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Introduction

Melanoma is the most aggressive skin cancer and is the 
sixth most frequently diagnosed cancer in the United States 
in both sexes [1]. The incidence of melanoma increases  
because of the gradually more aging society, better and ear-
lier detection of melanoma using screening programs, and 
enhanced public awareness [1]. For Caucasians, the annual 
increase in the incidence rate of melanoma has been estimat-
ed to be approximately 3%-7% each year [2]. Melanoma inci-
dence rates vary depending on ethnicity. In the United States, 
Hispanics (4.5/100,000), and blacks (1.0/100,000) have a 
lower incidence than non-Hispanic whites (21.6/100,000) [3]. 
Melanoma was detected in 1.2 million people in the Unit-
ed States in 2015, and based on data for 2013-2015, 2.3% of 
the US population will be diagnosed with melanoma over 
their lifetime [4]. Melanoma has a substantially lower inci-

dence than basal cell carcinoma or squamous cell carcinoma. 
However, it has a much worse prognosis [1]. The survival 
rate of melanoma differs according to the pathological stage.  
Patients in stages I and II have a nearly 100% 5-year survival 
rate, whereas just 36% of patients diagnosed with stage IVa 
have a 5-year survival rate [5].

Melanoma incidence and prevalence trends appear to be 
consistent worldwide, with only variations when comparing 
latitudes. However, specific geographic locations are related 
to ultraviolet (UV) exposure. Caucasians are susceptible to 
cutaneous melanoma development, with the magnitude of 
risk depending on sun exposure patterns (intermittent or 
cumulative UV exposure) and individual inherited genetic 
factors [6]. Consequently, by far the highest incidence in 
both men and women is in Australia and New Zealand [7]. 
However, only limited information is available on the trends 
in cutaneous melanoma incidence and survival among East 
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Asians, reportedly having a lower incidence rate than Cau-
casians [8]. 

South Korea has a public medical insurance system known 
as the National Health Insurance (NHI) program. NHI claims 
data are obtained from payment claims generated during 
patient visits to each medical institution. NHI claims data 
include diagnosis, treatment, procedure, medication, and 
survival information with general demographics including 
patient’s age, sex, area of residence, and income. This system 
covers more than 50 million people (98% of the whole popu-
lation of South Korea) [9]. 

Therefore, this study aimed to investigate the patterns of 
melanoma incidence, prevalence, and survival rate in South 
Korea in terms of various demographic factors using NHI 
claims data from 2004 to 2017.

Materials and Methods

1. Study population
We only included melanoma cases certified by the rare 

and intractable disease (RID) registration program in the 
NHI claims database between January 2004 and December 
2017.  The NHI has established a registration program for 
RID, such as melanoma, within the NHI system for copay-
ment reduction. All hospitals and clinicians use this program 
to benefit their patients. Thus, the RID database allowed us 
to analyze reliable epidemiological features of melanoma. 
According to the International Classification of Diseases 10th  
revision (ICD-10) codes, melanoma and melanoma in situ 
were classified as C43 and D03, respectively.

The site of melanoma was divided into high sun-exposed 
sites (face and neck: ICD-10 codes for C43.0-C43.4, D03.0-
D03.4) and low sun-exposed sites (trunk and limbs: ICD-10 
codes for C43.5-C43.7, D03.5-D03.7) to perform subgroup 
analysis [10,11]. A 2-year washout period (2002-2003) was 
used to prevent prevalent cases from interfering with the 
data.

2. Incidence and prevalence
An individual newly diagnosed with melanoma in the cor-

responding year was considered an incident case. A preva-
lent case was defined as a person diagnosed with melanoma 
for the first time in the corresponding year and individuals 
who had previously been registered as incident cases. The 
age-standardized rate was used to calculate the incidence 
and prevalence of melanoma, as it accounts for the differenc-
es in the age structure of the populations being compared. 
The age-standardized incidence and prevalence rate was cal-
culated as the sum of the weighted rate for each 5-year age 
group using Segi’s world standard population [12].

3. Survival
The survival analysis was conducted using information 

from the NHI claims database. The date of registration in 
the RID program was considered the date of diagnosis. The  
cumulative survival of patients with melanoma was com-
pared with the survival of the age-/sex-matched South  
Korean population using the log-rank test.

4. Variables and data collection
The NHI claims data were collected for each patient the 

following information: age, sex, area of residence, income, 
and survival. We obtained population and housing census 
data from the KOrean Statistical Information Service (KO-
SIS) [13]. The patient’s income status was estimated based 
on the premium quartile from the 2017 NHI statistical year-
book published by the NHI. All Korean people must pay an 
insurance premium based on housing income. Therefore, 
we assumed that the income was higher if the patient paid a 
higher insurance premium. The NHI categorizes people into 
20 income groups in South Korea. We grouped patients into 
four groups for the convenience of analyses (Q1-5, Q6-10, 
Q11-15, Q16-20). The lowest 25% of patients were classified 
in Q1-5, and the top 25% were classified in Q16-Q20.

Solar irradiation (i.e., solar exposure, solar insolation) 
dose (SID) by administrative district information was col-
lected from the Korea Meteorological Administration (KMA)  
observation data for 30 years to investigate the relationship 
between sun exposure and melanoma development [14]. The 
SID is the quantity of light energy emitted by a source reach-
ing a square meter of an area each second. Additionally, we 
used the regional healthcare ranking score (HRS) from the 
Korea Health Promotion Institute [15]. This score consists of 
17 indicators, 10 regional development status indexes (popu-
lation density, urbanization rate, rural place index, sewerage 
penetration rate, income taxes per capita, independent rate 
of district finance, ratio of residence in basement, wastewater 
discharge, agricultural area, health sector ratio of total budg-
et), and seven healthcare vulnerability indexes (population 
aged 65 years or older, a ratio of basic livelihood security 
recipient, a ratio of registered severe disabilities, physicians 
per 10,000 people, standardized death rate, ratio of infants, 
percentage of elderly aged 65 years or older living alone). A 
lower score denotes a better regional healthcare condition. 
The HRS data was used to examine the incidence and sur-
vival rate correlation with the regional healthcare condition.

5. Statistical analyses
The data manipulation and statistical analyses were con-

ducted using R software ver. 3.3.3 (R Foundation, Vienna, 
Austria). We used the rgdal and rworldmap packages from 
an R library to compare melanoma incidence and mortality 
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with SID or HRS in South Korea and worldwide. Pearson’s 
correlation analysis was used to observe how the incidence 
changed according to sex over 2004-2017, locate differences 
in the incidence among ages, and evaluate how strongly the 
SID and HRS are linearly related to incidence. To interpret 
the level of the correlation coefficient, we followed the guide-
lines provided by Chan [16]. There are about four ranges of 
correlation coefficient values between 0 and 1 without any 
negative values. Pearson’s correlation coefficient (PCC) val-
ues greater than 0.8 denote a strong relationship, PCCs of 0.6-
0.8 signify a moderate and of 0.3-0.6 a fair correlation. Val-
ues close to 0 (0.0-0.3) denote a poor correlation. Pearson’s 
correlation analysis was also performed to examine whether 
the incidence and 5-year survival rates would be positively 
associated with income increase. The 5-year survival rate of 
melanoma was examined using the Kaplan-Meier estima-
tion method, with comparisons made using the log-rank test.  
Referring to the results, we plotted graphs of 5-year survival 
rates for 2004-2017 according to sex, age at diagnosis, income,  
and high or low sun-exposed sites. Subsequently, we per-
formed a multiple linear regression analysis with melanoma 
incidence and mortality as the dependent variables using the 
SID and HRS as independent confounding variables. Finally, 
the multiple logistic regression analysis was used to predict 
the risk factor of melanoma mortality, adjusting sex, age,  
income, SID, and HRS.

Results

In South Korea, 25,591 patients were diagnosed with mela-
noma during the study period. Patients with melanoma in 
high sun-exposed sites were 5,802, in low sun-exposed sites 
were 18,816, and 973 patients had lesions in both sites.

1. Incidence and prevalence
There was no significant difference in the incidence and 

prevalence by sex. The overall incidence (112 to 3,874) and 
prevalence (122 to 6,620) appeared to increase with age (p 
< 0.0001; PCC: incidence 0.977, prevalence 0.969). Table 1 
shows the trends of melanoma incidence and prevalence by 
sex and age. The age-standardized incidence rate of mela-
noma increased steadily in women (1.4 to 1.6) from 2004 to 
2017 (p < 0.01). The age-standardized prevalence rate also  
increased in men (1.7 to 2.8) and women (1.9 to 3.1) (p < 
0.001) (Table 2). The characteristics of melanoma patients  
according to anatomical sites are described in Table 3.

Regarding solar irradiation and melanoma development, 
we found that Jeollanam-do had the most solar irradiated 
area with 21.2 MJ/m2. Seoul and Incheon were the lowest 
solar radiated areas with 11 MJ/m2, according to the KMA 
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observation data. Irrelevant with the anatomical site of mela-
noma, the incidence was significantly correlated with solar 
irradiation (p < 0.05; PCC, 0.637). Specifically, in high sun-
exposed sites, the incidence was highly correlated with solar 
irradiation (p < 0.001; PCC, 0.702). The group of low sun-
exposed sites had the lowest correlation coefficient between 
incidence and solar irradiation, although it was statistically 
significant (p < 0.05; PCC, 0.549) (Fig. 1, S1 Table).

In terms of income, the age-standardized incidence rate 
of melanoma increased significantly as the income estimat-
ed from the insurance premium increased (Q1-5, 0.58; Q6-
10, 0.57; Q11-15, 0.82; Q16-20, 1.37) (Fig. 2). The changes in  
incidence by different income levels during the whole study 
period are summarized in S2 Table.

The regional HRS was lowest in Seoul and highest in Jeol-
lanam-do at 39.7 and 56.7, respectively. The regional HRSs 
were significantly correlated with the incidence of melanoma 

TaeHo Kim, Incidence and Survival Rates of Melanoma

Fig. 2.  Changes in melanoma incidence according to income. 
As income estimated from insurance premium data increased, 
melanoma incidence per 100,000/yr also increased (p < 0.05).
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Fig. 3.  Correlation analysis between incidence, mortality, and Korea regional healthcare ranking score (HRS) during 2004-2017 in South 
Korea. (A) Heatmap with average the value of the regional HRS by the district. The scale bar denotes the HRS evaluated by the Korea 
Health Promotion Institute. (B) Heatmap of melanoma incidence and mortality. (C) Results of Pearson’s correlation analysis between in-
cidence, mortality, and Korea regional HRS. The correlations were significant (p < 0.001; incidence Pearson’s correlation coefficient [PCC], 
0.613 and p < 0.001; mortality PCC, 0.840). 
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(p < 0.01; PCC, 0.613) (Fig. 3, S3 Table). The multiple linear  
regression analysis results showed that the HRS was posi-
tively correlated with melanoma incidence in high sun- 
exposed sites (p < 0.001) (Table 4).

2. Survival
The annual mortality rate remained constant from 9.6% in 

2004 to 8.6% in 2017 (Table 5). Subgroup analyses revealed 
that the 5-year survival rate was better in women than in 
men, with the difference being significant (p < 0.001; 78.4% 
vs. 72.8%). As expected, the survival rate declined with 
age (p < 0.001; < 50, 90.6%; 50-79, 75.4%; ≥ 80, 50.2%). The  
patients with melanoma in low sun-exposed sites had a 
worse survival rate than those in high sun-exposed sites at 
5-year follow-up (p < 0.05; 75.9% vs. 79.4%) (Figs. 4 and 5). 
The higher income was a better survival rate than the lower 

income (p < 0.001; Q1-5, 72.9%; Q6-10, 74.3%; Q11-15, 74.8%; 
Q16-20, 74.7%) (Fig. 4).

Similar to the incidence, there was a strong correlation  
between the regional HRS and regional mortality (p < 0.001; 
PCC, 0.840) (Fig. 3, S3 Table). Multiple linear regression anal-
ysis results showed that the HRS was positively correlated 
with melanoma mortality (p < 0.001) (Table 4). Furthermore, 
multivariate logistic regression analysis revealed that the 
higher the HRS, the poorer the prognosis (p < 0.001) (Table 
6). 

 

Discussion

This study showed the nationwide trends of melanoma 
incidence and survival rate by age, sex, income, area of resi-
dence, and anatomical sites using NHI claims data from 2004 
to 2017. We used NHI claims data, KOSIS, KMA, and Korea 
Health Promotion Institute data for comprehensively study-
ing melanoma epidemiology. To our knowledge, this was the 
first study to use such varied types of nationwide data.

We found that the incidence of melanoma gradually  
increased from 2004 to 2017 at 3.0/100,000/yr in 2017. The 
incidence has increased in most countries, although in Asian 
countries, it remains relatively low [17]. Among 100,000 peo-
ple, the incidence was reported at 1.75/100,000/yr in Japan, 
0.65/100,000/yr in Taiwan, and 8.0/100,000/yr in China [18]. 
Australasian, North American, European populations were 
most greatly burdened by melanoma, especially older peo-
ple, at 54/100,000/yr in Australasia, 21/100,000/yr in North 
America, 16/100,000/yr in Western Europe, 8/100,000/yr in 
Central Europe, and 8/100,000/yr in Eastern Europe [19]. 
We suspect that the increased incidence of melanoma may 
be related to the development of diagnostic technologies 
and increased public awareness. It can be assumed that the  
increase in outdoor leisure activities and the westernization 

Table 4.  Multivariate analyses for the association with the incidence or mortality of melanoma

  Incidence per 100,000/yr 

Variable                                              Anatomic sites  
Total

 
Mortality per 

 Low sun-exposed High sun-exposed  
100,000/yr

Intercept –1.295 (1.890) –1.766 (0.573) –3.244 (2.316) –2.733 (0.767)
SID –0.026 (0.029) –0.014 (0.009) –0.036 (0.036) 0.008 (0.012)
HRS 0.091 (0.041)* 0.059 (0.012)*** 0.156 (0.050)** 0.082 (0.017)***
Adj R-squared 0.160 0.573 0.334    0.674
p-value 0.116 0.001 0.023 < 0.001
Values are presented as estimate (standard error). HRS, healthcare ranking score; SID, solar irradiation dose.  *p < 0.05, **p < 0.01, ***p < 
0.001. Anatomic sites was divided into low sun-exposed sites (Non-sun: C43.5-43.9, D03.5-D03.9 by ICD-10), high sun-exposed sites (Sun: 
C43.0-43.4, D03.0-D03.4 by ICD-10) or together (total).

Table 5.  The annual mortality rate of melanoma in South Korea, 
2004-2017

Year Prevalence Death Mortality ratea) (%)

2004 2,006 192 9.6
2005 2,135 185 8.7
2006 2,393 262 10.9
2007 2,806 280 10.0
2008 2,869 302 10.5
2009 2,971 318 10.7
2010 3,230 312 9.7
2011 3,566 323 9.1
2012 3,737 364 9.7
2013 3,979 372 9.3
2014 4,402 397 9.0
2015 4,530 407 9.0
2016 5,027 394 7.8
2017 5,384 462 8.6
a)(Mortality cases/Prevalent cases)×100.
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of lifestyles have also had an effect.
We classified and analyzed patients with melanoma  

according to their exposure site to sunlight. We observed that 
low sun-exposed sites were more greatly affected by mela-
noma than high sun-exposed sites in South Korea. Previous 
studies have reported similar results. Shaikh et al. [20] found 
19,900 patients diagnosed with melanoma in the face and 
neck and 75,696 patients with melanoma in the trunk and 
limbs in the United States from 1989 to 2009. Likewise, Tomi-
zuka et al. [18] also reported that melanoma in the trunk and 
limbs was more prevalent than melanoma in the head and 
neck in Japan (3,505 vs. 280).

Sunlight exposure and the increased likelihood of develop-
ing skin cancer have been a frequent subject of research. Par-
kin et al. [2] reported that approximately 86% of melanoma 
was associated with UV exposure. The risk for melanoma 
doubled after just one blistering sunburn during childhood 
[21]. Irrelevant by anatomical site, we found a significant cor-

relation between incidence of melanoma and amount of solar 
irradiation. Interestingly, our results showed statistically sig-
nificant in the melanoma patients of low sun-exposed sites 
(Fig. 1C). The exact reason for these results cannot be fully 
elucidated in this study. However, we speculate that physical 
stress, such as trauma and genetic factors, and intermittent-
sun exposure may be associated complexly in melanoma 
development [22-24]. Several studies have reported that the 
association between melanoma and sun exposure may dif-
fer according to anatomical sites. Caini et al. [7] has report-
ed that melanoma on the head and neck was more greatly  
related to continuous sun exposure, whereas melanoma on 
the trunk and limbs was associated with intermittent-sun  
exposure patterns. Gandini et al. [25] performed the meta-
analysis about the risk factors for melanoma and concluded 
that intermittent-sun exposure was positively associated 
with melanoma, but the high continuous pattern of sun expo-
sure had the inverse association. Additionally, we obtained 
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Fig. 4.  The 5-year survival rate of melanoma. Survival analyses result using the Kaplan-Meier method. After the log-rank test, the 5-year 
survival rate of women was better than that of men (78.4% vs. 72.8%) (p < 0.001). That declined with age (p < 0.001; < 50, 90.6%; 50-79, 
75.4%; ≥ 80, 50.2%). Patients with melanoma in low sun-exposed sites had shorter survival than those with melanoma in high sun-exposed 
sites (p < 0.001; 75.9% vs. 79.4%). The higher income was better survival rate than the lower income (p < 0.001; Q1-5, 72.9%; Q6-10, 74.3%; 
Q11-15, 74.8%; Q16-20, 74.7%).
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global UV radiation level and melanoma incidence data from 
the World Health Data Platform and International Agency 
for Research on Cancer, respectively [26], and compared the 
UV radiation dose and worldwide incidence of melanoma. 
However, there was no significant correlation globally (S4 
Fig.). We speculate that it is because these data from various 
countries are not standardized and are not analyzed by the 
anatomical site of the melanoma. Furthermore, genetics, eth-
nicity, and other factors are also important.

Using the NHI claims data, income could be precisely  
estimated because the National Health Insurance premium is 
based on household income [9]. It was found that the top 25% 
of people had approximately 0.79 higher age-standardized 
melanoma incidence compared to the bottom 25% (Fig. 2). 
Previous studies have shown that melanoma incidence was 
higher among people in high socioeconomic status groups 
in Canada and the Netherlands [27,28]. We believe that it is 
because the higher the income, the higher the awareness of 
healthcare. Studies have also shown that awareness of, and 
access to, screening for cancer is disproportionately higher in 
individuals with higher socioeconomic status [29].

We found that being male, lower income, and melanoma at 

low sun-exposed sites had the lowest survival rate, although 
the differences only ranged from 2.0% to 5.6% for each vari-
able. We cannot conclude that these results are truly signifi-
cant because the p-value became extremely low because of 
the large sample size in the analyses of nationwide data [30]. 

Some studies have reported differing views on the mela-
noma prognostic impact according to income. Geller et al. 
[31] investigated melanoma mortality among the socioeco-
nomically disadvantaged, reporting that those with lower 
socioeconomic status may be more likely to die than patients 
of higher socioeconomic status. Hopkins et al. [32] concluded 
that average household income and education levels were 
not associated with melanoma survival. 

The relationship between melanoma prognosis and ana-
tomical sites is also controversial for each study. Gillgren et 
al. [33] concluded the survival rates according to anatomical 
sites, by the following order, starting with the lowest neck-
trunk and foot, face, and lower and upper limbs. Howard 
et al. [34] reported that the dorsal shoulder, superior back, 
and clavicular sites showed a worse prognosis than the other  
anatomical regions, including the calves, Achilles, upper 
arms, forehead, temples, cheeks, and face. A further pro-
spective study will be necessary to elucidate these. On the 
other hand, Berwick et al. [35] reported that intermittent-sun  
exposure might increase survival from melanoma. Holidays 
with sun exposure were associated with favorable melanoma 
prognostic factors.

Nevertheless, in the case of sex, there is evidence that rela-
tive survival remains worse for men. Balzi et al. [36] reported 
that women had a clear prognostic advantage over men. 
Sharouni et al. [37], likewise, demonstrated that after adjust-
ment for all other variables (age, breslow thickness, localiza-
tion, ulceration, and morphological subtype), sex remained 
significantly associated with a higher risk of dying among 
men with a relative excess risks for men at 1.37.

Subsequently, we assumed that a regional medical service 

Fig. 5.  Five-year survival rate of melanoma by anatomical  
locations. Survival analyses result using Kaplan-Meier method. 
After the log-rank test, the 5-year survival rate of overlapping 
malignant melanoma of skin (C43.8) was lower than the other 
anatomical locations in C43 (Malignant melanoma of skin) 
(64.5%). In D03 (Melanoma in situ), D03.7 (Melanoma in situ of 
lower limb, including hip) had the lowest survival rate (88.2%).
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Table 6.  Multiple logistic regression for mortality

Variable aORa) 95% CI p-value

Sex (ref. male) 0.008 0.006-0.011 < 0.001
Age 0.597 0.561-0.634 < 0.001
Income (ref. Q1-5) 1.063 1.061-1.065 < 0.001
    Q6-10 1.033 0.932-1.146 0.535
    Q11-15 0.899 0.818-0.989 0.029
    Q16-20 0.821 0.753-0.895 < 0.001
SID 0.995 0.984-1.006 0.345
HRS 1.016 1.008-1.023 < 0.001
aOR, adjusted odds ratio; CI, confidence interval; HRS, health-
care ranking score; SID, solar irradiation dose. a)Adjustment for 
sex, age, income, SID, and HRS. 
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gap would influence the incidence or mortality of mela-
noma. To evaluate the medical service gap, we used the  
Korea regional HRS obtained from the Report for Healthcare 
Vulnerable Region of Korea 2016 published by the Korea 
Health Promotion Institute [15]. Results showed a high posi-
tive correlation between the Korea regional HRS and both 
melanoma incidence and mortality. It should be noted that 
these regional differences will be helpful for the nationwide 
distribution of medical resources and services in the future.

This study had both strengths and limitations. This study 
was based on the real-world data of an NHI claims database 
in South Korea. We collected the long-term data of more than 
25,000 patients who had melanoma without selection bias. 
South Korea has a public health insurance system that covers 
the entire population and a copayment decreasing policy for 
RIDs such as melanoma. Therefore, all patients with mela-
noma were registered in the healthcare system, and their 
data could be examined. However, this study involves the 
potential limitations of a retrospective observational design. 
The NHI claims data did not include information on possi-
ble confounding factors such as radiologic and laboratory 
findings, and the etiologic mechanism of melanoma. Acral 
melanoma, the most common subtype of melanoma in South 
Korea, occurs on the palm, sole, and nails (non-sun exposure 
sites). It does not include the thigh, calf, shin, arm, and fore-
arm (intermittent-sun exposure sites). In NHI claims data, 
extremities codes do not divide acral site from extremities. 
Hence, we could not perform subgroup analysis according 
to the pathological melanoma subtype. The NHI claims data 
also did not include individual patient’s information such as 
occupation, lifestyle, and habits. For this reason, the associa-
tion between patient’s way of life and solar irradiation was 
not considered. A possible explanation of better survival in 
the high sun-exposed sites (head and neck melanoma) is the 
earlier diagnosis because this site is more visible than low 
sun-exposed melanoma. In multiple linear regression analy-
sis, we only included SID and HRS as independent variables 
because the other variables such as age, sex, income, and area 
of residence were not linked with the SID and HRS. 

The incidence of melanoma in South Korea is increasing. 
Sun exposure might be an important pathogenic factor in 
South Korea for melanoma development in the melanoma 

patient of high sun-exposed sites. Regions with poor medical 
services or accessibility had higher incidence and lower sur-
vival of melanoma. Our study provides valuable data, which 
will be helpful for consultations and for establishing health-
care systems for patients with melanoma.
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