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Introduction: We aimed to assess the role of major perioperative risk factors (age, preoperative PSA values, body mass index, 
pathologic T-stage, resection status, and ISUP grade) in predicting biochemical recurrence (BCR) and survival after radical 
prostatectomy (RP) for prostate cancer (PC).
Methods: An analysis of the prospective cohort of patients undergoing RP from 2013 to 2023 at our center was performed. Patients who 
received neoadjuvant or adjuvant therapies for PC or those with PSA persistence after RP were excluded. A Cox regression analysis was 
undertaken to evaluate the effect of major perioperative risk factors on the time to BCR. The role of the EAU BCR risk stratification on 
survival was also assessed. For all analyses, hazard ratios (HRs) with the corresponding 95% confidence intervals (CIs) were estimated.
Results: A total of 1539 patients underwent RP for localized PC. At a median follow-up of 39 months (IQR: 25–60) from RP, 393 
(26%) patients developed BCR. Of them, 266 (68%) were classified as EAU BCR high risk and 127 (32%) as EAU BCR low risk. In 
the multivariate Cox regression analysis, locally advanced PC (HR: 1.5, 95% CI: 1.2–1.9, p<0.001), positive surgical margins (HR: 
1.4, 95% CI: 1.1–1.7, p=0.01), as well as ISUP grade 3 (HR: 2.4, 95% CI: 1.5–3.6, p<0.001) and 4 (HR: 2.4, 95% CI: 1.5–3.7, 
p<0.001) were associated with worse time to BCR. Overall, 16 (1%) patients died. Of them, 13 (81%) were classified as EAU BCR 
high risk and 3 (19%) as EAU BCR low risk (p<0.001). In the univariate Cox regression analysis, patients with EAU BCR high risk 
presented worse overall survival (HR: 4.9, 95% CI: 1.4–17, p=0.014).
Conclusion: Locally advanced PC, positive surgical margins, and worse ISUP grade are independent risk factors for BCR. 
Accordingly, patients at BCR high-risk based on the EAU risk stratification present worse overall survival.
Keywords: prostate cancer, prostatectomy, overall survival, biochemical recurrence

Introduction
Localized prostate cancer (PC) is considered the commonest non-cutaneous malignancy in men and is often treated with 
radical prostatectomy (RP).1 Although PC runs, in most cases, a fairly indolent course, biochemical recurrence (BCR) 
may occur in more than 30% of all patients after RP during follow-up.2 Nevertheless, only a subgroup of patients with 
BCR will develop metastatic progression, and only a few of them will die due to PC.3,4 Thus, it is mandatory to identify 
patients at a high risk of disease progression or death from PC directly at the time of RP.

A plethora of clinical factors and tumor features have been introduced as independent predictors for BCR or survival 
after RP.5 Accordingly, numerous prognostic tools have been launched to predict the risk of BCR for patients treated with 
RP.6 Although it is of utmost importance to identify the perioperative risk factors that may lead in the long-term to BCR 
and to worse prognosis after RP for localized PC, solid recommendations on the matter are lacking.7 Increased age, 
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higher preoperative PSA or body mass index (BMI), positive surgical margins, and worse T-stage or ISUP grade have 
been associated in some studies with worse oncological outcomes.8–11 Nevertheless, it should be noted that, for some of 
these risk factors, contradictory findings exist.12

Based on the previous notion, high-volume cohort studies evaluating the impact of age, preoperative PSA values, 
BMI, pathologic T-stage, resection status, and ISUP grade on BCR are lacking.13,14 Within this framework, we aimed to 
assess the role of major perioperative risk factors in predicting BCR and survival through a large, contemporary, long- 
term prospective cohort study.

Materials and Methods
Study Design
All patients undergoing open or robot-assisted RP for PC at our tertiary Urology Department are included in 
a prospective single-center cohort study. This cohort was initially approved by our institutional review board and all 
participants provided written informed consent prior to RP. The study conforms with the ethical principles of the 
Declaration of Helsinki and its findings are presented based on the STROBE statement 12. For the present sub- 
analysis, we included all patients undergoing RP for non-metastatic PC (no lymph node, bone, or other metastases) 
between 2013 and 2023. Patients who received neoadjuvant or adjuvant therapies (radiotherapy, androgen deprivation 
therapy, or other treatments) for PC or those with PSA persistence after RP (defined as ≥ 0.1 ng/mL) were excluded. 
Accordingly, we excluded all patients with no follow-up or missing data.

Outcomes
The primary outcome of the present study was to determine the role of major perioperative risk factors in predicting BCR 
and survival after RP for localized PC. Patients with BCR were further classified based on the EAU BCR risk stratification 
for RP into BCR low-risk (PSA doubling-time >1 year and ISUP grade after RP <4) and BCR high-risk (PSA doubling-time 
≤1 year and/or ISUP grade after RP 4–5).15 Data about the initial diagnosis and perioperative outcomes were retrieved from 
patients’ medical records. Accordingly, follow-up was obtained through regular assessment of all patients based on the 
recommended protocol for patients with PC undergoing RP. In particular, PSA monitoring after RP was performed every 
three months during the first year after surgery, every six months until the third year of surgery, and annually thereafter. PSA 
doubling time was calculated based on the current EAU guideline recommendations using the nomogram provided by 
Memorial Sloan Kettering Cancer Center. BCR was defined as a rising PSA of ≥ 0.2 ng/mL on two consecutive 
measurements. The time to BCR and the overall survival were registered.

Statistical Analysis
All continuous variables were presented as median with interquartile range (IQR) and were compared with the Mann– 
Whitney U-test. Similarly, all categorical variables were presented as frequencies with proportions and were compared 
with the chi-squared test. A univariate and multivariate Cox regression analysis was performed to assess the effect of 
preoperative and perioperative outcomes on the time to BCR. The included risk factors in the regression models 
comprised age, preoperative PSA values, BMI, pathologic T-stage, resection status, and ISUP grade. All confounders 
were selected based on clinical importance and no stepwise selection methods were applied. A univariate Cox regression 
analysis was also performed to assess the effect of preoperative and perioperative outcomes on long-term survival. The 
included risk factors in the regression models comprised age, preoperative PSA values, BMI, pathologic T-stage, 
resection status, and EAU BCR risk stratification. For all analyses, hazard ratios (HRs) with the corresponding 95% 
confidence intervals (CIs) were computed. A two-sided p-value < 0.05 was considered statistically significant for all 
analyses, which were performed with the R statistical software (version 3.6.3, R Core Team 2020).
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Results
Baseline Characteristics
A total of 1,539 patients underwent RP for localized PC at our institution between 2013 and 2023 and fulfilled the 
selection criteria of the present study. Their median age was 67 years (IQR: 61–72), their median BMI was 26 kg/m2 

(IQR: 24–28), their preoperative PSA values 7.7 ng/mL (IQR: 5.5–11), and their prostate volume 51 mL (IQR: 41–65). 
A robot-assisted approach was performed in 723 (47%) cases. The median operative time was 114 minutes (IQR: 
70–176) and the median blood loss was 200 mL (IQR: 100–300). Overall, 450 (29%) patients had at least a pT3 tumor, 
and 296 (20%) patients were diagnosed with positive surgical margins based on the pathological findings. The ISUP 
grade was 1 in 195 (13%) cases, 2 in 720 (47%), 3 in 390 (25%), and above 4 in 234 (15%). The baseline characteristics 
of all included patients are available in Table 1.

Time to BCR
At a median follow-up time of 39 months (IQR: 25–60) from RP, 393 (26%) patients developed a BCR. Of those, 266 
(68%) were classified as EAU BCR high risk and 127 (32%) as EAU BCR low risk (p < 0.001). In the univariate Cox 
regression analysis with respect to the time to BCR, age (p = 0.003), locally advanced PC (p < 0.001), positive surgical 
margins (p < 0.001), ISUP grade 2 (p = 0.01), 3 (p < 0.001), and over 4 (p < 0.001) were associated with worse 
outcomes. Subsequently, in the multivariate Cox regression analysis after adjusting for all perioperative risk factors of the 

Table 1 Baseline Characteristics of All Included 
Patients Undergoing Radical Prostatectomy for 
Localized Prostate Cancer

Characteristic Overall, n = 1,539

Age (years) 67 (61–72)

Body Mass Index (kg/m2) 26 (24–28)

Preoperative PSA (ng/mL) 7.7 (5.5–11)

Prostate volume (mL) 51 (41–65)

T after radical prostatectomy

≤ T2 1,089 (71%)

≥ T3 450 (29%)

Positive surgical margins 296 (20%)

ISUP grade

1 195 (13%)

2 720 (47%)

3 390 (25%)

4 141 (9%)

5 93 (6%)

Operative time (minutes) 114 (70–176)

Blood loss (mL) 200 (100–300)

Robot-assisted prostatectomy 723 (47%)

Notes: Values are presented as median (interquartile range) or n (%).
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univariate Cox regression analysis, locally advanced PC (HR: 1.5, 95% CI: 1.2 to 1.9, p < 0.001), positive surgical 
margins (HR: 1.4, 95% CI: 1.1 to 1.7, p = 0.01), as well as ISUP grade 3 (HR: 2.4, 95% CI: 1.5 to 3.6, p < 0.001) and 4 
(HR: 2.4, 95% CI: 1.5 to 3.7, p < 0.001) remained statistically significant. The corresponding Kaplan-Meier curves for all 
significant outcomes are displayed in Figure 1 and the results of the Cox regression analysis for the time to BCR in 
Table 2.

Overall Survival
At a median follow-up of 39 months (IQR: 25–60) from RP, 16 (1%) patients died. Of them, 13 (81%) were classified as 
EAU BCR high risk and 3 (19%) as EAU BCR low risk (p < 0.001). In the univariate Cox regression analysis regarding 
the time to death, none of the assessed preoperative and perioperative risk factors were associated with worse prognosis. 
On the contrary, patients with EAU BCR high risk presented worse overall survival (HR: 4.9, 95% CI: 1.4 to 17, p = 
0.014). Due to the low number of deaths, we did not perform a multivariate Cox regression analysis for the time to death. 
The corresponding Kaplan-Meier curve based on the EAU BCR risk groups is depicted in Figure 2 and the univariate 
Cox regression analysis for the time to death after RP in Table 3.

Discussion
The findings of the present cohort study in patients undergoing RP for localized PC indicate that locally advanced PC, 
positive surgical margins, and worse ISUP grade are key factors in predicting the time to BCR and the overall survival. In 
particular, after adjusting for important perioperative risk factors, patients with locally advanced PC had 50% higher 
HRs, patients with positive surgical margins had 40% higher HRs, and patients with ISUP grade 3 or ≥ 4 had 140% 
higher HRs for the time to BCR. Importantly, none of the evaluated perioperative risk factors could predict mortality in 
patients with localized PC undergoing RP. Nevertheless, only the EAU BCR was associated with worse overall survival 
in the present high-volume, long-term cohort study.

In the present analysis, locally advanced PC, positive surgical margins, and worse ISUP grade were the main drivers 
for predicting the time to BCR. The latter has already been demonstrated in multiple studies.16 Interestingly, preoperative 
PSA was not associated with worse BCR rates in our study, even though it is a recognized independent risk factor for 
BCR.17 This might be attributed to the fact that we included patients with localized PC and generally low PSA levels 
(median of 7.7 ng/mL). Accordingly, patients who receive any adjuvant or neoadjuvant treatments as well as those with 
PSA persistence were excluded. Indeed, it seems that the first postoperative PSA measurement is the prior determinant 
for the time to BCR.

It should be noted that our findings are in line with previous studies regarding patients’ age. In particular, multiple 
studies indicate that increased age is not an independent risk factor for worse oncological outcomes after RP for 
localized PC.18 On the contrary, increased BMI was not associated with higher risk for the time to BCR in the present 
cohort study. The latter might be explained by the fact that we included patients that were mostly obese since we 
reported a median BMI of 26 kg/m2. Available individual studies show inconsistent results, including positive and 
negative findings about the association between obesity and BCR.19 Nevertheless, a growing body of evidence, 
including high-volume contemporary meta-analyses, suggests that obesity displays a moderate, consistent relationship 
with BCR after RP.20

The present analysis underscores the importance of incorporating perioperative risk factors such as locally advanced 
disease, positive surgical margins, and higher ISUP grade into clinical decision-making frameworks for the management 
of PC. These factors not only refine risk stratification for BCR but also provide a robust basis for tailoring patient follow- 
up protocols. For instance, patients with these high-risk features may benefit from more intensive PSA monitoring 
schedules or early consideration of adjuvant or salvage therapies to mitigate progression risks. Furthermore, integrating 
these findings into postoperative management plans could optimize resource allocation, enhance patient outcomes, and 
reduce unnecessary interventions for those at lower risk. This personalized approach aligns with the movement toward 
precision medicine in the management of PC. Still, further research is mandatory to assess all perioperative risk factors in 
a broader, multicenter context.
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Figure 1 Kaplan-Meier curves for BCR in patients undergoing radical prostatectomy for localized prostate cancer based on the T-stage (A), surgical margins (B), and ISUP grade (C). 
Abbreviation: BCR, biochemical recurrence.
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None of the available perioperative risk factors could predict overall mortality after RP for localized PC. Considering 
that localized PC runs, in most cases, a fairly indolent course, available literature suggests that the time to death, contrary 
to the time to BCR, cannot be predicted during RP.21 However, in patients presenting with BCR after treatment with 
curative intent for non-metastatic PC, PSA doubling-time and ISUP grade above 4 are the main determinants of overall 
survival based on a meta-analysis performed by the Guideline Panel of the EAU on PC.22 The proposed classification 
system has also been externally validated by high-quality, high-volume studies.23,24 Therefore, it seems that mortality 
predictors still rely predominantly on the established risk stratification tools. Still, some recent studies indicated that it 
may display limited accuracy in predicting death and that the inclusion of other factors could increase its predictive 
power.25 Nevertheless, in our setting, despite the low mortality rates, the EAU BCR risk stratification was the only factor 
to predict mortality, and patients classified as high-risk had a 385% higher HR for mortality.

It should be stressed that the findings of the present analysis were mitigated by some limitations relevant to its single- 
center design. Moreover, we restricted our analysis to patients with localized PC undergoing RP. Thus, the effect of 
perioperative risk factors on oncological outcomes in patients requiring neoadjuvant or adjuvant treatments and in those 
with PSA persistence, as well as the effect of perioperative risk factors in patients receiving other management options 
with curative intent such as external beam radiation therapy could not be assessed. The latter might have introduced 
a selection bias in the present analysis. Importantly, we could not assess the role of further risk factors such as 
lymphovascular invasion, additional patient comorbidities, genetic predispositions, socioeconomic status, preoperative 
PIRADS, or perioperative complications in predicting long-term oncological outcomes after RP. It should be also 
acknowledged that the small number of deaths in the present cohort may limit the conclusions drawn from the survival 
analysis. Finally, given that we included patients who were operated in the last ten years with different surgical 
techniques, we could not evaluate the role of the evolution of different surgical techniques and perioperative medical 
care on oncological outcomes. Based on the previous notion, we included patients who were operated both with an open 
and a robot-assisted approach, which might have affected outcomes. Nevertheless, it should be stressed that it was 

Table 2 Univariate and Multivariate Cox Regression Analysis for Time to Biochemical 
Recurrence in Patients After Radical Prostatectomy

Outcome Univariate Cox Regression Multivariate Cox Regression

HR 95% CI p-value HR 95% CI p-value

Age 1.02 1.01, 1.03 0.003 1.01 0.99, 1.02 0.2

Preoperative PSA 1.01 1.00, 1.02 0.07 1 0.99, 1.01 0.7

Body mass index 1.02 0.99, 1.05 0.2 1.01 0.98, 1.04 0.6

pT

≤ T2 — — — —

≥ T3 2 1.6, 2.4 <0.001 1.5 1.2, 1.9 <0.001

Positive surgical margins 1.7 1.4, 2.1 <0.001 1.4 1.1, 1.7 0.01

ISUP grade

1 — — — —

2 1.7 1.1, 2.6 0.01 1.5 0.97, 2.2 0.07

3 3 2, 4.6 <0.001 2.4 1.5, 3.6 <0.001

≥ 4 3.3 2.2, 5.1 <0.001 2.4 1.5, 3.7 <0.001

Notes: All values of the univariate regressions were also included in the multivariate model. The risk factors were 
selected based on clinical relevance. The bold cells indicate statistically significant p-values. 
Abbreviations: CI, Confidence Interval; HR, Hazard Ratio.
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beyond the scope of the present study to compare open versus robot-assisted RP, given that multiple studies on the matter 
exist.26

Figure 2 Kaplan-Meier curves for overall survival in patients undergoing radical prostatectomy for localized prostate cancer based on the EAU biochemical recurrence risk 
stratification.

Table 3 Univariate Cox Regression Analysis for Overall 
Survival in Patients Undergoing Radical Prostatectomy

Outcome Univariate Cox Regression

HR 95% CI p-value

Age 1.05 0.98, 1.1 0.14

Preoperative PSA 1.02 0.99, 1.1 0.2

Body mass index 1.08 0.96, 1.22 0.2

T after radical prostatectomy

≤ T2 — —

≥ T3 0.58 0.16, 2 0.4

(Continued)
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Conclusions
The present findings from a prospective, long-term cohort study in a tertiary referral center for PC indicate that locally 
advanced PC, positive surgical margins, and worse ISUP grade are independent risk factors for BCR among patients with 
non-metastatic PC. On the contrary, none of the assessed risk factors at the time of RP can predict mortality. 
Nevertheless, patients at high risk based on the EAU BCR risk stratification were associated with worse overall survival. 
Overall, further research on the matter is mandatory.
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Table 3 (Continued). 

Outcome Univariate Cox Regression

HR 95% CI p-value

Positive surgical margins 0.96 0.27, 3.4 >0.9

ISUP grade

1 — —

2 1.4 0.17, 12 0.7

3 2.8 0.32, 24 0.4

≥ 4 4.2 0.49, 36 0.2

EAU BCR risk stratification

Low-Risk — —

High-Risk 4.85 1.38, 17.0 0.014

Notes: The risk factors were selected based on clinical relevance. The bold cells 
indicate statistically significant p-values. 
Abbreviations: BCR, biochemical recurrence; CI, Confidence Interval; EAU, 
European Association of Urology; HR, Hazard Ratio.
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