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Abstract. Patients with high‑risk prostate cancer after pros‑
tatectomy have a particularly high chance of being diagnosed 
with biochemical recurrence (BCR). Patients with BCR 
have a greater risk of disease progression and mortality. The 
present retrospective observational study aimed to clarify 
the risk factors for the BCR of prostate cancer after radical 
prostatectomy in patients with high‑risk and very high‑risk 
prostate cancer. Patients diagnosed with prostate cancer 
who received radical prostatectomy in a single center from 
January 2009 to June 2020 were included in the study. Data 
from medical records were reviewed and the patients were 
followed up for ≥6 years. The primary outcome was BCR 
within 1 year after surgery. A total of 307 patients were 
included, with 187 in the high‑risk group and 120 in the very 
high‑risk group as classified by the National Comprehensive 
Cancer Network (NCCN) guidelines. Patients in the very 
high‑risk group had a lower BCR‑free survival rate compared 
with those in the high‑risk group, with a high risk of BCR 
even if their PSA levels were initially undetectable after 
prostatectomy, and a high risk of postoperatively detectable 
PSA. In patients with undetectable PSA after prostatectomy, 
BCR was associated with the initial PSA density, imaging 
stage (T3aN0M0 and T3bN0M0), and pathologic stage 
(any N1). Postoperatively detectable PSA was associated 
with pathologic stage (T3bN0M0 and any N1) In conclu‑
sion, preoperative MRI imaging stage and PSA density 
are predictors for short‑term BCR after prostatectomy. 

NCCN‑defined high‑risk patients with a high initial PSA 
density, imaging stage (T3aN0M0 and T3bN0M0), and 
pathologic stage (any N1) had a higher risk of BCR when 
compared with other patients with undetectable PSA, while 
those with pathologic stage (T3bN0M0 or any N1) displayed 
a higher risk of postoperatively detectable PSA. These find‑
ings may help urologists to identify patients for whom active 
therapeutic protocols are necessary.

Introduction

Prostate cancer is the most common urological cancer among 
older men. In 2020, 1,414,259 patients were newly diagnosed 
with prostate cancer globally (1). Surgical treatment, which 
primarily comprises radical prostatectomy, provides reason‑
able disease control for prostate cancer, but ~25% of patients 
experience disease recurrence (2). The most frequently 
used test to monitor disease occurrence is the detect‑
able prostate‑specific antigen (PSA) value after surgery. 
Patients with high‑risk prostate cancer after prostatectomy 
have a particularly high chance of being diagnosed with 
biochemical recurrence (BCR) following two consecutive 
PSA measurements of >0.2 ng/ml. Patients with BCR have 
a greater risk of disease progression and mortality (2‑6), 
and the early occurrence of BCR is associated with a poor 
prognosis (6‑9).

Patients defined as high risk according to the National 
Comprehensive Cancer Network (NCCN) guidelines have 
an increased risk of disease progression and cancer‑specific 
mortality (10). Furthermore, one study reported that ~50% of 
high‑risk patients had BCR within 1 year (6), which indicates 
that patients categorized as high risk require considerable 
attention and a strong follow‑up strategy, particularly those 
with early BCR. The present study evaluated the risk factors 
associated with high‑risk and very high‑risk patients as 
classified by the NCCN guidelines after radical prostatectomy. 
These guidelines are designed to help urologists to identify 
patients requiring more aggressive therapeutic programs of 
clinical care.
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Materials and methods

Study sample. The present retrospective study enrolled patients 
diagnosed with prostate cancer who received radical prosta‑
tectomy at Taichung Veterans General hospital (Taichung, 
Taiwan) from January 1, 2009 to June 30, 2020. The patients 
were all male with a median age of 73 years (range 52‑85 years). 
All patients had received laparoscopic radical prostatectomy 
or robotic‑assisted prostatectomy performed by a single 
surgical team. Two radiologists interpreted MRI images based 
on Prostate Imaging‑Reporting and Data System scores (11). 
The follow‑up duration for all patients was ≥6 years. Patients 
without follow‑up data or with pathologic stage T3bN2M0 
were excluded. All patient data were extracted from medical 
records, including demographics, surgery type, pelvic lymph 
node dissection (PLND) status, PSA values, Gleason scores, 
and pathological and image examination data at diagnosis 
and within 1 year after prostatectomy. The pathological and 
image examination in the present study was based on the 
standard Tumor‑Node‑Metastasis staging system defined 
by the published American Joint Committee on Cancer 8th 
edition (12). The detected range of primary tumor invasion 
was different between the pathological and image examina‑
tion. Pathological examination evaluated T2a, T2b, T3a and 
T3b staging of prostate cancer, but image examination evalu‑
ated T2b, T2c, T3a and T3b staging. T2a indicates that tumors 
were located in <50% of one side of the prostate; T2b indicates 
that tumors were located in >50% of one side of the prostate; 
T2c indicates that tumors were located in both sides of the 
prostate; T3a indicates that tumors had broken through the 
capsule of the prostate gland; T3b indicates that tumors had 
spread into the tubes that carry semen; N0M0 indicates that 
tumors had not spread to nearby lymph nodes or elsewhere 
in the body; any T stage indicates that tumors may or may 
not have grown into tissues near the prostate (12). Pathological 
tumor percentage was calculated as a proportion of tumor 
volume and prostate volume. The formula used was as follow: 
Vc=Vol x Pc/100, where Pc is pathological tumor percentage 
(%); Vc is the volume of tumor tissues (cc); and Vol is the pros‑
tate volume (cc). The unit of volume measurement detected 
by planimetry software [Photoshop CC 2017 (version 18; 
Adobe Systems, Inc.)] is indicated as cc (13,14). PSA density 
(ng/ml2) was calculated as total PSA value (ng/ml) divided 
by prostate volume (ml). Detectable PSA is defined as a PSA 
value >0.1 ng/ml within 3 months after prostatectomy. Disease 
control is defined as the last PSA value being less than the 
PSA value during salvage therapy. The patients were assigned 
to high‑risk (T3a, Gleason score >8 or PSA >20 ng/ml) and 
very high‑risk groups (T3b‑T4, primary Gleason pattern 5, two 
or three high‑risk features or >4 biopsy cores with Gleason 
score >8) after radical prostatectomy according to the NCCN 
guidelines.

Ethical considerations. The study protocol was approved by 
the Institutional Review Boards I&II of Taichung Veterans 
General hospital (ref. no. CE21174A; approval date, June 23, 
2022) and followed the approved guidelines. No informed 
consent was required of the participants because no identifying 
patient information was included and the data were analyzed 
anonymously.

Primary outcome. The primary outcome was the BCR of pros‑
tate cancer. BCR is defined as a PSA value that had decreased 
to <0.1 ng/ml but then increased to >0.2 ng/ml more than 
3 months after prostatectomy, during salvage therapy.

Statistical analysis. The normal distribution of continuous 
data was checked with the Shapiro‑Wilk test. Data that did 
not follow a normal distribution are presented as the median 
with the interquartile range (IQR) in parentheses, and were 
analyzed using the Wilcoxon rank‑sum test. Categorical data 
were analyzed using the Chi‑square or Fisher's exact test, 
as appropriate, and are presented as n (%). Cox regression 
models were used to estimate the hazard ratios (hRs) and 95% 
confidence intervals (CIs) of the risk of BCR in patients with 
undetectable PSA. univariate and multivariate logistic regres‑
sion models were used to estimate the odds ratios (ORs) and 
95% CIs for postoperative detectable PSA rate, post‑salvage 
therapy disease control rate and the BCR <1‑year rate. Receiver 
operating characteristic (ROCs) curves were plotted to assess 
the value of PSA density and pathological tumor percentage in 
the prediction of outcomes. The cut‑off point was calculated 
according to the maximum Youden index. Each area under 
the curve (AuC) was calculated, with higher AuCs indicating 
higher predictive performance. The full model ROC curve is a 
linear regression model that includes the values of all explana‑
tory variables, such as age, surgical type, PLND, PSA density, 
pathological tumor percentage, imaging stage and pathologic 
stage. A two‑sided P<0.05 was considered to indicate a 
statistically significant difference. Data management and 
statistical analyses were conducted using SAS version 9.4 
software (SAS Institute, Inc.).

Results

Demographic and clinical characteristics of the patients. 
A total of 307 patients were included in the study, with a 
median age of 73 years (IQR, 68‑77 years). According to the 
NCCN guidelines, 187 patients were classified in the high‑risk 
group and 120 patients were classified in the very high‑risk 
group. Table I presents the baseline characteristics of the study 
population. In the very high‑risk group, the initial PSA [29.66 
(17.79‑45.19) vs. 21.00 (10.10‑30.99) ng/ml; P<0.001], PSA 
density [0.74 (0.38‑1.20) vs. 0.48 (0.24‑0.80) ng/ml2; P<0.001] 
and pathological tumor percentage [35.0 (15.0‑67.5) vs. 20.0 
(10.0‑40.0)%; P<0.001] were significantly higher than those 
in the high‑risk group. The very high‑risk group had a higher 
proportion of patients undergoing extended PLND, higher 
initial and postoperative Gleason grades, and a lower propor‑
tion of patients with imaging stage T2bN0M0/T2cN0M0 and 
pathologic stage T2aN0M0/T2bN0M0 and T3aN0M0 when 
compared with the high‑risk group (all P<0.001).

Comparisons of the clinical outcomes between the very 
high‑risk and high‑risk groups are presented in Table II. In the 
very high‑risk group, the BCR rates in the patients with unde‑
tectable PSA (52.70 vs. 30.00%; P=0.001) and postoperative 
detectable PSA (38.33 vs. 19.79%; P=0.004) were higher than 
the respective rates in the high‑risk group. Furthermore, fewer 
patients did not receive salvage therapy (19.61 vs. 46.31%; 
P<0.001) and fewer patients were receiving continence medi‑
cation 4 and 12 weeks after Foley catheter removal (37.82 vs. 
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41.94% and 50.42 vs. 53.76%; P=0.048) in the very high‑risk 
group compared with the high‑risk group. 

Risk factors of BCR. The results of univariate and multivariate 
Cox proportional hazards regression analysis of BCR are 
shown in Table III. A total of 224 patients had undetectable 
PSA. univariate analysis showed that patients in the very 
high‑risk group had a 2.13‑fold risk of BCR compared with 
those in the high‑risk group (95% CI, 1.38‑3.27; P=0.001), with 
a significant difference between the two groups. Significant 
differences were also detected in other variables, including 
extended PLND, PSA density, pathological tumor percentage, 

imaging stage and pathologic stage between the two groups 
[all P<0.001, with the exception of PSA density (P=0.003) and 
imaging stage any N1 vs. T2bN0M0/T2cN0M0 (P=0.014)]. 
After adjusting for other covariates, the PSA density [adjusted 
hR (ahR), 1.46, 95% CI, 1.01‑2.39; P=0.042], pathological 
tumor percentage (ahR, 1.02, 95% CI, 1.01‑1.23; P<0.001), 
imaging stage (T3aN0M0 vs. T2bN0M0/T2cN0M0: 
ahR, 1.96, 95% CI, 1.01‑3.79; P=0.047; T3bN0M0 vs. 
T2bN0M0/T2cN0M0: ahR, 2.59, 95% CI, 1.12‑6.01; P=0.026) 
and pathologic stage (any N1 vs. T2aN0M0/T2bN0M0: ahR, 
3.21, 95% CI, 1.25‑8.23; P=0.015) remained significantly 
associated with BCR. however, no significant difference 

Table I. Demographic and clinical characteristics of the patient population.

Characteristics Total, n=307 Very high risk, n=120 high risk, n=187 P‑value

Age, years 73 (68‑77) 74 (68‑78) 72 (68‑77) 0.314
Surgery type    0.740 
  LRP 41 (13.36) 17 (14.17) 24 (12.83) 
  RARP/RALRP/RALP 266 (86.64) 103 (85.83) 163 (87.17) 
PLND    <0.001
  Extended PLND 224 (72.96) 108 (90.00) 116 (62.03) 
  Standard PLND 83 (27.04) 12 (10.00) 71 (37.97) 
Initial PSA, ng/ml 23.93 (12.54‑37.54) 29.66 (17.79‑45.19) 21.00 (10.10‑30.99) <0.001
Initial Gleason grade    <0.001
  ≤6 50 (16.29) 8 (6.67) 42 (22.46) 
  3+4=7 57 (18.57) 9 (7.50) 48 (25.67) 
  4+3=7 36 (11.73) 13 (10.83) 23 (12.30) 
  8 70 (22.80) 29 (24.17) 41 (21.93) 
  9 or 10 94 (30.62) 61 (50.83) 33 (17.65) 
Postoperative Gleason grade     <0.001
  ≤6 18 (5.88) 4 (3.36) 14 (7.49) 
  3+4=7 92 (30.07) 19 (15.97) 73 (39.04) 
  4+3=7 82 (26.80) 28 (23.53) 54 (28.88) 
  8 27 (8.82) 13 (10.92) 14 (7.49) 
  9 or 10 87 (28.43) 55 (46.22) 32 (17.11) 
  unknown 1 1 0 
PSA density, ng/ml2 0.54 (0.29‑1.00) 0.74 (0.38‑1.20) 0.48 (0.24‑0.80) <0.001
Pathological tumor percentage 25.0 (10.0‑45.0) 35.0 (15.0‑67.5) 20.0 (10.0‑40.0) <0.001
Imaging stage    <0.001
  T2bN0M0, T2cN0M0 128 (41.69) 17 (14.17) 111 (59.36) 
  T3aN0M0 79 (25.73) 46 (38.33) 33 (17.65) 
  T3bN0M0 89 (28.99) 48 (40.00) 41 (21.93) 
  Any N1 11 (3.58) 9 (7.50) 2 (1.07) 
Pathologic stage    <0.001
  T2aN0M0, T2bN0M0 90 (29.32) 17 (14.17) 73 (39.04) 
  T3aN0M0 85 (27.69) 26 (21.67) 59 (31.55) 
  T3bN0M0 87 (28.34) 46 (38.33) 41 (21.93) 
  Any N1 45 (14.66) 31 (25.83) 14 (7.49) 

Categorical data are presented as n (%) and were analyzed using the Chi‑square test; continuous data with a non‑normal distribution are 
presented as the median (interquartile range) and were analyzed using the Wilcoxon rank‑sum test. LRP, laparoscopic radical prostatectomy; 
RALP, robotic‑assisted laparoscopic prostatectomy; RARP, robotic‑assisted radical prostatectomy; RALRP, robotic‑assisted laparoscopic 
radical prostatectomy; PLND, pelvic lymph node dissection; PSA, prostate‑specific antigen. 
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in BCR was found between the two NCCN risk groups 
(ahR, 1.25; 95%CI, 0.76‑2.92; P=0.372). The BCR‑free 
survival curve based on the multivariate model is shown in 
Fig. 1. The median BCR‑free survival for patients in the very 
high‑risk group was 3.62 years; however, the high‑risk group 
had a higher survival rate than the very high‑risk group. The 
medium BCR‑free survival for patients in the high‑risk group 
was 4.66 years.

Table IV presents the results of the univariate and 
multivariate logistic regression analysis of postoperatively 
detectable PSA. The analysis of the NCCN‑defined very 
high‑risk group vs. the high‑risk group showed statistical 
significance for postoperatively detectable PSA but only 
prior to adjustment for other covariates [OR: 2.52, 95% 

CI: 1.51‑4.22; P<0.001; adjusted OR (aOR): 1.31, 95% CI: 
0.68‑2.50, P=0.419]. Other variables were also associ‑
ated with this outcome, including extended PLND, PSA 
density, pathological tumor percentage, imaging stage and 
pathologic stage. Following adjustment for other covari‑
ates, the pathological tumor percentage (aOR, 1.03, 95% CI, 
1.02‑1.04; P<0.001) and higher pathologic stage (T3bN0M0 
vs. T2aN0M0/T2bN0M0: aOR, 3.66, 95% CI, 1.14‑11.70; 
P=0.029; any N1 vs. T2aN0M0/T2bN0M0: aOR, 4.47, 95% 
CI, 1.29‑15.44; P=0.018) maintained their association with a 
significantly higher risk of postoperatively detectable PSA. 
Notably, the univariate OR for postoperatively detectable 
PSA in the very high‑risk group was significantly different 
compared with that of the high‑risk group (P<0.001).

Table II. Associations of outcomes with very high‑risk and high‑risk prostate cancer.

Outcome Total, n=307 Very high risk, n=120 high risk, n=187 P‑value

BCR in patients with undetectable PSA    0.001
  No 140 (62.50) 35 (47.30) 105 (70.00) 
  Yes 84 (37.50) 39 (52.70) 45 (30.00) 
  Excluded 83 46 37 
Time to BCR, years  1.11 (0.80‑2.08) 1.03 (0.63‑1.79) 1.25 (0.87‑2.20) 0.074
Time to BCR, years    0.157
  >1  52 (61.90) 21 (53.85) 31 (68.89) 
  <1  32 (38.10) 18 (46.15) 14 (31.11) 
Postoperative detectable PSA    0.004
  No 224 (72.96) 74 (61.67) 150 (80.21) 
  Yes 83 (27.04) 46 (38.33) 37 (19.79) 
Post‑salvage therapy disease control    0.492a

  No 8 (5.00) 3 (3.70) 5 (6.33) 
  Yes 152 (95.00) 78 (96.30) 74 (93.67) 
  unknown 147 39 108 
Salvage therapy    <0.001
  No 89 (35.46) 20 (19.61) 69 (46.31) 
  Radiotherapy 44 (17.53) 22 (21.57) 22 (14.77) 
  Antiandrogen 38 (15.14) 15 (14.71) 23 (15.44) 
  ADT 80 (31.87) 45 (44.12) 35 (23.49) 
  unknown 56 18 38 
Receiving continence medicationb    0.048 
  4 weeks (after Foley removal) 123 (40.33) 45 (37.82) 78 (41.94) 
  12 weeks (after Foley removal) 160 (52.46) 60 (50.42) 100 (53.76) 
  >12 months 22 (7.21) 14 (11.76) 8 (4.3) 
  unknown 1 1 0 
Sexual intercoursec    0.182
  Impotent 231 (75.74) 95 (79.83) 136 (73.12) 
  Potent 74 (24.26) 24 (20.17) 50 (26.88) 
  unknown 1 1 0 

Categorical data are presented as n (%) and were analyzed by the Chi‑square test or aFisher's exact test, as appropriate. bOne patient was excluded 
as the patient recovered well and therefore did not receive continence medication. cOne patient was excluded as they could not accurately 
confirm the recovery of sexual function. Continuous data with a non‑normal distribution are presented as the median (interquartile range) and 
were analyzed using the Wilcoxon rank‑sum test. BCR, biochemical recurrence; PSA, prostate‑specific antigen; ADT, androgen‑deprivation 
therapy.
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univariate and multivariate logistic regression analyses 
of the disease control rate after salvage therapy are shown in 
Table V. A total of 162 patients were included in this analysis. 

As the number of patients in imaging stage T3bN0M0 and 
any N1 was small, the two groups were combined for analysis. 
None of the analyzed variables showed significant associations 

Table III. univariate and adjusted hRs for BCR in the high‑risk and very high‑risk groups of patients with undetectable PSA.

Variable univariate hR (95% CI) P‑value Adjusted hR (95% CI) P‑value

NCCN group, very high‑risk (vs. high‑risk) 2.13 (1.38‑3.27) 0.001 1.25 (0.76‑2.92) 0.372
Age 1.01 (0.97‑1.44) 0.711 1.00 (0.96‑1.94) 0.874
Surgery type, LRP (vs. RALP/RARP/RALRP) 1.53 (0.87‑2.67) 0.138 1.02 (0.56‑1.86) 0.952
PLND, extended PLND (vs. standard PLND) 2.45 (1.42‑4.24) 0.001 1.20 (0.66‑2.19) 0.549
PSA density 1.51 (1.15‑1.97) 0.003 1.46 (1.01‑2.39) 0.042
Pathological tumor percentage 1.03 (1.02‑1.14) <0.001 1.02 (1.01‑1.23) <0.001
Imaging stage (vs. T2bN0M0/T2cN0M0)    
  T3aN0M0 3.22 (1.79‑5.79) <0.001 1.96 (1.01‑3.79) 0.047
  T3bN0M0 6.35 (3.61‑11.17) <0.001 2.59 (1.12‑6.01) 0.026
  Any N1 4.59 (1.35‑15.58) 0.014 1.45 (0.36‑5.89) 0.602
Pathologic stage (vs. T2aN0M0/T2bN0M0)    
  T3aN0M0 3.35 (1.73‑6.51) <0.001 1.64 (0.78‑3.45) 0.194
  T3bN0M0 5.96 (3.07‑11.57) <0.001 1.80 (0.68‑4.77) 0.232
  Any N1 8.93 (4.24‑18.81) <0.001 3.21 (1.25‑8.23) 0.015

HR, hazard ratio; BCR, biochemical recurrence; CI, confidence interval; LRP, laparoscopic radical prostatectomy; RALP, robotic‑assisted lapa‑
roscopic prostatectomy; RARP, robotic‑assisted radical prostatectomy; RALRP, robotic‑assisted laparoscopic radical prostatectomy; PLND, 
pelvic lymph node dissection; PSA, prostate‑specific antigen.

Figure 1. Biochemical recurrence‑free time curve for patients with undetectable prostate‑specific antigen categorized into high‑risk and very high‑risk groups 
according to NCCN guidelines. NCCN, National Comprehensive Cancer Network. 
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in univariate and adjusted ORs between groups. The univar‑
iate and multivariate logistic regression analysis for time to 
BCR <1‑year is shown in Table VI. A total of 84 patients 
were included in this analysis. No significant associations 
were found between these variables and BCR within 1 year 
(Table VI).

ROC curves were constructed for BCR and postoperative 
detectable PSA level, and the cut‑off points of the full model 
were calculated, along with those for PSA density and the 
pathological tumor percentage (Fig. 2). The AuC of the full 

model (AUC: 0.80, 95% CI: 0.74‑0.86) was significantly higher 
than those of PSA density (AuC: 0.65, 95% CI: 0.57‑0.72; 
P<0.001) and pathological tumor percentage (AuC: 0.71, 95% 
CI: 0.64‑0.78; P=0.002) for BCR. The cut‑off points for PSA 
density and pathological tumor percentage were 0.33 and 
35.04, respectively. The AuC and 95% CI of the full model, 
PSA density and pathological tumor percentage for post‑
operative detectable PSA levels were 0.78 (0.72‑0.84), 0.59 
(0.52‑0.66) and 0.75 (0.69‑0.81), respectively. No significant 
difference was found in the AuC between the full model and 

Table V. univariate and adjusted ORs for disease control after salvage therapy in the high‑risk and very high‑risk groups.

Variable univariate OR (95% CI) P‑value Adjusted OR (95% CI) P‑value

NCCN group, very high‑risk (vs. high‑risk) 1.76 (0.41‑7.61) 0.451 1.17 (0.19‑7.26) 0.869
Age 0.99 (0.89‑1.09) 0.793 0.99 (0.89‑1.11) 0.903
Surgery type, LRP (vs. RALP/RARP/RALRP) 1.38 (0.16‑11.69) 0.769 1.26 (0.12‑12.99) 0.846
PLND, extended PLND (vs. standard PLND) 3.05 (0.68‑13.58) 0.144 2.18 (0.35‑13.42) 0.403
PSA density 2.57 (0.51‑13.02) 0.254 2.66 (0.44‑16.12) 0.287
Pathological tumor percentage 1.01 (0.98‑1.04) 0.464 1.00 (0.97‑1.04) 0.937
Imaging stage (vs. T2bN0M0/T2cN0M0)    
  T3aN0M0 0.65 (0.11‑3.74) 0.627 0.29 (0.04‑2.17) 0.230
  T3bN0M0 + Any N1 2.18 (0.29‑16.11) 0.446 0.69 (0.03‑14.18) 0.810
Pathologic stage (vs. T2aN0M0/T2bN0M0)    
  T3aN0M0 1.33 (0.21‑8.67) 0.763 1.67 (0.18‑15.69) 0.653
  T3bN0M0 6.00 (0.52‑69.95) 0.153 7.83 (0.33‑184.40) 0.202
  Any N1 2.00 (0.26‑15.32) 0.505 1.60 (0.07‑37.95) 0.772

OR, odds ratio; CI, confidence interval; NCCN, National Comprehensive Cancer Network; LRP, laparoscopic radical prostatectomy; RALP, 
robotic‑assisted laparoscopic prostatectomy; RARP, robotic‑assisted radical prostatectomy; RALRP, robotic‑assisted laparoscopic radical 
prostatectomy; PLND, pelvic lymph node dissection; PSA, prostate‑specific antigen.

Table IV. univariate and adjusted ORs for postoperatively detectable PSA levels in the high‑risk and very high‑risk groups.

Variable univariate OR (95% CI) P‑value Adjusted OR (95% CI) P‑value

NCCN group, very high‑risk (vs. high‑risk) 2.52 (1.51‑4.22) <0.001 1.31 (0.68‑2.50) 0.419
Age 1.01 (0.97‑1.04) 0.764 1.01 (0.97‑1.05) 0.677
Surgery type, LRP (vs. RALP/RARP/RALRP) 1.14 (0.55‑2.35) 0.730 0.93 (0.40‑2.17) 0.863
PLND, extended PLND (vs. standard PLND) 2.45 (1.27‑4.72) 0.008 1.25 (0.57‑2.73) 0.582
PSA density 1.57 (1.13‑2.18) 0.008 1.43 (1.00‑2.05) 0.052
Pathological tumor percentage 1.03 (1.02‑1.05) <0.001 1.03 (1.02‑1.04) <0.001
Imaging stage (vs. T2bN0M0/T2cN0M0)    
  T3aN0M0 2.22 (1.12‑4.38) 0.022 0.78 (0.31‑1.94) 0.587
  T3bN0M0 3.34 (1.76‑6.34) <0.001 0.52 (0.18‑1.51) 0.227
  Any N1 6.48 (1.80‑23.29) 0.004 0.81 (0.15‑4.46) 0.807
Pathologic stage (vs. T2aN0M0/T2bN0M0)    
  T3aN0M0 2.42 (1.02‑5.73) 0.045 1.50 (0.57‑3.94) 0.414
  T3bN0M0 5.50 (2.44‑12.41) <0.001 3.66 (1.14‑11.70) 0.029
  Any N1 9.41 (3.81‑23.22) <0.001 4.47 (1.29‑15.44) 0.018

OR, odds ratio; PSA, prostate‑specific antigen; CI, confidence interval; NCCN, National Comprehensive Cancer Network; LRP, laparo‑
scopic radical prostatectomy; RALP, robotic‑assisted laparoscopic prostatectomy; RARP, robotic‑assisted radical prostatectomy; RALRP, 
robotic‑assisted laparoscopic radical prostatectomy; PLND, pelvic lymph node dissection.
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pathological tumor percentage (P=0.12), whereas the full 
model had a higher AuC than the PSA density (P<0.001). 

The cut‑off points for PSA density and pathological tumor 
percentage were 0.35 and 29.99, respectively.

Table VI. univariate analysis and adjusted ORs for a time to BCR of <1 year in patients with BCR.

Variable univariate OR (95% CI) P‑value Adjusted OR (95% CI) P‑value

NCCN group, very high‑risk (vs. high‑risk) 1.90 (0.78‑4.63) 0.159 1.17 (0.39‑3.47) 0.780
Age 1.00 (0.94‑1.06) 0.875 1.00 (0.93‑1.08) 0.981
Surgery type, LRP (vs. RALP/RARP/RALRP) 0.78 (0.24‑2.53) 0.676 0.51 (0.14‑1.89) 0.315
PLND, extended PLND (vs. standard PLND) 3.22 (0.84‑12.36) 0.088 2.73 (0.56‑13.27) 0.214
PSA density 1.73 (0.84‑3.57) 0.139 1.67 (0.74‑3.81) 0.219
Pathological tumor percentage 1.01 (1.00‑1.03) 0.129 1.01 (0.99‑1.03) 0.343
Imaging stage (vs. T2bN0M0/T2cN0M0)    
  T3aN0M0 3.48 (0.92‑13.25) 0.067 1.80 (0.38‑8.56) 0.460
  T3bN0M0 2.50 (0.69‑9.12) 0.165 0.62 (0.09‑4.25) 0.624
  Any N1 1.88 (0.13‑26.32) 0.641 0.36 (0.01‑10.28) 0.549
Pathologic stage (vs. T2aN0M0/T2bN0M0)    
  T3aN0M0 3.24 (0.59‑17.66) 0.175 3.26 (0.47‑22.43) 0.231
  T3bN0M0 4.77 (0.89‑25.56) 0.068 6.39 (0.63‑65.25) 0.118
  Any N1 4.28 (0.71‑25.91) 0.114 6.19 (0.56‑68.83) 0.138

OR, odds ratio; BCR, biochemical recurrence; CI, confidence interval; NCCN, National Comprehensive Cancer Network; LRP, laparo‑
scopic radical prostatectomy; RALP, robotic‑assisted laparoscopic prostatectomy; RARP, robotic‑assisted radical prostatectomy; RALRP, 
robotic‑assisted laparoscopic radical prostatectomy; PLND, pelvic lymph node dissection; PSA, prostate‑specific antigen.

Figure 2. Comparison of ROC curves for model, PSA density and pathological tumor percentage. ROC curves for (A) undetectable PSA and (B) postoperatively 
detectable PSA levels among all patients. ROC, receiver operating characteristic; PSA, prostate‑specific antigen.
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Discussion

The present study evaluated the outcomes of patients defined 
as high risk and very high risk after radical prostatectomy 
according to the NCCN guidelines, and found that patients in 
the very high‑risk category displayed lower BCR‑free survival 
than those in the high‑risk category, and that patients with 
undetectable PSA had a high risk of BCR and detectable PSA 
levels postoperatively. Therefore, the patients were re‑stratified 
to identify further criteria that may help in the screening of 
patients who are suitable for radical prostatectomy. The results 
of the present study suggest that NCCN‑defined high‑risk 
patients with pathologic stage T3bN0M0 have a high risk of 
BCR <1 year, which signals to urologists that radical prosta‑
tectomy should be considered as a salvage therapy option for 
disease control.

The present study also found that in patients in the 
NCCN‑defined high‑risk and very high‑risk categories, BCR 
was associated with PSA density, imaging stage T3aN0M0 
and T3bN0M0, and pathologic stage any N1, while pathologic 
stage T3bN0M0 and any N1 were associated with postop‑
eratively detectable PSA. In the literature, the independent 
risk factors associated with BCR among high‑risk patients 
include pathological Gleason score ≥8 (15‑18), postoperative 
positive surgical margins (15), initial PSA value (16), seminal 
vesicle invasion (17), >50% positive cores (18) and several risk 
factors (15,18). In addition, another study showed via multi‑
variate analysis that high preoperative PSA levels, Gleason 
score ≥7, lymph node invasion and positive margins were asso‑
ciated with early and late BCR (19). These findings indicate 
that NCCN‑defined high‑risk patients with a Gleason score ≥7 
deserve merit attention from urologists regarding follow‑up 
strategies, regardless of their postoperative PSA values. It must 
be noted that patients at very high‑risk according to the NCCN 
guidelines are not good candidates for radical prostatectomy 
because of the relatively short time to the onset of BCR. 
however, patients categorized as high‑risk could potentially 
benefit from radical prostatectomy due to tolerable trifecta 
results.

The rate of BCR <1 year in the high‑risk and very high‑risk 
patients in the present study was 54% (167/307), which is 

comparable with the reported rate of 47.5% (6). An early 
BCR occurring <1 year after radical prostatectomy has been 
regarded as a predictor of metastatic progression and prostate 
cancer mortality (6‑9), so is therefore worthy of particular 
attention. however, none of the variables included in the 
present study was found to be associated with BCR <1 year 
after surgery, and no associations were noted between surgery 
type, PLND status and BCR. The therapeutic value of PLND 
status with regard to BCR remains controversial in the litera‑
ture. Cao et al (20) found no significant differences between 
laparoscopic radical prostatectomy, robotic‑assisted radical 
prostatectomy and open radical prostatectomy in postoperative 
BCR and overall complication rates. Preisser et al (21) reported 
that extended PLND had no significant effect on oncological 
outcomes in high‑risk patients (21). however, lymph node 
invasion is associated with BCR <1 year after surgery (6). 
Further prospective, randomized studies are required to clarify 
the extent of node dissection that is necessary for satisfactory 
oncological outcomes.

A previous study outlined the current state of evidence 
for prostate cancer screening and early detection and summa‑
rized the recent recommendations of various guidelines (22). 
It reviewed the global public health burden and risk factors 
for prostate cancer with clinical implications as a screening 
tool, along with screening, novel biomarkers and magnetic 
resonance imaging (22). By contrast, the present study outlines 
key practice points for primary care physicians and provides 
a simple model to facilitate shared decision‑making conversa‑
tions. A decision tree for use as a diagnostic model for high‑risk 
and very high‑risk prostate cancer is provided in Fig. 3.

The present study has several limitations. First, it is a retro‑
spective study with inherent limitations such as only certain 
variables being available, restriction to a given time period that 
rules out long‑term follow‑up, and the possible existence of 
bias. Second, the database was derived from a single center 
with a relatively small sample size, which may not allow the 
results to be generalized to other populations or locations. The 
imaging stages may also be variable because the MRI images 
were interpreted by different radiologists.

In conclusion, after radical prostatectomy, patients defined 
as very high‑risk according to the NCCN guidelines have low 

Figure 3. Decision tree for patients with high‑risk and very high‑risk prostate cancer. NCCN, National Comprehensive Cancer Network; PSA, prostate‑specific 
antigen; PIRADS, Prostate Imaging‑Reporting and Data System; ADT, androgen‑deprivation therapy.
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BCR‑free survival and patients with undetectable PSA have a 
high risk of BCR. Preoperative MRI imaging stage T3aN0M0 
and T3bN0M0 and pathologic stage any N1 have a higher 
risk of BCR after prostatectomy, and PSA density predicts 
short‑term BCR after prostatectomy. These findings may help 
in the screening of patients to identify those requiring active 
therapeutic protocols.
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