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Objectives: We used a new GP score (Gleason score multi-
plied by prostate-specific antigen) without the T stage as a 
predictive value for biochemical failure (BCF) after prosta-
tectomy. Materials and Methods: We assessed 459 prostate 
cancer patients who underwent prostatectomies at our insti-
tution. Three sub-groups were defined in terms of D’Amico 
classification risk (low, intermediate, and high) and Gleason 
score (low, < 50; intermediate, 50–100; and high GP score, 
> 100). Risk factors for BCF were evaluated by multivariate
analysis with a Cox hazard model. A log-rank test was used to
compare the BCF rate in the 2 groups. Results: There was no
significant difference in the non-BCF rate between the low
risk and low GP score subgroups or the intermediate risk and
intermediate GP score subgroups. In contrast, the non-BCF
rate of the high GP score subgroup (42.1%) was significantly
lower than that of the high-risk subgroup (66.1%, log-rank
p = 0.008). Based on multivariate analysis, a high GP score
(p = 0.001; HR 3.78; 95%CI 1.95–7.35) was a significant inde-
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Introduction

In choosing a treatment strategy for prostate cancer, 
risk classification is necessary due to the heterogeneous 
nature of the disease. The major risk classification, named 
the D’Amico classification, consists of prostate-specific 
antigen (PSA) status, Gleason score (GS), and clinical 
T stage [1, 2]. However, the clinical T stage, which is 
based on the digital examination and imaging estimation, 
could be a poor predictor for biochemical failure (BCF) 
after prostatectomy compared to other clinical factors, 
because of its inconsistency in predicting prognosis [3].

Another predictor, even though original Cancer of 
the Prostate Risk Assessment (CAPRA) was developed 
using preoperative parameters, including PSA, GS, T 
stage, percent positive biopsy and age [4], but CAPRA-S 
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pendent risk factor for BCF after prostatectomy. Conclusion: 
The GP score, consisting of two absolute numbers, may be a 
valuable predictive factor for BCF after prostatectomy, espe-
cially in the high-risk failure group.
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score, consisted of PSA, surgical margins, seminal vesi-
cle invasion, GS, extracapsular invasion and lymph node 
involvement. CAPRA-S has been used to predict recur-

rence and mortality after prostatectomy [5]. However, 
since the score components can only be observed during 
surgery, the CAPRA-S is useful only after surgery.

Risk classifications used in clinical practice should 
be simple and easy to use. To address the limitations of 
the D’Amico classification and the CAPRA-S score, new 
and simpler predictive formulas [6, 7] and a scoring sys-
tem [8] consisting of PSA and GS have been evaluated. 
To establish wider usage of these systems, additional im-
proved formulas will be crucial.

In this study, we created a new predictive formula in 
which we multiplied the GS of a preoperative specimen 
by PSA, and named it the GP score. We assessed the ef-
fectiveness of this score as a preoperative predictive fac-
tor for PSA BCF after prostatectomy in prostate cancer, 
compared to classical D’Amico classification.

Materials and Methods

Patient Population
Between January 2001 and December 2013, we assessed 459 

prostate cancer patients who underwent retropubic prostatecto-
mies at our institution (table 1). Preoperatively, our central pathol-
ogist estimated GS based on the category in the 2005 International 
Society of Urological Pathology Consensus Conference on Glea-
son Grading of Prostatic Carcinoma [9]. This retrospective study 
was approved by the Institutional Review Board of our hospital.

PSA and GS
Preoperative and postoperative PSA levels in serum were cal-

culated based on the Tandem-R method (normal range ≤ 4.0 ng/
ml), using the PSA calculation product of Abbott Japan (Chiba, 
Japan).

Preoperatively, an endorectal ultrasound guided prostatic bi-
opsy was performed. The number of cores was sextant between 
January 2001 and October 2002; 8 cores were taken per biopsy, 
comprising sextant along with 2 cores of mid-line, between No-
vember 2002 and December 2006; and 10 cores were taken per 
biopsy, comprising sextant along with 4 cores of mid-line, after 
January 2007, respectively. To avoid interobserver variation, one 
central pathologist performed the evaluation GS for all bioptic 
samples.

Table 1. Baseline characteristics

Clinical T stage

Number
Operation date
Age, years
PSA, ng/ml

0–10
over 10–20
over 20

Gleason score
≤ 6
= 7
8–10

Clinical T stage
cT1c–T2a
cT2b
cT2c

D’Amico classification
Low
Intermediate 
High

GP score classification
Low
Intermediate 
High

459
2001/1–2013/12
64.9 ± 5.4

327 (71.2%)
  99 (21.6%)
  33 (7.2%)

249 (54.2%)
153 (33.4%)
  57 (12.4%)

293 (63.8%)
  82 (17.9%)
  84 (18.4%)

135 (29.4%)
190 (41.4%)
134 (29.2%)

253 (55.1%)
150 (32.7%)
  56 (12.2%)

Values

Table 2. Comparison of D’Amico classification and GP score subgroup

    GP score

Low Intermediate High

253
119 (88.1%)
  90 (47.4%)
  44 (32.8%)

150
  16 (11.9%)
  88 (46.3%)
  46 (34.4%)

56
  0 (0%)
12 (6.3%)
44 (32.8%)

D’Amico classification
Low risk
Intermediate risk
High risk

459
135
190
134

Fig. 1. Distribution of GP score.

Total
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D’Amico Classification
Clinical risk was determined according to the D’Amico risk 

classification [1, 2]. The numbers of patients in the low-, inter-
mediate- and high-risk subgroups were 135 (29.4%), 190 (41.4%) 
and 134 (29.2%), respectively.

Fig. 2. Non-biochemical failure (BCF) rate in low-risk (blue line), intermediate-risk (red line) and high-risk (green line) 
subgroups, based on the D’Amico classification.

GP Score
We named the new formula the GP score: specifically, biop-

tic GS multiplied by PSA. Figure 1 shows the distribution of the 
cases. GP scores ranged from 15.6 to 558, and the mean and stan-
dard deviation were 66.0 and 60.7, respectively. With the 3 peaks 

Fig. 3. Non-biochemical failure (BCF) rate in low GP score (blue line), intermediate GP score (red line) and high GP 
score (green line) subgroups, based on the GP score classification.
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Table 3. Multivariate analysis (Cox proportional hazards model) of predictors for BCF after prostatectomy

Resection margin (+ vs. -)
Bleeding  (≥ 1,000 vs. < 1,000 ml)
PSA (≥ 20 vs. < 20 ng/ml)
Gleason score (8–10 vs. 6, 7)
GP score (≥ 100 vs. < 100)

3.46
2.7
3.9
2.5
5.02

Univariate model

HR 95%CI p

Multivariate model

HR 95%CI p

2.20–5.45
1.70–4.27
2.01–6.87
1.46–4.32
3.13–8.06

0.0001
0.0001
0.001
0.001
0.0001

2.68
1.96
1.05
1.57
3.78

1.66–4.34
1.21–3.17
0.48–2.27
0.86–2.87
1.95–7.35

0.001
0.01
0.912
0.141
0.001

of distribution estimated in figure 1, we classified the cases into 
3 subgroups: low, < 50; intermediate, from 50 to 100; and high, > 
100. The numbers of patients in the subgroups were 253 (55.1%), 
150 (32.7%) and 56 (12.2%), respectively.

Definition of Progression
The definition of BCF of PSA was the first day with a serum 

PSA level exceeding 0.2 ng/ml followed by a 3-point elevation. If 
the PSA nadir after prostatectomy did not go below 0.2 ng/ml, the 
date of surgery was the date of PSA BCF. The period between the 
date of surgery and the PSA BCF date was evaluated.

Statistical Analysis
The significance of the difference in the distribution of cases 

was estimated by a chi-squared test. A multivariate analysis with 
a Cox hazard model was performed to identify relevant prognostic 
factors for BCF after prostatectomy for prostate cancer. A log-
rank test was used to compare the BCF rates in the D’Amico and 
the GP groups. Differences with p values of less than 0.05 were 
considered statistically significant. All statistical analyses were 
performed with SPSS version 15 software (SPSS, Chicago, IL, 
USA).

Results

The distributions of cases depending on the D’Amico 
and the GP score were determined. The matching ratio 
between the D’Amico classification and the GP score 
subgroups was 88.1% in the low, 46.3% in the interme-
diate, and 32.8% in the high subgroups, respectively. The 
matching ratio decreased significantly (p < 0.001), and 
was associated with elevated risk value (table 2).

During a median follow-up period of 56.5 months, 
the 10-year non-BCF rates were 90.4, 79.8, and 66.1% 
for the low-, intermediate-, and high-risk subgroups, re-
spectively (fig. 2). For the low, intermediate, and high GP 
score subgroups, the 10-year non-BCF rates were 85.7, 
81.6, and 42.1%, respectively (fig. 3). There were no 
significant differences in the non-BCF rates between the 

low risk and low GP subgroups or the intermediate risk 
and intermediate GP subgroups (fig. 2a, b). In contrast, 
the non-BCF rate of the high GP subgroup was signifi-
cantly lower than that of the high-risk subgroup (42.1 vs. 
66.1%, log-rank p = 0.008).

Based on the univariate model, positive resection 
margin, bleeding over 1,000 ml, PSA ≥ 20 ng/ml, GS ≥ 
8, and GP score ≥ 100 (high GP score) were significant 
risk factors for BCF after prostatectomy. In multivariate 
analysis, a high GP score (p = 0.001; HR 3.78; 95%CI 
1.95–7.35) was a significant independent risk factor for 
BCF after prostatectomy, associated with positive re-
section margin (p = 0.001; HR 2.68; 95%CI 1.66–4.34) 
and bleeding over 1,000 ml (p = 0.01; HR 1.96; 95%CI 
1.21–3.17) (table 3).

Discussion

Choosing the appropriate management of prostate 
cancer can be complicated due to the heterogeneity of 
prostate cancer itself and the availability of several treat-
ment options. Even though prostatectomy is generally 
considered the optimal option, patients often want to 
know the probability of post-treatment BCF in preoper-
ative stage. We looked for a simple formula to provide a 
useful preoperative predictor for BCF.

We created and assessed the GP score, which takes the 
GS and PSA but not the clinical T stage into account. Ac-
cording to this evaluation, the low GP subgroup and the 
D’Amico low risk subgroup had similar rates of recur-
rence, as did the patients with intermediate GP compared 
with those with D’Amico intermediate risk. Surprisingly, 
the high GP subgroup (42.1%) had a lower rate of non
-BCF compared with the D’Amico high-risk subgroup 
(66.1%).
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Various formulas that include the GS and PSA with or 
without the T stage have been reported upon as preoper-
ative predictors for BCF or lymph node metastasis. The 
Roach formula, 2/3 × PSA + (GS – 6) × 10, was evalu-
ated for predicting the risk of lymph node involvement 
in localized prostate cancer [6] , and it predicted lymph 
node metastasis in extended pelvic lymph node cases in 
prostate cancer after prostatectomy [10] . However, other 
groups have reported that the Roach formula overesti-
mated pelvic lymph node risk [7]. The Yu formula in-
cludes GS, PSA and T stage. Yu et al. [11] reported that 
this formula (GS – 5) × [PSA/3 + (1.5 × T)], where T = 0, 
1, and 2 of clinical stage T1c, T2a, and T2b/T2c, respec-
tively), was a useful predictor of high risk of lymph node 
metastasis after prostatectomy. Still another scoring sys-
tem, named PRIX (prostate risk index), consists of PSA, 
GS, and T stage. PRIX was a crucial predictor of lymph 
node metastasis according to a Partin cancer-staging no-
mogram [12]. BCF after prostatectomy for prostate can-
cer [8], and high-risk patient selection for high-dose-rate 
interstitial brachytherapy [13] were respectively.

Compared to these formulas, our GP score formula 
may be simpler and easier to calculate, and may prove 
to be a useful tool in clinical practice for treatment deci-
sion-making before surgery for prostate cancer.

Can the clinical T stage contribute to improvements 
in predictive value? Recently, multiparametric magnetic 
resonance imaging was found to be useful in T staging, 
especially for extracapsular invasion [14]. In addition, 
a positive computed tomography result was associated 
with PSA, GS, and T stage [15]. In the future, after im-
provements in radiological technology improve the ac-
curacy of clinical T stage identification, a new formula 
including the clinical T stage can be considered.

In terms of scoring based on PSA and GS, we must 
treat PSA and GS differently. As PSA is a numerical 
value, it can be easily used in scoring. However, GS is 
a more subjective value, as it is affected by the pathol-
ogist’s judgment. GS is a unique grading system spe-
cifically used for prostate cancer [15], and 44–48% of 
cases may be graded differently by different pathologists 
[17, 18]. In fact, according to our previous paper, only 
59.5% of cases were given concordant GS by local and 
central pathologists, which affected the distribution risk 
classification [19]. Thus, just as in this report, the central 
pathologists’ GS will be indispensable in calculating the 
GP score, to avoid validations.

What types of high-risk cases could be defined by a 
high GP score? According to our data, the non-BCF rate 
of the high GP subgroup was significantly lower than that 

of the D’Amico classification high-risk subgroup (42.1 
vs. 66.1%, log-rank p = 0.008). The matching ratio be-
tween the high GP and high-risk group was only 32.8%, 
which indicates that the high GP subgroup patients had 
different characteristics compared with the high-risk 
group. In addition, high GP was a significant indepen-
dent risk factor for BCF after prostatectomy, associated 
with a positive resection margin. In general, since posi-
tive surgical margin should be a strong predictor for BCF 
after prostatectomy [20], high GP included the high risk 
cases with other risk factors, except for positive surgical 
margins. The one candidate risk factor will be micro me-
tastases in the lymph nodes or other organs.

This study has several limitations. First, this study 
had a retrospective design and a low number of cases. 
Second, more than 50% of our patients undergoing pros-
tatectomy had a GS of 6; their background was quite dif-
ferent from present practice, with more and more high-
risk cases undergoing surgery. Third, since the number 
of cores obtained by endorectal ultrasound guided pros-
tatic biopsy changed with the time period of the biopsy, 
the preoperative GS may have been affected with time. 
Fourth, between 2001 and 2013, medical practices have 
changed, which would have affected the treatment strat-
egy and clinical results in our study.

 However, according to our results, the GP score 
should be useful as a predictive value for PSA BCF after 
prostatectomy. In addition, the GP score has the advan-
tages of simplicity in using two commonly used factors, 
GS and PSA. Therefore, this formula may contribute to 
prostate cancer treatment decision-making in clinical 
practice. For the future, the efficacy of GP score should 
be evaluated on the larger cohorts.
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