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Purpose

To explore the clinical indications of using the nerve-sparing technique in radical prostatectomy.



Patients and methods

We retrospectively analyzed the clinical and pathological data of 101 patients who underwent radical prostatectomy (RP) at our institution. Twenty-five patients underwent open surgery, and 76 patients underwent laparoscopic surgery. The biochemical recurrence (BCR) rate was analyzed by the method of Kaplan–Meier. The distance between the ipsilateral neurovascular bundles (NVBs) and foci of prostate tumor (N-T distance) was measured in postoperative specimens. We defined the N-T distance >2 mm as the threshold to perform nerve-sparing (NS) in RP. Through logistic regression analysis, we determined the preoperative clinical indications for the nerve-sparing technique in RP.



Results

The average BCR-free survival time was 53.2 months in these 101 patients with RP, with the 3- and 5-year BCR-free rates being 87.9% and 85.8%, respectively. The N-T distance was measured in 184 prostate sides from postoperative specimens of 101 patients. Univariate analysis showed that the percent of side-specific biopsy cores with cancer (≥1/3), maximum tumor length in biopsy core (≥5 mm), average percent involvement of each positive core (≥50%), PI-RADS score, and prostate MP-MRI imaging (extra-capsular extension) were associated with the N-T distance (p < 0.003). Furthermore, the percent of side-specific biopsy cores with cancer (≥1/3) (OR = 4.11, p = 0.0047) and prostate MP-MRI imaging (extra-capsular extension) (OR = 3.92, p = 0.0061) were found to be statistically significant independent predictors of the N-T distance in multivariate analysis.



Conclusions

The clinical indications of nerve-sparing RP were <1/3 side-specific biopsy cores with cancer and no extra-capsular extension by prostate MP-MRI examination.
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Introduction

With the widespread use of prostate-specific antigen (PSA) screening, a majority of prostate cancers are diagnosed in the early stages (1,2). Combination with multiparametric magnetic resonance (MP-MRI) helps better estimate the prostate cancers and guides the treatment approaches (3). Radical prostatectomy (RP) is regarded as a standard treatment for localized prostate cancer. Although effective at cancer control, RP has several common complications including erectile and urinary dysfunction, which severely affects the quality of life. Therefore, the trifecta outcome (cancer control, urinary continence, potency recovery) has become the most desired outcome following RP. The nerve-sparing (NS) modification of RP is required for maintaining sexual functioning after surgery (4). The necessary surgical procedure of NS-RP is to maintain the integrity of the neurovascular bundle (NVB). The distance between the ipsilateral neurovascular bundles (NVBs) and foci of prostate tumor (the N-T distance) (5), measured in specimen removed by RP, is a practical way for determining indications that warrant the use of NS-RP. However, the N-T distance is a postoperative measurement tool, and we still need preoperative clinical indications. In this study, we propose the clinical indications of NS-RP and discuss the clinical safety and feasibility.



Patients and methods


Patient

We collected the data from patients with localized prostate cancer who performed RP at our institution from January 2015 to December 2019. The study included patients with intact clinical and pathological data after RP with at least one-side nerve excision. Moreover, all participants had more than a 1-year follow-up. The exclusion criteria were (I) lack of preoperative biopsy and MP-MRI image; (II) history of preoperative androgen blocking therapy; (III) performance of both-side NS-RP; (IV) less than 1 year of follow-up period; and (V) bone metastases through the radionuclide bone scan. Finally, 101 cases were collected and retrospectively analyzed. The biochemical recurrence (BCR) rate was defined as two consecutive PSA levels after RP >0.2 ng/ml. None of the patients received adjuvant therapy such as endocrine drugs and external radiotherapy after RP, unless in case of biochemical recurrence.



Clinical data collection

Anthropometric measurements (age, weight, and height) were measured by trained nurses using a standardized protocol. Body mass index (BMI) was calculated by using the following formula: weight in kilograms divided by height in meters squared. The venous blood sample was taken in a fasting state at 8:00 a.m., and serum prostate-specific antigen was measured. Prostate Imaging–Reporting and Data System (PI-RADS) (6) was calculated based on MP-MRI prostate image, which was taken by a single radiologist specializing in the prostate. All the patients completed the International Prostate Symptom Score (IPSS) assessment questionnaire.



Transperineal template-guided prostate biopsy

Transperineal template-guided prostate biopsy (TTPB) was completed before RP. Firstly, prostate volume was calculated using the prostate ellipsoid formula (width × length × height × π/6). The first biopsy was divided into two ways depending on prostate size. As for prostate volume of <50 cm3, 8+X cores were taken as designated by a standardized biopsy scheme, including the lateral (two symmetrical needles respectively), the junctional region between the medial and lateral (one symmetrical needle respectively), the medial (one symmetrical needle respectively), and the suspected region, like the abnormal prostate nodule (X symmetrical needles). As for prostate volume of >50 cm3, 10+X or 12+X cores were taken. Based on 8+X, the 10+X scheme added two more symmetrical needles in the junctional region between the medial and lateral. Moreover, the 12+X scheme added two more symmetrical needles in the apex, based on the scheme of 10+X. Moreover, the repeated prostate biopsy was adopted in men with persistent suspicion of prostate tumor after a negative initial biopsy. The location of repeated prostate biopsy included the lateral (three symmetrical needles respectively), the junctional region between the medial and lateral (three symmetrical needles respectively), the medial (two symmetrical needles respectively), and the apex (two symmetrical needles respectively). The data including the percent of side-specific biopsy cores with cancer, maximum tumor length in biopsy core, and average percent involvement of each positive core were acquired from TTPB. The biopsy Gleason score was calculated and graded by samples from prostate biopsies.



Pathological characteristics after radical prostatectomy

The pathological specimens of the prostate were sectioned at intervals of 3–4 mm and were stained with hematoxylin and eosin for morphological evaluation. Optical microscopy (OM) was used to observe microstructures of specimens and measure the N-T distance (Figure 1). NS-RP was permitted on the condition of the N-T distance >2 mm, while it was considered as a contraindication when the N-T distance ≤2 mm.




Figure 1 | Schematic diagram of distance between the neurovascular bundle (NVB) and the foci of prostate cancer. (A) The measurement method of distance between the neurovascular bundle and the foci of prostate cancer: performed separately on the left and right sides. The light blue line is the prostate capsule (the junction of the gland and NVB). (B) The specimen measured the distance between the neurovascular bundle and the foci of prostate cancer.





Statistical analyses

Univariate and multivariate logistic regression analyses were conducted for the N-T distance (≤2 or >2 mm) associations with independent variables. The independent variables included preoperative PSA level, prostate volume, Gleason score, tumor risk classification, percent of side-specific biopsy cores with cancer, maximum tumor length in biopsy core, average percent involvement of each positive core, PI-RADS score, and extra-capsular extension in MP-MRI image. BCR-free survival was calculated with the Kaplan–Meier method. The SPSS ver. 25 (SPSS Inc., Chicago) was used for statistical analysis. p < 0.05 was considered to indicate statistical significance.




Results


Preoperative clinical characteristics

A total of 101 patients were enrolled according to the study criteria. The basal clinical manifestations are summarized in Table 1. The median age, body mass index (BMI), IPSS score, preoperative PSA level, and prostate volume were 66.3 (51–78) years, 25.36 (21–31) kg/m2, 6 (0–19), 8.96 (3.4–36.6) ng/ml, and 41.32 (19–87) ml, respectively. No obvious lymph node metastasis was observed in the preoperative MP-MRI image, while 15 patients (14.85%) had extra-capsular extension. Using PI-RADS (6), 13 patients (12.87%), 51 patients (50.50%), 23 patients (22.77%), and 14 patients (13.86%) were scored 1–2, 3, 4, and 5, respectively. Using the clinical TMN staging system, 68 (67.33%) patients were in the cT1 stage, 18 (17.82%) patients were in the cT2 stage, and 15 (14.85%) patients were in the cT3 stage. TTPB showed that the median needle was 9.38 (8–20), including 29.14% (276/947) being a positive needle. Thirty-two patients (26.73%) had side-specific biopsy cores with cancer ≥1/3. The median diameter of the pathological specimen was 4.13 mm (0.5–15), and 27 patients (26.73%) had maximum tumor length in biopsy core ≥5 mm. Twenty-five patients (24.95%) had average percent involvement of each positive core ≥50%. The median biopsy Gleason score was 6.72 (6–9), consisting of six in 39 patients (38.61%), seven in 52 patients (51.49%), and eight–nine in 10 patients (9.90%). Based on serum PSA, biopsy Gleason score, and clinical stage, 29 patients (28.71%), 39 patients (38.61%), and 13 patients (12.87%) were divided into the low-risk group, medium-risk group, and high-risk group, respectively.


Table 1 | Baseline characteristics of the study population.





Surgical methods and pathological specimen characteristics

Of all the 101 patients, open surgery was done for 25 (25.75%) and laparoscopic surgery for 76 (75.25%). Bilateral non-NVB preservation was done for 83 (82.18%), while unilateral was done for 18 (17.82%). According to postoperative pathological stage, 17 (16.83%) patients were in stage ≤pT2b, 59 (58.42%) patients in stage pT2c, 18 (17.82%) in stage pT3a, and 7(6.93%) in stage pT3b. A positive surgery margin (PSM) was observed in nine patients (8.91%), with four cases at the base, four cases at the posterior, and one case at the apex. All 101 patients experienced more than 1 year of the follow-up visit. The median BCR survival time was 53.2 (50.87–55.52) months. The 3- and 5-year BCR-free survival rates were 87.9% and 85.8%, respectively (Figure 2).




Figure 2 | Kaplan–Meier curve for overall BCR-free survival time.





Logistic regression analyses of the N-T distance

The N-T distance was measured in 184 prostate sides from postoperative specimens of 101 patients, with 68 sides (36.96%) ≤2 mm and 116 sides (63.04%) >2 mm. There were significant differences in PI-RADS score (≥4), extra-capsular extension in MP-MRI image, and preoperative needle biopsy-related factors, including percent of side-specific biopsy cores with cancer (≥1/3), maximum tumor length in biopsy core (≥5 mm), and average percent involvement of each positive core (≥50%) (p < 0.003, Table 2). No differences were shown in age, BMI, IPSS score, PSA level, prostate volume, biopsy Gleason scores, and tumor risk classification (p > 0.05). In the multivariate analysis, extra-capsular extension in MP-MRI image (OR = 3.92, p = 0.0061) and percent of side-specific biopsy cores with cancer (≥1/3) (OR = 4.11, p = 0.0047) were identified as independent risk factors associated with the N-T distance (Table 3).


Table 2 | Univariate analysis of preoperative variances and the N-T distance.




Table 3 | Multivariate analysis of preoperative variances and the N-T distance.






Discussion

Radical prostatectomy (RP) is the main surgical treatment for localized prostate cancer, and nerve-sparing (NS) is recognized as a critical surgical procedure to preserve or restore erectile function. NS-RP improves sexual function and restores urinary continence, but it might increase the positive rate of the surgical margin (7,8). Until now, the indication of NS-RP remains ambiguous.

Previous studies suggested that the intraoperative visual and tactile examination of epfascial sclerosis nodule could be the determination on whether to spare the nerve in RP or not (9). However, due to open surgery being substituted by laparoscopic surgery, depending on intraoperative examination was not practical and precise. Furthermore, in some studies (5,10–12), the extra-prostatic extension (EPE) in the region of NVB was regarded as one of the most important clinical variants for NS-RP or not. Naya et al. (10) reported that the strongest preoperative independent predictors of the EPE were the maximum tumor length ≥7 mm and positive basal core location. Tsuzuki et al. (11) showed that PSA (>10 ng/ml), biopsy Gleason score (>7), average percent involvement of each positive core (>20%), percent of side-specific biopsy cores with tumor (≥1/3), and abnormalities in the rectal examination were statistically significant independent predictors of EPE in the NVB. However, rather than adopting the EPE in the NVB as a criterion, the N-T distance (>2 mm) in postoperative pathologic specimens was used in our study.

We suggested the N-T distance (>2 mm) as the criterion based on the following reasons: (I) the N-T distance is not only associated with PSM but also a more objective indicator, compared with the extra-prostatic extension. Therefore, using N-T distance as the criterion to evaluate NS is more consistent with the clinical principles of cancer control. (II) The network of nerve fibers and extra-capsular tumor cells are both microscopic, thus their anatomical structures are hard to be recognized visually. Despite using the three-dimensional DaVinci system, which magnifies the field by 10–12 times, their anatomical structures are still difficult to visualize intraoperatively, leading to more possibility of PSM. As a result, to keep the balance between tumor control and nerve-sparing, using the N-T distance from the postoperative specimen is a more objective indicator. (III) Sung et al. (13) demonstrated that the average distance from the prostatic capsule to nerve fibers was 1.73 mm in the ventral part, 1.80 mm in the dorsal (rectal) part, 1.58 mm in the right lateral part, and 1.23 mm in the left lateral part (p = 0.266). Also, no significant difference was observed among the base (1.62 mm), mid-part (1.41 mm), and apex levels (1.72 mm) (p = 0.673). Inoue et al. (5) reported that the mean N-T distance with EPE was 2.01, 1.95, and 1.85 mm in the apex, middle, and base, respectively. Therefore, PSM was very likely to occur when performing NS-RP when the N-T distance was <2 mm. (IV) In our previous study related to the network of nerve fibers under endoscopic technique, the network was divided into two groups and five zones. The most vulnerable areas were the peri-seminal vesicle reticulum (zone 1), NVB (zone 2), and bilateral prostatic network (zone 3). Through autopsy, we found that the nerve network in the ventral 12-point region of the pelvic fascia around the prostate was sparsely distributed and other regions were equally distributed. Hence, measuring the N-T distance in the NVB region as the criterion was anatomically appropriate. (V) Previous research showed that EPE happened in the NVB region and easily caused PSM (14,15). In our study, the percent of PSM happened in the NVB region and the base of the prostate was 89% (8/9). Thus, regarding the N-T distance as the criterion was consistent with the pathophysiology of prostate cancer.

Previous studies found that the EPE was associated with the percent of side-specific biopsy cores with tumor (≥1/3), preoperative PSA level, and biopsy Gleason score (5,14–17). Preoperative MP-MRI (18,19) is also related to EPE and is used to estimate the risk category of prostate cancer (3,20). Our study used the N-T distance (2 mm) as the criterion for NS-RP and predicted its associated preoperative clinical variants. The result showed that only the percent of side-specific biopsy cores with tumor (≥1/3) and preoperative MP-MRI examination were the independent risk variances. Based on the above results, we suggested that the preoperative indication of NS-RP was percent of side-specific biopsy cores with tumor (<1/3) and no extra-capsular extension by MP-MRI examination, even though PSA level >10 ng/ml or biopsy Gleason score >8 in clinical T2c cases.

Our study still had some limitations. The samples were relatively small due to exclusion of cases undergoing bilateral NS surgery, leading to selective deviation. For those bilateral NS cases, lacking neural markers resulted in the unreliable measurement of the N-T distance. Instead, we measured the distance between the posterolateral region of the prostate and tumor (<2 mm) as substitution and finally got similar results. We must point out that it remains to be further demonstrated the rationality of adopting the N-T distance (>2 mm) as the NS-RP criterion. Furthermore, more prospective studies should be designed to evaluate the above preoperative factors as the criterion of the NS-RP.



Conclusion

For the patients with radical prostatectomy, percent of side-specific biopsy cores with tumor (<1/3) and no extra-capsular extension by MP-MRI examination can be regarded as preoperative indications for nerve-sparing surgery when we defined the distance between a tumor and neurovascular bundle >2 mm as the nerve-sparing criterion.
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Characteristics Patients

(n=101)

Age (years) 66.30 (51-78)
BMI (kg/m?) 25.36 (21-31)
IPSS score 6 (0-19)
Preoperative PSA (ng/mL) 8.96 (3.4-36.6)
Prostate volume (mL) 41.32 (19-87)
Clinical T stage

cT1 68 (67.33%)

cT2 18 (17.82%)

cT3 15 (14.85%)
Biopsy Gleason score

6 39 (38.61%)

7 52 (51.49%)

8-9 10 (9.9%)
D’Amico risk classification

Low 29 (27.71%)

Intermediate 39 (38.61%)

High 13 (12.87%)
PI-RADS

1-2 13 (12.87%)

3 51 (50.50%)

4 23 (22.77%)

5 14 (13.86%)
MP-MRI image (capsular invasion) 15 (14.85%)
Variables with preoperative needle biopsy

Numbers of biopsy cores 9.38 (8-20)

Percent of side-specific cores with cancer (>1/3) 32 (31.68%)

Maximum tumor length in biopsy core (mm) 4.13 (0.5-15)

Maximum tumor length in biopsy core (=5 mm) 27 (26.73%)

Average percent involvement of each positive core 25 (24.75%)
(=50%)
Operation

Open surgery 25 (24.75%)

Laparoscopic surgery 76 (75.25%)

BMI, body mass index; IPSS, International Prostate Symptom Score; PSA, prostate-
specific antigen; PI-RADS, Prostate Imaging-Reporting and Data System; MP-MRI,
multiparameter MRI.





