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Cause of Death in Korean Men with Prostate Cancer: an Analysis 
of Time Trends in a Nationwide Cohort

Despite rapid increase in incidence of prostate cancer (PC) and PC survivors, there are few 
studies regarding competing causes of death and time trends in Asian population. We 
conducted a cohort study of 2% nationwide random sample of Korean National Health 
Insurance employees. A total of 873 patients who had received active treatments, 
including surgery, radiation therapy (RT) and androgen deprivation therapy (ADT), for 
newly diagnosed PC between 2003 and 2010 were included. The cause of death was 
categorized as PC, other cancers, cardiovascular disease, and other causes. During a 
median follow-up of 4.75 years, 29.4% (257/873) of the study population died. PC, other 
cancers, cardiovascular disease, and other causes were responsible for 46.3%, 35.4%, 
6.6%, and 11.7%, respectively, of the decedents. Significant differences existed in the 
cause of death among treatment groups (P < 0.001). Only 20% and 9.5% of surgery and 
RT group died of PC, whereas 63.9% of ADT group died of PC. Other cancers were 
responsible for 56%, 74.6% and 17.8% of death in the surgery, RT and ADT group, 
respectively, while cardiovascular disease accounted for 4%, 6.3%, and 7.1% of death in 
the treatment groups. Analysis of time trends showed that PC-specific death tended to 
decrease (from 42.9% in 2003 to 23.1% in 2010), whereas non-PC causes tended to 
increase over the 8 years. Our results are valuable in overviewing causes of death and time 
trends in Korean PC patients, and planning future health policy for PC.
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INTRODUCTION

Prostate cancer (PC) is currently the fourth most common male 
cancer in Korea (1). The annual incidence rate of PC in Korean 
men has been the most rapidly increasing except thyroid can-
cer in recent decades (2). Multiple reasons including popula-
tion aging, westernization of diet and increase of prostate-spe-
cific antigen (PSA) screening are implicated in such increase of 
PC in Korea. PSA screening in Korea has increased with incre
ase of routine health check-up compared to the past (3,4), al-
though clinical benefit of routine PSA screening remains con-
troversial (5-7).
  The causes of death in PC patients may be complicated by 
non-PC causes as well as PC. Patients undergoing curative ther-
apy such as surgery and radiation therapy (RT) are likely to die 
of non-PC causes, whereas significant proportions of patients 
treated with primary androgen deprivation therapy (ADT) un-
dergo disease progression and ultimately die of PC, while some 
of patients die of associated comorbidities. Patients undergoing 
active PC treatments are also at risk for developing treatment-
related comorbidities and subsequent malignancies. For exam-
ple, patients undergoing ADT are at increased risk for cardio-

vascular disease (CVD) and osteoporosis (8-10), and PC survi-
vors remain at risk of subsequent malignancies and the types of 
secondary primary cancer depend on the treatment method 
(11,12). Conversely, some cancer survivors may develop sec-
ondary PC. Because PC is a highly prevalent disease and has 
public health impact, many studies based on western popula-
tions have examined the importance of causes of death in PC 
patients (13-16), while several studies have shown changing 
trends in competing causes of death in PC patients (17,18). In 
contrast, despite high prevalence and rapid increase in inci-
dence of PC, there are few studies regarding this issue in Asian 
population. In this study, we investigated the causes of death in 
Korean men with PC and their time trends over 8 years from a 
nationwide population based cohort.

MATERIALS AND METHODS

Data sources
In South Korea, virtually all Koreans (97%) are covered by Na-
tional Health Insurance (KNHI) (19). We obtained data from 
2002 to 2010 from KNHI Sharing Service provided by KNHI Cen-
ter. This data contains claims data in 2% of the entire Korean 
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population that are randomly selected after stratifying the en-
tire population according to socioeconomic parameters (age, 
sex, residential area, income, etc.). The database includes de-
tailed information regarding disease diagnosed, laboratory tests, 
treatments (both medical and surgical) and death outcomes as 
well as aforementioned socioeconomic parameters. 
  Data with the code C61, which indicates PC according to the 
National Center for Health Statistics International Classification 
of Diseases, 10th edition (ICD-10), were screened. Among 3,333 
men aged 20 or older with the code C61 during study period, 
newly diagnosed PC patients only from 2003 until 2010 were 
included to minimize confounding effects due to pre-diagnosed 
PC. In addition, to minimize confounding effects due to diag-
nosis coding errors in claims data, only patients who underwent 
active treatments were included. Thus, after excluding patients 
with C61 code at 2002 (n = 95) and those who did not have claims 
data of active treatments for PC (n = 2,365), a total of 873 pati
ents who had received active treatments for newly diagnosed 
PC constitute the study population.
  Treatment methods were classified based on primary treat-
ment modality which includes radical surgery, RT and ADT. 
Surgery includes open/laparoscopic radical prostatectomy 
(KNHI reimbursement code ‘R3950’ and ‘R3960’) and robot-
assisted radical prostatectomy. Because robot-assisted radical 
prostatectomy is not reimbursed by KNHI and unidentifiable 
by treatment codes, we operationally defined it as the absence 
of surgery code despite the presence of general anesthesia (code 
‘L1211’) and postoperative pathologic examination code (code 
‘C5500’ or ‘C5504’ or ‘C5505’ or ‘C5508’ or ‘C5918’ or ‘C5919’), 
as described in our prior study (20). RT includes all types of RT 
including conformal and intensity-modulated RT, while prima-
ry ADT includes both surgical and medical castration. Although 
patients underwent additional (neoadjuvant, adjuvant and sal-
vage) therapy before and after surgery and RT, patients were 
categorized in terms of their primary treatment modality (20).

Variables and statistical analysis
KNHI data includes death outcomes including cause and time. 
Cause of death was categorized into PC, other cancer (OC), car-
diovascular disease (CVD), and other causes. OC-specific mor-
tality indicates death due to double primary cancers that are di-
agnosed before or after PC. CVD mortality was defined as death 
due to ischemic heart disease, and/or ischemic stroke.
  Potential confounders included age, comorbidity, income 
class, and residential area. Patient age at diagnosis was divided 
into four categories (< 49, 50-64, 65-74, and ≥ 75 years) (21). 
Information on individual comorbid conditions was aggregated 
with the use of the Charlson Comorbidity Index (CCI) (13). CCI 
scores were initially categorized as 0, 1, 2, and 3 or more, and 
we dichotomized CCI as present (score ≥ 1) versus absent in 
multivariate analyses (13). Income class was divided into 5 cat-

egories, as provided by KNHI. Residential area was divided into 
three categories (metropolitan, urban, suburban/rural) based 
on population density.
  Descriptive statistics was used to characterize cause of death 
according to treatment modalities. χ2 tests were used to describe 
the relationship between the categorical variables. Kaplan-Mei-
er survival curves were constructed to estimate overall and PC-
specific mortality stratified by primary treatment modality. The 
log-rank test was used to evaluate the significance of survival 
differences. Multivariable logistic regression analysis was used 
to determine the adjusted odds ratios (OR) and 95% confidence 
intervals (CI) of sociodemographic factors as well as primary 
treatment modality that were significantly associated PC-spe-
cific death. Annual P for trend for each cause of death was de-
termined by Wilcoxon-type test for trend across ordered groups. 
All tests were two-tailed, with P < 0.05 considered significant. 
Statistical analysis was performed using Stata/SE software, ver-
sion 12.1 (Stata Corporation, College Station, TX, USA).

Ethics statement
The study protocol was approved by the institutional review 
board of the Eulji University Hospital (No. 2014-07-001). Inform
ed consent was waived by the board.

RESULTS

Characteristics of the study population
Table 1 summarizes the patient characteristics. Patients under-

Table 1. Characteristics of study population

Categories
Subject, No. (%)

P value
All Surgery RT ADT

Age, yr < 0.001
   20-49 32 (3.7) 17 (53.1) 6 (18.8) 9 (28.1)
   50-64 356 (40.8) 199 (55.9) 46 (12.9) 111 (31.2)
   65-74 336 (38.5) 94 (28.0) 51 (15.2) 191 (56.8)
  ≥ 75 149 (17.0) 12 (8.1) 12 (8.1) 125 (83.8)
CCI < 0.001
   0 270 (30.9) 104 (32.3) 25 (21.7) 141 (32.3)
   1 237 (27.2) 109 (33.8) 23 (20.0) 105 (24.1)
   2 166 (19.0) 57 (17.7) 25 (21.7) 84 (19.3)
  ≥ 3 200 (22.9) 52 (16.2) 42 (36.5) 106 (24.3)
Income class 0.208
   0-2 122 (14.0) 40 (32.8) 13 (10.7) 69 (56.5)
   3-4 86 (9.8) 25 (29.1) 9 (10.5) 52 (60.4)
   5-6 125 (14.3) 50 (40.0) 17 (13.6) 58 (46.4)
   7-8 185 (21.2) 80 (43.2) 25 (13.6) 80 (43.2)
   9-10 355 (40.7) 127 (35.8) 51 (14.4) 177 (49.8)
Residential area 0.001
   Metropolitan 216 (24.7) 91 (42.1) 36 (16.7) 89 (41.2)
   Urban 204 (23.4) 60 (29.4) 35 (17.2) 109 (53.4)
   Suburban/Rural 453 (51.9) 171 (37.8) 44 (9.7) 238 (52.5)
Total 873 (100) 322 (36.9) 115 (13.2) 436 (49.9)

RT = radiation therapy, ADT = androgen deprivation therapy, CCI = charlson comor-
bidity index.
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going surgery, RT, and ADT constituted 36.9%, 13.2%, and 49.9%, 
respectively, of the study population. Mean age at diagnosis was 
65.7 years (SD, 9.2 years). Among entire patients, 270 (30.9%) 
had no comorbidity. There were 122 patients (14.0%) in the low-
est income class (class 0-2), and the greatest percentage (40.7%) 
was in the highest income level (class 9-10). About one fourth 
of patients lived in a metropolitan, and over 50% of patients lived 
suburban or rural area. There exist significant differences in age, 
CCI and residential area according to the primary treatment 
method (Table 1).

Cause of death in Korean PC patients
During a median follow-up of 4.75 (interquartile range, 2.99-
6.51 years), 29.4% (257/873) of the study population died. Among 
patients undergoing surgery, RT and ADT, 7.8% (25/322), 54.8% 
(63/115) and 38.8% (169/436) died, respectively. Among the 
257 deaths observed in the entire cohort, PC, OC, CVD, and 
other causes were responsible for 46.3% (119), 35.4% (91), 6.6% 
(17), and 11.7% (30), respectively (Fig. 1). Significant differences 
in the causes of death were observed among treatment groups 
(Fig. 1, P < 0.001). Only minor proportions of patients undergo-
ing surgery and RT died from PC (20.0% of surgery and 9.5% of 

RT group, respectively), whereas 63.9% of ADT group died from 
PC. Of note, 56% of surgery group and 74.6% of RT group died 
from OC, while 17.8% of ADT group died from OC. Common 
OCs included lung, colorectal, stomach, liver and bladder can-
cers, although it slightly differed depending on primary treat-
ment modality (Table 2). Among 91 patients dying of OCs, 58 
(63.7%) died of OCs before PC diagnosis, and 33 (36.3%) died of 
subsequent OCs. CVD was responsible for 4.0%, 6.3%, and 7.1% 
of the causes of death in the surgery, RT, and ADT group, re-
spectively (Fig. 1).
  On multivariable logistic regression analysis (Table 3), a posi-
tive CCI score was associated with 37% lower odds for PC-spe-
cific mortality (adjusted OR = 0.63; 95% CI = 0.41-0.98), while 
ADT (compared to surgery) were associated with significantly 
increased odds for PC-specific mortality (adjusted OR = 16.47; 
95% CI = 6.45-42.03).

Table 2. Common cancers of cancer mortality other than prostate cancer

Cancer frequency order
Subject, No. (%, prior/subsequent other cancers)

All Surgery RT ADT

1st Lung 18 (19.8, 12/6) Stomach 4 (28.6, 2/2) Lung 11 (23.4, 9/2) Lung 6 (20.0, 2/4)
2nd Colorectal 17 (18.7, 12/5) Colorectal 3 (21.4, 1/2) Colorectal 11 (23.4, 11/0) Colorectal 3 (10.0, 0/3)
3rd Stomach 11 (12.1, 6/5) Bladder 2 (14.3, 1/1) Liver 5 (10.6, 3/2) Stomach 3 (10.0, 0/3)
4th Liver 7 (7.7, 4/3) Lung 1 (7.1, 1/0) Stomach 4 (8.5, 4/0) Bladder 3 (10.0, 2/1)
5th Bladder 6 (6.6, 4/2) Liver 1 (7.1, 1/0) Renal 3 (6.4, 3/0) Pancreatic 2 (6.7, 0/2)
Subtotal* - 59 (64.8, 38/21) - 11 (78.6, 6/5) - 34 (72.3, 30/4) - 17 (56.7, 4/13)
Total No. of death due to  
   other cancer

- 91 (100.0, 58/33) - 14 (100.0, 6/8) - 47 (100.0, 43/4) - 30 (100.0, 9/21)

RT = radiation therapy, ADT = androgen deprivation therapy.
*Summation of 1st to 5th common cancers.

Table 3. Multivariable logistic regression analysis for predicting prostate cancer-spe-
cific mortality

Categories of variables aOR 95% CI P value

Age, yr
   20-49
   50-64
   65-74
  ≥ 75

1.00
0.45
0.46
1.22

1
0.13-1.58
0.14-1.57
0.35-4.19

-
0.214
0.216
0.756

CCI
   0
  ≥ 1

1.00
0.63

1
0.41-0.98

-
0.039

Income class
   0-2
   3-4
   5-6
   7-8
   9-10

1.00
0.74
0.70
0.61
0.77

1
0.32-1.53
0.32-1.53
0.29-1.25
0.42-1.42

-
0.467
0.374
0.177
0.402

Residential area
   Metropolitan
   Urban
   Suburban/Rural

1.00
1.05
0.96

1
0.57-1.96
0.56-1.67

-
0.873
0.895

Primary treatment
   Surgery
   ADT
   RT

1.00
16.47
3.33

1
6.45-42.03
0.98-11.27

-
< 0.001

0.053

aOR = adjusted odds ratios, CI = confidence intervals, CCI = charlson comorbidity 
index, ADT = androgen deprivation therapy, RT = radiation therapy.Fig. 1. Cause of death in Korean men with prostate cancer.
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Overall and PC-specific survival stratified by primary 
treatment modalities
Five-year overall and PC-specific survival rates were 46.2% and 
85.3%, respectively. Survival curves according to primary treat-
ment modalities are shown in Fig. 2. Overall survival rates were 
the highest in the surgery group, followed by ADT group (Fig. 
2A), while it was the lowest in the RT group (5-year survival 
rates: surgery, RT, ADT; 94.7%, 49.5%, and 65.8%, respectively, 
P < 0.001). In contrast, PC-specific survival rates were similar 
between surgery and RT group (P > 0.05), while it was signifi-
cantly lower in the ADT group (Fig. 2B; 5-year survival rates: 
98.4%, 94.1%, and 73.8%, respectively, P < 0.001).

Time trends in cause of death
There have been variations in the causes of death from 2003 to 
2010 (Fig. 3). The proportion of PC deaths decreased from 42.9% 
in 2003 to 23.1% in 2010 (P for trend < 0.001), whereas the pro-

portion of non-PC deaths tended to increase over the 8 years (P 
for trend < 0.001).

DISCUSSION

To our knowledge, this study is the first one that represents com-
peting causes of death and time trends in Korean PC patients. 
Given that PC tends to affect older men and prevalence of co-
morbidity increases with advancing age, competing causes of 
death are important contributors to death of PC patients (13,14). 
We found that overall 46.3% of Korean PC patients died of PC, 
indicating that more than one half of the deaths are due to non-
PC causes (Fig. 1). We also found that causes of death were sig-
nificantly different according to primary treatment modality. A 
majority of patients undergoing definite therapy (80.0% of sur-
gery and 90.5% of RT group) died from non-PC causes, whereas 
63.9% of ADT group died from PC. This finding is probably at-
tributable to difference between curative cancer control and 
palliation depending on the treatment modalities. PC-specific 
death rate in Korean population (46.3%) is relatively higher than 
those of US population based studies ranging from 36% to 41%, 
which included populations during the 1980s to 1990s (13,18). 
This finding may reflect that significant proportions of Korean 
patients are still diagnosed with higher stage or grade PC than 
western patients, although recent increase of PSA screening in 
Korea contributes to stage migration toward a lower stage and 
grade of PC (22).
  Another interesting finding is that a significant proportion 
(35.4%, 91/257) of decedents died of OC. Among the patients 
dying of OCs, about two thirds (63.7%, 58/91) died of prior OCs 
before PC, and about one third (36.3%, 33/91) died of second-
ary primary OC after PC. Among patients undergoing surgery 
and RT, OCs were the most common causes of death, account-

Fig. 3. Time trends in cause of death in Korean men with prostate cancer.
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ing for 56% and 74.6%, respectively. Secondary cancer is more 
common in cancer survivors compared to the general popula-
tion (23). A US-population based study showed that PC survi-
vors are at differential relative risk for developing secondary 
cancer depending on cancer types (11). We found that lung, 
colorectal, stomach, liver and bladder cancer are common (ac-
counting for 64.8%) causes of OC-specific death in Korean PC 
patients (Table 2). Of note, patients undergoing RT were re-
sponsible for more than half (51.6%, 47/91) of all OC-specific 
death (Table 2). Given that RT is an effective local treatment 
modality for clinically localized PC (24,25) and PC-specific sur-
vival rates in our study cohort were comparable between sur-
gery and RT group (Fig. 2B), this finding indicates that patients 
who had OC before or after PC tended to undergo RT. Consid-
ering that 12.8% (33/257 deaths) of Korean PC decedents died 
of subsequent secondary primary OC, clinicians should keep in 
mind that regular surveillance for the development of OC is cru-
cial in follow-up protocol.
  We found that the proportion of PC decedents due to CVD 
(6.6%) was much lesser than that of a US population based study 
(30.4%) (18). This finding seems to represent much lower over-
all prevalence of CVD in Korean PC population compared to 
western population. Existing evidences have shown that ADT is 
significantly associated with higher risk for CVD (8-10). Simi-
larly, we observed a tendency for more common CVD mortality 
in patients undergoing primary ADT and RT, which is frequent-
ly performed with combined ADT, compared with patients on 
surgery (Fig. 1).
  Our results also show that presence of comorbidity and pri-
mary treatment methods independently affect the causes of 
death in PC patients (Table 3). As expected, patients with co-
morbidity were significantly associated with non-PC mortality, 
whereas patients undergoing ADT were significantly associated 
with PC-specific mortality compared to those undergoing sur-
gery.
  During the study period, the proportion of PC deaths decre
ased from 42.9% in 2003 to 23.1% in 2010, whereas the propor-
tion of non-PC deaths increased (Fig. 3). This finding indicates 
that the majority of Korean PC patients die from non-PC causes 
since mid-2000s. We think that these time trends in the com-
peting causes of death are related to earlier detection of PC. Re-
cent increase in PSA screening and subsequent increase in ear-
ly stage PC might increase the number of Korean PC patients 
dying of non-PC causes. Because overtreatment is a major con-
cern in PC (26,27), many studies based on western populations 
have presented the likelihoods of death due to competing causes 
and algorithms that quantified survival of patients with PC (13, 
15-17). Further studies regarding survival of Korean PC patients 
according to cancer stage and competing causes of death will 
be beneficial to shared treatment decision making between cli-
nicians and Korean PC patients.

  We acknowledge several limitations of our study. Because 
data regarding clinical and pathologic stage are not available in 
KNHI database, analysis adjusting stage could not be perform
ed. In addition, because our study is an observational study, 
there were differences in baseline characteristics. Caution is 
needed in the interpretation of our descriptive data including 
survival analysis. Relative short follow-up period (median 4.75 
years) is another limitation. Countering the possible limitations, 
our results are based on a nationwide, randomly selected pop-
ulation based cohort, thus generalizable to the entire Korean 
PC population. We also demonstrated time trends in compet-
ing causes of death in Korean PC patients over 8 years from a 
longitudinal database.
  In summary, more than one half of deaths in Korean PC pa-
tients are due to non-PC causes, while significant differences 
exist in the causes of death according to treatment modalities. 
Overall non-PC causes of mortality increased in Korea over 8 
years, although PC-specific mortality is still higher than that of 
US population based studies. Our results will be valuable in over-
viewing causes of death and time trends in Korean PC patients, 
and planning future health policy for PC.
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