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Abstract

Purpose—The utility of PSAD for predicting pathological stage and biochemical recurrence after
radical prostatectomy (RP) has not been well defined. The goal of this study was to investigate
whether PSAD yielded an advantage over total PSA in predicting adverse pathologic characteristics
and disease recurrence following RP.

Materials and methods—A total of 13,434 men who underwent radical prostatectomy for
clinically localized prostate cancer between 1984 and 2006 were included in this study. The study
population was stratified by Gleason score (< 6, 7, and > 8) and clinical and pathological
characteristics of each group were compared. We constructed receiver operating characteristic (ROC)
curves and determined the areas under the receiver operating curves (AUC) and c-index to
specifically investigate the accuracy of PSA and PSAD for the prediction of pathological stage and
biochemical recurrence.

Results—PSAD was better than PSA in predicting EPE (p<0.001) and BCR (p<0.001) in patients
with a biopsy Gleason score <6. In patients with biopsy Gleason scores of 7, PSA was more predictive
than PSAD for SV involvement (p<0.001), LN involvement (p=0.017), and BCR (p<0.001). For men
with biopsy Gleason scores > 8, there was no statistical difference between PSA and PSAD in
prognostic value for pathological or clinical outcomes.

Conclusions—PSAD is highly associated with pathological stage and biochemical free survival
following RP. In lower grade prostate cancers, PSAD is significantly more accurate in predicting
EPE and BCR compared to total PSA and should be considered when counseling patients on
outcomes following RP.
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Introduction

Since its introduction in the late 1980s, total serum prostate specific antigen (PSA) has become
the most widely used biomarker for prostate cancer screening and follow up after surgical
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treatment. PSA is produced by both benign prostatic epithelial cells and malignant prostate
cancer cells, and serum PSA has been shown to increase with aging parallel to the increase in
volume of benign prostatic tissue.12 Recent data support the hypothesis that benign prostatic
hyperplasia (BPH) is the main source of PSA when total serum PSA is between 2 — 10 ng/mL.
Pathological stage and biochemical recurrence following radical prostatectomy may be less
accurately predicted if pretreatment total PSA is below 10 ng/mL.3 Concomitantly, there has
been a migration toward earlier stage disease at the time of radical prostatectomy (RP) with
the majority of patients being now being diagnosed with low (only moderately elevated) PSA
levels. Therefore, improved tools to predict pathological stage and biochemical recurrence for
these patients are required.4'

Various calculations based upon total serum PSA measurements have been investigated
including PSA density (PSAD), PSA doubling time, and PSA velocity with the goals of
improving prostate cancer detection, determination of disease severity, and prognostication of
recurrence after treatment. PSAD was initially introduced by Benson et al to determine its
utility in improving the sensitivity and specificity compared to total serum PSA for prostate
cancer detection.® PSAD is defined as total serum PSA concentration divided by prostate
volume, and is intended to account for the contribution of PSA from benign prostatic tissue.

PSAD has also been shown to potentially be a predictor of advanced pathological findings and
biochemical recurrence following radical prostatectomy 7-10 However, the utility of PSAD
for predicting pathological stage and biochemical recurrence after RP has not been well
defined. Some studies suggest an advantage of PSAD compared to PSA alone whereas others
do not. A major limitation of most prior studies is that comparison of the predictive accuracy
of PSA and PSAD for outcome measurements was rarely performed. The goal of this study
was to investigate whether PSAD yielded an advantage over total PSA in predicting adverse
pathologic characteristics and disease recurrence following RP.

Material and Methods

Between 1984 and 2006, more than 14,800 men underwent radical prostatectomy with bilateral
pelvic lymphadenectomy for clinically localized adenocarcinoma of the prostate at our
institution. Patients treated with neoadjuvant hormonal therapy (n = 193) were excluded from
the study, as were those with incomplete pathological data (n = 55) or lacking data necessary
to calculate PSAD (n = 1,116). Thus, the study population was comprised of 13,434 men.
Prostate volume was obtained by pathological analysis after radical prostatectomy. PSA values
were available for the majority of patients prior to radical prostatectomy. PSA was measured
retrospectively from stored serum samples for patients in the pre PSA era. PSAD (ng/ml/
cm?3) was calculated by dividing preoperative PSA (ng/ml) by volume of the prostatectomy
specimen (cm3). Patients were stratified based on biopsy Gleason score groupings as follows:
Gleason score <6 (n = 10,326), Gleason score 7 (n = 2,650), and Gleason score > 8 (n = 458).
All data were collected under an internal review board-approved protocol with Health
Insurance Portability and Accountability Act compliance. All patients provided informed
consent when indicated by the institutional review board.

We compared clinical and pathological characteristics of each Gleason score group using the
chi-square test and one-way ANOVA analysis for categorical and continuous variables,
respectively. Patient age, preoperative PSA and PSAD values, prostate weight, and year of
surgery were evaluated as continuous variables. Biopsy and prostatectomy Gleason score
grouping (<6, 7, > 8) as well as race were considered categorical variables. Logistic regression
was used to predict pathological stage. Biochemical progression was defined as a single
postoperative increase in PSA > 0.2 ng/mL. Time to PSA recurrence was compared between
groups using a Cox proportional hazards model with forward stepwise selection. The actuarial
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risk of PSA recurrence was calculated using the Kaplan-Meier method and compared across
groups using log-rank survivor analysis. Odds ratios and hazard ratios for the effects of PSA
and PSAD were based on increases of 1.0 ng/ml and 0.1 ng/ml/cm?, respectively. AUC for
prediction of pathological stage and Harrell's c-index for prediction of BCR were calculated
using the predicted probabilities of the multivariable logistic and Cox proportional hazards
regression models. All statistical analyses were performed using SPSS, version 13.0 (SPSS,
Chicago, IL) and MedCalc for Windows (Version 9.210, Mariakerke, Belgium).

The clinical and pathological characteristics of the entire study population divided into biopsy
Gleason score groupings are shown in Table 1. There were statistically significant differences
across the three Gleason score groupings with respect to preoperative variables including: the
median year of surgery (p < 0.001), age (p < 0.001), race (p < 0.001), preoperative PSA (<p <
0.001), preoperative PSA density (p <0.001), and clinical stage (p < 0.001). Examination of
postoperative variables demonstrated significant differences across the Gleason score
groupings for prostate weight (p < 0.001), prostatectomy Gleason score (p < 0.001),
extraprostatic extension (EPE) (p < 0.001), seminal vesicle (SV) involvement (p < 0.001),
lymph node (LN) involvement (p < 0.001), and positive surgical margin (SM) rate (p < 0.001).

Table 2 shows the association of preoperative PSA and preoperative PSAD with postoperative
pathological outcome measures and biochemical recurrence for all patients as well as stratified
across Gleason score groupings. Multivariable logistic and Cox proportional hazards
regression models revealed that both preoperative PSA and preoperative PSAD were
statistically significant independent predictors of EPE (p <0.001), SV involvement (p < 0.001),
LN involvement (p < 0.001), and biochemical recurrence (p < 0.001) for the overall study
population. Across every Gleason score grouping, both PSA and PSAD remained statistically
significant independent predictors of the pathological outcomes noted and biochemical
recurrence.

AUC and c-index calculations for multivariable logistic and cox regression analyses are
displayed in Table 3 comparing the accuracy of PSA versus PSAD in predicting EPE, SV, LN,
and biochemical recurrence (BCR). For all patients in the study, PSAD exhibited a slightly
higher AUC than PSA for prediction of EPE. However, because of the extremely large sample
size, this difference was statistically significant. There was no statistical difference between
the two measures in predicting SV involvement (p = 0.205) or LN involvement (p = 0.095).
Conversely, among all patients in our study, PSA exhibited a slightly higher c-index for
prediction of BCR than did PSAD; this difference, although small, was again statistically
significant (p < 0.001).

AUC and c-index analysis of patients stratified by biopsy Gleason score showed that PSAD
was better than PSA in predicting EPE (p < 0.001) and BCR (p < 0.001) in patients with a
biopsy Gleason score < 6. However, in patients with biopsy Gleason scores of 7, PSA was
more predictive than PSAD for SV involvement (p < 0.001), LN involvement (p = 0.017), and
BCR (p < 0.001), while the two measures are equally predictive of EPE (p = 0.603). Again,
these were very small differences with the exception of EPE prediction in men with biopsy
Gleason score <6. For men with biopsy Gleason scores > 8, there was no statistically significant
difference between PSA and PSAD in prognostic value for determining EPE (p = 0.569), SV
involvement (p = 0.059), LN involvement (p = 0.414), or BCR (p = 0.287). In a separate
analysis, the effect of prostate gland size on accuracy of PSAD in predicting pathology and
BCR was investigated. We did not find a statistically significant impact of prostate size on
accuracy of PSAD in predicting of either outcome variable (data not shown).
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Discussion

It has been previously shown that PSAD is an independent predictor of pathological stage and
disease recurrence following radical prostatectomy.lll12 In contrast to PSA, PSAD may be
more commonly used in the context of prostate cancer detection to decide whether or not a
prostate biopsy should be performed. There remains debate whether PSAD might be better
compared to total PSA in predicting pathological characteristics and biochemical recurrence
following radical prostatectomy. A subgroup of patients may benefit from additional
information provided by PSAD.

In the current study, we demonstrated that although overall PSA was more accurate in
predicting biochemical recurrence following radical prostatectomy, PSAD vyielded a
statistically significant increase in accuracy compared to PSA for predicting biochemical
recurrence in patients with lower grade disease (Gleason score < 6) on prostate biopsy. To our
knowledge, this is the first study to report this association. The proportion of PSA derived from
cancerous tissue versus BPH is known to be less in low grade disease compared to higher grade
prostate cancer. The fact that our results demonstrate a very small increase in the predictive
accuracy of PSAD among patients with biopsy Gleason score <6 is consistent with knowledge
that patients with lower grade prostate cancer %enerally exhibit lower PSA levels, thus reducing
the predictive value of PSA in this subgroup. 3

Kundu et al recently demonstrated that measurement of PSAD was useful for determining the
aggressiveness of prostate cancer. Specifically, PSAD was associated with positive SM rates,
prostatectomy Gleason score, cancer volume, PSA velocity in the year prior to diagnosis, and
biochemical recurrence.13 These findings are in agreement with our results showing that PSAD
is highly associated with biopsy and prostatectomy Gleason grade, biochemical recurrence,
and positive SM rate. However, Kundu et al did not compare the relative accuracy of PSAD
and PSA in predicting these pathological and clinical findings.13

Jones et al recently reported that PSAD was significantly associated with patient age, prostate
weight, cancer volume, Gleason score, and positive SM rates. Furthermore, PSAD was also
found to be an independent predictor of biochemical recurrence. However, a comparison of
ROC curves yielded no significant difference between PSA and PSAD in predicting
biochemical recurrence following RP.8 This differs from our current findings with respect to
biochemical recurrence and may be explained by the limited cohort size in their study (n =
348).

Freedland et al demonstrated that PSAD was an independent predictor of positive SM, non-
organ confined disease, SV invasion, and biochemical recurrence following RP. However, they
did not find that PSAD was superior to PSA alone for predicting adverse pathological findings
and biochemical recurrence. Stratification of PSAD combined with Gleason score cutoffs
yielded better risk stratification for biochemical failure compared to cutoffs based on PSA
combined with Gleason score.”-12 However, stratification of tumor grade and calculation of
predictive accuracy of PSA and PSAD for each Gleason subgroup was not performed. Brassell
et al reported that PSA and PSAD were equivalent predictors of SM status and EPE. However,
in ROC analysis PSA was significantly better than PSAD in predicting tumor volume and
biochemical recurrence following RP. A comparison to our current study is limited by the fact
that AUC calculations in their study were performed only for a univariate model including
either PSA or PSAD.14

A limitation of our study is that we calculated PSAD based on the volume of the radical
prostatectomy specimen instead of based on pre-operative transrectal ultrasound volume
measurement (TRUS-PSAD). However, it has been shown that pathological PSAD and TRUS-
PSAD are highly correlated.14 Kimura et al. have reported that the error of ellipse volumetric
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measurements compared to multislice planimetric volume calculations is approximately 5 -
10%.15A disadvantage of PSAD as a screening marker is the requirement for prostate volume
measurements in all patients. Inter-operator variability in accurately measuring prostate
volume may also affect the accuracy of PSAD. The retrospective design of our study also limits
the feasibility of analyzing other variables of interest associated with PSAD including tumor
volume and PSA-velocity.

Another limitation of our study is that we did not take into account the Will Rogers
phenomenon. This phenomenon in prostate cancer describes the impact on grade migration on
outcomes following radical prostatectomy. Albertson et al recently reported that the decline in
low grade prostate cancer over time appears to be a result of Gleason score reclassification
over the past decade resulting in apparent improvement in clinical outcomes — the so called
Will Rogers phenomenon.16 By stratifying patients into different Gleason cohorts, this could
potentially influence outcomes analysis, since patients in the low GS cohort diagnosed prior
to the 1990s are more likely to be assigned a higher Gleason score in the present. Furthermore,
the clinical impact of small differences in AUCs for PSA and PSAD (although statistically
significant) remains to be determined. Additional prospective studies are needed to investigate
the practical and clinical relevance of statistically significant differences that were observed
between PSA and PSAD AUCs.

Conclusion

PSA density is a well-established tool for prostate cancer detection and decision making for
performing prostate biopsies. Its application for the prediction of clinical outcomes compared
to PSA alone is not as well established. Our data suggest that PSAD is highly associated with
pathological stage and biochemical free survival following RP. In low grade prostate cancer,
PSAD exhibits small, statistically significant increments in accuracy for predicting
biochemical recurrence compared to total PSA and should be considered when counseling this
subgroup of patients on outcomes following RP.
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Abbreviations

TRUS

Transrectal Ultrasound
PSA

Prostate Specific Antigen
PSAD

Prostate Specific Antigen Density
RP

Radical Prostatectomy
AUC

Area Under the Curve
LN

Lymph Node Metastasis
SV

J Urol. Author manuscript; available in PMC 2009 May 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Magheli et al.

Page 6

Seminal Vesicle Invasion

EPE
Extraprostatic Extension
SM
Surgical Margin Positive
ROC
Receiver Operating Characteristics
BCR
Biochemical Recurrence
BPH
Benign Prostatic Hyperplasia
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