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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? 
 

Неповољни фактори ниског ризика предвиђају патолошко погоршање и 

напредовање након радикалне простатектомије: докази за даљу 

подкласификацију нискоризичног карцинома простате? 

 
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 (n = 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 (PNI) and lymphovascular invasion (LVI). 

Furthermore, among patients with upstaging to pT3a 

or pT3b, both PNI and LVI were observed in 60% 

and 85.7% of cases, respectively. Multivariate 

analysis demonstrated that PNI (OR = 3.35; 95% CI: 

1.16-7.56; p < .001) and LVI (OR = 5.34; 95% CI: 

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  

САЖЕТАК 

Увод/Циљ Циљ истраживања је био да се потвр-

ди стратификација нискоризичног карцинома 

простате (ПЦа) на „повољне и „неповољне“ под-

групе пацијената који су подвргнути радикалној 

простатектомији (РП), према корелацији различи-

тих карактеристика биопсије са карактеристика-

ма високог ризика на коначној патологији. 

Методе У ову студију је укључено 173 пацијента 

који су у време операције изабрани као кохорте 

са ниским ризиком од ПЦа. Планирана стратифи-

кација укључивала је повољан и неповољан ПЦа 

ниског ризика, у складу са Глисоновом надоград-

њом (ГУ) и статусом надоградње тумора (ТУ) код 

крајње патологије. Неповољан ПЦа ниског ризи-

ка дефинисан је као присуство резултата биопси-

је који корелирају са високоризичним карактери-

стикама у коначној патологији [патолошки Гли-

сонов скор (пГС) ≥ 4 + 3, или ≥ pT3a, или pN1)]. 

Пацијенти су подељени у складу са присуством 

високоризичних обележја у коначној патологији 

у Групу 1 (н = 84, повољно) и Групу 2 (н = 89, 

неповољно). 

Резултати Укупно 18 пацијената из Групе 2 

(20,2%) има Глисонов скор (ГС) ≥ 4 + 3, а у 94,4% 

случајева њихови биопсијски извештаји су откри-

ли и перинеуралну инвазију (ПНИ) и лимфовас-

куларну инвазију (ЛВИ). Штавише, пацијенти са 

напредовањем pT3a или pT3b показали су и ПНИ 

и ЛВИ у 60% и 85,7% случајева, респективно. 

Мултиваријантна анализа је показала да су ПНИ 

(OR = 3,35; 95% CI: 1,16–7,56; p < 0,001) и ЛВИ 

(OR = 5,34; 95% CI: 2,02–11,2; p < 0,001) независ-

но повезани и са ГУ и са ТУ.  

Закључак Докази о ПНИ и ЛВИ у биопсији про-

стате су повезани и са клинички значајним напре-

довањем и са преокретом после патолошког прег-

леда простате, што представља неповољне карак-

теристике биопсије. 

Кључне речи: рак простате; низак ризик; 

неповољан низак ризик; Глисон скор; раст 

тумора 
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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. It is 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.  
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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 I (PSA ≤10; cT1-T2a, Gleason 

score (GS) ≤6), normal total serum testosterone levels, and no clinical signs of hypogonadism.  

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/l 

(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 (LVI), (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 
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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 (pN0) 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. 
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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 
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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 LVI 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%CI: 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%CI: 0.87-2.56; 

p = .031) were independently associated with GU, while PNI (OR = 3.35; 95%CI: 1.16-7.56; 

p < .001) and LVI (OR = 5.34; 95%CI: 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, 
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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 LVI 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.  
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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 PCa is 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 LVI, which were significant 

predictors of advanced prognostic features in our study. Additionally, the DETECTIVE study 

[26] identified LVI 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) 



Srp Arh Celok Lek 2025│Online First April 30, 2025│DOI: https://doi.org/10.2298/SARH240318034M 

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

10 

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 LVI [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.  
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Table 1. Demographic and clinical characteristics between groups 

Parameters Overall 
Group I 

(favorable) 

Group II 

(unfavorable) 
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 (%)     

T1 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 

PC (P+), %, SD 

47.4 (5.2) 40.3 (4.6) 52.3 (7.2)* 0.02 

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 (5.2) - 9 (10.1) - 

GS 4+4 (ISUP 4) 3 (1.7) - 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) - 

ᵇ 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);  

ᵃpathologic 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 

 
 

PNI – perineural invasion; LVI – lymphovascular invasion; GS – Gleason score; pT3a – 

pathological tumor stage 3a; pT3b – pathological tumor stage 3b 

 


