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Purpose

This study aimed to examine the causes of death in Korean patients who underwent radi-
cal prostatectomy for prostate cancer and investigate the relationship between comorbidity
and mortality.

Materials and Methods

We conducted a retrospective multicenter cohort study including 4,064 consecutive pati-
ents who had prostate cancer and underwent radical prostatectomy between January
1998 and June 2013. The primary endpoint of this study was all-cause mortality, and
the secondary endpoints were cancer-specific mortality (CSM) and other-cause mortality
(OCM). Charlson comorbidity index (CCl) was calculated to assess the comorbidities of each
patient.

Results

Of 4,064 patients, 446 (11.0%) died during follow-up. The cause of death was prostate
cancer in 132 patients (29.6%), other cancers in 121 patients (27.1%), and vascular dis-
ease in 57 patients (12.8%) in our cohort. The overall 10-year CSM rate was lower than the
OCM rate (4.6% vs. 10.5%). The 10-year CSM rate was lower than the OCM rate in low- to
intermediate-risk group patients (1.2% vs. 10.6%), whereas they were similar in high-risk
group patients (11.8% vs. 10.1%). In the multivariable analysis, CCl was independently
associated with all-cause mortality after radical prostatectomy, regardless of age and path-
ologic features.

Conclusion

Death from prostate cancer was rare in Korean men who underwent radical prostatectomy.
Clinicians should be aware of the possibility of overtreatment of low-risk prostate cancer
in men with significant comorbidity. Our findings may help to facilitate counseling and plan
management in this patient group.
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Introduction

Prostate cancer remains the most commonly diagnosed
cancer in men worldwide [1]. Men with prostate cancer are
generally considered to have favorable survival outcomes
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[2,3]. Many studies have reported low prostate cancer-specif-
ic mortality (CSM) rates in men with non-metastatic prostate
cancer, thus highlighting the importance of other causes of
death. A recent study reported that surgical treatment was
not associated with significantly lower 20-year overall mor-
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tality or CSM than that in men with localized prostate cancer
who are assigned to observation [4]. However, despite the
emergence of conservative treatment, men with prostate can-
cer are most likely to be treated with radical prostatectomy
(5].

Medical comorbidity is common among the aging popu-
lation with cancer, and this affects treatment efficacy [6].
Comorbidities have a particularly profound impact on the
overall survival in men with prostate cancer as prostate
CSM is low. In men with prostate cancer, the assessment of
long-term other-cause mortality (OCM) is important for the
selection of patients who have a high probability of experi-
encing survival benefit from aggressive radical treatment.
Administering radical treatment for prostate cancer in men
with low life expectancy due to other comorbidities may lead
to overtreatment [7]. One study pointed out that men with
significant comorbidity were often over-treated for low-risk
prostate cancer [8]. Although several studies have reported
on the causes of death after radical prostatectomy in West-
ern populations [9,10], these results may not be generalizable
due to geographic and ethnic variations in prostate cancer
characteristics and the prevalence of comorbidities.

In this multicenter study, we aimed to evaluate the causes
of death after radical prostatectomy for prostate cancer in a
Korean cohort. We also assessed the impact of comorbidity
on mortality after radical prostatectomy.

Materials and Methods

1. Study design

To focus on survival outcomes after radical prostatectomy,
patients who had received neoadjuvant or adjuvant thera-
py, had not achieved undetectable prostate-specific antigen
(PSA) after surgery, or had inadequate clinical information
were excluded from the analysis. The records of 4,064 men
with prostate cancer who underwent radical prostatectomy
(3,210 patients in Asan Medical Center and 854 patients in
the National Cancer Center) between January 1998 and June
2013 were reviewed. Patient data, including demographic
and clinical characteristics, treatment-related variables, and
survival outcomes, were evaluated retrospectively. For the
assessment of comorbidities among the enrolled patients, the
Charlson comorbidity index (CCI) and age-adjusted CCI of
each patient were calculated [11].

The levels of PSA were followed up postoperatively at
3-month intervals for the first 2 years, 6-month intervals
for the third and fourth years, and annually thereafter. Bio-
chemical recurrence was defined as two consecutive rises in
the PSA level of > 0.2 ng/mL after radical prostatectomy. The
decision on secondary treatment modalities after biochemi-
cal recurrence, including salvage radiotherapy, androgen
deprivation therapy, or surveillance, was based on patient’s

Table 1. Clinical and pathological characteristics of patients

Total (n=4,064)

Age, mean (yr) 65.1
<50 74 (1.8)
50-60 763 (18.8)
60-70 2,055 (50.6)
70-80 1,154 (28.4)
>80 18 (0.4)
Body mass index, mean (kg/m? 24.7
Comorbidity
Hypertension 1,759 (43.3)
Diabetes mellitus 638 (15.7)
Other malignancy 141 (3.5)
Heart disease 190 (4.7)
Cerebrovascular disease 113 (2.8)
Liver cirrhosis 50 (1.2)
End-stage renal disease 6(0.1)
Chronic obstructive pulmonary disease 112 (2.7)
Charlson comorbidity index
0 2,993 (73.6)
1 380 (9.4)
P 543 (13.4)
>3 148 (3.6)
Prostate-specific antigen, mean (ng/mL) 13.0
NCCN risk group
Low 1,280 (31.5)
Favorable intermediate 1,041 (25.6)
Unfavorable intermediate 483 (11.9)
)

High 1,260 (31.0
Pathologic Gleason score

Unknown 129 (3.2)
6 909 (22.4)
3+4 1,368 (33.6)
4+3 857 (21.1)
8 343 (8.4)
9-10 458 (11.3)
Pathologic T category
T2 2,573 (63.4)
T3a 989 (24.3)
T3b-T4 502 (12.3)
Positive lymph nodes 224 (5.5)
Positive surgical margins 1,309 (32.2)

Values are presented as number (%) unless otherwise indicated.
NCCN, National Comprehensive Cancer Network.

or physician’s discretion. Abdominopelvic computed tomo-
graphy and bone scanning were routinely performed at the
time of biochemical relapse after radical prostatectomy and
biochemical progression after secondary treatment. Radio-
graphic progression was evaluated using computed tomog-
raphy or magnetic resonance imaging for soft-tissue disease
and bone scanning for bone disease. Survival was meas-
ured from the date of radical prostatectomy until the date
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Table 2. Causes of death after radical prostatectomy

Cause of death Total (n=446)
Prostate cancer 132 (29.6)
Non-prostate cancer 219 (49.1)
Other malignancy 121 (27.1)
Lung 25 (5.6)
Liver 11 (2.5)
Colon, rectum, and anus 8(1.8)
Stomach 19 (4.2)
Biliary tract and pancreas 29 (6.5)
Hematopoietic malignancy 12 (2.7)
Bladder 7 (1.6)
Others 10 (2.2)
Vascular disease 57 (12.8)
Coronary heart disease 31 (7.0)
Cerebrovascular disease 26 (5.8)
Chronic pulmonary disease 22 (4.9)
Chronic liver disease 5(1.1)
Other causes 14 (3.1)
Unknown 95 (21.3)

Values are presented as number (%).

of death. The cause of death was determined according to
medical records.

Four-tier National Comprehensive Cancer Network (NC-
CN) risk groups defined by the guidelines were as follows:
low risk: stage T1-T2a, Gleason score (GS) < 6, and PSA <10
ng/mL; favorable intermediate risk: one intermediate-risk
factor (IRF, that is, stage T2b-T2c or GS 7 or PSA 10-20 ng/
mL), GS 6 or 3+4, and < 50% biopsy cores positive; unfavora-
ble intermediate risk: two or three IRFs, GS 4+3, and = 50%
biopsy cores positive; high risk: stage T3a or GS 8-10 or PSA
> 20 ng/mL [12]. Cancer of the Prostate Risk Assessment
Postsurgical (CAPRA-S) score was also calculated based on
preoperative PSA, pathologic GS, positive surgical margin,
presence of extracapsular extension, seminal vesicle inva-
sion, and lymph node involvement [13].

Clinical and pathological data were expressed as frequen-
cies and means. Survival outcomes were determined using
the Kaplan-Meier method and compared with log-rank tests.
Significant prognostic factors for survival were assessed by
multivariate analysis using the Cox proportional hazard
model with stepwise backward elimination approach. Com-
peting risk regression was performed to test the association
of predictor variables after accounting for prostate CSM and
OCM. All statistical tests were two-tailed, with a significance
level of 0.05. All statistical analyses were performed using
SAS ver. 9.4 (SAS Institute Inc., Cary, NC) and R ver. 3.5.2 (R
Foundation for Statistical Computing, Vienna, Austria).

2. Ethical statement
The study protocol was approved by the institutional
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Fig. 1. Survival outcomes of the overall population.

review board of Asan Medical Center and National Cancer
Center, Korea (AMC 2017-1036 and NCC 2018-0123). Infor-
med consent was waived.

Results

The clinical and pathological characteristics of the 4,064
men with prostate cancer who underwent radical prostatec-
tomy in the two study centers, along with the baseline com-
orbidities, are summarized in Table 1. The median follow-up
duration for enrolled patients was 92.6 months. Approxi-
mately 26.4% of the patients had CCI = 1. During follow-up,
446 patients died at a median of 74.7 months after radical
prostatectomy. The cause of death was prostate cancer in 132
patients (29.6%), other causes in 219 patients (49.1%), and
unknown in 95 patients (21.3%) (Table 2).

The 10-year all-cause mortality rate was 15.5% in the over-
all population (Fig. 1). The 10-year CSM rate was lower than
the OCM rate (4.6% vs. 10.5%) (Fig. 1). Comparisons between
CSM and OCM stratified by preoperative risk groups are
shown in Fig. 2A. The 10-year CSM rate was lower than the
OCM rate in low- to intermediate-risk group patients (1.2%
vs. 10.6%), but both were similar in high-risk group patients
(11.8% vs. 10.1%).

The 10-year CSM rate was lower than the OCM rate in
patients with pT2 (1.0% vs. 10.6%) and pT3a (5.4% vs. 10.2%)
cancers. However, in patients with pT3b cancers, the 10-year
CSM rate was higher than the OCM rate (20.1% vs. 10.4%).
The 10-year CSM rate was lower than the OCM rate in
patients with pathologic GS of < 7 (1.5% vs. 10.3%). In
patients with pathologic GS of 8-10, there was a trend toward
having a higher 10-year CSM rate than OCM rate (14.8% vs.
11.3%). A comparison between CSM and OCM according to
the preoperative NCCN risk groups and age-adjusted CCl is
shown in Fig. 3. The 10-year CSM rate was higher than the
OCM rate only in NCCN high-risk patients with age-adjust-
ed CCl of <3.

In the multivariable analyses, CCI was significantly asso-
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Fig. 2. Survival outcomes according to the preoperative National Comprehensive Cancer Network risk group.

ciated with overall mortality after radical prostatectomy,
regardless of age and pathologic features (Table 3). Compet-
ing risks regression analysis showed that CCI was associated
with OCM, but not with CSM (Table 4).

Discussion

Treatment decisions for men with non-metastatic prostate
cancer are mostly influenced by age and clinical cancer char-
acteristics [14,15]. Several previous studies have reported
that men with prostate cancer were more likely to die from
other causes, not prostate cancer [16,17]. In this study cohort,
the overall OCM rate was significantly higher than the pro-
state CSM rate, which is consistent with most previous stud-
ies. In a European study, the survival benefit of radical pros-
tatectomy ranged from 4.5% to 17.2% for low- to high-risk
patients, in terms of risk reduction of CSM [18]. In a U.S.
study that used the Surveillance, Epidemiology, and End
Results database, the 10-year CSM rate of patients who
underwent radical prostatectomy was 2.8% compared to
5.8% in patients assigned to observation [19]. These previous
reports indicate that the appropriate selection of patients
who will benefit from radical prostatectomy is important
because the survival benefit may not be significant in a sub-
stantial portion of the patient population. Another important

aspect to be taken into consideration in the treatment deci-
sion for men with non-metastatic prostate cancer is individ-
ual medical comorbidity. Comorbidities are frequent in men
diagnosed with prostate cancer and have been associated
with mortality after radical treatment [20].

The number of prostate cancer survivors is expected to
increase continuously because of demographic changes and
advances in treatment methods. Considering the heterogene-
ity of prostate cancer characteristics and comorbidities accor-
ding to different geographical and ethnic populations [21,22],
in this study, we investigated the cause of death after radi-
cal prostatectomy in a Korean cohort. We found that mortal-
ity from prostate cancer accounted for only a fraction of the
overall mortality in men who underwent radical prostatec-
tomy. Overall, the 10-year prostate CSM and OCM rates after
radical prostatectomy in Korean men were similar to those
recorded in the United States and European data [16,19,23,24].
The difference between the prostate CSM and OCM rates
also varied according to medical comorbidities. Many stud-
ies have evaluated the impact of comorbidities on mortality
in men with prostate cancer [7,14,16,19,25,26]. Consistent
with previous findings, our findings showed that comor-
bidity was independently associated with overall mortality,
regardless of age and pathologic features. Our data showed
that the rate of mortality from prostate cancer was higher
than mortality rate from other causes only in patients with
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Table 3. Multivariable Cox regression analyses for evaluating the risk of overall mortality

Variable No. (event)

Multivariable?

Univariable

Age 4,064 (447)
Body mass index 4,064 (447)
Charlson comorbidity index
0-1 3,803 (370)
>2 261 (77)
Prostate-specific antigen 4,064 (447)
Pathologic stage
T2 2,499 (206)
T3a 942 (105)
T3b-N1 623 (136)
Pathologic Gleason score Missing=129
<3+4 2,277 (186)
4+3 857 (77)
8-10 801 (165)
Surgical margins
Negative 2,755 (267)
Positive 1,309 (180)

HR (95% CI) p-value

1.087 (1.070-1.105) < 0.001
0.945 (0.912-0.978)

HR (95% CI) p-value

1.081 (1.063-1.098) < 0.001
0.002 - -

1 (reference)
2.964 (2.292-3.834) < 0.001
1.004 (1.000-1.008) 0.048

1 (reference)
3.236 (2.531-4.138) < 0.001
1.007 (1.005-1.010) < 0.001

1 (reference) < 0.001
1.372 (1.085-1.736) 0.008
2.750 (2.214-3.415) < 0.001

1 (reference) < 0.001
1.102 (0.860-1.412) 0.444
2.194 (1.706-2.821)  <0.001

1 (reference) < 0.001
1.196 (0.916-1.560) 0.188
2.447 (1.984-3.018) < 0.001

1 (reference) < 0.001
1.003 (0.766-1.314) 0.982
1.546 (1.222-1.957) < 0.001

1 (reference) -
1.405 (1.163-1.698) < 0.001 - -

HR, hazard ratio; CI, confidence interval. ?Covariates were chosen based on backward selection.

NCCN high-risk disease and low age-adjusted CCI (< 3).
In this study, we chose the four-tier NCCN risk groups
because they havebeen widely used in current clinical practice.
Additionally, we analyzed survival outcomes according
to the CAPRA-S scores, and this yielded similar results (S1
Fig.). In patients who had CAPRA-S score < 9, the 10-year
CSM rate was higher than the OCM rate only in those with a
CAPRA-S score of 6-8 and age-adjusted CCI of < 3. The 10-
year CSM rate was higher than the OCM rate in patients with
CAPRA-S score > 9, regardless of age-adjusted CCL

In 2018, the mortality rates of the two top causes of death
per 100,000 people in Korea were 154.3 for malignant neo-
plasms and 122.7 for circulatory system diseases [27]. As
expected, in this study, we found that other cancers and cir-
culatory system diseases accounted for the majority of non-
prostate cancer deaths. In the overall population, the 10-year
probability rates of mortality due to other cancers and circu-
latory system diseases after radical prostatectomy were 4.2%
and 2.2%, respectively. The prostate CSM rate was higher
than the mortality rates of other cancers and circulatory sys-
tem diseases only in high-risk patients (S2 Fig.). In low-risk
patients, the mortality rates of other cancers and circulatory
system diseases were higher than the prostate CSM rate.

The over-diagnosis and overtreatment of non-metastatic
prostate cancer have become a major health care issue [28].
Radical prostatectomy is associated with significant costs
and complications. Moreover, common adverse events after
surgery, such as incontinence and erectile dysfunction, may
have a profound effect on the quality of life of patients. Das-
kivich et al. [8] reported that men with CCI > 3 were treated

aggressively in 54% of cases, indicating that men with low-
risk prostate cancer were often over-treated despite signifi-
cant comorbidities. Although active surveillance has been
widely considered as a standard management modality
for low-risk prostate cancer, it has been underutilized, par-
ticularly in Asian countries [29,30]. Among the patients who
underwent radical prostatectomy in this study cohort, 547
(13.5%) had low-risk prostate cancer and significant comor-
bidity (age-adjusted CCI = 3). In addition, 297 patients (7.3%)
were eligible for active surveillance (based on the Prostate
Cancer Research International Active Surveillance criteria)
and had significant comorbidities. These data indicate that a
substantial portion of the Korean male population with low-
risk prostate cancer and significant comorbidity underwent
radical prostatectomy, which may have led to overtreatment.

We acknowledge several limitations to this study. First,
this study was retrospective in nature and could not elimi-
nate the biases inherent to observational studies. Moreover,
the lack of prospective standardized protocols for primary
and salvage treatment may have introduced biases. Second,
the study population may not be representative of all Korean
men who undergo radical prostatectomy. Thus, the gener-
alizability of our data from referral centers may be limited.
Third, incomplete data on the statistics of the cause of death
is another main limitation. These data on the cause of death
solely depend on medical records; because of loss to follow-
up, the causes of death in 95 patients (21.3%) were unknown.
Few patients had evidence of prostate cancer recurrence
until thelast follow-up (biochemical recurrence: 17 /95[17.9%]
and distant metastasis: 0/95 [0%]), suggesting that there may
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be a larger number of patients who died from other causes
than the present data have shown. Fourth, we could not con-
duct comprehensive geriatric assessment (CGA) in this retro-
spective study. While CCI provides a quantitative approach
to enumerate comorbid conditions, CGA is a multidiscipli-
nary and comprehensive tool for evaluating elderly patients,
which may be more appropriate for predicting survival and
radical treatment selection. Lastly, the duration and severity
of each comorbidity were not taken into consideration.

In conclusion, we have demonstrated that mortality from
prostate cancer was rare in Korean men who underwent
radical prostatectomy. Physicians should be aware of the
possibility of overtreatment for low-risk prostate cancer in
men with significant comorbidity. These findings may help

to facilitate counseling and plan management in this patient
group.
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