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Abstract
Purpose—Active surveillance (AS) is a viable patient option for prostate cancer where a clinical
determination of low-risk and presumably organ-confined disease can be made. In an effort to
standardize risk stratification schemes, the National Comprehensive Cancer Network (NCCN) has
provided guidelines for the AS option. Our purpose was to determine the effectiveness of
expressed prostatic secretion (EPS) biomarkers in detecting occult risk factors in NCCN AS
candidates.

Materials and Methods—EPS specimens were obtained prior to Robot-Assisted Radical
Prostatectomy (RARP). Secretion capacity biomarkers: total RNA and EPS specimen volume
were measured by standard techniques. RNA expression biomarkers: TXNRD1-mRNA, PSA-
mRNA, TMPRSS2:ERG fusion mRNA and PCA3-mRNAs were measured by quantitative
reverse-transcription PCR.

Results—Of the 528 patients from whom EPS was collected, 216 were eligible for AS under
NCCN guidelines. Variable Selection in logistic regression identified two models, one featuring
Type III and Type VI TMPRSS2:ERG variants, and one featuring two secretion capacity
biomarkers. Of the two high performing models, the secretion capacity model was the most
effective in detecting patients within this group that were upstaged or both upstaged and upgraded.
It reduced the risk of upstaging in patients with a negative test by nearly 8 fold, and reduced the
risk of being both upstaged and upgraded by about 5 fold, while doubling the prevalence
upstaging in the positive test group.

Conclusions—Non-invasive EPS testing may improve patient acceptance of AS by dramatically
reducing the presence of occult risk factors among patients eligible for AS under NCCN
guidelines.
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Introduction
Screening for PCa appears to have produced considerable over-diagnosis1–3. Moreover, the
reported 21% decrease in overall mortality from PCa4 may be due in part to the increased
detection of low risk cancers5 resulting in over-treatment3, 5 of patients whose cancers
would not have been life threatening, often involving significant morbidity6. However, over-
treatment is likely to continue as a patient driven phenomenon unless better non-invasive
tests for the detection and stratification of PCa are developed.

AS has been shown to be a viable patient alternative to over-treatment where a clinical
determination of low-risk and presumably organ-confined disease can be made. Several
classification schemes for AS eligibility7–11 have proven successful in multiple studies with
significant numbers of patients. Although there is strong evidence that implementation of
these stratification schemes in AS programs would do no harm in low risk patients, clinical
practice appears to be guided by a personal opinion approach that often favors curative
intervention as a patient choice12, effectively rendering AS an underutilized approach.

The availability of the AS option varies from about 15% for the most stringent criteria to-
about 50% of the diagnosed population for the more inclusive criteria7–11. In an effort to
standardize these classification schemes the NCCN has recently provided guidelines for AS.
Unfortunately, the NCCN eligibility requirements are met by significant numbers of patients
with non-organ confined and higher-risk disease that appears to have been undetected13.

Non-invasive testing in NCCN eligible patients could potentially augment current eligibility
requirements and improve the acceptance of AS. Most tests for PCa detection and
stratification exploit the anatomical alterations in the gland itself. For example, the DRE
depends on the palpable nature of larger tumor masses, while the serum PSA test in its many
incarnations14–16 exploits anatomical damage to the glandular epithelium and the basement
membrane that permits luminal PSA to enter the circulation. However, neither DRE nor
PSA testing have been sucessful in statifying patients in AS17.

Pressure applied to the prostate is known to release PSA into the circulation even in normal
prostates lacking anatomical damage18, and this phenomenon has been considered for risk
assessment. For example, nucleic acids released during prostatic massage in exosomes,
stromal or epithelial cells or cell fragments have been used successfully in PCa
screening19–22. Currently, two types of specimen are commonly considered. The most
widely employed specimen of this type is urine collected after attentive DRE (i.e. post-DRE
urine). It has been used primarily in PCa detection, based on nucleic acid amplification to
detect expression of tumor biomarkers like PCA3 and TMPRSS2:ERG19, 21, 22, as well as
hypermethylation of selected gene promoters23. EPS can also be collected directly by
milking the urethra after prostatic massage. This specimen is not diluted in urine and
generally has a higher content of these same markers. Although it has received less attention
in the PCa literature, it has been sucessfully employed in PCa detection using telomerase
RNA, TMPRSS2:ERG fusions, PCA3 and DNA methylation analysis20, 24. A key
disadvantage of post-DRE urine is the requirement for normalization of variables like PCA3
level19, 21, 22. This problem arises because urine catch is generally incomplete, so a dilution
factor for prostatic secretions in urine cannot be obtained. With EPS, the collected volume is
not diluted and can be measured directly. Consequently, variables like collected volume,
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total nucleic acid, or the total amount of a metabolite can be accurately estimated only by
using EPS specimens. Variables of this type are of interest in light of the potential for an
extensive tumor to impair the secretory function of the prostate gland.

In this report, we prospectively collected data on EPS specimens obtained from 528 patients
who subsequently underwent RARP. Of these 216 were eligible for AS based on the NCCN
guidelines. Our results identify two models that are effective in reducing the risk of finding
an upstaged tumor or a tumor that has been both upstaged and upgraded in the NCCN
eligible group.

Materials and Methods
Patients

Between 2008 and 2012, men were identified with the inclusion criteria of age 18 or older,
and a diagnosis of PCa, followed by RARP as primary treatment. 536 men who met these
criteria were consented under an Institutional Review Board-approved protocol for the
collection and evaluation of biomarkers in EPS prior to PARP. Of the 536 consented
subjects, 528 had presurgical clinical staging and evaluable ECE status. The characteristics
of the study population and the NCCN criteria for AS eligibility are given in Table 1.

EPS Collection
Consented patients underwent an attentive digital rectal examination prior to surgery. This is
described as sweeping the index finger three times over the right and left lobes, and then
three times from the apex to the base of the prostate with attentive pressure during a
maximum of 30 seconds manipulation. EPS specimens were collected by milking the
urethra, and immediately placed on ice for transport to the laboratory within 1 hour of
collection.

Expressed Volume Measurement
Upon arrival in the laboratory, specimens were spun to the bottom of the collection tube in a
low speed centrifuge. The fluid volume was measured by drawing it up into a micropipette
(Gilson, Middleton, WI).

RNA Preparation
Once the volume was measured, the specimen was suspended in 3ml Phosphate Buffered
Saline. Cells and debris were collected by centrifugation and both the pellet and supernatant
fluid were frozen and stored at −80° C. RNA was prepared from the pellet with the
RNEasy® Mini Kit (Qiagen®, Hilden Germany). RNA concentrations were measured with
a Nanodrop 2000 Spectrophotometer (Thermo Scientific, Wilmington, DE).

cDNA Preparation
cDNA was prepared with the Invitrogen™ SuperScript® VILO™ cDNA Synthesis Kit.
Synthesis of PCR amplifiable product DNA was determined to be linear over the range 0 to
200ng of input RNA. A maximum of 200ng input RNA from each specimen was used in
cDNA synthesis.

qPCR Methods
Levels of PSA-mRNA, Type II and Type VI TMPRSS2:ERG-mRNA, TXNRD1-mRNA,
and PCA3-RNA in EPS were determined by qPCR as previously described20, 25. Primer and
probe sequences, as well as cycling times were those described in Clark et al20 with the
exception of the TXNRD1. This qPCR used 5′-TGCAGCTGCGCTCAAATGTGGA-3′ as
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forward primer, 5′-TCAGCAGCCAGCCTGGAGGA-3′ as reverse primer and 5′FAM-
TGACCAAGCCAAGCGCTCTGGGGCCA-BHQ-3′ as probe. The activation step was
95°C for 10 minutes followed by 50 cycles of 95°C for 15 sec, 56°C for 30 sec and 72°C for
30 sec. Methods used to prepare cloned standards appropriate to each reaction were as
previously described25. qPCR reactions were carried out using Rotor Gene qPCR cyclers
(Qiagen®, Hilden Germany). The Ct method was used to determine the number of copies
detected in a 25μL reaction volume by comparison to the reference standard curve
corresponding to the desired amplicon. Copy numbers were taken to be zero if amplification
was not observed during the 50 cycle qPCR reaction. Data normalized to the measured RNA
concentration used in preparing the cDNA reaction was expressed as copy number observed
per ng RNA.

Statistical Analysis
Our approach was to use a two-stage selection scheme to classify patients into “AS eligible”
and “AS ineligible” based on their risk of being subsequently upstaged. In the first selection
step, all subjects were stratified into a single group that met the NCCN guidelines for AS
eligibility. As provided by the guidelines, this group included all patients classified as very
low risk or low risk regardless of age, and patients classified as intermediate risk with a life
expectancy of less than 10 years (Table 1). We then used backward elimination to fit
multivariate logistic regression models for predicting both upstaged (defined as an increase
in clinical stage from T1-T2c to pathology stage pT3) and upgraded (defined as an increase
in Gleason Sum after surgery) patients. The independent variables considered appear in
Table 2. For the regression analysis, we examined each model’s convergence and tested for
lack-of-fit. ROC curves were used to determine cutoff values for predicted risk of upstaging
after surgery. Cutoff values, derived by identifying the point on the ROC curve closest to
coordinates (0,1), were used to determine sensitivity and specificity of each model. For
model validation, we performed 5-fold cross validation. Statistical analyses were performed
in JMP version 10.0.2 (SAS, Cary, NC) or R version 2.15.1. (GNU Project, www.gnu.org/
software/r/).

Choice of Included Variables
In previous work we studied PSA mRNA levels in EPS specimens obtained from patients
undergoing biopsy for PCa. In that work20, 26, we noted that patients who were subsequently
diagnosed with PCa had elevated levels of PSA-mRNA in EPS relative to the levels in EPS
specimens from patients subsequently diagnosed as benign. We also noted20, 26 that this
effect tended to diminish the performance of biomarkers like the TMPRSS2:ERG fusions in
EPS specimens when they were normalized to PSA-mRNA. Our results suggested that raw
values for each mRNA expression variable were often most informative; hence these values
were included in our set of variables (Table 2). When normalized mRNA variables were
included, normalization was to the amount of RNA used in the cDNA reaction. Finally,
given that anatomical damage to the prostate gland and impaired secretory function are
expected to be linked, we included two measures of secretion capacity as variables in our
analysis: total recovered EPS RNA and total recovered EPS volume (Table 2).

Results
Effect of Primary Patient Selection for AS with NCCN Guidelines

The primary selection based on NCCN guidelines reduced upstaging by approximately 3.8
fold from 26% in the NCCN AS-ineligible cohort to 6.9% in the NCCN AS-eligible cohort.
However, the application of the guidelines increased the potential for upgrading by
approximately 4.4 fold from 9.9% in the NCCN AS-ineligible cohort to 42% in the NCCN
AS-eligible cohort (Table 1).
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Variable Elimination and Secondary-Selection Model Performance
Using the variable set listed in Table 2, variable selection by backward elimination yielded
two models for detecting upstaging in the NCCN AS Group prior to surgery (Figure 1). The
TMPRSS2:ERG model includes three variables: Serum PSA, coupled with raw and RNA
normalized values for total levels of Type III and Type VI TMRPSS2:ERG-mRNAs in EPS.
The secretion capacity model includes serum PSA, total recovered EPS RNA and total
recovered EPS volume. The AUC value for the TMPRSS2 model was 0.80 with a 95%
confidence interval of [0.75–0.85]. It showed almost complete overlap with the secretion
capacity model at 0.79 with a 95% confidence interval of [0.73–0.84] indicating roughly
equivalent performance based on ROC analysis. The binary cross-validation results for both
models were greater than 90%, indicating high internal validity.

Flow charts depicting the effects of the secondary selection models in minimizing upstaging
within the NCCN AS-eligible cohort are given in Figure 2. While the TMPRSS2:ERG
model had a higher specificity than the secretion capacity model: 84% vs 56%; the secretion
capacity model had a higher sensitivity than the TMPRSS2:ERG model: 93% vs 66%. This
resulted in an improved negative predictive value for the secretion capacity model: 99% vs
97%.

The net effect of the two models on the NCCN AS-eligible cohort appear in Table 3. A
negative test from the TMPRSS2:ERG model reduced the number of upstaged AS patients
from 6.9% in the NCCN cohort to 2.9% (p=0.1041), for a reduction of about 2.4-fold. The
residual number of AS patients who were both upstaged and upgraded was reduced from
4.6% to 1.7% (p=0.1576) by a negative TMPRSS2:ERG test for a reduction of 2.7-fold.
Conversely, a negative test in the secretion capacity model reduced the number of upstaged
patients from 6.9% in the NCCN cohort to 0.9% (p=0.0141), for a reduction of about 7.8-
fold, as it reduced the residual number of AS patients who were upstaged and upgraded from
4.6% to 0.9% (p=0.1054) for a reduction of 5.2-fold. Neither test significantly reduced the
elevated number of upgraded AS patients selected by the NCCN guidelines. A summary of
performance statistics for the two models is given in Table 4.

Discussion
On reflection, it seems obvious that an extensive tumor will impair the secretory function of
the prostate gland. Aside from the loss of glandular anatomy, androgen demand from the
tumor may reduce the levels of key enzymes (e.g. Monoamine Oxidase A, ornithine
decarboxylase, IGF-1) in surrounding normal tissue that are required for the biosynthesis of
the prostatic secretions (e.g. spermine, and spermidine). Moreover, impaired Zn2+ uptake by
the tumor may induce a broad decrease in the amount of citrate available for secretion.
These considerations and the data presented here support the hypothesis that secretion
capacity biomarkers like collected EPS volume and total RNA obtained from the EPS
specimen might be biomarkers of aggressive tumors.

The variables considered in this analysis included the well known prostate tumor biomarkers
PCA3 and TMPRSS2:ERG, as well as the recently identified biomarker TXNRD1 known to
be expressed in prostate tumor adjacent stromal tissue27. Neither PCA3 nor TXNRD1
contributed to either model, even though the normalized and raw measures of these
parameters were tested. The elimination of TXNRD1 is perhaps not unexpected since we
have not been able to detect significant numbers of stromal cells in Ficoll separated EPS
preparations (Linehan et al. unpublished). However, the elimination of PCA3 was
unexpected given that PCA3 values obtained from post DRE urine specimens have been
reported to predict ECE in a 72 patient cohort. That cohort had a rather high prevalence of
ECE (29%) and was taken from the general population28 and not from a group preselected
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for AS, where PCA3 has been shown to have poor predictive ability29 However, the. failure
of PCA3 to contribute to the most significant models is consistent with its minor
contribution to TMPRSS2:ERG dominated models for the prediction of biopsy outcome in
both EPS20, 26 and post DRE urine22.

It is interesting that the two models cannot be further reduced, that is to say that the raw
level of Type III and Type VI TMPRSS2:ERG expression in the TMPRSS2 model or the
total recovered EPS RNA quantity in the secretion capacity model connot be omitted
without abolishing the effectiveness of the models. This suggests that the models are
actually linked by the recovered RNA values. Among patients subsequently found to be
upstaged, total recovered RNA was lower than it was among those who were not upstaged.
Thus, the raw value for the level of Type III and Type VI TMPRSS2:ERG expression
embeds RNA recovery because low values of recovered RNA often required RNA inputs
less than the maximum 200ng value used in the cDNA reaction. Serum PSA was also a
required parameter in each model. This underscores its importance in AS eligibility, and
suggests that future guidelines may need to address exact values in addition to the current
ranges.

In deciding which model is the most effective, a number of considerations must be taken
into account. Both models are examples of evidence-driven approaches to AS12 and both
tests have their strengths. In terms of patient acceptance negative predictive value provides
the strongest support for secondary selection by the tests. In this regard the serum capacity
test was the most effective in eliminating upstaging from the NCCN AS-eligible cohort,
reducing the risk by nearly 8 fold. In terms of over-treatment, only 113 or 21% of the
original 528 evaluated patients would now be permitted to enter AS. Given the trend toward
over-treatment3, 5, 30, permitting the additional risk associated with choosing the
TMPRSS2:ERG test could be warranted by the larger percentage of patients (174 or 33% of
the original 528) who could enter AS.

In terms of clincal time and expense invested in the performance of the test itself, the
secretion capacity test is the most cost effective. This is because the information required to
evaluate a patient with the secretion capacity model can be obtained without performing
time-consuming cDNA preparation and DNA or RNA amplification.

Neither test reduces the residual level of upgrading brought in with the primary selection
under NCCN guidelines. While this cannot be used as a basis for discriminating between the
two tests, it is consistent with a recent report on the general prevalence of upgrading after
surgery13 and suggests that further research on biomarkers is required in this area.
Moreover, given the predominance of GS 6 in our NCCN AS-eligible cohort (more than
95%), and the relatively short time between diagnosis and surgery in our cohort (mean 9.5
months), it appears that transrectal ultrasound-guided biopsy misclassifies a significant
number of GS 6 patients.

Neither model can be performed on post-DRE urine. This is because the raw value for the
level of Type III and Type VI TMPRSS2:ERG expression will be altered by urine catch in
the TMPRSS2:ERG test, and because the total recovered RNA will be altered by the urine
catch in the secretion capacity model. Moreover, EPS volume cannot be measured in post-
DRE Urine.

Both models were able to segregate patients who are likely to be upstaged into a group with
much higher probability of upstaging. For example nearly 24% of the patients with a
positive test in the TMPRSS2:ERG model and 14% of the patients with a positive test in the
secretion capacity model harbor residual upstaging risk factors (Figure 2). This represents an
increase of nearly 3.5-fold for the TMPRSS2:ERG model and about 2-fold for the secretion
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capacity model over the 6.9% in the untested NCCN group. These results suggest that a
positive test in either model might influence a choice for nerve sparing surgery or a
recommendation for image-guided biopsies in this group.

Finally, the study has several limitations. First, the relatively small sample size of 216
patients may not extrapolate to the population of men eligible for AS. Second, the complete
list of available biomarkers was not tested, so there may be biomarkers which could improve
the modeling results reported here. And third, a randomized prospective study that compares
outcomes for model-eligible patient groups versus NCCN AS-eligible AS patient group is
needed to quantify the utility of the approach.

Conclusion
Our results suggest that non-invasive EPS testing may improve patient acceptance of AS by
dramatically reducing the presence of residual risk factors among patients eligible for AS
under NCCN guidelines.
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Figure 1. Relative Performance ROC curves
Multivariable logistic regression generated ROC curves with baseline serum PSA level
coupled with either secretion capcity biomarkers: total expressed Vol (μL) and total RNA
(ng) (secretion capacity model,yellow line); non-zero natural log transformed values for the
average level of Type III and Type VI TMPRSS2:ERG expression and the average level of
Type III and Type VI TMPRSS2:ERG expression normalized to the amount of RNA used in
the cDNA reaction (TMPRSS2:ERG model, blue line).
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Figure 2. Model Segregation Flow Charts
(A) The flow and residual risk factors associated with a positive or negative test in the
secretion capacity model. (B) The flow and residual risk factors associated with a positive or
negative test in the TMPRSS2:ERG model.
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Table 2

Variables Tested

Age Pre-Biopsy PSA

Total ng into cDNA Reaction* Total ng RNA in specimen*

Expressed EPS Volume (uL)* Gleason Sum

TMPRSS2 Fusion Average** ln(TMPRSS2 Fusion Average)§

TMPRSS2 Fusion Average/PSA-mRNA¶ ln(TMPRSS2 Fusion Average/PSA-mRNA)§

TMPRSS2 Fusion Average/RNA† ln(TMPRSS2 Fusion Average/RNA)§

TXNDR1-mRNA Average** ln(TXNDR1-mRNA Average)§

TXNDR1-mRNA Average/PSA-mRNA¶ ln(TXNDR1-mRNA Average/PSA-mRNA)§

TXNDR1-mRNA Average/RNA† ln(TXNDR1-mRNA Average/RNA)§

PCA3-mRNA Average** ln(PCA3-mRNA Average)§

PCA3-mRNA Average/PSA-mRNA¶ ln(PCA3-mRNA Average/PSA-mRNA)§

PCA3-mRNA Average/RNA† ln(PCA3-mRNA Average/RNA)§

PSA-mRNA Average** ln(TXNDR1-mRNA Average)§

PSA-mRNA Average/RNA† ln(PSA-mRNA Average/RNA)§

*
Raw value

**
Average of two replicate determinations

†
Normalized to ng of RNA substrate input in cDNA reaction.

¶
Normalized to PSA-mRNA Average

§
Non-zero natural log transformed
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Table 4

Performance Statistics for Secondary Selection Models of Upstaging.

Performance Statistics* AS Candidate Selection Model

NCCN + TMPRSS2:ERG NCCN + Secretion Capacity

Sensitivity 66.67 % (95% CI: 38.41 % to 88.05 %) 93.33 % (95% CI: 67.98 % to 98.89 %)

Specificity 84.08 % (95% CI: 78.27 % to 88.85 %) 55.72 % (95% CI: 48.56 % to 62.71 %)

Positive Predictive Value 23.81 % (95% CI: 12.07 % to 37.45 %) 13.59 % (95% CI: 7.64 % to 21.76 %)

Negative Predictive Value 97.13 % (95% CI: 93.42 % to 99.05 %) 99.12 % (95% CI: 95.15 % to 99.85 %)

5-fold cross validation 92.8% (95% CI: 91.3 to 94.3%) 92.9% (95% CI: 91.4 to 94.4%)

*
Parameters determined at ROC cutoff value for each model: 0.0961 for NCCN + TMPRSS2:ERG model, and 0.048 for the NCCN + Secretion

Capacity Model.
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