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Abstract
• To describe metastasis-free survival (MFS) in men with prostate-specific antigen (PSA)

recurrence following radical prostatectomy, and to define clinical prognostic factors
modifying metastatic risk.

• We conducted a retrospective analysis of 450 men treated with prostatectomy at a tertiary
hospital between July 1981 and July 2010 who developed PSA recurrence (≥0.2 ng/mL)
and never received adjuvant or salvage therapy before the development of metastatic
disease.

• We estimated MFS using the Kaplan–Meier method, and investigated factors influencing
the risk of metastasis using Cox proportional hazards regression.

• Median follow-up after prostatectomy was 8.0 years, and after biochemical recurrence
was 4.0 years. At last follow-up, 134 of 450 patients (29.8%) had developed metastases,
while median MFS was 10.0 years.

• Using multivariable regressions, two variables emerged as independently predictive of
MFS: PSA doubling time (<3.0 vs 3.0–8.9 vs 9.0–14.9 vs ≥15.0 months) and Gleason
score (≤6 vs 7 vs 8–10).

• Using these stratifications of Gleason score and PSA doubling time, tables were
constructed to predict median, 5- and 10-year MFS after PSA recurrence. In different
patient subsets, median MFS ranged from 1 to 15 years.

• In men undergoing prostatectomy, MFS after PSA recurrence is variable and is most
strongly influenced by PSA doubling time and Gleason score. These parameters serve to
stratify men into different risk groups with respect to metastatic progression.

• Our findings may provide the background for appropriate selection of patients, treatments
and endpoints for clinical trials.
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INTRODUCTION
Prostate cancer is the most common male malignancy, with 217–730 new cases in the USA
in 2010 [1]. Although radical prostatectomy can cure appropriately selected patients with
localized disease, 20–40% will experience recurrence within 10 years [2]. Due to the
universal availability and high sensitivity of PSA testing, most patients with disease relapse
after prostatectomy present with a detectable PSA without local or distant recurrence. Once
PSA progression has occurred, the disease is often incurable although survival may be
extensive [3].

Management of PSA-recurrent prostate cancer remains controversial [4,5]. Treatment
options include continuous androgen deprivation therapy (ADT) initiated upon PSA
recurrence [6,7], deferred ADT reserved until metastatic progression [8,9], intermittent ADT
[10,11] or clinical trial participation [12]. A subset of patients with PSA recurrence may
benefit from salvage pelvic irradiation [13]. Understanding the factors that influence risk of
metastatic progression is crucial in choosing optimal-risk-based therapies.

To describe the natural history for such patients, we previously studied 304 men with PSA
recurrence after prostatectomy, of whom 131 had sufficient data to allow calculation of PSA
doubling time (PSADT) [14]. No patient received additional therapy until metastatic
progression. In that analysis, the median time from biochemical recurrence to metastasis,
overall, was 8 years. Given this protracted course, we identified three variables stratifying
patients into different risk groups for metastatic progression: surgical Gleason score, time
from surgery to biochemical recurrence, and PSADT. Since this publication over one decade
ago, other series have confirmed that a rapid PSADT is a strong risk factor for metastasis
[15,16]. However, these series either involved small patient numbers or included men who
received adjuvant/salvage therapies before developing metastases.

To further elucidate the natural history of untreated biochemically recurrent prostate cancer
and to confirm risk factors for metastasis, we sought to update our original analysis using an
expanded cohort of 642 men (of whom 450 had PSADT data) with longer follow-up. To our
knowledge, this is the largest reported cohort of its type. Our ultimate aim is to distinguish
those patients with PSA recurrence that require early aggressive therapy from those in whom
a conservative approach may be reasonable, and to guide the design of prospective clinical
trials in this patient population.

PATIENTS AND METHODS
PATIENTS

Of all men undergoing radical prostatectomy at Johns Hopkins Hospital between July 1981
and July 2010, 1973 developed biochemical recurrence (defined as a postoperative PSA
≥0.2 ng/mL). After eliminating patients who received adjuvant/neoadjuvant or salvage
therapies before the detection of metastases (n = 798), and excluding patients with other
missing information (n = 533), 642 men remained (Fig. 1). Only 450 men had sufficient data
to allow calculation of PSADT, and these patients alone formed our cohort. Patients were
followed through December 2010.

This was a retrospective analysis of prospectively collected data from a large cohort of men
undergoing prostatectomy for localized disease. Data came from the Johns Hopkins Master
Prostatectomy Database which stores clinical, pathological and demographic information
under a consent waiver allowing its use for research without disclosing patient identifiers.
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The database is approved by the Johns Hopkins institutional review board, and meets the
requirements of the Health Insurance Portability and Accountability Act.

After prostatectomy, patients were generally followed with PSA measurements and rectal
examinations every 3 months for the first year, every 6 months for the second year and every
12 months thereafter. Upon biochemical recurrence, PSA was measured approximately
every 6 months, and imaging with CT and radionuclide bone scan was generally performed
at baseline and then annually (or sooner if symptoms developed, e.g. bone pain). Because
many patients did not receive regular postoperative evaluations at Johns Hopkins, follow-up
protocols were not always uniform. Metastatic disease was defined as the presence of
osseous metastases on bone scan, or visceral (liver, lung, brain) or extra-pelvic nodal
metastases on CT scan. Magnetic resonance imaging was sometimes used to re-evaluate
indeterminate lesions. Metastasis-free survival (MFS) was defined as the time interval from
biochemical recurrence to initial metastasis. Patients were captured at the time of their first
positive scan or censored at the time of their last confirmed negative scan. Deaths occurring
before metastasis were also censored.

PSADT CALCULATION
PSADT was calculated using the log of 2 divided by the slope of the linear regression line of
the log of PSA value against time (in months). All PSA values ≥0.2 ng/mL obtained within
24 months after biochemical recurrence were used. A minimum of two PSA levels collected
≥3 months apart were required. Because no patient received salvage therapy upon
biochemical recurrence, PSADT determinations were not influenced by treatment.

STATISTICAL ANALYSIS
Comparisons between patient subgroups were performed using chi-squared tests for
categorical data and t tests for continuous data. Age at surgery, preoperative PSA level
(logarithmically transformed) and time to PSA recurrence were considered continuous
variables. Race (white, non-white), clinical stage (T1, T2, T3), Gleason sum (4–6, 7, 8–10),
pathological stage (organ-confined, extracapsular extension, seminal vesicle invasion, lymph
node involvement), surgical margin status (positive, negative) and PSADT (<3, 3–8.9, 9–
14.9, ≥15 months) were considered categorical variables.

Risk factors for metastasis were examined using Cox proportional hazards models.
Univariate exploratory analyses showed that grouping Gleason score as ≤6 vs 7 vs 8–10 and
time to biochemical recurrence as ≤3 vs >3 years maximized the likelihood ratio chi-squared
for metastasis; these groupings were used in the multivariable model. For multivariable
analysis, Cox proportional hazards regression was used. Variables entered into the model
included age, race, preoperative PSA, clinical stage, Gleason score, extraprostatic extension,
seminal vesicle invasion, lymph node involvement, surgical margin status, time to
biochemical recurrence and PSADT. MFS probabilities were estimated for the whole cohort
and within strata of prognostic factors using Kaplan–Meier methodology, and survival curve
differences were evaluated using the log-rank test. Kaplan–Meier analyses used the time of
PSA recurrence as time zero.

The predictive performance of the Cox model was assessed using the concordance (C)
index. The C index was calculated with bootstrap correction for overfitting, after internal
validation with 1000 bootstrap replications. Median, 5- and 10-year MFS estimates were
derived from Kaplan–Meier curves, and 95% CIs were calculated using Greenwood’s
formula [17]. In some subgroups, the upper confidence limit for median survival was not
computable and was represented as >tmax, where tmax was the maximum survival time
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observed for that subgroup. The significance level was 0.05 for all statistical tests, and
analyses were performed using SAS version 9.1 (SAS Institute, Cary, NC, USA).

RESULTS
Clinical features of the 450 men with PSA-recurrent prostate cancer forming our cohort are
summarized in Table 1. Most patients had pathologically non-organ-confined disease and
Gleason scores ≥7. Median follow-up after surgery was 8.0 years, and after biochemical
recurrence was 4.0 years. Median time from surgery to biochemical recurrence was 3.0
years. At last follow-up, 134 of 450 patients (29.8%) had developed metastases. The
characteristics of these patients are shown in Table 1. Sites of the first documented
metastasis included bone in 121 patients (90.3%), extra-pelvic lymph nodes in six patients
(4.5%), lung in three patients (2.2%), liver in three patients (2.2%) and brain in one patient
(0.8%). The median (range) PSA at the time of initial metastasis was 31.4 (0.2–798.5) ng/
mL.

Median MFS after PSA recurrence was 10.0 years (95% CI 8.0–14.0 years) (Fig. 2). Five-
and 10-year MFS probabilities were 67.3% (95% CI 61.4–72.4%) and 48.2% (95% CI 40.1–
55.8%), respectively. Univariate proportional hazards models showed significant
associations with MFS for race, Gleason sum, seminal vesicle invasion, lymph node
involvement, time to biochemical recurrence and PSADT (Table 2). On multivariable
analysis, only Gleason sum (≤6 vs 7 vs 8–10) and PSADT (<3.0 vs 3.0–8.9 vs 9.0–14.9 vs
≥15 months) emerged as statistically significant independent predictors of metastasis (Table
2). When PSADT was considered as a continuous variable, it remained a significant
predictor of MFS on multivariable analysis (hazard ratio 0.98, 95% CI 0.96–0.99, P <
0.001).

To identify clinically relevant patient subgroups, we explored various PSADT cut-points by
dividing patients into groups based on 3-month PSADT increments: <3.0, 3.0–5.9, 6.0–8.9,
9.0–11.9, 12.0–14.9, 15.0–17.9, 18.0–20.9 and 21.0–23.9 months. Patients with PSADT ≥24
months were combined into one group. PSADT groups were then examined in multivariable
analysis and groups with statistically similar hazard ratios were combined. This resulted in
four PSADT categories: <3.0, 3.0–8.9, 9.0–14.9 and ≥15 months. The bootstrapped
concordance index (C) of the multivariable model using PSADT as a categorical variable to
estimate MFS was 0.84. Notably, when PSADT was treated as a continuous variable, the
bootstrapped C index of the multivariable model was 0.85, suggesting that predictive
accuracy was not lost by using these artificial subdivisions of PSADT.

Figure 3 shows MFS curves stratified by the two statistically significant predictive variables.
In addition, estimates of median, 5- and 10-year MFS (segregated by these two variables)
are provided in Table 3. As shown, risk of metastatic progression is highest for men with
Gleason scores 8–10 (vs lower Gleason scores) and PSADT <3.0 (vs longer PSADTs).
Metastatic risk diminishes incrementally for patients in successively higher PSADT
subgroups, with lowest risk conferred on those with PSADT ≥15 months.

To evaluate whether inclusion only of patients with PSADT information may have biased
our estimation of MFS, we compared baseline characteristics between men with and without
PSADT data. To this end, considering all patients with PSA recurrence (n = 642), those with
(n = 450) and without (n = 192) available PSADT data did not differ significantly with
respect to race (P = 0.41), preoperative PSA (P = 0.21), Gleason score (P = 0.19), surgical
margin status (P = 0.34) or time to PSA recurrence (P = 0.29). Interestingly, patients with
PSADT information were older at the time of prostatectomy (mean 59.9 vs 58.7 years; P =
0.03) and had higher rates of non-organ-confined disease (81.3% vs 71.9%; P = 0.02),
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perhaps suggesting that MFS estimates may have even been underestimated in the present
study.

DISCUSSION
Prostate cancer recurrence, heralded by a rising PSA after local therapy, represents a
challenging dilemma. Although treatment with ADT is the standard for metastatic disease
[18,19], optimal management of PSA recurrent disease is unclear [4,5,9]. Therefore,
identifying and treating patients at highest risk of metastasis would probably have the
greatest impact on patient outcomes, especially since most prostate cancer deaths occur in
men with metastatic disease. Moreover, the interval from prostatectomy to metastasis itself
predicts cancer-specific mortality [8,14].

We and others have previously shown that the natural history of untreated PSA recurrent
disease is extensive but variable [3,14–16]. In our initial report [14], we studied 304 patients
with post-prostatectomy biochemical recurrence, of whom 131 had PSADT information.
The present updated analysis includes more patients (450 vs 131) with longer post-surgical
follow-up (median, 8.0 vs 5.0 years), showing that median MFS after biochemical
recurrence was 10.0 years overall. We show that two risk factors are independently
predictive of MFS (PSADT and Gleason score, but not time to PSA recurrence) and have
used these two parameters to construct tables enabling crude stratification by metastatic risk
for patients with different PSADTs and Gleason scores. Importantly, the increased sample
size of the present analysis has allowed us to examine four categories of PSADT (<3.0 vs
3.0–8.9 vs 9.0–14.9 vs ≥15.0 months), not just two categories (<10.0 vs ≥10.0 months) as in
our original report. Our updated tables suggest that risk of metastatic progression after
biochemical recurrence is variable and can be further characterized by knowledge of the
PSADT and Gleason score, with median MFS ranging from 1.0 year in the highest risk
group to 15.0 years in the lowest risk group (Table 3). Finally, although the absolute number
of patients in this analysis is small, this represents the largest such data set in the medical
literature.

Examination of multivariable regression results reveals that PSADT is the strongest
predictor of metastasis. Since first recognized as an important prognostic factor 18 years ago
[20], multiple studies have confirmed that PSADT is a predictor not only of clinical
progression and metastasis [16,21,22] but also of prostate-cancer-specific mortality
[3,13,23,24]. Moreover, the prognostic importance of PSADT in patients with biochemical
recurrence is independent of the type of local therapy (prostatectomy or radiotherapy).
However, optimal PSADT cut-points for differential stratification of patients remain
uncertain. Previous reports suggested cut-points of ≤3 vs >3 months [24], ≤6 vs >6 months
[16], ≤10 vs >10 months [14] and ≤12 vs >12 months [23]. In this analysis, to explore
multiple PSADT cut-points in an unbiased way (and to improve upon our initial study [14]),
we stratified patients into groups by 3-month intervals and identified three PSADT cut-
points comprising four risk groups. However, since the relationship between PSADT and
metastasis is probably continuous rather than discrete, this may explain why others have
found different subdivisions of PSADT also stratifying patients into distinct risk groups.

Higher Gleason score was another significant predictor of metastasis. This is in keeping with
results of other studies showing that Gleason score is significantly associated with risk of
metastasis [16] and death from prostate cancer [2,25]. Again, there is no uniformity
regarding optimal cut-points in Gleason score that best discriminate between high and low
risk populations, and this may partially relate to methods of Gleason score assignment by
pathologists. Additionally, some have suggested that Gleason score may not help risk-
stratify patients after accounting for PSADT [26]. In our study, metastatic risk was highest
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for patients with Gleason 8–10 but was also elevated for men with Gleason 7 (compared
with those with Gleason ≤6). Although differences in metastatic risk between Gleason 7 and
≤6 did not reach statistical significance in multivariable analysis (P = 0.067), examination of
Table 3 reveals that the 95% CIs from the 5- and 10-year MFS estimates do not overlap,
supporting our decision to represent Gleason score in three categories.

Interestingly, although the interval from surgery to PSA relapse was predictive of metastasis
in the univariate analysis, this was not true in the multivariable model. In our initial study
[14], we reported that men with PSA recurrence ≤2 years after surgery were at highest risk
of metastasis. While some studies confirmed this observation suggesting that a shorter time
to PSA relapse was associated with increased risk of clinical progression and cancer-specific
mortality [27–29], other studies did not find this association [21,23,25]. One possible
explanation for this is that time to PSA relapse is closely related to (or even determined by)
PSADT, so that this prognostic factor loses its significance after accounting for PSADT.

Using an overlapping cohort of men with biochemical recurrence from the same database,
our group previously investigated factors influencing prostate-cancer-specific mortality [3].
In that analysis of 379 men followed for 6.8 years, 10-year prostate-cancer-specific survival
was 73% overall but varied widely between the highest and lowest risk subgroups.
Parameters determining cancer-specific survival in that study included PSADT, Gleason
score and time to PSA recurrence. Therefore, the present analysis can be considered a
companion study to the Freedland analysis [3] but now reporting MFS. Evaluation of MFS
may be more relevant in informing the design of clinical trials in men with biochemically
recurrent disease, because this endpoint requires shorter follow-up and is not affected by
therapies administered after metastatic progression.

This study has several limitations. First, our analysis excludes patients receiving adjuvant or
salvage therapies between prostatectomy and metastatic progression. This introduces bias
because it retrospectively removes patients non-randomly, possibly eliminating those with
worse prognosis and therefore artificially overestimating MFS. Second, the overall numbers
of patients and events (metastatic progressions) in this data set are small, especially at longer
follow-up times. Consequently, estimates of median, 5- and 10-year MFS within groups
defined by PSADT and Gleason score may lack precision and often have wide CIs (Table
3). This should be taken into consideration by physicians using these data to characterize
metastatic risk. Third, these results represent a single-institution cohort. In addition, the
number of non-white patients is small (15%) and may not reflect the true racial mix of
patients with prostate cancer. Therefore, these results require external validation, preferably
using multicentre databases including more African-Americans and other ethnic minorities.
Fourth, although Gleason sum and PSADT both appear to contribute independently to MFS,
these factors are probably highly correlated, making it difficult to determine the true
independent contribution of each. Last, stratifications of the two prognostic variables were
based on optimal cut-points (i.e. cut-points that maximized the survival difference), an
approach known to be associated with increased type I error and the possibility of overfitting
[30].

Our results provide the conceptual framework for understanding the timing and risk factors
for metastatic progression in men with PSA recurrence but should not be used to routinely
counsel patients or guide clinical practice. These data may be used (with acknowledgement
of their limitations) to aid in the rational selection of patients, treatments and endpoints for
clinical trials involving men with biochemically relapsed disease. The duration of follow-up
required in such studies may now be more clearly defined, especially if MFS is considered
as a putative endpoint. Finally, the present study provides further evidence that PSADT is
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the strongest prognosticator of metastasis in men with biochemical relapse, suggesting that
this parameter should be calculated in all such patients.

In summary, we have shown using the largest published cohort of surgically treated patients
with biochemical recurrence and no additional treatments after prostatectomy that MFS is
extensive but variable. Using PSADT and Gleason sum, tables have been constructed
providing crude estimates of metastatic risk for distinct patient subsets. This information
may provide a basis for designing prospective clinical trials in men with PSA recurrent
prostate cancer.
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FIG. 1.
Consort diagram.
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FIG. 2.
Kaplan–Meier estimate of overall MFS following PSA recurrence after radical
prostatectomy, for the entire cohort of 450 men.
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FIG. 3.
Kaplan–Meier estimates of MFS, stratified by (a) pathological Gleason sum and (b) PSA
doubling time.
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TABLE 1

Characteristics of the 450 men with PSA recurrence after radical prostatectomy, encompassing a study period
from July 1981 to July 2010

Characteristic All patients (N = 450) Men with metastasesa (N = 134) Men without metastasesa (N = 316)

Age at surgery, years

 Mean (SD) 60.0 (5.8) 60.1 (5.3) 59.9 (6.1)

Race, n (%)

 White 382 (84.9) 126 (94.0) 256 (81.0)

 Non-white 68 (15.1) 8 (6.0) 60 (19.0)

Preoperative PSA, ng/mL

 Median (range) 8.5 (0.7–151.0) 9.7 (1.2–129.0) 8.0 (0.7–151.0)

Clinical stage, n (%)

 T1 171 (37.9) 32 (23.5) 139 (44.0)

 T2 267 (59.4) 93 (69.7) 174 (55.1)

 T3 12 (2.7) 9 (6.8) 3 (0.9)

Pathological Gleason sum, n (%)

 4–6 88 (19.6) 5 (3.7) 83 (26.3)

 7 239 (53.1) 66 (49.3) 173 (54.7)

 8–10 123 (27.3) 63 (47.0) 60 (19.0)

Pathological stage, n (%)

 Organ-confined disease 84 (18.7) 11 (8.2) 73 (23.1)

 Extraprostatic extension 209 (46.4) 41 (30.6) 168 (53.2)

 Seminal vesicle invasion 63 (14.0) 31 (23.1) 32 (10.1)

 Lymph node involvement 94 (20.9) 51 (38.1) 43 (13.6)

Surgical margin status, n (%)

 Positive 156 (34.6) 45 (33.6) 111 (35.0)

 Negative 294 (65.4) 89 (66.4) 205 (65.0)

PSA doubling time, n (%)

 <3.0 months 46 (10.2) 29 (21.6) 17 (5.4)

 3.0–8.9 months 106 (23.6) 57 (42.5) 49 (15.5)

 9.0–14.9 months 86 (19.1) 25 (18.7) 61 (19.3)

 ≥15 months 212 (47.1) 23 (17.2) 189 (59.8)

a
At the time of last follow-up.
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TABLE 2

Cox proportional hazards models for predicting MFS after PSA recurrence following radical prostatectomy,
using data from 450 men encompassing the study period from July 1981 and July 2010

Variables

Univariate model Multivariable model

HR (95% CI) P HR (95% CI) P

Age at surgery, years (continuous) 0.99 (0.96–1.02) 0.713 1.01 (0.98–1.04) 0.464

Race

 White 1 [reference] 1 [reference]

 Non-white 0.4 (0.2–0.8) 0.010 0.5 (0.2–1.1) 0.086

Preoperative PSA, ng/mL (continuous) 1.00 (0.99–1.01) 0.567 0.99 (0.98–1.01) 0.424

Pathological Gleason sum

 4–6 1 [reference] 1 [reference]

 7 4.3 (1.7–10.7) 0.002 2.4 (0.9–6.2) 0.067

 8–10 10.9 (4.4–27.1) <0.001 4.5 (1.7–11.9) 0.002

Pathological stage

 Organ-confined disease 1 [reference] 1 [reference]

 Extraprostatic extension 1.2 (0.6–2.3) 0.658 0.6 (0.3–1.3) 0.240

 Seminal vesicle invasion 3.0 (1.5–6.0) 0.002 1.3 (0.6–2.8) 0.434

 Lymph node involvement 3.1 (1.6–6.0) 0.001 1.1 (0.5–2.2) 0.811

Surgical margin status

 Negative 1 [reference] 1 [reference]

 Positive 0.8 (0.6–1.1) 0.198 0.9 (0.6–1.4) 0.829

Time to PSA recurrence

 ≤ 3 years 1 [reference] 1 [reference]

 > 3 years 0.4 (0.3–0.6) <0.001 1.0 (0.6–1.5) 0.964

PSA doubling time

 ≥ 15 months 1 [reference] 1 [reference]

 9.0–14.9 months 2.7 (1.6–4.8) 0.005 2.5 (1.4–4.5) 0.002

 3.0–8.9 months 11.6 (7.0–19.3) <0.001 8.0 (4.5–14.1) <0.001

 < 3.0 months 47.4 (25.2–89.0) <0.001 33.3 (16.4–67.4) <0.001

HR, hazard ratio.
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