
© 2017 The Korean Academy of Medical Sciences.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) 
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

pISSN 1011-8934
eISSN 1598-6357

Disparities by Age, Sex, Tumor Stage, Diagnosis Path, and Area-
level Socioeconomic Status in Survival Time for Major Cancers: 
Results from the Busan Cancer Registry

Our goal was to examine the effect of area-level deprivation on patient survival time for 
seven major cancers — stomach, colon, liver, lung, breast, cervix, and thyroid cancer. Data 
on 10,902 subjects who were diagnosed with major cancers from 2010 and 2011 in Busan 
were collected regarding the survival time along with several important prognostic factors 
and an area-level deprivation index was constructed from education, income, 
unemployment, and welfare assistance, to assess the comprehensive area-level 
socioeconomic status. A multilevel Cox proportional hazard model was used to investigate 
the effects of multiple risk factors such as gender, age, tumor stage, diagnosis path, and 
the area-level deprivation. After adjusting for risk factors the area-level deprivation index 
was found to be significant in associating with higher hazard rate for several cancers. 
Estimated hazard ratios (95% CI) were 1.08 (0.99–1.18), 1.23 (1.12–1.36), 1.36 (1.21–
1.53) for the second, the third, and the fourth quartile of deprivation index groups, 
respectively, when compared to the least deprived group. When compared with the least 
deprived group, the more deprived group showed significant decrease in survival time for 
major cancers. This novel finding may contribute to the literature regarding the association 
of area-level socioeconomic status and highlight the importance of careful monitoring of 
socioeconomic characteristics for cancer prevention and care services.
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INTRODUCTION

Monitoring and reducing health disparities by socioeconomic 
status have long been an important health policy goal. Studies 
have shown the dynamic nature of socioeconomic disparities 
in cancer incidence and mortality from major cancers (1-3). Such 
disparities may even be widening in some instances (4). Cancer 
has been the leading cause of death in Korea since the 1980s and 
is the most burdensome disease (5). However, although ecolog-
ical studies on the effect of socioeconomic status on mortality 
at the regional level in Korea exist (6), they are rare. Reliable data 
on reporting cancer-related health disparities among different 
socioeconomic groups is required to set and track the national 
goals for reducing such disparities.
  Cancer mortalities are determined by individual characteris-
tics and behaviors, but the social contexts in which people live 
also have an effect. Several cancer incidence and mortality stud-
ies in European countries have implied that there is wide varia-
tion among geographic areas because of various exposures to 
risk factors such as air pollution, occupational exposures, edu-
cation, and differences in lifestyle (7). Moreover, a large propor-
tion of the disparities may be attributed to socioeconomic sta-

tus. It has been shown that the social context of neighborhoods 
is related to both health condition (8,9) and mortality from can-
cer, violence, or circulatory diseases (10-13). Population-based 
cancer registry data from the Surveillance, Epidemiology, and 
End Results (SEER) in the United States has reported consistent 
socioeconomic patterns in cancer incidence (14). Another study 
suggested that the nature of neighborhoods and communities 
such as shared living conditions and patterns of social relation-
ships between individuals and groups initiates processes may 
influence health behaviors and/or psychosocial stress factors 
which could have a negative impact on immune functioning 
(15). Lower area-level socio-economic status has also been re-
ported to be associated with higher risk of a certain cancer (16,17) 
and all-cause and site-specific cancer mortality (18,19).
  In Korea, overall mortality has decreased significantly, but 
mortality preventable by primary prevention has shown greater 
reduction than mortality preventable by appropriate medical 
services did (20). Age-standardized mortality is inversely asso-
ciated with educational attainment, and the level of socioeco-
nomic all cause-mortality inequalities remained virtually un-
changed in both genders from 1990 to 2000 (21). Among major 
causes of death, mortality from external causes, such as traffic 
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accident and suicide, increased progressively with decreasing 
socioeconomic level, but mortality from avoidable cancers did 
not (22). Understanding the association between area-level so-
cioeconomic status and cancer outcomes is critical for appro-
priately targeting interventions to reduce area-level and socio-
economic disparities (23). Although these studies stressed the 
importance of socioeconomic factors on mortality due to vari-
ous causes, none of them investigated the effect of socioeco-
nomic level on cancer survival outcome.
  This study examined whether there was an association be-
tween area-level deprivation measure as a comprehensive ar-
ea-level socioeconomic status and survival time for patients 
who had been diagnosed with major cancers in the entire pop-
ulation of the second largest city in Korea in the year of 2010 
and 2011. This investigation has the potential to help fill the gap 
in the literature regarding the influence of area-level socioeco-
nomic environment on major cancer mortality and survival time.

MATERIALS AND METHODS

Data analyzed for this study were obtained from the Busan Re-
gional Cancer Registry. Since 1999, the Korea Central Cancer 
Registry (KCCR) has collected cancer incidence data nation-
wide by integrating a hospital-based KCCR database with data 
from regional cancer registry programs. The Busan Regional 
Cancer Registry, which is one of these regional cancer registry 
programs, has characteristics except catchment area that are 
the same as the KCCR. The KCCR has been described in greater 
detail elsewhere (24). The completeness of cancer registration 
in Korea is estimated to be 97.8% (6) and the Busan Regional 
Cancer Registry has been registering and following up subjects 
with cancer since the time of diagnosis. In this study, we inves-
tigated major cancer data (stomach, colon, liver, lung, breast, 
cervix, and thyroid) for the entire Busan population. Using the 
primary diagnoses of cancer recorded in the registry, the na-
tional mortality data in the registry was linked to identify date of 
death and mortality due to cancer and other causes of death. 
Additionally, information from other demographical regional 
registries were linked at the individual level by matching the 
national 13-digit civic registration number assigned to each per-
son in Korea for his or her lifetime and information about be-
havioral risk factors and family history was examined through 
medical records by expert medical record administrators. The 
civic registration numbers were replaced by serial numbers to 
maintain the anonymity of all subjects studied.
  We analyzed 10,902 medical records-investigated cancer reg-
istrants (completion rate = 89.9%) among those who were main-
ly diagnosed with seven selected cancers at 5 university hospi-
tals (n = 12,121) that diagnosed 49.9% of cancer patients in Bu
san (n = 24,303) from January 1, 2010 to December 31, 2011. The 
follow-up period started on date of diagnosis and continued 

until death or the end of the study period on December 31, 2014.

Outcome variables
The outcome variables were mortality and survival time for sev-
en cancer sites — stomach, colorectal, liver, lung, breast, cervix, 
and thyroid cancers. Survival time was measured in terms of 
time from diagnosis to death or the end of the study. We used 
the Busan Cancer Registry to identify the primary diagnoses of 
cancer in the study population during the study period. Only 
primary neoplasms of designated area classified according to 
the 10th revision of the International Classification of Diseases 
(ICD-10) were included in the study. The mortality due to a cer-
tain cancer was identified in the Cause of Death Registry during 
the same period. The WHO’s ICD-10 was used to define mor-
tality due to each cancer.

Explanatory variables
Individual variables included gender, age at the start of the study, 
body mass index (BMI), residential area at the start of the study, 
tumor stage, smoking and drinking habits, family history, diag-
nosis path, and area-level deprivation index. Other explanatory 
variables were collected but were not included in the analysis 
because of a lot of missing data.

Area-level deprivation index
We calculated the area-level deprivation index using 2010 Ko-
rean Census data to comprehensively measure area socioeco-
nomic status. ‘Dong’ is the smallest administrative unit based 
on the classification of the Ministry of Public Administration 
and Security in Korea; thus, we used Dong as the unit of local 
area to define a residential area sharing the same area-level de-
privation index. The method to produce the area-level depriva-
tion index has been described in detail elsewhere (6). The de-
privation index used information from eight indicators: residents 
living alone, female household head, no housing ownership, 
low education level (less than high school graduation among 
those aged 35–64), low occupational social class (low social class 
among economically active household heads aged 15–64 ac-
cording to occupation based social class classification) (5), the 
divorced or separated in marital status among those aged 15 or 
over, population aged 65 or over, and unemployment among 
males aged 15–64. The percentage of each indicator was calcu-
lated at the Dong-level and then standardized to the z-score. 
The standardized z-scores for the eight indicators were summed 
up to create the area-level deprivation index, which was coded 
in both continuous scale (z-scores) and categorical scale (quar-
tiles). Quartile 1 comprised the least deprived, i.e., richest, areas 
and quartile 4 represents the most deprived, i.e., poorest, areas 
socioeconomically.
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Statistical analysis
Life tables were generated for 1-, 3-, and 5-year survival rate by 
cancer type for each level of risk factors and comparisons be-
tween groups were made using the log-rank test. In view of very 
small counts in some categories of the prognostic factors, for 
comparison, we re-categorized them in the analysis. For exam-
ple, there were very few subjects younger than twenty years old 

in this study, the age at diagnosis was grouped into three age 
groups: 0–44, 45–64, or ≥ 65 years; BMI was grouped into two 
categories: normal (BMI < 25) or overweight (BMI ≥ 25); for 
smoking and drinking habits, the two categories (‘yes in the 
past,’ ‘yes in the present’) were combined into one category as 
‘Yes.’ Because the subjects living in the same Dong have the 
same area-level deprivation index, a multi-level approach was 

Table 1. Demographics of individuals diagnosed with major cancers during 2010 and 2011 in Busan, Korea

Cancer site
All (excluding 

breast and cervix)
Stomach Colon Liver Lung Breast Cervix Thyroid

Cancer event 10,902* 2,621 1,533 1,191 1,426 947 362 2,822
Fatalities 3,451* 729 475 853 1,152 109 82 51
Age 
   Mean (SD) 59.18 (12.7) 61.8 (11.3) 63.3 (10.9) 61.6 (10.9) 66.4 (10.2) 51.9 (10.5) 53.4 (13.8) 49.6 (11.5)
   0–19 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.4
   20–44 12.6 7.3 4.0 4.8 2.5 23.1 29.0 30.5
   45–64 50.7 49.3 49.1 53.7 36.2 63.8 48.3 59.0
  ≥ 65 36.6 43.4 46.8 41.5 61.3 13.1 22.7 10.1
Sex
   Male 53.9 71.1 63.6 74.8 75.1 - - 13.2
   Female 46.1 28.9 36.4 25.2 24.9 - - 86.8
BMI
   Mean (SD) 23.4 (3.3) 23.3 (3.4) 23.4 (3.1) 23.3 (3.4) 22.4 (3.2) 23.9 (3.2) 23.4 (3.4) 23.9 (3.3)
  < 23 74.7 75.7 74.2 75.4 82.2 73.3 72.9 69.8
   23–25 22.5 21.5 23.4 21.4 16.6 23.0 23.5 26.5
  > 25 2.8 2.8 2.4 3.2 1.2 3.7 3.6 3.7
DP index
   Q1 34.6 33.4 34.0 29.2 30.6 34.1 33.7 4.04
   Q2 32.6 32.5 32.8 31.6 34.1 32.3 40.1 32.4
   Q3 21.9 22.2 22.2 23.9 23.8 23.3 19.3 19.6
   Q4 10.9 11.9 11.0 15.3 11.6 10.3 6.9 7.6
Tumor stage
   Localized 46.7 67.4 41.7 57.6 19.1 54.6 61.3 39.8
   Regional 37.4 23.1 44.3 21.4 28.9 37.4 29.6 57.7
   Distant 14.6 8.6 13.1 17.8 50.1 5.9 7.5 1.8
   Missing 1.3 0.9 0.9 3.2 2.0 2.1 1.7 0.7
Smoking 
   No 78.6 74.2 78 69.4 63.6 97.3 93.9 94.4
   Yes (past) 1.4 0.7 1.6 2.6 4.2 0.0 0.0 0.2
   Yes (present) 15.9 20.9 15.9 22.6 26.2 1.5 1.4 3.3
   Missing 4.1 4.2 4.6 5.4 6.0 1.3 4.7 2.1
Drinking
   No 73.9 68.3 70.8 63.5 74.5 93.1 85.6 84.8
   Yes (past) 0.9 1.0 0.8 3.3 0.4 0.0 0.0 0.2
   Yes (present) 20.9 26.5 23.4 27.4 18.1 5.0 9.7 13.0
   Missing 4.3 4.2 5.0 5.8 7.0 1.9 4.7 2.0
Family history
   Yes 12.0 12.6 11.3 8.4 8.2 11.4 11.9 15.2
   No 19.9 19.0 28.2 30.0 20.4 35.5 10.2 11.6
   Missing 68.1 68.4 60.5 61.6 71.4 53.1 77.9 73.2
Diagnosis path
   Regular checkup 46.6 53.9 32.4 29.6 31.8 35.0 36.7 67.2
   By Chance 2.7 1.4 2.9 2.7 2.0 1.2 2.2 4.8
   By Symptom 39.8 37.6 52.6 44.3 55.5 45.0 55.3 21.3
   Unknown 10.9 7.1 12.1 23.3 10.6 18.9 5.8 6.8

Values are presented as number, mean (SD), or percentage. 
SD = standard deviation, BMI = body mass index, DP Index = area-level deprivation index; Q1 is the least deprived group.
*These counts are the sum for all cancers including the breast and cervix cancers.
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used to analyze the data. Multivariate multi-level Cox regres-
sion models with frailty were used to identify factors that were 
associated with patient survival. Statistical significance was as-
sumed for a two-tailed P value less than 0.05. All statistical anal-
yses were performed using SAS software (version 9.4; SAS Inc., 
Cary, NC, USA).

Ethics statement
The Institutional Review Board at Busan National University 
Hospital approved the study protocol status (IRB ID: H-1412-

012-024) with waived informed consent.
 

RESULTS

During 2010 and 2011, 5,177 men and 5,725 women in Busan 
were entered in the registry with diagnosis of one of the seven 
cancers — stomach, colon, liver, lung, breast, cervix, or thyroid 
cancer. Each cancer diagnosis was classified into one of the sev-
en cancer types using ICD-10 code. Table 1 presents the general 
demographic characteristics of the study population by cancer 

Table 2. Prevalence (%) of smoking, drinking, obesity, cancer stage, and diagnosis path for the subjects diagnosed with major cancers between 2010 and 2011 in Busan, Ko-
rea 

DP Index

Smoking Drinking Obesity Tumor stage Diagnosis path

Male Female Male Female Male Female Localized Regional Distant
Regular 
checkup

By  
chance

By  
symptom

Q1 30.2 1.7 34.5 7.9 26.1 24.5 48.0 38.1 12.9 48.6 2.6 38.8
Q2 29.7 2.3 33.6 8.5 22.2 28.2 47.7 37.1 13.7 46.4 2.5 39.7
Q3 29.9 3.2 31.3 8.3 23.4 28.6 46.6 37.6 14.4 44.7 2.8 41.2
Q4 28.6 4.7 30.8 7.6 24.6 27.7 50.4 33.7 14.3 43.7 3.5 40.3

Values are presented as percentage.
DP Index = area-level deprivation index; Q1 is the least deprived group.

Table 3. Cancer specific survival rates for patients diagnosed with major cancers during 2010 and 2011 according to different age group, gender, area-level deprivation quar-
tile, and diagnosis path

Variable
Age Sex DP Index Tumor stage

All 0–44 45–64 ≥ 65 Male Female Q1 Q2 Q3 Q4 Local Regional Distant 

Stomach
   1-year 87.7 89.5 91.3 83.8 88.0 86.8 89.6 89.6 84.7 82.6 96.6 81.5 38.2
   3-year 77.2 82.1 82.1 70.7 76.9 77.8 79.9 78.9 73.2 72.0 92.2 61.4 6.2
   5-year 72.0 77.2 78.0 64.3 71.2 74.1 75.1 73.0 68.3 67.5 88.3 52.6 2.3
Colon
   1-year 89.5 100.0 93.6 84.3 88.8 90.7 91.6 89.1 87.4 88.7 95.2 92.9 60.2
   3-year 75.8 90.3 83.5 66.4 74.6 78.0 77.4 77.5 72.1 73.2 88.7 79.7 24.4
   5-year 69.0 83.9 77.5 58.8 67.9 71.0 71.8 68.5 66.6 66.7 83.8 72.1 14.6
Liver
   1-year 59.5 47.4 65.7 52.7 60.0 57.7 63.8 59.0 56.7 56.3 77.7 40.4 22.6
   3-year 38.0 31.6 44.1 30.7 38.3 37.0 42.2 36.7 35.2 36.6 55.4 18.8 7.6
   5-year 28.5 27.5 33.5 22.2 28.6 28.4 30.9 28.4 26.1 28.1 42.4 14.6 2.4
Lung
   1-year 51.0 82.9 64.0 42.0 47.2 62.5 51.4 50.2 48.7 57.0 76.8 65.5 32.8
   3-year 26.1 48.6 35.4 19.7 22.1 38.0 26.4 28.0 22.1 27.9 59.2 34.2 8.8
   5-year 19.3 42.9 26.6 14.1 16.8 27.2 18.6 21.6 17.0 19.2 50.9 25.6 3.8
Breast
   1-year 97.8 98.2 98.5 93.6 - 97.8 98.1 97.4 97.7 97.9 99.2 99.2 75.0
   3-year 92.5 94.1 93.5 84.7 - 92.5 93.8 92.5 92.3 88.7 96.5 92.7 53.6
   5-year 88.2 89.6 89.6 79.1 - 88.2 91.4 87.5 85.2 86.6 94.4 86.0 45.4
Cervix
   1-year 92.0 99.1 94.9 76.8 - 92.0 93.4 93.1 88.6 88.0 96.4 91.6 59.3
   3-year 81.0 94.3 83.4 58.5 - 80.9 86.9 78.6 77.1 76.0 91.4 74.8 29.6
   5-year 77.1 92.2 78.6 54.9 - 77.1 83.6 73.7 73.7 76.0 88.9 70.1 -
Thyroid
   1-year 99.5 99.8 99.6 98.2 98.4 99.7 99.7 99.6 99.1 99.5 99.7 99.6 94.0
   3-year 98.9 99.8 99.0 95.4 96.0 99.4 99.0 99.2 98.2 98.6 99.2 99.0 92.0
   5-year 98.1 99.7 98.5 90.8 94.1 98.7 98.2 98.6 97.5 97.2 98.4 98.3 89.6

Values are presented as percentage.
DP Index = area-level deprivation index; Q1 is the least deprived group.
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site. Among a total of 10,902 subjects in the registry, 2,621 
(24.0%), 1,533 (14.1%), 1,191 (10.9%), and 1,426 (13.1%) 
were primarily diagnosed with stomach, colorectal, liver, 
and lung cancers, respectively. The percentages of female 
patients with these four cancer types were 28.9%, 36.4%, 
25.2%, and 24.9%, respectively. To describe additional base-
line characteristics across the four area-level deprivation 
groups, Table 2 shows the prevalence (%) of smoking, drink-
ing, obesity, cancer stage, and diagnosis path for the sub-
jects in each area-level deprivation quartile. Overall much 
higher smoking and drinking rates were prevalent among 
men than women. For female patients, higher smoking rates 
were noted to be more prevalent in more deprived groups. 
Higher percentages of late stage cancer and diagnosis by 
chance or symptom were observed toward more deprived 
group, respectively.
  The 1-, 3-, and 5-year survival rates by cancer site are pre-
sented in Table 3. Among subjects primarily diagnosed with 
lung cancer, for example, there was a 51.0%, 26.1%, and 
19.3% chance of surviving 1-, 3-, and 5-year, respectively. 
The median survival time at which half the patients were 
expected to be alive was 12.4 months with a 95% confidence 
interval (CI) (11.3–13.8 months). Among male subjects pri-
marily diagnosed with lung cancer, there was a 47.2%, 22.1% 
and 16.8% chance of surviving 1-, 3-, and 5-year, respective-
ly, with the median survival time of 10.8 months with a 95% 
CI (9.5–12.2 months). Among female subjects primarily di-
agnosed with lung cancer, there was a 62.5%, 31.2%, and 
24.6% chance of surviving 1-, 3-, and 5-year, respectively, 
with the median survival time of 20.3 months with a 95% CI 
(16.9–26.1 months). The difference in survival curves be-
tween genders was statistically significant (P < 0.001). We 
found that the 1-, 3-, and 5-year survival rates appear to be 
higher in female, younger age, and least deprived group 
when compared to the other categories of gender, age, and 
area-level deprivation variables. Evaluation of the area-level 
deprivation variable revealed that 1-, 3-, and 5-year survival 
rates seemed to decrease with higher area-level deprivation. 
When compared to the least deprived group (Q1), the esti-
mated 1-, 3-, and 5-year survival rates became successively 
smaller in the next more deprived group for each cancer 
type except for lung cancer. For lung cancer, although the 
estimated 1-, 3-, and 5-year survival rates became succes-
sively smaller in the next more deprived groups up to the 
third quartile, the survival rates in the fourth quartile (most 
deprived group) were higher than those in the least deprived 
group. Since this observation is rather based on an explor-
atory comparison of survival rate among different subgroups 
we should consider statistical modeling of survival time with 
covariate adjustment.
  Table 4 summarizes the results by cancer sites from a multi- Ta
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Table 5. Cancer specific HRs and their 95% CIs for major cancers by important prognostic factors using the stratified multi-level multivariate Cox proportional hazard model

Variable
Cancer site

Stomach Colon Liver Lung Breast Cervix Thyroid

Tumor stage: local
   Sex (reference: male)
      Female 0.62 (0.44–0.88) 0.69 (0.44–1.09) 1.11 (0.88–1.43) 0.59 (0.39–0.91) - - 0.25 (0.07–0.94)
   Age (as continuous scale) 1.09 (1.08–1.11) 1.10 (1.08–1.13) 1.03 (1.02–1.04) 1.06 (1.04–1.09) 1.08 (1.03–1.12) 1.10 (1.06–1.14) 1.07 (1.02–1.11)
   BMI (reference: BMI < 25)
     ≥ 25 0.58 (0.40–0.85) 1.17 (0.75–1.83) 0.93 (0.73–1.17) 0.65 (0.42–1.00) 0.99 (0.42–2.35) 0.92 (0.33–2.54) 0.84 (0.31–2.25)
   DP index (reference: Q1)
      Q2 1.14 (0.79–1.64) 1.09 (0.68–1.75) 1.18 (0.90–1.54) 0.89 (0.57–1.41) 1.98 (0.63–6.24) 1.78 (0.52–6.14) 0.41 (0.07–2.23)
      Q3 1.30 (0.87–1.93) 1.04 (0.59–1.83) 1.05 (0.79–1.39) 0.92 (0.55–1.53) 1.83 (0.56–6.02) 2.25 (0.78–6.67) 1.86 (0.56–6.18)
      Q4 1.64 (1.03–2.59) 0.87 (0.41–1.83) 1.18 (0.86–1.63) 1.35 (0.87–2.10) 2.16 (0.53–8.82) 1.20 (0.22–6.46) 1.60 (0.38–6.76)
   Smoking (reference: no)
      Yes 1.18 (0.78–1.77) 1.35 (0.76–2.38) 1.23 (0.93–1.62) 1.44 (0.96–2.17) 65.01 (13.73–307.9) - 1.09 (0.19–6.19)
   Drinking (reference: no)
      Yes 1.04 (0.71–1.53) 0.60 (0.31–1.15) 1.19 (0.92–1.53) 0.90 (0.55–1.48) - 3.09 (0.58–16.41) 1.03 (0.22–4.87)
   Diagnosis path
      By chance 3.55 (1.56–8.06) 1.59 (0.59–4.31) 1.64 (0.89–3.02) 1.86 (0.76–4.55) - - 2.35 (0.47–11.72)
      By symptom 2.29 (1.69–3.11) 2.09 (1.27–3.44) 2.22 (1.74–2.82) 1.71 (1.13–2.61) 2.61 (1.01–6.78) 1.62 (0.51–5.18) 1.77 (0.57–5.52)
Tumor stage: regional
   Sex (reference: male)
      Female 0.81 (0.61–1.08) 0.82 (0.58–1.14) 0.83 (0.61–1.14) 0.76 (0.56–1.03) - - 0.13 (0.06–0.30)
   Age (as continuous scale) 1.04 (1.02–1.05) 1.06 (1.04–1.07) 0.99 (0.98–1.01) 1.04 (1.03–1.06) 1.02 (0.99–1.05) 1.07 (1.03–1.11) 1.12 (1.07–1.17)
   BMI (reference: BMI < 25)
     ≥ 25 0.60 (0.42–0.86) 0.74 (0.52–1.05) 0.85 (0.59–1.23) 0.64 (0.47–0.87) 1.20 (0.65–2.22) 0.60 (0.27–1.34) 1.00 (0.43–2.30)
   DP index (reference: Q1)
      Q2 0.95 (0.71–1.28) 0.91 (0.62–1.33) 1.08 (0.77–1.50) 1.02 (0.75–1.39) 0.99 (0.47–2.11) 1.73 (0.66–4.51) 0.80 (0.35–1.84)
      Q3 1.10 (0.80–1.53) 1.33 (0.91–1.95) 1.19 (0.83–1.70) 1.58 (1.16–2.16) 1.23 (0.59–2.57) 2.07 (0.76–5.61) 0.48 (0.12–1.90)
      Q4 1.00 (0.67–1.49) 1.45 (0.91–2.30) 1.29 (0.80–2.09) 0.98 (0.67–1.42) 1.99 (0.72–5.48) 1.92 (0.19–19.20) 2.02 (0.58–7.08)
   Smoking (reference: no)
      Yes 1.28 (0.94–1.73) 1.25 (0.84–1.87) 0.92 (0.62–1.38) 1.00 (0.76–1.32) 2.03 (0.57–7.23) 13.45 (1.27–142.47) 1.56 (0.34–7.22)
   Drinking (reference: no)
      Yes 0.84 (0.62–1.14) 0.82 (0.54–1.23) 1.10 (0.75–1.61) 0.67 (0.47–0.94) 1.79 (0.66–4.86) 2.96 (1.02–8.60) 0.33 (0.06–1.67)
   Diagnosis path
      By chance 4.23 (1.86–9.64) 1.33 (0.51–3.50) 1.77 (0.58–5.46) 0.42 (0.15–1.21) 4.02 (0.43–37.49) 3.99 (1.63–9.74) 2.99 (0.88–10.21)
      By symptom 2.05 (1.57–2.69) 1.18 (0.83–1.69) 2.62 (1.77–3.87) 1.20 (0.94–1.52) 1.60 (0.83–3.05) 0.70 (0.31–1.61) 1.91 (0.72–5.06)
Tumor stage: distant
   Sex (reference: male)
      Female 1.50 (1.11–2.03) 0.84 (0.59–1.18) 0.80 (0.56–1.14) 0.74 (0.61–0.90) - - -
   Age (as continuous scale) 1.03 (1.01–1.04) 1.03 (1.01–1.04) 1.02 (1.01–1.03) 1.03 (1.02–1.04) 1.02 (0.98–1.05) - -
   BMI (reference: BMI < 25)
     ≥ 25 1.34 (0.89–2.00) 0.97 (0.65–1.44) 0.81 (0.50–1.33) 0.77 (0.60–0.98) 2.15 (0.96–4.81) - -
   DP index (reference: Q1)
      Q2 0.99 (0.68–1.43) 1.03 (0.70–1.52) 1.14 (0.78–1.66) 1.06 (0.87–1.28) 2.58 (0.67–9.86) - -
      Q3 1.16 (0.83–1.63) 1.15 (0.76–1.72) 1.30 (0.89–1.90) 1.13 (0.91–1.39) 2.45 (0.71–8.40) - -
      Q4 0.89 (0.56–1.39) 1.80 (1.04–3.13) 2.34 (1.43–3.83) 1.00 (0.76–1.30) 1.90 (0.34–10.52) - -
   Smoking (reference: no)
      Yes 1.01 (0.68–1.49) 1.03 (0.58–1.86) 1.18 (0.78–1.79) 1.23 (1.03–1.48) 7.57 (1.23–46.60) - -
   Drinking (reference: no)
      Yes 1.05 (0.73–1.49) 1.06 (0.63–1.79) 1.05 (0.70–1.59) 0.98 (0.79–1.20) - - -
   Diagnosis path
      By chance 1.66 (0.72–3.83) 3.33 (1.55–7.16) 0.94 (0.45–2.00) 0.77 (0.46–1.31) 4.00 (1.01–15.75) - -
      By symptom 1.72 (1.18–2.53) 1.28 (0.90–1.82) 1.65 (1.17–2.32) 1.32 (1.11–1.58) 3.43 (1.15–10.25) - -

HR = hazard ratio, CI = confidence interval, BMI = body mass index, DP Index = Area-level Deprivation Index; Q1 is the least deprived group.

level multivariate survival analysis using Cox regression mod-
els. Among the covariates considered in Table 1, family history 
was removed from the analysis due to high missing rate. For 

each cancer type, increasing age at diagnosis, male sex, more 
growth of cancer, and diagnosis path other than regular check-
up were identified as independent factors that carried increased 
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survival mortality risk. Smoking was found to be significantly 
associated with higher mortality hazard rate for lung, breast and 
cervix cancers only. Drinking habit and family history appeared 
to be related with higher hazard rate for each cancer but none 
were statistically significant. In particular, a positive association 
was observed between higher extent of tumor growth and high-
er hazard rate and this association were consistently remarkable 
for each cancer type after adjusting for other covariates effects. 
The area-level deprivation index was significant in the model 
less frequently although gender and age were consistently sig-
nificant risk factors in the model. For all cancer sites, when com-
pared to the least deprived group, the survival hazard ratios (HRs) 
(95% CI) were 1.08 (0.99–1.18), 1.23 (1.12–1.36), 1.36 (1.21–1.53) 
for the second, the third, and the fourth (most deprived) quar-
tile of the area-level deprivation index groups, respectively. The 

estimated survival HRs appeared to increase with increased 
levels of deprivation but the association between higher depri-
vation and shorter survival time seemed to be significant in ma-
jor cancers studied in this study. Some notably significant ef-
fects of area-level deprivation were observed in colon (HR [95% 
CI] for Q4 vs. Q1 was 1.39 [1.03–1.87]), liver (Q3 vs. Q1 was 1.24 
[1.02–1.51]; Q4 vs. Q1 was 1.38 [1.10–1.74]), and lung (Q3 vs. Q1 
was 1.18 [1.00–1.40]) cancers. We noted that there were large 
disparities of survival times among different tumor stage thus 
we conducted a stratified survival analysis by tumor stage. We 
obtained similar results (Table 5) and presented the estimated 
HRs and their CIs by each tumor stage and gender in Fig. 1. Over-
all, with localized stage, we observed significant effect of area-
level deprivation for stomach and liver cancers and with region-
al stage we observed significant effect of area-level deprivation 
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Fig. 1. Multivariate-adjusted HRs and 95% CIs for cancer-specific survival time from a stratified analysis by tumor stage. HR for one unit change of area-level deprivation as 
continuous scale was presented. Larger value of area-level deprivation index corresponds to more deprivation. Black circles represent the estimated HR and solid horizontal 
lines represent the 95% CI.
HR = hazard ratio, CI = confidence interval.
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for colon cancer. Compared to females, more significant effects 
of area-level deprivation were observed in the male group (local 
stomach, regional liver, and regional colon cancers).

DISCUSSION

In this study, we have presented a comprehensive analysis of 
socioeconomic inequalities in patient survival from major can-
cers — stomach, colorectal, liver, lung, breast, cervix, and thy-
roid cancers. New analyses of area-level deprivation disparities 
in cancer survival spanning over a decade are a particularly nov-
el feature of the study. Analysis of survival time with compre-
hensive socioeconomic measure with other important risk fac-
tors in cancer adds to the extensive literature on cancer survival 
disparities.
  The main findings of this study were that after adjusting im-
portant individual-level prognostic factors, the HRs of cancer 
mortality are higher for subjects living in more deprived areas 
than among subjects living in affluent areas and the effect were 
statistically significant for several cancers — colon, liver, and 
lung cancers although the associations did not appear consis-
tent for all area-deprivation levels. This supports the findings of 
previous studies that showed significant associations between 
socioeconomic status and cancer survival (25,26). The results 
also confirm the findings of studies that showed that an inverse 
relationship between area-level socioeconomic status and can-
cer mortality. The present study represents a meaningful con-
tribution as studies of socioeconomic inequality on cancer sur-
vival in Korea are scarce.
  It should be noted that our study has some limitations. First, 
although data from Busan Regional Cancer Registry include the 
basic clinical records for more than 150,000 cancer patients re-
siding in Busan, we were unable to obtain the data on impor-
tant concomitant variables because of complicated coordina-
tion of data from different sources. Although cancer mortality 
data collection in Busan appears to be quite complete, our re-
sults mainly apply to Busan area regarding geographic areas. 
Access to national level registry data may lead to results more 
representative of cancer mortality in Korea. For further research, 
we are in the process of gathering information on other confoun
ding or mediating risk factors that may affect local area either 
socio-economically or environmentally.
  Second, because individual socioeconomic variables (such 
as educational attainment and occupation) that were not com-
pletely investigated and under active review of medical records 
were not included in the model, we could not evaluate the ex-
tent to which the observed association between area-level so-
cioeconomic and cancer survival could be due to composition-
al factors or potentially influenced by contextual factors (e.g., 
physical environment, neighborhood resources, policies or so-
cial norm, that might contribute to cancer survival independent 

of individual socioeconomic status) (23).
  Third, the use of the area-level deprivation index to measure 
area-level disadvantage was adequate in terms of quantifying 
the nature and extent of mortality inequality between areas at 
the Dong’s level (27); however, area-level deprivation index as a 
composite socioeconomic index tells us little about the area-lev-
el determinants that cause the inequalities, although they do 
serve to indicate that places are important for monitoring health 
and care services.
  This study also had a number of strengths. Our study popula-
tion consisted of the entire population of all ages in Busan. The 
use of a personal identification number made it possible to link 
individual level data from different databases. Since enrolling 
newly diagnosed cancer patient into the national cancer regis-
try is mandatory in Korea, the Busan Cancer Registry is highly 
complete, with very few missing subjects. In this large cohort, 
we practically identified all subjects with various cancers of all 
ages in Busan during the study period, which increases the gen-
eralizability of our result and helps improve health policy in the 
second largest city in Korea.
  Although there are some studies in Korea that stressed the 
importance of socioeconomic factor on mortality due to vari-
ous causes (20-23), none of them studied the effect of socioeco-
nomic level on cancer survival outcome. To our knowledge this 
is the first study investigating the impact of area-level depriva-
tion on cancer survival in Busan, Korea. The longitudinal follow-
up study design enables evaluation of cancer survival by ana-
lyzing individual time to death instead of death rate in a cross-
sectional study.
  The importance of social conditions has been downplayed as 
causes of cancer either advertently or inadvertently. Many can-
cer research studies have focused attention on individually-based 
risk factors. However, the individual-level risk factors need be 
contextualized, by examining what puts people at risk of risks. 
Also area-level socioeconomic status and social support are 
likely to be causes of cancer, because they embody access to 
important resources affecting knowledge about diagnosis and 
risks or the effectiveness of interventions. Thus, paying careful 
attention to broad-based societal interventions could produce 
substantial health benefits for patients.
  This paper presents some initial findings that pertain to the 
identification of health disparities from this unique database in 
Korea, including cancer survival disparities according to area 
level socioeconomic status for major cancer types. In addition, 
the linked database itself is described including an overview of 
its structure, the record linkage methodology used to create it, 
data confidentiality issues, the representativeness of the cancer 
data, and its analytic potential for research. To be able to gener-
alize our result to the whole population in Korea, we may need 
to compare our results with the data from the whole population 
in Korea. Thus, our future research includes to obtain and to 
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analyze the survival time from major cancers and important 
covariates from national database.
  In conclusion, we have shown that area-level deprivation 
makes some contribution to the risk of mortality in subjects 
with major cancers after adjusting for important independent 
risk factors. Further analysis with more subjects should follow 
and future interventions should include primary preventive 
and care efforts targeted at lower socioeconomic populations 
to reduce disparities by both governments and practitioners.
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