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Unfavorable low-risk factors predict pathologic upstaging and upgrading
following radical prostatectomy: evidence for further subclassification of
low-risk prostate cancer?

HenoBosbHu (hakTOpU HUCKOT pU3HKa IpeiBul)ajy MaTOIOIIKO MOrOPIIakhe U

HaIlpCa0BabC HAKOH paJUKaJIHC HpOCTaTeKTOMI/IjG: AO0Ka3H1 3a 1aJby

noJiKIacu(pUKalnjy HUICKOPU3UIHOT KaplIMHOMa mpocTtare?

SUMMARY

Introduction/Objective We aimed to validate the
stratification of low-risk prostate cancer (PCa) into
“favorable” and “unfavorable” subgroups of patients
undergoing radical prostatectomy (RP), based on the
correlation of various biopsy features with high-risk
characteristics at final pathology.

Methods The research involved one hundred and
seventy-three patients who were selected as low-risk
PCa. The planned stratification categorized patients
into favorable and unfavorable low-risk PCa
subgroups, based on their Gleason upgrading (GU)
and tumor upstaging (TU) status at final pathology.
Unfavorable low-risk PCa was defined by the
presence of biopsy results correlating with high-risk
characteristics at final pathology (pGS > 4+3, or
>pT3a, or pN1). Patients were divided into two
groups according to the presence of high-risk
pathology features: Group 1«(h'= 84, favorable) and
Group 2 (n = 89, unfavorable).

Results Eighteen patients from the second group
(20.2%) experienced Gleason score upgrading (GS >
4+3), and in 94.4% of these cases, their biopsy
reports indicated the presence of both perineural
invasion (PNT) and lymphovascular invasion (LVI).
Furthermore, among patients with upstaging to pT3a
or-pT3b, both.PNI"and LV I:were observed in 60%
and 85.7% of cases, respectively. Multivariate
analysis demonstrated that PNI (OR = 3.35; 95% ClI:
1.16-7.56; p <.001) and LVI (OR = 5.34; 95% ClI:
2.02-11.2; p < .001) were independently associated
with both GU and TU.

Conclusion The presence of PNI and LVI in prostate
biopsy samples is associated with both clinically
significant Gleason score upgrading and tumor
upstaging following pathologic prostate examination.
Therefore, these features represent unfavorable
characteristics in biopsy results.

Keywords: prostate cancer; low-risk; unfavorable
low-risk; Gleason upgrading; tumor upstaging
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CAXETAK

Yeoa/Inss Ly nctpaxknBama je 0o 1a ce OTBp-
I CTpaTU(UKAIIja HICKOPH3UIHOT KapIIFHOMA
npocrate (I111a) Ha ,,I0BOJBHE M 5,HEMOBOJbHE™ TIOT-
rpyIie nanujeHarta Koju cy IOABPTHYTH PaAuKAIIHO]
npocrarexkromuju (PIT), mpema kopenanujn pa3nniu-
TUX KapaKTepPHCTUKA OUOIICH]C Ca KapaKTepHUCTHKA-
Ma BHCOKOT pU3MKa Ha KOHAYHO] MATOJIOTHjH.
MeTtoae Y 0By cTyaHjy je yk/bydeHo 173 marujenra
KOjH Cy-¥ BpeMe onepaliuje n3adpaHu Kao KOXopTe
ca HuckuM pusukom ox I1lla. Inanmpana crpatudu-
Kalyja yKJby4dHBaja je MoBoJbaH U HenoBosbaH [111a
HHUCKOT PU3HKa; y cKiaxy ca ['mimcoHoBoM Hazmorpasn-
oM (IY) i erarycom Hagorpanme Tymopa (TY) kox
Kpajme natonordje. HemoBospan [1lla HuCKOT pu3n-
Ka AeUHUCaH je Kao TMPUCYCTBO pe3yiraTa OHOICH-
je Koju Kopenupajy ca BACOKOPU3HMYHUM KapaKTepH-
CTHKaMa y KOHAYHO] MaTOJNOrHju [maTomommku [ m-
conoB ckop (n'C) >4 + 3, wru > pT3a, wru pN1)].
[ManujenTty cy NoAesbeHN y CKIIaly ca NPUCYCTBOM
BHCOKOPH3MYHUX 00eIeKja Y KOHAYHO] TaTOJIOTHjH
y I'pyny 1 (2 = 84, moBossHO) U ['pymy 2 (2 = 89,
HETIOBOJBHO).

Pesyaratn YkymHo 18 mamujenata u3 ['pyrme 2
(20,2%) nma I'maconos cxop (I'C) >4+ 3, ay 94,4%
ClTydajeBa FbUXOBU OMOTICH]CKU M3BEUITAjH CY OTKPH-
J1 1 niepuHeypandy uaBasujy (ITHN) u iumdosac-
KynapHy unBasujy (JIBU). llltaBuie, namnujenTu ca
HanpenoBameM PT3a wiu PT3b nokasamu cy u [THU
u JIBU y 60% u 85,7% cny4ajeBa, peClieKTUBHO.
MyntuBapHujaHTHA aHaIM3a je mokasana aa cy [THU
(OR = 3,35; 95% ClI: 1,16-7,56; p < 0,001) u JIBU
(OR =5,34; 95% ClI: 2,02-11,2; p < 0,001) He3aBuc-
HomoBe3aHu ucalYucaTV.

3akspyuax oxasu o [THU u JIBU y 6uoncuju npo-
cTaTe Cy MOBE3aHU M Ca KIMHUYKHY 3HA4ajHUM Harpe-
JIOBakbEM M Ca IPEOKPETOM I10CIIE MAaTOJIOMIKOT TIper-
Jiesia mpocrarte, IITO MPeCTaB/ba HEMOBOJFHE Kapak-
TEPUCTHKE OHOTICH]E.

KibyuHe peun: pak npocrare; HU3aK pH3HK;
HEMOBOJbaH HU3AK PU3UK; [ TUCOH CKOP; pacT
TyMopa

Copyright © Serbian Medical Society
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INTRODUCTION

Low-risk prostate cancer (PCa) is defined as clinical stage T1/T2a biopsy with a Gleason score
< 6 and a prostate-specific antigen (PSA) level < 10. This is a broad category encompassing a
range of pathological characteristics and clinical behaviors [1], within which a small percentage
of low-grade cancers progress to high-grade disease [2]. It is well-established that a high
incidence of understaging and undergrading on the initial biopsy can occur in this patient group,
potentially delaying the initiation of curative treatment [3-6]. Moreover, cancer upgrading is a
negative prognostic factor, making the early identification of high-grade cancer in men

diagnosed with low-risk disease a priority [2].

The challenge in managing low-risk prostate cancer lies in distinguishing patients with
clinically significant cancers who may benefit from radical treatment from the remainder who
do not require any intervention [1]. A significant unmet need remains for further stratification
of this often heterogeneous cohort to optimize treatment decisions among the various options
available for these patients. Itis well-established that low-risk PCa can be classified as very
low-risk or low-risk disease based on biopsy and clinical criteria [7]. Nevertheless, this
stratification system does not include information regarding several biopsy variables, including
perineural (PNI) and lymphovascular invasion (LVI) [5, 6]. Consequently, a more
comprehensive clinical model is desirable to identify unfavorable low-risk PCa, which may

necessitate a more complex surveillance protocol or early active treatment.
Therefore, our study aims to define the unfavorable biopsy factors that predict a

clinically significant form of low-risk PCa, thereby helping to determine which patients may

require active, curative interventions rather than deferred treatment.

DOI: https://doi.org/10.2298 /SARH240318034M Copyright © Serbian Medical Society
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METHODS

Following approval from the Institutional Review Board, 700 patients underwent radical
prostatectomy (RP) between 1995 and 2014. Utilizing databases from two university centers,
only those patients meeting the following criteria were included in the analysis: preoperative
localized disease, classification as low-risk PCa or IUSP grade | (PSA <10; cT1-T2a, Gleason
score (GS) <6), normal total serum testosterone levels, and no clinical signs of hypegonadism.
Each patient had previously declined active surveillance as an initial treatment option.
Exclusion criteria were: intermediate or high-risk grade PCa determined by the initial biopsy
(n=490), unknown surgical margin status, or total serum testosterone level below 12.1 nmol/I
(n=17)[8]. Finally, patients with unknown PSA levels at 6 weeks post-RP were also excluded
(n=20). Applying these selection criteria resulted in a cohort of 173 patients, who constitute

the focus of this analysis.

All patients provided written consent prior to their enrollment in the study. The treatment
protocol was approved by the Ethics Committee of the Clinical Centre of Montenegro (No.
03/01-9360/2). The study was conducted in accordance with the principles of the Declaration

of Helsinki of the World-Medical Association.

The clinical variables [age, preoperative PSA, PSA density, and clinical stage (CT)] and all
histopathological findings were recorded. All prostate biopsies were performed under
transrectal ultrasound (TRUS) [9], and PSA density was calculated based on prostate volume
records. The biopsy pathology report included the following variables: (i) PCa grade, (ii)
percentage of biopsy core involved by PCa (P+), (iii) tumor volume (TV), (iv) lymphovascular
invasion (LV1), (v) perineural invasion (PNI), and (vi) multifocal high-grade intraepithelial
neoplasia (hg PIN). The proportion of positive cores (P+) was calculated as the ratio of positive

cores to the total number [10]. Additionally, PNI was identified according to the previously

DOI: https://doi.org/10.2298 /SARH240318034M Copyright © Serbian Medical Society
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described principle using the same immunohistochemistry assay [11].

Radical prostatectomy RP was performed using an open retropubic approach [12], and the
entire prostate specimen was subsequently evaluated. In addition, limited lymph node
dissection was performed in each patient for the purposes of the study; lymph node specimens
were reported as negative (pNO) or positive for cancer (pN1). Seminal vesicle invasion (SVI)
was defined as tumor involvement of the vesicle muscle wall (pT3b). Surgical margins (R)
were reported as negative (Ro) or positive for cancer (R1). The pathological Gleason score
(pGS) was calculated by summing the two most prevalent tumor patterns [5, 13]. Tumor
upstaging (TU) was defined as the detection of pT3 in the final post-prostatectomy pathology
or the presence of tumor cell invasion in lymph nodes (pN1). Adverse pathologic features
included extraprostatic extension (EPE), >pT3a, R1, GS >4+3, multifocal high-grade PIN, and

pN1.

The planned stratification for this study categorized patients with low-risk PCa as either
favorable or unfavorable, based on their GU and TU status at final pathology. Unfavorable
low-risk PCa was defined by the presence of biopsy or clinical variables correlating with any
of the following high-risk (unfavorable) characteristics at final pathology: pGS > 4+3, EPE, >
pT3a, or pN1 [14]. This categorization was chosen based on the widely accepted principle that
deferred treatment is inappropriate for patients harboring such features [15]. Group 1
(favorable) consisted of patients without high-risk characteristics on final histology, while

Group 2 (unfavorable) included patients with at least one unfavorable feature at final pathology.

The primary objective of the study was to determine the correlation between clinical and biopsy
determinants with high-risk characteristics at final pathology, thereby defining unfavorable
low-risk prostate cancer. Moreover, research aimed to establish the incidence of upgrading and

upstaging, as well as adverse pathologic features on postsurgical specimens.

DOI: https://doi.org/10.2298 /SARH240318034M Copyright © Serbian Medical Society
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Statistical analysis

Continuous variables are presented as mean + SD, and differences between groups were
analyzed using the Mann-Whitney U test. Categorical variables are presented as counts and
percentages. Non-parametrically distributed continuous variables are presented using the
median, minimum, and maximum values. Finally, the relationship between biopsy
determinants and GU/TU at final pathology was examined using multivariable logistic
regression analysis. All analyses were performed using SPSS v.23.0 (SPSS, Chicago, IL,

USA).

RESULTS

Overall, 173 patients met the low-risk criteria defined by the study. The average patient age
was 65.4 + 6.1 years, and the median preoperative PSA was 6.7 £ 2.2 ng/mL. GU was detected
in 104 (60.1%) patients: 86 (49.7%) to 3+4, 9 (5.2%) to 4+3, 3 (1.7%) to 4+4, and 5 (2.8%) to
4+5 PCa. In RP specimens, 50 patients (28.9%) were staged as pT2b-c, 30 patients (17.3%)
were staged as pT3a, and 14 patients (8.1%) were referred as T3b at final pathology (Table 1).
No statistically significant differences were observed between the two groups regarding the
number of patients (p = 0.6), mean patient age (p = 0.4), and apical involvement on surgical
specimens (p = 0.09) between the two groups. In Group 2, preoperative PSA (0.04), PSA
density (p=0.03), clinical stage T2a (p=0.01), PNI (p<0.01), LVI (p<0.01), tumor volume
(p=0.03) and P+ (p=0.04) were statistically higher than in Group 1. Furthermore, multifocal
surgical margin positivity (19.1% vs.9.5%, p=0.03) and multifocal high-grade PIN (66.2 % vs

13 %; P = 0.01) were found to be significantly higher in Group 2.

Eighteen patients from Group 2 (20.2%) were upgraded to a GS > 4+3, and in 94.4% of these

DOI: https://doi.org/10.2298 /SARH240318034M Copyright © Serbian Medical Society
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cases, the biopsy report revealed both PNI and LVI. Moreover, tumor upstaging was detected
in 49.4% of patients from Group 2, with 33.7% and 15.7% of patients exhibiting pT3a or pT3b,
respectively. Biopsy reports were positive for both PNI and LV1 in 60% of patients with pT3a
upstaging and in 85.7% of patients with pT3b upstaging on final histology. Additionally, six
out of seven patients (85.7%) with positive lymph nodes after surgery had both PNI and LVI

on prostate needle biopsy pathology (Figure 1).

Multivariate logistic regression analysis revealed that PNI (OR = 4.97; 95%Cl: 2.16-9.67; p =
.001), LVI (OR = 3.51; 95%CI: 1.13-8.71; p = .01), percentage of positive cores (OR = 41.5;
95% CI: 4.82-283.16; p = .02), and multifocal high-grade PIN (OR = 1.77; 95%Cl: 0.87-2.56;
p =.031) were independently associated with GU, while PNI (OR = 3.35; 95%ClI: 1.16-7.56;
p <.001) and LVI (OR = 5.34; 95%ClI: 2.02-11.2; p'< .001) were identified as independent
predictors of TU. Although not statistically significant, the association of PSA density (OR =
1.24; 95%CI: 0.99-1.55; P =057 and OR=1.47; 95% CI: 0.98-2.2; P=.07) was notable (Table

2).

DISCUSSION

Active surveillance is a convenient therapeutic approach for prostate cancer as it avoids
overtreatment of patients with clinically inapparent disease while offering curative therapy to
patients with progressive disease. [16]. Nevertheless, during treatment of low-risk PCa, clinical
predictors associated with GU or TU on surgical pathology should be strongly considered to
identify subsets of patients who may have more aggressive disease and require more
appropriate treatment [10]. Previous studies have documented that independent predictors of
TU in low-risk PCa are associated with older age and higher PSA [14, 17], a higher proportion

of positive cores [10] and tumor involvement greater than 50% in each core [14]. Moreover,

DOI: https://doi.org/10.2298 /SARH240318034M Copyright © Serbian Medical Society
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PNI appears to be a strong predictor of GU (over four-fold) in low-risk PCa [5, 6] with a
previously established correlation to biochemical failure [5, 11]. The present research indicated
that a higher proportion of positive cores (P+), multifocal high-grade PIN, and the presence of
LVI and PNI were independent predictors of GU in the surgical specimen with the latter two
showing a stronger association (3.51-and 4.97-fold) than the former (1.13 and 1.77 fold). In
addition, LVI and PNI independently increased the risk of TU on final histology (3.35 and 5.34
fold), identifying them as the most reliable unfavorable predictors of both GU and TU. The
risk of GU was even higher for patients with combined PNI and LVl .in the same biopsy
specimen, with 94.4% having pGS > 4+3 and 85.7% having.pT3b or pN1 disease, which are
both considered very high-risk factors [18, 19]. Thus, many patients with PNI and LVI on
biopsy specimens have occult high-risk disease that may go undetected prior to surgery.
Therefore, additional evaluation is mandatory in these patients to improve risk classification.
Zumsteg et al. [19] reached a'similar conclusion for intermediate-risk prostate cancer, where
two or more unfavorable intermediate-risk factors on a biopsy specimen led to a 41% incidence

of high-risk features on final pathology (Gleason pattern 5, pT3b-T4, pN1).

There is growing evidence demonstrating the importance of proper grading and staging of
prostate cancer on initial biopsy and prior to treatment decision. A large randomized study by
Bill-Axelson et al. [20] reported seven men with initially low-risk disease who died from PCa
after surgery. In six of these patients, tumors were upgraded to GS 7 or 8 at prostatectomy,
leading to the conclusion that PCa-related death in men with low-risk disease often results from
unrecognized high-grade disease [20, 21]. These findings suggest that high-grade disease on
surveillance biopsies likely represents misclassification at diagnosis rather than true disease
progression [20, 21, 22]. Therefore, developing a clinical predictive model to identify

unfavorable biopsy features associated with advanced disease on RP is crucial.

DOI: https://doi.org/10.2298 /SARH240318034M Copyright © Serbian Medical Society
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Studies have emphasized the discordance between biopsy and RP specimens with a high
incidence of tumor upgrading on final histology. Despite the adoption of second-opinion
pathology reviews, the accuracy rate in evaluating RP specimens remains low [23, 24]. Our
study corroborates these findings, with GU detected in 60.1% of final pathology specimens and

the International Society of Urological Pathology grade 2 being the predominant one (49.7%).

Some authors suggested that pGS of at least 4+3=7, pT3b, and pN1 are the strongest
predictors of long-term outcomes after surgery [14, 18, 19]. Therefore, we selected GG 3 and
pT3a as the pathologic threshold for defining high-risk characteristics at final pathology in
order to identify unfavorable biopsy features. Although several-biopsy and clinical variables
were selected as predictors of tumor upgrading and upstaging, a clear definition of favorable
and unfavorable predictive factors for low-risk PCais still lacking, unlike the established
definitions for intermediate-risk cancer [25]. Porcaro AB et al. [10] proposed a stratification
system for low-risk PCa, based on PSA value and the proportion of positive cores (P+) on
prostate biopsy, but they did not include a biopsy report of PNI and LV1, which were significant
predictors-of advanced prognostic features in our study. Additionally, the DETECTIVE study
[26] identified LV I and PNI in needle biopsy as exclusion criteria for active surveillance (AS),
supporting our earlier finding that these variables likely represent significant baseline features
associated with high-risk tumors on final pathology. Moreover, multiple studies have
demonstrated a higher risk of biochemical recurrence after radical prostatectomy, progression
to metastatic disease, and cancer-specific mortality when PNI is seen in the biopsy tissue [27,
28]. Nevertheless, the clinical significance of PNI in low-risk PCa remains to be fully

established.

PNI has been shown to be associated with an increased risk of both pathological (HR 2.21,

95% CI: 0.92- 5.33, p=0.076) and clinical progression (HR 2.39, 95% CI:1.1- 4.94, p=0.019)

DOI: https://doi.org/10.2298 /SARH240318034M Copyright © Serbian Medical Society
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among PCa patients on active surveillance [13]. Furthermore, Cohn JA et al. [29] observed that
PNI was associated with a higher rate of exclusion from AS due to biopsy-confirmed disease
progression, aligning with the findings of the aforementioned DETECTIVE trial [26]. These
conclusions corroborate the results from our study, where PNI was found to be the strongest
predictor of tumor upgrading and the second most prominent predictor of disease upstaging on
final histology. In contrast to the aforementioned studies, our research also identified LVI as
an unfavorable biopsy prognostic factor for both GU and TU on final pathology. Considering
these findings, we propose stratifying low-risk PCa into unfavorable (presence of PNI and LVI,
with or without multifocal high-grade PIN and P+ on prostate biopsy) and favorable (absence

of these variables) categories based on biopsy specimens.

On the other hand, it should be emphasized that only a few recent studies have investigated the
potential significance of PNI or LVI in GU and TU in these patients. In one such recently
published study, the authors used univariable Cox regression models and reported that
lymphovascular or-perineural invasion correlated with a higher biochemical recurrence (BCR)
rate [30].-However, after considering standard pathologic tumor features, lymphovascular or
perineural invasion were not statistically associated with a higher BCR as the Gleason grade

group and pathologic tumor stage were strongly associated with PNI and LV [30].

Although our study was not designed to focus on limitations, several should be acknowledged.
Primarily, its retrospective nature and the small sample size are significant limitations.
Furthermore, the absence of data from advanced imaging [such as multiparametric magnetic
resonance imaging (MRI)] or biomarkers (e.g., Genomic Prostate Score or Decipher) is a
drawback. This study also did not address the outcomes of subsequent adjuvant or salvage
treatment during follow-up, as it was outside the scope of our research. Finally, we did not

estimate cancer-specific deaths or progression-free survival rates between the two groups, thus
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the definitive prognostic value of PNI, LVI, and P+ remains incomplete. Despite these
limitations, our study provides significant findings that can assist physicians in making

effective decisions regarding optimal patient treatment modalities.

CONCLUSIONS

Approximately one in three men with low-risk PCA on biopsy who undergo RP are found to
have undesirable pathologic features. While stratifying low-risk patients into favorable and
unfavorable categories is a positive step, traditional clinical and pathological criteria have not
proven effective in identifying the unfavorable subset. Future-large, prospective studies
integrating clinical, pathological, and imaging modalities into a comprehensive prognostic
model are needed to draw definitive conclusions. Meanwhile, the presence of both PNI and
LVI in biopsy specimens may serve as a useful clinical predictor of tumor upstaging or
upgrading and an_important tool-in the treatment strategy for low-risk PCa patients.
Furthermore, ‘multifocal high-grade PIN or more than 50% positive cores on biopsy may

enhance this prognostic accuracy.

Conflict of interest: None declared.
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Table 1. Demographic and clinical characteristics between groups

Group | Group Il
FEICUEEE ol (favora%le) (u nfavoFr)abIe) P
Patients, n (%) 173 (100) 84 (49.6) 89 (51.4) 0.32
Mean age, yr (SD) 65.4 (6.1) 65 (5.9) 65.9 (4.9) 0.51
Preoperative PSA, ng/ml (SD) 6.7 (3) 6.34 (2.54) 7.03 (1.7)* 0.03
PSA density, ng/mL/gr (IQR) 0.09 (0.03-0.46) | 0.07 (0.02-0.18) | 0.14 (0.03-0.46)* | 0.01
a Clinical T stage, n (%)
Tl 81 (46.8) 70 (83.3)* 11 (12.3) 0.04
T2a 92 (53.2) 14 (16.7) 78 (87.7)* 0.007
a Patients with PNI, n (%) 66 (38.1) 6 (7.1) 60 (67.4)* 0.001
a Patients with LVI, n (%) 54 (31.2) 1(1.2) 53 (59.5)* 0.001
a Mean percentage of cores involved with 47.4 (5.2) 40.3 (4.6) 52.3 (7.2)* 0.02
PC (P+), %, SD
a Tumor volume (%), IQR 15 (10-25) 10 (10-20) 50 (60-10)* 0.01
b Gleason upgrading, n (%) 104 (60.1)
GS 3+4 (ISUP 2) 86 (49.7) 61 (72.6)* 25 (27.4) 0.03
GS 4+3 (ISUP 3) 9.2 - 9(10.1) -
GS 4+4 (ISUP 4) 3.7 - 3(3.3) -
GS 3+5 (ISUP 4) 1(0.5) - 1(1.1) -
GS 4+5 (ISUP 5) 5(2.8) - 5 (5.6) -
> Tumor upstaging, n (%) 94 (54.3)
pT2 50 (28.9) 50 (59.5) - -
pT3a 30 (17.3) - 30 (33.7) -
pT3b 14 (8.1) - 14 (15.7) -
b Surgical margin positivity, n (%)
unifocal (R1) 45 (26) 30 (35.7)* 15 (16.8) 0.03
multifocal (R1) 25 (14.4) 8 (9.5) 17 (19.1)* 0.04
b Apical involvement, n (%) 34 (19.6) 16 (19) 18 (20.2) 0.6
b EPE, n (%)
Unifocal EPE 14 (8) - 14 (15.7) -
Multifocal EPE 17 (9.8) - 17 (19.1) -
b Positive lymph nodes, n (%) 7(4) - 7(7.8) -
b Multifocal hg PIN, n (%) 70 (40.6) 11 (13) 59 (66.2)* 0.02

PSA — prostate-specific antigen; PNI — perineural invasion; P+ — percentage of positive cores;

PC — prostate cancer; GS — Gleason score; ISUP — the International Society of Urological

Pathology; EPE — extraprostatic extension; LVI — lymphovascular invasion; R1 — positive

surgical margin; hg PIN — high-grade intraepithelial neoplasia; IQR — interquartile range

*statistically significant difference between two groups (p < 0.05);

spathologic data on initial biopsy specimen;

bpathologic data on prostatectomy specimen
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Table 2. Multivariable analysis of clinical/biopsy variables and high-risk (unfavorable)

characteristics at final pathology

Biopsy and clinical variables Multivariable
OR (95% CI) p

Model 1 — upgrading on final
histology (GS > 4+3)

Preoperative PSA 0.95 (0.88-2.11) 0.09
Clinical T stage (1-2a) 1.69 (0.96-2.99) 0.1
Tumor volume 13.6 (4.5-31.2) 0.3
PNI 4.97 (2.16-9.67) <0.01
LVI 3.51(1.13-8.71) 0.03
P+ (>50%) 1.13(1.03-1.31) 0.04
PSA density 1.24 (0.99-1.55) 0.06
Multifocal high-grade PIN 1.4 (1.25-1.58) 0.04

Model 2 — upstaging on final
histology (> pT3, N+)

Preoperative PSA 1.00 (0.98-1.03) 0.7
Clinical T stage (cT2a) 0.93 (0.67-1.31) 0.8
Tumor volume 0.76 (0.64-1.51) 0.3
PNI 3.35 (1.16-7.56) <0.01
LVI 5.34 (2.02-11.2) <0.01
P+ (>50%) 0.96 (0.94-1.02) 0.2
PSA density 1.47 (0.98-2.2) 0.07
Multifocal hg PIN 0.88 (0.11-2.31) 0.09

GS — Gleason score; PSA —prostate-specific antigen; PNI — perineural invasion; LVI —

lymphovascular invasion; hg PIN — high-grade intraepithelial neoplasia
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Figure 1. Association between individual and combined biopsy features (predictors of both,

Gleason upgrading and tumor upstaging) and high-risk characteristics at final pathology
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