performed at
an early disease stage was the most cost-effective.
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