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Abstract

Purpose—We determined whether the pattern of low detectable prostate specific antigen during 

the first 3 years of followup after radical prostatectomy would predict subsequent biochemical 

recurrence.

Materials and Methods—An institutional database was queried to identify 1,136 patients who 

underwent open retropubic or robot-assisted radical prostatectomy between January 5, 1993 and 

December 29, 2008. After applying exclusion criteria we used serum prostate specific antigen and 

the prostate specific antigen pattern during the first 3 years of followup to divide 566 men into 3 

groups, including 1) undetectable prostate specific antigen (0.03 ng/ml or less), 2) low detectable-

stable prostate specific antigen (greater than 0.03 and less than 0.2 ng/ml, no 2 subsequent 

increases and/or prostate specific antigen velocity less than 0.05 ng per year) and 3) low 

detectable-unstable prostate specific antigen (greater than 0.03 and less than 0.2 ng/ml, 2 

subsequent increases according to NCCN criteria and/or prostate specific antigen velocity 0.05 ng 

per year or greater). The primary end point was biochemical recurrence, defined as prostate 

specific antigen 0.2 ng/ml or greater, or receipt of radiation therapy beyond 3 years of followup.

Results—Seven-year biochemical recurrence-free survival was 95%, 94% and 37% in the 

undetectable, low detectable-stable and low detectable-unstable groups, respectively (log rank test 

p <0.0001). On multivariate analysis the prostate specific antigen pattern during 3 years 

postoperatively (undetectable vs low detectable-unstable HR 15.9 and vs low detectable-stable HR 

1.6), pathological T stage (pT2 vs greater than pT2 HR 1.8), pathological Gleason score (less than 

7 vs 7 HR 2.3 and less than 7 vs 8–10 HR 3.3) and surgical margins (negative vs positive HR 1.8) 

significantly predicted biochemical recurrence.

Conclusions—The combination of prostate specific antigen velocity and NCCN criteria for 

biochemical recurrence separated well men with low detectable prostate specific antigen after 

radical prostatectomy into those who required treatment and those who could be safely watched.
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Radical prostatectomy provides excellent long-term cure rates in most men with clinically 

localized disease.1 PSA is the most sensitive and widely used method to detect recurrence 

after RP. Increasing PSA after curative therapy without clinical or radiological evidence of 

disease is termed BCR. The incidence and behavior of BCR depend on its definitions.2 The 

NCCN divides men with BCR into 3 groups, including 1) those whose PSA fails to decrease 

to undetectable levels after RP (persistent disease), 2) those who achieve undetectable PSA 

after RP with a subsequent detectable PSA level that increases on 2 or more subsequent 

laboratory determinations (recurrent disease) and 3) those with low detectable, persistent 

PSA.3 However, exact definitions were not provided for the third group. PSA greater than 

0.4 or greater than 0.2 ng/ml has been used in most studies as a BCR cutoff point.1,2 There is 

no consensus regarding treatment in men with detectable PSA less than 0.2 ng/ml.

As many as 40% of patients experience BCR after RP4 but the significance of BCR remains 

unclear. A reported 13% to 36% of patients with BCR experience clinical progression and 

1.1% to 14% die of the disease.5 BCR precedes clinical recurrence in almost all patients.6 

Those with BCR are at increased risk for subsequent metastasis and mortality.7 However, 

others reported that BCR correlated poorly with overall survival and expressed doubt about 

its clinical significance.8 About a third of patients with BCR receive secondary treatment9 

but the best treatment in an individual with BCR remains controversial. Options for men 

with BCR include ADT, adjuvant or salvage XRT with or without ADT, or observation. 

Recent meta-analyses suggested that the treatment response rate for salvage XRT depends 

on pretreatment PSA and recommended initiating salvage XRT at the lowest possible 

PSA.10,11 On the other hand, early initiation of secondary treatment could lead to 

overtreatment since the natural history of BCR is prolonged and difficult to predict in an 

individual.

Shinghal at al described a subset of patients with detectable nonprogressive PSA recurrence 

after RP who did not show a progressive increase in serum PSA or clinical progression after 

10 years of followup.12 Most of these men were characterized by late BCR (longer than 36 

months after RP) and low PSA at BCR but no clinical or pathological characteristics were 

identified that predicted stable disease.

We hypothesized that men with low detectable and stable PSA should show the 

characteristics of men with undetectable PSA. To test this hypothesis we determined 

whether the pattern of low detectable PSA during the first 3 years of followup and/or 

clinicopathological characteristics were predictors of subsequent BCR.

MATERIALS AND METHODS

Patients

Institutional review board approval was obtained to query an institutional RP database to 

identify 1,136 patients who underwent ORP or RARP, performed by different surgeons 
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between January 5, 1993 and December 29, 2008. Clinicopathological variables were 

populated retrospectively into a database until 2004, when data were collected and entered 

prospectively. Study exclusion criteria were fewer than 4 years of followup, preoperative 

ADT or XRT, lymph node metastasis, XRT or ADT, or PSA greater than 0.2 ng/ml within 

the first 3 years after RP, loss to followup and followup elsewhere due to the variable quality 

of PSA measurement. Serum PSA and the PSA pattern during the first 3 years of followup 

were used to divide the remaining 566 men into 3 groups, including 1) UD PSA (0.03 ng/ml 

or less), 2) LD-stable PSA (greater than 0.03 and less than 0.2 ng/ml, no 2 subsequent 

increases and/or PSAV less than 0.05 ng per year) and 3) LD-unstable PSA (greater than 

0.03 and less than 0.2 ng/ml, 2 subsequent increases and/or PSAV 0.05 ng per year or 

greater). PSAV was calculated for 2 or more PSA values during 1 year or greater. PSAV 

thresholds less or greater than 0.05 ng per year did not improve the separation between the 

unstable and stable groups.

PSA Measurement and Followup

Serum PSA was measured using the Hybritech® PSA assay and the PHOTON™ Era™ 

Immunoanalyzer with 0.03 ng/ml sensitivity since 1993, the Immuno 1™ Immunoanalyzer 

with 0.03 ng/ml sensitivity since 1999 and the Centaur Immunoassay analyzer (Siemens 

Healthcare, Erlangen, Germany) with 0.01 ng/ml sensitivity since 2004. Serum PSA was 

measured routinely 6 weeks after RP, every 6 months for 5 years and annually thereafter 

unless prostate cancer was organ confined and PSA was undetectable, in which case PSA 

was measured annually from years 1 to 5. Additional PSA levels were measured as clinically 

indicated. Digital rectal examination was performed at each annual or semiannual visit and 

additional tests were done according to NCCN guidelines. Indications for initiating 

secondary treatment varied during the years. However, all recommendations for care have 

been NCCN guideline compliant since 2003. BCR was defined as PSA 0.2 ng/ml or greater, 

or receipt of XRT after 3 years of followup. Systemic progression was defined as 

demonstrable metastasis on computerized tomography, magnetic resonance imaging or 

radionuclide bone scan and/or positive tissue biopsies outside the prostatic bed.

Statistical Analysis

Patient baseline characteristics are reported by PSA group using the mean, median and SD 

for continuous variables and frequencies, and relative frequencies for categorical variables. 

Comparisons were made between groups using the Kruskal-Wallis and Fisher exact 

(Freeman-Halton extension) tests for continuous and categorical variables, respectively. 

Postoperative BCR-free survival was summarized using standard Kaplan-Meier methods 

with between group comparisons made using the log rank test. Univariate Cox regression 

models were used to determine HRs. Patients were censored at last followup or death if 

BCR had not been attained. A multivariate Cox regression model was used to evaluate the 

association between BCR-free survival and PSA groups in the presence of other factors. 

Model variables were evaluated using HRs and model overall performance was summarized 

using the concordance index. All analysis was done using SAS®, version 9.3 with a 

significance level of 0.05.
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RESULTS

A total of 570 men were excluded from study using a priori criteria. Preoperatively 124 men 

(11%) received ADT and 5 received XRT. Lymph node metastases were found in 20 men 

(2%). XRT was administered to 146 men (13%), ADT was initiated in 23 (2%) and PSA 

was greater than 0.2 ng/ml in 6 (0.5%) within the first 3 years after RP. Followup was done 

elsewhere in 120 patients (10%) and 126 (11%) had fewer than 4 years followup. Tables 1 

and 2 list baseline demographic, clinical and pathological characteristics, and outcomes of 

the groups, respectively. Median followup was 82 months (range 38 to 224).

Seven-year BCR-free survival was 95%, 94% and 37% in the UD, LD-stable and LD-

unstable groups, respectively (log rank test p <0.0001, fig. 1). The incidence of LD PSA 

during the first 3 years after RP was lower after ORP than after RARP (chisquare test p 

<0.0001, fig. 2).

Parameters associated with BCR after 3 years of followup were analyzed using Cox 

regression models. Univariate models revealed significant associations among the PSA 

groups for PSA kinetics, NCCN risk group, clinical and pathological Gleason grade, 

pathological T stage and surgical margin status (table 3). On multivariate analysis PSA 

group, pathological Gleason score, T stage and surgical margins were the only predictors of 

subsequent BCR (table 3).

Four patients (1%) experienced systemic progression during followup and 38 (7%) died, 

including 1 of prostate cancer. Therefore, there was insufficient power to estimate median 

systemic progression-free and cancer specific survival. Of the patients 11 (8%) were treated 

with XRT before PSA reached 0.2 ng/ml, including 7 in the LD-unstable PSA group.

DISCUSSION

The most commonly reported measure of prostate cancer control after RP has been BCR. 

However, BCR does not always translate into clinical progression due to the heterogeneous 

natural history of BCR.1,13,14 BCR precedes systemic relapse in almost all patients and men 

with BCR are at increased risk for additional treatment,9 which is administered in an attempt 

to prevent metastasis and death.7

Most reports and guidelines have used PSA greater than 0.2 or greater than 0.4 ng/ml as a 

cutoff point for BCR.1,2 ASTRO (American Society for Radiation Oncology)/AUA 

(American Urological Association) guidelines for adjuvant and salvage XRT after RP define 

BCR as detectable or increasing PSA that is 0.2 ng/ml or greater after RP with a second 

confirmatory level of 0.2 ng/ml or greater.15 NCCN defines BCR as PSA that fails to 

decrease to undetectable levels after RP or undetectable PSA after RP with a subsequent 

detectable PSA level that increases on 2 or more subsequent laboratory determinations.3 

Thus, NCCN guidelines may consider additional treatment after RP for detectable PSA 

when PSA is less than 0.2 ng/ml. Each guideline recommends that adjuvant radiotherapy be 

considered in patients with adverse pathological findings at RP (seminal vesicle invasion, 

positive surgical margins or extraprostatic extension) regardless of PSA level.
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To our knowledge this is first study to address treatment in men with PSA less than 0.2 

ng/ml after RP. We describe patients in whom PSA became detectable during the first 3 

years after RP and did not exceed 0.2 ng/ml. We used NCCN criteria for BCR and PSAV to 

divide men with low detectable PSA into groups, including LD-unstable and LD-stable. 

These definitions were stronger predictors of BCR (HR 15.9) than pathological Gleason 

score, stage or surgical margin status on multivariate analysis. The LD-stable group included 

patients with adverse pathological features but the followup course was benign and BCR-

free survival was similar to that in the UD group (94% and 95%, respectively, table 1). In 

contrast, only 37% patients in the LD-unstable group remained free of BCR at 7 years of 

followup. Shinghal at al previously reported that patients with detectable, nonprogressive 

PSA recurrence after RP could be observed safely with rigorous PSA kinetics followup 

before recommending adjuvant therapy, imaging or anastomotic biopsy.12 However, no 

clinical or pathological characteristics were identified that could predict stable disease.

The LD-unstable group appeared to have a high frequency of residual cancer that was the 

source of PSA but in the LD-stable group the source of PSA remains uncertain. An 

explanation of detectable PSA in that group is nonprostatic expression. PSA released from 

sources other than prostate tissue may interfere with the diagnosis of prostate cancer 

recurrence.16 This risk may increase when ultrasensitive PSA assays are used. The Lepor 

group reported that ultrasensitive PSA nadirs are independent predictors of BCR.17,18 

However, others reported that ultrasensitive assays may be more likely to detect PSA that is 

not of prostate origin and may inappropriately increase the frequency of detectable 

PSA.16,19

Another possibility is that some patients may have residual benign prostate tissue post-

operatively.20 Up to 53% of urethral stump and 38% of bladder neck biopsy specimens 

showed benign glands after ORP.20,21 The incidence may be higher in men who underwent 

RARP because of more precise dissection during RARP, especially if bladder neck sparing 

or veil of Aphrodite nerve sparing approaches were used.22 In our study RARP was 

associated with a higher incidence of LD PSA than ORP (34% or 106 patients vs 16% or 41, 

fig. 2). Widespread adoption of the robotic platform for RP may increase the incidence of 

low detectable PSA after RP.

Men in whom persistent but stable postoperative PSA is due to residual prostate cancer 

should be distinguished from those in whom detectable PSA is due to benign prostate tissue 

or extraprostatic sources. Data from 3 randomized clinical trials demonstrated that adjuvant 

XRT benefited men with high risk pathological features at RP23–26 and improved overall 

survival.27 A recent meta-analysis recommended that salvage XRT be delivered at the 

lowest possible PSA.10,11 Treating all men with any detectable PSA could lead to 

overtreatment and increase the incidence of treatment related toxicity. Overtreatment may 

increase further since many urology groups have integrated intensity modulated radiation 

therapy in their practice.28

Overtreatment was not observed in this study because decisions to deliver salvage XRT 

were not based on a single PSA test. A total of 11 patients received XRT before PSA 

became 0.2 ng/ml, including 7 in the LD-unstable PSA group. If XRT had been 
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administered using NCCN criteria for BCR, more than 90% of the men in the LD-stable 

group could have been overtreated. If ASTRO/AUA definitions for BCR had been used, 

men in the LD-unstable group would have experienced delayed XRT. XRT should not be 

delayed when salvage XRT is indicated since BCR-free survival increases when pre-XRT 

PSA levels are lower.10 Dividing men with low detectable PSA into LD-stable and LD-

unstable groups may allow earlier identification of those destined to experience relapse after 

RP and improve treatment results while avoiding the toxicity associated with unnecessary 

salvage XRT.

Fewer than a third of patients with BCR after RP experienced systemic recurrence.1 In those 

with progression BCR predates metastatic disease progression by an average of 8 years and 

prostate cancer specific mortality by 13 years. A favorable cohort of men for disease 

recurrence (PSA less than 0.2 ng/ml within the first 3 years after RP) was selected for study. 

Therefore, a limited number of events of clinical progression (3 UD cases and 1 LD-unstable 

case) and cancer specific mortality (1 UD case) were observed during the median followup 

of 7 years (table 2). Men with LD PSA represent a special group who have a protracted 

disease recurrence course after RP.

Metastasis specific and cancer specific survival was not estimated due to the short followup. 

Men with prostate cancer are often older than 60 years so that competing causes of mortality 

may obscure the ability of BCR to predict death from prostate cancer.29 Men have been 

reported to be as likely to die of a competing cause as of prostate cancer within 15 years of 

BCR.30 Therefore, estimating life expectancy is crucial in this patient cohort before 

additional treatment is recommended.

This study has some limitations. This is a retrospective series, which may have introduced 

selection bias with time. Patients were included in the analysis who underwent ORP and 

RARP performed by different surgeons who used different surgical techniques, including 

different apical and bladder neck dissection techniques, and different criteria for nerve 

sparing. PSA assays and recommendations for treatment differed during the study course. 

Patients were assigned to a PSA group based on PSA values and kinetics measured during 

the first 3 years of followup. Therefore, most patients at high risk had undergone additional 

treatment. Of those studied 5% had Gleason sum greater than 7 and 21% had greater than 

pT2 disease. These findings do not apply to patients at high risk, who should be considered 

for immediate adjuvant/salvage XRT. Finally, much longer followup is required to 

determine the impact of low detectable PSA on metastasis specific and cancer specific 

survival.

CONCLUSIONS

Treatment of patients with low detectable PSA should be individualized. Men in whom PSA 

becomes detectable at low levels after RP can be divided into 2 groups using a combination 

of PSAV and NCCN criteria for BCR. Men with LD-unstable PSA experience BCR and can 

start salvage XRT at a lower tumor volume. However, men with LD-stable PSA do not often 

experience disease progression and can be followed safely. Men with LD-stable PSA after 

RP can/should avoid the anxiety, toxicity and costs associated with additional treatment.
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Abbreviations and Acronyms

ADT androgen deprivation therapy

BCR biochemical recurrence

LD low detectable

NCCN® National Comprehensive Cancer Network®

ORP open retropubic RP

PSA prostate specific antigen

PSAV PSA velocity

RARP robot-assisted RP

RP radical prostatectomy

UD undetectable

XRT radiation therapy
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Figure 1. 
Kaplan-Meier plot of time to BCR
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Figure 2. 
Incidence of LD PSA during first 3 years after RP
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Table 2

Outcomes by PSA group

UD LD-Stable LD-Unstable Overall

No. pts 419 93 54 566

No. BCR events (%) 27 (6) 7 (7) 37 (68) 71 (12)

No. BCR surgery type:

  ORP 26 5 15 46

  RARP 1 2 22 25

No. XRT for PSA less than 0.2 ng/ml 2 2 7 11

No. XRT 13 4 24 41

No. ADT 4 1 2 7

No. XRT/ADT 1 0 1 2

No. metastasis 3 0 1 4

No. death 36 0 2 38

No. prostate Ca death 1 0 0 1

Median followup (mos) 85 69 84 –

Median followup to PSA greater than 0.2 ng/ml (mos) 84 96 51 –

% 7-yr BCR-free survival 95.1 94.5 37.3 –
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Table 3

Univariate and multivariate BCR models

HR (95% CI) p Value

Univariate

PSA group:

  UD vs LD-unstable 18.14 (11.36–28.97) <0.001

  UD vs LD-stable 1.63 (0.78–3.41)

Pretreatment PSA (ng/ml):

  Less than 4 vs 4–10 1.69 (0.84–3.40) 0.162

  Less than 4 vs greater than 10 2.29 (0.98–5.36)

Clinical Gleason sum:

  Less than 7 vs 7 2.02 (1.26–3.21) <0.001

  Less than 7 vs 8–10 4.06 (1.97–8.35)

cT:

  Less than T1c vs T1c 0.50 (0.07–3.60) 0.652

  Less than T1c vs greater than T1c 0.58 (0.08–4.25)

NCCN clinical risk group:

  Low vs intermediate 1.62 (0.96–2.63) <0.001

  Low vs high 3.50 (1.86–6.60)

Surgery type (open vs robotic) 1.12 (0.66–1.89) 0.672

pT (pT2 vs greater than pT2) 2.72 (1.75–4.20) <0.001

Pathological Gleason sum:

  Less than 7 vs 7 2.29 (1.40–3.74) <0.001

  Less than 7 vs 8–10 4.75 (2.32–9.72)

Surgical margin status (neg vs pos) 2.36 (1.49–3.78) <0.001

Multivariate

PSA group:*

  UD vs LD-unstable 15.97 (9.85–25.9) <0.001

  UD vs LD-stable 1.65 (0.79–3.45)

pT (pT2 vs greater than pT2) 1.76 (1.13–2.76) 0.013

Pathological Gleason sum:

  Less than 7 vs 7 2.32 (1.39–3.85) <0.001

  Less than 7 vs 8–10 3.37 (1.62–7.03)

Surgical margin status (neg vs pos) 1.76 (1.1–2.81) 0.019

*
Concordance index 0.827 (95% CI 0.778–0.887).
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