
www.e-epih.org    |  1

INTRODUCTION

The incidence of cancer is rising globally, with its distribution 
varying significantly across different world regions [1]. The Inter-
national Agency for Research on Cancer (IARC) has made global 
cancer statistics available through the Global Cancer Observatory, 
thereby facilitating comprehensive global cancer surveillance [2]. 
Indicators such as incidence, prevalence, mortality, and survival 
are utilized to monitor the burden of cancer. Among these, dis-
parities in cancer incidence have been instrumental in identifying 
risk factors [2]. The Global Cancer Statistics 2020 report indicates 
that disparities in incidences between countries were nearly 5-fold 
for men and nearly 4-fold for women [1]. These disparities be-
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tween countries are indicative of differences in exposure to risk 
factors and obstacles to high-quality cancer prevention and early 
detection [1]. Disparities within countries mirror those between 
countries, but they more distinctly underscore social inequalities 
based on race, gender, socioeconomic status, and geographical lo-
cation [3]. Furthermore, disparities within countries had low pos-
sibility of differences based on the completeness or quality of the 
cancer registry [4].

Cancer epidemiology focuses on the study of cancer occurrence 
and distribution, which often exhibits various levels of difference 
and heterogeneity [5]. In epidemiology, disease distribution is 
typically described by person, time, and place [6]. However, in 
cancer epidemiology, the aspect of “place” has been relatively un-
deremphasized compared to person and time [7]. The creation of 
a cancer incidence map is an important initial step in incorporat-
ing the concept of place in cancer epidemiology. Such a map can 
provide a visual overview of regional disparities in cancer, enabling 
the identification of new patterns and cancer clusters that may be 
challenging to discern in tabular form [7,8]. When assessing health 
disparities based on geographical location, it is important to eval-
uate both absolute and relative measures [9]. In the past, regional 
disparities in cancer incidence were primarily assessed as range 
differences (RDs) and range ratios (RRs) using minimum and 
maximum values. However, RDs and RRs could potentially over-
state disparities based on these extreme values. To address this is-
sue, several measures of disparities, such as between-group vari-
ance (BGV), are often presented concurrently [10].

In Korea, a population-based cancer registry for cancer surveil-
lance was established in 2005 [11]. Nationwide cancer incidence 
increased from 1999 to 2012, then decreased from 2012 to 2015, 
with no significant changes observed since then [12]. Despite the 
overall decrease in cancer incidence, regional disparities persist 
[13]. According to municipal-level cancer incidence between 1999 
and 2013, relative disparities between regions ranged from 2-fold 
to 12-fold, depending on the type of cancer [13]. The National 
Health Plan 2030 aims to improve health equity across regions, 
making it crucial to monitor and reduce these regional disparities 
[14]. Consequently, implementing measures to regularly monitor 
regional disparities is essential to achieving the goal of disparity 
reduction. This study aimed to uncover regional disparities in 
municipal-level cancer incidence from 1999 to 2018, using both 
absolute and relative measures, and to investigate the potential 
existence of cancer clusters during the period from 2014 to 2018.

MATERIALS AND METHODS

Data source
We utilized the Korean National Cancer Incidence Database, 

provided by the Korea Central Cancer Registry (KCCR), for the 
period between 1999 and 2018. The KCCR, a nationwide popula-
tion-based cancer registry, was established by the Korean Minis-
try of Health and Welfare in 1980 [15]. Since 1999, the KCCR has 
been publishing nationwide cancer statistics [11], and starting 

from 2016, it has been providing municipal-level cancer incidence 
statistics every 5 years [13]. Our research concentrated on 8 pri-
mary types of cancer, classified according to their International 
Classification of Diseases, 10th edition (ICD-10) codes: stomach 
(C16), colon and rectum (C18-C20), lung (C33-C34), thyroid  
(C73), women breast (C50), liver (C22), prostate (C61), and cer-
vix uteri (C53). These particular cancers were chosen based on 
their high incidence rates (thyroid, lung, colon and rectum, stom-
ach, breast, prostate, and liver cancer) and their inclusion in the 
National Cancer Screening Program (stomach, liver, colon and 
rectum, breast, cervical, and lung cancer) [16]. 

We obtained mid-year population data at the municipal level 
from Statistics Korea [17]. To bolster statistical stability, we seg-
mented the cancer incidence data into 4 periods (1999-2003, 2004-
2008, 2009-2013, and 2014-2018), stratified by gender and region. 
We also established and categorized geographical locations in ac-
cordance with the classification of administrative regions by Sta-
tistics Korea, which were based on population and regional attrib-
utes. The number of municipalities (si [city], gun [county], gu 
[district]) included in the analysis fluctuates for each period due 
to alterations in administrative regions between 1999 and 2018. 
The count of municipalities was ascertained based on the initial 
year of each period. This was computed by dividing it into 245 
municipalities for 1999-2003, 247 for 2004-2008, 249 for 2009-
2013, and 252 for 2014-2018. Supplementary Material 1 offers 
more comprehensive information on administrative regions for 
2014-2018. Detailed results of incidence calculated at the munici-
pal level can be accessed via the Statistics Korea website (http://
kosis.kr).

Variables
We used age-standardized rates (ASRs) per 100,000 people to 

measure incidence. ASRs are defined as the weighted average of 
age-specific rates, where the weights correspond to the propor-
tions of individuals in the respective age groups within a standard 
population [18]. In this study, the ASRs were standardized based 
on the mid-year Korean population for 2020. We quantified re-
gional disparities among municipalities using both absolute and 
relative measures. Absolute disparity measures included the RD, 
BGV, and regional gap, while relative disparities were measured 
using the RR [19]. We determined the regional gap in cancer inci-
dence by comparing the average ASR for the top 20% of munici-
palities with the average ASR for the bottom 20% of municipali-
ties, as defined by the Korean National Health Plan 2030 [14]. 
Supplementary Material 2 offers a more comprehensive explana-
tion of variable definitions and equations. The regions with the 
highest and lowest ASR by cancer type are detailed in Supplemen-
tary Material 3.

Statistical analysis
Global Moran’s I was used to quantify the existence or non-ex-

istence of cancer hot spots, with the aim of identifying more can-
cer cases within specific geographic regions, taking into account 

http://kosis.kr
http://kosis.kr
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Table 1. Trends in incidence rates and regional disparities in the incidence of major cancers among Korean men

Cancer Period National 
incidence

Regional incidence Measure of 
relative disparity Measure of absolute disparity

Min Median Max RR (95% CI) RD 
(95% CI)

BGV 
(95% CI)

Regional gap1 
(95% CI)

Stomach 1999-2003 132.6 13.1 133.1 239.9 18.3 (2.8, 33.8) 226.8 (193.4, 260.2) 398.5 (355.3, 441.8) 73.8 (41.2, 106.5)
2004-2008 130.2 93.1 132.0 199.7 2.1 (1.6, 2.6) 106.6 (73.9, 139.3) 251.4 (220.0, 282.7) 55.8 (26.6, 85.1)
2009-2013 124.2 71.4 125.8 179.6 2.5 (1.6, 3.5) 108.2 (71.4, 145.0) 177.8 (154.8, 200.8) 45.8 (21.4, 70.3)
2014-2018 99.6 75.7 102.0 143.5 1.9 (1.4, 2.3) 67.8 (42.0, 93.6) 117.8 (103.2, 132.4) 36.1 (15.7, 56.4)

Colon and 
rectum

1999-2003 61.8 1.2 58.8 92.4 77.0 (-71.5, 225.5) 91.2 (71.6, 110.8) 115.1 (97.1, 133.2) 34.3 (15.2, 53.5)
2004-2008 87.6 52.0 86.2 109.1 2.1 (1.3, 2.8) 57.1 (36.5, 77.7) 112.3 (94.4, 130.1) 34.7 (13.7, 55.7)
2009-2013 101.4 54.9 100.8 136.9 2.5 (1.5, 3.5) 82.0 (46.5, 117.5) 73.9 (59.8, 88.0) 29.2 (7.1, 51.3)
2014-2018 83.3 55.6 83.2 108.7 2.0 (1.3, 2.6) 53.1 (26.5, 79.7) 74.6 (63.5, 85.7) 25.9 (7.9, 43.9)

Lung 1999-2003 109.3 6.6 112.3 170.5 25.8 (-4.9, 56.6) 163.9 (137.4, 190.4) 267.8 (230.6, 305.0) 54.3 (25.7, 82.8)
2004-2008 110.1 79.0 113.8 170.3 2.2 (1.6, 2.7) 91.3 (62.4, 120.2) 251.1 (218.5, 283.6) 51.9 (24.7, 79.1)
2009-2013 104.4 74.3 108.9 160.2 2.2 (1.7, 2.6) 85.9 (56.1, 115.7) 178.4 (155.9, 200.9) 43.9 (18.8, 69.1)
2014-2018 98.1 68.6 101.4 144.6 2.1 (1.3, 2.9) 76.0 (38.7, 113.3) 120.3 (105.0, 135.6) 36.2 (14.3, 58.2)

Thyroid 1999-2003 4.2 0.7 3.8 14.9 21.3 (-18.6, 61.1) 14.2 (10.4, 18.0) 3.3 (2.4, 4.2) 4.9 (0.2, 9.6)
2004-2008 12.9 2.9 10.5 48.1 16.6 (-16.1, 49.2) 45.2 (37.3, 53.1) 39.9 (35.6, 44.3) 14.8 (8.1, 21.6)
2009-2013 30.5 5.5 26.9 58.6 10.7 (2.1, 19.2) 53.1 (46.8, 59.4) 94.5 (86.9, 102.1) 24.8 (15.1, 34.6)
2014-2018 24.1 10.6 22.5 42.6 4.0 (1.3, 6.7) 32.0 (23.4, 40.6) 27.4 (24.2, 30.6) 16.7 (6.5, 26.9)

Liver 1999-2003 83.6 3.4 85.7 177.9 52.3 (-28.6, 133.3) 174.5 (118.2, 230.8) 278.3 (248.0, 308.6) 56.5 (31.2, 81.8)
2004-2008 78.0 49.9 77.7 139.7 2.8 (2.1, 3.5) 89.8 (67.1, 112.5) 219.7 (196.3, 243.2) 50.5 (27.3, 73.6)
2009-2013 68.8 45.2 69.2 144.2 3.2 (2.1, 4.3) 99.0  (54.0, 144.0) 151.7 (135.7, 167.7) 40.6 (20.9, 60.3)
2014-2018 57.1 37.4 58.8 119.6 3.2 (2.5, 3.9) 82.2 (59.6, 104.8) 95.3 (85.2, 105.3) 33.7 (17.1, 50.3)

Prostate 1999-2003 23.9 3.0 21.7 50.6 16.9 (-16.5, 50.2) 47.6 (36.4, 58.8) 59.1 (47.8, 70.3) 19.5 (6.4, 32.6)
2004-2008 44.0 20.4 39.0 104.5 5.1 (3.1, 7.1) 84.1 (71.3, 96.9) 185.3 (163.4, 207.2) 31.4 (16.0, 46.8)
2009-2013 60.9 33.2 57.4 108.4 3.3 (1.7, 4.8) 75.2 (56.2, 94.2) 144.8 (127.2, 162.4) 29.3 (12.6, 46.0)
2014-2018 65.0 45.1 63.0 96.2 2.1 (1.7, 2.6) 51.1 (39.7, 62.5) 76.2 (65.2, 87.2) 23.9 (7.5, 40.3)

Min, minimum; Max, maximum; RR, range ratio; RD, range difference; BGV, between group variance; ASR, age-standardized rate.
1The regional gap of cancer incidence between the top 20% ASR group and the bottom 20% ASR group according to the definition in the National 
Health Plan 2030; The Min values for 1999-2003 are very low because there were regions newly promoted to municipalities.

the size and age of the population [20-22]. The spatial weight ma-
trix was constructed by defining relationships with neighboring 
regions based on either adjacency or distance. In an adjacency-
based spatial weight matrix, regions that share a common bound-
ary are considered neighbors. Conversely, in a distance-based 
spatial weight matrix, regions within a certain distance are deemed 
neighbors. This was examined by incrementally increasing the 
distance from 5 km to 200 km until no regions remained without 
links to neighbors [23]. Moran’s I values range from -1 to 1. Posi-
tive values suggest the clustering of regions with similarly high or 
low values, while a value of I= 0 indicates no spatial autocorrela-
tion (i.e., complete spatial randomness). Negative values, in con-
trast, suggest dissimilar values between neighboring regions, akin 
to a chessboard [24].

To illustrate regional disparities in incidence rates, we generated 
disease maps using R version 4.2.2 (R Foundation for Statistical 
Computing, Vienna, Austria). Each quintile interval encompassed 
an equal number of regions, which were depicted on the regional 
disease map. The fifth quintile, representing regions with the high-
est incidence, is indicated in the darkest shade. Statistical analysis 

was conducted using SAS version 9.3 (SAS Institute Inc., Cary, 
NC, USA) and RStudio version 2023.3.0.386 (R Foundation for 
Statistical Computing).

Ethics statement 
The Institutional Review Board of the National Cancer Center 

waived the requirement of ethics review for this research, as the 
study used anonymized data (IRB No. NCC2023-0135).

RESULTS

National and regional incidence of major cancers 
among Korean

Figure 1 illustrates the national and regional incidence rates of 
major cancers among Koreans. In men, the national incidence 
rates of stomach, lung, and liver cancer steadily declined from 
1999 to 2018, while the incidence of prostate cancer consistently 
risen. In women, the national incidence rates of stomach, liver, 
and cervical cancers also decreased during the 20-year study peri-
od, whereas the incidence rates of breast and lung cancer rose. 
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The national incidence rates of colon and rectum cancer, as well 
as thyroid cancer, showed an upward trend over a span of 15 years 
in both men and women, but these rates decreased in the last  
5 years of the study period. The regional incidence rates are repre-
sented in a boxplot, with the median values, indicated by a line 
within the box, mirroring the trend of national incidence. The in-
terquartile range box illustrates the range between the first and 
third quartiles of regional incidence rates over time. 

Trends in regional disparities in major cancer 
incidence among Korean men

Table 1 illustrates the regional disparities in the incidence of 
major cancers among Korean men. The extent of these disparities 
varied based on the measurement method used. In 1999-2003 
and 2004-2008, stomach cancer exhibited the largest regional dis-
parities in RD, BGV, and regional gap, with the exception of RR. 

During 2009-2013, the largest regional disparities in incidence 
were observed for thyroid cancer when measured by RR, stomach 
cancer when measured by RD and regional gap, and lung cancer 
when measured by BGV. In 2014-2018, the most pronounced re-
gional disparities in incidence were found for thyroid cancer when 
measured by RR, liver cancer when measured by RD, and lung 
cancer when measured by both BGV and regional gap (Table 1). 

Trends in regional disparities in major cancer 
incidence among Korean women

Table 2 shows the regional disparities in the incidence of major 
cancers among Korean women. In 1999-2003, the regional dis-
parities in incidence were observed for thyroid cancer in RR, stom-
ach cancer in RD and the regional gap, and breast cancer in BGV. 
Between 2004 and 2008, thyroid cancer exhibited the greatest re-
gional disparities across all measures. In the periods from 2009 to 

Table 2. Trends in incidence rates and regional disparities in the incidence of major cancers among Korean women

Cancer Period National 
incidence

Regional incidence Measure of 
relative disparity Measure of absolute disparity

Min Median Max RR 
(95% CI)

RD 
(95% CI)

BGV 
(95% CI)

Regional gap1 
(95% CI)

Stomach 1999-2003 50.9 3.6 51.3 84.7 23.5 (-22.5, 69.5) 81.1 (63.1, 99.1) 55.0 (46.7, 63.4) 27.2 (10.3, 44.2)
2004-2008 49.3 31.1 49.9 70.7 2.3 (1.5, 3.1) 39.6 (26.2, 53.0) 37.6 (31.1, 44.2) 20.1 (5.1, 35.1)
2009-2013 48.0 27.1 48.1 71.9 2.7 (1.6, 3.7) 44.8 (28.3, 61.3) 32.4 (27.1, 37.7) 19.0 (5.6, 32.4)
2014-2018 39.6 26.4 39.7 62.1 2.4 (1.5, 3.2) 35.7 (20.9, 50.5) 19.2 (15.7, 22.6) 15.9 (2.7, 29.2)

Colon and 
rectum

1999-2003 36.0 1.7 35.8 55.7 32.8 (-33.3, 98.8) 54.0 (39.9, 68.1) 28.0 (22.8, 33.1) 18.2 (5.9, 30.5)
2004-2008 47.5 24.5 46.8 65.3 2.7 (1.2, 4.1) 40.8 (17.3, 64.3) 31.1 (25.2, 37.0) 18.8 (4.9, 32.7)
2009-2013 52.9 30.8 52.7 70.0 2.3 (1.4, 3.2) 39.2 (19.8, 58.6) 23.7 (18.9, 28.6) 17.9 (3.1, 32.6)
2014-2018 45.7 28.2 45.7 60.9 2.2 (1.3, 3.0) 32.7 (11.9, 53.5) 15.2 (11.9, 18.6) 13.5 (0.8, 26.2)

Lung 1999-2003 27.1 3.3 27.0 45.3 13.7 (-5.6, 33.0) 42.0 (32.6, 51.4) 17.0 (13.2, 20.9) 13.4 (1.7, 25.1)
2004-2008 30.0 10.1 29.7 45.6 4.5 (-0.7, 9.8) 35.5 (20.0, 51.0) 12.8 (9.6, 16.0) 12.3 (0.5, 24.2)
2009-2013 32.4 16.6 32.1 44.8 2.7 (1.5, 3.9) 28.2 (16.6, 39.8) 10.6 (7.9, 13.3) 11.7 (0.7, 22.6)
2014-2018 33.1 21.4 33.0 43.3 2.0 (1.1, 3.0) 21.9 (6.5, 37.3) 9.2 (6.9, 11.6) 10.4 (-0.3, 21.1)

Thyroid 1999-2003 21.6 1.6 19.3 77.1 48.2 (-43.8, 140.2) 75.5 (67.7, 83.3) 66.2 (58.8, 73.7) 18.7 (9.7, 27.7)
2004-2008 69.6 22.5 60.3 216.3 9.6 (5.7, 13.6) 193.8 (179.2, 208.4) 644.2 (610.6, 677.9) 66.4 (49.1, 83.6)
2009-2013 138.2 59.1 134.8 239.9 4.1 (3.2, 4.9) 180.8 (159.2, 202.4) 758.3 (719.4, 797.1) 89.4 (64.7, 114.1)
2014-2018 86.2 40.9 84.2 143.8 3.5 (2.1, 5.0) 102.9 (72.3, 133.5) 213.2 (197.3, 229.1) 47.0 (26.8, 67.1)

Breast 1999-2003 38.2 6.9 33.7 59.7 8.7 (0.8, 16.5) 52.8 (44.7, 60.9) 72.6 (65.1, 80.0) 26.8 (15.9, 37.8)
2004-2008 52.5 21.6 47.5 74.3 3.4 (1.8, 5.0) 52.7 (41.1, 64.3) 92.3 (83.2, 101.4) 31.1 (17.1, 45.2)
2009-2013 68.1 32.1 64.2 93.9 2.9 (1.9, 4.0) 61.8 (48.7, 74.9) 105.8 (95.3, 116.2) 34.8 (18.2, 51.5)
2014-2018 84.8 47.3 80.8 109.4 2.3 (1.7, 3.0) 62.1 (47.7, 76.5) 108.6 (97.4, 119.8) 35.0 (16.5, 53.6)

Liver 1999-2003 23.4 2.4 23.2 48.9 20.4 (-19.5, 60.2) 46.5 (32.7, 60.3) 18.5 (14.9, 22.2) 14.9 (3.7, 26.0)
2004-2008 22.2 12.1 21.9 44.8 3.7 (0.7, 6.7) 32.7 (17.4, 48.0) 13.9 (11.0, 16.8) 13.2 (2.2, 24.2)
2009-2013 20.0 10.0 19.9 37.3 3.7 (1.5, 5.9) 27.3 (16.6, 38.0) 12.5 (10.2, 14.8) 11.6 (2.3, 20.9)
2014-2018 16.4 8.6 16.3 30.4 3.5 (0.4, 6.7) 21.8 (1.9, 41.7) 7.5 (6.1, 9.0) 9.6 (1.2, 18.0)

Cervix 
uteri

1999-2003 25.3 11.4 24.9 50.7 4.4 (1.1, 7.8) 39.3 (14.1, 64.5) 19.2 (15.7, 22.8) 15.2 (3.7, 26.7)
2004-2008 20.0 9.6 20.0 33.6 3.5 (0.7, 6.3) 24.0 (5.8, 42.2) 9.2 (7.1, 11.3) 10.7 (0.5, 20.9)
2009-2013 16.7 1.8 16.9 32.0 17.8 (-9.1, 44.7) 30.2 (8.8, 51.6) 7.9 (6.3, 9.4) 10.1 (0.8, 19.4)
2014-2018 14.2 6.1 14.3 23.6 3.9 (-1.8, 9.6) 17.5 (4.9, 30.1) 5.7 (4.5, 6.9) 8.2 (-0.2, 16.5)

Min, minimum; Max, maximum; RR, range ratio; RD, range difference; BGV, between group variance; ASR, age-standardized rate.
1The regional gap of cancer incidence between the top 20% ASR group and the bottom 20% ASR group according to the definition in the national 
health plan 2030; The Min values for 1999-2003 are very low because there were regions newly promoted to municipalities.
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2013 and 2014 to 2018, thyroid cancer continued to show the most 
pronounced regional disparities in RD, BGV, and the regional gap, 
with the exception of RR (Table 2). 

Regional disparities in major cancer incidence 
during 2014-2018

Figure 2 visualizes the regional incidence of major cancers, cat-
egorized by quantile, on a municipal-level map spanning all 17 prov-
inces. For stomach cancer, regions with a high incidence were pre-
dominantly found in Chungnam and Gyeongbuk for men, and in 
Gyeongnam and Gyeongbuk for women (Figure 2A). For colon 
cancer and rectum cancer, regions with a high incidence were 
primarily situated in Gyeonggi and Seoul for men, and in Gyeo-
nggi and Chungbuk for women (Figure 2B). For lung cancer, re-
gions with a high incidence were largely located in Gyeongbuk 
and Gyeongnam for men, and in Gyeonggi and Seoul for women 
(Figure 2C). For thyroid cancer, regions with a high incidence 
were mainly found in Busan and Jeonnam for women, and in 
Gyeonggi and Jeonnam for men (Figure 2D). For liver cancer, re-
gions with a high incidence were situated in Jeonnam and Gyeo-
ngnam for men, and in Gyeongnam and Jeonnam for women 
(Figure 2E). For breast cancer, regions with a high incidence were 
primarily located in Seoul and Gyeonggi for women (Figure 2F). 
For prostate cancer, regions with a high incidence were largely 
found in Seoul and Gyeonggi for men (Figure 2G). For cervical 
cancer, regions with a high incidence were mainly situated in 
Gyeongnam and Gyeonggi for women (Figure 2H). These find-
ings highlight regions with a high likelihood of exposure to risk 
factors or high accessibility to cancer screening, depending on the 
type of cancer.

In men, the largest regional gap were observed in the incidence 
rates of lung cancer (36.2 per 100,000; 95% CI, 14.3 to 58.2) and 
stomach cancer (36.1 per 100,000; 95% CI, 15.7 to 56.4). These 
disparities were calculated by determining the difference in aver-
age incidence between the highest and lowest quintiles (Table 1). 
For women, the greatest regional gap were found in the incidence 
rates of thyroid cancer (47.0 per 100,000; 95% CI, 26.8 to 67.1) 
and breast cancer (35.0 per 100,000; 95% CI, 16.5 to 53.6; Table 2). 
Table 3 presents spatial autocorrelation values based on adjacency 
and distance. Among men, liver cancer demonstrated the highest 
likelihood of cancer clusters, based on both adjacency (I, 0.48; 
95% CI, 0.40 to 0.56) and distance (I, 0.51; 95% CI, 0.47; Figure 3). 
In women, breast cancer exhibited the highest likelihood of cancer 
clusters, both in terms of adjacency (I, 0.61; 95% CI, 0.53 to 0.70) 
and distance (I, 0.62; 95% CI, 0.55 to 0.69; Figure 3).

DISCUSSION 

This study revealed regional disparities in the incidence rates of 
8 major cancers in Korea over a recent 2-decade period, exam-
ined at the municipal level. The incidence rates for each type of 
cancer displayed significant variation by both gender and region. 
The description of these regional disparities varied depending on 

whether absolute or relative measures were used. RR and RD, 
which utilized minimum and maximum values, exhibited sub-
stantial fluctuations over time. Notably, the case count in certain 
regions may have been underestimated, leading to an overstate-
ment of regional disparities, particularly with the introduction of 
new administrative districts at the municipal level between 1999 
and 2003. Conversely, the BGV and regional gap, as defined in 
the National Health Plan 2030, provided more reliable results for 
monitoring overall trends and statuses. The most significant re-
gional disparity among women was found in thyroid cancer, fol-
lowed by breast cancer and stomach cancer. For men, the largest 
disparities were seen in lung cancer, stomach cancer, and liver 
cancer. The areas suspected of being cancer hotspots at the mu-
nicipal level were those with high incidences of breast and thyroid 
cancer in women, and liver, stomach, and lung cancer in men. 

Regional disparities in cancer incidence reflect differences in 
risk prevalence and exposure, access to preventive measures and 
early detection, as well as healthcare utilization [3]. Thyroid can-
cer saw a significant rise in both incidence and regional dispari-
ties from 1999-2003 to 2009-2013. This was followed by a marked 
decrease after a report of overdiagnosis in 2014 [25]. Despite this, 
thyroid cancer still exhibited the highest regional disparity among 
women (Figure 1 and Table 2). The strong correlation between 
the proportion of cancer screenings and the regional incidence of 
thyroid cancer suggests that these disparities may be due to differ-
ences in healthcare utilization [25-27]. The rise in breast cancer 
incidence and disparities aligns with the global trend [1]. Global-
ly, breast cancer is more prevalent in countries with a high Hu-
man Development Index. Similarly, in Korea, breast cancer is pre-
dominantly found in Seoul and other metropolitan areas. These 
disparities can be traced back to the prevalence of breast cancer 
risk factors. These include reproductive and hormonal risk factors 
such as early age at menarche and oral contraceptive use, as well as 
lifestyle risk factors like alcohol consumption, excess body weight, 
and physical inactivity. Differences in access to mammography 
screening also contribute to these disparities [28,29]. Prostate 
cancer follows a trend similar to that of breast cancer, with inci-
dence known to increase with age in the population [30]. The 
cause of regional disparities in ASRs is not entirely clear, but it may 
be linked to the coverage of prostate-specific antigen testing [31]. 

The incidence of lung cancer in men has declined, yet it contin-
ues to exhibit a higher regional disparity and a potential for clus-
ters. Furthermore, the incidence is still on the rise in women. It is 
well established that regional disparities in lung cancer are strong-
ly correlated with regional smoking rates [32-34]. Occupational 
exposure to substances such as asbestos [35] and environmental 
exposure to factors like air pollution [36] are also known to be 
linked to lung cancer. The incidence of colon and rectum cancer 
saw an increase from 2009 to 2013, but has recently shown a de-
crease in both incidence and regional disparity. This shift can be 
attributed to the removal of precancerous lesions through colo-
noscopy and lifestyle improvements [37,38]. The incidence of 
stomach, liver, and cervical cancers has consistently shown reduc-



Park EH et al. : Regional disparities in cancer incidence in Korea

www.e-epih.org    |  7

(Continued to the next page)
Figure 2. Municipal-level incidence of major cancers (A) stomach, (B) colon and rectum, (C) lung, (D) thyroid, (E) liver, (F) breast, (G) prostate, 
and (H) cervix uteri among Koreans in 2014-2018. 
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(Continued to the next page)Figure 2. Continued
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(Continued to the next page)Figure 2. Continued
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Figure 2. Continued

H

tions in both incidence and regional disparities. These reductions 
are believed to be the result of early screening, antiviral treatment 
for hepatitis, and Helicobacter pylori eradication treatment. The 
regional disparities have also been mitigated through the national 
immunization program and the national cancer screening pro-

gram [39-42].
The high likelihood of cancer clusters indicates the existence of 

hot spots where cancer is densely concentrated in geographically 
proximate areas [20]. Liver cancer, stomach cancer, and lung can-
cer, despite seeming to have diminished regional disparities, are 

Table 3. Global Moran’s I1 according to adjacency and distance of major cancers among Koreans, 2014-2018 

Cancer
Adjacency-based2*** Distance-based3***

Men Women km Men km Women

Stomach 0.44 (0.35, 0.52) 0.33 (0.25, 0.41) 30 0.36 (0.29, 0.44) 35 0.29 (0.22, 0.36)
Colon and rectum 0.21 (0.13, 0.30) 0.24 (0.16, 0.32) 20 0.20 (0.08, 0.31) 35 0.28 (0.22, 0.35)
Lung 0.43 (0.34, 0.51) 0.22 (0.14, 0.31) 30 0.41 (0.33, 0.49) 30 0.21 (0.13, 0.29)
Thyroid 0.32 (0.24, 0.40) 0.56 (0.48, 0.64) 35 0.29 (0.22, 0.36) 35 0.54 (0.47, 0.61)
Liver 0.48 (0.40, 0.56) 0.20 (0.11, 0.28) 50 0.51 (0.47, 0.56) 45 0.24 (0.19, 0.29)
Breast - 0.61 (0.53, 0.70) - - 35 0.62 (0.55, 0.69)
Prostate 0.29 (0.21, 0.37) - 30 0.23 (0.16, 0.31) - -
Cervix uteri - 0.15 (0.07, 0.23) - - 30 0.17 (0.10, 0.25)

Values are presented as Moran’s I (95% confidence interval).
1I>0 indicates a clustering of areas with similar high or low values; I=0: denotes no spatial autocorrelation or complete spatial randomness; I<0 
indicates neighboring areas that have dissimilar values, like a chessboard pattern.
2Moran’s I calculated using an adjacency-based spatial weight matrix defining regions that share a line segment (or border) and a point (or vertex) 
as neighbors. 
3Moran’s I calculated using a distance-based spatial weight matrix defining regions as neighbors if the computed distance from the coordinates of 
their centroids falls within the base radius; We noted the distance criteria and the corresponding value when Moran’s I was the largest. 
***p<0.001.
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still highly likely to exhibit cancer clusters in men. This suggests 
that geographical location should be taken into account when 
monitoring regional disparities. In the case of liver cancer, defin-
ing the spatial weight matrix based on distance resulted in a slightly 
higher clustering possibility than when defining the spatial weight 
matrix based on adjacency. This implies that the scope of risk fac-
tors associated with cancer clusters is significantly larger than that 
of other cancers. It also underscores the need to reassess the spa-
tial unit and the definition of neighboring regions, varying ac-
cording to the suspected risk factors associated with each cancer 
cluster.

This study has several limitations. First, we selected municipal 
administrative districts as the spatial unit of analysis. This may 
have resulted in spatial misclassification because it is difficult to 
fully account for differences in the spatial and temporal range of 
exposure to risk factors by cancer type. Second, the spatial classi-
fication was based on the patient’s residence at the time of cancer 
diagnosis, which may not reflect the patient’s residence history 
and past exposures. Third, the modifiable areal unit problem may 
arise when the spatial unit is changed from the municipal level. 
Fourth, the global Moran’s I can only confirm the presence or ab-
sence of clusters—that is, it does not explain why cancer clusters 
occur. Furthermore, population heterogeneity could produce 
positive spatial autocorrelation, creating the illusion of meaning-
ful clusters when they might simply be a statistical chance. Never-
theless, it is meaningful that monitoring the regional disparities in 
major cancer incidence at the municipal level can uncover new 
patterns and potential cancer clusters that were not detectable at 
the national level. 

This study presents a detailed analysis of the incidence and re-
gional disparities of 8 major types of cancer in Korea, broken down 
by gender and region. The findings from this study could serve as 
a preliminary draft for a more comprehensive analysis of specific 
types of cancer in regions with persistently high cancer incidence 
rates. Furthermore, this information could establish a foundation 
for the development of regional-specific cancer management pol-
icies in collaboration with local authorities. 
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