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Purpose: We evaluated the prognostic value of the 5-tiered grade group in Korean patients who underwent radical 
prostatectomy. 
Materials and Methods: Between 1996 and 2016, a number of 2,883 consecutive patients who underwent radical 
prostatectomy were included for the analysis. The impacts of biopsy and pathologic grade group on predicting 
biochemical recurrence (BCR) were assessed using multivariate analysis. Median follow-up duration was 49.0 
months.
Results: Mean age was 66.5 years and prostate-specific antigen (PSA) was 11.8 ng/mL. Prostate cancer was 
locally advanced on magnetic resonance imaging in 13.4%. Biopsy grade group was as follows: 1 (46.8%), 2 
(19.8%), 3 (14.2%), 4 (14.1%), and 5 (5.1%). Pathology stage was ≤T2 in 63.6%, T3a in 26.0%, and T3b/T4 
in 10.4% patients. Pathologic grade was as follows: 1 (31.3%), 2 (37.9%), 3 (20.2%), 4 (4.7%), and 5 (5.1%). 
In multivariate analysis using biopsy-related variables, biopsy grade group (1, reference; 2, hazard ratio [HR], 1.771; 
p=0.001; 3, HR, 2.736; p＜0.001; 4, HR, 2.966; p＜0.001; 5, HR, 3.707; p＜0.001) was associated with BCR-free 
survival, PSA level and % positive core. In multivariate analysis using pathologic outcomes, pathologic grade group 
(1, reference; 2, HR, 1.882; p＜0.001; 3, HR, 3.352; p＜0.001; 4, HR, 3.890; p＜0.001; 5, HR: 3.118, p＜0.001) 
was associated with BCR-free survival in addition to pathologic stage and positive surgical margin.
Conclusions: New 5-tiered grading system could be useful for predicting oncological outcomes in Korean patients 
although its role for distinguishing outcomes between patients with grade groups 3–5 need to be validated before 
wide application of this grade system in Korea. (Korean J Urol Oncol 2018;16:75-81)
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INTRODUCTION

The incidence of prostate cancer in Korea has dramatically 

increased in recent years.1 This increase is associated with an 

aging population, westernization of dietary habits, and wide-

spread use of prostate-specific antigen (PSA) testing.2 In 1999, 

prostate cancer was the 10th most common cancer in Korean 

men, but became the 5th most common cancer by 2014.1

D’Amico's classification has been the most widely accepted 

risk stratification model for predicting the prognosis of prostate 
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cancer.3-5 This system divides prostate cancer into low-, inter-

mediate-, and high-risk disease using the Gleason score, serum 

PSA level, and Clinical T stage.6 According to D’Amico’s clas-

sification, a Gleason score of 6 is regarded as low risk, 7 as 

intermediate risk, and ≥8 as high risk.6 However, as treatment 

methods for prostate cancer are varied and individualized, more 

accurate classification of prostate cancer grade is clinically 

needed. In this regard, in 2014, a new grading system for pros-

tate cancer was introduced by the International Society of 

Urological Pathology (ISUP), which divided the Gleason score 

into 5 groups.7-10 After the introduction of the new 5-tiered 

grading system, several Western studies validated the predictive 

role of the new system and reported its superiority over the pre-

vious grading systems.7,9,10 

However, the new 5-tiered grading system has not been vali-

dated in Asian prostate cancer patients. Because prostate cancer 

in Asians is reported to have more aggressive pathological char-

acteristics11 and worse oncological outcomes than that in 

Western patients,12-15 the prognostic value of the new system 

in Asian prostate cancer patients needs to be validated before 

its clinical application. Therefore, we aimed to evaluate the 

prognostic value of the new 5-tiered grading system, with re-

spect to both biopsy and pathologic grade, in Korean patients 

with prostate cancer who underwent radical prostatectomy.

MATERIALS AND METHODS

The present study protocol was reviewed and approved by 

the Seoul National University Hospital Institutional Review 

Board (approval number: 16-2014-145). Informed consent was 

exempted by the board. Medical records of consecutive patients 

who underwent radical prostatectomy for prostate cancer from 

1996 to 2016 at Seoul National University Hospital or Boramae 

Medical Center were retrospectively reviewed. Patients with 

suspected metastasis on preoperative imaging studies, patients 

with positive lymph node on pathologic examination, and/or pa-

tients who underwent adjuvant or neoadjuvant treatment were 

excluded from the analysis. Finally, 2,883 patients, including 

2,273 patients from Seoul National University Hospital and 610 

patients from Boramae Medical Center, who underwent radical 

prostatectomy for prostate cancer were included in the analysis. 

In all patients with biopsy-proven prostate cancer, pre-

operative prostate magnetic resonance imaging (MRI) was per-

formed at our institute. However, 21.5% of patients who under-

went MRI in an external hospital or whose MRI reading did 

not use the proper format had no studies available for analysis. 

MRI findings were divided into 2 groups: locally confined and 

locally advanced. Bone scanning was also performed in patients 

with biopsy-proven prostate cancer. Operative methods were se-

lected by clinicians after sufficient patient counseling regarding 

tumor characteristics and patient’s preference. During surgery, 

lymph node dissection was performed in patients with inter-

mediate- or high-risk prostate cancer and/or patients with suspi-

cious lymph node enlargement observed in preoperative imag-

ing studies. Specimens obtained through prostate biopsy or sur-

gery were interpreted by pathologists with urologic expertise. 

Tumor grade was divided into 5 groups according to the new 

grading system proposed by the ISUP.7 Group 1 was replaced 

with a Gleason score of 6, group 2 with a Gleason score of 

7 (3+4), group 3 with a Gleason score of 7 (4+3), group 4 with 

a Gleason score of 8, and group 5 with a Gleason score of 9 

or 10. The primary outcome of this study is biochemical re-

currence (BCR) after surgery, which was defined as post-

operative serum PSA level exceeding 0.2 ng/mL in 2 consec-

utive tests.16,17 After surgery, patients visited the outpatient clin-

ic and followed up with PSA level testing, according to the 

National Comprehensive Cancer Network guidelines.18 The me-

dian follow-up duration was 49.0 months.

Among patient and tumor characteristics, categorical varia-

bles were expressed by using a frequency table and continuous 

variables were expressed as mean±standard deviation (SD). 

Clinical T stage, based on the findings of digital rectal exami-

nation, was categorized into 3 groups (clinical T1c/T2a, 

T2b/T2c, and T3–4). The % positive core on prostate biopsy 

was calculated as follows: positive core on prostate biopsy/total 

biopsy core×100. Pathologic stage was categorized into 4 

groups (T2a/T2b vs. T2c vs. T3a vs. T3b/4). Kaplan-Meier 

analysis with log rank test was performed to compare BCR-free 

survival based on the biopsy and pathologic grade group. To 

assess the predictive value of biopsy grade group on BCR-free 

survival, univariate and multivariate Cox regression analysis 

was performed using preoperative variables. The predictive val-

ue of pathologic grade group on BCR-free survival was also 

assessed using univariate and multivariate analysis after adjust-

ing for patient characteristics and pathology-related variables. 

Among patient and tumor characteristics, categorical varia-

bles were expressed by using a frequency table, and continuous 

variables were expressed as mean±SD. Kaplan-Meier analysis 
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Table 1. Baseline characteristics (n=2,883)

Variable Value

Age (yr) 66.5±6.6

BMI (kg/m
2) 24.2±2.7

Hypertension 1326 (46.0)

Diabetes 444 (15.4)

PSA (ng/mL) 11.8±14.5

Prostate volume (mL) 40.5±18.0

% Positive core (%) 31.8±22.4

Biopsy Grade group

  1 1,349 (46.8)

  2 571 (19.8)

  3 410 (14.2)

  4 406 (14.1)

  5 147 (5.1)

Clinical stage

  T1c/T2a 2,541 (88.1)

  T2b/T2c 254 (8.8)

  T3/T4 88 (3.1)

MRI findings

  Not available 619 (21.5)

  Locally confined 1878 (65.1)

  Locally advanced 386 (13.4)

Pathologic Grade group

  1 902 (31.3)

  2 1,094 (37.9)

  3 583 (20.2)

  4 136 (4.7)

  5 168 (5.8)

Pathology stage

  T2 or less 1833 (63.6)

  T3a 750 (26.0)

  T3b/T4 300 (10.4)

Positive surgical margin 997 (34.6)

Values are presented as mean±standard deviation or number (%).

BMI: body mass index, PSA: prostate-specific antigen, MRI: 

magnetic resonance imaging.

with log rank test was performed to compare BCR-free survival 

based on the biopsy and pathologic grade group. To assess the 

predictive value of biopsy grade group on BCR-free survival, 

univariate and multivariate Cox regression analysis was per-

formed using preoperative variables. The impacts of pre-

operative variables and surgical pathology related variables on 

BCR were assessed using univariate and multivariable analysis, 

respectively. Variables with p＜0.2 on univariate analysis were 

selected for the multivariable analysis. All statistical analyses 

were performed using IBM SPSS Statistics ver. 21.0 (IBM Co., 

Armonk, NY, USA). A p-value of less than 0.05 was consid-

ered statistically significant. 

RESULTS

Mean age at surgery was 66.5 years and body mass index 

was 24.2 kg/m2 (Table 1). Hypertension and diabetes were pres-

ent in 1,326 (46.0%) and 444 patients (15.4%), respectively. 

Mean preoperative serum PSA level was 11.8 ng/mL and pros-

tate volume was 40.5 mL. Mean % positive core was 31.8%. 

Biopsy grade group was as follows: 1,349 patients (46.8%) in 

group 1, 571 (19.8%) in group 2, 410 (14.2%) in group 3, 406 

(14.1%) in group 4, and 147 (5.1%) in group 5. Preoperative 

clinical stage was T1c/T2a, T2b/T2c, and T3-4 in 2,541 

(88.1%), 254 (8.8%), and 88 patients (3.1%), respectively. 

Disease was locally confined in 1,878 (65.1%) and locally ad-

vanced in 386 patients (13.4%) as observed through MRI. 

Pathologic stage was T2 or less in 1,833 patients (63.6%), T3a 

in 750 (26.0%), and T3b/T4 in 300 patients (10.4%). Pathologic 

grade was 1 in 902 patients (31.3%), 2 in 1,094 (37.9%), 3 

in 583 (20.2%), 4 in 136 (4.7%), and 5 in 147 (5.1%). Surgical 

margin was positive for prostate cancer in 997 patients (34.6%). 

In Kaplan-Meier analysis, the 5-year BCR-free survival was 

87.0%, 73.8%, 71.3%, 58.4%, and 44.4% in grade groups 1–5, 

respectively (Fig. 1). BCR-free survival rates were significantly 

different according to biopsy grade group, except for groups 2 

and 3. The 5-year BCR-free survival for pathologic grade group 

was as follows: 89.0% in group 1, 78.6% in group 2, 63.0% 

in group 3, 54.8% in group 4, and 47.8% in group 5. BCR-free 

survival was not significantly different between grade groups 

3, 4, and 5 although it was significantly different between grade 

groups 1, 2, and 3. 

In univariate analysis, age, PSA level, clinical stage, prostate 

volume, % positive core, MRI, and biopsy Gleason grade group 

were significantly associated with BCR-free survival (Table 2). 

In multivariate analysis with preoperative variables, biopsy 

grade group (group 1, reference; group 2, hazard ratio [HR], 

1.771; p=0.001; group 3, HR, 2.736; p＜0.001; group 4, HR, 

2.966; p＜0.001; group 5, HR, 3.707; p＜0.001) was sig-

nificantly associated with BCR-free survival, in addition to pre-

operative serum PSA level (HR, 1.010; p=0.018) and % pos-

itive core (HR, 1.007; p=0.005). In univariate analysis with 

pathology-related variables, pathologic stage, pathologic 

Gleason group, and the presence of surgical margin were sig-

nificantly associated with BCR-free survival, in addition to pre-

operative variables (Table 3). In multivariate analysis, patho-
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Fig. 1. (A) Biochemical recurrence (BCR)-free survival according to biopsy grade group. (B) BCR-free survival according to pathologic 

grade group. Grade 1, purple; grade 2, blue; grade 3, green; grade 4, orange; grade 5, red. *p＜0.05.

Table 2. Multivariate analysis for predicting biochemical recurrence: preoperative variables

Variable
Univariate Multivariate

HR (95% CI) p-value HR (95% CI) p-value

Age (continuous) 1.016 (1.002–1.029) 0.023 0.998 (0.978-1.018) 0.843

BMI (continuous) 1.005 (0.974–1.038) 0.738

Hypertension (yes vs. no) 1.060 (0.890–1.262) 0.512

Diabetes (yes vs. no) 1.058 (0.831–1.346) 0.648

PSA level (continuous) 1.016 (1.013–1.019) ＜0.001 1.010 (1.002–1.019) 0.018

Clinical stage

  T1c/T2a Reference Reference

  T2b/T2c 1.505 (1.112–2.036) 0.008 0.702 (0.301–1.633) 0.411

  T3/T4 3.664 (2.542–5.281) ＜0.001 1.526 (0.545–4.272) 0.421

Prostate volume 0.993 (0.988–0.998) 0.012 0.998 (0.989–1.006) 0.575

% Positive core (continuous) 1.019 (1.015–1.023) ＜0.001 1.007 (1.002–1.019) 0.005

Biopsy Gleason group

  1 Reference Reference

  2 2.239 (1.729–2.900) ＜0.001 1.771 (1.252–2.505) 0.001

  3 2.814 (2.146–3.690) ＜0.001 2.736 (1.959–3.822) ＜0.001

  4 4.352 (3.405–5.563) ＜0.001 2.966 (2.099–4.192) ＜0.001

  5 6.039 (4.479–8.144) ＜0.001 3.707 (2.428–5.659) ＜0.001

MRI (locally advanced vs. confined) 1.775 (1.394–2.259) ＜0.001 1.153 (0.775–1.715) 0.484

HR: hazard ratio, CI: confidence interval, BMI: body mass index, PSA: prostate-specific antigen, MRI: magnetic resonance imaging.

logic grade group (group 1, reference; group 2, HR, 1.882; p

＜0.001; group 3, HR, 3.352; p＜0.001; group 4, HR, 3.890; 

p＜0.001; group 5, HR, 3.118; p＜0.001) was significantly as-

sociated with BCR-free survival, in addition to pathologic stage 

(T2a or less, reference; T3a, HR, 1.590; p＜0.001; T3b or 

greater, HR, 1.830; p=0.001) and positive surgical margin (HR, 

1.736, p＜0.001).

DISCUSSION

The new 5-tiered grading system has proven its value in pre-

dicting oncological outcomes in Western patients with prostate 

cancer.7,19 However, its value in Asian prostate cancer patients 

remained to be determined before it could be clinically applied. 

Considering the worse pathological characteristics and onco-

logical outcomes of the disease in Asians than in Western pa-
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Table 3. Multivariate analysis for predicting biochemical recurrence: surgical pathology related variables

Variable
Univariate Multivariate

HR (95% CI) p-value HR (95% CI) p-value

Age (continuous) 1.016 (1.002–1.029) 0.023 0.987 (0.968–1.005) 0.0154

BMI (continuous) 1.005 (0.974–1.038) 0.738

Hypertension (yes vs. no) 1.060 (0.890–1.262) 0.512

Diabetes (yes vs. no) 1.058 (0.831–1.346) 0.648

PSA level (continuous) 1.016 (1.013–1.019) ＜0.001 1.009 (0.998–1.019) 0.098

Clinical stage

  T1c/T2a Reference Reference

  T2b/T2c 1.505 (1.112–2.036) 0.008 0.712 (0.323–1.570) 0.400

  T3/T4 3.664 (2.542–5.281) ＜0.001 1.255 (0.454–3.474) 0.661

Prostate volume (continuous) 0.993 (0.988–0.998) 0.012 0.998 (0.990–1.006) 0.585

MRI (locally advanced vs. confined) 1.775 (1.394–2.259) ＜0.001 1.243 (0.867–1.782) 0.237

Pathologic stage

  T2 or less Reference Reference

  T3a 2.250 (1.846–2.741) ＜0.001 1.590 (1.241–2.037) ＜0.001

  T3b or greater 4.287 (3.407–5.394) ＜0.001 1.830 (1.299–2.576) 0.001

Pathologic Gleason group

  1 Reference Reference

  2 2.245 (1.706–2.954) ＜0.001 1.882 (1.369–2.586) ＜0.001

  3 4.661 (3.528–6.158) ＜0.001 3.352 (2.397–4.688) ＜0.001

  4 5.756 (3.989–8.307) ＜0.001 3.890 (2.403–6.296) ＜0.001

  5 7.038 (5.030–9.848) ＜0.001 3.118 (1.971–4.930) ＜0.001

Positive surgical margin (yes vs. no) 2.620 (2.201–3.119) ＜0.001 1.736 (1.385–2.177) ＜0.001

HR: hazard ratio, CI: confidence interval, BMI: body mass index, PSA: prostate-specific antigen, MRI: magnetic resonance imaging.

tients,11,13-15 it was not possible to apply the new grading system 

as is, on Asians. In the current study, in more than one-third 

of the patients, the disease was locally advanced (as observed 

through on pathologic examination), which was significantly 

higher than the results of Western studies, even though the PSA 

level was not higher than that in previous studies.12,20 In addi-

tion, the Gleason grade was also higher than in some Western 

studies. In this study, 30.8% of patients had grade 3–5 disease, 

which was higher than the 24.1% reported by a previous 

Western study,20 but was in accordance with the results of an-

other study.13 These findings might affect the predictive value 

of the 5-tiered system. Therefore, its prognostic value needs to 

be validated in Korean patients. 

In this study, the biopsy grade group sequentially predicted 

the 5-year BCR-free survival, although statistical significance 

was not achieved between the groups. In other words, the new 

grading system might be helpful for predicting 5-year BCR-free 

survival using preoperative and biopsy-related variables.19 In 

addition, preoperative PSA level and % positive core, 

well-known predictors of pathologic and oncological out-

comes,21 were also reported to be significant predictors of 

BCR-free survival after surgery. Although not a predictor of 

oncological outcomes, the role of multiparametric MRI needs 

to be assessed in a future study, because some of the MRI per-

formed in this study was not multiparametric, and a stand-

ardized reporting system was not applied.22,23 In previous stud-

ies, MRI was reportedly valuable for predicting tumor charac-

teristics before surgery.24

However, in pathologic grade, the new 5-tiered system may 

have only limited value in predicting prognosis of prostate can-

cer after radical prostatectomy, especially in patients with grade 

groups 3–5. This study found no difference between pathologic 

grade groups 3–5, which was different from the finding in 

Western studies.20 These results might be due to the small num-

ber of patients and/or the relatively long period of enrollment 

of patients. Because the oncological outcome of prostate cancer 

in Korea has considerably improved in recent years,25 long 

study periods could explain these findings. According to the 

National Statistical Office, the 5-year survival rate for prostate 

cancer was only 55.9% between 1993 and 1995, but was 67.2% 
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between 1996 and 2000, 80.3% between 2001 and 2005, and 

91.1% between 2006 and 2010. In the period between 2011 and 

2014, the survival rate rose sharply to 93.3%.1 These improve-

ments in prostate cancer survival are thought to be mostly the 

result of improved oncological outcomes in patients with 

high-risk prostate cancer,26 which might influence the results of 

the current study. However, based on this study, grade groups 

2 and 3, previously called Gleason score 7 (3+4) and Gleason 

score 7 (4+3), respectively, showed significantly different 

BCR-free survival, which was in accordance with previous 

studies.27,28 In this regard, patients with Gleason score 7 need 

to be further divided into 2 groups, and treatment/prognosis 

needs to be explained based on these results. Because grades 

2 and 3 account for more than half of all patients, the value 

of the new system should not be overlooked, although its value 

in patients with grade ≥3 needs to be carefully interpreted. 

Moreover, another limitation of the current study is that biop-

sy and pathologic Gleason score have not been reviewed by 

pathologists using 2005 ISUP Gleason system. In this regards, 

the changes in Gleason score over time cannot be adjusted in 

the current study.29 Although some argued that the impacts of 

Gleason system change on patient management and prognosis 

is uncertain,30 more studies with a pathologic review of the 

Gleason score thought to be needed to validate the results of 

the current study.

Final limitation of the current study thought to be selection 

bias. Because we excluded a considerable proportion of patients 

with aggressive pathologic features before analysis, the results 

of the current need to be interpreted with cautions.

The current study has several limitations, including the retro-

spective design. Although this was one of the largest Korean 

studies in this field, an even larger number of patients needs 

to be included for the analysis to accurately evaluate the role 

of the grading system for prostate cancer, especially in Gleason 

grade groups ≥4. In addition, the relatively long enrollment 

period is another limitation which might affect the results of 

the current study. Although this study may only be applicable 

to nonmetastatic prostate cancer patients who underwent radical 

prostatectomy, the results may be of value to clinicians, because 

this large-scale Asian study assessed the predictive value of the 

new 5-tiered grading system.

CONCLUSIONS

The new 5-tiered grading system could be useful for predict-

ing oncological outcomes in Korean patients with prostate can-

cer with Gleason grade groups 1–3. However, its role for dis-

tinguishing outcomes between patients with Gleason grade 

groups 3–5 of the disease needs to be validated before applica-

tion of this system in Korea.
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