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Abstract

Introduction: The use of prostate-specific antigen (PSA) in active
surveillance (AS) for prostate cancer is controversial. Some con-
sider it an unreliable marker and others as sufficient evidence to
exclude patients from AS. We analyzed our cohort of AS patients
with a PSA over 10 ng/mL.

Methods: We included patients who had clinical T1c-T2a Gleason
<6 disease, and =3 positive cores with <50% core involvement at
diagnostic biopsy and =2 total biopsies. Patients were divided into
3 groups: (1) those with baseline PSA >10 ng/mL, (2) those with
a PSA rise >10 ng/mL during follow-up; and (3) those with a PSA
<10 ng/mL throughout AS. Adverse histology was defined as biopsy
parameters exceeding the entry criteria limits. We further compared
this cohort to a concurrent institutional cohort with equal biopsy
parameters treated with immediate radical prostatectomy.
Results: Our cohort included 698 patients with a median follow-up
of 46.2 months. In total, 82 patients had a baseline PSA >10 ng/
mL and 157 had a PSA rise >10 ng/mL during surveillance. No
difference in adverse histology incidence was detected between
groups (p = 0.3). Patients with a PSA greater than 10 were older
and had higher prostate volumes. Hazard ratios for groups with a
PSA >10 were protective against adverse histology. Larger prostate
volume and minimal core involvement appear as factors related to
this successful selection of patients to be treated with AS.
Conclusion: These results suggest that a strict cut-off PSA value
for all AS patients is unwarranted and may result in overtreatment.
Though lacking long-term data and validation, AS appears safe in
select patients with a PSA >10 ng/mL and low volume Gleason
6 disease.

Introduction

The use of prostate-specific antigen (PSA) in active sur-
veillance (AS) for prostate cancer is controversial. A PSA
>10 ngmL is used as an exclusion criterion in many of the

large AS series.! However, the evidence to support the use
of a PSA threshold is limited. Data from the PIVOT (Prostate
Cancer Intervention Versus Observation Trial) study suggests
that localized cancer with a PSA <10 may not require treat-
ment.2 While it is clear from nomograms that a higher PSA
incurs a higher risk of high-grade cancer, it is unclear how
applicable a threshold PSA of 10 ng/mL is in the selected
AS population where the volume of biopsy-detected disease
is by definition very low.

In clinical practice, the use of PSA as a threshold in sur-
veillance varies widely. The largest AS series published to
date® had 13.1% of patients at onset of surveillance with a
PSA >10 ng/mL, and 38% with a PSA value over 10 at a
median of 6.1 years of follow-up. PSA density can reduce the
bias of PSA values induced by prostate size.* Measurements
of PSA velocity or doubling time may also be used, but the
absolute value of PSA can be a driver of both patient and
physician anxiety to discontinue surveillance.

At our institution an elevated PSA has not been used as
an absolute contraindication to AS. Therefore, we reviewed
our experience with patients with an elevated PSA, both at
entry and during surveillance for otherwise low-risk local-
ized prostate cancer.

Methods

In previous publications we have strictly limited our analysis
to men suitable for AS according to standard inclusion crite-
ria.>” Thus, we examined men with clinical stage T1c-T2a,
Gleason score <6, and 3 or fewer cores positive with no
more than 50% of a core involved at initial diagnostic biopsy
and PSA <10 ng/mL. We also included men who pursued
AS with either a PSA >10 ng/mL at baseline or experienced
a PSA rise over 10 ng/mL during follow-up. Only patients
with 2 or more biopsies were included.

Data on all patients on AS at our institution were pro-
spectively collected in a database (1995-2011); with most
patients enrolled in recent years. Institutional ethics board
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approval was obtained. Our institution does not have a strict
follow-up protocol, but we generally recommended PSA and
digital rectal exam every 3 months initially (first 2 years)
and then every 6 months subsequently. Prostate re-biopsy
was recommended within the first 12 months of diagnosis
and then every 2 to 3 years. “For-cause” biopsy based on
physician discretion was allowed. For prostate re-biopsy,
the transition zone was sampled, in addition to the standard
extended peripheral zone template.”

The two groups of men with PSA >10 (at baseline and
rise during AS) were compared to the remainder of patients
on AS meeting standard entry criteria (Gleason score <6, <3
positive cores and all cores with <50% involvement) who
never had a PSA >10 ng/mL. The primary outcome was
the incidence of adverse histology at subsequent biopsies.
Adverse histology was defined as biopsy parameters exceed-
ing the entry criteria limits.

In a supplemental analysis, we compared our patients
on AS with a concurrent cohort of men who underwent
upfront radical prostatectomy (RP) at the same institution
with identical biopsy features prior to RP (i.e., cT1c-T2a,
maximum Gleason score of 6, <3 cores positive and < 50%
of any core involvement) during the period from 2000 to
2012. These patients were grouped into cohorts of a PSA
<10 ng/mL or =10 ng/mL based on the last PSA prior to RP.

All statistical calculations were performed using SAS
v.9.2 (SAS Institute, Cary, NC). Student T-tests were used
to compare means, and Chi-squared test to compare pro-
portions. Univariate and multivariate cox regression anal-
ysis analyzed risk factors for adverse histology on repeat
biopsies. Covariates were selected based on univariate val-
ues (p < 0.10), except for the 3 groups of patients studied
included a priori. Given our prior results demonstrating
that 5-alpha reductase inhibitors (5ARI) prolong the time to
pathologic progression (here referred to as adverse histol-
ogy),” we planned a sensitivity analysis excluding men on
5ARIs to determine the robustness of our findings.

Active surveillance in prostate cancer

From our institutional AS database, 698 patients met the
inclusion criteria; of these, 239 (34%) patients never had
a PSA > 10ng/mL. Of the entire AS cohort, the mean age
was 64.1 years, with a median follow-up of 46.2 months
(interquartile range 29.6-66.6). Most had 2 to 3 biopsies
on surveillance (Fig. 1). Excluded from the 698 analyzed
patients were 17 patients with only 1 biopsy, 50 patients
with baseline Gleason grade 4 disease and 40 patients with
higher volume Gleason 6 disease on biopsy (>3 cores or
>50% core involvement).

There were 82 patients with a PSA over 10 ng/mL at the
start of AS, and 157 patients had a PSA rise over 10 during
surveillance. Among these 157 patients, a change to active
treatment without adverse histology occurred in 20 (12.7%)
patients. Table 1 shows baseline characteristics of all men
with entry biopsy criteria treated with AS, and those who
had immediate RP. Notably, while men with a baseline PSA
>10 ng/mL on AS had larger prostates and were older, there
were no significant differences in initial biopsy characteris-
tics between groups.

Comparing the initial 698 patient cohort with the 559
patients with immediate RP and an elevated PSA >10 ng/mL
allowed us to assess the factors involved in patient selection
for AS (Table 1). We found that men selected for AS were
older and had larger prostates. On initial biopsy, they also
had a lower mean percentage of maximal core involvement
and a lower number of positive cores.

Table 2 summarizes the outcomes of AS by group. Rates
of adverse histology on first repeat or subsequent biopsy did
not significantly vary between groups. As expected, those
with a baseline PSA>10 or a PSA rise >10 had a higher rate
of treatment on AS (Table 2).

Using multivariate Cox regression analysis, higher age,
number of positive cores and higher percentage of core
involvement were risk factors for subsequent adverse histol-
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Fig. 1. Distribution of number of biopsies per patient (%) by group used for analyses.
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Table 1. Baseline characteristics of patients with low risk (Gleason <6, <3 cores, <50% involvement of any core, <cT2a) who underwent AS or
RP at a single institution

Cohort treated with AS (n = 698) Comparison cohort treated with immediate RP

(n =559)
Baseline PSA rise >10 PSA <10 p value RP with PSA  RP with PSA p value
PSA>10 (n =157) (n = 459) >10 <10
(n=82) (n=63) (n = 496)
Age (Mean, SD) 65.6 (6.0) 64.9 (7.2) 63.4 (7.5) 0.058 59.6 (6.2) 58.6 (8.3) 0.37
Median PSA (IQR) 12.4 6.7 4.7 0.0001 12.0 4.5 <0.001
(10.7-14.9) (4.8-8.2) (3.2-6.1) (11.2-17.1) (3.1-6.4)
Median PSAD, ng/mL%(IQR) 0.18 0.12 0.09 0.0001 0.25 0.11 <0.001
(0.14-0.27) (0.09-0.18) (0.07-0.14) (0.13-0.35)* (0.08-0.16)
Median prostate volume,** 64 47.5 42 0.0001 58.4 42 0.009
mL (IQR) (50-93) (36.0-62.0) (33-59) (37-67) (33-60)
DRE palpable nodule (%) 14 24 76 0.95
(17.1) (15.3) (16.6)
Previous negative biopsy 25 35 100 0.22
(%) (30.5) (22.3) (21.8)
Biopsy characteristics
Positive cores 1 60 113 318 0.75 20" 139 0.54
(%) (72.3) (72.4) (69.4) (40) (38)
2 19 33 101 18 121
(22.9) (21.2) (22.1) (36) (33)
3 4 10 39 12 106
(4.8) (6.4) (8.5) (24) (29)
Maximum % core 6.0 7.1 6.0 0.56 18.3 15.7 0.15
involvement, mean (SD)" (7.5) (7.0) (7.4) (14.8) (12.3)
TRUS hypoechoic nodule 25 47 116 0.41
(%) (30.5) (29.9) (25.3)

AS: active surveillance; RP: radical prostatectomy; DRE: digital rectal exam; PSA: prostate-specific antigen; PSAD: PSA density; IQR: interquartile range; TRUS: transrectal ultrasound. *Data
available for 25 patients. **Prostate weight from RP used for patients treated with immediate RP. TThis value is the core with the highest percentage of involvement of a given biopsy from a
given patient. ""The denominator for these numbers is not 63, but the number for which this information was available.

ogy (Table 3), while the presence of a transrectal ultrasound  baseline or during follow-up, was protective against adverse
nodule and use of 5ARIs were protective. PSA density was  histology at subsequent biopsies. A sensitivity analysis exclud-
excluded from the multivariate analysis due to collinearity ~ ing patients on 5ARIs did not significantly change the results
with PSA groups. Surprisingly, a PSA >10 ng/mL, either at  (data not shown).

Table 2. Outcomes of patients on AS by group (n = 698)

Baseline PSA >10 PSA rise >10 PSA <10
(n=82) (n = 157) (n = 459) pvalue
Median follow-up months (IQR) 33.8 (20.4-59.1) 53.9 (34.8-74. 36.3(19.4-62.2) 0.001
Median months to first repeat biopsy (IQR) 13.7 (6.6-24.1) 15.2 (7.6-28.4) 12.3 (6.1-20.1) 0.002
AH at first repeated biopsy (%) 18 (21.7) 43 (27.6) 102 (22.3) 0.37
AH at subsequent biopsy (%) 9 (13.9) 26 (23.0) 68 (19.1) 0.32
Reason for AH Number of cores involved (%) 9 (10.8) 29 (18.6) 62 (13.5) 0.18
Gleason score (%) 12 (14.5) 33(21.2) 70 (15.3) 0.20
% core involvement (%) 4 (4.8) 16 (10.3) 30 (6.6) 0.20
Number who underwent treatment (%) 32 (38.5) 61 (39.1) 135 (29.5) 0.04
Number started on 5ARI (%) 16 (19.3) 29 (18.6) 80 (17.5) 0.89
Prostate mpMRI
Cancer 17 (20.7) 31(19.8) 52 (11.3) 0.002
No cancer 5(6.1) 21(13.4) 34 (7.4)
No mpMRI 60 (73.2) 105 (66.9) 373 (81.3)

AS: active surveillance; PSA: prostate-specific antigen; IQR: interquartile range; TRUS: transrectal ultrasound; AH: adverse histology; 5ARI: 5-alpha reductase inhibitor; mpMRI: multi-parametric
magnetic resonance imaging.
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Table 3. Predictors of adverse histology reclassification on AS using Cox regression analysis (n = 698)

Hazard ratio of adverse histology (n = 267) versus no adverse histology (n = 431)

Variables Univariable p value Multivariable p value
Baseline variables
Age (per decade) 1.61 (1.34-1.94) <0.001 1.63 (1.32-2.03) <0.001
PSA ng/mL (per 1-unit increase) 1.03(0.97-1.03) 0.81 Not used
Prostate volume (per 1-unit increase) 0.99 (0.98-0.99) <0.001 0.99 (0.98-0.99) 0.02
Log (PSAD) (Per 0.1-unit increase) 1.04 (1.02-1.06) 0.0007 Not used
DRE palpable nodule (yes vs. no) 0.82 (0.61-1.12) 0.21 Not used
TRUS nodule present (yes vs. no) 0.78 (0.58-1.03) 0.08 0.64 (0.47-0.88) 0.005
Number of positive cores 2vs 1 1.59 (1.19-2.13) 0.002 1.29 (0.94-1.77) 0.12
3vs1 2.64 (1.79-3.90) <0.001 1. 92 (1.02-2.98) 0.004
Maximum % core involvement (per 10% unit increase) 1.36 (1.21-1.53) <0.001 1.31(1.13-1.52) <0.001
Total number of cores taken (per 1-unit increase) 1.02 (0.98-1.06) 0.20 Not used
Period Tables
5ARI use (yes vs. no) 0.60 (0.42-0.86) 0.006 0.55 (0.36-0.82) 0.004
Time to confirmatory biopsy (days) 1.01 (1.00-1.01) 0.02 1.01 (0.99-1.01) 0.26
PSA category Baseline PSA >10 0.67 (0.43-1.03) 0.06 0.51 (0.29-0.88) 0.02
PSA rise >10 0.75 (0.56-0.99) 0.04 0.64 (0.46-0.89) 0.007
PSA <10 Referent Referent

AS: active surveillance; PSA: prostate-specific antigen; PSAD: PSA density; IQR: interquartile range; 5ARI: 5-alpha reductase inhibitor; DRE: digital rectal exam; TRUS: transrectal ultrasound.

A total of 228 (33%) patients in our cohort eventually
underwent treatment; 103 of these patients underwent a
RP. Among men with a PSA rise, the use of non-surgical
treatment was higher (64% vs. 53% and 51% for men on
AS with a PSA >10 at baseline and a PSA <10, respectively;
p = 0.03). Table 4 details the final pathologic outcomes by
group. Five men had a rise in PSA >10 ng/mL on surveil-
lance and a high Gleason (=8) disease at RP; however,
no high-grade disease at RP was found among AS patients
treated with RP who had a PSA >10 ng/mL at baseline.
In the concurrent RP cohort of men treated with identical
risk disease on biopsy, 63 (11.3%) had a PSA >10 ng/mL
(Table 1). While the numbers were small, the final pathol-

ogy among those treated with immediate RP were more
favourable compared to those progressing to RP from AS
with an initial PSA >10, similar to our previously reported
results.

Discussion

AS is a treatment approach for low-risk localized prostate
cancer; it is gaining widespread use as patients and physi-
cians understand the burden of over-diagnosis and over-
treatment. However, the detailed protocols for AS remain
largely based on expert opinion. While PSA carries prog-
nostic information, this series demonstrates that, with appro-

Table 4. Pathologic outcomes among all patients undergoing RP

Active surveillance (n = 698)

Immediate RP (n = 552)*

Baseline PSArise >10 PSA <10

p value RP with PSA  RP with PSA p value
PSA>10 (n =157) (n = 459) >10 <10
(n=82) (n=63) (n = 4389)
RP (% of all treated) 15 (46.9) 22 (36.1) 66 (48.9)
Gleason score at RP <3+3 8 (53.3) 4(18.2) 20 (30.3) 0.007 22(34.9) 300 (61.4) <0.001
(% of all RP-treated) 3.4 4(26.7) 9 (40.9) 38 (57.6) 33(52.4) 172 (35.2)
4+3 3(20) 4(18.2) 5(7.6) 7 (11.1) 14 (2.9)
=8 0 5(22.7) 3(4.5) 1(1.6) 3(0.6)
Pathologic stage pT2 43 440 <0.001
pT3A 12 38
pT3B 4 5
pT4 4 6
Positive margins (positive/ 4/14 10/23 16/63 0.26 9/63 (14.5) 61/492 (12.4) 0.43
total), (%) (28.6) (43.5) (25.4)
RP: radical prostatectomy; PSA: prostate-specific antigen. “In 7 patients, biopsy data was available, but no Gleason score was available.
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priate selection, some patients with an elevated PSA over
10 ng/mL may be safely followed on AS.

Our results are clinically relevant as many patients are
recommended active treatment based on their PSA. One
series reports that half of those who “progressed” did so
because of a rising PSA.® In that series PSA at diagnosis was
only predictive of PSA progression, not grade or volume
progression. Two series have now reported surveillance out-
comes among intermediate risk disease,®'° though with short
follow-up. Our results resemble those of Cooperberg and
colleagues, where most patients appeared to be classified as
intermediate risk due to an elevated PSA (median 10.3 ng/
mL)."® Conversely, worse outcomes with intermediate-risk
disease on AS was seen in the ERSPC cohort. In that cohort,
most patients had a PSA <10 ng/mL (median 5.3 ng/mL).°
Taken together with our results, this suggests that patients
with an elevated PSA over 10 ng/mL as the only criterion
for intermediate-risk classification may have equivalent out-
comes to low-risk patients.

A PSA may be elevated for reasons other than adeno-
carcinoma, with the common causes being benign prostatic
hypertrophy and prostatitis. Evidence that these patients are
enriched in our cohort is suggested by the higher average
prostate volume and a higher proportion of prior negative
biopsies in those with PSA >10 ng/mL. The varied RP pathol-
ogy and longer follow-up in the cohort of men with a PSA
over 10 ng/mL highlights the heterogeneity of the group.
The selection of patients likely accounts for the protective
hazard ratios for subsequent adverse histology found among
those on AS with a PSA >10 ng/mL.

In our series, PSA on multivariate analysis was not clearly
predictive of future adverse histology, though we found,
as previously reported, that PSA density carries prognostic
significance."" Though not significant, there was a trend for
patients in our cohort with a PSA rising over 10 ng/mL on AS
to have a higher Gleason score on follow-up biopsy (Table
2). Adverse histology in this group was also more common in
those with a higher baseline PSA (Table 5). Further, a higher
incidence of high-grade disease and positive margins at RP
among those whose PSA rose over 10 ng/mL on surveillance

(Table 4) confirms that PSA monitoring can still yield import-
ant information in identifying significant cancers.

Conversely, with our selection of patients, no patients
who started AS with a PSA over 10 ng/mL had high-grade
(Gleason =8) disease. This is consistent with prior publi-
cations,'" that suggest that for low-risk disease baseline
PSA carries limited prognostic value, but is insufficient
to discriminate whether surveillance is a safe strategy.
Nomograms may allow for modest improvement on these
limited test characteristics when the decision is made to
pursue AS or immediate treatment.

To understand the patient selection which presumably
caused the surprising finding that an elevated PSA was
protective against future adverse histology among patients
with a baseline PSA over 10 ng/mL, we examined a concur-
rent cohort of men with an elevated PSA >10 ng/mL who
opted for upfront surgical treatment (Table 6). As well as the
expected bias with younger men receiving more immedi-
ate treatment, this comparison yielded two considerations
which may be useful in selecting patients for surveillance
when the PSA is elevated. The enlarged prostate size sug-
gests that benign prostatic hyperplasia (BPH) may be the
main driver of the elevated PSA, thus creating a selection
bias. Another possibility is that BPH itself may play a protec-
tive role in prostate cancer progression.' Minimal volume
of disease, as indicated in core involvement (i.e., 1-2 cores
and low percentage of core involvement) also appeared as a
selection factor; notably, it was also significantly protective
of future histologic reclassification on multivariate analysis
(Table 3).

The limitations of this study include a lack of long-term
follow-up with definitive endpoints. Despite our efforts to
compare the patients on AS with others concurrently treated
with RP, we were not able to fully elucidate all selection fac-
tors present, such as comorbidity or a diagnosis of prostatitis.
The generalizability is also limited by the non-standardized
AS surveillance protocols and follow-up. Finally, as a rela-
tively small series, non-significant results make be due to
inadequate power.

Table 5. Characteristics of men with a PSA rise >10 ng/mL during surveillance stratified by initial PSA (n = 157)

Baseline PSA group (ng/mL)

Variables 0-2 2-4 4-6 6-8 8-10
(n=4) (n=22) (n=38) (n = 50) (n=43)
Age, mean (SD) 65.9 (3.9) 60.5 (6.4) 62.8 (6.9) 67.5 (7.4) 65.9 (6.2)
Time to PSA >10, median (IQR), months ~ 77.9 (38.3-137-9)  40.8 (15.3-61.0) 35.9 (14.8-56.6) 34.1 (15.0-46.9) 20.9 (8.8-32.0)
Adverse histology Overall 2 (50) 5 (22.7) 16 (42.1) 26 (52.0) 21 (48.8)
Grade* 1 (25.0) 4(18.2) 8(21.1) 24 (48.0) 20 (46.5)
Volume** 1 (25.0) 4(18.2) 14 (36.8) 16 (32.0) 16 (37.2)
PSAV, median (IQR), ng/mL/yr 0.40 (0.11,0.65)  0.29 (-0.04,0.99)  0.34(-0.33,1.02)  0.48(-0.41,1.17)  0.34 (-0.56, 1.28)

SD: standard deviation; PSA: prostate-specific antigen; IQR: interquartile range; PSAV: PSA velocity. *=Gleason 7 on surveillance biopsy; **Exceeding 50% core involvement or more than 3

cores involved with cancer.

E706 CUAJ o September-October 2014 @ Volume 8, Issues 9-10



Active surveillance in prostate cancer

Table 6. Predictors of adverse histology on AS using logistic regression analysis (n= 698)

Odds ratio (95% Cl) adverse history (n = 267) vs.
no adverse history (n = 431)

Variables Univariable p value Multivariable p value
Age (per decade) 1.57 (1.25-1.95) <0.001 1.67 (1.27-2.01) <0.001
PSA category Baseline PSA >10 0.78 (0.47-1.29) 0.34 0.78 (0.41-1.50) 0.46
PSA rise >10 1.35 (0.94-1.95) 0.10 1.13 (0.71-1.79) 0.61
PSA <10 Referent Referent
Baseline PSA ng/mL (per 1-unit increase) 1.02(0.98-1.06) 0.34 Not used
Baseline prostate volume (per 1-unit increase) 0.98 (0.98-0.99) <0.001 0.98 (0.97-0.99) <0.001
Log (baseline PSAD) (per 1-unit increase) 1.06 (1.03-1.09) <0.001 Not used
Baseline DRE palpable nodule yes vs. no 1.56 (1.04-2.35) 0.03 1.21 (0.74-1.97) 0.44
Baseline TRUS nodule present yes vs. no 0.85 (0.61-1.21) 0.38 Not used
Baseline positive biopsy cores 2vs. 1 1.81 (1.24-2.61) 0.002 1.42 (0.92-2.19) 0.11
3vs. 1 3.09 (1.73-5.54) <0.001 2.73 (1.33-5.62) 0.006
ﬁisrzggz)max'm“m % core involvement (per 10-unit 1.76 (1.38-2.45) <0.001 1.66 (1.23-2.24) <0.001
Baseline total number of cores taken (per 1-unit increase)  0.89 (0.85-0.94) <0.001 0.92 (0.87-0.98) 0.006
5ARI use yes vs. no 0.57 (0.37-0.87) <0.001 0.50 (0.29-0.85) 0.01
Time to confirmatory biopsy, months 1.02 (1.01-1.02) 0.002 1.01 (0.99-1.02) 0.08
Follow-up time, months 1.01 (1.00-1.01) 0.01 1.01 (1.00-1.01) 0.01

AS: active surveillance; PSA: prostate-specific antigen; PSAD: PSA density; Cl: confidence interval; 5ARI: 5-alpha reductase inhibitor; DRE: digital rectal exam; TRUS: transrectal ultrasound.

COHCIUSiOII 4. Carter HB. Differentiation of lethal and non lethal prostate cancer: PSA and PSA isoforms and kinetics.

Data from this unique cohort suggests that a strict cut-off
PSA value for all AS patients is unwarranted and may result
in overtreatment. This study suggests that with appropriate
patient selection, patients with very low volume Gleason 6
cancer and a PSA >10 ng/mL may be good candidates for
AS. Further follow-up and definitive outcomes assessment
are needed.
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