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Prostate Cancer Antigen 3 Score Does Not Predict for Adverse 
Pathologic Features at Radical Prostatectomy or for 
Progression-free Survival in Clinically Localized, Intermediate- 
and High-risk Prostate Cancer

John V. Hegde, Darlene Veruttipong, Jonathan W. Said, Robert E. Reiter, Michael L. 
Steinberg, Christopher R. King, Amar U. Kishan
Department of Radiation Oncology, UCLA Medical Center, University of California, Los Angeles, 
CA; the Department of Pathology, UCLA Medical Center, University of California, Los Angeles, 
CA; and the Department of Urology, UCLA Medical Center, University of California, Los Angeles, 
CA

Abstract

OBJECTIVE—To evaluate whether preoperative urinary prostate cancer antigen 3 (PCA3) scores 

predict for adverse pathologic features (APFs) or progression-free survival (PFS) in men with 

intermediate- or high-risk prostate cancer (PCa) undergoing radical prostatectomy (RP).

MATERIALS AND METHODS—One hundred nine men with intermediate- (n = 52) or high-

risk (n = 57) PCa who underwent RP were retrospectively identified. Logistic regression analysis 

was performed to evaluate the association of PCA3 score with various APFs (eg, extracapsular 

extension, seminal vesicle invasion, etc.). Among 78 men with ≥1 year of follow-up, the 

association between PCA3 score and PFS was assessed using Cox regression analysis.

RESULTS—At RP, 52% of patients had at least 1 APF, and with median follow-up of 2.3 years, 

overall 3-year PFS was 70%. PCA3 was not a significant predictor of any APF on multivariate 

analysis (MVA), whereas canonical predictors (eg, biopsy Gleason score and initial prostate-

specific antigen) remained predictive of various APFs. No significant predictors for PFS were 

found on MVA, although certain canonical predictors (eg, National Comprehensive Cancer 

Network risk group) were significant predictors of PFS on univariate analysis (UVA). PCA3 score 

was not a significant predictor of PFS on either UVA or MVA.

CONCLUSION—Unlike in lower risk cohorts, increasing PCA3 score was not associated with 

any APF in this higher risk cohort, despite enrichment for APFs, nor was it associated with PFS. 

Notably, multiple known preoperative predictors for APFs were significant on MVA, and multiple 

predictors were associated with PFS on UVA. Therefore, PCA3 may not be a useful adjunct 

predictive marker in men with intermediate- or high-risk PCa.
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Prostate cancer gene 3 (PCA3) is highly overexpressed by prostate cancer (PCa) cells and is 

a validated biomarker that predicts the presence of PCa when prostate-specific antigen 

(PSA) levels are in an indeterminate range.1–3 PCA3 scores, which are determined by 

calculating the ratio of PCA3 mRNA to PSA mRNA in the urine, also have particular utility 

for guiding repeat biopsy decisions in men with previous negative biopsies.2 Furthermore, 

and of importance in upfront treatment discussions, PCA3 scores have been demonstrated to 

be predictive of high-grade PCa, significantly improving clinical models for diagnosing 

prostate cancer.4

In men with predominantly favorable-risk PCa (ie, predominantly low- or intermediate-risk 

PCa per the National Comprehensive Cancer Network stratification schema), PCA3 testing 

has also been investigated for its potential utility in predicting adverse pathologic features at 

radical prostatectomy (RP), with mixed results. Several studies found significant correlations 

with increasing PCA3 score and increased rates of higher risk disease, extracapsular 

extension, pathologic Gleason score (GS), tumor volume, tumor multifocality, and positive 

surgical margins (PSMs).5–11 However, other studies found minimal, if any, association 

between PCA3 scores and adverse pathologic features or noted that PCA3 scores offered no 

incremental value to existing models for predicting adverse pathology.12–15

However, the potential associations of PCA3 score with adverse pathologic features have not 

been evaluated in a predominantly higher risk PCa population (ie, a population with more 

intermediate- and high-risk patients with PCa). Additionally, whether PCA3 scores can have 

prognostic utility with regard to progression-free survival (PFS) remains unknown. 

Therefore, we retrospectively evaluated the association between PCA3 scores and both 

adverse pathologic features and PFS in a cohort of men with higher risk PCa who underwent 

RP at a single institution.

MATERIALS AND METHODS

Patient Selection

The study cohort consisted of 109 men with clinically localized (cT1–T2), intermediate- or 

high-risk PCa who had PCA3 urine assay testing before treatment with RP between 2010 

and 2015 at a single academic medical center. The criteria used for ordering PCA3 testing 

included evaluation for the probability of undiagnosed PCa in men with an elevated PSA (≥4 

ng/mL) or for aiding in the management of men with one or multiple negative prostate 

biopsy procedures but a persistently elevated or rising PSA. This study was approved as part 

of an institutional review board-approved protocol evaluating a registry of men with higher 

risk PCa.

Urinary PCA3 Assay

Following digital prostatic massage, first-catch urine was collected from all patients as 

described in Groskopf et al.16 The urine sample was analyzed to quantify PCA3-mRNA and 

PSA-mRNA concentrations. The PCA3 score was calculated by taking the ratio of PCA3 

mRNA to PSA mRNA and multiplying this by 1000.
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Pathologic Specimens

The pathologic specimens of the 109 men who underwent RP were step-sectioned and 

reviewed by an expert, academic genitourinary pathologist. Evidence of extracapsular 

extension (ECE), seminal vesicle invasion (SVI), lymph node involvement (pN+), pathologic 

Gleason scores (pGS), and presence of tertiary Gleason pattern 5 was recorded. Gleason 

histologic grading on the pathologic specimens was used based on the 2005 International 

Society of Urological Pathology Consensus Conference guidelines17 for men treated through 

2014 and based on the updated 2014 guidelines thereafter.18

Progression-free Survival

Disease progression was defined as biochemical recurrence, treatment with postoperative 

radiotherapy or androgen deprivation therapy, or the development of distant metastasis from 

PCa. No patients died during the period of this study. Biochemical recurrence was defined 

according to the American Urological Association guidelines (ie, an initial serum PSA ≥0.2 

ng/mL with a subsequent confirmatory PSA19), or the initiation of salvage radiotherapy.

Statistical Methods

The distributions of clinical, biopsy, imaging, and pathologic characteristics of the entire 

study cohort (n = 109) and the subset with ≥1 year of follow-up (n =78) were calculated. For 

the entire cohort, univariate and multivariate logistic regression analyses were performed to 

assess the predictive value of PCA3 score (as a continuous variable) for adverse pathologic 

features, adjusting for known predictors, including age, initial PSA (iPSA), clinical T-stage, 

biopsy GS (bGS), percent positive biopsies (PPB), and magnetic resonance imaging (MRI) 

T-category. The adverse pathologic features evaluated included ECE, SVI, pN+, upgrading 

to pGS 8–10 or presence of tertiary Gleason pattern 5, upstaging to pathologic T3 (pT3) 

disease, PSMs, and a combined analysis for the presence of any adverse pathologic feature 

aside from PSMs and presence of any adverse pathologic feature including PSMs. Variables 

not found to be predictive on univariate analysis were not included in multivariate analysis. 

If no predictors were found on univariate analysis, then no multivariate analysis was 

performed.

In the subset of 78 men with at least 1 year of follow-up, univariate and multivariate Cox 

regression analyses were performed to evaluate the predictive value of PCA3 score to predict 

for PFS, adjusting for age, preoperative risk group, maximal tumor diameter, pGS, ECE, 

SVI, pN+, and PSMs. Kaplan-Meier survival analysis was performed to estimate PFS in this 

subset.

RESULTS

The Distribution of Characteristics of the Study Cohort

The distributions of clinical, biopsy, imaging, and pathologic characteristics of the entire 

cohort and the subset with ≥1 year of follow-up evaluated for PFS are reported in Table 1. 

The median age of the entire cohort was 65 years (interquartile range [IQR] 59–69). The 

median PCA3 score was 47 (IQR 23–73). Median PSA was 7.4 (IQR 5.3–11.7). All patients 

had clinically localized prostate cancer (86% T1c and 14% T2). Forty percent had bGS ≤3 
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+ 4, 14% had bGS 4 + 3, and 47% had bGS 8–10. Forty-eight percent had intermediate-risk 

prostate cancer and 52% had high-risk prostate cancer. Nine percent of patients had evidence 

of T3 disease on MRI.

At RP, 52% of patients had at least 1 adverse pathologic feature. Overall, 32% of patients 

had pT3a disease, 10% of patients had pT3b disease, and 10% of patients had pN+ disease. 

Twenty-one percent of patients experienced GS upgrading and 41% of patients were 

upstaged to pT3. The subset of patients with ≥1 year follow-up had similar distributions for 

all clinical, biopsy, imaging, and pathologic characteristics.

Univariate and Multivariate Logistic Regression Analysis: Adverse Pathologic Features

Univariate and multivariate analyses for the presence of ECE without SVI, SVI, and 

upstaging to pathological ≥T3a are presented in Table 2. There were no preoperative 

characteristics significantly predictive on univariate analysis for the presence of ECE 

without SVI, and multivariate analysis for this outcome was not performed. On multivariate 

analysis, only higher bGS (odds ratio [OR] 6.00, P = .027) was significantly associated with 

higher rates of SVI, whereas clinical T-category, PPBs, and MRI T-category were all 

significant on univariate analysis (P <.05). Higher bGS (OR 3.64, P = .0062), PSA (OR 1.08, 

P =.023), and PPBs (OR 1.03, P =.025) were all associated with upstaging on multivariate 

analysis, whereas higher clinical T-category (OR 4.85, P = .011) and MRI T-category (OR 

6.67, P = .020) were associated only on univariate analysis. On multivariate analysis, 

increasing PSA (OR 1.12, P = .0030) and PPBs (OR 1.06, P = .0026) were both associated 

with pN+ (Table 2). Logistic regression analyses evaluating upgrading at RP to pGS 8–10 or 

to tertiary Gleason pattern 5 are reported in Table 3. bGS was the only variable associated 

with upgrading on univariate analysis (P = .030).

Similar regression analyses were also performed for predictors of PSMs (Table S1), any 

adverse pathologic feature (as a composite outcome) other than PSM (Table S2), and any 

adverse pathologic feature (as a composite outcome) including PSM (Table S3). No 

preoperative characteristic was significantly predictive of PSMs. Both increasing PSA (OR 

1.11, P = .0071) and clinical T-category (OR 4.31, P = .046) were significant for predicting 

the composite outcome of any adverse pathologic feature aside from PSM on multivariate 

analysis, whereas only PSA was a significant predictor of adverse pathologic features 

including PSM, and only on univariate analysis (OR 1.1, P = .015).

Univariate and Multivariate Cox Regression Analyses: Progression-free Survival

The results for the univariate and multivariate Cox regression analyses evaluating predictors 

for PFS among men with ≥1 year follow-up are presented in Table 4. No potential predictors 

for PFS were significant on multivariate analysis. However, increasing pGS (hazard ratio 

[HR] 4.79, P = .0006), preoperative risk group (HR 4.17, P = .022), and maximal tumor 

diameter (HR 1.83, P = .022), as well as the presence of pN+ (HR 3.70, P = .0034), SVI (HR 

3.04, P = .021), and ECE (HR 2.69, P = .031), were all positively associated with PFS on 

univariate analysis.
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COMMENT

PCA3 scores have emerged as valid predictors of the presence of PCa in the presence of 

indeterminate PSA values or previously negative biopsies. However, whether PCA3 scores 

can have predictive value for the presence of adverse pathologic features at the time of RP or 

prognostic value for PFS following RP remains unknown. Previous evaluations of PCA3 

scores as predictors of adverse pathology have generally focused on patients with low- or 

intermediate-risk disease and have reached conflicting conclusions. In the current study of 

patients with higher risk (ie, intermediate- and high-risk) PCa, we found that PCA3 scores 

did not predict for adverse pathologic features at RP, whereas canonical factors—including 

bGS, iPSA, PPB, and clinical T-category—did. Notably, adverse pathologic features were 

common in this cohort, and thus the lack of an association is unlikely to be confounded by 

low statistical power, particularly given the small confidence intervals for PCA3 score in 

every univariate analysis. Additionally, neither PCA3 scores nor canonical factors were 

significantly associated with PFS on multivariate analysis. These data suggest that PCA3 

scores are unlikely to serve as a useful adjunct predictive marker for adverse pathology and 

further underscore the limitations of currently available prognostication tools for patients 

with higher risk PCa.

Although validated, robust preoperative stratification systems and nomograms for PCa risk 

are widely used in clinical practice to counsel patients, there remains significant 

heterogeneity in outcomes for men with intermediate- and high-risk disease.20,21 

Investigators have recently identified “favorable” and “unfavorable” subgroups of 

intermediate-risk PCa,22 and similar strata within high-risk PCa, predominantly related to 

Gleason pattern 5 disease, have been proposed.23–25 Nonetheless, further improvements to 

preoperative risk stratification in higher risk, but clinically localized, cohorts, remain 

essential for optimizing treatment selection.

For men with higher risk PCa who select RP for definitive treatment, improved stratification 

for the risk of adverse pathologic features or PFS using novel preoperative predictors may 

guide adjuvant or even neoadjuvant therapies. To our knowledge, this is the first study in a 

cohort of men with exclusively intermediate- or high-risk PCa to evaluate whether PCA3 

score significantly predicts for adverse pathologic features, and the first study in men of any 

risk group evaluating the urinary PCA3 score’s potential predictive ability for PFS. 

Although multiple preoperative predictors for adverse pathologic features were found on 

multivariate analysis, including bGS, iPSA, and PPB, PCA3 score was not associated with 

any of these outcomes on univariate or multivariate analyses. Some previous studies, which 

focused exclusively on lower risk cohorts, have reported that increasing PCA3 score was 

associated with adverse pathologic features,5–11 whereas others have not.12–15 The present 

study cohort was enriched for adverse pathologic features; for example, 42% had ECE and 

41% experienced pathologic upstaging. Therefore, the absence of an association in our study 

is unlikely to be related to an issue of statistical power and suggests limited, if any, utility of 

PCA3 as an adjunct predictive marker for adverse pathology. On the other hand, the lack of 

an association between PCA3 score and PFS may be ascribed to the short median follow-up 

of 2.3 years and 3-year progression rate of 30%. However, other canonical factors were at 

least predictive of PFS on univariate analyses, suggesting that an association between PCA3 
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and PFS, if present, is modest in strength at best. Still, the uncertain clinical significance of 

biochemical recurrence26—the most common form of progression seen in this cohort—

renders conclusions about PCA3 scoring and ultimate clinical outcome premature.

Interestingly, a recently published study evaluating the Decipher Genomic Resource 

Information (GRID) PCa database found that low PCA3 expression was associated with 

higher grade disease and disease progression.27 Although this study is different from ours as 

it evaluated PCA3 gene expression profiles in prostatic tissues rather than PCA3 score with 

the urine assay, the findings further suggest that the convention of using PCA3 to determine 

the risk of finding PCa at biopsy may be beneficial only in men with (as yet undiscovered) 

lower risk disease. These results contrast with an earlier evaluation of the addition of urinary 

PCA3 score to a clinical risk nomogram, which noted that a higher PCA3 score was 

associated with higher grade disease at biopsy and that a nomogram including PCA3 scores 

out-performed one without them for the identification of PCa.4 However, other large series 

have suggested selecting the appropriate PCA3 score threshold is integral to avoid 

underdiagnosis of high-grade disease.28 These limitations have led to proposals of 

combining PCA3 data with other biomarkers, including TMPRSS2:ERG fusion status.29,30 

Perhaps including these novel biomarker assays individually or in combination in the 

preoperative setting may improve the ability of existing preoperative risk models to predict 

adverse pathologic features at RP and disease progression.

This study has several limitations, including all limitations inherent to a retrospective study. 

This study only included patients who were definitively treated with RP, and thus the results 

are not generalizable to patients receiving other forms of definitive treatment. Furthermore, 

this study evaluated a small cohort of patients. Regardless, adverse pathologic features were 

common, and multiple known preoperative predictors of adverse pathologic features were 

significant on multivariate analysis. However, the small cohort size along with the short 

median follow-up translated to a disease progression rate of only 30% at 3 years. Even 

expected predictors of PFS failed to manifest on multivariate analysis (although they did 

manifest on univariate analyses), raising the possibility that our results might change with 

added patients or added follow-up. In addition, the PCA3 values in the study cohort are 

somewhat low (median 47, IQR 23–73). As some studies establishing associations between 

PCA3 and adverse features were performed in cohorts with higher median PCA3 values,
8,11,12,14 a study evaluating men at higher risk with higher PCA3 scores may yield different 

findings. Indeed, the study population may have PCA3 values below the threshold needed to 

predict adverse outcomes.

CONCLUSION

In conclusion, PCA3 score was not associated with any adverse pathologic features or with 

PFS in a cohort of patients with intermediate- and high-risk PCa, although canonical 

predictors were associated with adverse pathologic features on univariate and multivariate 

analyses, and with PFS on univariate analysis. Together, these results suggest that urine 

PCA3 testing may not be a useful adjunct predictor of outcomes in men with higher risk PCa 

and underscore the need for improved risk assessment and prognostication tools for these 

patients.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 3.

Predictors of Gleason score upgrading to pathologic Gleason score 8–10 or having tertiary Gleason pattern 5

Univariate Analysis

Clinical Characteristic Odds Ratio (95% CI) P Value

PCA3 score 1.00 (0.99–1.01) .59

Age (y) 1.02 (0.95–1.09) .68

PSA (ng/mL) 1.045 (0.99–1.10) .089

Clinical T-Category

 T1 1.00 (ref) —

 T2 2.11 (0.64–6.94) .22

Biopsy GS

 ≤7 1.00 (ref) —

 8–10 0.32 (0.12–0.89) .030

Percent positive biopsies 1.00 (0.98–1.03) .97

MRI T-Category

 T1–T2 1.00 (ref) —

 T3–T4 0.37 (0.045–3.11) .36
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