Potential Surrogate Endpoints for Prostate Cancer
Survival: Analysis of a Phase Ill Randomized Trial

Michael E. Ray, Kyounghwa Bae, Maha H. A. Hussain, Gerald E. Hanks, William U. Shipley,
Howard M. Sandler

The identification of surrogate endpoints for prostate cancer—specific survival may shorten the length of
clinical trials for prostate cancer. We evaluated distant metastasis and general clinical treatment failure as
potential surrogates for prostate cancer-specific survival by use of data from the Radiation Therapy and

Patients (n = 1554 randomly assigned and 1521 evaluable for this analysis) with locally advanced prostate
cancer had been treated with 4 months of neoadjuvant and concurrent androgen deprivation therapy with
external beam radiation therapy and then randomly assigned to no additional therapy (control arm) or 24
additional months of androgen deprivation therapy (experimental arm). Data from landmark analyses at
3 and 5 years for general clinical treatment failure (defined as documented local disease progression,
regional or distant metastasis, initiation of androgen deprivation therapy, or a prostate-specific antigen
level of 25 ng/mL or higher after radiation therapy) and/or distant metastasis were tested as surrogate
endpoints for prostate cancer-specific survival at 10 years by use of Prentice’s four criteria. All statistical

At 3 years, 1364 patients were alive and contributed data for analysis. Both distant metastasis and general
clinical treatment failure at 3 years were consistent with all four of Prentice’s criteria for being surrogate
endpoints for prostate cancer-specific survival at 10 years. At 5 years, 1178 patients were alive and con-
tributed data for analysis. Although prostate cancer-specific survival was not statistically significantly
different between treatment arms at 5 years (P = .08), both endpoints were consistent with Prentice’s
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Distant metastasis and general clinical treatment failure at 3 years may be candidate surrogate endpoints
for prostate cancer—specific survival at 10 years. These endpoints, however, must be validated in other

datasets.

J Natl Cancer Inst 2009;101:228-236

Prostate cancer is a malignancy with a long natural history. Even
men who are initially diagnosed with high-grade and locally
advanced prostate cancer often survive for many years. Because of
the long survival time, clinical trials of prostate cancer that are
designed with primary endpoints of overall or prostate cancer—
specific survival require long follow-up periods, especially those
evaluating treatments for clinically localized disease. The time
required for the conception, design, conduct, analysis, and initial
reporting of a prostate cancer clinical trial often approaches
10 years (1-4). Identification of surrogate endpoints for prostate
cancer cause-specific or overall survival would shorten the time
required to conduct prostate cancer clinical trials and thus improve
the chances of finding better treatments for prostate cancer. For
patients with localized prostate cancer, the ideal surrogate end-
point for survival should use clinical information available as soon
as possible after definitive local therapy that will identify patients
highly likely to die of their disease. The findings from this study
would most directly apply to patients treated with primary external
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beam radiation therapy; further research is required to show that
the findings could also apply to surgically treated patients.

The Radiation Therapy and Oncology Group (RTOG) 92-02 trial
is a phase III, randomized multi-institutional clinical trial that was
conducted between June 26, 1992, and April 15, 1995, during the
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so-called prostate-specific antigen (PSA) era, when serum PSA
measurements for screening and monitoring of treatment response
and failure became widespread. In this trial, patients with locally
advanced prostate cancer were first treated with 4 months of neo-
adjuvant and concurrent androgen deprivation therapy and exter-
nal beam radiation therapy and then randomly assigned to either
no additional therapy (the short-term androgen deprivation or
control arm) or an additional 2 years of androgen suppression (the
long-term androgen deprivation or experimental arm). The initial
results of this trial were published in 2003 (4,5); results of the
10-year follow-up have been reported (6). Both analyses found that
patients in the experimental arm had statistically significantly bet-
ter prostate cancer—specific survival than those in the control arm.
The treatment regimen established in this trial is considered a cur-
rent standard of care for men with locally advanced, high-risk
prostate cancer who are treated with primary external beam radia-
tion therapy. The purpose of this analysis was to evaluate distant
metastasis and general clinical treatment failure (as defined below)
as surrogate endpoints for prostate cancer—specific survival by use
of data from the phase III randomized RTOG 92-02 trial.

Patients and Methods

Patients, Treatment, and Follow-up

Patients had histologically confirmed prostate adenocarcinoma
that was clinical stage T2c to T4 (1992 American Joint Committee
on Cancer Staging) with no evidence of lymph node metastasis
in the common iliac or higher lymph node chains. Karnofsky
performance scores were at least 70, and pretreatment PSA levels
were less than 150 ng/mL.

All patients received neoadjuvant and concurrent, short-term
androgen deprivation therapy, with total androgen suppression
from treatment with goserelin acetate (3.6 mg, subcutaneously
administered once each month) and flutamide (250 mg by mouth
three times per day) for 2 months before and an additional
2 months during external beam radiation therapy. Radiation therapy
was delivered to the whole pelvis followed by a boost to the pros-
tate by use of a four-field technique and megavoltage equipment
(minimum beam energy of 6 MV). Treatments were once daily,
and doses were 1.8-2.0 Gy per fraction. Regional pelvic lymphatics
received a total of 44-50 Gy, and the prostate received total doses
of 65-70 Gy for T2c tumors or 67.5-70 Gy for T3 or T4 tumors.
Patients were stratified by clinical stage, pretreatment PSA level,
tumor grade, and lymph node status. Patients were randomly
assigned to receive either no additional therapy (the control arm)
or an additional 2 years of monthly subcutaneous injections (3.6 mg
of goserelin acetate) in the long-term androgen deprivation
therapy (the experimental arm).

Patients were seen for follow-up visits every 3 months for year 1,
every 4 months for year 2, every 6 months for years 3-5, and
once a year thereafter. At each visit, their history of symptoms or
side effects since the preceding visit was obtained; a physical
examination was performed; their Karnofsky performance score
was determined; a sexual function assessment was obtained; and
liver function tests, complete blood cell count, and PSA measure-
ments were obtained. At each visit, the tumor status and toxic
effects were recorded; however, obtaining radiographic imaging
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CONTEXT AND CAVEATS

Prior knowledge
Surrogate endpoints for prostate cancer-specific survival may
shorten the length of time required to conduct clinical trials for
prostate cancer.

Study design

Prentice’s four criteria were used to test 3- and 5-year results from
a phase lll randomized trial in patients with locally advanced pros-
tate cancer to determine whether general treatment failure or dis-
tant metastasis at these times qualified as surrogate endpoints for
prostate cancer—specific survival at 10 years.

Contribution

Analysis of data at 3 years from 1364 patients found that both gen-
eral treatment failure or distant metastasis were consistent with all
of Prentice’s four criteria for being surrogate endpoints for prostate
cancer-specific survival at 10 years.

Implications
General treatment failure or distant metastasis should be further
validated as surrogate endpoints in other datasets.

Limitations

Data from only one trial were used in this study. Statistical meth-
ods for establishing and validating a surrogate endpoint, such as
Prentice’s criteria, must be applied with caution and with an appre-
ciation of their limitations.

From the Editors

was neither dictated nor suggested by the protocol. The documen-
tation of local, regional, or distant failures was based on clinical
examination and radiographic or other testing that was obtained at
the discretion of the follow-up physicians.

Study Endpoints

The failure event for prostate cancer—specific survival was prostate
cancer-specific death, defined as death from prostate cancer or from
complications that were related to the protocol treatment. The first
potential surrogate endpoint examined was distant metastasis
because it is frequently associated with the development of fatal
prostate cancer. The failure event for distant metastasis was defined
as documented clinical evidence of distant metastasis from a positive
bone scan, a computed tomography scan, or other radiographic
imaging. We also examined an additional endpoint, general clinical
failure, to more broadly survey clinical, biochemical, and treatment-
related data that may be associated with fatal prostate cancer. This
composite endpoint includes distant metastasis, also surveys other
potentially important patient data, and has been explored as a
potential survival surrogate previously by other authors (7,8). For
this study, the failure event for general clinical treatment failure was
defined as time to the first occurrence of 1) a documented local
prostate cancer recurrence, 2) documented regional or distant pros-
tate cancer metastasis, 3) initiation of androgen deprivation therapy
after completion of the protocol treatment, or 4) a documented PSA
level of 25 ng/mL or higher after completion of radiation therapy.
The time to each endpoint was measured from the date of random
assignment to the date of the failure event.
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Statistical Methods

Comparisons of survival times of patients that are classified
according to a surrogate endpoint may be subject to length bias
because treatment for patients who have long survival times has
probably not failed. A landmark analysis (9) was used to correct for
this length bias. Only patients alive at the landmark time, 3 or
5 years, were included in the analysis and their surrogate endpoint
failure status was assessed at the landmark time. The true endpoint
was time to events for prostate cancer—specific survival. The sur-
rogate endpoints, distant metastasis and general clinical treatment
failure, were considered as binary variables (absence or presence of
a failure event at 3 or 5 years). Prentice’s four criteria (10) were
used to evaluate whether distant metastasis and general clinical
treatment failure by 3 or 5 years are surrogate endpoints for pros-
tate cancer—specific survival at 10 years of follow-up in the RTOG
92-02 trial. Surrogacy requires that a surrogate for a true endpoint
yields a valid test of the null hypothesis of no association between
treatment and the true response. Prentice’s criteria were validated
by testing the following four criteria: 1) treatment has a statistically
significant impact on the true endpoint; 2) treatment has a statisti-
cally the surrogate
3) the surrogate endpoint has a statistically significant impact on
the true endpoint; and 4) the full effect of the treatment on the true
endpoint should be captured by surrogate endpoint. We also

significant impact on endpoint;

showed that there is no statistical difference with respect to
the true endpoint between the two arms in the trial, that is, the
group for whom the surrogate endpoint failed to meet Prentice’s
criteria and the group for whom it did not. This argument sug-
gested that the true endpoint benefit in favor of a particular arm is
due to the nonfailure by the surrogate endpoint obtained with the
treatment of this arm compared with the other arm. Specifically,
the findings suggested that the prostate cancer—specific survival
benefit in favor of the experimental arm was associated with the
non—distant metastasis rates at 3 or 5 years in the experimental
treatment arm, compared with those in the control treatment arm.
The cumulative incidence method (11) was used to estimate rates
of prostate cancer—specific survival, distant metastasis, and general
clinical treatment failure because it specifically considers other
competing causes of death. Gray’s test statistic (12) was used to
compare cumulative incidence rates. The competing risk for pros-
tate cancer—specific survival is a death without a failure event for
prostate cancer—specific survival. The competing risk for distant
metastasis is a death without distant metastasis and that for general
clinical treatment failure is a death. Cox proportional hazard mod-
els (13) were used to determine the hazard ratio (HR) between the
two treatments with respect to the outcomes. The proportional
hazards assumption was confirmed by linearity between the nega-
tive cumulative hazard function and survival time. All statistical
tests were two-sided.

Results

The patient cohort for the RTOG 92-02 trial included 1521 eli-
gible and evaluable patients from the 1554 patients who were
randomly assigned to treatment (6). Among 1521 eligible and
evaluable patients who were randomly assigned to treatment, there
were 218 prostate cancer—specific deaths, 291 patients developed
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distant metastasis, and 726 patients developed general clinical
treatment failures during the available follow-up period. Among
all patients, the median follow-up was 8.95 years for patients in the
control arm and 9.18 years for patients in the experimental arm.
Among patients who were still alive at the time of analysis, median
follow-up was 11.31 years for patients in the control arm and 11.27
years for patients in the experimental arm. The 10-year prostate
cancer—specific survival rate was 84.6% (95% confidence interval
[CI] = 81.9% to 87.2%) in the control arm, compared with 88.9%
(95% CI =86.7% to 91.3%) in the experimental arm (HR of pros-
tate cancer—specific death = 0.70, 95% CI = 0.54 to 0.92; P = .01).
The 3- and 5-year distant metastasis rates were 10.7% (95% CI =
8.5% to 12.9%) and 13.9% (95% CI = 11.4% to 16.4%), respec-
tively, for patients in the control arm, compared with 5.2% (95%
CI = 3.6% to 6.8%) and 8.6% (95% CI = 6.6% to 10.6%),
respectively, for patients in the experimental arm (HR = 0.61,
95% CI=0.48t0 0.77; P <.001). The 3- and 5-year general clini-
cal treatment failure rates were 34.9% (95% CI = 31.5% to
38.3%) and 42.9% (95% CI = 39.4% to 46.5%), respectively, for
patients in the control arm, compared with 26.3% (95% CI =
23.2% to 29.5%) and 32.7% (95% CI = 29.3% to 36.0%),
respectively, for patients in the experimental arm (HR = 0.70,
95% CI = 0.61 to 0.81; P < .001).

Evaluation of the Surrogacy of Distant Metastasis and
General Clinical Treatment Failure by 3 Years

A landmark analysis (8) at 3 years was performed by including only
data from patients who were alive at 3 years from the date of ran-
dom assignment (Table 1). Among the 1364 patients in this sub-
group, the median follow-up was 9.58 years for the 685 patients in
the control arm and 9.91 years for the 679 patients in the experi-
mental arm. Among the 675 patients who were still alive at the
time of the current analysis, median follow-up was 11.32 years for
patients in the control arm and 11.30 years for those in the experi-
mental arm. The numbers of events during available follow-up in
this 3-year landmark group were as follows: 183 prostate cancer—
specific deaths (107 in the control arm and 76 in the experimental
arm), 259 distant metastases (158 in the control arm and 101 in
the experimental arm), and 675 general clinical treatment failures
(380 in the control arm and 295 in the experimental arm). Among
the 259 patients who had distant metastasis, 88 (34%) had an
event by 3 years, and among the 675 patients who had a general
clinical treatment failure, 412 (61%) had an event by 3 years
(Table 1).

There was no statistically significant difference with respect
to the prostate cancer—specific survival between the two arms
among those with (HR of prostate cancer—specific death = 0.95,
95% CI = 0.60 to 1.50) and those without (HR of prostate
cancer-specific death = 0.76, 95% CI = 0.51 to 1.11) distant
metastasis (Table 2). This result suggested that the prostate
cancer—specific survival benefit in the experimental arm, com-
pared with the control arm, was due to the lower rate of distant
metastasis at 3 years that was associated with the experimental
treatment (HR = 0.69, 95% CI = 0.52 to 0.93; Table 2). Similar
results were found for groups with (HR = 0.81, 95% CI = 0.58 to
1.14) and without (HR = 0.88, 95% CI = 0.48 to 1.63) general
clinical treatment failure (Table 2). Thus, these observations
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Table 1. Distribution of endpoints from the landmark analysis at 3 years (n = 1364)*

No. (%) of cumulative DM events

No. (%) of cumulative GCTF events

No. (%) of cumulative PCSDs

Time to Control Experimental Control Experimental Control  Experimental

event, y arm arm Total arm arm Total arm arm Total
<1 2(1) 2(2) 4 (1.5) 45 (12) 2(11) 7 (11.4) — — —
>11t02 5 (16) 9(9) 4 (13.1) 103 (27) 58 (20) 161 (23.9) — — —
>2103 1(39) 27 (27) 8 (34.0) 235 (62) 177 (60) 412 (61.0) — — —
>3t04 4 (47) 38 (38) 112 (43.2) 267 (70) 199 (67) 466 (69.0) 17 (16) 7 (9) 24 (13.1)
>4 105 5 (54) 52 (51) 137 (62.9) 295 (78) 224 (76) 519 (76.9) 33 (31) 20 (26) 53 (29.0)
>51t06 8 (62) 65 (64) 163 (62.9) 315 (83) 240 (81) 555 (82.2) 47 (44) 31 (41) 78 (42.6)
>6to 7 1 14 (72) 70 (69) 184 (71.0) 341 (90) 256 (87) 597 (88.4) 55 (51) 37 (49) 92 (50.3)
>7t08 125 (79) 82 (81) 207 (79.9) 355 (93) 267 (91) 622 (92.2) 67 (63) 45 (59) 112 (61.2)
>8109 136 (86) 88 (87) 224 (86.5) 367 (97) 275 (93) 642 (95.1) 82 (77) 55 (72) 137 (74.9)
>9to 10 147 (93) 95 (94) 242 (93.4) 375 (99) 284 (96) 659 (97.6) 92 (86) 64 (84) 156 (85.3)

>10to 11 151 (96) 98 (97) 249 (96.1) 379 (99) 287 (97) 666 (98.7) 101 (94) 69 (91) 170 (92.9)

>11t012 157 (99) 99 (98) 256 (98.8) 379 (99) 293 (99) 672 (99.6) 104 (97) 73 (96) 177 (96.7)

>12 158 (100) 101 (100) 259 (100) 380 (100) 295 (100) 675 (100) 107 (100) 76 (100) 183 (100)

* Time to event was from the date of random assignment to distant metastasis, general clinical treatment failure, or prostate cancer—specific death. DM = distant
metastasis; GCTF = general clinical treatment failure; PCSDs = prostate cancer-specific deaths; — = no PCSDs.

indicate that distant metastasis at 3 years and also general clinical
treatment failure at 3 years might be potential surrogate end-
points for prostate cancer—specific survival at 10 years, according
to Prentice’s definition.

Prentice’s Criterion 1. The true endpoint, the 10-year prostate
cancer—specific survival rate, was 86% (95% CI = 83.3% to 88.6%)
for patients in the control arm and 90% (95% CI = 87.7% to
92.4%) for patients in the experimental arm (P = .02; Table 3 and
Figure 1). Therefore, Prentice’s first criterion, that the investiga-
tional treatment (experimental) has a statistically significant impact
on the true endpoint prostate cancer—specific survival, was
satisfied.

Prentice’s Criterion 2. Statistically significant treatment effects
were observed on distant metastasis (odds ratio [OR] = 2.36, 95%
CI = 1.48 t0 2.76; Table 2 and Figure 2, A) and on general clinical
treatment failure (OR = 1.48, 95% CI = 1.17 to 1.88; Table 2 and
Figure 2, B). Therefore, Prentice’s second criterion for both dis-
tant metastasis and general clinical treatment failure, that the
investigational treatment has a statistically significant impact on
the surrogate endpoint, was satisfied.

Prentice’s Criterion 3. Both distant metastasis and general clinical
treatment failure had a statistically significant impact on time to
prostate cancer—specific survival (for distant metastasis, P < .001;
and for general clinical treatment failure, P = .004; Table 4).

Table 2. Prostate cancer-specific survival rate by surrogate endpoints at 3- (n = 1364) and 5-year (n = 1178) landmark analyses*

Treatment failure events

Median PCSS time

Surrogate Control arm, Experimental Control Experimental
endpoint Total No. No. (%) arm, No. (%) OR (95% CI) arm, y arm, y HR (95% CI)
3-y Analysis
DM
Yes 88 61 (9) 27 (4) 5.46 5.77 0.95 (0.60 to 1.50)
No 1276 624 (91) 652 (96) 2.36 (1.48 t0 2.76) 10.08 10.21 0.76 (0.51 to 1.11)
Total 1364 685 (50) 679 (50) 9.58 9.91 0.69 (0.52 t0 0.93)
GCTF
Yes 412 235 (34) 177 (26) 8.46 8.80 0.81 (0.58 to 1.14)
No 952 450 (66) 502 (74) 1.48 (1.17 t0 1.88) 10.29 10.31 0.88 (0.48 to 1.63)
Total 1364 685 (50) 679 (50) 9.68 9.91 0.69 (0.52 t0 0.93)
5-y Analysis
DM
Yes 74 44 (8) 30 (5) 8.55 7.70 1.35 (0.65 to 2.78)
No 1104 543 (92) 561 (95) 1.52 (0.94 to 2.45) 10.39 10.53 0.70 (0.47 to 1.04)
Total 1178 587 (50) 591 (50) 8.17 10.47 0.73 (0.52 to 1.04)
GCTF
Yes 418 239 (41) 179 (30) 9.85 10.28 0.85 (0.56 to 1.30)
No 760 348 (59) 412 (70) 1.58 (1.24 t0 2.01) 10.54 10.562 0.84 (0.45 to 1.57)
Total 1178 587 (50) 591 (50) 10.35 20.50 0.73 (0.52 to 1.04)

* PCSS = prostate cancer—-specific survival, Control arm = short-term androgen deprivation and radiation therapy arm; Experimental arm =

long-term androgen

deprivation and radiation therapy arm; OR = odds ratio of distant metastasis or general clinical treatment failure event; HR = hazard ratio of prostate
cancer—specific death; Cl = confidence interval; DM = distant metastasis; GCTF = general clinical treatment failure.
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Table 3. Survival outcome by treatment arm: 3- (n = 1364) and 5-year (n = 1178) landmark analyses*

Variable

Prostate cancer-specific death

Other deaths Total deaths

3-y Landmark analysis
No. of deaths (%)

Control arm 107 (8) 246 (18) 353 (26)
Experimental arm 76 (6) 260 (19) 336 (25)
HR (95% Cl) 0.69 (0.52 to 0.93) 0.92 (0.79 to 1.07)
Death rates, T % (95% Cl)
Control arm 14.04 (11.37 to 16.72) 29.26 (25.74 to 32.77)

Experimental arm
Median survival time, ¥y (95% ClI)
Median time to event time, y (95% Cl)
5-y Landmark analysis
No. of deaths (%)

9.96 (7.63 to 12.28)

6.97 (3.04 to 12.90)

30.70 (27.10 to 34.29)
9.73 (7.63 to 13.98)

7.53 (3.00 to 13.65) 7.42 (3.00 to 13.65)

Control arm 74 (6) 187 (16) 261 (22)
Experimental arm 56 (5) 202 (17) 258 (22)
HR (95% Cl) 0.73 (0.52 to 1.04) 0.95 (0.80 to 1.13)
Death rates,t % (95% ClI)
Control arm 10.64 (8.07 to 13.22) 23.83 (20.26 to 27.39)

Experimental arm
Median survival time, ¥ y (95% CI)
Median time to event time, y (95% Cl)

7.90 (5.65 to 10.15)

8.15 (5.00 to 12.90)

24.98 (21.36 to 28.60)
10.41 (5.00 to 13.98)

8.49 (5.00 to 13.65) 8.43 (5.00 to 13.65)

* Control arm = short-term androgen deprivation and radiation therapy; experimental arm = long-term androgen deprivation and radiation therapy; HR = hazard ratio

of death; ClI = confidence interval.
T Death rates at 10 years.

1 Median survival time for all patients in the 3-year landmark analysis (n = 1364) and the 5-year landmark analysis (n = 1178).

Therefore, Prentice’s third criterion for both distant metastasis
and general clinical treatment failure, that the surrogate endpoint
has a statistically significant impact on the true endpoint, was
satisfied.

Prentice’s Criterion 4. The treatment effect on prostate cancer—
specific survival was not statistically significant in either the group
with distant metastasis or general clinical treatment failure (for
distant metastasis, P = .54; and for general clinical failure, P = .29)
or in the group without distant metastasis or general clinical
treatment failure (for non—distant metastasis, P = .39; and for

3
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E 45
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§ 30
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[ 679 640 591 552 510 453 390 336
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Year(s) since randomization

Figure 1. Prostate cancer—specific survival for the 3-year landmark
analysis of the Radiation Therapy and Oncology Group 92-02 trial.
Patients in the control arm were treated with short-term androgen
deprivation and radiation therapy; patients in the experimental arm
were treated with long-term androgen deprivation and radiation ther-
apy. Gray's test statistic was used, and all statistical tests were two-
sided. Error bars at 5, 8, and 10 years = 95% confidence intervals.
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non-general clinical failure, P = .98; Table 4). These findings sug-
gest that the full effect of treatment on prostate cancer—specific
survival may be captured by the potential surrogate endpoints,
independent of treatment, and so Prentice’s fourth criterion was
not rejected.

Evaluation of Surrogacy of Distant Metastasis and
General Clinical Treatment Failure by 5 Years

The 5-year landmark analysis was performed by including only
data from patients who were alive at 5 years from the date of ran-
dom assignment (Table 5). Among the 1178 patients in this sub-
group, the median follow-up was 10.35 years for the 587 patients
in the control arm and 10.50 years for the 591 patients in the
experimental arm. Among the 659 patients in this subgroup who
were still alive at the time of the current analysis, median follow-up
was 11.35 years in control arm and 11.33 years in the experimental
arm. There were 130 prostate cancer—specific deaths (74 in the
control arm and 56 in the experimental arm), 196 distant metasta-
ses (117 in the control arm and 79 in the experimental arm), and
574 general clinical treatment failures (324 in the control arm and
250 in the experimental arm) available for analysis in this sub-
group. Among the 196 patients who had distant metastasis, 74
(38%) had their failure event by 5 years (44 in the control arm and
30 in the experimental arm), and among the 574 patients who had
general clinical treatment failure, 418 (73 %) had their failure event
by 5 years (239 in the control arm and 179 in the experimental
arm) (Table 5).

There was no statistical difference at 5 years with respect to the
prostate cancer—specific survival between the two arms among
those with (HR of prostate cancer—specific death = 1.35,95% CI =
0.65 to 2.78) and without (HR of prostate cancer—specific death =
0.70, 95% CI = 0.47 to 1.04) distant metastasis (Table 2). These
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Figure 2. Surrogate endpoint nonfailure rates for the 3-year landmark
analysis of the Radiation Therapy and Oncology Group 92-02 trial.
A) Distant metastasis nonfailure rates. B) General clinical treatment non-
failure rates. Patients in the control arm were treated with short-term
androgen deprivation and radiation therapy; patients in the experimen-
tal arm were treated with long-term androgen deprivation and radiation
therapy. Gray’s test statistic was used, and all statistical tests were two-
sided. Error bars at 5, 8, and 10 years = 95% confidence intervals.

results suggest that the prostate cancer—specific benefit in the
experimental arm, compared with the control arm, was due to the
lower rate of distant metastasis at 5 years that was associated with
the experimental treatment (HR = 0.73, 95% CI = 0.52 to 1.04;
Table 2), although the rate was not statistically significantly lower.
Similar results were obtained for the groups with (HR = 0.85, 95%
CI =0.56 to 1.30) and without (HR = 0.84, 95% CI = 0.45 to 1.57)
general clinical treatment failure. Thus, these observations indicate
that distant metastasis at 5 years and also general clinical treatment
failure at 5 years may be potential surrogate endpoints for prostate
cancer-specific survival at 10 years, according to Prentice’s
definition.

Prentice’s Criterion 1. The true endpoint, the 10-year prostate
cancer—specific survival rate, was 89% (95% CI = 86.8% to 91.9%)
for patients in the control arm, compared with 92% (95% CI =
89.9% to 94.4%) for patients in the experimental arm (P = .08;
Table 3). Therefore, Prentice’s first criterion, that the investi-
gational treatment (in the experimental arm) has a statistically

jnci.oxfordjournals.org

Table 4. Prentice’s criteria 3 and 4 for the 3-year landmark
analysis (n = 1364)*

Variable Coefficient Pt
S(t) = DM
DM (Hy: B, = 0) 2.71 <.001
DM x TRT (Hy: B, = 0) 0.10 .54
Non-DM x TRT (H,: B; = 0) -0.31 .39
S(t) = GCTF
GCF (H,: B, =0) 3.25 .004
GCF x TRT (Hy: B, = 0) -0.16 .29
Non-GCTF x TRT (H,: B, = 0) —0.02 .98

The following proportional model was used to validate the criteria. Prentice’s
third criterion, that the surrogate endpoint has a statistically significant impact
on the true endpoint, can be tested by H,:3, = 0. Prentice’s fourth criterion
can be tested by H;:, = 0 and H,:B; = 0.

h(t)
In ) =B, x S) + B, x TRT x S(t) + B; x TRT x [1 — S@#)],

0
where h(t) = hazard rate of prostate cancer-specific death at time t; S(t) =
surrogate endpoint (failure = 1 and nonfailure = 0); 1 — S(#) = not having
surrogate endpoint failure; TRT = treatment arm analyzed (control = 0 and
experimental = 1); DM = distant metastasis; GCTF = general clinical treat-
ment failure; B, = coefficient for surrogate endpoint effect; B, = coefficient
for treatment effect; B, = coefficient for the interaction between the not
having a failure for surrogate endpoint and treatment.

T Chi-square test statistic. All statistical tests were two-sided.

significant impact on the true endpoint, prostate cancer—specific
survival, was not satisfied.

Prentice’s Criterion 2. The investigational treatment was not
statistically significantly associated with distant metastasis (OR =
1.52, 95% CI = 0.94 to 2.45; Table 2) but was associated with
general clinical treatment failure (OR = 1.58, 95% CI = 1.24 to
2.01). Therefore, Prentice’s second criterion, that the investiga-
tional treatment has a statistically significant impact on the surro-
gate endpoint, was satisfied for general clinical treatment failure
but not for distant metastasis.

Prentice’s Criterion 3. Both distant metastasis and general clinical
treatment failure had a statistically significant impact on time to
prostate cancer—specific survival (for distant metastasis, P =.004; and
for general clinical treatment failure, P = .02; Table 6). Therefore,
Prentice’s third criterion, that the surrogate endpoint has a statisti-
cally significant impact on the true endpoint, was satisfied for both
distant metastasis and general clinical treatment failure.

Prentice’s Criterion 4. The treatment effect on prostate cancer—
specific survival was not statistically significant either in the group
with distant metastasis or general clinical treatment failure (for dis-
tant metastasis, P = .17; and for general clinical failure, P = .58) or in
the group without distant metastasis or general clinical treatment
failure (for non—distant metastasis, proportional hazard model coeffi-
cient = —0.59, P = .14; and for non-general clinical failure, P = .74;
Table 6). The full effect of treatment on prostate cancer—specific
survival appears to have been captured by the candidate surrogate
endpoints, independent of treatment. Therefore, Prentice’s fourth
criterion, that the full effect of the treatment on the true endpoint
should be captured by the surrogate endpoint, was not rejected.
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Table 5. Distribution of endpoints from the landmark analysis at 5 years (n = 1178)*

No. (%) of cumulative DM events

No. (%) of cumulative GCTF events

No. (%) of cumulative PCSDs

Time to Control Experiment Control Experiment Experiment

event, y arm arm Total arm arm Total Control arm arm Total
<1 1(1) 2(3) 3(1.5) 32 (10) 28 (11) 0 (10.5) — — —
>11t02 14 (12) 6 (8) 20 (10.2 70 (23) 44 (18) 114 (19.9) — — —
>21t03 27 (23) 12 (15) 39 (19.9 182 (56) 141 (56) 323 (56.3) — — —
>3t04 35 (30) 18 (23) 53 (27.0 211 (65) 155 (62) 366 (63.8) — — —
>4t05 44 (38) 30 (38) 74 (37.8 239 (74) 179 (82) 418 (72.8) — — —
>51t0 6 57 (49) 43 (54) 100 (51.0 259 (80) 195 (78) 454 (79.1) 14 (19) 11 (20) 5(19.2)
>6to 7 73 (62) 48 (61) 121 (61.7 285 (88) 211 (84) 496 (86.4) 22 (30) 17 (30) 9 (30.0)
>7t08 84 (72) 60 (76) 144 (73.5 299 (92) 222 (89) 521 (90.8) 34 (46) 25 (45) 9 (45.8)
>8109 95 (81) 66 (84) 161 (84.1 311 (96) 230 (92) 541 (94.3) 49 (66) 35 (63) 4 (64.6)
>91to0 10 106 (91) 73 (92) 179 (91.3 319 (98) 239 (96) 558 (97.2) 59 (80) 44 (79) 103 (79.2)

>10to 11 110 (94) 76 (96) 186 (94.9 323 (99) 242 (97) 565 (98.4) 68 (92) 49 (88) 117 (90.0)

>111t0 12 116 (99) 77 (97) 193 (98.5 323 (99) 248 (99) 571 (99.5) 71 (96) 53 (95) 124 (95.4)

>12 117 (100) 79 (100) 196 (100) 324 (100) 250 (100) 574 (100) 74 (100) 56 (100) 130 (100)

* Time to event was from the date of random assignment to distant metastasis, general clinical treatment failure, or prostate cancer—specific death.
DM = distant metastasis; GCTF = general clinical treatment failure; PCSDs = prostate cancer-specific deaths; — = no PCSDs.

Discussion

This study is a secondary analysis of the randomized, cooperative
group phase III trail, RTOG 92-02. The purpose of this analysis
was to evaluate distant metastasis and general clinical treatment
failure as surrogate endpoints for prostate cancer—specific survival
by using the surrogacy criteria of Prentice (10). Both distant
metastasis and general clinical treatment failure at 3 years were
consistent with all four of Prentice’s criteria for being surrogate
endpoints for prostate cancer—specific survival at 10 years. Although
prostate cancer—specific survival was not statistically significantly
.08), both

endpoints were consistent with Prentice’s three remaining criteria.

different between treatment arms at 5 years (P =

Table 6. Prentice’s criteria 3 and 4 for the 5-year landmark
analysis (n = 1178)*

These results suggest that distant metastasis and general clinical
treatment failure at 3 and 5 years may be useful surrogate end-
points for prostate cancer—specific survival.

An increasing number of randomized clinical studies of modern
local therapies for patients with clinically localized prostate cancer
that found improved biochemical outcomes have been reported
(14-17). However, relatively few prostate cancer trials have demon-
strated statistically significant differences in prostate cancer—specific
survival or overall survival (1-4). Because of the long natural history
of prostate cancer, randomized trials designed to detect statistically
significant differences in mortality often are prohibitive in terms of
size, duration, and cost. In contrast, colorectal cancers have a rela-
tively rapid natural history, and many trials of adjuvant therapy
have demonstrated statistically significant survival differences
(18,19). By using meta-analysis of multiple randomized experi-
ments, investigators have demonstrated that disease-free survival is

Variable Coefficient Pvaluet  a valid surrogate endpoint for overall survival in colorectal cancer

S(t) = (20-22). The identification and rigorous validation of surrogate
DM (H,: B, = 0) 1.93 .004 endpoints for overall or disease-specific survival are of great utility
DM x TRT (Hy: B, = 0) 0.27 A7 in clinical cancer research because the use of surrogate endpoints
Non-DM x TRT (Ho: 5 = 0) —0.59 14 substantially decreases the size and duration of clinical trials, allow-

S(g C?TSC(:IIOF B, = 0) 261 02 ing more rapid prospective testing of hypotheses and potentially
GCTF x TRT (H,: 8, = 0) 010 58 accelerating development of improved cancer treatment.
Non-GCTF x TRT (Hy: B, =0)  —0.24 74 This study had several limitations arising from the challenges

* The following proportional model was used to validate the criteria. Prentice’s
third criterion, that the surrogate endpoint has a statistically significant impact
on the true endpoint, can be tested by Hy:8, = 0. Prentice’s fourth criterion
can be tested by Hy:8, = 0 and H,:B, = 0.

0!
"R

where h(t) = hazard rate of prostate cancer-specific death at time t; S(t) =
surrogate endpoint (failure = 1 and nonfailure = 0); 1 — S(#) = not having
surrogate endpoint failure; TRT = treatment arm analyzed (control = 0 and
experimental = 1); DM = distant metastasis; GCTF = general clinical treat-
ment failure; B, = coefficient for surrogate endpoint effect; B, = coefficient
for treatment effect; B, = coefficient for the interaction between the not
having a failure for surrogate endpoint and treatment.

=B, x S@) + B, x TRT x S(t) + B; x TRT x [1 - S(2)],

T Chi-square test statistic. All statistical tests were two-sided.
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of proving Prentice’s key fourth criterion and the fact that data
from only one trial were available for this analysis. Statistical
methods for establishing and validating a surrogate endpoint,
such as Prentice’s criteria, must be applied with caution and
with an appreciation of their limitations (23). In particular,
the failure to reject the critical Prentice’s fourth criterion is
not necessarily definite evidence that the criterion holds.
Furthermore, surrogate endpoint analyses are ideally conducted
with meta-analytic approaches and include data from many
randomized trials. Unfortunately, few randomized trials of
treatment for localized prostate cancer have yet observed statis-
tically significant differences in survival endpoints, limiting the
opportunity for comprehensive meta-analysis.
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Although this analysis included patients from only one clini-
cal trial, the findings are strengthened because they derive from
data on a large group of patients who were treated in a multi-
institutional setting under the direction of a large cooperative
group. The RTOG 92-02 trial was conducted with standardized
data collection, treatment, and follow-up. All patients were
treated between June 26, 1992, and April 15, 1995, with subse-
quent follow-up, all occurring within the PSA era. Although this
study is a retrospective secondary analysis, data are from a pro-
spective randomized trial, which should remove potential sources
of selection or other accidental bias. The experimental treatment
that was evaluated in the RTOG 92-02 trial has become a stan-
dard of care, and the experimental arm of the RTOG 92-02 trial
is now the standard arm in the successor combined modality
trial, RTOG 05-21, for high-risk prostate cancer. The RTOG
05-21 trial is a randomized comparison between long-term
androgen deprivation therapy and external beam radiation ther-
apy with or without adjuvant docetaxel-based chemotherapy.
The continued prospective use of data from the experimental
arm of the RTOG 92-02 trial indicates that the analysis is con-
temporary and relevant to ongoing clinical research.

Previous attempts at identification of a surrogate endpoint for
prostate cancer survival have focused on the kinetics of increasing
posttreatment serum PSA levels. Many studies have found that
rapid PSA increases, or short posttreatment PSA doubling times,
after local therapy are associated with the development of meta-
static disease and prostate cancer-specific mortality (24-28).
D’Amico et al. (26), by use of a large database of retrospective
patient data, demonstrated that a short PSA doubling time of less
than 3 months meets statistical criteria for being a surrogate end-
point for prostate cancer—specific survival. However, metrics such
as PSA doubling time and PSA velocity can be confounded by the
methods and frequency of PSA measurement and can be difficult
to systematically assess.

Data from the RTOG 92-02 trial have been the subject of a
previous secondary analysis that evaluated posttreatment PSA dou-
bling time as a potential surrogate endpoint for prostate cancer
survival (29). Valicenti et al. (29) confirmed that treatment was
statistically significantly associated with PSA doubling times that
were shorter than 6, 9, and 12 months and that these PSA doubling
times were statistically significantly associated with prostate cancer—
specific survival, meeting Prentice’s second and third criteria.
However, prostate cancer—specific survival was not independent of
treatment for PSA doubling times longer than any cut point in the
study (eg, P = .89 for PSA doubling time of <6 months but P =.014
for PSA doubling time of >6 months). Because PSA doubling time
had been previously analyzed in this dataset and Prentice’s fourth
criteria for surrogacy was rejected and also because PSA kinetics
have not been validated as an independent predictor of prostate
cancer survival, we chose not to include PSA kinetics as a compo-
nent of a surrogate endpoint definition in this study.

In patients with metastatic, androgen-independent prostate
cancer, Petrylak et al. (30) reported that several metrics, including
3-month declines in the PSA level of 20%-40%, 2-month decline
in the PSA level of 30%, and PSA velocities at 2 and 3 months after
chemotherapy, did meet surrogacy criteria for survival in an analy-
sis of the Southwest Oncology Group 99-16 trial. The rate or

jnci.oxfordjournals.org

degree of decline in the serum PSA level after initiation of andro-
gen deprivation therapy would not likely constitute a viable end-
point for patients with hormonally naive, clinically localized
prostate cancer, such as the patients in the RTOG 92-02 trial;
therefore, PSA declines were also not analyzed as potential survival
surrogates in this study.

The potential surrogate endpoints that were selected for this
study included distant metastasis, which is a straightforward and
objective finding in patients with progressive prostate cancer and
has been associated with increased prostate cancer-specific death
(31). However, the detection of distant metastasis may be subject to
variation in how often imaging studies (eg, bone scan or other x-ray
studies) are obtained, with some clinicians using asymptomatic PSA
changes to request an imaging study and others using the develop-
ment of symptomatic disease progression, such as the onset of bone
pain. To address this potential concern, we sought an additional
candidate surrogate endpoint that could capture a wider range of
indicators of clinically significant disease progression that might
suggest fatal disease. We identified a composite endpoint, general
clinical treatment failure, that has been applied previously (7,8) and
that incorporates clinical (identification of local, regional, or distant
failure), biochemical (measurement of a substantial elevation in the
PSA level of more than 25 ng/mL), and treatment-related (initiation
of androgen deprivation therapy) indicators of treatment failure that
are likely to be associated with fatal prostate cancer. Although there
is considerable overlap between the two candidate surrogate end-
points evaluated in the study, the definition that we used for general
clinical treatment failure broadens the failure criteria by including
local and regional disease recurrence at any clinically apparent site
and the stringent biochemical treatment failure criterion of a PSA
level of more than 25 ng/mL. In addition, this endpoint captures
other factors judged by the treating physician as clinically significant
enough to warrant systemic treatment by initiating androgen depri-
vation therapy after the completion of curative intent local therapy.
In addition to distant metastasis, we feel that the definition for the
composite endpoint, general clinical treatment failure, is also a
straightforward measure that can be applied to many patients with
prostate cancer at various stages and may more completely capture
treatment failures that are likely to be associated with increased
prostate cancer—specific death.

Validation of distant metastasis and/or general clinical treat-
ment failure, as defined in this study, as surrogate endpoints for
prostate cancer—specific survival clearly requires additional study of
other patient data. Although few randomized trials of treatment for
localized prostate cancer have demonstrated statistically
significant improvements in prostate cancer—specific survival or
overall survival, certain trials conducted by the Southwest Oncology
Group, the European Organization for Research and Treatment of
Cancer, and other groups contain data that may be useful for vali-
dation of these factors as surrogate endpoints for prostate cancer—
specific survival and that could potentially support a meta-analysis
similar to the approach used for colorectal cancer (20-22). This
study represents an initial attempt to explore intermediate outcome
criteria as possible surrogate endpoints for prostate cancer—specific
survival, and its results will require validation in prospective trials,
preferably involving several different treatment types, to determine
whether the findings can be applied only to combination treatment
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with androgen deprivation therapy and external beam radiotherapy
or whether they can be more broadly applied to other treatment
strategies, such as those that incorporate different local and sys-
temic therapies. The potential surrogate endpoints, distant metas-
tasis and general clinical treatment failure, should be further and
prospectively evaluated in future clinical trials along with overall
and prostate cancer-specific survival endpoints.
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