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Abstract
This study aimed to determine the prognostic factors associated with biochemical recurrence (BCR) after radical prostatectomy (RP) in
patients with pathological T2 (pT2) prostate cancer (PCa) and negative resection margin (RM) status at a single institution. In this
retrospective study, we examined 386 patients who were diagnosed with pT2 PCa with negative RM after RP. The length of the tumor
was provided for each biopsy core and the overall percentage of PCawas calculated by a pathologist at our institution.We estimated the
BCR-free survival (BRFS) in these patients. Univariate and multivariate analyses were performed using the Cox proportional hazard
model to determine the risk factors of BCR. The median age of the participants was 68 years, and their initial prostate-specific antigen
level was 6.55 ng/mL. Themedian follow-up periodwas 85.7months. The 5-year BRFS rate of the participants was 89.0%. The 5-year
BRFS rates were 89.8% in patients with a biopsy Gleason score of 6, 90.4% in those with 7, and 64.1% in those with ≥8 (P = 0.007).
The BRFS rate was 93.3% in patients who had a biopsy positive core ≤20% and 82.0% in those who had ≥21% (P = 0.001). Based on
the multivariate analysis, the proportion of biopsy positive core was significantly associated with BCR. The proportion of biopsy
positive core may predict preoperative covariates in patients with pT2 PCa and negative RM status after RP.
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Introduction

The incidence of prostate cancer (PCa) is the highest in men
worldwide [1]. In Japan, PCa is the fourth commonest malig-
nancy in men, and the Japanese National Cancer Institute re-
vealed that approximately 78,400 men were newly diagnosed
with PCa in 2018 [2]. Radical prostatectomy (RP) provides a
favorable curative outcome, particularly in patients with path-
ologically organ-confined disease (pT2) and a life expectancy
>10 years [1]. The oncological goal of RP is the complete
removal of the prostate and seminal vesicles without positive
resection margin (PRM) [3]. Despite excellent surgical treat-
ment, up to 40% of patients will have biochemical recurrence
(BCR) after RP [3]. Several studies have identified the inde-
pendent predictors of BCR in patients with PCa who
underwent RP, which include preoperative serum prostate-
specific antigen (PSA) levels, Gleason score (GS), patholog-
ical stage (pT), resection margin (RM) status, perineural inva-
sion (PNI), lymphovascular invasion (LVI), and percent tumor
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involvement [3–9]. Although patients with pT2 and negative
RMs (NRMs) may have excellent prognosis after RP, 4%–
32% of patients with pT2 PCa develop BCR within 10 years
after RP [8, 10, 11].

The present study aimed to determine the prognostic fac-
tors associated with BCR after RP in Japanese patients who
were diagnosed with pT2 PCa with NRMs at a single
institution.

Patients and Methods

Patient Characteristics

In this retrospective study, we reviewed the clinical and patho-
logical records of 1503 patients with PCawho underwent RP and
bilateral pelvic lymphadenectomy (PLND) between July 1996
and March 2018 at Hirosaki University. Of these patients, 386
who had pT2 PCa with NSM status were examined. Patients
with histologically confirmed clinical stage (cT)T1a–T3 PCa
without lymph node (LN) involvement or distantmetastasis were
considered eligible. The exclusion criteria were patients with
PRM status, those with pathological LN involvement, those re-
ceiving neoadjuvant or adjuvant therapy, those who previously
received radiation therapy to the prostate or pelvis, and those
treated with finasteride or dutasteride before surgery. In this anal-
ysis, the following patient characteristics were collected: age,
body mass index, initial serum PSA level, cT, biopsy GS, pros-
tate volume, and number of prostate biopsy and biopsy positive
core. The postoperative variables included pathological T stage,
pathological GS, PNI status, and tumor volume (TV).
Information about the patients and the characteristics of the tumor
was obtained frommedical charts. The patients were divided into
two groups according to BCR: patients without BCR group and
patients with BCR group.

The study protocol was approved by the institutional re-
view board of Hirosaki University (no. 2013–349) and Gifu
University (no. 2019–062), and informed consent was obtain-
ed from the participants.

Treatment

All patients underwent a 10- to 12-core transrectal
ultrasound-guided prostate biopsies [12]. In this study,
the participants did not undergo multi-parametric mag-
netic resonance imaging (mpMRI) before prostate biop-
sy. In addition, all patients were not evaluated to predict
biopsy outcomes using the Prostate Imaging Reporting
and Data System version 2.0 (PI-RADS v2) [13].

The participants in the present study underwent RP and
PLND. Our surgical technique for open RP has been previ-
ously described in detail [14]. Robot-assisted laparoscopic RP
was performed from July 2011 to March 2018 [15]. All

patients in the present study underwent the same lymphade-
nectomy procedure, which included the removal of pelvic
LNs in both sides [16].

Pathological Analysis

The following baseline information was obtained from each
patient: complete history and physical examination findings,
Eastern Cooperative Oncology Group Performance Status
score, and abdominal and pelvic computed tomography
(CT) scan and MRI, chest radiography and CT, and bone
scintigraphy findings.

At our institution, a single pathologist evaluated the GSs of
prostate biopsies and prostatectomy specimens according to
the International Society of Urological Pathology 2005 guide-
lines [17]. The percentage of PCa was given for each biopsy
core. The overall percentage of PCa defined was calculated by
a pathologist at our institution. All prostatectomy specimens
were sectioned using the whole-mount technique. The apex of
the prostate was shaved perpendicular to the prostatic urethra.
The bladder neck margin was coned from the specimen and
sectioned perpendicularly. The remaining prostate was
completely sectioned at 3-mm intervals along a plane perpen-
dicular to the urethral axis. Immunohistochemical staining
was not performed in this study.

Tumor staging was performed according to the staging sys-
tem defined in the American Joint Committee on Cancer
Staging Manual [18].

Follow-Up Schedule

All patients were followed up by assessing serum PSA and
testosterone levels every 3 months for 5 years and every
6 months thereafter. BCR was defined as serum PSA levels
>0.2 ng/mL. If the PSA levels did not decrease to <0.2 ng/mL
after surgery, the date of RP was defined as the date of disease
recurrence.

Endpoints and Statistical Analysis

The primary endpoint was BRFS. Data were analyzed using
the Statistical Package for the Social Sciences software ver-
sion 24.0 (IBM Corp., Armonk, NY, the USA). Survival after
RP was analyzed using the Kaplan–Meier method. The rela-
tionship between survival and subgroup classification was an-
alyzed using the log-rank test. The date of surgery was used as
the starting point for the estimates of BRFS after RP.
Differences between patients without BCR and patients with
BCR groups were compared using the Student’s t test or
Mann–WhitneyU test for categorical variables. Multivariate
analysis was performed using the Cox proportional hazard
model. All P values were two-sided, and the significance level
was set at <0.05.
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Results

Patient Characteristics

A total of 386 patients who had pT2 PCa with NRM were
enrolled in this study. The demographic data of the partici-
pants, according to BCR, are listed in Table 1. All patients
were diagnosed with PCa based on the histological examina-
tion findings of the specimens obtained during prostate biop-
sy. The median age of the participants was 68 (interquartile
range [IQR]: 63–71) years, and the initial PSA level was 6.55
(IQR: 5.00–9.04) ng/mL. The median follow-up period was
85.7 (IQR: 46.0–118.9) months. The initial PSA levels were
relatively higher in patients with BCR group than in patients
without BCR group; however, no significant difference was
observed in both groups.

Pathological Outcomes

The pathological evaluation data of the participants are listed
in Table 2. PNI and TV were relatively higher in patients with

BCR group than in patients without BCR group. However, all
covariates were not significantly different in both groups.
Additionally, it was found that the prostate and tumor volumes
were not mutually associated. (P = 0.199).

Oncological Outcomes

The 5- and 10-year BRFS rates of the participants were 89.0%
and 87.8%, respectively. The 5- and 10-year overall survival
rates of the participants were 98.9% and 96.0%, respectively.
At the end of the follow-up period, 40 (10.4%) patients devel-
oped BCR and 10 (2.6%) died after RP. One patient died of
PCa and nine of other causes, including other types of cancer
in seven patients, chronic kidney disease in one patient, and an
unknown cause in one patient. The biopsy of the patient who
died of PCa had a GS of 9 and GS percentage of 40%. The
patient developed BCR at 37.7months and castration-resistant
PCa at 72.1 months after RP.

According to biopsy GS, the 5-year BRFS rates were
89.8% in patients with a biopsy GS of 6, 90.4% in those with
7, and 64.1% in those with ≥8 (Fig. 1). BRFS in patients with a

Table 1 Preoperative patients’
characteristics Patients

without BCR

(N = 346)

Patients
with BCR

(N = 40)

P

Age (year, median, IQR) 67 (63–71) 68 (65–69) 0.583

Body mass index

(kg/m2, median, IQR)

23.9

(22.1–25.4)

24.2

(23.2–25.9)

0.221

Initial PSA (ng/mL, median, IQR) 6.44

(5.00–8.88)

7.56

(5.35–10.54)

0.075

Clinical T stage, number (%) 0.884
T1c 250 (72.3) 27 (67.5)

T2a/b 80 (23.1) 12 (30.0)

T2c 4 (1.2) 1 (2.5)

T3 12 (3.5) 0

Biopsy Gleason score, number (%) 0.400
6 58 (16.8) 0

7 275 (79.4) 34 (85)

≥ 8 13 (3.8) 6 (15)

D’Amico risk classification, number (%) 0.09
Low 39 (11.3) 4 (10)

Intermediate 278 (80.3) 28 (70)

High 29 (8.4) 8 (20)

Proportion of biopsy positive core (%, median, IQR) 20

(10–30)

30

(18.2–40)

0.001

Prostate volume (mL, median, IQR) 36.4

(26.5–48.0)

33.6

(29.2–46.3)

0.786

PSA density

(ng/mL/cm3, median, IQR)

0.18

(0.13–0.26)

0.2

(0.15–0.35)

0.109

Follow-up period

(months, median, IQR)

80.8

(41.2–114.3)

108.2

(93.7–142.2)

<0.001

BCR biochemical recurrence; IQR interquartile range; PSA prostate-specific antigen
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biopsy GS ≥8 was significantly lower than that with a biopsy
GS of 6 or 7 (P = 0.007 and 0.001, respectively). Regarding
D’Amico risk stratification, the 5-year BRFS rates in the low-,
intermediate-, and high-risk groups were 86.5%, 90.7%, and
76.9%, respectively (Fig. 2). BRFS in the high-risk group was
significantly lower than that in the intermediate group (P =
0.018). According to the proportion of biopsy positive core,
the BRFS rate was 93.3% in patients with a biopsy positive
core ≤20% and 82.0% in those with ≥21% (Fig. 3). BRFS in
patients with a biopsy positive core ≤20% was significantly
higher than that in counterparts (P = 0.001). Based on the
multivariate analysis, the proportion of biopsy positive core
was significantly associated with BCR (Table 3).

Discussion

Although several patients with organ-confined PCa achieve
disease-free survival after RP, the complete removal of the
prostate with NRMs does not guarantee the absence of disease
progression [19]. Preoperative serum PSA levels, GS, pT, and
PRM status are the widely accepted significant prognostic
factors according to BCR after RP [20]. Of these factors, the
PRM status was associated with a poor prognosis, including
BCR and PCa-specific mortality [3, 5, 6]. Zhang et al. con-
ducted a meta-analysis of high-quality retrospective cohort
studies to assess the prognostic value of PRM in BCR [7].
Results showed that PRM was associated with a higher risk
of BCR in the univariate (hazard ratio [HR] = 1.56; P < 0.001)

Table 2 Pathological outcomes
Patients without BCR

(N = 346)

Patients with BCR

(N = 40)

P

Pathological T stage, number (%) 0.754
T2a 92 (26.0) 10 (25.0)

T2b 25 (7.2) 6 (15.0)

T2c 229 (66.2) 24 (60.0)

Pathological Gleason score, number (%) 0.143
≤ 6 25 (7.2) 1 (2.5)

7 262 (75.7) 30 (75.0)

≥ 8 59 (17.1) 9 (22.5)

Perineural invasion, number (%) 0.073
Negative 143 (41.3) 10 (25.0)

Positive 203 (58.7) 30 (75.0)

Tumor volume (cm3, median, IQR) 0.93

(0.39–2.10)

1.22

(0.52–2.29)

0.188

BCR biochemical recurrence; IQR interquartile range

Fig. 1 According to biopsy Gleason score (GS), the 5-year biochemical
recurrence-free survival (BRFS) rates were 89.8% in the patients with a
biopsy GS of 6, 90.4% in those with 7, and 64.1% in those with ≥8. The
BRFS in patients with a biopsy GS ≥8 was significantly lower than that in
patients with a biopsy GS of 6 or 7 (P = 0.007 and 0.001, respectively)

Fig. 2 With regard to D’Amico risk stratification, the 5-year biochemical
recurrence-free survival (BRFS) rates in the low-, intermediate-, and
high-risk groups were 86.5%, 90.7%, and 76.9%, respectively. The
BRFS in the high-risk group was significantly lower than that in the
intermediate group (P = 0.018)
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and multivariate analyses (HR = 1.35; P < 0.001) [7]. In a
large multi-institutional study of almost 6000 patients who
underwent RP, PRM was associated with a 3.7-fold risk of
BCR [21]. Ploussard et al. reported that the 5-year BRFS rate
was 84.4% in patients with NSMs and 57.5% in those with
PSMs. The PRM status was significantly associatedwith BCR
(P < 0.001) [5]. In addition, the RM status was a significant
predictor of BCR in pT2 (P < 0.001) and pT3a (P = 0.001),
whereas the impact of PRM was not significant in pT3b (P =
0.196) and pT4 (P = 0.061) [5]. Although PRM status was
significantly associated with BCR, it may be necessary to
pay careful attention at RP, particularly in patients with pT2.

Access to the systemic circulation by tumor cells is an impor-
tant step in the dissemination of metastases to distant sites [22].
PNI and LVI are considered the major mechanism for the
extraprostatic spread of PCa [7, 8]. Zhang et al. have evaluated
whether the presence of PNI has a prognostic impact on BCR in
patients after RP via a meta-analysis [7]. The pooled HR indicat-
ed that PNI was associated with a higher risk of BCR in patients
with PCa after RP (HR= 1.23; P < 0.001) [7]. The phenomenon
of PNI is recognized as a potential component of the cancer
microenvironment [23]. PNI is also defined as cancer cell track-
ing along or around a nerve within the perineural space [24].

Therefore, PCa patients with PNI may be at a risk of
extraprostatic extension at the time of surgery [39]. In contrast,
LVI was observed in the tumor cells that are directly observed
within the lymphatic and/or vascular space and was associated
with an increased risk of disease dissemination and recurrence
[22]. Mitsuzuka et al. investigated about PCa patients with pT2
to determine whether LVI was associated with BCR [8]. With a
median follow-up period of 50 months, the 5-year BRFS rates
for LVI-negative and LVI-positive patients were 89.1% and
65.5%, respectively, in all patients (P < 0.001) and 98.7% and
85.3%, respectively, in patients with pT2 and NRM status
(P < 0.001) [8]. Galiabovitch et al. reported that the BCRS rate
in patients with LVI was significantly shorter than that in patients
without LVI (P < 0.001) [22]. Undoubtedly, the RM status, PNI,
and LVI were significantly associated with BCR in patients with
PCa after RP. However, it may difficult to predict these patho-
logic features before surgery.

Preoperative risk stratification models are useful for patient
counseling or evidence-based treatment decision-making in pa-
tients with PCa. Several authors have attempted to show the
probability of positive extracapsular extension (EPE) or seminal
vesicle involvement (SVI) using preoperative clinical parameters
[13, 25]. In our previous study, 55% of the high-risk PCa patients
who underwent RP alone had evidence of EPE or SVI in their
surgical specimen [14]. Therefore, the accurate prediction of the
localization of PCa and the occurrence of BCR after RP are
crucial for determining the optimal treatment strategy [14].

Recently, mpMRI has been established to improve tumor
detection and localization [26]. In 2012, the European Society
of Urogenital Radiology proposed the PI-RADS to assess the
risk of PCa in lesions detected using mpMRI [27].
Subsequently, the PI-RADS v2 was established in 2015, and
it simplified rules for reporting, modifying imaging se-
quences, and defining clinically significant PCa [13].
Recently, Berney at al. reported the use of percentage of
high-grade Gleason pattern in order to predict PCa-related
deaths [28]. In this study, the participants did not undergo
mpMRI before prostate biopsy. Therefore, whether PCa stage
can be diagnosed accurately is not completely elucidated. In
addition, the percentage of high GS was not calculated and
immunohistochemical staining was not performed in this
study. Although no correlation was observed between the pro-
portion of positive biopsy core and tumor volume, the propor-
tion of positive biopsy core was significantly associated with
BCR in PCa patients with pT2 and NRM in this study.

The present study had several limitations. First, this was a
retrospective study, and all variables were not controlled for
selection bias and other unmeasurable confounding factors.
Second, a relatively small number of patients were enrolled
in this study, and the follow-up period was relatively short.
Third, the participants did not undergompMRI before prostate
biopsy. In addition, all patients were not evaluated for the
prediction of biopsy outcomes using the PI-RADS v2.

Fig. 3 According to the proportion of biopsy positive core, the
biochemical recurrence-free survival (BRFS) rate was 93.3% in patients
who had biopsy positive core ≤20% and 82.0% in those who had ≥21%.
The BRFS in patients who had biopsy positive core ≤20% was
significantly higher than that in counterparts (P = 0.001)

Table 3 Multivariate analysis for biochemical recurrence-free survival

P Hazard ratio 95% Cl

Proportion of positive biopsy core 0.005 1.022 1.007–1.037

Biopsy Gleason score 0.112 0.272 0.055–1.353

D’Amico risk classification 0.998 0.998 0.239–4.175

CI confidence interval
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Conclusion

Although patients with pT2 PCa and negative RM status had
excellent oncological outcomes after RP, a low number of pa-
tients developed BCR. In this study, the proportion of biopsy
positive core may predict preoperative covariates in patients with
pT2 PCa and negative RM status after RP. Avalidation study of
the combination of mpMRI or PI-RADS v2 and prostate biopsy
may be conducted to assess whether the utility of the proportion
of positive biopsy core can predict BCR in PCa patients who
were diagnosed with pT2 with negative RMs after RP. In addi-
tion, several studies using immunohistochemical assays, includ-
ing p53 [29] or LacdiNAc-glycosylated PSA [30] assays, will be
required to prove the usefulness of the percentage of biopsy
positive core as a clinical and pathological parameter for evalu-
ating the prognosis in PCa patients.
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