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Abstract

Purpose—This study evaluated the [-2]proPSA serum marker using a blinded reference specimen
set from three NCI Early Detection Research Network centers from men with an indication for
prostate biopsy.

Materials and Methods—Serum was collected pre-biopsy from 123 men with no prior biopsy or
prostate cancer history. Specimens (cancer cases: 51%; non-cancer controls: 49%) were selected
equally from the three sites and analyzed for PSA, free PSA, [-2]proPSA, BPSA, and testosterone
(Beckman Coulter ACCESS analyzer).

Results—There was no difference in total PSA concentrations (non-cancer: 6.80+5.20 ng/mL,
cancer: 6.94+5.12 ng/mL) between the groups. Overall, %[-2]proPSA had the greatest area under
the curve (AUC=0.69) followed by %fPSA (AUC=0.61). For %[-2]proPSA, maximal sensitivity was
60% and specificity was 70%. A logistic regression model combining PSA, BPSA, %fPSA, %[-2]
proPSA, [-2]proPSA/BPSA, and testosterone had an AUC of 0.73. In the 2-10 ng/mL PSA range, %
[-2]proPSA and the model had the largest AUC (0.73). The AUC for %fPSA was 0.53. Specificities
for %[-2]proPSA, the logistic regression model, and %fPSA at 90% sensitivity were 41%, 32%, and
18% and at 95% sensitivity were 31%, 26%, and 16%, respectively.

Conclusions—%[-2]proPSA was the best predictor of prostate cancer detection compared to %
fPSA, particularly in the 2-10 ng/mL total PSA range. These findings provide rationale for broader
validation studies to determine whether %[-2]proPSA alone can replace other molecular PSA assays
(such as %fPSA) for improving the accuracy of prostate cancer early detection and support the utility
of well-characterized, carefully collected reference sets to evaluate new biomarkers.
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Introduction

It has been recognized that disease-specific isoforms of free prostate specific antigen (PSA)
exist in prostate tissue and in serum and may improve some of the current limitations of PSA
in the early detection of prostate cancer.! These enzymatically inactive forms include
proenzyme PSA (proPSA), associated with prostate cancer and the peripheral zone of the
prostate and BPSA, a degraded form with internal peptide bond cleavages associated with
benign prostatic hyperplasia and the transition zone of the prostate.z‘4 An additional intact,
yet denatured form, termed iPSA, is also found in serum.®

proPSA is the precursor form of PSA and contains a 7 amino acid pro leader peptide. Additional
truncated forms of proPSA exist in serum, primarily those with leader sequences of 5, 4, and
2 amino acids. Cleavage of the leader sequences by human kallikrein 2 (hk2) and trypsin to
activate PSA decreases with decreasing size of the propeptide leader sequence with [-2]proPSA
resistant to activation. [-2]proPSA is the most prevalent form in tumor extracts and
immunohisotchemically stains cancer cells more strongly than benign cells.® The [-2]proPSA
form and the other proPSA forms have been studied individually and in combination and
su%gest a role for these molecular forms of PSA in the early detection of prostate cancer 3
7-10 35 well as in identifying aggressive cancers.11, 12 Recently, automated,

igeTAifluminescent immunoassays for [-2]proPSA as well as for BPSA have been developed.

Based on preliminary studies, several potential prostate cancer biomarkers, including [-2]
proPSA, were identified by the NCI's Early Detection Research Network (EDRN) for further
evaluation using a common, retrospective, archival, blinded reference set of serum samples
collected at three EDRN sites in men with an indication for prostate biopsy. Here we report on
the results of the analysis of the molecular forms of free PSA using newly developed automated
immunoassays.

Materials and Methods

The 123 serum specimens analyzed in this study were part of retrospective collections from
the three NCI EDRN Prostate Clinical Epidemiology and Validation Centers at Beth Israel
Deaconess Medical Center (BIDMC), Boston MA; Johns Hopkins University (JHU),
Baltimore, MD; and the University of Texas Health Science Center at San Antonio
(UTHSCSA), San Antonio, TX. Specimens were from men with an indication for prostate
biopsy and subjects had no prior prostate cancer history. All men had a> 10 core biopsy. Blood
was collected prior to biopsy and sera stored frozen at -70 °C for up to six years prior to analysis.
Informed consent was obtained under IRB-approved and HIPAA compliant protocols.

Equal numbers of cancer cases (51%) and non-cancer controls (49%) were randomly selected
from specimens which were frozen at -70 °C within 12 hours of collection and were distributed
equally among the three sites (BIDMC: n=40; JHU: n=43; UTHSCSA: n=40). Specimens were
analyzed in a blinded fashion at Beckman Coulter, Inc. on the Beckman Coulter ACCESS 2
immunoassay system (Beckman Coulter, Inc., Chaska, MN) for PSA, free PSA (fPSA), [-2]
proPSA, BPSA, and testosterone. The PSA assays are all dual monoclonal sandwich assays
using Hybritech antibodies and a chemiluminescent detection system. The assays for PSA, free
PSA, and testosterone are commercially available while the assays for [-2]proPSA 14 and
BPSA 13 are for research use only. The [-2]proPSA assay is calibrated using [-2]proPSA
purified from the AVA12-PSA mammalian cell line while BPSA assay is calibrated using
BPSA purified from human seminal plasma. These assays have linear ranges of <1-5,000 pg/
mL for [-2]proPSA and <5-5,000 pg/mL for BPSA with inter-assay precision of 4.8-12.5%
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(20-279 pg/mL) 3.7-7.2% (31-1,816 pg/mL) for [-2]proPSA and BPSA, respectively. Cross-
reactivity of other PSA isoforms in the two assays is minimal.

The following PSA derivatives were calculated: %fPSA (fPSA/PSA), %[-2]proPSA ([-2]
proPSA/fPSA), %BPSA (BPSA/fPSA) and [-2]proPSA/BPSA. Differences in the cancer and
non-cancer groups were assessed using student's t-test and the Mann-Whitney U Test. Results
for these parametric and non-parametric statistical tests were similar and therefore only
student's t-test results are presented. Diagnostic utility was assessed using ROC analysis and
areas under the curve determined in addition to clinical sensitivity and specificity. Statistics
were performed with Analyse-it (version 1.73). A logistic regression model combining PSA
and its derivatives and testosterone was also generated using R (version 2.3.1) software. The
resulting linear predictor score was used to evaluate the combined markers by ROC analysis.

The mean age (£SD) of the 123 subjects in this study was 62.2+8.2 years (41-83 years) with

a racial distribution as follows: Caucasian: 90.2%; African American: 6.5%; and Other: 3.2%.
In the 120 men in whom information was available, 79% of the non-cancer group had a DRE
non-suspicious for cancer, while in the cancer group 71% of men had a DRE non-suspicious

for cancer. Within the cancer group, 52% of men had a biopsy Gleason score of 6, 38% had a
score of 7, and 10% had a score of 8 or 9.

The utility of the isoforms of free PSA, particularly [-2]proPSA was examined in the entire
dataset (PSA range 0.48-33.18 ng/mL) and in the clinically important ranges incorporating
4-10 ng/mL total PSA and 2-10 ng/mL total PSA. Overall, the cancer and non-cancer groups
were equivalent with respect to age (non-cancer: 61.7+8.6 years, cancer: 62.6+7.8 years) as
well as total PSA concentrations (non-cancer: 6.80£5.20 ng/mL, cancer: 6.94+5.1 ng/mL). A
comparison between the two groups for the measured PSA derivatives and calculated values
as well as testosterone is shown in Table 1. %fPSA was significantly lower (p<0.05) in the
cancer group while [-2]proPSA and %[-2]proPSA were significantly higher in the cancer

group.

Results for the 4-10 ng/mL and 2-10 ng/mL PSA truncated ranges were similar and therefore
only the 2-10 ng/mL data are presented here. In that range, similar to the overall range of data
(Table 2), %[-2]proPSA was significantly higher (p<0.05) in the cancer group, as was [-2]
proPSA alone and the ratio of [-2]proPSA/BPSA. %fPSA was equivalent between the cancer
and non-cancer groups.

ROC analysis of the non-cancer controls and cancer cases in all subjects is shown in Table 3
and Figure 1. Of the PSA derivatives, %[-2]proPSA had the greatest area under the curve
(AUC) of 0.69 followed by %fPSA with an AUC of 0.61. At a sensitivity of 90 percent,
corresponding specificity was 32% for %fPSA and 37% for %[-2]proPSA while at 95%
sensitivity, specificity was 30% for %fPSA and 15% for %[-2]proPSA, respectively. At the
optimal cutoff point for %[-2]proPSA (1.4%) corresponding to the maximal sum of sensitivity
and specificity, sensitivity was 60% with a specificity of 70%. A logistic regression model was
constructed combining PSA, BPSA, %fPSA, %[-2]proPSA, [-2]proPSA/BPSA, and
testosterone, although only %[-2]proPSA was significant in the final model. The AUC was
0.73 and sensitivity at 90% and 95% specificity was 39% and 28%, respectively (Figure 1).

In the 2-10 ng/mL PSA range, individually, %[-2]proPSA again had the largest AUC (0.73)
while the AUC for %fPSA was 0.53 (Table 4, Figure 2). When PSA, BPSA, %fPSA, %[-2]
proPSA, [-2]proPSA/BPSA, and testosterone were evaluated together using logistic regression
(Figure 2), only %[-2]proPSA was a significant discriminator for prostate cancer (AUC=0.73).
The specificities for %fPSA, %[-2]proPSA, and the logistic regression model at 90% sensitivity
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were 18%, 41%, and 32%, respectively and at 95% sensitivity were 15%, 31%, and 26%
respectively.

Discussion

In the early 1990s, the discovery that PSA is present in serum in both a “free” form and “bound”
to protease inhibitors, particularly aq-antichymotrypsin, and that differing proportions of these
formsare present in men with and without prostate cancer led to the development of commercial
assays for free and complexed PSA that were able to improve the specificity of PSA within
defined total PSA ranges. 15,16 The knowledge that free PSA is in fact comprised of cancer
(proPSA) and benign (BPSA) prostate specific-forms may explain the limitations of %free
PSA in the mid-range of values (another diagnostic gray zone) and further serve to improve
the clinical utility of the PSA marker.1

The various truncated and full-length forms of proPSA [-2], [-4], [-5, -7] and the sum of these
forms have been variously examined for prostate cancer detection with in general the [-2]
proPSA form and the sum showing the greatest value. 3,7, 10 Mixed results with the [-5, -7]
propSA form may reflect population or assay differences. 17,18 | this study, [-2]proPSA and
BPSA, in addition to total and free PSA, were analyzed using robust assays on an automated
immunoassay analyzer. The samples from three different sites, although modest in number,
were well-defined clinically, and collected and stored in a uniform manner as well as analyzed
in a blinded fashion. In this study [-2]proPSA was best presented as a ratio with free PSA (%
[-2]proPSA) and was more useful diagnostically in the truncated PSA ranges of 4-10 ng/mL
and 2-10 ng/mL total PSA than overall PSA range. In the 2-10 ng/mL PSA range (data similar
to 4-10 ng/mL range, not shown), the area under the ROC curve was 0.73 compared to 0.53
for %fPSA while the sensitivity at 95% specificity was 31% compared to 16% for %fPSA. In
a screening study of men with PSA concentrations between 4 and 10 ng/mL, %proPSA (sum)
had an AUC of 0.69 and specificity of 19% at 95% sensitivity, which was greater than all other
PSA forms.3 Similarly, in a two site study, %proPSA spared 21% of unnecessary biopsies
compared to %fPSA (13%) in the 2-10 ng/mL range %proPSA has also shown improvement
over %fPSA in the 2.5-4 ng/mL 10 and 2-4 ng/mL PSA ranges, although sample size limited
evaluating this range in the current study.

Combining PSA markers has become a standard in the clinical interpretation of free PSA which
is best utilized as a ratio with total PSA. Similarly, [-2]proPSA appears best presented as a
percentage (or ratio) of free PSA. The multiplicity of PSA forms provides potential
opportunities to combine markers with various algorithms and models. In a study in the 4-10
ng/mL PSA range, a multivariate logistic regression model containing total PSA, %fPSA, and
the sum of proPSA forms gave the best performance compared to individual markers with an
AUC of 0.77 and a specificity of 44% at 90% sensitivity.© In another preliminary study, the
ratio of [-2]proPSA/(fPSA-sum proPSA) was associated with cancer detection. na larger
study, [-5, -7]proPSA did not improve specificity for cancer detection alone, but had utility
combined with other markers using artificial neural networks. 19 1n this study, a logistic
regression model appeared promising although only the %[-2]proPSA term in the model was
a significant predictor.

In summary, %[-2]proPSA was the best predictor of prostate cancer in this blinded standard
reference set in the 2-10 ng/mL PSA range. These findings provide rationale for broader
validation studies to determine whether %p2PSA alone can supplant other multiple molecular
PSA assays for improving accuracy of prostate cancer screening. The study also highlights the
utility of the EDRN reference set as a validation tool and the potential value of cancer marker
reference sets 20 for evaluating the clinical utility of individual markers, comparing the
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performance of different markers with a common set of samples, and combining results from
different laboratories/assays into a multi-marker panel.
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Figure 1.

ROC analysis for all subjects (n=123) comparing PSA (AUC=0.52), %fPSA (AUC=0.61), %
[-2]proPSA (AUC=0.69), and a composite logistic regression model combining PSA, BPSA,
%fPSA, %[-2]proPSA, %[-2]proPSA/BPSA, and testosterone (AUC=0.73)
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Figure 2.

ROC analysis for all subjects with PSA between 2 and 10 ng/mL (n=89) comparing PSA
(AUC=0.52), %fPSA (AUC=0.53), %[-2]proPSA (AUC=0.72), and a composite logistic
regression model combining PSA, BPSA, %fPSA, %[-2]proPSA, [-2]proPSA/BPSA and
testosterone (AUC=0.73, n=81).
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ROC analysis for all subjects (n=123)
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N ROC AUC 95% Confidence Interval
PSA 123 0.52 0.42-0.63
Free PSA 123 0.53 0.42-0.63
[-2]proPSA 123 0.63 0.53-0.73
BPSA 121 0.50 0.40-0.61
%fPSA 123 0.61 0.51-0.71
%[-2]proPSA 123 0.69 0.60-0.79
%BPSA 121 0.58 0.47-0.68
[-2]proPSA/BPSA 121 0.58 0.48-0.69
Testosterone 113 0.52 0.42-0.63
Logistic regression model (PSA, BPSA, %fPSA, %[-2]proPSA, [-2]proPSA/ 113 0.73 0.64-0.83

BPSA, testosterone)
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Table 4

ROC analysis for subjects in the 2-10 ng/mL PSA range (n=89)
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N ROC AUC 95% Confidence Interval
PSA 89 0.52 0.40-0.64
Free PSA 89 0.58 0.46-0.69
[-2]proPSA 89 0.65 0.53-0.76
BPSA 87 0.55 0.43-0.68
%fPSA 89 0.53 0.41-0.65
%[-2]proPSA 89 0.73 0.63-0.84
%BPSA 87 0.50 0.38-0.63
[-2]proPSA/BPSA 87 0.65 0.54-0.77
Testosterone 81 0.51 0.38-0.64
Logistic regression model (PSA, BPSA, %fPSA, %][-2]proPSA, [-2]proPSA/ 81 0.73 0.62-0.84

BPSA, testosterone)
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