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Purpose: To evaluate the impact of primary Gleason grade in Gleason score (GS) 7 pros-
tate cancer on biochemical recurrence (BCR) after radical prostatectomy in Korean men.
Materials and Methods: We retrospectively reviewed records of 1,026 patients who un-
derwent radical prostatectomy at Seoul National University Bundang Hospital be-
tween November 2003 and June 2009. We excluded patients who had received neo-
adjuvant therapy and had positive resection margins. Finally, 295 and 113 patients
with GS 3+4 and GS 4+3, respectively, were included in this study. All patients were
followed for at least 2 years.

Results: Of the 408 GS 7 patients, 295 (72.3%) were 3+4 and 113 (27.7%) were 4+3. Mean
serum prostate specific antigen level in primary Gleason 3 was 8.99 ng/ml and primary
Gleason 4 was 11.11 ng/ml. Patients with GS 4+3 were more likely to have extracapsular
extension (30.1% vs. 17.6%, p<0.010) and lymphatic invasion (16.8% vs. 7.1%, p
<0.005). After 2 years follow up BCR was detected in a total of 40 patients. In GS 7
with primary Gleason 3, BCR occurred in 15 (5.08%) patients while 20 (17.70%) showed
BCR in GS 7 with primary Gleason 4.

Concdlusions: In this study of a large, single center cohort of Korean men with GS 7 pros-
tate cancer a noticeable difference in BCR was seen. Primary Gleason grade 4 have a
higher risk of BCR compared to primary Gleason grade 3. This information may be use-
ful when counseling patients on their prognosis and further management options.
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INTRODUCTION

In the United States, prostate cancer has the highest in-
cidence and the second-highest mortality rate in men [1].
In Korea, prostate cancer is the fifth most common malig-
nancy in men [2]. The Gleason score (GS) is an important
predictor of biochemical recurrence (BCR) and dis-
ease-specific survival in men with prostate cancer after de-
finitive treatment [3]. The GS takes into account the degree
of glandular differentiation and combines the scores of the
primary and secondary patterns, or grades, which indicates
tumor heterogeneity. Cancers with a GS of 2 to 6 have a bet-
ter prognosis than do cancers with a GS of 7 to 10 [4]. GS
7 cancers have a histologically heterogeneous pattern that
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comprises a different proportion of grade 3 and 4 Gleason
patterns. Studies have shown that GS 7 cancers with a pri-
mary Gleason grade of 4 have significantly higher rates of
seminal vesicle involvement, lymph node extension, ex-
tracapsular extension, and positive surgical margins than
do GS 7 cancers with a primary Gleason grade of 3 [5].

The aim of this study was to evaluate the impact of pri-
mary Gleason grade in GS 7 prostate cancers on BCR after
radical prostatectomy (RP) in Korean men from a sin-
gle-center cohort.

MATERIALS AND METHODS

Between November 2003 and June 2009, 1026 men underwent
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RP for localized prostate cancer at Seoul National University
Bundang Hospital, Seongnam, Korea. All surgeries were per-
formed by the staff of the Department of Urology. According
to the final pathology report, 665 patients had a GS of 7. Of
these 665 patients, 463 and 202 had a primary Gleason grade
of 3 and 4, respectively. We excluded 20 patients who had re-
ceived neoadjuvant therapy and 243 patients who had positive
resection margins on the final pathology report. Thus, 295 and
113 patients with GS 3+4 and 4+3, respectively, were included
in the analysis. All patients were followed at 1, 3, and 6 months
after RP and each 6 months thereafter for at least 2 years.
Preoperative serum prostate-specific antigen (PSA), body
mass index (BMI), extracapsular extension (ECE), seminal
vesicle invasion (SVI), lymphatic invasion, venous invasion,
pathological stage, and BCR were evaluated. BCR was defined
as cases in which PSA measured 0.2 ng/ml or higher two times
successively after the surgery. The study was approved by the
hospital Institutional Review Board.

RP specimen samples were step-sectioned at a 4-mm
thickness by use of a standardized processing protocol [6].
The pathological examinations were carried out by experi-
enced uropathologists by use of a standardized reporting
protocol. The pathological assessment of each prostatec-
tomy specimen determined whether cancer was organ-con-
fined disease (no cancer beyond the prostatic capsule) or
had ECE, SVI, or lymph node metastases [7-9].

The primary endpoint of this study was the impact of the
primary Gleason pattern in GS 7 prostate cancer on BCR-free
survival. The secondary endpoint was the relation between
primary Gleason pattern and clinicopathological parameters.

The BCR-free survival rate was estimated with the
Kaplan-Meier method and survival curves were tested
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with the log-rank test. The chi-square test and Student’s
t-test were used to analyze the association between pri-
mary Gleason grade and various clinicopathological
parameters. Multivariate Cox regression analysis was
used to assess the prognostic significance of certain varia-
bles, and the hazard ratio (HR) and 95% confidence inter-
vals (CIs) were computed. A p-value <0.05 was considered
statistically significant. Analyses were performed by using
the PASW ver. 18.0 IBM Co., Armonk, NY, USA).

RESULTS

The mean age and serum PSA of the 613 patients with GS 7
prostate cancer were 65.8 years (range, 46 to 82 years) and
9.57 ng/ml (range, 1.23 to 59.5 ng/ml), respectively. Of the 408
GS 7 patients, 295 (72.3%) were 3+4 and 113 (27.7%) were 4+3.
The mean serum PSA level in GS 7 prostate cancer patients
with a primary Gleason grade of 3 was 8.99 ng/ml and that
in patients with a primary Gleason grade of 4 was 11.11 ng/ml.
The mean follow-up period was 29.05 months. The clin-
icopathological findings in our cohort are shown in Table 1.

Compared with patients with GS 3+4, patients with GS
4+3 were more likely to have ECE (30.1% vs. 17.6%, p<0.010)
and lymphatic invasion (16.8% vs. 7.1%, p<0.005). Mean-
while there was no significant association between primary
Gleason grade and SVI (6.2% vs. 3.1%, p<0.158), perineural
invasion (PNI) (66.4% vs. 60.7%, p <0.306), or microvenous
invasion (1.8% vs. 0.3%, p<0.187). The mean age, PSA level,
and BMI of patients with a primary Gleason grade of 4 com-
pared with a primary Gleason grade of 3 were 66.9 years, 11.1
ng/ml, and 24.3 kg/m”® vs. 65.4 years, 8.9 ng/ml, and 24.1
kg/m®, respectively (p=0.015, p=0.019, and p=0.462, re-

TABLE 1. Clinicopathological characteristics of the prostate cancer patients according to primary Gleason grade

Gleason score

Characteristic Total (n=408)
3+4 (n=295) 4+3 (n=113) p-value
Age (yr) 65.8+6.3 65.4+6.5 66.9+5.4 0.015
Body mass index (kg/m?) 24.2+2.5 24.1+£2.5 24.3+2.7 0.462
PSA (ng/ml) 9.57+7.6 8.9+7.2 11.1+8.4 0.019
Extracapsular extension 0.010
Yes 86 (21.1) 52 (17.6) 34 (30.1)
No 322 (78.9) 243 (82.4) 79 (69.9)
Seminal vesical invasion 0.158
Yes 16 (3.9) 9(3.1) 7(6.2)
No 392 (96.1) 286 (96.9) 106 (93.8)
Lymphatic invasion 0.005
Yes 40 (9.8) 21(7.1) 19 (16.8)
No 368 (90.2) 274 (92.9) 94 (83.2)
Perineural invasion 0.306
Yes 254 (62.3) 179 (60.7) 75 (66.4)
No 154 (37.7) 116 (39.3) 38 (33.6)
Venous invasion 0.187
Yes 3(0.7) 1(0.3) 2(1.8)
No 405 (99.3) 294 (99.7) 111 (98.2)

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

PSA, prostate-specific antigen.
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spectively). Taking into account age, PSA, BMI, primary
Gleason grade, pathological stage, ECE, SVI, lymphatic in-
vasion, and PNI in a Cox multivariate regression analysis
(Table 2), serum PSA level and primary Gleason grade were
independently associated with BCR-free survival. When pa-
tients with a positive resection margin were added to the mul-
tivariate analysis of BCR-free survival, the primary Gleason
grade remained statistically predictive of BCR (p=0.002; HR,
2.269; 95% CI, 1.35 to 3.812).

The 3-year BCR-free survival for patients with primary
Gleason grades of 3 or 4 was 97.3% and 86.8%, respectively,
whereas the 5-year BCR-free survival was 85.4% and
66.7%, respectively (p<0.001) (Fig. 1).

DISCUSSION

The Gleason grading of prostatic carcinoma is considered to
be one of the most important predictors determining disease
progression in prostate cancer. Although GS 6 cancers have
lower disease progression rates than do GS 7 cancers, the het-
erogenic patterns within the GS 7 category mean that these
cancers cannot be grouped into a unique category but instead
are categorized according to the predominant Gleason grade
[10,11]. Several studies have shown that GS 7 cancers with
a primary Gleason grade of 4 are more aggressive and have
a higher risk of BCR than do GS 7 cancers with a primary
Gleason grade of 3 [12-14]. Ethnic differences have an effect
on the prognosis of prostate cancer. Prostate cancers arising
in Korean men exhibit poor differentiation, which adversely
affects prognosis and causes a greater rate of BCR [15]. To
our knowledge, this is the first study on a Korean population
to assess the difference in BCR between both GS 7 groups.
In this single-center study, we retrospectively analyzed 408
GS 7 patients with more than 2 years of follow-up.

In recent studies analyzing the impact of primary
Gleason grade on BCR, the distribution of 3+4 vs. 4+3
ranged from 57.8% vs. 42.2% to 74.5% vs. 25.5% [8,12,
16,17]. In our study, GS 3+4 comprised 72.3% of GS 7 can-
cers, which is thus similar to other recent studies. Also, the
difference in BCR between GS 3+4 and GS 4+3 in the pres-
ent study was significant, which is also consistent with pre-

TABLE 2. Multivariate cox regression analysis for disease-free
survival in prostate cancer with Gleason score 7 and negative
resection margins after radical prostatectomy

p-value HR 95% CI
Age 0.961 1.001  0.945-1.061
Prostate-specific antigen 0.047 1.035 1.000-1.072
Body mass index 0.843 0.986  0.859-1.132
Primary Gleason grade 0.002 3.062 1.490-6.292
Pathologic stage (T3 vs. T2) 0.983 1.021  0.153-6.818
Extracapsular extension 0.333 2.589  0.378-17.751
Seminal vesicle invasion 0.070 2.927 0.916-9.355
Lymphatic invasion 0.520 1.335  0.553-3.223
Perineural invasion 0.827 0.890 0.314-2.521

HR, hazard ratio; CI, confidence interval.
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viously reported outcomes. The identification of patients
with a higher risk of BCR is important for the treating urolo-
gist to plan the next mode of treatment in case of recurrence.

The importance of primary Gleason grade in GS 7 pros-
tate cancer and the impact it has on the prognosis of pros-
tate cancer patients has been studied by several groups
[18-23], mostly with large cohorts. However, it is not possi-
ble to directly compare the outcomes of these studies be-
cause of discrepancies in the selection of various parame-
ters used to identify the clinicopathological characteristics
in each study. Moreover, the introduction of the modified
International Society of Urological Pathology 2005 Glea-
son grading system has made this task even more difficult.
In our study, we excluded 36.5% of patients who had pos-
itive resection margins on the final pathology report, which
is similar to previously conducted studies [12,17]. The rea-
son for this is that, according to several studies, even
though 10 to 40% of patients undergoing RP have a positive
surgical margin, only 10 to 40% of those patients develop
BCR. Furthermore, although previous studies analyzed
resection margin status in their data, we wanted to empha-
size the prognostic factors in patients with negative re-
section margins, which meant those with completely re-
sected prostate cancer.

Rasiah et al. [8] found that a primary Gleason grade of
4 was an independent predictor of disease recurrence in a
multivariate analysis after adjustment for PSA, surgical
margin, SVI, and ECE. In another study, Alenda et al. [12]
found that primary Gleason grade 4 tumors were asso-
ciated with shorter time to disease recurrence and higher
5-year disease recurrence rates than were primary Glea-
son grade 3 tumors and that the PSA level, positive surgical
margins, SVI, and EPE were predictive factors of recur-
rence. In our study we also saw that primary Gleason grade
was an important prognostic factor in the multivariate
analysis along with PSA, although ECE and SVI were not
significant predictors. This could be explained by the differ-
ence in inclusion criteria and the choice in evaluated pa-
rameters such as SVI, ECE, surgical margin status, etc.
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FIG. 1. Biochemical recurrence-free survival in men with
Gleason score 3+4 and 4+3.
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This study had several limitations. First, as a retrospective
study based on electronic medical records, it was susceptible
to bias and was dependent on the integrity of the record
keeping. Second, the fact that all RPs were performed by mul-
tiple surgeons could have affected the outcomes. Third, of
more than 1,000 cases, we excluded 337 Gleason 7 patients
who had received neoadjuvant therapy or who had positive
resection margins, thus leading to a high exclusion rate.

Last, although this was a large population for a single
center, BCR in the follow-up period was detected in only
a small proportion of patients. Additional studies with a
larger cohort and longer follow-up periods are necessary to
better assess the significance of primary Gleason grade in
GS 7 prostate cancers on not just BCR but also overall and
cancer-specific survival.

CONCLUSIONS

The results of this study showed a difference in BCR in a
large, single-center cohort of Korean men with GS 7 pros-
tate cancer. Compared with a primary Gleason grade of 3,
a primary Gleason grade of 4 had a higher risk of BCR. This
information may be useful when counseling patients on
their prognosis and further management options.
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