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   Purpose
Our study aimed to report the annual changes in lung cancer statistics and analyze trends
in sociodemographic, medical, and financial factors from 2003 to 2013 in the national
database from the Korean National Health Insurance (KNHI). 

Materials and Methods
Among 7,489 patients with code C34 in KNHI database, only lung cancer patients newly 
diagnosed after 2003 were included in the study population, for a total of 4,582 patients.
Descriptive statistics were used to characterize treatment patterns and medical costs 
according to sociodemographic factors.

Results
Approximately 70% of subjects were male, and the mean age was 67 years. Around 46%
of patients were over 70 years old, and 12% were over 80 years old. The medical costs
were highest for patients younger than 60 and lowest for those over 80 years old. Surgery
was more common in younger patients, while “no treatment” increased greatly with age. In
trend analysis, the proportions of aging (p for trend < 0.001), female (p for trend=0.003),
metropolitan/urban (p for trend=0.041), and lowest or highest-income patients (p for
trend=0.004) increased over time, along with the prevalence of surgery as the primary treat-
ment (p for trend < 0.001). There was also a trend with regard to change in medical costs
(p for trend < 0.001), in that those of surgery and radiotherapy increased.

Conclusion
Surgery as a curative treatment has increased over the past decade. However, the elderly,
suburban/rural residents, and low-income patients were more likely to be untreated. There-
fore, active measures are required for these increasingly vulnerable groups.
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Introduction

Lung cancer is the leading cause of death. In South Korea,
lung surpassed stomach cancer as the leading cause of cancer
death in 1999, and it is expected to account for 22.6% of all
cancer deaths in 2012 [1]. Although the prevalence of lung
cancer in males has decreased, it is still high among patients
aged 65 and over [1]. In 2012, lung cancer killed an estimated
1,098,700 men and 491,200 women worldwide, correspon-

ding to 24% and 14% of all cancer deaths in males and 
females, respectively [2]. 

Fortunately, lung cancer mortality has decreased due to
smoking cessation, early diagnosis [3,4], and treatment 
improvements. Many countries, notably high-income ones,
have seen a considerable decrease in the smoking prevalence
for both males and females, so the trend of the lung cancer
mortality is decreasing [5]. New surgical treatments have
been adopted, such as video-assisted thoracic surgery, and
have had good results, including earlier recovery, reduced
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chest pain, better cosmetics, and similar oncologic results
[6,7]. Moreover, recent advances in systemic cytotoxic and
molecularly targeted therapies have the potential to improve
outcomes in lung cancer patients [8]. Advanced radiotherapy
may be effective not only in the elderly, but also in younger
cancer patients [9]. It is thought that the trends in the various
factors related to lung cancer have resulted from the above
improvements. Thus, it is important to understand these
trends as a basis for creating efficient policies to overcome
lung cancer and for effectively allocating resources. Trend
data have already been examined in other countries and used
to forecast changes in cancers [10,11]. However, such studies
are lacking or have concentrated on certain areas in Korea
[12,13].

Therefore, the purpose of this study is to report the annual
changes in lung cancer statistics in Korea, and to analyze the
trends in sociodemographic, medical, and financial factors
related to lung cancer from 2003 to 2013 with the national
database from the Korean National Health Insurance (NHI). 

Materials and Methods

1. Data sources and subjects 

In South Korea, the NHI provides mandatory universal
health insurance and offers comprehensive medical care cov-
erage to all South Korean residents. Study data were 
obtained from 2002 to 2013 from the NHI Sharing Service
provided by the NHI Corporation. These data were claims
data from 1,000,000 people, representing 2% of the entire 
Korean population, randomly selected after the entire pop-
ulation was stratified according to sociodemographic param-
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Table 1. Basic characteristics of study population  

OP, surgical treatment; RTx, radiation therapy; CTx, chemo-
therapy; Tx, treatment.

Characteristic No. (%) (n=4,538)  
Age (yr)

30-49 364 (8.0)
50-59 707 (15.6)
60-69 1,403 (30.9)
70-79 1,504 (33.2)
 80 560 (12.3)

Sex
Male 3,210 (70.7)
Female 1,328 (29.3)

Residence
Metropolitan 791 (17.4)
Urban 1,091 (24.0)
Suburban/Rural 2,656 (58.5)

Income
1st quartile 866 (19.1)
2nd quartile 947 (20.9)
3rd quartile 1,298 (28.6)
4th quartile 1,427 (31.4)

Primary treatment modality
OP 891 (19.6)
RTx 1,250 (27.6)
CTx 1,991 (43.9)

Primary treatment regimen
OP only 569 (12.5)
OP+CTx 202 (4.4)
OP+RTx 49 (1.1)
OP+CTx+RTx 71 (1.6)
CTx+RTx 656 (14.5)
CTx only 1,062 (23.4)
RTx only 474 (10.4)
No Tx 1,455 (32.1)

Fig. 1. Disposition of study subjects. NHIS, National Health Interview Survey.

Patients with code C34 claims in NHIS from 2002 to 2015 (n=7,489)

Lung cancer patients newly diagnosed after 2003 (n=4,538)

Excluded due to:
Patients had never undergone primary treatment modalities and 
  hospital admission for lung cancer since 2002 (n=2,586)
Patients had received above mentioned treatment in 2002, 
  who could not confirm if they had ever received treatment 
  for lung cancer before (n=344)
Patients who were younger than 30 years old (n=21)
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eters (age, sex, and income). The database includes detailed
patient sociodemographic information, such as sex, age,
health insurance premiums, residential area, comorbid dis-
eases, treatment information including disease diagnoses,
imaging and laboratory tests, procedures, and death out-
comes. Patients with code C34 claims, indicating lung cancer
according to the International Classification of Diseases, 10th
edition, Clinical Modification (ICD-10-CM), were screened.
Among 7,489 patients having code C34 from 2002 to 2013,
only lung cancer patients newly diagnosed after 2003 were
included, so that the confounding effects due to pre-diag-

nosed lung cancer could be minimized. Early stage lung can-
cer can be billed as benign neoplasm at the time of surgery.
Therefore, patients who were continuously billed as lung
cancer (C34) after surgery were included in the study. Given
that illegal billing practices such as upcoding occur in the
healthcare industry, patients were also excluded if they only
had a diagnosis of lung cancer, without histories of treatment
and hospital admission (n=2,586). Patients with code C34 in
2002 (n=344) and those younger than 30 (n=21) were also 
excluded. Thus, a total of 4,538 patients with newly diag-
nosed lung cancer constituted the study population (Fig. 1). 

Dohun Kim, Patterns of Treatment and Cost

Fig. 2.  Overview of medical costs and primary treatment regimens by sociodemographic factors of lung cancer patients in
Korea, 2003-2013. Overview of the medical costs (in Korean won) of newly diagnosed lung cancer cases from 2003 to 2013
in Korea by sex (A), age group (B), income level (C), and residence (D) are shown. (Continued to the next page)
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2. Operational definition of primary treatment and costs

We analyzed treatment patterns and medical costs in terms
of the primary treatment modality, whether surgery (OP), 
radiation therapy (RTx), or chemotherapy (CTx). OP inclu-
ded open/thoracoscopic resection of the trachea or lungs, as
well as mediastinal lymph node dissection (MLND) (Korean
National Health Insurance [KNHI] reimbursement codes
O1311-O1316, O1341-O1345, O1401-O1432, and O1596). The
OP type was categorized as pneumonectomy, lobectomy,
segmentectomy, wedge resection, and MLND only. The 
exploratory thoracotomy (KNHI reimbursement codes

‘O1360’) was not included.  RTx encompassed all types of 
radiotherapy, including conformal and intensity-modulated
RTx. Although patients may have undergone additional
therapy before or after OP and RTx, they were categorized
in terms of their primary treatment modality. CTx regimens
used for lung cancer were applied in this study. The cost of
each treatment modality was also calculated. “No treatment”
was operationally defined as hospitalization with lung can-
cer (C34) without any treatment.

Cancer Res Treat. 2018;50(3):757-767

Fig. 2. (Continued from the previous page) The proportions of the primary treatment regimens by sex (E), age group (F), income
level (G), and residence (H) are shown. OP, surgical treatment; RTx, radiation therapy; CTx, chemotherapy; OP+Adjuvant,
OP+CTx or OP+RTx or OP+CTx+RTx; Tx, treatment; Q, quartile.
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3. Variables and statistical analysis

Patient sociodemographic parameters included age, 
income class, and residential area. Patients were divided into
five categories according to their age at diagnosis (< 49, 50-
59, 60-69, 70-79, and  80 years). Income class was divided
into quartiles as provided by the KNHI. Residential area was
divided into three categories (metropolitan, urban, and sub-
urban/rural) based on population density. Descriptive sta-

tistics were used to characterize treatment patterns and med-
ical costs according to sociodemographic factors. The 
annual p for trend was determined with a Wilcoxon type test
for trend across ordered groups. All tests were two-tailed,
with p < 0.05 considered significant. Statistical analyses were
performed with Stata/SE software ver. 12.1 (Stata Corp., Col-
lege Station, TX).

Dohun Kim, Patterns of Treatment and Cost
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Fig. 3.  Trends in lung cancer by sociodemographic factors in Korea, 2003-2013. Trends in newly diagnosed lung cancer cases
by sociodemographic factors from 2003 to 2013 are shown based on the proportion of cases for each year. Trends by sex (A),
age group (B), income levels (C), and residence (D) are shown. Q, quartile. (Continued to the next page)
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4. Ethical statement

The informed consent was waived and the study protocol
was approved by the Institutional Review Board of Chung-
buk National University (2015-04-005).

Results

1. Basic characteristics of the study population

The mean age was 67.1 years (standard deviation, 11.6),
and 46% of the patients were over the age of 70. Moreover,
more than 10% of subjects were over the age of 80. Males con-
stituted the majority, about 70% of the study population. 
Detailed characteristics of the study population were in Table 1.
Suburban/rural areas were the most common regions of res-
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idence. Whereas income levels were generally evenly distrib-
uted, the fourth quartile contained the highest percentage of
subjects (31%). “No treatment” (“No Tx”) was the most com-
mon primary treatment regimen, and “CTx only” was the
next most common primary treatment regimen. Nineteen
percent of subjects received OP as the primary treatment,
while 26.7% received RTx and 43.9% received CTx. 

2. Medical costs and primary treatment regimens by 
sociodemographic factors

The overall mean medical costs by sex, age, income, and
residence are shown in Fig. 2A-D. The medical costs attrib-
uted to patients under the age of 60 were slightly higher than
those attributed to other age groups (Fig. 2B), although the

Dohun Kim, Patterns of Treatment and Cost
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former made up only around 25% of the lung cancer cases
during the 10-year study period (Fig. 3B). Similar trends
were observed in residential areas and medical costs. The
majority of lung cancer subjects came from suburban/rural
areas (Fig. 3D), but the medical costs attributed to these sub-
jects were markedly lower than those attributed to subjects
from metropolitan or urban areas (Fig. 2D). 

The distributions of primary treatment regimens according
to various factors are shown in Fig. 2E-H. As expected, a
markedly higher proportion of younger subjects received
OP, and “no treatment” highly increased with age. Notably,
the proportion of subjects who received no treatment was
much lower in metropolitan areas.

3. Trends in lung cancer cases by sociodemographic factors 

There was a statistically significant trend of change in the
gender distribution of lung cancer cases (p for trend=0.003),
in which the proportion of females increased over the years
(Fig. 3A). The age distribution also displayed a significant
trend of change over time (p for trend < 0.001), as the pro-
portions of subjects aged 70-79 and  80 increased, while the
proportion of subjects aged 30-49 decreased (Fig. 3B). The
overall proportion of lowest-income or highest-income
group slightly increased over the years (p for trend=0.004)
(Fig. 3C). The residential area of lung cancer patients had a
slight fluctuation over the years (p for trend=0.041) (Fig. 3D).

4. Trends in primary treatment for lung cancer 

There was an overall increase in the proportion of subjects
who received OP as the primary treatment (p for trend 
< 0.001), whereas there was no overall significant change for
RTx (p for trend=0.066) or CTx (p for trend=0.057) (Fig. 4A).
There was a statistically significant trend of change in the pri-
mary treatment regimen over the years (overall p for trend
< 0.001), where notably the proportion of subjects who 
received no treatment decreased, and the proportion of sub-
jects who received only OP increased (Fig. 4B). There was not
a statistically significant trend of change in the type of sur-
gery (p for trend=0.090); nonetheless, the proportion of sub-
jects who received pneumonectomy decreased, while the
proportion of subjects who received lobectomy increased
(Fig. 4C). 

5. Trends in medical costs for the primary treatment of lung
cancer 

There was an overall statistically significant trend of
change in the mean total medical cost for lung cancer treat-
ment (p for trend < 0.001), notably for OP and RTx. The pro-
portion of medical costs from CTx decreased (Fig. 5). 
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Discussion

Lung cancer was found to be a more prevalent malignancy
in elderly, male, suburban/rural, and low-income subjects.
Although lung cancer is becoming increasingly prevalent in
aging individuals, there are also trends of increase in female,

metropolitan/urban, and high-income patients. Female
smokers are not rare, but are increasing in prevalence, espe-
cially among adolescents in Korea [14]. In addition, it is well-
known that traffic-related air pollution significantly increases
the risk of lung cancer and can shorten the survival of lung
cancer patients [15,16]. Therefore, it is understandable that
the proportion of female and metropolitan/urban lung can-
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cer patients has increased in Korea. One reason for the 
increase in high-income patients may be that most of them
tend to live in urban or metropolitan regions. Other factors
should also be considered, including the greater exposure to
air pollution and the lower daily activity levels than those of
suburban/rural residents [15,17]. 

The prevalence of surgery increased during the study 
period, while the proportion of non-treated patients decrea-
sed. The increase in surgery may be due to the early detection
of lung cancer and the extension of surgical indications [3,18-
20]. In particular, lobectomy (the standard treatment for lung
cancer) has increased, rather than pneumonectomy (a rela-
tively easy operation that nevertheless has many complica-
tions) [21]. Although the overall proportion of non-treated
patients has decreased, more suburban/rural and elderly 
patients have given up treatment. In other words, the will-
ingness to cure has become the lowest where the greatest
number of patients has developed.

The medical cost of lung cancer was greatest in male,
younger, and higher-income patients. Costs decreased with
age, but this may not reflect the real demand for medical 
resources, because the proportion of non-treated patients
also increased with age. It may be similar in residence (met-
ropolitan/urban > suburban/rural). In trend analysis, med-
ical costs increased gradually, notably for surgery and
radiotherapy. This may be partly because of newly devel-
oped techniques or machines [7,9,22]. The medical cost of Ctx
decreased, but CTx is still the mainstay of lung cancer treat-
ment, and the cost may increase in the future as new medi-
cines are developed, not only due to the price itself, but also
due to the extension of indications [23]. 

There are some limitations to this study. First, we used
NHI claims data of 1,000,000 cohort representing 2% of the
entire Korean population. This database has sufficient rep-
resentation, but the study subjects were relatively small.

Health insurance did not cover target agents such as beva-
cizumab, cetuximab, crizotinib during the study period.
Therefore, the CTx costs may have been underestimated
even though they were taken. Second, survival analysis was
not possible due to the characteristics of the data (there was
no exact TNM staging, which is a critical factor in the deter-
mination of survival). Further studies merging data from the
Korean cancer registry will be helpful in providing such 
detailed information [24]. Third, it is difficult to envision this
report being useful for years to come, because many new
techniques, machines, and medicines will be adopted or are
beginning to be adopted already. However, these data will
help to guide policy decisions regarding lung cancer treat-
ment and the distribution of medical resources, and are 
expected to be of value as a reference in the future.

In conclusion, lung cancer is characterized as affecting eld-
erly, male, suburban, and low-income individuals, but is 
exhibiting new trends of acceleration among aging, female,
metropolitan/urban, and high-income individuals. Surgery
as a curative treatment has increased over the past decade.
However, the elderly, suburban/rural residents, and low-
income patients were more likely to be untreated. Therefore,
active measures are required for these increasingly vulnera-
ble groups.
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