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Abstract

Purpose—We assessed the independent predictive values of the serum markers free prostate 

specific antigen, proenzyme prostate specific antigen, neuroendocrine marker and Dickkopf-1 

compared to serum prostate specific antigen and other standard risk factors for early prostate 

cancer detection.

Materials and Methods—From the prospectively collected SABOR cohort 250 prostate cancer 

cases, and 250 mean age matched and proportion of African-American race/ethnicity matched 

controls were selected who had a prior available prostate specific antigen and digital rectal 

examination. Serum samples were obtained, and free prostate specific antigen, [−2]proenzyme 

prostate specific antigen, Dickkopf-1 and neuroendocrine marker were measured. AUC, 

sensitivities and specificities were calculated, and multivariable logistic regression was used to 

assess the independent predictive value compared to prostate specific antigen, digital rectal 

examination, family history, prior biopsy history, race/ethnicity and age.

Results—The AUCs (95% CI) were 0.76 (0.71, 0.8) for free prostate specific antigen, 0.72 (0.67, 

0.76) for [−2]proenzyme prostate specific antigen, 0.76 (0.72, 0.8) for %free prostate specific 

antigen, 0.61 (0.56, 0.66) for %[−2]proenzyme prostate specific antigen, 0.73 (0.68, 0.77) for 

prostate health index, 0.53 (0.48, 0.58) for Dickkopf-1 and 0.53 (0.48, 0.59) for neuroendocrine 

marker. In the 2 to 10 ng/ml prostate specific antigen range the AUCs (95% CI) were 0.58 (0.49, 

0.67) for free prostate specific antigen, 0.53 (0.44, 0.62) for [−2]proenzyme prostate specific 

antigen, 0.67 (0.59, 0.75) for %free prostate specific antigen, 0.57 (0.49, 0.65) for %

[−2]proenzyme prostate specific antigen and 0.59 (0.51, 0.67) for phi. Only %free prostate specific 

antigen retained independent predictive value compared to the traditional risk factors.
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Conclusions—Free prostate specific antigen retained independent diagnostic usefulness for 

prostate cancers detected through prostate specific antigen and digital rectal examination 

screening. Prostate specific antigen isoforms are highly correlated with prostate specific antigen. 

Future research is needed to identify new markers associated with prostate cancer through 

different mechanisms.
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In the United States 1 in 6 men will be diagnosed with prostate cancer during their lifetime 

and 1 in 35 will die of the disease. Despite its high prevalence, the uncertain course of PCa 

combined with a high risk of over detection and the lack of sensitive screening tests has 

resulted in confusion over the application of PCa screening. Recently the American Cancer 

Society revised its guidelines, no longer recommending mass screening, but rather 

recommending individualized cancer risk discussions with patients, resulting in informed 

decisions regarding PCa testing.1 The Society reiterated the importance of finding new 

biomarkers for PCa, particularly for men at risk for high grade cancer. In this study we 

evaluated the operating characteristics of a panel of recently identified serum markers, 

including freePSA, proPSA, NEM and DKK1 for screen detected PCa, as identified in a 

cohort of men undergoing routine PSA and DRE screening. The correlation of these markers 

to PSA, and their independent diagnostic value to PSA and DRE were evaluated.

Materials and Methods

Subjects

SABOR is a National Cancer Institute, Early Detection Research Network sponsored 

Clinical Validation Center comprised of more than 3,700 San Antonio area male residents 

without a prior PCa diagnosis. Participation in the study involves annual screening with 

serum PSA and DRE, as well as referral to biopsy for identification of PCa for high risk 

participants with PSA exceeding 2.5 ng/ml, abnormal DRE or a family history of PCa. The 

12-core ultrasound guided biopsy was performed on the majority of the participants. From 

the SABOR cohort a nested case-control population was selected, comprising 250 PCa cases 

with serum PSA measured at or within 2.5 years before diagnosis, and 250 mean age 

matched and proportion African-American matched controls with at least 5 years of 

followup with no PCa detection. Serum samples for controls were taken at the first visit. 

Through this sampling plan controls were not necessarily biopsy confirmed negative (19.4% 

of controls and 47.8% of high risk controls were biopsy confirmed) and cases included 

screen detected PCa.

Specimens and Laboratory Analysis

Informed consent approved by the institutional review board at the University of Texas 

Health Science Center at San Antonio was obtained for each SABOR participant. 

Participants had blood drawn in an 8 ml red top Vacutainer® tube before DRE at each visit. 

Whole blood was allowed to clot for 30 minutes at room temperature before serum was 

separated by centrifugation for 15 minutes at 10C, distributed into approximately 1 ml 
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aliquots and immediately frozen at −80C. Samples were thawed and distributed into smaller 

aliquots. A set of serum samples was provided to Beckman Coulter, Inc. (Chaska, 

Minnesota) to measure or compute several isoforms and transformations of the isoforms, 

including freePSA, [−2]proPSA, %freePSA (freePSA/PSA×100), %[−2]proPSA 

([−2]proPSA/[10×freePSA]) and phi ([−2]proPSA/freePSA×√PSA).

The commercially available freePSA assay and the research use only [−2]proPSA assay use 

dual monoclonal antibodies in sandwich assay formats with chemiluminescent detection. A 

set of serum samples was used to measure DKK1 using the enzyme-linked immunosorbent 

assay (ELISA) method as previously described by Tian et al.2 A set of serum samples was 

used to measure NEM by a displacement ELISA using monoclonal antibody NEM3.3 A 

total of 20 blinded duplicate samples (10 cases, 10 controls) were randomly mixed among 

the samples for quality control analysis of the individual markers.

Sample Size and Power

A total of 224 cases was necessary to achieve 80% power to detect a difference between a 

sensitivity of 40% for PSA reported from prior studies without verification bias4 and an 

estimated improved sensitivity of 58% for a new marker, using the midpoint method based 

on McNemar’s test with a Bonferroni correction for a type I error of 0.05.5 The number of 

subjects identified for study was inflated to 250 cases and 250 controls. Of the 500 subjects 

26 (23 cases, 3 controls) were excluded from analysis due to various laboratory test flags 

and missing data. The remaining 474 subjects (227 cases and 247 controls) provided an 

adequate number of cancer cases (more than 224) to ensure sufficient power to detect an 

increase of 18% or more in the sensitivity of a new marker compared to PSA at a cut point 

which achieves 80% specificity.

Analysis

Spearman’s correlation coefficient (corr) was calculated to examine the reproducibility of 

the biomarkers in 20 blinded duplicate samples. Descriptive statistics were used to 

summarize patient and biomarker characteristics, as well as all clinical risk factors for PCa.

AUC was calculated as the Wilcoxon statistic, and tests of differences among AUCs were 

performed via the nonparametric U-statistic method with or without Bonferroni correction 

for multiple comparisons.6 For those markers whose average values were higher in cancer 

cases, sensitivity was calculated as the proportion of cancer cases with a biomarker value 

equal to or greater than the cut point, and specificity as the proportion of controls with a 

biomarker value less than the cut point. For those markers whose average values were lower 

in cancer cases, ie under-expressed in PCa, sensitivity was calculated as the proportion of 

cancer cases with a biomarker value equal to or less than the cut point and specificity as the 

proportion of controls with a biomarker value greater than the cut point. Fisher exact 95% 

CIs for sensitivity and specificity were calculated, and sensitivities and specificities were 

compared across different markers using McNemar’s test with or without Bonferroni 

correction.

Backward selected multiple logistic regression was used to identify risk factors that 

significantly contributed to predicting PCa while controlling for all other markers and 
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standard PCa risk factors. Spearman’s correlation coefficients were calculated among the 

PSA isoforms for cases and controls separately, and successively used to remove isoforms 

highly correlated with each other to reduce multicollinearity in the model building process. 

The Kruskal-Wallis rank test or Mann-Whitney U test was used to examine the relationship 

between new biomarkers and Gleason score when appropriate. In addition, secondary 

analyses were performed for all cases and controls with PSA in the subrange of 2 to 10 

ng/ml. All statistical tests were performed at the significance level of 0.05 (2-sided) and all 

statistical analyses were conducted using SAS® (version 9.2).

RESULTS

FreePSA and [−2]proPSA were reproducibly measured on 20 duplicated samples while 

reliabilities for DKK1 and NEM were lower but acceptable (freePSA, corr >0.99; 

[−2]proPSA, corr 0.96; DKK1, corr 0.63 and NEM, corr 0.61). Participant characteristics are 

summarized in table 1. There were significant differences between the cases and the controls 

with respect to PSA, race/ethnicity, DRE and family history of PCa, but no differences 

between the 2 groups in prior negative biopsy history or age. The proportion of African-

American race/ethnicity in cases and controls (approximately 14%) was the same. 

Differences between cases and controls for PSA, DRE and family history reflected that 

cancers were screen detected (by referral to biopsy for high risk participants). PSA ranged 

from 0.5 to 49.8 ng/ml for subjects with an abnormal DRE and from 0.3 to 54.8 ng/ml for 

subjects with a family history of PCa.

In the 474 subjects with complete measurements of the 7 new biomarkers, freePSA, 

[−2]proPSA and phi were significantly higher in cases (p <0.001), %freePSA and %

[−2]proPSA were significantly lower (p<0.001), and DKK1 and NEM did not differ (table 2, 

fig. 1). The AUC for PSA, 0.84 (95% CI 0.81–0.88), was higher than typically reported 

because many cancer cases were referred to biopsy due to high PSA (sampling bias). Of the 

new markers freePSA and %freePSA obtained the highest AUC (0.76), which was 

significantly higher than proPSA without Bonferroni adjustment (AUC 0.72, p = 0.01, table 

2, fig. 2, A). The new transform phi, which combines PSA, freePSA and proPSA, did not 

significantly differ from freePSA or proPSA (p = 0.27, p = 0.64). The percentage form of 

proPSA performed ostensibly worse than the raw form (AUC 0.61, p = 0.004). The AUCs 

and 95% CIs of DKK1 and NEM indicated that they performed no better than flipping a 

coin, which would obtain an AUC of 0.50 for predicting cancer on biopsy. The ROC curves 

and corresponding sensitivities at matched specificities of 70% to 80% revealed superior 

accuracy of %freePSA to freePSA (table 3). For example at 80% specificity, %freePSA 

achieves a sensitivity of 62%, which is 16% sensitivity points higher than freePSA with a 

corresponding sensitivity of 46% (p = 0.002). The ROC curve of %freePSA consistently fell 

above freePSA for all false-positive rates less than 20% (fig. 2).

In the PSA subrange of 2 to 10 ng/ml %freePSA ranged from 6.56 to 42.07 in controls and 

5.50 to 50.59 in cases. %FreePSA was significantly lower in cases while phi was 

significantly higher (table 2). However, there were no significant differences in freePSA, 

[−2]proPSA or %[−2]proPSA between cases and controls. The operating characteristics of 

all markers decreased in this range, and with the decrease in power (171 cases, 52 controls) 
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most 95% CIs of the AUCs included 50% (no diagnostic discrimination) or bordered next to 

it (fig. 2, B).

The PSA isoforms were highly correlated with each other and with PSA (freePSA vs 

[−2]proPSA, corr 0.84; freePSA vs PSA, corr 0.81; [−2]proPSA vs phi, corr 0.74 and 

[−2]proPSA vs PSA, corr 0.7). This implied that all would most likely not contribute 

independent diagnostic information in terms of composite risk modeling. Several factors 

contributed significant independent predictive value to PCa diagnosis on biopsy including 

log %freePSA (OR 0.53, 95% CI 0.29–0.98, p = 0.04), family history (OR 3.56, 95% CI 

1.85–6.86, p <0.001), DRE (OR 22.64, 95% CI 8.53–62.12, p <0.001) and log PSA (OR 6.4, 

95% CI 4.07–10.06, p <0.001). The predictive values of PSA, DRE and family history were 

exaggerated due to sampling bias. In a multivariable model excluding these factors several 

factors became significant including log phi (OR 20.57, 95% CI 9.08–46.63, p <0.001), log 

%freePSA (OR 0.5, 95% CI 0.27–0.91, p = 0.02) and log %[−2]proPSA (OR 0.05, 95% CI 

0.02–0.11, p <0.001).

Of the 217 cases (excluding 10 missing Gleason score) 69 (32%) had high grade cancer 

(Gleason score 7 or greater). Median PSA, freePSA, [−2]proPSA, phi and %[−2]proPSA 

were significantly higher in the high grade cancer group vs the low grade cancer group while 

median %freePSA was significantly lower. In addition, trend tests indicated that %freePSA 

significantly decreased by Gleason score and the rest of the markers significantly increased 

by Gleason score, except for DKK1 and NEM (table 4, fig. 1).

DISCUSSION

Roles and functions of PSA isoforms have been studied for more than 10 years.7–13 PSA 

exists unbound (free PSA) or bound to other proteins. The higher the percentage of freePSA 

as a part of total PSA, the less likely it is that cancer is present and the more likely the PSA 

is increased due to benign prostate hyperplasia.14 The proenzyme forms of PSA that are 

collectively called proPSA have been shown to be associated with PCa, and appear to have 

potential as tumor markers. Recent studies involving [−2]proPSA, in particular, have shown 

promise to improve the role of PSA in detecting PCa.15–18

The clinical usefulness of proPSA to detect PCa in men with PSA less than 10 ng/ml has 

been assessed in several studies.8,18–21 These studies used ratios involving freePSA and 

[−2]proPSA, and revealed the greatest improvement in PCa detection among men with 

serum PSA between 2 and 10 ng/ml. Results of studies that assess potential associations 

between proPSA and aggressive PCa (as defined by high Gleason scores) have been 

mixed.9,16,18,22 The predictive value of [−2]proPSA, freePSA, %[−2]proPSA, %freePSA 

and phi has recently been evaluated by researchers using serum samples from 2 European 

studies within the PSA range of 2 to 10 ng/ml and age 50 years or older.17 Their analysis 

showed that for PCa prediction, phi performed significantly better than PSA and %freePSA, 

and the addition of [−2]proPSA to a logistic regression model consisting of PSA and 

freePSA significantly increased PCa predictive value and specificity. However, overall no 

large differences among the variables regarding the specific detection of high grade PCa 

were observed.
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In this case-control study we evaluated the diagnostic performance of a panel of biomarkers 

throughout the entire PSA range and in the restricted 2 to 10 ng/ml range, and found in both 

analyses that %freePSA provided independent diagnostic information. An important 

limitation is that the performance of PSA (AUC 84%) is biased in this study due to the 

biopsy referral dependence on PSA values (greater than 2.5 ng/ml) in the SABOR cohort 

from which cancer cases and controls were selected. This may have impacted the relative 

performance of other markers, especially those which include PSA in the derivation. 

Reported AUCs of PSA in populations with no verification bias range between 65% and 

70%.23–25 In addition, controls in this study were not necessarily biopsy confirmed. This is 

not necessarily a disadvantage because biopsy confirmed controls would not represent 

average healthy men undergoing screening, but rather a clinical population. Another 

limitation is that for some cases, serum collections were not performed immediately before 

the date of diagnosis, although 91.2% of cases had the blood drawn within 1 year before 

diagnosis. The AUCs of other markers decreased in the PSA 2 to 10 ng/ml range vs the 

entire PSA range, although our study was not powered to conduct the secondary subgroup 

analyses in this PSA range (table 2).

DKK1, a secreted inhibitor of the Wnt/β-catenin signaling pathway, has been described as a 

novel biomarker for several epithelial carcinomas26 and has been shown to be increased in 

early PCa cells with a subsequent decrease during progression.27,28 NEM, a novel gene 

transcript, has been selectively localized in the malignant epithelium of the prostate. 

Preliminary studies on NEM noted a 3-fold increase in serum levels of NEM in patients with 

PCa compared to those with benign prostatic hyperplasia, other genitourinary cancers or 

controls.3 However, in this case-control study serum DKK1 and NEM did not prove to be 

clinically relevant diagnostic markers for the detection of PCa, and added no independent 

predictive value to the standard PCa risk factors.

CONCLUSIONS

This study provides several conclusions regarding biomarkers for PCa detection. Care must 

be taken as new biomarkers are evaluated in the case-control setting. Initial results may not 

be confirmed or, alternatively, may be confirmed but the biomarkers may not provide 

independent value to that already established by the standard risk factors and the leading 

PCa biomarker, PSA, already in place for screening. In addition, many markers, in particular 

PSA isoforms, are highly correlated with PSA, meaning that when PSA is in the gray zone 

of 2 to 10 ng/ml they are also more likely to be in their own gray zone and, thus, will also 

have decreased operating characteristics in terms of AUC. PSA has led to substantial over 

detection of insignificant PCa and overtreatment,29,30 and by including screen detected PCa 

as the end point, this study has shown that a panel of new markers will continue to over 

detect PCa. Finally, this study demonstrated that serum NEM and DKK1 had no potential to 

discriminate between PCa and no PCa. Newer markers more biologically linked with PCa 

or, even better, with high grade or significant PCa via different mechanisms will be required 

to substantially improve PCa risk evaluation.
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Abbreviations and Acronyms

DKK1 Dickkopf-1

DRE digital rectal examination

freePSA free prostate specific antigen

NEM neuroendocrine marker

PCa prostate cancer

phi prostate health index

proPSA proenzyme prostate specific antigen

PSA prostate specific antigen

SABOR San Antonio center for Biomarkers Of Risk for prostate 

cancer

[−2]proPSA proenzyme form of PSA
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Figure 1. 
PSA isoform values for controls and prostate cancer cases
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Figure 2. 
ROC curves for all markers in all 474 subjects (A) and in 223 subjects with PSA in 2 to 10 

ng/ml range (B). Asterisk indicates markers were lower in cancer group vs noncancer group. 

Therefore, sensitivity was defined as proportion of cancer cases with biomarker value equal 

to or less than cut point and specificity as proportion of controls with biomarker value 

exceeding cut point.
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