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Abstract

Purpose—The risk of biochemical recurrence is inversely related to the relapse-free interval 

after radical prostatectomy. We examined predictors of late biochemical recurrence, and the 

relationship between timing of biochemical recurrence and long-term survival outcomes.

Materials and Methods—Of 10,609 men treated with radical prostatectomy 1,684 had 

biochemical recurrence. We examined predictors of late biochemical recurrence (more than 10 

years after radical prostatectomy), and calculated metastasis- free and cancer specific survival 

rates from the time of biochemical recurrence. In the subset of 1,583 men with an undetectable 

prostate specific antigen at 10 years we calculated actuarial metastasis-free and cancer specific 

survival estimates at 20 years after radical prostatectomy.

Results—Of the biochemical recurrence studied 77.0%, 16.6%, 4.9% and 1.5% occurred at 5 or 

less, greater than 5 to 10, greater than 10 to 15 and more than 15 years postoperatively. Late 

recurrence was associated with more favorable pathological features, as well as higher metastasis-

free and cancer specific survival rates. For men with an undetectable prostate specific antigen at 

10 years the actuarial probability of biochemical recurrence and metastasis at 20 years varied by 

stage and grade, with no metastases in patients with a prostatectomy Gleason score 6 or less. A 

single patient with an undetectable prostate specific antigen at 10 years died of prostate cancer 

within 20 years after radical prostatectomy.

Conclusions—Men with an undetectable prostate specific antigen for more than 10 years have a 

low risk of subsequent biochemical recurrence, with correspondingly lower rates of metastasis and 

death. These patients should be counseled that their risk of subsequent cancer related morbidity 

and mortality is low. Furthermore, these results suggest that annual prostate specific antigen 

testing may be safely discontinued after 10 years for men with a prostatectomy Gleason score 6 or 

less and/or limited life expectancy.
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Despite controversy regarding its use in prostate cancer screening, PSA is a sensitive marker 

for recurrence after radical prostatectomy.1 Although BCR is biologically heterogeneous, it 

serves as a harbinger of possible local and/or systemic progression.2 Among men with an 

initially undetectable postoperative PSA, subsequent PSA increases typically precede the 

onset of metastatic disease and disease specific death by 8 and 13 years, respectively.

Risk factors for BCR after RP include preoperative PSA, biopsy features, clinical stage and 

adverse prostatectomy pathology.3 Many nomograms and prediction tools have been 

designed to help predict the risk of BCR.4 Prior studies have suggested that the risk of BCR 

is time varying, with the majority occurring in the first few years after RP. For example, 

with an average of 6.8 followup PSA measurements per patient, Amling et al reported that 

94% of BCR occurred within 5 years of RP.5 In an earlier report which also had limited 

followup, Pound et al reported 45% of BCR within the first 2 years, 77% within 5 years and 

96% by 9 years after radical prostatectomy.2

Previous studies have also demonstrated divergent risk profiles for early and late BCR. For 

example, Caire et al reported on 1,207 men with BCR after radical prostatectomy divided 

into early (less than 5 years) and late (more than 5 years) groups.6 There was a greater odds 

of Gleason score less than 7 and preoperative PSA less than 10 ng/ml in the delayed BCR 

group compared to the earlier failures. They also found a nonsignificant improvement in 

metastasis-free survival (p = 0.062) and significantly higher cancer specific survival (p = 

0.025) in patients with BCR at more than 5 years.

We examined this issue during a longer followup interval. Specifically we calculated annual 

hazard rates of BCR for more than 25 years postoperatively. In addition, we compared the 

clinical implications of early, intermediate and late BCR with respect to metastasis and 

cancer specific survival. Finally, we examined the likelihood and risk factors for subsequent 

BCR for men with an undetectable PSA 10 years after RP. This information could be useful 

in determining whether and for whom PSA testing is necessary after 10 years without 

recurrence.

METHODS

From 1978 to 2009, 10,720 men with clinically localized prostate cancer underwent RP by 

multiple surgeons at the Johns Hopkins Hospital with followup data. After RP, PSA and 

digital rectal examination were performed quarterly for the first year, semiannually during 

year 2 and annually thereafter. A total of 111 men who received radiation therapy or 

hormonal therapy before BCR were excluded from analysis, resulting in a final study 

population of 10,609. Overall 1,684 (15.9%) men had BCR, defined as a postoperative PSA 

greater than 0.2 ng/ml. These men were classified into 4 groups based on the timing of BCR 

as early (5 years or less), intermediate (greater than 5 to 10 years or less), late (greater than 

10 to 15 years or less) and very late (greater than 15 years).

We calculated the annual hazard rates for BCR in the overall population. Hazard rates were 

calculated as the number of events (BCR) in each 1-year interval divided by the number at 

risk for that interval. Among men with BCR the chi-square test and ANOVA were used to 
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compare clinical and pathological features among the early, intermediate, late and very late 

groups.

For men with BCR the Kaplan-Meier method was used to estimate metastasis-free and 

cancer specific survival rates stratified by the timing of BCR. Due to the small sample with 

very late BCR, the late (greater than 10 to 15 years or less) and very late (greater than 15 

years) recurrence groups were combined for this analysis. The difference between survival 

curves was compared by the log rank test.

Finally, subset analysis was performed in the 1,583 men with an undetectable PSA at 10 

years after RP. For this analysis men with earlier biochemical progression or 10 years or less 

of recurrence-free followup were excluded from study. In the men with more than 10 years 

of confirmed recurrence-free followup we examined the rates of subsequent BCR. Kaplan-

Meier survival analysis was used to examine BCR-free and metastasis-free survival at 20 

years after RP. The probabilities of BCR and metastasis at 20 years were calculated after 

stratifying for pathological stage and Gleason score. Multivariable analyses were not 

performed because the goal of the study was to determine whether a long recurrence-free 

interval identified a group of men at low risk for subsequent failure, but not to quantify the 

independent prognostic impact of the recurrence-free interval. All statistical analysis was 

performed using SAS® v9.2.

RESULTS

In the overall study population the mean age was 58.1 years (range 33 to 81) and the 

majority of men were white (table 1). Median preoperative PSA was 5.7 ng/ml. Clinical 

stage was T1c or less in 6,618 (62.8%) and biopsy Gleason score was less than 7 in 8,021 

(76.0%) men. At radical prostatectomy 6,696 (63.3%) men had organ confined disease. 

Extracapsular extension, positive surgical margins, seminal vesicle invasion and lymph node 

metastases were reported in 3,099 (29.3%), 1,512 (14.3%), 449 (4.2%) and 333 (3.2%) men, 

respectively.

Overall 1,684 (15.9%) men had BCR. There were no significant differences in age or race 

between men with earlier and later BCR. However, preoperative PSA, biopsy Gleason score, 

clinical stage, pathological stage and surgical margin status were significantly different 

among the groups. Of the patients with BCR 247 (18.8%) had local recurrence, 464 (28.9%) 

had metastases and 265 (15.7%) died of prostate cancer. The rate of salvage therapy after 

BCR was similar among the groups.

Part A of the figure shows the Kaplan-Meier estimates of metastasis-free survival after BCR, 

stratified by the timing of BCR. Overall early PSA failure was significantly associated with 

lower subsequent metastasis-free survival than intermediate and late BCR (p <0.0001). The 

median time from BCR to death or censoring was 4, 5 and 3 years in the early, intermediate 

and late BCR groups, respectively. Similarly, cancer specific survival following BCR was 

significantly lower for men with earlier BCR (p <0.0001, part B of figure).

In the subset of 1,583 men with more than 10 years of recurrence-free followup, the mean 

age at surgery was 58 years (range 34 to 73) and the median preoperative PSA was 5.6 
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ng/ml (81% had a PSA of 10 ng/ml or less). Although 55% had clinical stage T2 or greater 

disease, 85.9% had a biopsy Gleason score less than 7. At radical prostatectomy 58.4% had 

organ confined disease with negative surgical margins and 28.4% had a prostatectomy 

Gleason score of 7 or greater. Extraprostatic extension, seminal vesicle invasion and lymph 

node metastases were present in 38.5%, 2.2% and 0.95%, respectively. Men in this subset 

were followed for a median of 4.0 years after the 10-year mark (range 1 to 18) and 251 

(16%) had complete followup out to 20 years after RP.

Overall 99 men (6.3%) in the subset with an undetectable PSA at 10 years had subsequent 

BCR. Table 2 shows the actuarial probability of BCR at 20 years for men with an 

undetectable PSA at 10 years, stratified by pathological stage and Gleason score. As 

expected, men with organ confined disease had a lower probability of BCR by 20 years, 

while the subgroups with positive surgical margins and extraprostatic disease had 

intermediate probabilities. There also appeared to be a greater probability of BCR with 

increasing Gleason score within each pathological stratum.

Of the men with an undetectable PSA at 10 years, 11 had local recurrence and 6 had 

metastatic disease by 20 years after RP. Table 2 also shows the actuarial probability of 

metastasis at 20 years for men with an undetectable PSA at 10 years. Although this analysis 

was limited by the low overall rates of metastasis, no patient with Gleason 6 disease and an 

undetectable PSA at 10 years after RP had metastasis by 20 years. Finally, 1 patient with 

Gleason 7 disease and seminal vesicle invasion experienced BCR at year 15, had metastasis 

at year 16 and died of disease at year 18. Another patient with Gleason 7 disease had an 

increased PSA at year 20, metastasis at year 21 and died of disease at year 23.

DISCUSSION

For patients with prostate cancer treated with initial definitive therapy, the National 

Comprehensive Cancer Network Guidelines recommend PSA testing every 6 to 12 months 

for 5 years, then annual testing.7 No guidelines are provided regarding the requisite duration 

of followup, and more specifically whether PSA testing may be safely discontinued after a 

lengthy disease-free interval.

Nevertheless, the majority of BCR occurs within the first few years after RP.2,5 Indeed, 

numerous studies have calculated annual hazard rates for BCR after radical prostatectomy as 

a way to examine temporal patterns of failure. For example, Amling et al modeled the 

annual hazard rates for recurrence up to 10 years after radical prostatectomy in 2,784 men 

who underwent radical prostatectomy from 1987 to 1993, including 819 with disease 

recurrence.5 The highest hazard rates (8.8 progressions per 100 person-years) were found in 

the first year, which decreased to 4.0 at 9 to 10 years postoperatively. Similarly in our study 

the hazard rate for BCR was highest in the first year after radical prostatectomy, with a 

general decrease thereafter.

Clearly the likelihood of BCR is inversely related to the length of BCR-free followup after 

radical prostatectomy. Stephenson et al created a postoperative nomogram to predict the 10-

year progression-free probability after radical prostatectomy in which the prediction adjusts 
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for the number of months the patient has already remained progression-free.8 In addition to 

confirming these findings during a longer study period, we also show that late BCR is 

associated with a decreased risk of metastasis and prostate cancer mortality once BCR 

occurs. Moreover due to considerable stage migration, many contemporary patients with low 

risk disease have a low risk of BCR at any time after RP. These combined findings suggest 

there may be specific patient populations in which lifelong PSA followup after RP is 

unnecessary.

Tollefson et al recently reported on 2,219 patients with low risk prostate cancer (PSA less 

than 10 ng/ml, pT2N0R0, Gleason 6 or less) treated with radical prostatectomy at the Mayo 

Clinic from 1994 to 2004.9 BCR risk was inversely proportional to the BCR-free interval 

after RP. Among men with an undetectable PSA 5 years after radical prostatectomy, the 

subsequent 5-year BCR rate was only 1.3%. The authors concluded that annual PSA 

measurements are unnecessary for men with an undetectable PSA during the first 3 

postoperative years, and that PSA testing every 2 years should capture the majority of low 

risk patients who will experience BCR.

More recently Ahove et al reported on a smaller cohort of 505 men with no evidence of 

BCR 5 years after radical prostatectomy.10 In this study the median overall followup was 

10.7 years and the 10-year BCR-free probability was 88%. Pathological tumor features 

associated with BCR beyond 5 years included Gleason score 7 or greater, extracapsular 

extension and seminal vesicle invasion. Thus, the authors concluded that patients with these 

features warrant continued PSA followup at least annually beyond the 5-year mark, whereas 

a less intensive followup regimen may be reasonable for those with less aggressive 

pathology who remain progression-free at 5 years.

Our study expands on these findings in a large subset analysis of men with more than 10 

years of BCR-free followup. Although this group was not limited to patients with low risk 

disease, by 20 years BCR occurred in only 6%, with 6 cases of metastatic disease. 

Furthermore, subsequent metastasis and prostate cancer death was a rare event in this 

population, occurring in 2 patients at 18 and 23 years after radical prostatectomy. Overall 

these results suggest that an undetectable PSA at 10 years is a reasonable marker for surgical 

cure. Particularly for men with a short life expectancy, PSA testing may be discontinued 

after 10 years given the low rate of subsequent events by 20 years.

Another interesting finding is that no metastatic disease occurred in men with Gleason 6 or 

less disease, in agreement with the study by Tollefson et al in low risk patients,9 and with 

Ahove et al who reported no distant metastases in the subset with Gleason 6 disease.10 

These combined findings suggest that additional PSA testing may be unnecessary after 10 

years for patients with Gleason 6 or less disease due to the low risk of subsequent adverse 

clinical outcomes.

An alternative approach is to perform PSA testing at different followup intervals depending 

on surgical pathology and risk classification. For example, the frequency of postoperative 

PSA testing might be individually tailored based on the risk of adverse outcomes with an 

individual’s specific clinical and pathological characteristics.
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A limitation of our study is that all RPs were performed at a high volume academic center 

and, thus, the results may not be generalizable to other populations. In addition, our 

statistical analysis was limited by the low rate of metastases, particularly in men with late 

BCR, and the more limited followup after BCR in this group. Although Kaplan-Meier 

estimates account for differences in followup, nevertheless the late and very late BCR 

groups had relatively less opportunity for metastases to develop or to die of prostate cancer. 

If confirmed with longer followup these findings are encouraging with regard to their 

implications for patients with a lengthy disease-free interval after RP. Furthermore, our 

study included patients treated during a lengthy period (1978 to 2009) and the results could 

change in the future due to stage migration.

Strengths of our study include the long duration of followup, allowing the calculation of 

annual hazard rates beyond 10 years (the limit in prior studies) and the examination of a 

large subset with at least 10 years of BCR-free followup. The clinical importance of our 

study was not to quantify the independent prognostic contribution of late BCR, but rather to 

highlight that patients with a lengthy recurrence-free interval constitute a group at low risk 

for subsequent disease recurrence. If confirmed, these findings may be useful in establishing 

future guidelines regarding the duration of PSA testing necessary after RP.

CONCLUSIONS

The highest hazard rates for BCR are found in the first few years after radical prostatectomy, 

with a general decrease over time. More favorable pathology features at prostatectomy were 

more likely among later compared to earlier BCR. Following BCR, actuarial metastasis- free 

and cancer specific survival rates were significantly lower for patients with early (less than 5 

years) compared to intermediate (more than 5 to 10 or less years) or late (more than 10 

years) BCR. Patients with an undetectable PSA for more than 10 years have a low risk of 

subsequent disease related morbidity and mortality, suggesting the possibility of less 

frequent PSA followup. In particular, annual PSA testing after 10 years may be unnecessary 

for men with a prostatectomy Gleason score 6 or less and/or limited life expectancy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Abbreviations and Acronyms

BCR biochemical recurrence

PSA prostate specific antigen

RP radical prostatectomy
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Figure. 
Kaplan-Meier curves for actuarial metastasis-free survival (A) and cancer specific survival 

(B) stratified by BCR timing.
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