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Background: Prognosis for intermediate-risk prostate cancer (PCa) remains variable; therefore, 

we aimed to investigate high-risk factors for biochemical recurrence (BCR), and intermediate-

risk PCa using radical prostatectomy to identify patients having equivalent BCR-free survival 

rates when compared to high-risk PCa.

Patients and methods: A total of 441 medical records were analyzed, including those of 

169 intermediate-risk and 272 high-risk PCa patients. Risk factors for time to BCR were tested 

and analyzed using Kaplan–Meier survival analysis, log-rank tests, and Cox proportion hazards 

models.

Results: In the intermediate-risk group, prostate-specific antigen density (PSAD) and primary 

Gleason pattern were significant preoperative risk factors for BCR. Moreover, BCR-free survival 

of patients in the intermediate-risk group with a higher PSAD (>0.5 ng/mL/cm3) was comparable 

with that of patients in the high-risk group (P=0.735). When combining primary Gleason pattern 

4 and 3 with PSAD cut-offs 0.3–0.7 ng/mL/cm3, we found that BCR-free survival of patients in 

the intermediate-risk group with a primary Gleason pattern 4 and PSAD >0.3 ng/mL/cm3 was 

comparable with that of patients in the high-risk group (P=0.463).

Conclusion: PSAD and primary Gleason pattern are potential risk factors associated with 

biochemical failure in intermediate-risk PCa patients after radical prostatectomy. Regarding 

significant differences in prognosis according to PSAD as well as primary Gleason pattern on 

biopsy, a subset of the intermediate-risk patients could be identified with outcomes that were 

equivalent to that of high-risk patients.

Keywords: biochemical recurrence, Gleason grade, intermediate risk, prostate cancer, PSA 

density

Introduction
Prostate cancer (PCa) is the most common solid malignancy in many western coun-

tries.1 Although the incidence and mortality rate of PCa is lower in Asian countries, 

in recent years, the incidence has risen.2 PCa shows a heterogeneous characterization, 

ranging from insignificant and organ confined to aggressive. The D’Amico PCa risk 

classification system has been widely applied for the selection of appropriate treatment 

and prediction of prognosis for PCa.3 Moreover, significant heterogeneity remained 
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in every given risk group, and the established risk stratifica-

tion system inefficiently preoperatively identified patients 

with advanced pathologic features, leading to biochemical 

and systemic recurrence.4 Published reports suggested that 

biochemical recurrence (BCR) rates after definitive pri-

mary treatment for intermediate-risk PCa are variable, with 

5-year BCR rates ranging from 2% to 70%.5 In addition, in 

several studies, it has been suggested that a wider range of 

intermediate-risk PCa patients is suitable for active surveil-

lance (AS).6–8 However, a significant proportion of patients 

with intermediate-risk PCa have poor prognosis and are 

not suitable for AS. Thus, a more precise stratification of 

intermediate-risk PCa is warranted to identify the unrecog-

nized high-risk disease, in order to treat these patients more 

accurately and aggressively.

The purpose of the present study was to investigate the 

effects of various clinical and pathological factors on BCR in 

intermediate-risk PCa and to identify patients with a similar 

prognosis in the high-risk group according to BCR after 

radical prostatectomy (RP).

Patients and methods
This study was conducted in accordance with the Declaration 

of Helsinki and was approved by the Committee Board of 

the First Affiliated Hospital of Soochow University, Suzhou, 

China. The representative population of the single-center study 

included the residents of eastern China. Written informed con-

sent was waived as there were no conflicts of interest or damage 

to patients, and patient data confidentiality was guaranteed 

according to the requirement of the institutional review board.

After obtaining approval from our institutional review 

board, the databases of 634 men who underwent RP for PCa 

were reviewed in the archives of the First Affiliated Hospital 

of Soochow University between August 2012 and April 2017. 

After excluding patients who received neoadjuvant androgen 

deprivation or radiation therapy prior to prostatectomy or if 

adjuvant treatment was received immediately after surgery, 

a total of 441 patients were enrolled in the present study. 

Classifying the patients into modified National Compre-

hensive Cancer Network risk groups,9 169 (38.3%) were 

at intermediate-risk PCa (clinical stage T2b–T2c, biopsy 

Gleason score 7, or prostate-specific antigen [PSA] 10–20 

ng/mL) and 272 (61.7%) were at high-risk PCa (clinical stage 

T3a, biopsy Gleason score 8–10, or PSA >20 ng/mL). All 

patients had biopsy GS7 with both a primary and secondary 

grade recorded, and all sections were pathologically reviewed 

before patients underwent RP. RP was carried out using a 

laparoscopic approach. All biopsy and RP specimens were 

pathologically analyzed by at least two genitourinary patholo-

gists. Postoperative BCR was defined as two consecutive 

increases in PSA level ≥0.2 ng/mL after RP. Prostate-specific 

antigen density (PSAD) was defined as the ratio of preop-

erative serum PSA level (ng/mL) to transrectal ultrasound-

estimated prostate volume (cm3). As recommended by the 

physicians, all patients had their scrum PSA levels assessed 

monthly in the first year after surgery and at least every 4 

months in the following 4 years. Because follow-up treat-

ment was received in other hospitals, the scrum PSA data of 

a small number of patients were obtained through telephone 

follow-up. Patients who followed up for <1 year and patients 

who did not have their PSA level tested for >6 months after 

surgery were excluded from the study.

Quantitative data were compared using a Mann–Whiney 

U test and qualitative data using a Fisher’s exact test. 

 Postoperative BCR-free survival rates were calculated using 

the Kaplan–Meier survival method for which a log-rank test 

was used to compare BCR-free survival rates among groups 

or subgroups. Cox proportional hazards regression analysis 

was used for univariate and multivariate analyses in which 

these factors were examined in relation to BCR, including: 

patient age, biopsy primary Gleason pattern, preoperative 

PSA level, prostate volume, PSAD, percent of positive biop-

sies, number of intermediate risk factors, extracapsular tumor 

extension, positive surgical margins, and seminal vesicle 

invasion. Baseline variables that were considered clinically 

relevant or that showed a univariate relationship with outcome 

were entered into multivariate Cox proportional hazards 

regression model. Given the number of events available, we 

carefully selected the variables to ensure that the final model 

was concise. SPSS version 19.0 software (IBM Corporation, 

Armonk, NY, USA) was used for statistical analysis. Two-

tailed P-values <0.05 were considered statistically significant.

Ethics approval and consent to 
participate
This study was conducted in accordance with the Declaration 

of Helsinki and was approved by the Committee Board of 

the First Affiliated Hospital of Soochow University, Suzhou, 

China. Written informed consent was waived as there were 

no conflicts of interest or damage to patients, and patient data 

confidentiality was guaranteed according to the requirement 

of the institutional review board.

Results
In the preoperative characteristics indicated in Table 1, 

significant differences were observed in PSA, PSAD, the 
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Table 1 Preoperative clinical characteristics for the intermediate- and high-risk PCa patients

Intermediate-risk group High-risk group P-value

Number % Number %

number of patients 169 272
age (years) 68 (50–78) 67 (48–76) 0.783

≤65 59 34.9 107 39.3

>65 110 65.1 165 60.7
Psa (ng/ml) 11.3 (4.5–18.8) 19.2 (5.6–36.8) <0.001

4–10 (<10) 87 51.4 52 19.1
10–20 82 48.6 88 32.4
>20 0 0 132 48.5

Primary gleason pattern
3 68 40.2 38 14.0 0.001
4 101 59.8 131 48.2
5 0 0 103 37.8

Clinical stage
≤T2a 85 50.3 39 14.3 <0.001
T2b–T2c 84 49.7 144 53.0
T3a 0 0 89 32.3

Prostate volume (cm3) 38.3 (13.9–94.3) 36.6 (14.4–90.7) 0.372
≤40 93 55.0 145 53.0

>40 76 44.0 127 47.0
PsaD (ng/ml/cm3) 0.34 (0.06–1.02) 0.58 (0.12–1.46) <0.001

≤0.3 76 45.0 54 19.9

>0.3 93 55.0 218 80.1

>0.5 30 17.8 174 64.0
Percent of positive biopsies 18.9 (7.6–58.3) 26.5 (8.3–66.7) <0.001

≤50 127 75.1 167 61.4

>50 42 24.9 105 38.6
number of risk factors

single 79 46.7 138 50.1 0.434
Multiple 90 53.3 134 49.9

Note: Bold text indicates statistical significance. 
Abbreviations: PSA, prostate-specific antigen; PSAD, PSA density.

Table 2 Pathological features for the intermediate- and high-risk groups

Intermediate-risk group High-risk group P-value

Number % Number %

Positive surgical margin
Positive 43 25.4 102 30.6 0.009
negative 126 74.6 170 69.4

seminal vesicle invasion
Positive 25 14.8 71 27.7 0.006
negative 144 85.2 201 72.3

extracapsular extension
Positive 53 31.4 125 38.6 0.003
negative 116 68.6 147 61.4

Note: Bold text indicates statistical significance.

percentage of positive biopsies at median value, the com-

position of primary Gleason patterns, and the clinical T 

stage between the intermediate-risk and high-risk groups. 

Pathological characteristics are presented in Table 2. Signifi-

cant differences were observed in surgical margin, seminal 

vesicle, and prostate capsule status. Of the 169 intermediate-

risk PCa patients, 101 had a primary Gleason pattern 4, 84 

had cT2b–T2c, and 82 had PSA >10 ng/mL. At the median 

follow-up of 31 months, 36 patients in the intermediate-risk 

group showed BCR after RP. The 3-year BCR-free survival 

rate was 75.1%. Table 3 shows the results of univariate and 

multivariate analyses of the intermediate-risk PCa patients. 
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Among the preoperative variables, PSAD and primary 

Gleason pattern were significant prognostic factors for BCR 

univariate analyses (P=0.008 and P=0.026, respectively). 

In addition, patient age, preoperative PSA level, prostate 

volume, percentage of positive biopsies, and number of 

intermediate risk factors were not significant risk factors 

for BCR. All postoperative pathological variables, including 

extracapsular tumor extension, positive surgical margins, 

and seminal vesicle invasion, were significant prognostic 

factors in univariate analysis of patients with intermediate-

risk PCa who were treated using RP. In a multivariable Cox 

proportional hazards model including all preoperative and 

postoperative variables, PSAD and a primary Gleason pattern 

were found to be independent factors associated with BCR 

among the intermediate-risk group.

A total of 36 (21.3%) patients in the intermediate-risk 

group and 85 (31.2%) patients in the high-risk group experi-

enced BCR within 5 years. The overall BCR-free survival of 

the two groups is shown in Figure 1. The overall postopera-

tive BCR-free survival rate was significantly higher in the 

intermediate-risk group when compared with the high-risk 

group (68.5% vs 56.1%; log-rank P=0.008). Patients in the 

intermediate-risk group with PSAD >0.3 ng/mL/cm3 had 

a significantly higher BCR rate compared to those with 

PSAD ≤0.3 ng/mL/cm3 (P=0.008). Based on the preopera-

tive risk factors associated with BCR in the present study, 

we attempted to identify the patients in the intermediate-risk 

group with similar BCR-free survival rate as in the high-risk 

group using several cut-off points of PSAD. When in the cur-

rent study, the difference in the BCR rate between individuals 

with a PSAD 0.3–0.7 ng/mL/cm3 was analyzed in units of 0.1 

ng/mL/cm3, that BCR-free survival in the intermediate-risk 

group with a PSAD >0.5 ng/mL/cm3 was comparable with 

Table 3 Univariate and multivariable analyses for BCR prediction in intermediate-risk prostate cancer patients

Preoperative predictors Univariate Multivariate 95% CI P-value

P-value HR

age (years) >65 vs ≤65 0.880 ns
Psa >10 vs ≤10 0.080 ns
Primary gleason pattern 4 vs 3 0.026 2.433 1.16–5.13 0.019
Clinical T stage T2b–T2c vs ≤T2a 0.711 ns
Prostate volume (cm3) >40 vs ≤40 0.095 ns
PsaD (ng/ml/cm3) >0.3 vs ≤0.3 0.008 3.066 1.38–6.82 0.006
Percent of positive biopsies >50 vs ≤50 0.063 ns
number of risk factors ≥2 vs 1 0.054 ns
Postoperative predictors
Positive surgical margin (+) vs (−) 0.001 2.097 1.06–4.15 0.033
seminal vesicle invasion (+) vs (−) 0.003 2.665 1.27–5.60 0.010
extracapsular tumor extension (+) vs (−) 0.007 2.609 1.78–5.78 0.018

Abbreviations: BCR, biochemical recurrence; NS, nonsignificant; PSA, prostate-specific antigen; PSAD, PSA density.
Note: Bold text indicates statistical significance.

Figure 1 Kaplan–Meier: a comparison of intermediate-risk patients with high-risk 
patients undergoing RP, showing significant differences in BCR-free survival rates.
Abbreviations: BCR, biochemical recurrence; RP, radical prostatectomy.
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that in the high-risk group (P=0.735; Figure 2). Moreover, 

pairwise comparisons among the three groups revealed that 

subgroups 2 and 3 showed similar recurrence curves. Also, 

Figure 2 Kaplan–Meier: BCR-free survival by the risk group of PsaD.
Notes: Pairwise P-values are as follows: high-risk vs intermediate-risk groups with 
PsaD >0.5, P=0.735; intermediate-risk group with PSAD >0.5 vs PsaD ≤0.5, P=0.003.
Abbreviations: BCR, biochemical recurrence; PSAD, prostate-specific antigen 
density.
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patients in the intermediate-risk group with a PSAD >0.5 ng/

mL/cm3 had a significantly higher BCR rate when compared 

to those with a PSA density ≤0.5 ng/mL/cm3 (P=0.003; 

 Figure 2). Furthermore, when combining the primary Glea-

son pattern with PSAD, we demonstrated that patients with 

a primary Gleason pattern 4 and PSAD >0.3 ng/mL/cm3 had 

a BCR-free survival that was comparable with that of high-

risk group patients (P=0.463; Figure 3). Similarly, patients in 

the intermediate-risk group with a primary Gleason pattern 4 

and PSAD >0.3 ng/mL/cm3 had a significantly higher BCR 

rate when compared to that in those with a primary Gleason 

pattern 3 and PSAD ≤0.3 ng/mL/cm3 (P=0.004; Figure 3).

Discussion
Due to the high heterogeneity in the prognosis for patients 

with PCa, improvement of the individual risk prediction 

remains to be discussed and may be relevant to improve 

patient management. In general, patients with low-risk dis-

ease are diagnosed early and may be cured with local treat-

ment. High-risk PCa patients often need to accept further 

treatment in the form of androgen therapy, chemotherapy, 

or other systemic treatments to achieve a better outcome. In 

the present study, we aimed to explore whether preoperative 

factors can be used to predict the prognosis of patients with 

intermediate-risk PCa, so as to identify the part with similar 

adverse outcomes in the high-risk group. We found that those 

patients had significantly different postoperative outcomes 

based on both PSAD and the biopsy primary Gleason pattern.

In many studies, the heterogeneity of intermediate-risk 

PCa with regard to its prognosis has been reported. Indeed, 

Reese et al demonstrated that BCR-free survival rates 

were superior in men with an advanced clinical stage when 

compared to those in men with an advanced Gleason score 

or higher PSA level.4 When analyzing the outcomes of 

intermediate-risk PCa patients treated with external-beam 

radiation therapy, Zumsteg et al10 compared patients who were 

classified as having an unfavorable disease (a primary Glea-

son pattern of 4, percent of positive biopsy scores ≥50%, and 

the presence of multiple intermediate-risk factors) with other 

favorable patients with intermediate-risk PCa. They showed 

that unfavorable patients had an inferior PSA recurrence-free 

survival, distant metastasis, and PCa-specific morality. Jung 

et al11 applied a similar classification system to patients with 

intermediate-risk PCa who received RP, and observed that 

unfavorable patients had significantly higher rates of adverse 

pathological features and inferior postoperative biochemical 

outcomes. In addition, Jung et al showed that the 5-year BCR-

free survival of unfavorable patients was significantly higher 

when compared to that in the high-risk group after RP. In the 

present study, we found that when using the preoperative 

PSAD calculated from transrectal ultrasound measurement 

and the updated Gleason grading system, PSAD and the pri-

mary Gleason pattern were independent predictors that were 

associated with BCR after prostatectomy, whereas clinical T 

stage, percentage of positive biopsy scores, and the number 

of intermediate-risk factors were not independent predictors.

Since the introduction of the Gleason scoring system in 

the 1960s, it has been shown to be one of the most significant 

prognosis factors in PCa and has greatly promoted people’s 

understanding of its pathological features. In 2014, the Inter-

national Society of Urological Pathology (ISUP) Consensus 

further revised the Gleason grading system of PCa, which 

not only defined the morphological criteria of Gleason PCa 

in more detail and clearly but also proposed a new set of 

prognostic differentiation-based grouping of PCa grading.12 

The differences between Gleason 3+4 and 4+3 tumors may 

well have become more evident. In part, these changes may 

contribute to the recent increase in the diagnosis of Gleason 

score 7 as opposed to Gleason score 6 and the heterogene-

ity in men in the intermediate-risk group. In many studies, 

it was demonstrated that Gleason score 4+3=7 had a worse 

prognosis than 3+4=7 in RP specimens.13,14 When analyzing 

these differences in biopsy specimens, we subcategorized 

Figure 3 Kaplan–Meier: BCR-free survival by the risk group of PsaD and primary 
gleason pattern.
Notes: Pairwise P-values are as follows: high-risk vs intermediate-risk groups with 
PsaD >0.3 and primary gleason 4, P=0.463; intermediate-risk group with PSAD 
>0.3 and primary gleason 4 vs PsaD ≤0.3 and primary gleason 3, P=0.004.
Abbreviations: BCR, biochemical recurrence; PSAD, prostate-specific antigen 
density.
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Gleason score 7 into 4+3 and 3+4 as recommended in the 

ISUP Consensus 2005, and found there was still prognostic 

significance relative to the risk of BCR after RP in the two 

groups, which corresponded to most previous studies.11,15,16

The major classification systems use a cut-off PSA level 

of 10–20 ng/mL to define intermediate-risk PCa, and PSA 

is recognized as an independent predictor of outcome in 

PCa patients. However, because benign epithelium of PCa 

also secretes PSA, the value of total serum PSA will, to 

some extent, be affected by the volume of prostate glands. 

PSAD, originally introduced by Benson et al17 in an effort 

to improve the specificity of PSA testing for PCa screening, 

was thought to reduce the error caused by prostate volume. 

In some studies, the role of PSAD in predicting adverse 

pathology or BCR of PCa was explored.18–21 In other stud-

ies, PSAD was compared with PSA to see if this would be 

a better predictor after primary treatment.22–25 In most stud-

ies, it was agreed that PSAD can serve as an independent 

prognosis predictor of PCa, but whether it can take the place 

of PSA to predict adverse pathological findings and BCA 

is still controversial. In our study, multivariate analysis 

showed that in the intermediate-risk group, the preoperative 

PSAD was a strong predictor of BCR-free survival after 

RP, whereas PSA was not. The preoperative PSAD cut-off 

points of <0.3 and >0.3 ng/mL/cm3 were in line with those 

published in previous studies showing that PSAD >0.3 ng/

mL/cm3 increased the likelihood of BCR after RP.23–26 Fur-

thermore, a cut-off of 0.5 ng/mL/cm3 achieved the most sig-

nificant results, and patients in the intermediate-risk group 

with PSAD >0.5 ng/mL/cm3 had a risk that was equivalent 

to that of patients in the high-risk group. Moreover, when 

combining these cut-off points with biopsy primary Gleason 

patterns 3 and 4, we found that patients with PSAD >0.3 ng/

mL/cm3 and primary Gleason pattern 4 had a similar BCR-

free survival when compared with patients in the high-risk 

group. Freedland et al22 used the PASD and Gleason score 

to create an improved version of risk stratification for BCR 

after RP, and they showed that patients with a PSAD >0.7 ng/

mL/cm3 in both the intermediate-risk and low-risk groups 

experienced a risk that was equivalent to that of patients 

in the high-risk group. However, the Gleason grading in 

that study was not based on the 2005 ISUP; therefore, the 

impact of the primary Gleason score on BCR may change. 

Additionally, the PASD used in their study was calculated 

by dividing serum PSA by the pathological weight of the 

prostatectomy specimen.

Existing risk assessment stratification may be lacking 

in patient treatment strategies and individual management. 

However, incorporation of PSAD and the primary Gleason 

pattern may help provide additional prognostic information, 

thereby leading to better and more accurate treatment strate-

gies. Data analysis results from the Mayo Clinic and Johns 

Hopkins University showed that the BCR rates and prognostic 

outcomes were significantly different in intermediate-risk 

patients when a Gleason score of 7 was stratified according 

to the primary Gleason pattern.27,28 PSAD has been adopted 

as a useful tool for selecting candidates for AS in low-risk 

PCa. Kang et al29 proposed to apply PSAD to the selection 

of intermediate-risk PCa patients suitable for AS. In the 

current study, we further demonstrated that incorporation of 

the PSAD and the primary Gleason pattern can be used to 

identify patients who need a more invasive treatment.

Our study has some limitations. It is a retrospective study 

based on a relatively small patient population, the number of 

the patients enrolled in the current study was limited, and the 

median follow-up of the cohort was relatively short. Since 

the morality rate during our follow-up was extremely low, we 

could not analyze long-term postoperative follow-up data, 

such as PCa-specific or metastasis-free survival. Another 

limitation of the current study was that most patients in our 

study did not have a standard pelvic lymph node dissection; 

therefore, we could not incorporate lymph node metastasis 

into the multivariate analysis.

In conclusion, preoperative PSAD and the primary 

Gleason pattern were important preoperative factors to 

predict biochemical failure and should be incorporated 

into risk assessment for intermediate-risk PCa patients 

after RP. They were able to help us identify patients in the 

intermediate-risk with outcomes that were equivalent to those 

of high-risk patients. Since the BCR-free survival rates of 

intermediate-risk group patients with a PSAD >0.3 ng/mL/

cm3, a primary Gleason pattern 4, or PSAD >0.5 ng/mL/cm3 

were comparable to those of high-risk group patients, it may 

be reasonable to propose that these patients need to receive 

invasive and comprehensive treatments similar to those for 

high-risk PCa. The findings of the current study should be 

validated using a larger data set.
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