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Long-term oncologic outcomes after radical 
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Purpose: The clinical behavior of prostate cancer differs by race and ethnicity; however, data on the Korean population are scarce. 
We assessed the long-term oncologic outcomes of clinically localized prostate cancer after radical prostatectomy in Korean men.
Materials and Methods: We analyzed 786 clinically localized prostate cancer patients who underwent radical prostatectomy, from 
June 1993 to June 2008. Kaplan–Meier survival curve analysis and log-rank test were used to assess the oncologic outcomes.
Results: The mean age of the patients was 64.9±6.6 years. Pelvic lymph node dissection was performed in 373 patients. Patho-
logic T and N stage cancer with local advancement and invasion were detected by radical prostatectomy in 307 and 22 patients, 
respectively. In total, 38 patients who underwent adjuvant therapy were excluded from the analysis of progression after biochemi-
cal recurrence (BCR), which occurred in 261 men. In total, 219 patients underwent salvage treatment. Local recurrence and distant 
metastasis occurred in 109 and 42 patients, respectively; 36 patients experienced metastasis with local recurrence. Castration-
resistant prostate cancer developed in 22 patients, and overall and disease-specific mortality was noted in 148 and 23 patients, 
respectively. The median duration from operation to BCR, BCR to metastasis, and metastasis to disease-specific death was 25, 40, 
and 22 months, respectively.
Conclusions: We demonstrated the long-term prognosis of localized prostate cancer after radical prostatectomy among Koreans. 
Our results differ from those reported in the Western literature, with a lower prevalence of distant metastasis and shorter time to 
metastasis after BCR.
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INTRODUCTION

Currently available treatment options for clinically lo-
calized prostate cancer include radical prostatectomy with 

multiple approaches, radiation therapy, active surveillance, 
and energy ablative techniques. Each method has unique 
benefits and complications. Prostate cancer has a heteroge-
neous natural history and may be indolent without manage-
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ment; it also has a substantial risk for treatment-induced 
side effects. However, recent data from the Cancer of the 
Prostate Strategic Urological Research Endeavor (CaPSURE) 
database showed that radical prostatectomy is the most com-
mon option for managing clinically localized prostate cancer 
[1]. In a randomized trial, radical prostatectomy was reported 
to have a survival benefit compared with watchful waiting 
[2]. Furthermore, a recent study suggested that radical pros-
tatectomy can be considered a treatment of choice, although 
multidisciplinary challenge should be considered in patients 
with high-risk prostate cancer [3].

Radical prostatectomy has been proven to provide excel-
lent oncologic outcomes in most cases of clinically localized 
prostate cancers and may be associated with a reduced 
mortality rate in early prostate cancer of  approximately 
50% according to a previous randomized trial [4]. Although 
disease-specific and metastasis-free survival after radical 
prostatectomy have already been reported [5,6], these previ-
ous studies reported on a variety of patient characteristics, 
reflected the experience bias of individual physicians, and 
also primarily assessed data from Western countries. It is 
difficult to provide clinical counseling without a proper un-
derstanding of the clinical course of the disease. Therefore, 
the present study assessed the oncologic outcomes of clini-
cally localized prostate cancer at about 10 years of follow-up 
after radical prostatectomy in Korea. 

MATERIALS AND METHODS

In total, 786 patients with initially untreated, clinically 
localized, T1 and T2 stage prostate cancer underwent radical 
prostatectomy at our tertiary medical institution from June 
1993 to June 2008. The 7th American Joint Committee on 
Cancer TNM classification system was used to classify the 
cases, and based on the review of core biopsy specimens, a 
Gleason grade was assigned according to the International 
Society of Urological Pathology (ISUP) grading [7]. Patients 
were stratified into three groups by biochemical recurrence 
(BCR) risk according to the D’Amico risk classification [8]. 
Men who received neoadjuvant hormone or radiation ther-
apy were excluded. All patients preoperatively underwent a 
physical examination, chest radiography, routine blood tests, 
and a bone scan. All men included in this study had a nega-
tive bone scan result. Patients were postoperatively followed 
every 3 months for the first year and every 6 months there-
after with digital rectal examinations and serum prostate-
specific antigen (PSA) tests. Ultrasonography, magnetic reso-
nance imaging, or bone scans were optionally conducted to 
assess recurrence or distant metastasis. Medical records were 

reviewed to obtain information on the history of prostate 
cancer. 

Isolated BCR is commonly used as a measure of cancer 
control after radical prostatectomy and was defined as PSA 
elevation and a serum level of at least 0.2 ng/mL with an 
increase over two consecutive measurements. Local recur-
rence was defined as a visible lesion on ultrasonography or 
magnetic resonance imaging with elevated serum PSA, or a 
histologically confirmed mass on a transrectal biopsy. Dis-
tant metastasis was confirmed as a visible metastatic lesion 
on an imaging study with an elevated serum PSA level, or a 
histologically confirmed tissue of a metastatic lesion. 

Patients who underwent immediate adjuvant hormone 
or radiation therapy were excluded in disease progression 
assessment after BCR. Therefore, this study had no impact 
on adjuvant therapy during the time course of the progres-
sion. Among patients with castration-resistant metastatic 
cancer, various experimental therapies have been performed 
in some men but are considered to have an insignificant 
effect on survival [9]. All patients with disease progression 
had BCR without exception. Since antiandrogens were in-
troduced in 2003, physicians have started to use hormone 
therapy in patients with elevated serum PSA levels, signs of 
disease progression, or in cases where it is believed that hor-
mone treatment would be beneficial to patients. The cause 
of death was determined according to the medical records or 
mortality data extracted from the National Statistics Office.

Perioperative clinical features and pathologic features 
were analyzed. Kaplan–Meier survival curves were used to 
assess oncologic outcomes, and the statistical significance of 
the Kaplan–Meier survival curves was measured by using 
the log-rank test. The Cox regression model was fit to predict 
significant factors associated with disease progression. The 
primary outcomes were BCR, metastasis-free duration, cas-
tration-resistant prostate cancer (CRPC), disease-specific sur-
vival, and overall survival. All statistical analyses were per-
formed using IBM SPSS Statistics version 22.0 (IBM Corp., 
Armonk, NY, USA). The study protocol was approved by the 
Institutional Review Board of Seoul National University 
Hospital (IRB no. H-1805-069-946). As this was a retrospec-
tive study with anonymization of data, the IRB waived the 
requirement for informed consent from patients. All experi-
ments were performed in accordance with relevant guide-
lines and regulations.

RESULTS

1. Overall findings
The 786 patients had a mean age of 64.9 years (Table 
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1). Open surgery was performed in 736 patients (93.6%), and 
the laparoscopic approach was used in 50 patients (6.4%). 
Pelvic lymph node dissection and nerve-sparing surgery 
were performed in 373 (47.5%) and 412 (52.4%) patients, re-
spectively. More than half of the patients had serum PSA 
levels between 4 and 10 ng/mL, while approximately half of 
the patients had ISUP grade I at preoperative biopsy. Patho-
logic T stage was locally advanced at radical prostatectomy 
in 307 patients (39.1%), and lymph nodes were pathologically 
invaded in 22 patients (2.8%). In contrast to the clinical stage, 
approximately one-quarter of the patients were in the ISUP 
grade I category. The median follow-up duration was 117 
months (interquartile range [IQR], 70–139 months). 

2. Oncologic outcomes
Adjuvant radiotherapy (RT), RT with androgen depriva-

tion therapy (ADT), and ADT were performed in 3, 28, and 7 
patients, respectively. Among these 38 patients, PSA was el-
evated postoperatively in 22 patients, of whom 5 experienced 
local recurrence, 8 experienced distant metastases with local 
recurrence, 4 experienced distant metastases without local 
recurrence, and 6 experienced CRPC. All-cause mortality and 
disease-specific mortality was noted for 8 and 5 patients, re-
spectively. These 38 patients were excluded from progression 
analysis after the BCR. Of the 748 patients, excluding the 
aforementioned 38, BCR occurred in 261 men (34.9%), and 
the median duration from radical prostatectomy to BCR was 
25 months (IQR, 10.0–50.5 months). A total of 219 patients 
(29.3%) underwent recovery treatment that comprised RT 
(n=12), short-term ADT with RT (n=49), long-term ADT with 
RT (n=41), and ADT (n=117).

Fig. 1 depicts the Kaplan–Meier survival curves. Disease 
progression occurred in 115 (15.4%) patients, and the median 
duration from radical prostatectomy to progression and from 
BCR to progression was 45 months (IQR, 25.0–72.0 months) 
and 13 months (IQR, 1.0–36.0 months), respectively. Local 
recurrence and distant metastasis occurred in 109 (14.6%) 
and 42 (5.6%) patients, respectively, and 36 (4.8%) of these 
patients experienced metastasis with local recurrence. CRPC 
occurred in 22 patients (2.9%), and the median duration from 
BCR to CRPC was 48 months (IQR, 27.0–68.0 months). All-
cause and disease-specific death occurred in 148 (19.8%) and 
23 (3.1%) patients, respectively. The median duration from 
metastasis to disease-specific death was 22.0 months (IQR, 
8.0–36.0 months).

3. Time course to death
The 10-year BCR-free rate was 59.9% (Table 2), and the 

mean BCR-free duration was 169.7 months (Fig. 2). Disease 

Table 1. Baseline characteristics of the patients and pathologic out-
comes (n=786)

Variable Value
Age (y) 64.9±6.6
PSA (ng/mL) 12.4±12.9
PSA group
   <4 60 (7.6)
   ≥4 and <10 418 (53.2)
   ≥10 and <20 200 (25.4)
   ≥20 108 (13.7)
Clinical T stage
   ≤T1c 186 (23.7)
   T2a, T2b 580 (73.8)
   T2c 20 (2.5)
ISUP grade group
   I 372 (47.3)
   II 122 (15.5)
   III 115 (14.6)
   IV–V 177 (22.5)
D’Amico risk classification
   Low 266 (33.8)
   Intermediate 274 (34.9)
   High 246 (31.3)
PLND
   None 413 (52.5)
   Yes 373 (47.5)
Nerve saving

   None 374 (47.6)
   Unilateral 115 (14.6)
   Bilateral 297 (37.8)
Pathologic ISUP grade group
   I 209 (26.6)
   II 295 (37.5)
   III 153 (19.5)
   IV–V 119 (15.1)
   Vanishing 10 (1.3)
Pathologic outcomes
   T stage
   Vanishing 10 (1.3)
   T2a,b 160 (20.4)
   T2c 309 (39.3)
   T3a 197 (25.1)
   T3b 109 (13.9)
   T4 1 (0.1)
EPE 268 (34.1)
SVI 109 (13.9)
Surgical margin 291 (37.0)
N stage
   N0 359 (45.7)
   N1 22 (2.8)
   Nx 405 (51.5)

Values are presented as mean±standard deviation or number (%).
PSA, prostate-specific antigen; ISUP, International Society of Urological 
Pathology; PLND, pelvic lymph node dissection; EPE, extraprostatic 
extension; SVI, seminal vesicle invasion.
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progression occurred in 44.1% of patients with BCR. Distant 
metastasis occurred in 16.1% of patients with BCR, and the 
median duration from BCR to metastasis was 40.0 months 
(IQR, 10.0–80.8 months). Of the 42 patients with metastatic 
cancer, 52.4% experienced CRPC, and 19 (86.4%) of them died 
as a result of prostate cancer. Of the 42 patients with metas-
tasis, 54.8% died of prostate cancer. 

BCR occurred within 5 years after radical prostatectomy 
in 206 patients, and over 5 years after the operation in 55 
patients. Among these, 38 (18.4%) and 4 (7.3%) patients expe-
rienced metastasis that was not significantly different be-
tween the timing of BCR within or over 5 years, respectively 

(log-rank, p=0.172). A lower rate of metastasis occurred in 
patients whose BCR developed at least 5 years after the op-
eration; however, there was no statistically significant asso-
ciation. Among the 42 patients who experienced metastasis, 
the median duration from BCR to metastasis was 40 months 
(IQR, 10.0–80.8 months). Metastasis occurred within 3 years 
after BCR in 19 patients and at least 3 years after BCR in 
23 patients; among these patients, 11 (57.9%) and 12 (52.2%) 
experienced disease-specific death that showed no significant 
difference between the two groups (log-rank, p=0.316). Dis-
ease-specific mortality was not dependent on the duration to 
distant metastasis. 

4. Predictors of death
We assessed the predictors associated with disease-spe-

cific mortality and overall mortality after radical prostatec-
tomy for men with clinically localized prostate cancer. Mul-
tivariate analysis showed that the pathologic ISUP Gleason 
grade (p=0.05; hazard ratio [HR], 1.44) and seminal vesicle 
invasion (p=0.02; HR, 3.82) were significantly associated with 
an increased risk of disease-specific mortality. Furthermore, 
age at diagnosis (p<0.01; HR, 1.07) and seminal vesicle inva-
sion (p<0.01; HR, 2.38) were significantly associated with 
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Fig. 1. Kaplan–Meier survival curves.

Table 2. Oncologic outcomes

Oncologic outcomes 5-year 10-year 15-year
BCR-free survival 68.1% 59.9% 56.8%
Progression-free survival 88.2% 82.8% 77.0%
Metastasis-free survival 97.4% 93.5% 91.1%
CRPC-free survival 98.7% 96.2% 95.9%
Disease-specific survival 98.6% 97.5% 95.2%
Overall survival 93.3% 84.1% 77.4%

BCR, biochemical recurrence; CRPC, castration-resistant prostate can-
cer.
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overall mortality (Table 3).

DISCUSSION

A small proportion of patients with clinically localized 
prostate cancer die of the disease 10 to 15 years after their 
initial diagnosis even without treatment [10-12]. In a study 
with three decades of follow-up with watchful waiting, a 
prospective cohort study in Sweden reported that localized 
prostate cancer usually has a silent course; however, progres-
sion or distant metastasis can also develop over long-term 
follow-up [13]. Even though radical prostatectomy reduces 
the mortality rate, this benefit takes several years to emerge 
after surgery. Given the heterogeneity of the disease, well-
established information about the time course of prostate 
cancer may allow physicians to give evidence-based man-
agement options to patients. We investigated the oncologic 
outcomes of clinically localized prostate cancer after radi-
cal prostatectomy with a 10-year follow-up to identify and 
obtain evidence of the characteristics of the postoperative 
course in Korean men.

BCR occurred in 34.9% of patients in the present study, 
which was higher than in a previous study [14] that reported 
a BCR rate of 15%. Considering that between 27% and 53% 
of patients who underwent radical prostatectomy experi-

enced a detectable elevation of serum PSA within 10 years 
after the operation in the era before PSA screening [15-17], 
our results showed a similar, or slightly higher, rate of BCR 
compared with previous reports. In the current study, 38 
patients (4.8%) received immediate adjuvant therapy and 22 
of them experienced PSA elevation. Since these men were 
excluded from the investigation of disease progression after 
BCR, adjuvant therapy had no impact on the time from 
BCR to metastasis. BCR preceded disease progression in all 
cases, and it is well known that patients with BCR are at an 
increased risk of requiring additional cancer management; 
therefore, the 219 patients (29.3%) who received recovery 
treatment because of PSA elevation or disease progression 
were included in the analysis of disease progression after 
BCR. Among the 261 patients with BCR, 55 (21.1%) had an 
unelevated serum PSA level for at least 5 years, and 19 (7.3%) 
had an unelevated serum PSA level for 10 years before BCR. 
This result is similar to that of a previous report [14] show-
ing that 23% of patients with BCR had no detectable serum 
PSA for at least 5 years, and 4% of the patients for at least 
10 years, before BCR. Although the other series showed rare 
PSA progression in patients without detectable serum PSA 
for the 5 to 6 years after surgery [18], we showed that with 
extended follow-up, patients experience BCR 10 years or lon-
ger after surgery. 

Radical
prostatectomy

Biochemical
recurrence

Progression Local
recurrence

Metastasis

CRPC

DSM
34.9% (261/748)
Median 25.0 mo

(estimated mean 169.7 mo)

44.1% (115/261)
Median 13.0 mo

16.1% (42/261)
Median 40.0 mo

(estimated mean 194.8 mo)

36.5% (42/115)

94.8% (109/115)

52.4% (22/42)

86.4% (19/22)

54.8% (23/42)
Median 22.0 mo

(estimated mean 36.0 mo)

Fig. 2. Time courses after radical prostatectomy. CRPC, castration-resistant prostate cancer; DSM, disease-specific mortality.

Table 3. Multivariate analysis of predictors associated with disease-specific mortality and overall mortality 

Predictors
Disease-specific mortality Overall mortality

p-value HR (95% CI) p-value HR (95% CI)
Age at diagnosis (continuous) 0.72 1.01 (0.95–1.08) <0.01 1.07 (1.04–1.11)
Preoperative PSA (continuous) 0.80 1.00 (0.97–1.03) 0.67 1.00 (0.98–1.01)
Pathologic Gleason grade group 0.05 1.44 (1.00–2.06) 0.85 1.02 (0.86–1.20)
Extraprostatic extension 0.08 3.40 (0.86–13.35) 0.06 1.54 (0.98–2.41)
Seminal vesicle invasion 0.02 3.82 (1.31–11.17) <0.01 2.38 (1.42–4.00)
Positive surgical margin 0.46 1.48 (0.53–4.15) 0.44 1.18 (0.78–1.79)
Positive lymph nodes 0.13 2.50 (0.77–8.05) 0.64 0.78 (0.28–2.18)

HR, hazard ratio; CI, confidence interval; PSA, prostate-specific antigen.
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In the current study, the rate of progression from BCR 
to metastasis was higher and the duration was shorter than 
in the previous study, in that 34% of patients with BCR 
developed distant metastasis with a median duration of 8 
years [14]. The time of onset of BCR appeared to influence 
distant metastasis in the present study, and among the 54 
patients with distant metastasis, 48 had BCR within 5 years 
of radical prostatectomy. However, the importance of the du-
ration from surgery to BCR on distant metastasis warrants 
a larger number of BCR cases at least 5 years after the op-
eration. The metastasis-free rate at 5 years after BCR was 
87.7%, which was higher than the previously reported rate 
of 63% [14,19]. The estimated mean metastasis-free duration 
after BCR was quite long at 16.2 years, and the overall 10-
year metastasis-free rate was 93.5%. Zincke et al. [5] reported 
a 10-year metastasis-free rate of 82% in approximately 3,000 
men who underwent radical prostatectomy, whereas Pound 
et al. [14] reported a rate of 87%. Thus, the present study 
showed a higher metastasis-free rate than previous reports.

Our study demonstrated that 53.8% of patients with me-
tastasis developed disease-specific mortality with a median 
duration of 22 months. Pound et al. [14] showed that 43% of 
patients with metastasis developed disease-specific mortality 
with a median duration of approximately 5 years, which was 
longer than in our results. In the current study, the 10-year 
disease-specific survival rate of 97.5% was slightly higher than 
the previously reported analysis, which showed rates of 75% 
to 97% for patients with well-differentiated and moderately 
differentiated cancer, respectively [6], and 90% for patients 
who underwent total perineal prostatectomy [20]. In contrast, 
Hull et al. [21] performed radical retropubic prostatectomy and 
pelvic lymphadenectomy on 986 patients and demonstrated 
that the 10-year disease-specific survival rate was 97.6%, which 
was similar to our results. Our study showed a 10-year disease-
specific survival after RP of 100%, 98.2%, and 93.6% for men 
with D’Amico classification of low-, intermediate-, and high-
risk prostate cancer, respectively, which was similar to the 
rates reported from the Mayo Clinic in 2008 [22].

The predictors associated with disease-specific or overall 
mortality and the predictors of death have differed for each 
study. Mitchell et al. [23] reported seminal vesicle invasion 
and positive lymph nodes as significant predictors of death 
due to prostate cancer, and seminal vesicle invasion and 
preoperative PSA level as significant predictors of mortality, 
regardless of cause. However, investigators from the Mayo 
Clinic [22] reported the clinical Gleason score as a single 
significant predictor of disease-specific death. The current 
study found several predictive measures for disease-specific 
mortality (pathologic Gleason grade and seminal vesicle 

invasion) and overall mortality (age at diagnosis, seminal 
vesicle invasion). The pathologic Gleason grade and seminal 
vesicle invasion indicate disease aggressiveness and are well-
known predictors for disease-specific or overall mortality, 
as previously described [22-24]. Older age is another known 
associated risk factor for cancer-specific mortality in large 
Western cohorts [25,26]. In the CaPSURE database [25], older 
men (≥75 years) were more likely to be diagnosed with 
higher-risk prostate cancer and were less likely to receive 
definitive treatment than younger men. In this study, we 
analyzed localized prostate cancer in definitively treated pa-
tients; thus, the hazard of older age on cancer-specific mor-
tality may be obscured by the hazard of adverse pathologic 
features, such as Gleason grade or seminal vesicle invasion. 

The present study is limited by its nonrandomized and 
retrospective design. We compared the oncologic outcomes 
with previously reported retrospective studies. However, rad-
ical prostatectomy during the PSA era showed an improved 
15-year disease-specific mortality rate of 7% in previously 
published reports, which is similar to our result of 4.8%. Ste-
phenson et al. [27] stated that the low fatality or effective-
ness of radical prostatectomy resulted in the relatively im-
proved prognosis from modern series. Furthermore, after the 
introduction of antiandrogens in 2003, additional hormone 
treatments might have impacted prognosis, while the regi-
men and timing of additional treatments were dependent 
on the discretion of the physician. Although laparoscopic 
radical prostatectomy has been reported to provide favor-
able cancer control [28], we did not assess the impact of the 
laparoscopic approach because of the small number (n=50) of 
cases. We will assess the impact of laparoscopic and robotic 
surgery in future studies. This study focused on oncologic 
outcomes without functional outcomes, and the precise anal-
ysis of the benefit and cost of radical prostatectomy need 
to be performed as a prospective clinical trial. Nevertheless, 
the excellent cancer control of radical prostatectomy should 
be noted, and this is the first study to assess long-term onco-
logic outcomes after radical prostatectomy in Asia, especially 
in Korea.

CONCLUSIONS 

In conclusion, radical prostatectomy provided excellent 
long-term cancer control in clinically localized prostate cancer. 
The rate of BCR was not higher than previously reported 
in studies involving Western countries. Distant metastasis 
developed less frequently but within a shorter duration from 
BCR compared with Western patients, whereas patients with 
distant metastasis died of prostate cancer earlier than did 
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Western patients. This study showed the differences in long-
term prognosis between Korean and Western patients with 
clinically localized prostate cancer. 
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