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Objective: To analyze the effect of adverse preoperative patient and tumor characteristics on perioperative outcomes of open (ORP) and robot-assisted radical prostatectomy (RARP).

Material and Methods: We retrospectively analyzed 656 patients who underwent ORP or RARP according to intraoperative blood loss (BL), operation time (OR time), neurovascular bundle preservation (NVBP) and positive surgical margins (PSM). Univariable and multivariable logistic regression models were used to identify risk factors for impaired perioperative outcomes.

Results: Of all included 619 patients, median age was 66 years. BMI (<25 vs. 25-30 vs. ≥30) had no influence on blood loss. Prostate size >40cc recorded increased BL compared to prostate size ≤ 40cc in patients undergoing ORP (800 vs. 1200 ml, p < 0.001), but not in patients undergoing RARP (300 vs. 300 ml, p = 0.2). Similarly, longer OR time was observed for ORP in prostates >40cc, but not for RARP. Overweight (BMI 25-30) and obese ORP patients (BMI ≥30) showed longer OR time compared to normal weight (BMI <25). Only obese patients, who underwent RARP showed longer OR time compared to normal weight. NVBP was less frequent in obese patients, who underwent ORP, relative to normal weight (25.8% vs. 14.0%, p < 0.01). BMI did not affect NVPB at RARP. No differences in PSM were recorded according to prostate volume or BMI in ORP or RARP. In multivariable analyses, patient characteristics such as prostate volume and BMI was an independent predictor for prolonged OR time. Moreover, tumor characteristics (stage and grade) predicted worse perioperative outcome.

Conclusion: Patients with larger prostates and obese patients undergoing ORP are at risk of higher BL, OR time or non-nervesparing procedure. Conversely, in patients undergoing RARP only obesity is associated with increased OR time. Patients with larger prostates or increased BMI might benefit most from RARP compared to ORP.
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INTRODUCTION

Radical prostatectomy (RP) represents one of the treatment standards for localized and locally advanced prostate cancer (1, 2). In addition to local tumor control, preservation of functional anatomic structures as the neurovascular bundle represent key challenges of RP.

It is commonly accepted that adverse preoperative tumor characteristics such as clinical stage (cT), Gleason score and PSA are associated with adverse perioperative results, such as increased blood loss, increased operation (OR) time, positive surgical margins (PSM) or lower probability of neurovascular bundle preservation (NVBP) (3, 4). However, non-tumor-related adverse patient characteristics such as obesity or high prostate volume might also deteriorate perioperative results (5, 6). This seems even more relevant as adverse perioperative results represent strong predictors of long term oncological and functional outcomes after RP (7–10).

Several studies suggest that robotic assisted RP (RARP) might circumvent adverse outcomes like PSM, excessive blood loss, particularly in obese or frail or elderly patients (6, 7, 11, 12).

These considerations are even more important in the context of inverse stage migration and a growing proportion of men with unfavorable patient characteristics—such as obesity—undergoing RP.

Therefore, we investigated predictors of unfavorable perioperative outcomes with a special focus on preoperative adverse tumor and patient related characteristics (i.e., high BMI and high prostate volume) and surgical approach (open RP (ORP) vs. RARP).



MATERIALS AND METHODS


Study Population

After approval of the ethic committee, all 656 patients who underwent ORP or RARP at the Department of Urology at Frankfurt University Hospital between 2014 and 05/2020 were consecutively identified in the institutional database and evaluated retrospectively. Indications for RP was biopsy confirmed prostate cancer. All surgeons, who performed RP in this patient cohort, were experienced surgeons trained in high-volume prostate cancer centers. Exclusion criteria for the analysis was an unknown BMI, prostate volume or pathological surgical margin status (n = 37).



Statistical Analysis

Main objective was to investigate the effect of patient characteristics on perioperative outcome. Descriptive statistics included frequencies and proportions for categorical variables. Means, medians and interquartile ranges (IQR) were reported for continuously coded variables. The Chi-square test was used for statistical significance in proportions' differences. The t-test and Kruskal-Wallis test examined the statistical significance of means' and distributions' differences.

To investigate the influence of prostate volume on perioperative outcome, two groups (≤ Median prostate size vs. > Median) were tested. Further, in order to investigate the influence of BMI (in kg/m2), the BMI was divided into three categories, namely normal weight (<25), overweight (≥25–30) and obese (≥30).

Increased blood loss (> Median blood loss), increased OR time (>median OR time), non-nerve sparing procedure (NVBP) and PSM were considered as adverse operative outcomes and represented clinical endpoint of this study. NVBP was performed as previously described (3).

Four sets of univariable and multivariable logistic regression models were fitted to test the relationship between preoperative patient characteristics and predict increased perioperative blood loss (defined as > Median blood loss), increased OR time (defined as > Median OR time), and NVBP as well as PSM. Univariable and multivariable models were set for the covariables of age at surgery, BMI, prostate specific antigen (PSA) at diagnosis, prostate volume, cT stage, biopsy Gleason group grade (grouped by 6 vs. 7 vs. 8-10), surgery approach (ORP vs. RARP) and either blood loss, operation time, NVBP, or PSM.

All tests were two sided with a level of significance set at p < 0.05 and R software environment for statistical computing and graphics (version 3.4.3) was used for all analyses.




RESULTS


Patient Characteristics

In total, 619 consecutive patients were included in our analysis and patient characteristics stratified by prostate volume and BMI are summarized in Tables 1, 2. Median age was 66 years and median prostate volume was 40cc (≤ 40: 30cc vs. >40: 56cc). Moreover, the median BMI was 26.3 kg/m2, with 23.6 kg/m2, 26.9 kg/m2 and 32.0 kg/m2 in the normal weight, overweight and obese group, respectively. Median PSA was 7.7 ng/ml. ORP was performed in 36.8% (n = 228) and RARP in 63.2% (n = 391) patients.


Table 1. Patient characteristics stratified by prostate volume.
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Table 2. Patient characteristics stratified by BMI.
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Perioperative Outcomes
 
Blood Loss

Median blood loss was 400 ml (IQR 300–800). Stratified by prostate volume, there was a significant higher blood loss in prostate volume >40cc vs. ≤ 40cc (500 vs. 300 ml, p < 0.001) performing RP in general. This significant difference was also obvious in ORP (1200 vs. 800 ml, p < 0.001), whereas no difference was seen in patients undergoing RARP (300 vs. 300 ml, p = 0.2). No significant differences were observed in blood loss regarding to BMI groups. Stratified by age categories (> vs. ≤ Median), no significant differences were seen (data not shown). Univariate analyses (Table 3) revealed significant risk factors for increased blood loss for age (Odds ratio (OR): 1.03), prostate volume (OR: 1.02), PSA (OR: 1.03), ≥cT3 (OR: 4.46), Gleason grade 8-10 (OR: 8.46), and no NVBP (OR: 2.71), whereas performing RARP was a protective factor for increased blood loss (OR: 0.01, all p < 0.05). After multivariable analyses and adjustment for patient and tumor characteristics, biopsy Gleason 8-10 (OR: 3.40) was an independent predictor of increased blood loss, whereas RARP had a protective effect (OR: 0.01, all p < 0.05).


Table 3. Univariable and multivariable logistic regression models predicting blood loss > 400 ml (Median).
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OR Time

Median OR time was 233 min (IQR 190-272). Our analyses recorded a significantly longer OR time in RP for prostates > 40 cc comparing to ≤ 40cc (240 min vs. 227 min, p < 0.01). This difference was also seen for ORP (239 min vs. 215 min, p < 0.001), whereas RARP showed no significant differences in OR time (244 min vs. 239 min, p = 0.2). According to BMI, a longer OR time was observed between normal weighted and obese patients (222 vs. 251 min, p < 0.001). Stratified by approach, ORP showed significant longer OR times in the comparison of normal weight vs. overweight and vs. obese patients, whereas in patients undergoing RARP only a difference between normal weight and obese patients was recorded (234 vs. 256 min, p = 0.02). In univariable analyses (Table 4), prostate volume, BMI were risk factors for increased OR time (all p < 0.05). In multivariable analyses after adjustment for patient and tumor characteristics, prostate volume and BMI were independent predictors of longer OR time (all p < 0.05).


Table 4. Univariable and multivariable logistic regression models predicting OR time > 233 min (Median).
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Nerve-Sparing

Overall, bilateral, unilateral, no NVBP and unknown NVBP status was recorded in 65.6% (n = 406), 15.2% (n = 94), 15.7% (n = 97), and 3.6% (n = 22), respectively. No significant differences in NVBP were seen across prostate volume strata, neither after stratification into ORP or RARP. NVBP could be performed less frequently in ORP in obese patients compared to normal weighted patients (25.8% vs. 14.0%, p < 0.01). No statistically significant differences according to BMI were seen for NVBP in RARP. In univariable analyses (Table 5), PSA (OR: 1.05), cT2 (OR: 2.97), ≥cT3 (OR:12.84), as well as Gleason Grade ≥8 (OR: 5.53, all p < 0.05) were found to be a risk factor for a unilateral or no NVBP. In multivariable analyses after adjustment for patient and tumor characteristics, patient age (OR: 1.09), PSA (OR: 1.03), cT2 (OR: 2.67), and cT3 stage (OR: 8.81), Gleason 8-10 (OR: 5.36) were independent predictors unilateral or no NVPB.


Table 5. Univariable and multivariable logistic regression model predicting unilateral or no Neurovascular Bundle Preservation (NVPB).
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Surgical Margin

PSM were recorded in 27.8% (n = 183) patients. No significant differences were found across different prostate volume or BMI strata. In univariable analyses (Table 6), PSA (OR 1.02, CI: 1.01-1.03), cT stage (T2: OR: 1.52; ≥T3: OR: 10.77), as well as Gleason Score ≥8 (OR: 3.46, all p < 0.05) were found to be significant risk factors for PSM. In multivariable analyses, cT3 stage (OR: 1.89), PSA (OR: 1.02) and Gleason Score ≥8 (OR: 2.21) remained as independent predictors for PSM. Conversely, age was not a significant predictor for PSM.


Table 6. Univariable and multivariable logistic regression model predicting Positive Surgical Margin (PSM).
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DISCUSSION

Radical prostatectomy currently remains the gold standard in the treatment of localized and resectable locally-advanced prostate cancer (1, 2). Local tumor control with negative surgical margins as well as the preservation of functionality represent the main goals of RP. We hypothesized that -beside the known effect of preoperative tumor characteristics- adverse non-tumor-related patient characteristics (i.e. high BMI and high prostate volume) deteriorate perioperative outcomes of RP. To test this hypothesis, we examined all 656 patients undergoing RP at our institution since 2014 and investigated several noteworthy findings.

First, our data show important findings according to blood loss. Here, patients with bigger prostates are at risk for increased blood loss. Interestingly, this holds true only for an open approach (ORP), while patients with bigger prostates undergoing RARP are not at higher risk for increased blood loss. While several studies showed decreased blood loss in RARP compared to ORP (13, 14), our study is the first to demonstrate a clear benefit regarding blood loss in patients with big prostates. In contrast to previous studies, our data did not suggest a correlation of BMI and blood loss (15). Potential reason for this discrepancy may stem from different stratifications according to blood loss and weight were used (6, 16). For example, Murakami et al. defined overweight at a BMI ≥ 25 kg/m2 (16). As shown in previous studies, tumor characteristics such as cT-stage (cT1c vs. ≥cT3) and Gleason Grade ≥8 were confirmed as independent predictors for increased blood loss, which can be explained by an increased complexity of the surgery (17). These findings are even more meaningful regarding to the fact that high intraoperative blood loss might be associated with a worse outcome of postoperative erectile and continence function (4).

Second, important results could be recorded according to OR time. Patients with large prostates had prolonged OR time. Interestingly, as already seen for the perioperative blood loss, this holds true for ORP but not for RARP. Similarly, BMI was an independent predictor for prolonged OR time Moreover, our data suggest that RARP may compensate prolonged OR time for normal weight vs. overweight patients, whereas OR time significantly increases in obese patients. In general, our data are congruent to the results of Mandel et al., who were able to show prolonged OR time for overweight and obese patients undergoing ORP compared to normal weighted patients, using the same BMI stratification (6). Additionally, comparing our RARP data, Murakami et al. showed differences in RARP operation time for BMI >25 kg/m2, but the authors stratified patients to BMI <25 kg/m2 vs. ≥25 kg/m2 only. Thus, patients with BMI >30 kg/m2 might have strongly affected differences in this cohort (16).

Third, according to NVBP, significant differences in our cohort could be recorded between normal weighted and obese patients undergoing ORP. Specifically, obese patients undergoing ORP were at higher risk to undergo a non-nerve sparing procedure, while this was not observed in RARP patients. This may be explained by the better visual conditions of RARP in obese patients, as already reported by Beyer et al. (18). In multivariable adjusted analyses higher BMI failed (p = 0.06) to be an independent predictor of none or unilateral NVBP and only age could be investigated as an independent predictor. Intuitively, our data confirm previous studies, showing that adverse tumor characteristics reduce the chance of NVBP (19–21).

Fourth, non-regarding of the surgical approach (ORP vs. RARP) prostate volume and BMI did not represent risk factors for PSM in patients undergoing RP. However, there is some evidence in literature that there may be a difference in PSM in larger prostates and especially in ORP (22, 23). These differences are mainly driven by very large prostate volumes and low patient numbers within those groups. According to different BMI categories, rates of PSM did not reach statistical significance with respect to our data. This could be explained by limited sample size and that the obese subgroup had the fewest number of patients. However, other studies suggest that there might be a detrimental effect of high BMI on PSM (5, 6, 24).

Fifth, after comparing different age groups, our data demonstrate that age has no detrimental effect on most perioperative outcomes. Nonetheless, age was an independent predictor of for less bilateral NVPB. While some studies provide differences in age categories within patients undergoing RP, these are mainly studies comparing very young patients or elderly cohorts and do not reflect the median patient age of prostate cancer diagnosis (25, 26).

Our study has several limitations. First, it is based on retrospective analyses. Second, the selection of the surgical approach (ORP or RARP) probably already represents a selection bias regarding to certain patient and tumor characteristics. Third, both surgical approaches represent methods with different learning curves and surgery was performed by different surgeons. The data described here does not provide information on the surgical volume. Moreover, no information about prostate configuration were available and about the location of PSM. NVPB was offered to every patient including frozen section since 11/2017. Before 2017 selection for NVBP was based on preoperative and intraoperative findings such as digital rectal examination, number and location of positive biopsies, preoperative PSA and if available MRT findings. Furthermore, results of high-volume centers are not necessarily applicable to low-volume care provider, which might limit the generalizability of our findings (27). Finally, our data do not provide data about patient's comorbidities. However, due to the primary selection of patients for RP instead of surveillance or radiation therapy we suggest that all patients had a favorable heath status with a life expectancy of more than 10 years.

Taken together, we can conclude that adverse patient and tumor characteristics have a significant impact on perioperative outcome. In particular, patients with larger prostates and obese patients undergoing ORP are at risk for adverse clinical outcomes like increased BL, OR time or non-nervesparing procedure. Conversely, in patients undergoing RARP, only obesity is associated with increased OR time. Therefore, patients with larger prostates or increased BMI might benefit most from RARP compared to ORP. Finally, BMI and prostate volume are independent predictors for worse perioperative outcomes such as prolonged OR time.
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Descriptive characteristics of 619 patients undergoing radical prostatectomy and stratified by prostate volume. BMI, Body mass index; iPSA, initial Prostate Specific Antigen; ORF, Open
Radical Prostatectomy; RARP, Robot-assisted Radical Prostatectomy.
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Descriptive characteristics of 619 patients undergoing radical prostatectomy and stratified by weight: Normal weight (BMI < 25) vs. overweight (BMI 25-30) vs. obese (BMI = 30).
BMI, Body mass index; iPSA, initial Prostate Specific Antigen; ORP, Open Radical Prostatectomy; RARP, Robot-assisted Radical Prostatectomy.
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