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Abstract
Objective—We sought to evaluate outcomes after radical prostatectomy among men with low-risk
prostate cancer who would be candidates for active surveillance.

Methods—Using the SEARCH database of men treated with radical prostatectomy at multiple
equal-access medical centers between 1988 and 2007, 398 of 2,062 (19%) met our criteria for
potential active surveillance: clinical stage T1c or T2a, PSA <10 ng/mL, Gleason sum ≤6, and only
1 or 2 positive cores on at least a sextant biopsy. We examined the risk of adverse pathology,
biochemical progression, and PSADT at the time of recurrence. We used a Cox proportional hazards
model to determine the significant predictors of PSA progression.
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Results—Of the men with low-risk prostate cancer, 85% had organ-confined disease, only 2% had
seminal vesicle invasion, and no patient had lymph node metastasis. The 5- and 10-year PSA-free
survival rates were 81% (95% CI, 76–86%) and 66% (95% CI, 54–76%). On multivariate analysis,
older age (p=0.005), Agent Orange exposure (p=0.02), and obesity (p=0.03) were all significantly
associated with biochemical failure. Mean and median PSADT among men who recurred were 37
and 20 months. Only 3 patients recurred with PSADT <9 months.

Conclusions—Most men with low-risk prostate cancer treated with radical prostatectomy
experience long-term PSA control. Those who do recur often do so with a long PSADT. Consistent
with prior SEARCH database reports, older age, agent orange exposure and obesity increased the
risk of recurrence.
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INTRODUCTION
There has been dramatic stage, grade, and risk migration of newly diagnosed prostate cancer
in the prostate-specific antigen (PSA) era.1 Most cases are now diagnosed as clinical stage T1c
disease with low serum PSA levels. Because of the long natural history of newly diagnosed
low-risk prostate cancer, active surveillance (AS) with selective intervention is considered an
option for the management of select patients with low-risk prostate cancer.2 Large series of
patients managed with AS suggest that with careful follow-up and selective management, the
likelihood of metastatic prostate cancer or death from prostate cancer with such a strategy is
low.3–5 However, serious challenges must be overcome before the safety of AS for individual
patients can be confirmed. Our ability to risk stratify low-risk patients is imperfect.6 Many
patients who are low-risk at diagnosis harbor higher-grade cancer and a smaller proportion
have higher-stage prostate cancer at radical prostatectomy than predicted clinically.7, 8 Many
patients and clinicians are uncomfortable delaying intervention because even low-risk patients
are not guaranteed a complete cure with intervention and the likelihood of a complete cure may
decline with time. We examined a large cohort of candidates for AS who underwent radical
prostatectomy to evaluate their pathologic and biochemical disease–free outcomes and
determine factors associated with recurrence after intervention.

MATERIALS AND METHODS
Study population

After obtaining Institutional Review Board approval from each institution to abstract and
combine data, data from patients treated with radical prostatectomy between 1988 to 2007 at
the Veterans Affairs Medical Centers in West Los Angeles and Palo Alto, California; Augusta,
Georgia; and Durham, North Carolina were added to the Shared Equal Access Regional Cancer
Hospital (SEARCH) database.9 This database includes patient age at the time of surgery, race,
agent orange exposure, height, weight, clinical stage, grade of cancer on diagnostic biopsies,
preoperative PSA, surgical specimen pathology (specimen weight, tumor grade and stage, and
surgical margin status), and follow-up PSA data. Patients treated with preoperative androgen
deprivation or radiation therapy were excluded. There are data on 1,741 patients in the
SEARCH database; we sought to evaluate outcomes of those who would be potential
candidates for AS. Therefore, we excluded 583 patients with a PSA ≥10 ng/mL or missing
information regarding PSA, 403 men with a biopsy Gleason sum of 7 or higher or missing
information, 107 men with clinical stage T2b or higher or unknown clinical stage, 275 men
with more than 2 positive cores or missing information, and 27 men who had <6 biopsy cores
obtained or missing information. This resulted in a study population of 346. The prostatectomy
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specimens were sectioned per each institution’s protocol. Biochemical progression was defined
as a single PSA >0.2 ng/mL, 2 values at 0.2 ng/mL, or secondary treatment for an elevated
PSA.

Statistical analysis
The actuarial risk of biochemical progression was determined using Kaplan-Meier plots and
the log-rank test. The significant risk factors for biochemical progression were determined
using a Cox proportional hazards regression model. Multivariate analysis was performed using
a forwards stepwise regression with p<0.15 determining which variables should be entered
into the model at each step. The variable with the highest p value was successively deleted
until only variables with p<0.1 remained. The variables considered for entry into the
multivariate model included center (categorical term), age (continuous), year of surgery
(continuous), preoperative PSA (continuous), race (black vs. nonblack), number of positive
cores (1 vs. 2), body mass index (BMI, in kg/m2; <25, 25–29.9, ≥30), and Agent Orange
exposure (yes vs. no), regardless of their association (or lack thereof) with recurrence in
univariate analysis. Based upon similar risks of recurrence for the BMI groups of <25 and 25–
29.9 kg/m2 in univariate analysis, these groups were combined and BMI was examined in
multivariate analysis as a dichotomous variable of <30 vs. ≥30 kg/m2. In exploratory analyses,
there was no difference in recurrence risk between men with biopsy Gleason 4 or 5 and those
with Gleason 6 (p=0.16). Given the limited number of men with lower Gleason scores and the
very rare occurrence with which those scores are seen in modern practice, biopsy Gleason score
was not included in any formal statistical analyses. Predictive accuracy of the multivariate
model to predict PSA recurrence was determined using the concordance index-C.

PSA doubling time (PSADT) was calculated as previously described, assuming first-order
kinetics, and computed by dividing the natural log of 2 (0.693) by the slope of the linear
regression line of the natural log of PSA over time.10 A PSADT was computed for all patients
meeting the definition of recurrence who had a minimum of 2 PSA values, separated by at least
3 months and within 2 years after recurring. Only PSA values before salvage therapy were
used to compute doubling time. Four patients with a PSADT <0 (i.e., no increase or decline in
PSA) or a very long PSADT (>100 months) were assigned a value of 100 months for ease of
calculations. The distribution of all clinicopathological variables was similar among the
SEARCH sites. Therefore, data from all centers were combined for analyses. All statistical
analyses were performed using STATA 9.2 (Stata Corp., College Station, TX).

RESULTS
The study cohort comprised 346 men who were candidates for AS (Table 1). The mean age
was 60.2 ± 6.6 years. The majority of patients had clinical stage T1 disease (73%), biopsy
Gleason 6 (85%), and a single core positive (65%). A sizable minority (42%) was black and
most patients (72%) were overweight or obese. On pathological analysis, over one-third had
Gleason 7 or higher in the prostate and 18% had pathological stage T3 or higher.

Mean (SD) and median follow-up times among patients who did not recur were 51 (35) and
43 months. During this time, 56 men (17%) developed a PSA recurrence (Figure 1a). The 1-,
5-, and 10-year risk of PSA-free survival was 94% (95% CI, 90%–96%), 81% (95% CI, 75%–
86%), and 64% (95% CI, 51%–75%).

On univariate analysis, only older age (p=0.01) and Agent Orange exposure (p=0.03) were
significantly associated with risk of PSA recurrence (Table 2). On multivariate analysis, older
age (p=0.005), Agent Orange exposure (p=0.02), and obesity (p=0.03) were all significantly
associated with biochemical failure. The accuracy of this model to predict PSA recurrence (c-
index) was 0.72.
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We sought to better define a very low-risk group for progression using the 3 significant risk
factors. As age was initially examined as a continuous variable, we performed exploratory
analysis to identify the best cut-point within our data to stratify patients into “younger” and
“older” groups with differing risk of progression. To accomplish this, patients were stratified
by decade of age (≤50, 51–60, 61–70, and >70 years). On exploratory analysis, age did indeed
appear to act as a continuous variable in that each older-age group was at higher risk of
recurrence than the preceding younger-age group. However, segregating patients into groups
of ≤60 and >60 years resulted in the best risk stratification for risk of PSA recurrence (likelihood
chi-square ratio=7.32, p=0.01). Of note, this also resulted in near-equal numbers of patients in
the younger (n=171, 49%) and older (n=175, 51%) groups.

Among the 77 men with no single high-risk feature (i.e., age <60, not obese, and no Agent
Orange exposure) long-term outcomes were very favorable, with only 6 men (8%) developing
a PSA recurrence (Figure 1b). Among these 77 men, the 1-, 5-, and 10-year probabilities of
PSA-free survival were 97% (95% CI, 89%–99%), 91% (95% CI, 80%–96%), and 86% (95%
CI, 66%–94%). Among the 6 men with recurrences, PSADT data at the time of recurrence
were available for 5, all of whom had a PSADT >15 months (median 20.9 months).

We sought to further refine the low-risk group (i.e. age <60, not obese, and no Agent Orange
exposure) by determining whether any other clinical features could help identify an even lower-
risk cohort. Using log-rank analysis for categorical variables (race, clinical stage, number of
positive cores) and Cox regression for continuous variables (PSA), we found that the risk of
progression among these 77 men varied significantly by race (log-rank, p=0.003). Among the
41 men with all low-risk features who were not black, there were no PSA recurrences, for an
estimated PSA-free survival of 100% (Figure 1c).

Of the 56 men who developed a PSA recurrence among the whole cohort of 346 AS candidates,
PSADT data were available for 27 (48%). Median PSADT was 19.6 months. Only 1 patient
(4%) had a PSADT <3 months and only 2 (7%) had a PSADT between 3 and 9 months. Of the
3 patients with PSADT <9 months, 2 had been exposed to Agent Orange and were black. Thus,
only 1 patient (PSADT=5.9 months) who was not black with Agent Orange exposure had a
PSADT <9 months. Overall, the majority of men had a PSADT >15 months (n=18, 67%).

COMMENT
This manuscript examines the pathologic outcomes and recurrence after radical prostatectomy
of a cohort of patients who potentially would have met criteria to be offered AS. Patients who
were candidates for AS and underwent radical prostatectomy had diverse pathological
outcomes with over one-third of patients being upgraded to Gleason score 7 or greater.
Upgrading has been previously described and is associated with higher PSA values, obesity,
higher number of biopsy cores with cancer,11 lower prostate volume,7, 12 and higher patient
age. Our ability to optimally select patients who have low-grade and low-volume disease may
be improved by only offering surveillance to patients with PSA density under 0.15 ng/mL/
gram of prostate tissue, as suggested by some authors.4 We have shown in the SEARCH
database that prostate volume is correlated to upgrading and adverse pathology for men who
undergo radical prostatectomy.12 So restricting AS to men with larger prostates and/or men
with PSA density <0.15 ng/mL may improve the precision of selecting the lowest-risk patients
for surveillance. A recent study by Conti et al examined the pathologic upgrading of men who
were candidates for AS and found, not unexpectedly, that applying stricter criteria for
surveillance yielded a decreased risk of upgrading at radical prostatectomy.13

We only included patients with 1 or 2 positive biopsy cores on at least a sextant biopsy. We
did not have information on the length of cancer on each involved core for much of the cohort.
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Including prostate cancer biopsy core information would further select the lowest-risk patients.
Most AS cohorts use biopsy information as inclusion criteria.2 The model proposed by Epstein
in 1994 to predict low-volume, low-grade, organ-confined disease included PSA density less
than 0.15ng/mL, Gleason grade 6 or less, and less than 3 positive biopsy cores with no more
than 50% of any single core involved based upon predominantly sextant biopsy.14 Also, some
groups have suggested that in order to fully risk stratify low-risk patients, an extended prostate
biopsy with 10, 12, or more cores should be obtained. In the SEARCH database, patients from
more recent years have a greater number of biopsies obtained and the median number of cores
for the patients in this analysis was 8 (Table 1). Clearly, extended biopsy patterns decrease
pathologic upgrading.11, 15 Berglund et al performed extended pattern biopsy on 104 men who
were candidates for AS and found higher grade or extent of disease in 27%.6 They routinely
repeat biopsy in potential AS candidates. However, even restricting AS to men with <5% of a
single core involved with Gleason score 6 prostate cancer yielded upgrading in 18% and
upstaging in 8% of men who underwent radical prostatectomy in a recent series16.

Narrowing the selection criteria for AS, of course, restricts the proportion of men who are
candidates for surveillance and potentially exposes a greater number of men with insignificant
cancer to intervention. Expanded criteria for surveillance may be appropriate for older patients
or those with limited life expectancy due to co-morbidities or illness, while strict inclusion
criteria may be most appropriate for patients with longevity and/or a strong desire for prostate
cancer safety.

When patients are considering therapy with curative intent vs. AS, a common concern is losing
the potential for successful treatment during a period of surveillance. The chance of prostate
cancer metastasis and mortality is low during periods of surveillance.17 Men with concerning
PSA kinetics or higher-volume or higher-grade disease on repeat biopsy can usually be offered
curative treatment promptly, thus not losing an opportunity for effective treatment.18 However,
a small proportion of men who are candidates for surveillance harbor adverse pathology,
including extracapsular disease or seminal vesical invasion, as shown in our analysis. This
inability to strongly reassure newly diagnosed, low-risk patients that they indeed harbor low-
risk disease is a significant barrier to more widespread adoption of surveillance. We hope that
new biomarkers may assist with the substratification of this low-risk cohort.19

Upstaging was fairly uncommon in our cohort, with 17% of patients having pT3 and only 2%
pT3b and none node positive. Within the study we were able to identify a very low-risk cohort
of patients, defined as having no obesity, no Agent Orange exposure, and age <60, whose 10-
year PSA-free survival rate was increased to 86%. We previously described the impact of
obesity20 and Agent Orange exposure21 on PSA recurrence risk in the VA population, which
is in agreement with our current findings. In the most extensive examination of Agent Orange
exposure and prostate cancer risk to date, Chamie et al found that veterans who had been
exposed to Agent Orange were twice as likely as unexposed veterans to be diagnosed with
prostate cancer, were younger at diagnosis, and had higher-grade disease at diagnosis.22

The impact of age on PSA recurrence is interesting. Multiple groups have shown that younger
age is associated with decreased PSA-recurrence risk after radical prostatectomy.23, 24 Older
age appears to be associated with higher PSA and grade at diagnosis25 and a worse outcome
after radiation therapy.26 Because the relative risk of death from other causes increases with
age while the risk of death from prostate cancer remains stable, AS is particularly attractive
for older men.27

PSADT after PSA recurrence has also been very highly correlated with prostate cancer–specific
mortality with a PSADT >15 months associated with 93%–98% prostate cancer–specific
survival.28 In our series, we had an overall median PSADT of 19.6 months. Among men in the
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very low–risk group defined above, less than 10% developed a PSA recurrence, and those that
did recur all had a PSADT >15 months. This is encouraging regarding the safety of AS on this
carefully selected group of patients.

Some of the shortcomings of this study include that this was a retrospective study and that the
study population is composed entirely of VA patients, who may not correlate well with other
populations. VA prostate cancer patients tend to be racially diverse and have lower
socioeconomic status than patients cared for in community- or University-based practices.29

This is also a surgical cohort and there may be some unforeseen biases in patient selection for
surgical intervention such as family history or patient preference that were not well defined in
our series. Also, the radical prostatectomies were performed by many different surgeons with
differing degrees of experience, which could have an impact on our findings. Finally, many
different pathologists examined the biopsies and radical prostatectomy specimens over the
period of the study. There was no central pathology review. There have been well-described
interpretive changes on prostate cancer grading over the years.30 This should not have a
significant effect on our findings since the grading on both biopsies and radical prostatectomy
specimens was concurrent. However, this is the largest examination of pathologic upgrading
of potential candidates for AS. It is a multicenter study, which likely makes the results more
applicable to clinical practice. Importantly, it is the only examination of the surgical outcomes
of potential AS candidates that includes PSA recurrence and PSADT information and a
significant follow-up interval. As our study shows for the first time in a large multicenter cohort,
the risk of biochemical progression after RP of these potential AS candidates is very low.

CONCLUSIONS
Upgrading at radical prostatectomy is common among men with very low–risk prostate cancer
who are candidates for AS. Most men with low-risk prostate cancer treated with radical
prostatectomy experience long-term PSA control. Those who do recur often do so with a long
PSADT. Older men and obese men were at increased risk of recurrence.
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Figure 1.
(a) Actuarial 10-year Kaplan-Meier estimates of biochemical recurrence rates of men who were
candidates for active surveillance. (b) Actuarial 10-year Kaplan- Meier estimates of
biochemical recurrence rates of men who were candidates for active surveillance with the
lowest risk of progression, defined by age <60, not obese, and no Agent Orange exposure. (c)
Actuarial 10-year Kaplan-Meier estimates of biochemical recurrence rates of men who were
candidates for active surveillance with the lowest risk of progression, defined by age <60, not
obese, and no Agent Orange exposure, stratified by age (log-rank, p=0.003).
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TABLE 1

Pre-operative clinical, postoperative pathological, and follow-up characteristics of men undergoing radical
prostatectomy in the SEARCH Database who were potential active surveillance candidates

No. patients 347

Mean age ± SD (yr) 60.3 ± 6.5

Median year of surgery (IQR) 2001 (1998, 2003)

No. Race (%)

 Non-black 202 (58)

 Black 145 (42)

No. body mass index (%)

 Normal weight 90 (28)

 Overweight 126 (39)

 Obese 107 (33)

No. Agent Orange Exposure (%) 58 (19)

PSA (ng/ml)

 Mean ± SD 5.7 ± 2.2

 Median 5.5

No. biopsy Gleason score (%)

 4 19 (5)

 5 33 (10)

 6 295 (85)

No. clinical stage (%)

 T1a 4 (1)

 T1c 251 (72)

 T2a 92 (27)

Median biopsy cores obtained (IQR) 8 (6, 10)

No. cores positive (%)

 1 227 (65)

 2 120 (35)

No. pathological Gleason score (%)

 2–6 220 (64)

 3+4 97 (28)

 ≥4+3 29 (8)

No. positive surgical margins (%) 122 (35)

No. extracapsular extension (%) 56 (16)

No. seminal vesicle invasion (%) 7 (2)

No. positive lymph nodes (%) 0 (0)

No. lymph adenectomy not performed (%) 120 (35)

Follow-up length (months)

 Mean ± SD 58 ± 38

 Median 54

No. recurrences (%) 55 (16)
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Median PSA doubling time at recurrence* (mo) 20.2

*
data only available on 27 of the 56 men with recurrence
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TABLE 2

Cox proportional hazards analysis of factors predicting time to biochemical recurrence following radical
prostatectomy among patients who were candidates for active surveillance in the SEARCH database

Hazards Ratio 95% CI p Value

Univariate analysis:

 Serum PSA 1.09 0.95 – 1.25 0.21

 Black race 1.67 0.92 – 3.06 0.09

 Age 1.07 1.02 – 1.13 0.01

 Year of surgery 0.97 0.88 – 1.06 0.48

 Clinical stage (T2 vs. T1) 0.81 0.41 – 1.60 0.55

 Number of cores positive (2 vs. 1) 1.16 0.63 – 2.14 0.63

 Agent Orange exposure 2.08 1.06 – 4.07 0.03

 Body mass index (relative to normal weight)

  Overweight 0.81 0.35 – 1.86 0.62

  Obese 1.80 0.87 – 3.75 0.12

Multivariate analysis:

 Age 1.08 1.03 – 1.14 0.004

 Agent Orange exposure 2.37 1.19 – 4.71 0.01

 Obesity 1.86 1.01 – 3.40 0.045
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