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Is time to castration resistant prostate cancer a potential
intermediate end-point for time to metastasis among men
initiating androgen deprivation therapy for non-metastatic
prostate cancer with rapid PSA doubling time (<9 months)?
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PURPOSE: Metastasis-free survival (MFS) is a surrogate for overall survival (OS) in men with non-metastatic castration-resistant
prostate cancer (CRPC), but this endpoint may take years to develop in men with non-metastatic castrate-sensitive disease. The
study objective was to examine whether progression to CRPC is a potential intermediate endpoint for developing metastatic
disease in patients with biochemical recurrence (BCR) after radical prostatectomy (RP).
MATERIALS AND METHODS: Men with BCR following RP who had PSA doubling times (PSADT) < 9 months and no metastasis at
the time of initiating androgen deprivation therapy (ADT) (n= 210) were included. The primary objective was to assess the
correlation between CRPC-free survival (CRPC-FS) and MFS, and the secondary objective was to assess the correlation between time
to metastasis and time to CRPC. Kendall’s Tau was used to test the correlation for the primary and secondary outcomes.
RESULTS: The median MFS was 104 months (95% CI: 83–114) and median CRPC-FS was 100 months (95% CI: 80–114). Based on the
Kaplan–Meier curve, the greatest difference in time to MFS and CRPC-FS was around 70% free survival, which was reached at
61.2 months for MFS and 49.6 months for CRPC-FS. Kendall’s Tau for the correlation between CRPC-FS and MFS and between time
to CRPC and time to metastasis was 0.867 (95% CI: 0.765–0.968) and 0.764 (95% CI: 0.644–0.884), respectively.
CONCLUSIONS: Given the high correlation between CRPC-FS and MFS, after validation, CRPC-FS may serve as a potential
intermediate endpoint in trials for men with BCR initiating ADT following local therapy.
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INTRODUCTION
Due to recent developments in the treatment of advanced prostate
cancer, men may live for several years following the diagnosis of
metastatic castration-resistant prostate cancer (CRPC) [1]. As a result,
though overall survival (OS) remains the most robust endpoint for
clinical trial design, these data may take years to mature, especially
in men with non-metastatic hormone-sensitive disease. Appropriate
evidence-based intermediate endpoints are necessary for clinical
trial design and expediting the evaluation of new therapies [2–4].
The ICECaP Working Group demonstrated that among 19

predominantly radiotherapy-based trials, metastasis-free survival
(MFS) is a strong surrogate of OS among men with localized
prostate cancer [2]. Using this outcome, three novel anti-androgen

inhibitors (enzalutamide, apalutamide, and darolutamide) have
gained FDA approval in the non-metastatic CRPC disease space
given their benefits in delaying MFS [5–7]. However, in the active
treatment arm of these trials, median MFS was long, ranging from
36.6–40.5 months. More recently, Gharzai and colleagues assessed
aggregative trial-level performance of commonly reported inter-
mediate clinical endpoints (biochemical failure, local failure,
distant metastases, biochemical failure-free survival, progression-
free survival (PFS), and MFS) among 75 trials across all randomized
trials in localized prostate cancer [4]. Although endpoints early in
the disease process correlated poorly with OS, PFS (R2 0.46)
showed moderate correlation and MFS (R2 0.78) showed strong
correlation with OS.
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In patients with recurrent disease following local therapy,
androgen deprivation therapy (ADT) is typically given prior to
metastasis. As such, many men will develop CRPC prior to
metastasis. Time to CRPC may take years, followed by the addition
of novel antiandrogen agents further delaying metastasis [5–7],
thus making trial design in this disease space difficult. We
therefore hypothesized that CRPC-free survival (CRPC-FS) while on
ADT may also be a reasonable intermediate endpoint for MFS
among men previously treated with radical prostatectomy (RP)
who are initiating ADT for biochemical recurrence (BCR).

MATERIALS AND METHODS
Study population
After receiving institutional review board approval, data from patients
undergoing RP at eight Veteran Affairs Medical Centers (West Los Angeles,
San Diego, San Francisco, Palo Alto, CA; Augusta, GA; Durham and
Asheville, NC; and Portland, OR) between 1988–2017 were combined into
the Shared Equal Access Regional Cancer Hospital (SEARCH) database [8].
Among 7811 men undergoing RP, 2689 experienced BCR (Fig. 1). We
excluded men with missing data on PSA doubling time (PSADT; n= 1208),
those with PSADT ≥ 9 months (n= 1095), those who did not receive ADT
(n= 128), and those who had metastases at initiation of ADT (n= 48),
resulting in a study population of 210 men. A comparison between men
that had PSADT data versus those men excluded for missing PSADT data
demonstrated several differences between these cohorts (Supplementary
Table 1). PSADT < 9 months was chosen to a select cohort at high-risk of
metastasis [8–10]. Taken together, men with BCR following RP who had
PSA doubling time (PSADT) < 9 months and no metastasis at the time of
initiating ADT (n= 210) were included.

Objectives and covariates
The primary objective was to assess the correlation between CRPC-FS and
MFS. The secondary objective was to assess the correlation between time
to CRPC and time to metastasis. An exploratory objective was to assess the
correlation between CRPC-FS and overall survival (OS). MFS, CRPC-FS and
OS were defined as time from initiation of ADT to metastasis or any cause
of death, CRPC or any cause of death, and any cause of death, respectively.
CRPC was defined using the Prostate Cancer Clinical Trials Working Group
2 definition [11]. Covariates included age at ADT (continuous), year of ADT
(continuous), race (non-black, black), surgical center (categorical), clinical
stage (T1, T2-T4), pathologic grade group (1, 2, 3, 4, 5), positive surgical
margins (no, yes), extracapsular extension (ECE; no, yes), seminal vesicle
invasion (SVI; no, yes), lymph node involvement (no, yes, not assessed), and
PSA at ADT initiation (continuous, log-transformed).

Statistical analysis
Multivariable Cox proportional hazards models, adjusted for variables a
priori, were fit to examine which clinical characteristics were associated
with time to CRPC, time to metastasis, and time to death. Kendall’s Tau was
used to test the correlation between CRPC-FS and MFS, between time to

CRPC and time to metastasis [12]. Kaplan-Meier curves were created for
each outcome. Kendall’s Tau was also used to test the correlation between
CRPC-FS and OS. The Kendall’s Tau was calculated using the formula by
Weier et al. [13] or Kim et al. [14], which is similar to the Pearson’s
correlation between two variables, using the Kaplan–Meier estimates to
address censoring. Moreover, this Kendall’s Tau estimate is purely non-
parametric and the copula model is not assumed. To identify men most
likely to develop metastasis and not die of other causes who would be
subjects of future clinical trials (thus benefiting the most from an
intermediate endpoint), we performed a subgroup analysis for patients
with PSA at ADT initiation >1 ng/ml and patients with Charlson-Deyo
Comorbidity Index (CCI) ≤ 2. Additionally, we performed a subgroup
analysis excluding men that developed mCSPC.

RESULTS
In this cohort of 210 men, the median age at ADT was 67 years
(IQR 62, 72), most men were non-black (71%), the most common
pathologic grade group was 2–3 (54%), 46% had positive margins,
30% had SVI, 44% had ECE, and 8% had N+ disease (Table 1). The
median pre-ADT PSA was 3.8 ng/mL (IQR 1.2, 8.1), and median
follow-up after ADT was 79.4 months (IQR 38.1, 127.7; MFS: 132
events, CRPC-FS: 131 events).
The median MFS was 104 months (95% CI: 83–114) and median

CRPC-FS was 100 months (95% CI: 80–114) (Fig. 2). Based on the
Kaplan–Meier curve of all men, the greatest difference in time to MFS

Fig. 1 Consort diagram. Among 7,811 men in the SEARCH
database, there were 210 men included in the study that had
no metastases at ADT.

Table 1. Characteristics of study cohort.

Age at ADT 67 (62, 72)

Year of ADT 2005 (1999, 2010)

Race (N= 209)

Non-black 148 (71%)

Black 61 (29%)

Charlson Comorbidity Index

0 57 (33%)

1 32 (18%)

2 21 (12%)

3+ 64 (37%)

Pathologic grade group (N= 200)

1 27 (14%)

2–3 107 (54%)

4–5 66 (33%)

Positive surgical margins (N= 206)

No 111 (54%)

Yes 95 (46%)

Seminal vesicle invasion (N= 206)

No 145 (70%)

Yes 61 (30%)

Extracapsular extension (N= 203)

No 113 (56%)

Yes 90 (44%)

Lymph node involvement

No 152 (72%)

Yes 17 (8%)

Not done 41 (20%)

PSA at ADT initiation (N= 190) 3.8 (1.2, 8.1)

Follow-up 79.4 (38.1, 127.7)

Continuous variables show median (25th percentile, 75th percentile).
N is displayed for variables with missing data.
PSA prostate-specific antigen.
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and CRPC-FS was around 70% event-free survival, which was reached
at 61.2 months for MFS and 49.6 months for CRPC-FS. Kendall’s Tau
for the correlation between CRPC-FS and MFS was 0.867 (95% CI:
0.765–0.968), with comparable correlation when limited to men with
PSA at ADT > 1 ng/mL (0.846; 95% CI: 0.726–0.966) and CCI ≤ 2 (0.875;
95% CI 0.728–1.000) (Table 2a). Similarly, Kendall’s Tau for the
correlation between time to CRPC and time to metastasis was 0.764
(95% CI 0.644–0.884), with comparable correlation when limited to
men with PSA at ADT > 1 ng/mL (0.763; 95% CI: 0.624–0.902) and
CCI ≤ 2 (0.739; 95% CI: 0.568–0.910). The overall similar time to events
occurred because some men were treated with intermittent ADT and
thus developed castrate-sensitive metastases prior to developing
CRPC (n= 7). While this reflects real-world practice patterns, in a
clinical trial design wherein ADT is intermittent but then reinitiated at
a modest PSA level and thus prior to metastases, development of
castrate-sensitive metastases would be unlikely. To model this, we
repeated the analyses excluding these seven men and found that
Kendall’s Tau for the correlation between CRPC-FS andMFS was 0.888
(95% CI: 0.783–0.993), with comparable correlation when limited to
men with PSA at ADT > 1 ng/mL (0.862; 95% CI: 0.741–0.983) and
CCI ≤ 2 (0.906; 95% CI: 0.755–1.057) (Table 2b). In an exploratory
analysis, similar results were found for the Kendall’s Tau correlation
between CRPC-FS and OS (Supplementary Table 2).
The predictors of time from ADT to CRPC-FS and MFS were

similar with N+ disease and higher PSA at ADT associated with
worse outcomes with similar hazard ratios for both outcomes (all
p ≤ 0.003; Table 3). While black race predicted lower risk of CRPC-
FS (HR 0.56, 95% CI: 0.33–0.96) and MFS (HR 0.63, 95% CI:
0.37–1.08) compared to white race with similar hazards, the
association with MFS was not statistically significant. Similar results
were also found when assessing predictors of time from ADT to
OS (Supplementary Table 3).

DISCUSSION
In a cohort of high-risk men without metastasis at the time of
initiating ADT after RP, we found a strong correlation between
CRPC-FS and MFS, in addition to time to CRPC and time to

Fig. 2 Kaplan–Meier curves. MFS and CRPC-FS (top), and time to
metastasis and CRPC (bottom).

Table 2. a Kendall’s Tau for the correlation between CRPC-FS and MFS, and time to CRPC and time to metastasis. b Kendall’s Tau for the correlation
between CRPC-FS and MFS, and time to CRPC and time to metastasis (excluding patients who develop mCSPC).

a.

Time to CRPC or death and time to
metastasis or death

N # events for MFS # events for
CRPC-FS

# Overlapping events Kendall’s Tau (95% CI)

All patients 210 132 131 128 0.867 (0.765–0.968)

PSA at ADT > 1 ng/ml 151 104 105 102 0.846 (0.726–0.966)

CCI at ADT ≤ 2 110 60 58 57 0.875 (0.728–1.000)

Time to CRPC and time to metastasis N # Metastasis # CRPC # Overlapping events Kendall’s Tau (SE)

All patients 210 59 53 43 0.764 (0.644–0.884)

PSA at ADT > 1 ng/ml 151 44 48 39 0.763 (0.624–0.902)

CCI at ADT ≤ 2 110 21 22 17 0.739 (0.568–0.910)

b.

Time to CRPC or death and time to
metastasis or death

N # events for MFS # events for
CRPC-FS

# Overlapping events Kendall’s Tau (95% CI)

All patients 203 125 128 125 0.888 (0.783–0.993)

PSA at ADT > 1 ng/ml 146 99 102 99 0.862 (0.741–0.983)

CCI at ADT ≤ 2 106 56 57 56 0.906 (0.755–1.057)

Time to CRPC and time to metastasis N # Metastasis # CRPC # Overlapping events Kendall’s Tau (95% CI)

All patients 203 43 53 43 0.834 (0.711–0.957)

PSA at ADT > 1 ng/ml 146 39 48 39 0.821 (0.680–0.962)

CCI at ADT ≤ 2 106 17 22 17 0.832 (0.656–1.007)
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metastasis. Specifically, the greatest difference in time to MFS and
CRPC-FS was 61.2 months for MFS and 49.6 months for CRPC-FS at
an event free survival of 70%, suggesting a 12-month earlier time
to event for CRPC. These results were also robust in subsets of
men with PSA at ADT > 1 ng/mL and CCI ≤ 2, men that are most
likely to develop metastasis and not die of other causes, and who
would be most likely subjects of future clinical trials. Furthermore,
predictors of time from ADT to CRPC-FS and MFS were similar
(including in a subset analysis excluding patients that developed
mCSPC), supporting the similarity between these two end-points
providing further evidence that if confirmed, CRPC-FS may be a
reasonable intermediate end-point for men with BCR after RP
initiating ADT.
Intermediate clinical endpoints have emerged with great

interest over the last several years. These surrogate endpoints
are necessary for clinical trial design and expediting the evaluation
of new therapies given that these data may take years to mature
to the ultimate endpoint of OS. MFS has emerged as a viable
intermediate clinical endpoint for OS, first based on work from the
ICECaP group in radiotherapy trials [2] and more recently in all
localized prostate cancer clinical trials [4]. MFS as an endpoint was
used to approve apalutamide [6], enzalutamide [5], and darolu-
tamide [7] in the non-metastatic CRPC disease space, based on a
significant MFS benefit for these agents compared to standard of
care. The legitimacy of intermediate clinical endpoints, specifically
MFS, was further justified when all three non-metastatic CRPC
trials published data in 2020 demonstrating an OS benefit for the
intervention group with longer follow-up [15–17].
The results of our study have several implications and should be

taken into context with the existing literature. Since time to CRPC
correlates with time to metastasis, aggressive, upfront therapy
among men with high-risk localized disease in order to delay CRPC
should also delay metastasis. Historically, adjuvant systemic
therapy trials for high-risk patients after RP have had difficulty
accruing patients. For example, in TAX-3501, the primary outcome
was PFS for high-risk men with undetectable PSA after RP who
were treated with immediate versus deferred ADT+ /− docetaxel

[18]. This trial was terminated early, secondary to enrollment
challenges, which were attributed to lack of consensus regarding
patient selection, need for long follow-up, and non-validated
intermediate endpoints (i.e., PFS).
Our results also suggest CRPC-FS may be a valuable inter-

mediate endpoint for future clinical trials. Several on-going phase
III trials are testing novel hormonal agents in earlier stage non-
metastatic prostate cancer with an MFS primary outcome
(EMBARK [NCT02319837], ATLAS [NCT02531516], PROTEUS
[NCT03767244]). If our results are validated, in the future it may
be possible for studies to use CRPC-FS as a primary outcome
rather than MFS, potentially saving ~12 months (or more) of
follow-up waiting for MFS events to mature. Changing imaging
tests, such as next generation imaging studies such as PSMA,
make for a moving target in the definition of metastasis as well as
challenges for global studies with variable use of next generation
imaging around the world. In contrast, CRPC is a simple and robust
definition without confusion [19]. This would dramatically
expedite drug development and not only encourage more trials
in this disease space, but ensure that patients have more rapid
access to novel agents with significant clinical benefit.
There are several limitations of the current study. First, we did

not have a validation dataset to enable testing the correlations
from this study in a similar population of patients with hormone
sensitive prostate cancer. Second, there was a relatively small
sample size, however the event rate in our study is >60% and
follow-up is >6 years, thus providing a significant event rate to
allow meaningful analyses. Third, all of the men in this study
underwent RP and thus the results may not be generalizable to all
men without metastasis initiating ADT, for example after radio-
therapy or other local therapies. Fourth, even if CRPC-FS is
validated as an intermediate end-point for time to metastasis, this
end-point may be limited by the small difference between CRPC-
FS and MFS, and the more limited association of time to
metastasis and time to CRPC. Fifth, there were 1208 men with
BCR that were excluded from the study secondary to missing data
for PSADT (Supplementary Table 1), which may have led to a

Table 3. Predictors of time from ADT to MFS and CRPC-FS (N= 172).

MFS CRPC-FS

HR (95% CI) p-value HR (95% CI) p-value

Age at ADT 1.01 (0.97–1.04) 0.64 1.01 (0.97–1.04) 0.64

Year of ADT 0.98 (0.94–1.03) 0.47 0.97 (0.93–1.01) 0.18

Race

Non-black Ref. Ref.

Black 0.56 (0.33–0.96) 0.034 0.63 (0.37–1.08) 0.091

Pathological grade group 0.36 0.54

1 Ref. Ref.

2–3 0.64 (0.32–1.30) 0.81 (0.41–1.59)

4–5 0.79 (0.39–1.61) 1.04 (0.51–2.15)

Positive surgical margins 0.80 (0.49–1.30) 0.37 0.77 (0.47–1.26) 0.30

Seminal vesicle invasion 0.92 (0.57–1.49) 0.73 1.08 (0.66–1.75) 0.76

Extraprostatic extension 1.03 (0.63–1.68) 0.91 0.83 (0.51–1.37) 0.47

Lymph nodes 0.002 0.003

Negative Ref. Ref.

Positive 3.66 (1.77–7.56) 3.45 (1.64–7.23)

Not done 1.43 (0.75–2.71) 1.55 (0.81–2.95)

PSA at ADT initiation 1.38 (1.15–1.66) 0.001 1.46 (1.21–1.77) <0.001

Models were also adjusted for surgical center.
#events.
MFS: 132 (50 mets, 82 deaths).
CRPCFS: 131 (53 CRPC, 78 deaths).
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potential bias in patient selection. Finally, we did not formally test
for surrogacy between the outcomes. Thus, our findings are purely
correlative and ideally should be assessed for surrogacy in a
controlled dataset with OS as the primary outcome.

CONCLUSIONS
Among men with BCR after RP and PSADT < 9 months at high-risk
of metastases, but no metastasis prior to initiating ADT, we found
that CRPC-FS and MFS were highly correlated. Intermediate clinical
endpoints are of interest considering that an OS endpoint may
take years to develop in men with non-metastatic castrate-
sensitive disease. If validated, these results may have important
clinical trial ramifications, including CRPC-FS as a relevant
intermediate endpoint for early stage clinical trials, potentially
saving up to ~12 months (or more) of follow-up time.

DATA AVAILABILITY
The datasets generated during and/or analyzed during the current study are available
from the corresponding author on reasonable request.
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