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Abstract

Background: Early endpoints in clinical trials of high-risk localized prostate cancer (HRLPC)
that resemble those monitored in real-world practice could expedite clinical development.

Obijective: To assess the association of prostate-specific antigen (PSA) recurrence (PSA-R)-
based early endpoints with metastasis-free survival (MFS), overall survival (OS), and prostate
cancer (PC)-specific survival (PCSS), and to identify clinically undetectable disease.
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Design, setting, and participants: A post hoc analysis of patients with HRLPC from
Radiation Therapy Oncology Group studies 9202, 9902, and 0521 was performed.

Intervention: Long-term adjuvant androgen-deprivation therapy (ADT) and post-primary
definitive radiotherapy.

Outcome measurements and statistical analysis: Event-free survival (EFS; PSA-R,
locoregional recurrence [LRR], distant metastasis [DM], or death), biochemical failure (PSA-R),
general clinical failure (PSA-R, LRR, DM, ADT initiation, or death), and no evidence of disease
(NED; alive patients without PSA-R, LRR, DM, and subsequent PC therapy, and with testosterone
recovery) were assessed for association with MFS, OS, and PCSS using correlation and landmark
analyses, Kaplan-Meier method, and Cox proportional-hazard model. PSA-R was defined as PSA
nadir + 2 ng/ml; PSA nadir + 2 ng/ml and rising; PSA >5, 10, and 25 ng/ml; or PSA doubling time
(PSADT) <6 mo.

Results and limitations: Among assessed early endpoints, EFS with PSA nadir + 2 ng/ml and
rising, or with PSA >5 ng/ml was associated with MFS, OS, and PCSS. No development of EFS
with PSADT <6 mo or ADT initiation event or achievement of NED at 3 yr was associated with
prolonged OS, MFS, and PCSS (hazard ratio [95% confidence interval], 0.53 [0.45-0.64], 0.63
[0.52-0.76], and 0.26 [0.18-0.36], or 0.56 [0.48-0.66], 0.62 [0.52-0.74], and 0.26 [0.19-0.37])
after the landmark time. Older studies performed before the current guidance should be interpreted
with caution.

Conclusions: We identified EFS with PSA nadir + 2 ng/ml and rising, PSA >5 ng/ml, or
PSADT <6 mo + ADT initiation and NED as potentially promising early endpoints in HRLPC that
should be validated further.

Trial registration: ClinicalTrials.gov identifiers NCT00004054, NCT00767286, NCT00288080
Patient summary

We identified novel clinical measure that can expedite development of new medicines for

patients with localized prostate cancer at high risk of progression. These measures, which took

into account prostate-specific antigen assessments and other clinical characteristics, should be

confirmed in future studies. We also defined a novel measure of no evidence of disease that can
help treating physicians identify patients with clinically undetectable disease.

Keywords
No evidence of disease; Prostate-specific antigen; PSA

Introduction

High-risk localized prostate cancer (HRLPC) is a localized disease at risk of metastasis and
death [1], [2] without curative management [3]. Patients would be able to access medicines
sooner if earlier-than-traditional survival endpoints are implemented as endpoints in clinical
studies. Metastasis-free survival (MFS) has been reported as a strong surrogate endpoint of
overall survival (OS) in localized prostate cancer (LPC) [4], but is increasingly confounded
by lines of subsequent treatment [5], and its evaluation can require up to 4 yr from study

Eur Urol. Author manuscript; available in PMC 2024 September 01.
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inception in nonmetastatic castration-resistant prostate cancer (hnmCRPC) [6], [7]. LPC is an
earlier disease state than nmCRPC: the median time from first enrollment to data readout
for the primary analysis was assessed at 11.5 yr [8]. This protracted reporting of clinical
study results not only delays availability of new therapies, but also requires large patient
populations to assess prostate cancer (PC)-specific deaths.

Additionally, divergent approaches are often taken when assessing disease progression in
pivotal oncology clinical studies versus real-world physician practice [9], [10]. In clinical
studies of LPC, estimates of time-to-event endpoints typically rely on regular tumor imaging
in addition to death events [11]. In 28 clinical studies of LPC assessed by the Intermediate
Clinical Endpoints in Cancer of the Prostate Working Group (ICECaP), 98% used OS, 77%
used prostate-specific antigen (PSA) progression, 72% used MFS or time to metastases,

and 58% used PC-specific mortality as endpoints [8]. In contrast, treating physicians are
recommended to rely on early indicators of disease progression (eg, PSA progression and
clinical symptoms) instead of imaging, resulting in rapid cycling through available treatment
options [3]. Using efficacy endpoints that incorporate changes in PSA may help generate
clinical data that are more reflective of the data in real-world practice.

Early, reliable indicators of disease progression would address a major challenge in
evaluating new therapeutic interventions for HRLPC: most patients are elderly, with an
average age of 66 yr at diagnosis [12] and varying degrees of comorbidity and frailty [13].
Competing causes of death or major health events often precede disease-specific death and
other disease-specific endpoints [14], [15]. Follow-up that is often years away from the
initiation of investigational therapy is required when traditional efficacy endpoints are used,
which confounds mortality from non-PC causes, making it difficult to see a treatment effect

[5].

Searching for early endpoints, we completed a post hoc analysis of three completed large
phase 3 Radiation Therapy Oncology Group (RTOG) studies (9202, 9902, and 0521) in
patients with HRLPC treated with primary definitive radiation therapy (RT) [16], [17], [18].
These studies were selected because of similarity in treatment groups, namely, long-term
adjuvant androgen-deprivation therapy (ADT) after RT, availability of PSA and testosterone
measurements, and date of ADT initiation. Shorter PSA doubling time (PSADT) is
associated with worse prognosis in multiple disease stages and treatment scenarios [1], [19],
[20], [21]. ADT initiation may indicate clinically significant disease that does not yet meet
PSADT criteria but warrants systemic therapy as per the treating physician.

Our first objective was to explore whether modification of early endpoints with PSA Kinetics
thresholds and other parameters will improve their patient-level association with definitive
endpoints (MFS, OS, and PC-specific survival [PCSS]). The early endpoints included in this
analysis have been assessed for surrogacy with definitive endpoints previously: event-free
survival (EFS) [22], biochemical failure (BCF) [22], [23], and general clinical failure (GCF)
[24]. The second objective was to identify early endpoints of progression or clinically
undetectable disease state in patients with HRLPC. The latter, similar to the minimal
residual disease endpoint used in hematological malignancies [25], [26], [27], describes
disease that has responded to investigational interventions but has not yet met the complete

Eur Urol. Author manuscript; available in PMC 2024 September 01.
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response definition. As no comparable early endpoint has been defined in HRLPC, we
suggested a term “no evidence of disease” (NED).

Patients and methods

Study design and population

Endpoints

RTOG 9202, 9902, and 0521 enrolled patients from 1992 to 2005. The studies were
approved by institutional review boards and followed the principles outlined in the
Declaration of Helsinki. The RTOG studies were used to evaluate MFS, disease-free survival
(DFS), EFS, BCF, and GCF as surrogate endpoints for OS and PCSS by ICECaP and others
[4], [22], [23], [24]. Study designs have been reported [16], [17], [18]; studies included
patients with median ages of 66 yr (RTOG 9902 and 0521) and 70 yr (RTOG 9202). Only
patients who were treated with 24-mo (long-term) adjuvant ADT after RT were included

in this analysis. Patient assessments, including imaging, were performed during follow-up
visits every 3 mo during year 1, every 4 mo during year 2, every 6 mo from years 3 to 5, and
annually thereafter (RTOG 9202); as clinically indicated and every 6 mo (RTOG 0521); or
during follow-up visits every 3 mo in the first 2 yr, every 6 mo in the next 3 yr, and annually
thereafter (RTOG 9902; additional information in the Supplementary material).

The analyzed population included 1229 patients (758, 189, and 282 from RTOG 9202, 9902,
and 0521, respectively) who had HRLPC and received long-term ADT (Supplementary
Table 1). One RTOG 0521 patient had no efficacy data and was excluded from efficacy
analyses.

Early endpoints were event-driven disease progression (DFS, EFS, BCF, and GCF)

and binary endpoints of disease progression (EFS [with PSADT <6 mo/ADT]) and
undetectable disease (NED). Definitive endpoints were MFS, OS, and PCSS. Definitions
and modifications of endpoints, locoregional recurrence, and PSA recurrence are provided in
Table 1.

Statistical analysis

To evaluate the association between the early and definitive endpoints (primary objective),
Spearman’s p or Kendall’s <t rank correlation coefficients under a Clayton copula were
calculated [28], [29]. Time-to-event distributions were estimated using the Kaplan-Meier
method, and the cumulative incidence estimator was used to partition the time to event into
individual components over time [30]. Follow-up time started from randomization; patients
who did not experience an event were censored on the last date they were known to be event
free. An association was considered strong if a correlation coefficient was >0.7, as applied
by ICECaP [4].

To evaluate the association between achievement of binary early endpoints (EFS [with
PSADT <6 mo/ADT] or NED) and MFS, OS, and PCSS (secondary objective), a landmark
analysis [31], [32] and a Cox proportional-hazard model adjusted for age and PSA at
baseline were used. One study showed that patients with HRLPC had approximately 50%

Eur Urol. Author manuscript; available in PMC 2024 September 01.
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chance of remaining disease free at 5 yr after RT and ADT [33]. The periods of 3 and

4 yr after treatment represent the most sensible points in the course of natural disease
progression, minimizing a bias from subsequent therapies during long-term follow-up after
RT and ADT. In our analysis, patients who were followed until the landmark time of 3 or

4 yr without experiencing the definitive endpoint (OS, MFS, or PCSS) were grouped by
whether or not they achieved the binary endpoint at the landmark times. Survival probability
estimates of OS, MFS, or PCSS in each group were then computed conditionally on the
patient group classification at the landmark times. Patients who experienced an event or
discontinued before the landmark were excluded from the landmark analysis.

Across all studies, the median follow-up time from the randomization date in the analyzed
population was 12.9 yr, during which 461 patients survived. Death, distant metastases,
locoregional recurrence, and PSA data were available for all patients. Subsequent ADT
(beyond study arm assigned therapy) was initiated for 411/1228 (33%) patients; testosterone
values for analysis were available for 385/1228 (31%) patients.

We first assessed the cumulative incidence function of competing events contributing

to MFS, DFS, EFS (PSA nadir + 2 ng/ml), and PCSS over time. Locoregional

recurrence, distant metastases, and PSA recurrence contributed to the endpoints primarily
in approximately the first 7 yr of follow-up (Fig. 1A—C). PC-specific deaths contributed to
PCSS in approximately the first 10 yr (Fig. 1D). Progression events counting toward DFS
were MFS and locoregional recurrence that added only a small number of events to DFS
(Fig. 1A and 1B). PSA recurrence was the major contributor to EFS (PSA nadir + 2 ng/ml)
in the first 7 yr (Fig. 1C). Across all assessed endpoints, death events primarily unrelated to
PC were major contributors after 10 yr (Fig. 1A-D).

We then evaluated the strength of patient-level associations between early endpoints and
MFS, OS, and PCSS. All associations between OS and MFS, OS and DFS, and MFS and
DFS were strong (per p > 0.7), with p = 0.96, 0.85, and 0.88, respectively, and narrow
95% confidence intervals (Cls; Fig. 2). Associations between PCSS and MFS or DFS had
p =0.850r 0.71, but 95% Cls were wide (Supplementary Fig. 1C). Next we assessed
EFS-based early endpoints with different thresholds for a PSA recurrence event: PSA nadir
+ 2 ng/ml (standard definition), PSA nadir + 2 and rising, and four progressively rigorous
PSA thresholds (PSA >5, >10, and >25 ng/ml after nadir). Associations of these endpoints
with OS or MFS had p > 0.7, with the lowest p for EFS with PSA nadir + 2 ng/ml.
Correlation coefficients increased with >5, >10, and >25 ng/ml PSA thresholds (Fig. 2).
The association of EFS-based endpoints with PCSS had p around 0.7 and wide 95% Cls
(Supplementary Fig. 1C).

None of the associations between BCF- or GCF-based early endpoints and OS or MFS
were strong (p < 0.7), except between GCF (PSA >25 ng/ml + death) and MFS (p = 0.72;
Supplementary Fig. 1A and B). Associations between BCF-based early endpoints and PCSS
had p > 0.7 and wide 95% Cls (Supplementary Fig. 1C). Associations between GCF-based
endpoints and PCSS were weak (p < 0.7), except endpoints with ADT removed as an event

Eur Urol. Author manuscript; available in PMC 2024 September 01.
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that had p > 0.7. Kendall’s rank correlation analysis (Supplementary Fig. 2) showed similar
results for all associations.

We next assessed the association between achievement of a binary early endpoint of
progression, that is, EFS with failure events defined as PSADT <6 mo or ADT initiation
(PSADT <6 mo/ADT) with definitive endpoints (MFS, OS, and PCSS) using landmark
analyses. Patients failing with PSADT <6 mo or starting ADT at the 3-yr landmark had
median OS of 6.1 yr and median MFS of 7.1 yr after the landmark time, while patients
without either of these failures had median OS of 9.9 yr and median MFS of 9.7 yr (Fig. 3A
and 3C, and Supplementary Table 2). Hazard ratios (HRs) (95% CI) for OS and MFS were
0.53 (0.45-0.64) and 0.63 (0.52-0.76), favoring no achievement of EFS (PSADT <6 mo/
ADT) at 3 yr. HR (95% CI) for PCSS was 0.26 (0.18-0.36), also favoring no achievement
of EFS (PSADT <6 mo/ADT) at 3 yr; the median times to PCSS were not reached (Fig. 3E,
and Supplementary Table 2). Similar results were observed for EFS (PSADT <6 mo/ADT)
achieved at the 4-yr landmark analysis (Fig. 3B, 3D, and 3F and Supplementary Table 2).

Finally, we assessed the association between achievement of NED (a binary classification
endpoint that assessed meeting all available criteria) with definitive endpoints of OS, MFS,
and PCSS in the landmark analyses. Patients failing to achieve NED at the 3-yr landmark
time had median OS of 7.1 yr and median MFS of 7.1 yr after the landmark time, while
patients achieving NED at 3 yr had median OS of 10.2 yr and median MFS of 9.8 yr.

HRs (95% Cls) for OS and MFS were 0.56 (0.48-0.66) and 0.62 (0.52-0.74), favoring
achievement of NED at 3 yr (Fig. 4A and 4C, and Supplementary Table 3). The HR (95%
CI) for PCSS was 0.26 (0.19-0.37), also favoring achievement of NED at 3 yr; the median
time to PCSS was not reached (Fig. 4E and Supplementary Table 3). Similar results were
observed for NED achieved at 4 yr (Fig. 4B, 4D, and 4F, and Supplementary Table 3).

Discussion

This post hoc analysis of the long-term ADT treatment groups from three phase 3

RTOG studies in HRLPC identified several early clinical endpoints associated with the
definitive endpoints of MFS, OS, and PCSS. The cumulative incidence function assessment
showed disease progression events mostly occurring within the first 7 yr of diagnosis,

with competing causes of deaths dominating events after 10 yr (Fig. 1). Therefore, early
endpoints assessed in this analysis were those that incorporated progression events with
higher PSA levels, initiation of ADT, locoregional recurrence, and distant metastatic disease,
along with deaths. The absence of progression events as well as testosterone recovery
constituted the state of undetectable disease called no evidence of disease or NED.

The correlation analyses showed a strong patient-level association between MFS and

0S, and a weaker association between DFS and OS, consistent with the previous strong
correlation of MFS and weaker correlation of DFS with OS [4]. These findings reassured
us that the selected statistical method worked appropriately in this data set. Locoregional
recurrence events contributed very little to the number of events over distant metastatic
disease or deaths. Therefore, a weaker association between DFS and OS is not surprising.

Eur Urol. Author manuscript; available in PMC 2024 September 01.
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PSA recurrence is an early indicator of disease progression occurring with a high probability
(Fig. 1). However, an early endpoint of EFS with PSA recurrence defined as PSA nadir +

2 ng/ml, the definition previously assessed in relation to EFS [22] and BCF [22], [23], has
not been shown to be a surrogate for OS [22]. To better understand whether PSA-based
progression events can improve the patient-level association between early and definitive
endpoints, we counted higher PSA levels (>5, >10, or >25 ng/ml after nadir) and increasing
PSA (PSA nadir + 2 ng/ml and rising or PSADT <6 mo) as disease progression events.
Consistent with a weak surrogacy for OS [22], EFS (PSA nadir + 2 ng/ml) showed

the weakest association among all assessed EFS-based endpoints in both Spearman’s and
Kendall’s rank correlation analyses. However, when PSA recurrence in the EFS definition
included rising PSA (PSA nadir + 2 ng/ml and rising), the association improved. EFS with
PSA >5, >10, or >25 ng/ml was associated progressively strongly with OS and MFS: the
higher the PSA cutoff, the stronger the association. It should be noted that patients with
LPC are treated before their PSA levels reach >10 or >25 ng/ml [3]. Given the strength of
association with definitive endpoints, EFS (PSA nadir + 2 ng/ml and rising) and EFS (PSA
>5 ng/ml) are promising early endpoints for further validation. However, with the increasing
use of prostate-specific membrane antigen positron-emission tomography as an imaging tool
for rising PSA [3], physicians will likely initiate treatment before PSA rises to >5 ng/ml.
Therefore, these endpoints need continuing refinement based on current recommendations
and practices. EFS (PSADT <6 mo/ADT) demonstrated a good patient-level association
with MFS and OS in the landmark analysis, suggesting that further validation of this early
progression endpoint is warranted. Interestingly, PSADT <6 mo has been shown to be
associated with HRLPC [19], [21], supporting our findings.

Times to BCF and GCF have been identified as candidate surrogate endpoints in HRLPC
[23], [24]. In our analysis, the association between BCF-based endpoints and definitive
endpoints (OS or MFS) followed the pattern described for EFS with PSA cutoffs of nadir +
2 ng/ml and rising, >5 ng/ml, >10 ng/ml, or >25 ng/ml, although associations were weak.
The association between GCF-based endpoints with PSA cutoffs of >5, >10, or >25 ng/ml
and OS or MFS was also weak; removing ADT initiation as a qualifying event did not
improve the association. Adding death to the GCF definition strengthened the association,
but correlation coefficients were still <0.7 in general.

Endpoints describing a treatment response may have utility in LPC. We defined NED using
important clinical (no locoregional recurrence and distant metastasis) and biochemical (no
PSA >0.5 ng/ml + nadir and rising and testosterone recovery to pre-ADT levels) parameters
and lack of subsequent therapy for PC to identify disease-free patients. Achievement of
NED at 3 yr was associated with prolonged OS, MFS, and PCSS. It should be noted that
data on testosterone recovery and ADT initiation were not available for all assessed patients
and that baseline testosterone levels may be confounded by prior therapies. Therefore,
testosterone recovery to a predetermined level, for example, >200 ng/dl, is a good alternative
for future refinement of NED. Bone scans were also collected with different frequency
across RTOG studies; hence, validity of NED in HRLPC should be assessed in future
studies.

Eur Urol. Author manuscript; available in PMC 2024 September 01.
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Our analysis is limited by its post hoc nature. The data set included older studies initiated
two to three decades ago, when physicians waited for higher PSA levels before initiating
therapy [34], [35] and there was less awareness about the importance of ethnic and racial
diversity in health equity. Recruitment diversity challenges existing for current studies
performed in North America also existed when the RTOG studies were performed. Bone
scans for assessing metastases were collected with different frequencies across the studies.
Some clinically relevant parameters, such as testosterone measurements or date of ADT
initiation, which are now recognized as important, were not robustly collected in these
studies; therefore, the true rate of NED, EFS (PSADT <6 mo/ADT), and GCF with no
ADT initiation event may be lower. Clinical symptoms and signs of disease progression
without an accompanying rise in PSA or increased use of pain medications considered
important for ADT initiation may be less well documented. Our findings advance early
endpoint development but should be generalized in studies with diverse populations and
uniform data collection. The treatment landscape of HRLPC has changed dramatically since
the last of the three assessed studies was completed. Second-generation hormonal agents,
such as abiraterone acetate plus prednisone, enzalutamide, apalutamide, or darolutamide, in
combination with ADT [6], [7], [36], [37], [38], [39] have prolonged the time to metastases
or death of patients with PC and rising PSA significantly. These achievements further
highlight the need for early endpoints.

CONCLUSIONS

This analysis of early endpoints from RTOG patients with HRLPC treated with long-term
ADT following primary definitive RT identified EFS with BCF, defined as PSA nadir +

2 ng/ml and rising, PSA >5 ng/ml, or PSADT <6 mo with or without ADT initiation,

as promising early endpoints suitable for further validation. NED may serve to measure
clinically undetectable disease in LPC, and its utility should be assessed further in
prospective clinical studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical and PSA failure plus absence of disease may be promising early endpoints in

high-risk localized prostate cancer

Twitter statement
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Take home message

In high-risk localized prostate cancer, event-free survival, with higher thresholds of
prostate-specific antigen counting as events and a new definition of no evidence of
disease, are promising early endpoints.
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Fig. 1 —. Cumulative incidence of cause-specific failure types in composite endpoints. (A) MFS,
(B) DFS, (C) EFS (PSA nadir+2 ng/ml), (D) PCSS.
DFS = disease-free survival; EFS = event-free survival; MFS = metastasis-free survival;

PCSS = prostate cancer-specific survival; PSA = prostate-specific antigen.
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Fig. 2 —. Estimates of associations between time-to-event early and definitive endpoints.
Spearman’s rank correlation coefficients for (A) OS, (B) MFS, and (C) PCSS with variations
of EFS-based points.

Cl = confidence interval; DFS = disease-free survival; EFS = event-free survival; MFS =
metastasis-free survival;, OS = overall survival; PCSS = prostate cancer-specific survival;
PSA = prostate-specific antigen.
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Fig. 3 —. Landmark analysis of outcomes by achievement of EFS (PSADT <6 mo/ADT). Kaplan-
Meier estimates for (A, B) OS, (C, D) MFS, and (E, F) PCSS by EFS (PSADT <6 mo/ADT)
achieved at (A, C, E) 3yr or at (B, D, F) 4 yr of treatment.

Shading represents 95% confidence interval. ADT = androgen-deprivation therapy; EFS =
event-free survival; MFS = metastasis-free survival; OS = overall survival, PSADT, prostate-
specific antigen doubling time.
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Fig. 4 —. Landmark analysis of outcomes by achievement of NED. Kaplan-Meier estimates for (A,
B) OS, (C, D) MFS, and (E, F) PCSS by NED achieved at (A, C, E) 3yr or at (B, D, F) 4 yr of
treatment.

Shading represents 95% confidence interval. MFS = metastasis-free survival; NED = no

evidence of disease; OS = overall survival; PCSS = prostate cancer-specific survival.
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Table 1.

Endpoints

Definitions

Event-driven endpoints
oS

MFS

PCSS

DFS
EFS (general definition)

Specific EFS definitions
EFS (PSA nadir + 2 ng/ml)
EFS (PSA nadir + 2 ng/ml and rising)
EFS (PSADT <3 mo)
EFS (PSADT <6 mo)
EFS (PSADT <9 mo)
EFS (PSA >5 ng/ml)
EFS (PSA >10 ng/ml)
EFS (PSA >25 ng/ml)
BCF (general definition)
Specific BCF definitions:
BCF (PSA nadir+2 ng/ml)
BCF (PSA nadir+2 and rising)
BCF (PSADT <3 mo)
BCF (PSADT <6 mo)
BCF (PSADT <9 mo)
BCF (PSA >5 ng/ml)
BCF (PSA >10 ng/ml)
BCF (PSA >25 ng/ml)
GCF (general definition)

Specific GCF definitions

GCF (PSA >5 ng/ml)

GCF (PSA >10 ng/ml)

GCF (PSA >25 ng/ml)

GCF (PSA >5 ng/ml; no ADT)
GCF (PSA >10 ng/ml; no ADT)
GCF (PSA >25 ng/ml; no ADT)
GCF (PSA >5 ng/ml + death)
GCF (PSA >10 ng/ml + death)
GCF (PSA >25 ng/ml + death)

Time from randomization to the date of death from PC or any other cause
Time from randomization to the date of distant metastases or death from any cause

Time from randomization to the date of death from PC or complications related to the protocol
treatment

Time from randomization to the date of locoregional recurrence, distant metastasis, or death

Time from randomization to the date of any event of PSA recurrence, locoregional recurrence,
distant metastasis, or death

Specific definitions are based on PSA recurrence defined as follows:
PSA nadir + 2 ng/ml

PSA nadir + 2 ng/ml and rising

PSADT <3 mo

PSADT <6 mo

PSADT <9 mo

PSA >5 ng/ml

PSA >10 ng/ml

PSA >25 ng/ml

Time from randomization to the date of PSA recurrence
Specific definitions are based on PSA recurrence defined as:
PSA nadir+2 ng/ml

PSA nadir+2 and rising

PSADT <3 mo

PSADT <6 mo

PSADT <9 mo

PSA >5 ng/ml

PSA >10 ng/ml

PSA >25 ng/ml

Time from randomization to the date of occurrence of locoregional recurrence, distant metastases,

PSA recurrence after completion of radiation therapy, or initiation of ADT after completion of
protocol treatment

Specific definitions are based on PSA levels and presence? or absence of ADT initiation or presence

of death as an event

PSA >5 ng/ml

PSA >10 ng/ml

PSA >25 ng/ml

PSA >5 ng/ml and ADT initiation is excluded
PSA >10 ng/ml and ADT initiation is excluded
PSA >25 ng/ml and ADT initiation is excluded
PSA >5 ng/ml and death

PSA >10 ng/ml and death

PSA >25 ng/ml and death
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Endpoints Definitions

Binary endpoints

NED Defined as patients meeting all of the following:
1. Alive
2. No biochemical recurrence (defined as PSA >0.5 ng/ml+nadir and rising)
3. No distant metastasis
4. No loco-regional recurrence
5. No subsequent therapy for PC

6. Testosterone recovery to pre-ADT levels (if available) b

EFS (PSADT <6 mo/ADT) Achievement of an event defined as PSADT of <6 mo (PSADT <6 mo), initiation of ADT,
locoregional recurrence, distant metastases, or death due to any cause prior to the landmark time

Additional definitions

Locoregional recurrence More than 50% increase in prostate volume compared with the lowest volume by imaging,
detection of a new palpable pelvic lesion in the event of previous complete clinical normalization,
identification by biopsy or imaging of a new regional lymph node, or biopsy-proven recurrence
within the prostate gland, whichever occurred first

PSA recurrence

PSA nadir + 2 ng/ml PSA 2 ng/ml above nadir

PSA nadir + 2 ng/ml and rising PSA nadir + 2 ng/ml and PSA increases at the next visit
PSA >5, >10, or >25 ng/ml PSA values of >5, >10, or >25 ng/ml after nadir
PSADT <6 mo PSA doubling time of <6 mo

ADT = androgen-deprivation therapy; BCF = biochemical failure; DFS = disease-free survival; EFS = event-free survival; GCF = general clinical
failure; MFS = metastasis-free survival; NED = no evidence of disease; OS = overall survival; PC = prostate cancer; PCSS = PC-specific survival;
PSA = prostate-specific antigen; PSADT = PSA doubling time.

a s . . . . . . . .
If data on ADT initiation were not available, patients were considered negative for the endpoints but were included in the total patient number
(denominator).

Patients were considered to have testosterone recovery if their serum testosterone increased to be above the level before ADT initiation. If data on
testosterone recovery or initiation of ADT were not available, patients were considered negative for NED if all the other criteria are met but were
included in the total number of patients (denominator).
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