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A B S T R A C T

Purpose
The long-term risk of prostate cancer—specific mortality (PCSM) after radical prostatectomy is poorly

defined for patients treated in the era of widespread prostate-specific antigen (PSA) screening. Models
that predict the risk of PCSM are needed for patient counseling and clinical trial design.

Methods
A multi-institutional cohort of 12,677 patients treated with radical prostatectomy between 1987

and 2005 was analyzed for the risk of PCSM. Patient clinical information and treatment outcome
was modeled using Fine and Gray competing risk regression analysis to predict PCSM.

Results
Fifteen-year PCSM and all-cause mortality were 12% and 38%, respectively. The estimated PCSM

ranged from 5% to 38% for patients in the lowest and highest quartiles of predicted risk of
PSA-defined recurrence, based on a popular nomogram. Biopsy Gleason grade, PSA, and year of
surgery were associated with PCSM. A nomogram predicting the 15-year risk of PCSM was
developed, and the externally validated concordance index was 0.82. Neither preoperative PSA
velocity nor body mass index improved the model’s accuracy. Only 4% of contemporary patients
had a predicted 15-year PCSM of greater than 5%.

Conclusion
Few patients will die from prostate cancer within 15 years of radical prostatectomy, despite the

presence of adverse clinical features. This favorable prognosis may be related to the effectiveness
of radical prostatectomy (with or without secondary therapy) or the low lethality of screen-
detected cancers. Given the limited ability to identify contemporary patients at substantially
elevated risk of PCSM on the basis of clinical features alone, the need for novel markers
specifically associated with the biology of lethal prostate cancer is evident.
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to assess treatment success. Models that predict
PSA recurrence are the primary tools for counsel-

Relative to other solid tumors, localized prostate
cancer is characterized by an exceptionally pro-
tracted natural history. In population-based series of
patients treated without curative intent in the era
before prostate-specific antigen (PSA) screening, the
10-year prostate cancer—specific mortality (PCSM)
ranged from 15% to 25%." After radical prostatec-
tomy, the 10-year PCSM was 15% in an unscreened
cohort.* The natural history of prostate cancer in
screened populations is poorly defined but may be
substantially more favorable, given that the diag-
nostic lead time associated with screening is esti-
mated to be 11 years.”

Given this natural history, PSA-defined pros-
tate cancer recurrence is widely used as an end point
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ing patients, clinical decision making, and strati-
fying patients in clinical trials.*” A prostate cancer
nomogram is currently the most widely used,
disease-specific prediction tool in oncology.® How-
ever, PSA recurrence is not a surrogate for PCSM.°
Within 15 years of PSA recurrence, men are as likely
to die from competing causes as they are from pros-
tate cancer.'

Treatment decision making for localized pros-
tate cancer and the powering of clinical trials for
clinically significant end points require accurate
estimations of PCSM that account for the stage
migration induced by PSA screening. We endeav-
ored to evaluate the risk of PCSM after radical
prostatectomy and to construct a predictive



Prostate Cancer Mortality After Radical Prostatectomy

nomogram for patients treated in the era of widespread
PSA screening.

Study Population

Between 1987 and 2005, 6,398 patients underwent radical prostatectomy
forlocalized prostate cancer at Memorial Sloan-Kettering Cancer Center (New
York, NY) and Baylor College of Medicine (Houston, TX); these patients
formed the modeling cohort for nomogram development. Of these patients,
809 (13%) received neoadjuvant androgen deprivation therapy (ADT) for a
median of 3.2 months (interquartile range [IQR], 2.1 to 4.2 months), 94% of
whom were treated before 2002 when neoadjuvant ADT was under investiga-
tion. External validation of the nomogram was performed on 4,103 patients
treated at Cleveland Clinic (Cleveland, OH) and 2,176 patients treated at the
University of Michigan (Ann Arbor, MI) during the same time period. Clinical
information was obtained from prospectively maintained, institutional review
board—approved databases (Table 1).

Prostate biopsy specimens were reviewed by pathologists at each institu-
tion before surgery. In general, patients were observed for disease recurrence
postoperatively with regular serum PSA determinations and clinical assess-
ment at 3- to 6-month intervals for the first 5 years and annually thereafter. For

Table 1. Clinical Characteristics of Modeling and Validation Cohorts
Modeling Validation
Cohort Cohort
Characteristic No. % No. %
Patients 6,398 6,279
Age, years
Median 61 60
IQR 56-66 55-65
PSA, ng/mL
Median 6.3 6.0
IQR 4495 4.5-8.8
Biopsy Gleason score
2-6 4126 64 3,825 61
7 1,787 28 1,832 29
8-10 403 6 356 6
Missing value 82 1 266 4
Clinical stage
T1ab 147 2 57 1
Tlc 2,700 42 4,035 64
T2a 1,242 19 1,358 22
T2b 1,119 18 426 7
T2¢ 568 9 178 3
T3 244 4 47 1
Missing value 378 6 178 5
Neoadjuvant ADT 809 13 397 6
Year of surgery
1987-1990 488 8 348 6
1991-1998 2,442 38 1,782 28
1999-2005 3,468 54 4,149 66
Postoperative pelvic radiation therapy 115 2 538 8
Postoperative androgen deprivation therapy 426 7 343 6
Death from prostate cancer 117 2 98 2
Death from competing causes 343 5] 343 6
Follow-up, months
Median 48 54
IQR 18-90 24-99
Abbreviations: IQR, interquartile range; PSA, prostate-specific antigen; ADT,
androgen deprivation therapy.
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deceased patients, death was attributed to prostate cancer using death certifi-
cates and was confirmed by evidence of progressive metastatic, androgen-
independent disease on review of the patients’ medical records.

Statistical Analysis

Survival analysis was performed using Fine and Gray competing risks
regression to estimate PCSM and to account for competing causes of mortal-
ity."! PSA was modeled as a restricted cubic spline for suspected nonlinear
effect. Primary and secondary biopsy Gleason grades were modeled as cate-
goric variables (= 3 and = 4). All decisions with respect to the coding of the
variables were made before modeling. Patients with missing values were ex-
cluded rather than having missing values imputed. PSA velocity was calculated
by linear regression analysis using all available values within 18 months of
radical prostatectomy and a minimum of two measurements at least 6 weeks
apart. Information for PSA velocity was available for 2,279 patients (36%) in
the modeling cohort, and calculations were based on a median of three values
(range, 2 to 17 months) over a median of 7 months (range, 2 to 18 months)
before treatment. Body mass index (BMI) was available for 3,033 patients
(47%) and was calculated using height and weight information obtained from
objective measurements before treatment. BMI was calculated by dividing the
weight (in kilograms) by the square of the height (in meters). For these
patients, the median PSA velocity was 1.1 ng/mL/yr (IQR, 0.1 to 2.6 ng/mL/yr)
and the median BMI was 27 kg/m? (IQR, 25 to 30 kg/m?).
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Fig 1. (A) Prostate cancer—specific mortality (gold) and death from competing
causes (blue) after radical prostatectomy. (B) Prostate cancer—specific mortality
after radical prostatectomy stratified by validated preoperative nomogram pre-
dictions of 5-year prostate-specific antigen (PSA) progression-free probability
(PFP) of 76% to 99% (blue), 51% to 75% (gray), 26% to 50% (gold), and 1% to
25% (red).
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For external validation of the model, we assessed both discrimination
and calibration. Discrimination refers to the ability of the nomogram to rank
patients by their risk, such that patients with a higher predicted risk of PCSM
should be more likely to die from prostate cancer. Discrimination is easily
quantifiable using the concordance index, which is similar to an area under the
receiver operating characteristic curve and is applicable to time-to-event da-
ta.'? Calibration refers to the accuracy of the nomogram as assessed by a visual
inspection of the plots of predicted PCSM versus actual outcome. All statistical
analysis was performed using S-Plus 2000 (Insightful, Redmond, WA) with
additional functions (called “Design”) added. All P values resulted from the
use of two-sided statistical tests.

In the modeling cohort, 117 patients died as a result of prostate cancer
and 343 died as a result of competing causes over a median follow-up
of 48 months (IQR, 18 to 90 months; Table 1). The 15-year PCSM and
all-cause mortality were 12% (95% CI, 9% to 15%) and 38% (95% CI,
33% to 42%), respectively (Fig 1A). These results were similar in the
validation cohort. In both cohorts, the percentage of patients lost to
follow-up at 5, 10, and 15 years was 17%, 24%, and 16%, respectively.

The risk of PCSM was assessed for commonly used prognostic
tools for PSA recurrence based on clinical stage, Gleason grade, and
PSA (Table 2). The 5-year PSA progression-free probability (PFP)
derived from a nomogram was significantly associated with PCSM
when analyzed either as a continuous or categoric variable based on
quartiles of nomogram probabilities (P < .001 for both).° For patients

in the most favorable quartile (5-year PSA PFP, 76% to 99%), the
15-year PCSM was 5% compared with 38% in the lowest quartile
(5-year PSA PFP, 1% to 25%; Fig 1B). When analyzed by previously
validated risk groups for PSA recurrence, the 15-year PCSM was 2%,
10%, and 19% for patients classified as good risk, intermediate risk,
and high risk (P < .001).” The low PCSM rate among good-risk
patients is noteworthy considering they constitute 46% of patients in
this study. Most cancer deaths were observed in high-risk patients.
However, the 15-year PCSM in this group was significantly less than
the 31% (95% CI, 26% to 57%) mortality from competing causes.
PCSM was similar to death as a result of competing causes (26%; 95%
CI, 15% to 46%) only among patients with a nomogram-predicted
5-year PSA PFP of 1% to 25%.

A univariable analysis of the long-term risk of PCSM by clinical
stage, Gleason score, and PSA was performed (Table 2). Fifty-six
percent of patients had stage Tlc prostate cancer, and the 15-year
PCSM was 6%. All 28 decedents with stage T1c had other adverse
features such as a PSA > 10 ng/mL, specimen Gleason score 7 to 10
cancer, or advanced pathologic features (lymph node metastasis or
seminal vesicle invasion). Of the 7,454 patients with biopsy Gleason
score 2 to 6 cancer, only 78 cancer deaths were observed, 62 (79%) of
whom were treated between 1987 and 1993, when biopsy technique
and histological grading differed from current practice."> Indeed, a
significant reduction in the rate of upgrading at radical prostatectomy
was observed for patients with biopsy Gleason score 2 to 6 cancers
diagnosed before 1993 compared with diagnosis after 1998 (46% v

Table 2. Risk of Prostate Cancer-Specific Mortality at 10 and 15 Years After Radical Prostatectomy
Patients™ Events™ 10-Year PCSM 15-Year PCSM
Variable No. % No. % % 95% Cl % 95% ClI
Nomogram-predicted 5-year PFP, %
76-99 8,555 73 51 26 1.8 1.2t02.4 5 3to7
51-75 2,228 19 75 38 6 4107 15 10 to 21
26-50 656 6 40 21 9 61012 16 9to 22
1-25 209 2 29 15 15 9to 22 38 19 to 56
Risk group
PSA < 10, Gleason score 6, T1c or T2a 5,200 46 14 7 0.9 0.3t0 1.6 2 0.3to4
PSA 10-20, Gleason score 7, T2B 4,184 37 64 32 2t0b 10 6to 14
PSA > 20, Gleason score 8-10, T2¢-T3 1,962 17 121 61 8 71010 19 14t0 24
Pretreatment PSA, ng/mL
<4 2,285 18 18 9 2 1to4 4 1t07
4-10 7,574 61 75 37 3 2to4 9 5t0 12
10.1-20 1,874 15 50 24 4 3t06 1M 61to 15
20.1-50 726 6 62 30 10 7t012 22 15 to 30
1992 TNM clinical stage
T1ab 174 2 4 2 2 Oto4 6 0to12
Tic 6,413 56 28 14 2 1t03 6 5to0 7
T2a 2,520 22 42 21 3 2t0o4d 7 41010
T2b 1,461 13 57 29 5 3to7 14 9to 19
T2c 714 6 38 19 7 4t09 12 8to 17
T3 254 2 28 14 15 910 21 38 221054
Biopsy Gleason score
2-6 7,454 65 78 40 2 1t03 6 4108
7 3,292 29 55 28 5 3to7 17 81026
8-10 702 6 61 32 16 11 to 20 34 23 to 46
NOTE. Values were based on a previously validated nomogram, risks groups, clinical stage, pretreatment PSA, and biopsy Gleason score.
Abbreviations: PCSM, prostate cancer—-specific mortality; PFP, progression-free probability; PSA, prostate-specific antigen.
“Percentages refer to proportion of total.
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37%; P = .011). Both of these factors may have contributed to under-
grading, because 86% of the decedents were upgraded to specimen
Gleason score 7 to 10 cancer at radical prostatectomy.

By multivariable analysis, primary and secondary biopsy Gleason
grade 4 and 5 (P <.001 for both) and increasing PSA (P = .021) were
associated with PCSM. The year of surgery was inversely related to
PCSM (P < .001), with contemporary patients having an improved
prognosis. No significant association with PCSM was observed for
PSA velocity (P = .072) or BMI (P = 4).

A nomogram predicting the risk of PCSM at 10 and 15 years was
constructed on the basis of four standard parameters, and the predic-
tions were adjusted for the year of surgery (the model assumes patients
were treated in 2005; Fig 2A). The externally validated concordance
index was 0.82, and predictions closely approximated the actual out-
come (Fig 2B). Adjusting predictions for treatment in year 2005 is
likely to be valid for future patients because the adjusted hazard ratio
associated with year of surgery exhibited a sharp decline from 1987 to
1998 but was relatively stable thereafter (Fig 3). Neither the addition of
PSA velocity (concordance index, 0.763 v 0.759) nor BMI (concor-
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Fig 2. (A) Preoperative nomogram predicting 10- and 15-year prostate cancer—
specific mortality after radical prostatectomy. (B) Calibration of the nomogram.
Dashed line indicates reference line where an ideal nomogram would lie.
Instructions: Locate the patient’s primary Gleason grade on the respective axis.
Draw a straight line up to the Points axis to determine how many points toward
prostate cancer-specific mortality he receives for his primary Gleason grade.
Repeat this process for the other three parameters. Sum the points and locate
this number on the Total Points axis. Draw a straight line down to find the
patient’s probability of dying as a result of prostate cancer within 10 or 15 years
of treatment.
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Fig 3. Log relative hazard of prostate cancer—specific mortality (PCSM) associ-
ated with year of surgery after controlling for biopsy Gleason grade, pretreatment
prostate-specific antigen (PSA), and clinical stage (dotted line) Performance of
optimal model; (blue line) performance of nomogram.

dance index, 0.761 v 0.756) substantially improved the predictive
accuracy of models based on standard parameters in the 2,279 and
3,033 patients with complete data for these parameters, respectively.

Considering all 11,649 patients in both cohorts with complete
data, only 1,980 (17%) had a predicted 15-year PCSM greater than
5%, and 467 (4%) had a probability greater than 30%. Considering the
7,403 patients treated since 1998, 296 (4%) had a probability of PCSM
greater than 5%, and only 37 (0.5%) had a predicted risk greater
than 30%.

The slow clinical progression of prostate cancer after radical prosta-
tectomy has necessitated the use of PSA recurrence as the primary end
point for evaluating treatment outcome. However, PSA recurrence
has a highly variable natural history and poses limited threat to the
longevity of many patients. Hence, models that predict the risk of
PCSM are needed. Ours is the first multi-institutional study of PCSM
after radical prostatectomy for patients diagnosed in the era of wide-
spread PSA screening. Hitherto poorly defined, the risk of death as a
result of prostate cancer in a screened population is low, even for
patients with adverse clinical features. Our nomogram accurately pre-
dicts the probability of PCSM using standard clinical parameters. Few
contemporary patients had a predicted 15-year PCSM greater than
5%, highlighting the difficulty in identifying patients at substantially
increased risk on the basis of clinical parameters alone. The need for
novel markers specifically associated with the biology of lethal prostate
cancer is evident.

Large, single-institution radical prostatectomy series have reported
rates of PSA recurrence in approximately 25% of patients.'®'*'> Studies
analyzing PCSM after radical prostatectomy were previously limited
to cohorts diagnosed before the introduction of PSA.*'*'® In our
study, the overall 15-year PCSM was 12% for patients treated in the
PSA era. Even for patients at the highest risk of PSA recurrence, the
10-year PCSM was only 15%, which compares favorably with the 50%

© 2009 by American Society of Clinical Oncology 4303
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to 70% PCSM reported for similar patients from unscreened popula-
tions who received no curative treatment.”

Currently, the vast majority of patients diagnosed in the United
States (including 71% of our patients since 1998) are classified as good
risk (clinical stage T1c or T2a, PSA < 10, and biopsy Gleason grade
= 6). Our results demonstrate the low lethality of these cancers after
radical prostatectomy. Most of the decedents who were classified as
good risk at diagnosis were clinically understaged or undergraded
because they had pathologically advanced and/or high-grade cancers
on examination of the radical prostatectomy specimen. Potentially,
many of these patients may have had a similarly low risk of PCSM had
they received no treatment. Comparative studies of patients treated
without curative intent are limited to cohorts diagnosed before the
PSA era.'™ In the United States, only 2% of patients younger than 65
years choose active surveillance,'” and an estimated 73% of those who
do ultimately opt for radical therapy within 4 years.”® The feasibility
and safety of active surveillance in appropriately selected patients has
been demonstrated, but it is not widely embraced because of concerns
that clinical staging and grading underestimate the threat posed by the
cancer.”' Currently, an international randomized trial is comparing
active surveillance against radical treatment for good-risk cancer, but
results are not expected for many years.

The discrepancy between the risk of PSA recurrence and PCSM
may be explained by the variable natural history of PSA recurrence;
only patients with a short PSA doubling time have a higher risk of
PCSM relative to mortality from competing causes.** Alternatively,
this discrepancy may be related to the efficacy of secondary therapy:
adjuvant radiation therapy and ADT have been shown to improve
metastasis-free and overall survival.”>** Lastly, the favorable impact of
local disease control on the survival of women with breast cancer has
been observed,”” and a similar effect in prostate cancer is suggested by
the improved survival of patients with metastatic disease who received
prior radical prostatectomy.*

Given the inadequacies of PSA recurrence as a valid surrogate end
point, clinical trials in localized prostate cancer have focused on dis-
tant metastasis and PCSM as end points. The few contemporary pa-
tients with a predicted PCSM of greater than 5% has significant
implications for clinical trial design. Any clinical trial in localized
prostate cancer would require a sample size of thousands and a
follow-up of 20 years to have sufficient power to detect a significant
survival difference. There are few examples of successful clinical trials
of this size in genitourinary oncology. Until molecular markers are
discovered that identify a cohort of patients with lethal prostate can-
cer, future clinical trials may need to rely on PSA recurrence as the
primary end point, despite its limitations.

PSA velocity has previously been reported to be associated with
PCSM, although its predictive utility in models that include PSA,
grade, and clinical stage has not been evaluated.””*® In a recent study
using data from the US prostate cancer screening trial, PSA velocity
(when combined with standard clinical parameters) did not improve
the accuracy of predicting poorly differentiated or pathologically ad-
vanced cancer.” When combined with PSA, PSA velocity did not
enhance the ability to predict the long-term risk of metastatic or locally
advanced prostate cancer in a large, unscreened population.”® PSA
velocity also did not significantly add to the accuracy of our nomo-
gram. Though the timing of PSA measurements and the assays used
were not standardized in our study, PSA velocity is not a clinically
useful marker for the general population if these conditions must be

4304 © 2009 by American Society of Clinical Oncology

satisfied. Although PSA velocity data were available for only 36% of
our patients, this information was missing for 23% to 39% of patients
in other studies, which argues against selection bias as an explanation
for its lack of prognostic significance in our study.””** The failure of
PSA velocity to improve the accuracy of our nomogram may be
explained by its close correlation with PSA.”" We were also unable to
identify an association between BMI and PCSM, despite its reported
association with PSA recurrence in surgical series,”> and PCSM in
population-based studies.>

More recent year of surgery has been reported to be associated
with an improved risk of PSA recurrence.** Year of surgery was also
significantly associated with PCSM. Although the improved prognosis
of contemporary patients may reflect improvements in surgical tech-
nique or changes in the tumor grading practices over time,'>** it may
be explained by the diagnostic lead time associated with PSA screen-
ing, which is estimated to be 11 years.” The independent prognostic
significance of year of surgery suggests that screen-detected cancers
may have different biologic properties compared with similar cancers
detected in the absence of screening. The favorable effect of year of
surgery on PSA recurrence and PCSM appears to stabilize after 1998.
Among the patients treated after 1998, only 4% had a 15-year PCSM
probability of greater than 5% and less than 1% had a risk of greater
than 30%.

Our study has several limitations worth noting. The nomogram
predicts the probability of PCSM within 15 years, but patients seem to
be at risk of PCSM for up to 20 years after treatment.'” A recent study
of patients treated without curative intent in the pre-PSA era has
suggested an acceleration in PCSM after 15 years,” although a contra-
dictory finding was reported in a separate study.' The long-term risk
of PCSM was low among patients in our study, but we do not know
how these patients would have fared without radical therapy. Likewise,
we are unable to compare the effectiveness of radical prostatectomy
with other forms of treatment such as external-beam radiation ther-
apy or brachytherapy. Our model considers only PCSM and does not
consider health-related quality-of-life issues. All treatments for local-
ized prostate cancer affect urinary, sexual, and bowel function to
varying degrees, which the patient must also consider when formulat-
ing a treatment decision.”® An optimal nomogram would predict
quality-adjusted survival. However, prospective, longitudinal quality-
of-life data using validated instruments from patients with long-term
follow-up are not available at this time. Lastly, our study consists of
patients treated at high-volume, tertiary referral centers and thus the
model presented here may not be as accurate for those treated in the
community setting.

In summary, the long-term risk of PCSM among patients treated
with radical prostatectomy in the era of widespread PSA screening is
low, even for patients with adverse clinical features. This favorable
prognosis may be related to the effectiveness of radical prostatectomy
(with or without secondary therapy) or the low lethality of screen-
detected cancers within 15 years of treatment. We have constructed
and validated a nomogram that accurately predicts the 15-year PCSM,
but few patients are predicted to have a substantially elevated risk on
the basis of standard clinical parameters. Neither PSA velocity nor
BMI were useful markers in our model. Our study is anticipated to
provide important and useful information for patients and physicians
regarding treatment decision making for localized prostate cancer.
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