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Abstract

Purpose—Prostate specific antigen velocity is an unreliable predictor of adverse pathology
findings in patients on active surveillance for low risk prostate cancer. However, to our knowledge
a new concept called prostate specific antigen velocity risk count, recently validated in a screening
cohort, has not been investigated in an active surveillance cohort.

Materials and Methods—We evaluated a cohort of men from 1995 to 2012 with prostate
cancer on active surveillance. They had stage T1c disease, prostate specific antigen density less
than 0.15 ng/ml, Gleason score 6 or less, 2 or fewer biopsy cores and 50% or less involvement of
any core with cancer. The men were observed by semiannual prostate specific antigen
measurements, digital rectal examinations and an annual surveillance biopsy. Treatment was
recommended for biopsy reclassification. Patients with 30 months or greater of followup and 3
serial prostate specific antigen velocity measurements were used in primary analysis by logistic
regression, Cox proportional hazards, Kaplan-Meier analysis and performance parameters,
including the AUC of the ROC curve.

Results—Primary analysis included 275 of 668 men who met very low risk inclusion criteria, of
whom 83(30.2%) were reclassified at a median of 57.1 months. Reclassification risk increased
with risk count, that is a risk count of 3 (HR 4.63, 95% CI 1.54-13.87) and 2 (HR 3.73, 95% CI
1.75-7.97) compared to zero. Results were similar for Gleason score reclassification (HR 7.45,
95% CI 1.60-34.71 and 3.96, 95% CI 1.35-11.62, respectively). On secondary analysis the
negative predictive value (risk count 1 or less) was 91.5% for reclassification in the next year.
Adding the prostate specific antigen velocity risk count improved the AUC in a model including
baseline prostate specific antigen density (0.7423 vs 0.6818, p = 0.025) and it outperformed the
addition of overall prostate specific antigen velocity (0.7423 vs 0.6960, p = 0.037).

Conclusions—Prostate specific antigen velocity risk count may be useful for monitoring

patients on active surveillance and decreasing the frequency of biopsies needed in the long term.
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Although an estimated 241,740 prostate cancer cases were diagnosed in 2012, about 50%
were low grade (Gleason score 6 or less), of which greater than 90% were localized.12 PSA
screening is a major contributor to increased detection of early stage prostate cancer.3 AS is
an alternative to immediate intervention for low risk prostate cancer to decrease
overtreatment with minimal or no compromise to oncological outcomes but it remains
underused, lacking consistent criteria and triggers for intervention.*

PSA kinetics during AS have served as triggers for intervention in several programs and
they are an attractive alternative to repeat biopsies.> ® However, recent evidence suggests
that overall PSAV and PSA doubling time do not reliably predict adverse pathology
findings.”~9 Variability in PSA and followup duration may limit the value of a single overall
PSAV calculation for patients on AS.

In 2007 a new concept called PSAV RC was proposed in which serial PSAVs are calculated
and the number of times that they pass a threshold are counted to tabulate a score. 1011
PSAV RC was recently validated in a screening cohort, demonstrating an eightfold
increased risk of prostate cancer and a greater than fivefold increased risk of Gleason score 8
or greater disease for a RC of 2 vs 1 or zero.12 To our knowledge the usefulness of PSAV
RC in patients on AS who already carry a diagnosis of prostate cancer has not been
evaluated.

Disease misclassification is a significant concern when determining eligibility for AS.
Biopsy criteria and the number of cores are directly related to the sampling error rate.13. 14
Under grading may occur in up to a third of patients.1® The initial diagnostic biopsy may not
capture the correct grade or extent of disease, raising the question of whether higher grade
disease on subsequent biopsy or prostatectomy is due to true disease progression or
misclassification.16 At our institution annual prostate biopsy results are used to determine
disease reclassification and recommend curative therapy for very low risk prostate cancer.

We investigated an AS cohort beyond the initial misclassification period to determine
whether PSAV RC is associated with biopsy reclassification of disease and whether it might
represent a clinically useful measure for monitoring patients. We also evaluated the
prognostic usefulness of the temporally earliest PSA information and compared model
performance with that in addition to PSAV RC.

Materials and Methods

Study Cohort

Since January 1995, older men with very low risk prostate cancer who present to our
institution have been advised that AS is an alternative to immediate intervention.1” As
previously described by Epstein et al, inclusion criteria for very low risk prostate cancer
include clinical stage T1c disease, PSAD less than 0.15 ng/ml and favorable characteristics
on needle biopsy (Gleason score 6 or less, 2 or fewer biopsy cores with cancer and 50% or
less involvement of any core with cancer).18 With institutional review board approval and
appropriate informed consent from all participants we observed men by semiannual serum
PSA measurements and digital rectal examinations as well as annual extended 12-core or
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greater surveillance biopsy. Curative therapy was recommended upon disease
reclassification, defined as surveillance biopsy with unfavorable pathology findings.

The primary analysis included patients on AS for at least 30 months without biopsy
reclassification in whom 3 serial PSAVs were calculated using linear regression (fig. 1).19.20
We selected 30 months to allow for time for 2 surveillance biopsies in all patients to
minimize biopsy misclassification and enable sufficient followup for 3 serial PSAV
calculations. Secondary analysis was done in patients with less than 30 months of followup,
which allowed for only 1 or 2 serial PSAVs to be calculated. Finally, we analyzed early PSA
data while on AS, looking at the first 2, 12-month and 24-month windows after diagnosis in
patients with at least 24 and 48 months of followup, respectively.

Variables and Outcomes

Clinical characteristics recorded in all patients at diagnosis and during followup included
age, race, PSA, PSAD, whether cancer was present on surveillance biopsy, number of
biopsy cores with cancer, maximum percent core involvement with cancer and Gleason
score. Men on 5a-reductase inhibitors were excluded from analysis. Two outcomes were
defined. The first criterion was biopsy reclassification of disease by any of the 3 criteria
mentioned. The second criterion was reclassification based on Gleason score only (greater
than 6) since a prior group suggested that Gleason score on biopsy may be a better predictor
of prostate cancer specific mortality than disease volume.?!

Statistical Analysis

For the primary analysis we divided followup into 3 approximately equal time periods for
each individual. A minimum of 6 months was required between the first and last
measurements in each period. We tabulated the PSAV RC as the number of times that
PSAV exceeded a threshold of 0.4 ng/ml per year based on prior research.11:12

The Student t-test (equal variances), Welch t-test (unequal variances) and chi-square test
(categorical variables) were used to compare men who met study inclusion criteria and had 3
vs fewer than 3 calculated serial PSAVs. NPV and PPV were determined. Univariate and
multivariable logistic regression, and Cox proportional hazards regression were used to
assess the association of PSAV RC with biopsy reclassification. The proportional hazards
assumption was globally tested with Schoenfeld residuals, resulting in nonsignificant
deviations in the Cox models. The Kaplan-Meier method was used to estimate the incidence
of biopsy reclassification by RC. Improvement in model performance was assessed by the
AUC of ROC curve analysis and the Harrell ¢ rank parameter. The AUC was directly
compared between models by the z-test. Statistical analysis was done using STATA®,
version 12.0.

Supplemental Methods

The AS program is primarily recommended to older men but younger men and those who do
not meet some criteria may elect to enroll due to other competing health concerns or
personal preference if cancer has a Gleason score of 6 or less. However, only men who met
all very low risk criteria were included in the current study. Disease reclassification on
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surveillance biopsy due to no longer meeting favorable characteristics on needle biopsy
specifically refers to a Gleason score of greater than 6, more than 2 biopsy cores with cancer
or greater than 50% involvement of any core with cancer. The initial PSA value was
considered PSA at prostate cancer diagnosis or within 6 months before diagnostic biopsy.
The first PSAV was calculated using this initial PSA measurement and all measurements up
to the end of the first period (first third of followup). The second PSAV was calculated using
the last PSA measurement from the first period and all measurements up to the end of the
second period. The third PSAV was calculated similarly.

Model improvement was done to assess the addition of PSAV RC to a base model
controlling for baseline and first surveillance biopsy characteristics, including age, race,
PSAD at diagnosis and cancer on the first surveillance biopsy. The addition of PSAV RC
was compared to the addition of overall PSAV. Adjustment for overall PSAV during
followup was tested as a continuous and a categorical variable, dichotomized with a cutoff
of 0.4 ng/ml per year. We used the AUC from ROC analysis to assess discrimination and the
Hosmer-Lemeshow goodness of fit test to assess logistic regression model calibration. The
Harrell ¢ rank parameter was applied to evaluate discrimination in the Cox regression
models.

As of September 2012, 870 men had enrolled in the AS program, of whom 668 met all very
low risk inclusion criteria. Of men excluded from analysis 166 had PSAD greater than 0.15
ng/ml, 27 had an unknown volume at diagnosis and 9 did not have T1c or less disease while
85 who met inclusion criteria had insufficient followup or PSA measurements spaced
appropriately to calculate any PSAV. Table 1 compares the 275 men with 3 serial PSAV
calculations on primary analysis to the 308 with only 1 or 2 calculations. The latter were
older, had higher PSA and PSAD, and were more likely to have cancer on first surveillance
biopsy. A total of 83 men (30.2%) with 3 serial PSAVs experienced biopsy reclassification
by any criteria at a median followup of 57.1 months vs 156 (50.7%) with fewer than 3 serial
PSAVs at a mean followup of 17.1 months (p <0.01). Successive PSAVs generally
increased but there was substantial variability (fig. 2).

On primary analysis patients with a higher RC experienced a greater proportion of biopsy
reclassification events by any criteria and by Gleason score (p <0.01 and 0.017, respectively,
table 2). Using the Kaplan-Meier method the estimated 5-year probability of biopsy
reclassification by any criteria was 9.7% (95% CI 4.4-20.3), 18.7% (95% CI 12.1-28.2) and
39.5% (95% CI 28.2-53.2) for a RC of zero, 1 and 2 or greater, respectively (log rank test p
<0.01, fig. 3). At a RC cutoff of 2 or greater PPV was 50.0% and NPV was 78.2%. Final
adjusted logistic regression and Cox proportional hazards models yielded similar results
with ORs generally overestimating HRs (supplementary table, http://jurology.com/). After
adjustment RCs of 3 (HR 4.63, 95% CI 1.54-13.87) and 2 (HR 3.73, 95% CI 1.75-7.97)
were associated with a significantly increased risk of biopsy reclassification by any criteria
compared to a RC of zero. Parallel results were obtained for the association of RCs of 3 (HR
7.45, 95% CI 1.60-34.71) and 2 (HR 3.96,95% CI 1.35-11.62) with the specific outcome of
Gleason score reclassification.
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Logistic regression models were also adjusted for period duration. Additional analysis
revealed no association of overall followup, period duration or number of PSA
measurements with reclassification in patients on the primary analysis. Of 1,237 surveillance
biopsies in the cohort an estimated 518 (42%) could have been avoided based on patients
with a RC of 1 or less. Of 35 men (12.7%) treated with prostatectomy 24 (68.6%) underwent
it due to reclassification and 1 (2.9%) experienced biochemical recurrence (PSA greater than
0.2 ng/ml). This patient had a RC of 2 and Gleason 4 + 3 = 7 on surgical pathology findings.
Of men with pathology data available 5 of 17 (29.4%) with a RC of 1 or less had Gleason 7
or greater disease compared to 11 of 16 (68.8%) with a RC of greater than 1.

Secondary analysis of patients with less than 30 months of followup showed some
association of RC with biopsy reclassification but it was not statistically significant in men
with 2 serial PSAV calculations (supplementary table, http://jurology.com/). Patients with 1
PSAYV calculation were at increased risk for biopsy reclassification by any criteria and by
Gleason score. Analysis of early PSA data calculating 2 serial PSAVs in the 12 and24-
month windows did not show a statistically significant association of RC with biopsy
reclassification during the full followup (table 3). However, RC in 2, 24-month windows
predicted reclassification in the next year by any criteria (HR 4.99, 95% CI 1.08-23.00) and
it suggested an association with reclassification by Gleason score (HR 7.80, 95% CI 0.54—
113.25). In this group a RC cutoff of 2 resulted in a PPV of 23.5% and a NPV of 91.5%.
Figure 4 shows the ROC analysis of adding total PSAV RC vs adding overall PSAV to the
base model. Adding overall PSAV resulted in minimal and nonsignificant AUC
improvement over the base model (p = 0.365). Adding total RC resulted in more substantial
AUC improvement, which was significant when compared directly to the base model and
the PSAV model for biopsy reclassification by any criteria (p = 0.025 and 0.037,
respectively). Total RC also led to higher Harrell ¢ rank parameters compared to the base
model, PSAV model and models including individual RCs from each period.

Discussion

In our cohort of men with very low risk prostate cancer PSAV RC was associated with an
increased risk of biopsy reclassification due to any unfavorable pathology finding as well as
the specific criterion of Gleason score reclassification. The association was less robust in
patients with less than 30 months of followup, in whom few serial PSAVs could be
calculated and the potential for biopsy misclassification was greatest. Furthermore, using
only the earliest PSA data to calculate RCs was unreliable to predict biopsy reclassification
during the full patient followup. However, it revealed an association with reclassification in
the immediate next year, indicating the importance of continuing to tabulate the RC with
time. PSAV RC significantly improved a base model incorporating baseline PSAD and it
was better than a model that also accounted for overall PSAV. These data suggest that
PSAV RC has the potential to serve as a clinically useful measure to monitor patients on AS
after they pass an initial period of a high reclassification rate when biopsy appears critical.

The interest in monitoring patients on AS is especially relevant in the context of recent
updates to large, randomized, controlled trials of PSA screening.2223 Adding organized
screening had no benefit in a population in which widespread opportunistic screening had
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already occurred while screening in Europe required treatment of 37 cancers to prevent 1
death from cancer at a median followup of 11 years. Because almost half of all men
diagnosed with prostate cancer may be eligible, multiple organizations, including the
American Urological Association, recommend that all discussions of treatment options
include AS.224 Maximizing the effectiveness and minimizing the invasiveness of
monitoring are priorities.

Controversy surrounds the use of PSA kinetics for prostate cancer screening as well as for
monitoring patients on AS.7-9:25-28 pSAV RC was recently validated in a screening cohort
but it is a different question whether it may be useful in an AS cohort, in which patients have
already been diagnosed with prostate cancer.11:12 As PSA increases with time, the rate of
that increase also appears to increase with time and a unique transition point was described
where the PSA curve transitions from a linear to an exponential increase.2’ However, the
mathematics involved limit the clinical application of this method of calculating PSAV.

In a setting where urologists are familiar with calculating overall PSAV one can think of
PSAV RC as a clinically feasible approximation and an advance from the idea of a transition
point. It considers all PSA measurements during followup in windows of time to capture the
extra dimension of acceleration. RC in 2, 24-month windows had a 91.5% NPV for
reclassification within the next year that applied to 89% of patients. It suggests that
increasing the interval between biopsies could be considered in patients with low total RCs.
PPV was low at 23.5% for reclassification within the next year. However, this was still a
clinically relevant value since it showed that only 11% of patients might need to continue
the annual biopsy schedule with the expectation that almost a quarter of this subset would be
reclassified at the next surveillance biopsy.

Several factors are important for risk stratifying patients on AS.2%:30 At diagnosis or first
surveillance biopsy PSAD is a pertinent factor as well as part of the criteria of Epstein et
al.18 We controlled for baseline PSAD rather than PSA at diagnosis or first surveillance
biopsy because these measures were highly correlated and including PSAD led to a more
conservative association. Cancer at first surveillance biopsy is also an independent predictor
of biopsy reclassification, likely due to the mentioned concern for misclassification.2® Our
results show that the model was significantly improved by adding RC even after adjusting
for baseline PSAD, cancer at first biopsy and overall PSAV during followup. Therefore, as
the data support, PSAV RC may be most clinically relevant in patients followed on AS for
30 months or greater. However, the ideal interval for calculating RC in prospective fashion
requires further evaluation.

The current study has several important limitations. 1) Because the cohort represents a
carefully selected, very low risk population of men with prostate cancer, the study may not
be generalizable to cohorts with higher risk characteristics. 2) Only PSA measurements
during AS were used and associations with PSA measurements before enrollment were not
evaluated. 3) While our sample size was relatively large compared to other cohorts,
secondary analysis in patients with only 2 serial PSAV calculations and less than 30 months
of followup was underpowered (102 patients), requiring a large detectable difference to
achieve significance. 4) We addressed variations in period duration for RC calculation using
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restriction, survival analysis, adjusted logistic regression and additional analysis of
associations of period duration or number of PSA measurements with reclassification.
However, the inherent requirement of calculating serial PSAVs for different period
durations in each individual may still have introduced some bias. Also, comparing cross-
institutional results might be difficult without a standard interval for measuring PSA.
Notwithstanding the limitations our analysis reveals a strong association of PSAV RC with
biopsy reclassification of disease in patients with very low risk prostate cancer on AS.

Conclusions

PSAV RC was associated with disease reclassification by unfavorable biopsy characteristics
in men on AS with very low risk prostate cancer. A RC of 2 or 3 compared to zero was
independently associated with a fourfold increased risk of any unfavorable pathology results
on biopsy and a fourfold to sevenfold risk of Gleason score 7 or greater disease in men with
3 serial PSAV measurements. RC also improved model discrimination. RC was less reliable
during the initial 2 to 3 years on AS, given the potential for misclassification and limited
PSA data, underscoring the importance of annual surveillance biopsies during this period.
Validation of this association in other cohorts may support a role for PSAV RC for
monitoring patients on AS and decrease the frequency of biopsies in the long term.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations and Acronyms

AS active surveillance

NPV negative predictive value
PPV positive predictive value
PSA prostate specific antigen

PSAD PSA density

PSAV PSA velocity

RC risk count
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Figure 1.
Study design shows timing of biopsies, PSA testing and periods for successive PSAV

calculations 1 to 3 (PSAV1, PSAV2 and PSAV3, respectively) in Johns Hopkins AS Program
from 1995 to 2012.
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Figure 2.
PSAV in men with 3 serial PSAV measurements (PSAV1, PSAV2 and PSAV3, respectively)

in Johns Hopkins AS Program from 1995 to 2012.
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Cumulative incidence of unfavorable biopsies by RC during followup in men with 3 serial
PSAV calculations in Johns Hopkins AS Program from 1995 to 2012.

J Urol. Author manuscript; available in PMC 2016 January 13.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Patel et al.

Figure4.

AUC Harrell's ¢
Model Any Criteria Any Criteria
Base Model 0.6818 0.6896
- +PSAV 0.6960 0.7038
+Total Risk Count | 0.7423 0.7295
+ 1st Risk Count 0.7046 0.6940
+2nd Risk Count 0.7050 0.7266
B + 3rd Risk Count 0.7073 0.7035
T T T T T
0.00 0.25 0.50 0.75 1.00
1-Specificity

+Risk Count; AUC=0.7423
Base Model; AUC=0.6818

+PSAV; AUC=0.6960
Reference

Harrell's ¢
M GSR GSR
Base Model | 0.6339 | 0.6684
4 +PSAV | 0.6343 | 0.6609
+ Total Risk Count | 0.6852 | 0.7233
+ st Risk Count | 0.6786 | 0.6887
+2nd Risk Count | 0.6456 | 0.6976
. +3rd Risk Count | 0.6398 | 0.6756
T T T T T
0.00 0.25 0.50 0.75 1.00
1-Specificity

= +Risk Count; AUC=0.6852
— Base Model; AUC=0.6339

+PSAV; AUC=0.6343
Reference
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ROC analysis of base logistic regression model vs models with addition of overall PSAV or

PSAV RC for outcomes of biopsy reclassification by any criteria (A) and specifically

Gleason score reclassification (GSR) (B) in Johns Hopkins AS Program from 1995 to 2012.
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Table 1
Demogr aphics, biopsy reclassification and followup in 668 of 870 men on ASin Johns

1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Hopkins AS Program from 1995 to 2012

All Inclusion Criteria 3PSAVs 1lor 2PSAVs pValue (t-test or chi-squaretest)
No. pts 668 275 308
Mean + SD age 65.2+5.7 64.2+54 66.3+5.6 <0.01
No. ethnicity (%):
White 598 (89.5) 252 (91.6) 270 (87.7) 0.294
Black 41 (6.1) 14 (5.1) 23 (7.5)
Other 29 (4.3) 9(3.3) 15 (4.9)
Mean * SD diagnosis (ng/ml):
PSA 45+23 4122 47+22 <0.01
PSAD 0.089+0.032 0.085+0.033 0.09 +0.031 0.038
At 1st AS biopsy:
Mean + SD PSA (ng/ml) 47+29 40+24 52+3.0 <0.01
Mean + SD PSAD (ng/ml) 0.095+0.073 0.083+0.055 0.102 +0.084 <0.01
No. Ca (%) 462 (55.5) 108 (39.3) 207 (67.7) <0.01
Overall biopsies:
No. pts (%) 3.8(1.9) 5.5 (1.8) 2.5 (0.6) <0.01
No. cores (%) 13.2 (1.5) 13.1(1.2) 13.3 (1.9) 0.139
Mean + SD interval (mos) 129+3.6 13.9+35 121+3.1 <0.01
Mean + SD No. followup PSAs 6.3+4.2 10+3.8 41+15 <0.01
No. reclassified (%):
No. any criteria (%):* 257 (38.5) 83(30.2) 156 (50.7) <0.01
Gleason score 107 (41.6) 37 (44.6) 66 (42.3)
Greater than 2 cores 169 (65.8) 52 (62.7) 104 (66.7)
Greater than 50% any core 71(27.6) 24 (28.9) 44 (28.2)
No. Gleason score (%): 120 (18.0) 42 (15.3) 72 (23.4) 0.014
3+4=7 78 (65.0) 32 (76.2) 42 (58.3)
4+3=7 27 (22.5) 5(11.9) 20 (27.8)
8 or Greater 15 (12.5) 5(11.9) 10 (13.9)
Mean * SD followup (mos): -
Any criteria 35.9+29.0 62.8 £25.3 17.2+6.3
Gleason score 38.2+304 65.4 +27.2 19+9.6

*
Gleason score 7 or greater, more than 2 cores with cancer or greater than 50% cancer involvement in any core.
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Biopsy reclassification associations with RC in men with 3 PSAV calculationsin Johns
Hopkins AS Program from 1995 to 2012

RC  No.Pts N, Reclassified by Any Criteria (%)”

No. Reclassified to Gleason Score 7 or Greater (%)

0 78
1 115
2+ 82

13 16.7)
29 (25.2)
41 (50.0)

7 9.0)F
15 (13.0)
20 (24.4)

*
Gleason score 7 or greater, more than 2 cores with cancer or greater than 50%cancer involvement in any core.

TChi—square p <0.01.

iChi—square p=0.017.
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Table 3
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Cox proportional hazardsregression and logistic regression analysis of association of RC
calculated from 2 serial PSAVsin 12 and 24-month windows from beginning of ASwith

biopsy reclassification during full patient followup or immediate next year in Johns

Hopkins AS Program from 1995 to 2012

Full Followup Next Yr
RCvsO  HRr(g50% c1)* PValue  pRr(95% cI)* P Value
12-Mo window (318 pts)
Any criteria:
1 1.32 (0.82-2.15) 0.256 0.99 (0.42-2.34) 0.982
2 1.27 (0.65-2.48)  0.483 2.27(0.85-6.06)  0.101
Gleason score reclassification:
1 1.60 (0.77-3.32) 0.209 0.48 (0.12-2.00) 0.313
2 2.29 (0.85-6.14)  0.101 2.09 (0.49-8.87) 0.32
24-Mo window (168 pts)
Any criteria:
1 1.10 (0.55-2.18)  0.792 1.30 (0.36-4.74)  0.689
2 1.90 (0.61-5.90) 0.266 4.99 (1.08-23.00) 0.039
Gleason score reclassification:
1 0.42(0.14-1.28)  0.127 1.03(0.13-8.04)  0.975
2 1.22 (0.21-7.16) 0.822 7.80 (0.54-113.25) 0.132

Adjusted for age at diagnosis, race, PSAD at diagnosis, overall PSAV during followup and cancer on first surveillance biopsy.
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