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Abstract

Currently, the association between prostate volume (PV) or prostate weight with pathological outcomes in patients with prosg
cancer (PCa) is not well understood. This study aimed to explore whether PV can predict the adverse pathological outcomes of
PCa patients after radical prostatectomy (RP). A total of 1063 men with confirmed localized PCa who underwent RP at the First
Affiliated Hospital of Zhejiang University from January 2014 to April 2019 were retrospectively analyzed. Patients were assigned
into small, medium and large groups based on the PV. The analysis of variance, y? test or Student t test was performed to compare
differences among groups. Univariate and multivariate analyses were performed to identify significant predictors of pathological
outcomes upgrading. Among the 1063 cases, approximately 35.0% had an upgrade of postoperative pathology. Compared with
the small prostate group, more patients in the large prostate group achieved a Gleason score (GS) 6 and International Society of
Urological Pathology (ISUP) grade 1 of postoperative pathological findings, clinical cT,_and cT,, stages and pathological pT,, and
pT,, stages; the incidence of positive surgical margins and extraprostatic extension was relatively low (all P <.001). In multiple
logistic regression, PV served as a significant predictor of any Gleason score upgrading (GSU) (odds ratio [OR] 0.988, 95%
confidence interval [CI] 0.978-0.998), major GSU (OR 0.980, 95% CI 0.965-0.995) and any ISUP grade group upgrading (GGU)
(OR 0.989, 95% CI 0.979-0.999). This study shows that PV can predict adverse pathological outcomes in PCa patients after
radical prostatectomy. Pca patients with smaller prostate volume tend to have the high-grade disease at postoperative pathology
as well as pathological outcome upgrading.

Abbreviations: BMI = body mass index, Cl = confidence interval, EPE = extraprostatic extension, GGU = grade group upgrading,
GS = Gleason score, GSU = Gleason score upgrading, ISUP = International Society of Urological Pathology, OR = odds ratio, PCa
= prostate cancer, PSA = prostate-specific antigen, PSAD = prostate-specific antigen density, PSM = positive surgical margins,

PV = prostate volume, RP = radical prostatectomy, SVI = seminal vesicle invasion, TRUS = transrectal ultrasound.
Keywords: Chinese cohort, pathological outcome upgrading, prostate cancer, prostate volume, radical prostatectomy

1. Introduction

A recent study published in 2019 indicated that prostate can-
cer (Pca) is the most common cancer and the second leading
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Patient characteristics.
Small prostate group: Medium prostate group: PV Large prostate group: P
Overall PV <30 mL 30-80 mL PV > 80 mL value
No. pts (%) 1063 (100.0%) 519 (48.8%) 514 (48.4%) 30 (2.8%)
Mean + SD age 67.52 + 6.48 67.33 + 6.54 67.96 + 5.71 69.20 + 4.27 .001
Mean + SD BMI (kg/m?) 23.67 +3.15 23.26 +2.90 2328 +2.52 23.55+294 .85
Median ng/mL PSA (IQR) 11.40 (7.53-19.78) 10.64 (7.02-17.25) 12.11(7.85-22.18) 14.32 (10.90-19.75) .001
PV (cmd):
Median (IQR) 30.41 (23.89-40.11) 23.79 (20.20-26.96) 38.90 (34.32-49.04) 92.90 (83.73-104.11) .001
Mean + SD 34.76 + 16.69 23.92 +4.31 4487 +11.44 93.81 +10.96
PSAD:
Median (IQR) 0.38 (0.23-0.64) 0.48 (0.31-0.80) 0.31 (0.19-0.52) 0.16 (0.10-0.19) .001
Mean + SD 0.56 + 0.65 0.79+0.85 0.40+0.30 0.27 £ 0.41
No. procedure (%):
Opened RP 305 (28.7%) 135 (12.7%) 159 (15.0%) 11 (1.0%) 123
Laparoscopic RP 347 (32.6%) 168 (15.8%) 173 (16.3%) 6 (0.6%)
Robot-assisted RP 411 (38.7%) 216 (20.3%) 182 (17.1%) 13 (1.2%)
Surgery yr (%):
2015 244 (23.0%) 128 (12.0%) 110 (10.3%) 6 (0.6%) 405
2016 216 (20.3%) 106 (10.0%) 100 (9.4%) 10 (0.9%)
2017 44 (4.1%) 23 (2.2%) 19 (1.8%) 2(0.2%)
2018 236 (22.2%) 113 (10.6%) 116 (10.9%) 7(0.7%)
2019 323 (30.4%) 149 (14.0%) 169 (15.9%) 5(0.5%)
% Cores positive:
Median (IQR) 0.38 (0.20-0.50) 0.40 (0.25-0.63) 0.30 (0.20-0.50) 0.16 (0.10-0.41) .001
Mean + SD 0.41+£0.25 0.47 £0.24 0.37+0.24 0.26 +0.22
No. biopsy Gleason score (%):
6 323 (30.4%) 143 (13.5%) 164 (15.4%) 16 (1.5%) .063
7 492 (46.3%) 254 (23.9%) 230 (21.6%) 8 (0.8%)
8 182 (17.1%) 87 (8.2%) 91 (8.6%) 4(0.4%)
9or10 66 (5.9%) 35 (3.3%) 29 (2.7%) 2(0.2%)
No. pathological gleason score (%):
6 156 (14.7%) 53 (5.0%) 92 (8.7%) 11 (1.0%) .001
7 680 (64.0%) 356 (33.5%) 31 0 (29.2%) 14 (1.3%)
8 122 (11.5%) 60 (5.6%) 61 (5.7%) 1(0.1%)
9or10 105 (9.9%) 50 (4.7%) 51 (4.8%) 4(0.4%)
No. biopsy ISUP grade (%):
1 323 (30.4%) 143 (13.5%) 164 (15.4%) 16 (1.5%) 073
2 298 (28.0%) 155 (14.6%) 140 (13.2%) 3(0.3%)
3 197 (18.5%) 99 (9.3%) 93 (8.7%) 5(0.5%)
4orb 245 (23.0%) 122 (11.5%)519 117 (11.0%) 6 (0.6%)
No. Pathological ISUP grade (%): .001
1 156 (14.7%) 53 (5.0%) 92 (8.7%) 11 (1.0%)
2 374 (35.2%) 187 (17.6%) 179 (16.8%) 8 (0.8%)
3 306 (28.8%) 169 (15.9%) 131 (12.3%) 6 (0.6%)
4orb 227 (21.4%) 110 (10.3%) 112 (10.5%) 5(0.5%)
No. Clinical stage (%): .001
cT,, 84 (7.9%) 32 (3.0%) 48 (4.5%) 4(0.4%)
Ty 128 (12.0%) 47 (4.4%) 68 (6.4%) 13 (1.2%)
cTy 301 (28.3%) 154 (14.5%) 143 (13.5%) 4(0.4%)
cT, 526 (49.5%) 278 (26.2%) 239 (22.5%) 9(0.8%)
cTy, 3(0.3%) 2(0.2%) 1(0.1%) 0(0.0%)
cT,, 21(2.0%) 6 (0.6%) 15 (1.4%) 0(0.0%)
No. Pathologlcal stage (%): .001
T, 1(0.1%) 1 (0.1%) 0(0.0%) 0(0.0%)
T, 126 (11.9%) 40 (3.8%) 75 (4.6%) 11 (1.0%)
T, 180 (16.9%) 81 (7.6%) 92 (3.3%) 7(0.7%)
Pl 275 (25.9%) 138 (13.0%) 131 (6.0%) 6 (0.6%)
Ty, 328 (30.9%) 188 (17.7%) 137 (5.2%) 3(0.3%)
Ty, 150 (14.1%) 70 (6.6%) 77 (3.4%) 3(0.3%)
pT, 3(0.3%) 1(0.1%) 2 (0.1%) 0(0.0%)
PSM No Pts (%) 348 (32.7%) 188 (17.7%) 156 (14.7%) 4(0.4%) .009
EPE No. Pts (%) 491 (46.2%) 265 (24.9%) 220 (20.7%) 6 (0.6%) .001
SVI'No. Pts (%) 154 (14.5%) 71(6.7%) 80 (7.5%) 3(0.3%) 537
LNI No. Pts (%) 44 (4.1%) 9(1.8%) 2 (0.2%) 2(0.2%) .629

Values are presented as number (%) or mean (+SD).

BMI = body mass index, EPE = extraprostatic extension, ISUP = International Society of Urological Pathology, LNI = lymph node involvement, PSA = prostate-specific antigen, PSAD = PSA density,
PSM = positive surgical margins, PV = prostate volume, RP = radical prostatectomy, SVI = seminal vesicle invasion.
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Figure 1. Receiver operating characteristic (ROC) curve predicting the association between prostate volume and low-risk prostate cancer.

prostate biopsy is widely recognized as a clinical gold stan-
dard for the diagnosis of PCa. It is a common clinical phe-
nomenon that approximately 30% to 50% of patients with
low-risk PCa experienced pathological outcome upgrading
in postoperative pathology.*-! Therefore, it is imperative to
identify factors correlated with pathological outcome updat-
ing or adverse pathological outcome among PCa patients.
Although evidence from numerous studies has indicated PV
may be associated with adverse pathological outcomes in
PCa,!*"?l some research has shown that there is no actual rela-
tionship between the 2.0'314

Therefore, considering the limited studies published in China
on this topic, we hypothesized that PV or prostate weight might
be a risk factor of adverse pathological outcomes. To test this
hypothesis, we investigated the relationship between PV and a
range of adverse tumor features in PCa patients treated with
RP based on a large cohort of data from an electronic medical
record system.

2. Methods

2.1. Patient population and exclusion criteria

The electronic medical record system of the Department of
Urology at the First Affiliated Hospital, Zhejiang University
School of Medicine was searched under approval by the institu-
tional review board. We retrospectively analyzed 1256 consec-
utive patients with clinically localized PCa from January 2014
to April 2019. All cases treated with RP at the First Affiliated
Hospital of Zhejiang University for this period. Exclusion cri-
teria included the following. Patients who received radiation
therapy (59) or neoadjuvant hormonal therapy (24) or chemo-
therapy (2) before RP; had previously undergone transurethral
resection of the prostate (17); used Sa-reductase inhibitors (38)
and those with incomplete pathological or clinical information
(53). The final analytical cohort comprised of remaining 1063
patients. Potential grade progression between examination
procedures appears not to be a problem because most patients
who performed biopsy were operated on within 3 months.
Clinicopathological information, including age, PV, body mass
index (BMI), preoperative serum prostate-specific antigen (PSA)
levels, percentage of positive biopsy cores, prostate-specific anti-
gen density (PSAD), biopsy and operative specimen Gleason

score (GS), biopsy and surgical specimen International Society
of Urological Pathology (ISUP) grade, surgical mode, year of
surgery, clinical stage and pathological characteristics, were col-
lected and analyzed from medical records.

2.2. Variable definitions

PV of each patient was measured preoperatively using transrec-
tal ultrasound (TRUS), which is the most commonly applied in
PV estimation.") PV was measured through taking the widely
accepted prolate ellipsoid formula: PV = 0.52 x (length x widt
h x height).!'1”l PSAD was obtained by dividing the preopera-
tive serum PSA level by the TRUS-measured PV. The following
formula was used to determine the extent of PCa detected by
biopsy: cores positive percentage = (number of positive cores/
number of cores taken) x 100%.

RP was conducted by open, laparoscopic or robot-assisted
techniques. Prostate specimens were processed using same meth-
ods and subjected to microscopic examination. All preoperative
biopsies, microscopic examinations of the surgical specimen and
pathological grading were performed by a urogenital pathol-
ogist in our hospital. The clinical staging of PCa patients was
assessed by the 8th edition of the American Joint Committee on
Cancer staging system.!'8] Gleason score, International Society
of Urological Pathology (ISUP) grade group and the pathologi-
cal classification of PCa patients were evaluated in line with the
ISUP PCa 5-level grouping method proposed in 2014,[1*2% and
were considered important pathologic outcomes. Pathological
outcome upgrading, including Gleason score upgrading (GSU)
and ISUP grade group upgrading (GGU) were defined as an
increase in pathological score from biopsy tissues to the surgical
specimen. For further analysis, GSU was subdivided into minor
GSU and major GSU.

2.3. Statistical analyses

Patients were assigned into small, medium and large prostate
groups depending on different PV. The grouping criteria were:
PV <30mL, PV>30 and <80mL, and PV >80mL, respec-
tively, following the latest European Association of Urology
Guidelines.”! The analysis of variance, y? test or Student ¢ test
was performed to estimate whether differences among groups
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Associations of prostate volume with adverse pathologic features at radical prostatectomy as assessed via univariate and
multivariable logistic regression models.
PV on univariate analysis PV On Multivariate Analysis

Outcomes Estimated parameters 95% Cl Pvalue Estimated parameters 95% Cl Pvalue
No. clinical stage (%)
(ref: cT3h) 0.445 —-0.559 10 1.449 .385

cTtc 0.391 —-0.582 10 1.364 431

cT2a -0.670 —-1.662 10 0.283 .168

cT2b —-0.510 —1.442 10 0.423 284

cT2c —-0.001 —2.571 10 2.571 1.000

cT3a
Biopsy ISUP grade

group 1.0 —0.063 t0 0.670 104
(ref: grade 4) 0.304 —-0.726 10 0.075 11

grade 1 -0.326 —-0.699 10 0.186 .257

grade 2 —0.256

grade 3
Pathological ISUP

grade group 1.0 0.301t01.173 .001 0.500 0.034 t0 0.966 .036
(ref: grade 4) 0.737 —-0.316 10 0.443 547 —-0.087 —0.483 10 0.309 667

grade 1 0.064 -0.813100.025 .065 -0.512 —-0.941 10 —-0.083 .019

grade 2 —-0.394

grade 3
Biopsy GS (ref: GS>9) 1.0

GS=6 0.500 -0.134101.134 122

GS=7 -0.101 —-0.730 10 0.528 752

GS=8 0.259 —-0.41510 0.933 451
Pathological GS (ref: 1.0

GS >9) 0.186 0.215 10 1.306 442

GS=6 -0.120 —-0.583100.378 547

GS=7 0.357 —0.560 t0 0.649 .078

GS=8
PSM negative 0.380 0.074 10 0.685 .015 -0.044 —0.50310 0.415 .850
EPE negative 0.525 0.242 10 0.807 .001 0.468 0.034 t0 0.902 .035
SVI negative —0.058 —-0.44510 0.329 .769
LNI negative —-0.341 —-0.985 10 0.303 .299

EPE = extraprostatic extension, GS = Gleason score, ISUP =
seminal vesicle invasion.

were significant. The receiver operating characteristic curve
analysis was conducted to predict the association between PV
and low-risk PCa. cutoff value was calculated by the area under
the curve. Univariate and multivariate analyses were performed
using the logistic regression models to identify predictive factors
of pathological outcome upgrading. All statistical analyses were
conducted using the IBM SPSS 16.0 software (SPSS, Chicago,
IL) and a 2-tailed P < .05 was considered statistically significant.

3. Results

The characteristics of all 1063 patients are presented in Table 1.
The mean age of the patients at the time of surgery was 67.52
(standard deviation (SD) 6.48) years, the mean BMI was 23.67
(SD 3.15) kg/m2, the mean preoperative PV was 34.76 (SD
16.69) mL, the mean preoperative serum PSA level was 11.40 ng/
mL and the mean preoperative PSAD was 0.56 (SD 0.65). The
mean age of the large prostate group was significantly higher
relative to that of the small prostate group (69.20 years v 67.33
years; P <.001). Similarly, the small prostate group had lower
preoperative PSA levels (10.64 ng/mL v 14.32ng/mL; P <.001).
Patients with smaller prostates had higher PSAD and percentage
of positive biopsy cores, when compared to large prostate group
(0.48 v0.16 and 40% v 16 % all P < .001, respectively). In addi-
tion, a significant difference for various clinicopathological PCa
features was observed between large and small prostate group.
A higher percentage of patients in the large prostate group had

International Society of Urological Pathology, LNI =

lymph node involvement, PSM = positive surgical margins, PV = prostate volume, SVI =

Gleason score 6 and ISUP grade 1 in postoperative pathologi-
cal findings, clinical ¢T,_and cT, stages and pathological pT,
and pT,, stages (all P < 001) The incidence of PSM and extra-
prostatic extension (EPE) was lower in the large prostate group
compared with that in the small prostate group (P =.009 and
P <.001, respectively). There was no significant difference in the
incidence of SVI and lymph node involvement between the 2
groups (Table 1). For the relationship between PV and low-risk
PCa, the area under the curve was 0.635 (95% CI 0.587-0.682,
P <.001) and the cutoff value of PV was 32.41mL, indicating
that patients with PV > 32.41mL had better pathological GS
(Fig. 1).

Univariate analyses showed that a large PV was significantly
associate with the pathological ISUP grade 1 (P < .001) and PSM
negative incidence (P = .015) in Table 2. After adjusting for age,
BMI, PSA level, year of surgery, surgical mode, clinical stage and
the percentage of positive biopsy cores, multivariable analyses
also showed that a larger PV was linked to pathological ISUP
grade 1 (P =.036) and EPE negative incidence (P = .035) while
a smaller PV was linked to pathological ISUP grade 3 (P =.019).

Table 3 shows the relationship between adverse pathologi-
cal outcomes and clinical characteristics of 1063 PCa patients.
High-grade PCa patients, including GS 9 or 10 and ISUP grade
4 or 5 were older, had a higher percentage of cores positive,
higher preoperative baseline serum PSA, higher PSAD, higher
clinical stage and higher incidence of PSM, EPE, SVI and lymph
node involvement.
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Figure 2. Proportion of Gleason score upgrading (GSU) and ISUP grade group upgrading (GGU) per surgery year is presented by the bar chart.
Multivariate logistic regression models to predict any and major GSU, any and GGU > 2.
Any GSU Major GSU Any GGU GGU >2
OR (95% Cl) Pvalue OR (95% ClI) Pvalue OR (95% CI) Pvalue OR (95% Cl) Pvalue
Age 1.017 (0.996-1.038) 12 1.019 (0.991-1.047) 181 1.013 (0.993-1.034) .204 0.984 (0.951-1.019) 374
BMI (kg/m?) 1.016 (0.974-1.060) 453 1.003 (0.949-1.060) 915 1.018 (0.976-1.062) A4 1.049 (0.970-1.134) 235
PSA ng/mL 1.009 (0.995-1.023) 216 1.010 (0.993-1.027) 253 1.008 (0.994-1.023) .239 1.009 (0.986-1.032) 446
PV (cm?) 0.988 (0.978-0.998) .025 0.980 (0.965-0.995) .011 0.989 (0.979-0.999) .040 0.992 (0.973-1.012) 428
PSAD 1.072 (0.709-1.623) 741 1.031 (0.636-1.673) 901 1.084 (0.718-1.638) 701 0.998 (0.498-1.999) .995
Cores pos % 0.854 (0.404-1.804) 679 0.896 (0.330-2.431) 830 0.909 (0.430-1.921) .802 0.768 (0.209-2.821) .691

Surgery procedure
(ref: opened RP) 1.0 333 1.0
Laparoscopic RP 1.177 (0.846-1.636) 401 1.060 (0.682—1.645)
Robot-assisted RP 1.147 (0.833—1.580) 1.084 (0.707-1.662)

Clinical stage

(ref: cT1c) 1.0 764 1.0
cT2a 1.093 (0.612-1.951) .880 0.666 (0.300-1.479)
cT2b 0.960 (0.560-1.643) 455 1.025 (0.515-2.041)
cT2c 0.800 (0.446-1.436) 999 0.649 (0.300-1.404)
cT3a 0.000 (0.000-NA) 767 0.000 (0.000-NA)
cT3b 0.850 (0.289-2.497) 0.595 (0.137-2.577)

797 1.0 472 1.0 340
710 1129(0.812-1569) 587  1.335(0.737-2.419) 428
1.093 (0.793-1.505) 1.266 (0.706-2.269)

318 1.0 .869 1.0 872

.943 1.050 (0.588-1.875) .780 0.907 (0.276-2.980) 409

272 0.926 (0.541-1.586) A7 1.546 (0.550-4.349) .539

.999 0.785 (0.438-1.408) .999 1.416 (0.466-4.301) .999

487 0.000 (0.000-NA) 463 0.000 (0.000-NA) .804
0.663 (0.220-1.9971) 0.746 (0.074-7.520)

BMI = body mass index, Cl = confidence interval, GGU = ISUP grade group upgrading, GSU = Gleason score upgrading, ISUP = International Society of Urological Pathology, OR = odds ratio, PSA =

prostate-specific antigen, PSAD = PSA density, PV = prostate volume, RP = radical prostatectomy.

As shown in Figure 2, among the 1063 cases, approximately
35.0% had an upgrade of postoperative pathology, including
GSU and GGU. Multivariate logistic regression analysis was fur-
ther performed to identify the groups most likely to experience
an upgrade of pathological outcomes after adjusting for BMI,
age, PSA level, surgical mode, year of surgery, percentage of pos-
itive biopsy cores and clinical stage (Table 4). As expected, PV
remained an important predictor of any GSU (OR 0.988, 95%
CI0.978-0.998), major GSU (OR 0.980, 95% CI 0.965-0.995)
and any GGU (OR 0.989, 95% CI 0.979-0.999). Interestingly,
patients with PV at the 30th percentile (25.12mL) were more
likely to experience major GSU (Fig. 3).

4. Discussion

In this large single-center cohort study, we demonstrated that
the PV of the South Chinese cohort was significantly associated
with pathological features. In China, the earliest research on the
relationship between PV and histopathology in the northern

cohort was in 2012.%!' The study reported that a small prostate
was associated with poor histopathological prognosis, which
is consistent with our results. The smaller PV was significantly
associated with adverse clinicopathological outcomes, including
higher clinical stage, higher GS or ISUP grade on postoperative
pathological findings and higher incidence of EPE. Conversely,
a significant correlation was found between the larger PV and
clinicopathological outcomes of early-stage cancer.

Previous studies have explored the association between PV
and pathological outcomes. Such studies reported that patients
with larger PV (> 80mL) have favorable pathological out-
comes,??! whereas smaller PV may reflect adverse pathological
outcomes and an increased risk of progression after RP.1?

In the present study, approximately 35.0% of cases were
upgraded, which is in line with previous literature reports.!
PV is still an important predictor of any GGU, any GSU and
major GSU, especially at 30% of the PV (25.12mL). Xu et
al reported that PV < 30 mL was an independent risk factor
for GSU after RP and in the group that PV < 30mL, 62.5%
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Figure 3. Line chart of prostate volume percentile with predicted GSU and GGU probability presented by OR and 95% CI.

of the cases had performed GSU.2%! Recently, other investi-
gators suggested that smaller prostate was associated with
an increased risk of GS upgrading, which could also strongly
confirm our findings.”*!

The phenomenon that patients in large prostate group had
better pathological results in PCa may perhaps be explained
by the following 2 propositions. First, the presence of benign
tissue in the large prostate may act as a biomolecular bar-
rier to the growth of cancer cells, strangling their ability to
grow. Also, it may serve as a physical buffer to prevent the
local spread of malignant foci.***5! Benign prostate hyper-
plasia related transition zone enlargement may lead to ade-
quate atrophy, scarring, and apoptosis of epithelial cells in
the peripheral zone, significantly reducing the risk of devel-
oping prostatic adenocarcinoma in the remaining epithelial
glands.!®! Another possibility is the lead-time bias. PSA level
is largely influenced by the gland volume and not PCa. The
PSA-driven biopsy is on account of PSA elevation from an
enlarged gland.?®! This lead-time bias would lead to better
pathological results.

Our study shows that men with smaller PV have a higher risk
of pathological outcome upgrading. Previous studies have found
that low serum testosterone levels were associated with higher
grade, advanced stage and higher progression rates in PCa.l?7:%]
Small gland size may be a sign of lower androgenicity, which
may promote the biological aggressiveness of PCa.l**?! The
exact mechanisms underlying this difference may be the change
of intraprostatic microenvironment, where low testosterone
level increases the density of androgen receptor and facilitates
tumor microvessel formation®®*! or a smaller prostate makes
it easier for PCa cells to migrate beyond the prostatic capsule
through a shorter distance. However, it is also argued that a
significant reduction of androgen level may interfere with the
grading of PCa, leading to artificial upgrading without accu-
rately reflecting tumor biology."*

Regardless of the mechanisms between PV and pathologi-
cal outcomes upgrading, this study has broad urological con-
sequences. Identifying pathological outcomes upgrading in a
high-risk group may be beneficial in clinical settings. Urologists
make treatment decisions according to the patient risk class
in which GS or ISUP grade of biopsy is a major component.
Better risk assessment models are warranted for early identi-
fication of patients who are at high risk for pathological out-
come upgrading and may assist clinicians determine whether
the patients should receive individualized treatments such as
brachytherapy or active surveillance. Therefore, patients with
low-risk disease particularly benefit from the prediction of
upgrading.

Nonetheless, our study has some limitations. First, because
this is a retrospective study, there are inevitably potential
selection bias and inaccuracy in data collection. Second, the
evaluation of PV was performed only with TRUS, rather than
the prostate specimen after RP to measure the prostate weight.
This is because the prostate specimen weight in postoperative
pathological reports was not recorded. Although the most
accurate calculation of PV depends on postoperative measure-
ment, it cannot be evaluated before the operation. Thus, the
determination of prognostic role of PV before the operation is
more useful for guiding individualized treatments. Third, the
electronic medical record did not precisely report the actual
situation of enrolled patients. As in other published retrospec-
tive studies, it is difficult to avoid the inherent biases of such
a design; it is often unclear whether the study subject met the
inclusion criteria or exclusion criteria in the true sense. Fourth,
the location of tumor lesions and number of tumor lesions
might influence the preoperative biopsy pathology outcomes.
To minimize this effect, the most experienced sonographers are
often assigned to perform prostate biopsy on patients under
ultrasound guidance. Fifth, our research did not explore the
association between tumor volume or PV and clinical outcomes
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such as biochemical recurrence, which requires further study.
Finally, as a single-center study in China, sample bias may exist
and lead to a lack of representativeness. Therefore, the results
may not apply to all patients with PCa. Future large-scale
prospective multicenter studies that predict the postoperative
pathological grades of the disease using PV and other biopsy
parameters as covariate should be conducted to further verify
our findings.

5. Conclusion

In conclusion, PV may serve as a useful predictor for adverse
pathological parameters. PCa patients with a small volume
prostate are more likely to have a high-grade disease at postop-
erative pathology, as well as PSM and EPE. Conversely, large PV
has better pathological results. PCa patients with PV at the 30th
percentile (25.12mL) are at a higher risk of developing major
GS upgrading.
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