Correction of prostate-specific antigen velocity
for variation may improve prediction of cancer
following prostate repeat biopsy
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Objective: To determine if adjustment of prostate-specific
antigen velocity (PSAV) for variation improves prediction
of cancer in men with previous negative prostate biopsy.
Patients and methods: Records of men undergoing
prostate biopsy between 1999 and 2004 by a single
urologist were reviewed to identify men with at least
three follow up PSA measurements. Patients with atypia,
high grade prostatic intraepithelial neoplasia or cancer
on baseline biopsy were excluded. Men were rebiopsied
if perceived to have rising PSA. Men with cancer, no
cancer, or no repeat biopsy were compared for PSAV
and a new parameter, PSAV % [Variation. PSAV was
calculated by linear regression, and adjusted to percent
change (PSAV%). Diagnostic accuracy was assessed by
receiver operating characteristic curve.

Results: Of 118 men who met inclusion criteria, 32 had
repeat biopsies. Nine biopsies were positive (group 1) and
22 were negative (group 2). The PSAV%, PSAV, and
PSAV % [Variation for groups 1 versus 2 was 22.9% and
1.7% (p=0.004),1.12 versus 0.4 ng/ml/year (p = 0.007),
and 1.07 verus 0.03 (p < 0.001), respectively. PSAV %/
Variation had the largest area under the curve (0.881),
compared with PSAV (0.744) and PSAV% (0.784). At
cut off of 0.77, specificity was 86.4% and sensitivity was
87.5% for PSAV%[Variation. At the same sensitivity
level, the specificities of PSAV % and PSAV were 77.3%
and 63.6%, respectively.

Conclusion: Correction for variation could potentially
make PSAV a more reliable parameter in patients with
prior negative biopsy. The results of our preliminary
study warrant further analysis in a larger prospective
cohort.
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Introduction

The wide use of prostate-specific antigen (PSA) testing
has resulted in an increasing number of prostate
biopsies performed annually over the past decade.
However, more than 60% of extended core biopsies
performed for serum PSA elevation are negative.! The
management of patients following negative biopsy
remains a challenge for the practicing urologist.
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There are few guidelines dictating when repeat
biopsy is warranted in the setting of a negative
initial extended core biopsy. The urologist’s index
of suspicion is typically defined by the negative
predictive value of the initial biopsy and the relative
risk of prostate cancer in the patient. The negative
predictive value of prostate biopsy is determined by
both the number and location of biopsy cores.? The
use of serum PSA to guide management in longitudinal
follow up has historically been limited by physiologic
and interassay variability.?

We have previously observed that PSA velocity
(PSAV) is increased among men found to have
cancer on repeat biopsy relative to those not found to
have cancer.! Because variation confounds accurate
measurement of PSAV, we undertook this study to
modify the PSAV calculation to minimize the effect
of variation. After calculating PSAV, we introduced
a new parameter to further correct for variation and
improve the prediction of prostate cancer among men
with previously negative prostate biopsy.

Patients and methods

The records of patients who underwent prostate biopsy
between 1999 and 2004 in a single surgeon practice
were reviewed after approval by the Institutional
Review Board. This time period was chosen to ensure
that a minimum of 12 cores were sampled on initial
biopsy, and to allow adequate follow up time for serial
PSA measurements and repeat biopsies. Patients with
atypia, high grade prostatic intraepithelial neoplasia
(HGPIN), or prostate cancer on baseline biopsy were
excluded from the analysis. Additionally, a minimum
of three PSA measurements (including the baseline
PSA drawn prior to initial biopsy) were required,
leaving 118 men for inclusion.

All baseline biopsies had a minimum of 12 cores
using the previously reported strategy.> Repeat biopsy
was performed at the discretion of the managing
surgeon on the impression of a rising PSA. On repeat
biopsy, hypoechoic lesions and transition zone were
taken when deemed clinically appropriate.

Patients were divided into three groups: group 1-
positive repeat biopsy (biopsy proven cancer); group 2
—negative repeat biopsy (no cancer) and group 3 — no
repeat biopsy (stable PSA in follow up).

PSA measurements were performed by a number
of assays dependent upon the laboratory selected by
the patient in follow up. Several patients underwent
measurement by more than one assay. After baseline
(prebiopsy) measurement, PSA was measured at
months 4, 8, and 12, and then every 6 months up
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to 3 years. The maximal available number of PSA
measurements was used to calculate PSAV.

PSAV was determined by using linear regression
to calculate the slope of the line of best fit. Because
baseline PSA varies among individuals based on age
and other demographic and pathologic parameters,
we calculated PSAV by a relative percentage change
(PSAV%) using the equation [PSAV (ng/ml/year)
/ median PSA] * 100%, rather than absolute change
in PSA in ng/ml/year, as others have utilized. The
absolute value of coefficient of variation expressed
as percent change (relative standard deviation)
was calculated using the equation [100 x (standard
deviation/mean)], with the same PSA values utilized
in the PSAV calculation.

Upon modeling of PSAV using a variety of
calculations, it was consistently observed that PSA
value drawn 4 months after the initial biopsy tended
to be an outlier, likely due biopsy related inflammation;
therefore, this value was excluded from the PSAV and
variation calculation.

Based on the observation that patients with cancer
tended to have higher PSAV and less variation over
time, we hypothesized that PSAV% divided by the
variation may improve the prediction of cancer by
PSAV, and applied this parameter to our patient
population. PSAV%/Variation was applied as an
independent parameter for prediction of cancer and
its predictive accuracy was compared to that of PSAV
and PSAV% using sensitivity analysis and receiver
operating characteristic (ROC) curve.

Because we were primarily interested in using
PSAV to select men for repeat biopsy, comparisons
were made between men with positive and negative
repeat biopsies (groups 1 and 2). Student’s t-test and
one-way ANOVA were used to analyze the parametric
data, and the Mann-Whitney U test was used to
compare the means of PSAV, PSAV%, variation and
PSAV Y% /Variation. All statistical procedures were
performed with SPS5v.13.0 (SPSS Inc., Chicago, IL).

Results

One hundred eighteen men men with a mean age of 62
years met inclusion criteria. Thirty-one patients had a
repeat biopsy at a mean follow up of 27.4 months. The
baseline characteristics are described in Table 1. Nine
out of 31 patients (29%) had prostate cancer on repeat
biopsy. In eight of those men, cancer was detected on
the first repeat biopsy. In one man, cancer was detected
on a second repeat biopsy.

In the 109 patients without cancer (groups 2 and 3),
66 had a negative PSAV over the first year, and 29/65

© The Canadian Journal of Urology™; 16(3); June 2009



KUMARET AL.

TABLE 1. Patient characteristics

Group 1 Group 2 Group 3 All p
n 9 22 87 118
Age mean (+ SD) 57 (6.4) 62 (10.2) 63 (9.0) 62 (9.1 0.276
Baseline PSA mean (+ SD) 8.85(7.5) 7.7 (3.4) 6.5 (4.0) 6.9 (4.2) 0.217
PSA at repeat bx mean (+ SD) 11.2(7.8) 8.3 (4.8) NA 9.1(5.8) 0.217

had negative PSA in long term follow up. Among men
with cancer (group 1), two had an initial decline in PSA
after baseline biopsy followed by arise. For these men,
PSAV was calculated using only the timeframe during
which PSA was rising.

There were nine patients in group 1, but one patient
was diagnosed with cancer within the first year of
follow up. Since the 4 month follow up PSA values
were excluded, this patient only had an insufficient
number of PSA measurements for regression analysis
according to our methods. Therefore only eight of the
nine cancer patients were included in the PSA parameter
analysis.

In comparing group 1 and 2, Table 2, both PSAV
and PSAV% were significantly different (p = 0.004 and
p =0.007, respectively). Variation was also significantly
different (p < 0.001) when comparing group 1 to group
2 or to all men without cancer (group 2 and 3).

The mean PSA% /Variation for group 1 was 1.07
compared to 0.03 for men in group 2, suggesting
that among men with negative biopsy correction by
variation completely eliminated the clinically observed
rise in PSA, which prompted biopsy.

Upon ROC analysis, PSAV %/ Variation had the best
overall diagnostic accuracy of all tested parameters
with an area under the curve (AUC) of 0.881. Using

a PSAV% /Variation cut off of 0.77, 86.4% specificity
was observed at a sensitivity of 87.5%. At the same
sensitivity, the specificity of PSAV% and PSAV were
77.3% and 63.6%, respectively. Relative to PSAV%/
Variation, AUC for both PSAV% and PSAV was also
reduced to 0.784 and 0.744, respectively, Figure 1.
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Figure 1. Receiver operating characteristic (ROC)
curve.

TABLE 2. PSA parameters and variation

Parameters Group 1 Group 2 p (1 versus 2) Group 3

n 9 22 87

Median PSAV % 18.13 5.66 0.004 5.65

(range) (4.05 - 39.11) (-201.39 - 61.56) (-385.18 - 62.92)
Median PSAV 1.11 0.30 0.007 0.06

(range) (0.72-3.77) (-12.69 - 4.57) (-3.75-1.33)
Median variation 0.15 21.75 < 0.001 20.48

(range) (-0.93 - 1.91) (12.47 - 79.64) (0.52 - 85.24)
Median PSAV % /Var 1.09 0.24 < 0.001 -0.08

(range) (0.47 - 1.63) (-2.54-1.91) (-2.95-1.54)

Note: Median PSAV given in ng/ml/year; Median variation given in %; Var = variation
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Discussion

Various PSA derivatives have been evaluated to
improve the specificity of PSA, and numerous studies
have demonstrated that PSAV is elevated in men with
prostate cancer compared to those who are never
diagnosed with cancer.>® Traditionally, PSAV has
been calculated as the slope of the linear regression
in ng/ml/year. Carter et al observed that when PSA
was measured over 18 months, less than 5% of men
without prostate cancer had a PSAV greater than 0.75
ng/ml/year and approximately 70% of men with
prostate cancer had a PSAV greater than 0.75 ng/ml/
year.” A large prospective screening study by Smith
and Catalona showed cancer in 47% of men with PSAV
greater than 0.75 ng/ml/year and in 11% of men with
PSAV less than 0.75 ng/ml/year.?

Smith et al also demonstrated that the PSAV cut off
point was different in men whose initial PSA levels
were normal compared to those whose were elevated.
In men whose initial PSA levels were normal, the
PSAV was more predictive of cancer in younger men
than in older men.? A follow up study on 6844 men
revealed that 48% of cancers would have been missed
using the 0.75 ng/ml/year cut off and proposed using
a threshold of 0.4 ng/ml/year in men younger than
60 years old.’

In fact, the relative risk of cancer in any cohort
would likely be greatly affected by the patient
composition. In our patient population, we would
have achieved a maximum sensitivity of 87.5% and
specificity of 63.6% using a PSAV cut off of 0.84
ng/ml/year. For this reason we hypothesized that
calculating PSAV as a percent change instead of
an absolute value may obviate the need to stratify
velocity cut offs based upon the patients” baseline
characteristics.

To additionally minimize the effect of variation
on the percent change, we used median PSA in the
denominator of our PSAV calculation instead of
baseline (prebiopsy) PSA. While baseline PSA in the
denominator would compute PSAV as an annualized
percent change from the time we began measuring
PSA, we believe the PSAV already accounts for all the
PSA measurements and the time course over which
these were drawn. Once the slope is obtained, the
baseline PSA is no longer useful as a temporal reference
point. While PSAV has traditionally been calculated
as the slope of the linear regression in ng/ml/year,
the AUC in this patient population was maximized
by incorporating adjustments for variation. When we
adjusted PSAV % for observed variation, our specificity
improved to 86.4%.
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We required patients have at least three PSA values
measured 4 to 6 months apart. The major factors that
influenced the PSAV were sampling interval between
measurements, and to a lesser extent, the number of
repeat measurements. Carter et al derived the PSAV cut
off of 0.75 ng/ml/year based on three measurements
and on PSA that were sampled long term (2 years) but
not short term (3-6 months)."® While some suggest that
two PSA measurements is sufficient to calculate PSAYV,
this applies to two measurements 6 months apart in
the same year, and is particularly useful if it is the year
before cancer is diagnosed." There was only one patient
in our study in whom cancer was diagnosed within 1
year of the initial biopsy.

We observed that variation was significantly lower
in men with cancer than those without. Even those
men who had a declining PSAV and were not biopsied
tended to have a greater variation than men with cancer.
Variation, therefore, may be used independently to gauge
the clinician’s suspicion of malignancy in follow up.

We believe it is a powerful observation that men
with perceived rise in PSAV are demonstrated to
have no rise upon making adjustments for variation.
In our study, dividing the PSAV by the median PSA
reduced the velocity, and correction of the PSAV% by
variation completely cancelled out the rise in PSA in
men without cancer. This suggests that incorporation
of variation may allow more accurate decision making
regarding PSA rise in prospective clinical follow up.

This study focuses on men with negative extended
core biopsy in whom it is unclear whether to perform a
repeat biopsy. Our calculation of PSAV may have been
optimal in these men because they all had an elevated
PSA warranting the first biopsy. It is unclear whether
this parameter, or PSAV %/ Variation, would be equally
as successful if applied to a population of men with
normal PSA levels who never had an initial biopsy.

This study is significantly limited by the small
number of subjects who met inclusion criteria and
the small numbers of follow up cancers. The number
of men with a previous negative biopsy, at least three
follow up PSA values, and no findings of HGPIN or
atypia was a small percentage of our total prostate
biopsy population. Many studies which focus on
negative biopsy populations include patients with
HGPIN or atypia. We felt it was important to exclude
these patients because in our center (as in most) they
are empirically rebiopsied and we wanted to focus on
PSAV as a sole indication for repeat biopsy.

Additionally, our patients visited various laboratories
to have PSA drawn, and even in those who visited the
same laboratory, different assays may have been used at
different points in time. Variation ranged between 20%
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to 30%, which was compatible with known rates of up
to 20%-46% due to biological and analytical variation
alone.”? Although this is a limitation of the study cohort,
we would assert that it is truly representative of clinical
practice, and that our observations may suggest that
PSAV % / Variation may overcome assay variability.

Repeat biopsy was not performed in all men. This
may have resulted in an inaccurate assessment of total
numbers of missed cancers, thereby falsely elevating
the sensitivity and overall predictive accuracy of our
velocity based PSA parameters. Once again, we would
assert that this is truly more representative of clinical
practice, and that we were most interested in evaluating
the performance of PSAV as a sole predictive factor for
missed significant cancer. Whether cancers missed
in men with stable or declining PSAV are clinically
significant must be assessed through additional study
and long term clinical follow up. Undoubtedly, the
performance of PSAV and PSA doubling time in the
urologic literature has been improved by the fact that
it is PSA rise that most often prompts repeat biopsy.
Although we accept small sample size as a fundamental
limitation of this study, we do not believe it makes our
preliminary observation invalid. We stress this by only
concluding that our initial observation is provocative
and deserves attention in a larger cohort, prospectively
evaluated. For this reason, we feel it deserves mention
in the urologic literature.

Conclusions

Despite the recognized limitations of our study, we
believe several important observations are made. First,
the use of PSAVY% calculated as a percentage change
rather than PSAV could avoid the need to stratify
cut offs based upon baseline patient characteristics.
Introduction of methods to correct for variation would
render PSAV a more reliable parameter and could
overcome the physiologic and interassay variability
of PSA previously observed. PSAV% /Variation is a
provocative parameter which greatly improves the
specificity of PSAV. Our preliminary observations
deserve prospective validation in a larger cohort. [l
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EDITORIAL COMMENT

The authors of this study have made a very interesting
observation that the use of percent variation in PSAV for
repeat prostate biopsies yields a higher positive rate when
compared to the PSA or PSAV by itself. Calculation of %
variation in PSAV takes into account the median PSA and thus
adjusts for factors (inflammation, large gland size, age) that
may increase the absolute PSAV or absolute PSA secondary
to nonmalignant causes. Free PSA, PSA velocity, PSA density,
age adjusted PSA, and more recently lowering the threshold
for initial biopsy in younger men are all tools available in
clinical practice to increase positive yield on initial and repeat
prostate biopsies. Although the design of this study and its
findings are suggestive, its biggest limitation is a very small
sample size (only 8 positive cancer cases analyzed). Alarger
cohort with a longer prospective follow up may help further
validate the authors hypothesis. Use of %PSAV may provide
clinicians with another factor to consider when deciding on a
treatment course for patients with persistently elevated PSA
with a prior negative prostate biopsy.
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