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HIGHLIGHTS

e Metastasis-free survival (MFS) remains a valid surrogate for overall survival (OS) in localized

prostate cancer

e This was amongst patients with greater access to docetaxel and other systemic therapies for

advanced disease

e This has important implications for design and endpoints of (neo)adjuvant trials in localized

prostate cancer



ABSTRACT

Background: Prior work from the Intermediate Clinical Endpoints in Cancer of the Prostate (ICECaP)
consortium (ICECaP-1) demonstrated that metastasis-free survival (MFS) is a valid surrogate for
overall survival (OS) in localized prostate cancer (PCa). This was based on data from patients treated
predominantly before 2004, prior to docetaxel being available for the treatment of metastatic castrate-
resistant prostate cancer (MCRPC). We sought to validate surrogacy in a more contemporary era

(ICECaP-2) with greater availability of docetaxel and other systemic therapies for mCRPC.

Patients & Methods: Eligible trials for ICECaP-2 were those providing individual patient data (IPD)
after publication of ICECaP-1 and evaluating adjuvant/salvage therapy for localized PCa, and which
collected MFS and OS data. MFS was defined as distant metastases or death from any cause, and
OS defined as death from any cause. Surrogacy was evaluated using a meta-analytic two-stage

validation model, with an R? 20.7 defined a priori as clinically relevant.



Results: 15,164 IPD from 14 trials were included in ICECaP-2, with 70% of patients treated after
2004. Median follow-up was 8.3 years and median post-metastasis survival was 3.1 years in ICECaP-
2, compared to 1.9 years in ICECaP-1. For surrogacy condition 1, Kendall’s tau was 0.92 for MFS
with OS at the patient-level, and R? from weighted linear regression (WLR) of 8-yr OS on 5-yr MFS
was 0.73 (95% CI 0.53-0.82) at the trial level. For condition 2, R? was 0.83 (0.64-0.89) from WLR of

log(HR)-OS on log(HR)-MFS. The surrogate threshold effect on OS was an HR(MFS) of 0.81.

Conclusion: MFS remained a valid surrogate for OS in a more contemporary era, where patients
had greater access to docetaxel and other systemic therapies for mCRPC. This supports the use of

MFS as the primary outcome measure for ongoing adjuvant trials in localized PCa.



INTRODUCTION

Globally, prostate cancer is one of the leading causes of cancer in men and accounted for more than
375,000 deaths in 2020.[1] The majority of prostate cancers in Western Europe and North America
are localized at diagnosis and potentially curable with surgery (radical prostatectomy, RP) or
radiotherapy (RT). For the cancers that relapse after local therapy, there still exists a potential for
cure in a proportion of cancers, typically by means of salvage RT, often with concurrent androgen
deprivation therapy (ADT).[2-4] However, the long natural history of localized prostate cancer — where
median survival is typically measured in decades[5] — makes it difficult to conduct practice-changing

trials in the localized setting that use the irrefutable “gold-standard” endpoint of OS.

The Intermediate Clinical Endpoints in Cancer of the Prostate (ICECaP) consortium was established
in 2012 with the aim of pooling individual patient data (IPD) from randomized trials conducted in
localized prostate cancer and attempting to develop and validate an intermediate clinical endpoint
(ICE) with strong surrogacy for OS, thereby helping expedite trial conduct.[6] Prior work from ICECaP
(“ICECaP-1”) showed that metastasis-free survival (MFS) is a valid surrogate for OS, satisfying both
conditions of a widely-accepted surrogacy criterion, with surrogacy being independent of type of local
therapy (RP or RT) and receipt or duration of adjuvant therapy[7]. This finding has since been
validated in a trial-level meta-analysis.[8] As a result, MFS has been adopted as the primary endpoint
for several ongoing trials evaluating systemic therapy with RP and RT in the localized setting, and

served as the revised primary endpoint for the STAMPEDE trial evaluating the addition of abiraterone



+/- enzalutamide to ADT and radiotherapy for high-risk nonmetastatic prostate cancer.[9] Results
from this trial confirmed that MFS was a viable ICE and a valid surrogate for OS, with the hazard ratio
for MFS (0.54) producing almost exactly the hazard ratio for OS (0.63) that was predicted by the

ICECaP-1 surrogate threshold effect.[10]

ICECaP-1[7] utilized IPD from more than 12,000 patients in 19 trials, the majority of whom were
accrued between 1987-2004, an era during which mitoxatrone and corticosteroids formed the basis of
management for metastatic castration resistant prostate cancer (NMCRPC). In 2004, docetaxel was
shown to significantly improve OS in mCRPCJ[11] and since then, several other therapies, including
cabazitaxel, novel hormonal agents (abiraterone, apalutamide, enzalutamide, darolutamide),
radiopharmaceuticals and PARP inhibitors have all demonstrated an OS benefit in CRPC.[12] In
ICECaP-2, we sought to validate the surrogacy of MFS and time to metastasis (TTM) on OS and
disease-specific survival (DSS) respectively by collecting IPD from more contemporaneous trials in
localized prostate cancer, where patients would have had access to at least docetaxel, and potentially

other life-prolonging therapies, for mCRPC.

PATIENTS & METHODS

Trial selection criteria

Between May 2020 and February 2023, the ICECaP-2 data repository collected IPD from 16,125
unique patients from 15 more recently completed randomized, controlled trials for localized prostate
cancer. Eligible trials for this MFS surrogacy validation analysis were trials identified at the time of
ICECaP-1 but from whom data was not available for use in that analysis.[7] All trials were evaluating

adjuvant or early salvage therapies for localized or locally advanced prostate cancer, and which



collected the endpoints of interest (MFS and OS). The search strategy to enable identification of

potentially eligible trials has been previously described and followed PRISMA guidelines.[7]

Definition of endpoints

MFS was measured from the date of randomization to date of first evidence of distant metastases
(confirmed by conventional imaging — CT, MRI and/or bone scan — or histology) or death from any
cause; or censored at the date of last follow-up. TTM was defined analogously to MFS but non-
prostate cancer deaths without prior progression were censored or counted as competing risk. OS
was measured from the date of randomization to death from any cause, censored at the date of last
follow-up in patients who were alive. DSS was defined similarly as OS, but non-prostate deaths were

censored or considered as competing risk in sensitivity analyses.

Surrogacy criteria

We evaluated the surrogacy of MFS with OS using a meta-analytic two-stage validation model as
previously described.[7, 13] Two conditions must hold to claim MFS is a surrogate for OS. Condition 1
requires MFS and OS to be correlated. Condition 2 requires that the treatment effects on both
endpoints are correlated. The validity of the surrogate is reflected by the strength of both correlations.
To be consistent with our previous work, we again defined a priori that an R? = 0.7 was required to

establish clinically relevant surrogacy in the contemporary era.

Condition 1 was tested at both patient and trial levels. At the patient level, the associations of OS with
MFS were evaluated through a bivariate Clayton copula model over the entire follow-up of IPD.

Kendall's tau (range 0-1) quantified the correlation between the endpoints. At the trial level, we



performed weighted linear regression (WLR) analyses of (1) trial- and arm-specific 8-year OS rates
on 5-year MFS rates and (2) trial- and arm-specific restricted mean survival time (RMST) of OS at 8
years on RMST of MFS at 5 years. Regressions were weighted by the inverse variances of the 5-year
estimates of the MFS. The R? was used to quantify the proportion of variance explained by the

regressions.

Condition 2 was tested at the trial level. Cox proportional hazards regression models estimated the
study-specific treatment effects—that is, the natural log (hazard ratio [HR]) of experimental versus
control arm —on the MFS and OS. We then fit a WLR of log(HR)-OS on log(HR)-MFS across trials.
Regressions were weighted by the inverse variance of the log(HR)-MFS, and R? was used to quantify

the proportion of variance that was explained by the regressions.

On the basis of WLR between treatment effects, Surrogate Threshold Effect (STE) is defined based
on the minimum treatment effect on the surrogate (HR-MFS) necessary to predict a significant OS

benefit, corresponding to the upper 95% prediction limit for OS HR lower than 1.

The same approach was applied to the surrogacy analysis of TTM for DSS as a sensitivity analysis
where endpoints of patients with non-prostate cancer deaths were censored. We also performed a
sensitivity analysis to estimate trial-level correlation between cumulative incidence estimates of TTM
and prostate cancer specific mortality (PCSM), and between the sub-distribution treatment effect HR
(sHR) estimates for TTM and PCSM from competing risk models for which non-prostate cancer

deaths were considered as the competing risk for each endpoint.

All analyses were performed using SAS Software version 9.4 (SAS Institute Inc, Carey, NC) and the

R packages (www.r-project.org).
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RESULTS

Trial and Patient Characteristics

For this analysis, 15,164 IPD from 14 trials with 21 treatment comparisons were included in ICECaP-
2 (Supplementary Figure S1). Most patients were enrolled from 2005 to 2016 and the median
follow-up was 8.3 years. Nine out of 14 trials were RT-based trials (for 16 treatment comparisons);
five trials (for 6 treatment comparisons) investigated the benefit of docetaxel added to ADT and RT,
while one trial investigated novel hormonal therapies added to ADT and RT (abiraterone with or

without enzalutamide [Supplementary Tables S1 and S2]).

There were 3,953 events for the MFS endpoint: 44% metastasis, 4% prostate cancer deaths without
recorded metastasis, and 52% non-prostate cancer deaths (Supplementary Table S3). From the
Kaplan-Meier estimates, 5-year MFS was 86% (95% CI 86-87), and 8-year OS was 81% (95% CI 80-
81, Supplementary Table S4 and Supplementary Figure S2). For patients who were reported to
have a metastasis (n=1,727 of 3,953 MFS events), median post-metastasis survival was 3.1 years

(95% Cl 2.8-3.3).

Surrogacy Condition 1: Correlation Between Endpoints

For surrogacy condition 1, the Kendall's tau correlation over the entire follow-up of IPD was 0.92
(95% CI 0.92-0.93) for MFS with OS. When non-prostate cancer deaths were censored, the
correlation of TTM with DSS was 0.93 (95% CI 0.92-0.93). The Kendall’s tau correlations between
endpoints were also similar in subgroup analyses by type of primary therapies (RP or RT) or in

patients who were allocated to docetaxel or novel hormonal therapies (Table 1).
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The correlation between endpoints was also tested using trial-arm level estimates (Table 2). The R?
was 0.73 (95% CI 0.53-0.82) from WLR of 8-year OS on 5-year MFS rates and was 0.79 (95% ClI
0.62-0.86) of 8-year DSS on 5-year TTM rates across trials and treatment arms (Figure 1). Results
were consistent for endpoint correlations when non-prostate cancer deaths were treated as a

competing risk or in a WLR analysis of 8-year RMST of OS on 5-year RMST of MFS.

Surrogacy Condition 2: Correlation Between Treatment Effects on Endpoints

For condition 2, the R? from the WLR of log(HR)-OS on log(HR)-MFS was 0.83 (95% CI 0.64-0.89).
When non-prostate cancer deaths were censored, the R? was 0.63 (95% CI 0.28-0.77) for the WLR of
log(HR)-DSS on log(HR)-TTM. Similar R? were observed when the analysis was restricted to the 9
RT-based trials across 16 treatment comparisons (Table 3). Forest plots showing trial-specific

treatment effects for each endpoint of interest are shown in Supplementary Figure S3.

Surrogate Threshold Effect

The STE was a HR(MFS) of 0.81 on OS (Figure 2A) and a HR(TTM) of 0.68 on DSS (Figure 2B),
which indicates that a risk reduction of 19% and 32% would predict a significant treatment effect on

OS and DSS, respectively.

Summary comparisons of the findings from ICECaP-1[7] and ICECaP-2 are shown in Table 4.

DISCUSSION
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Delaying or preventing the emergence of metastases seen on conventional imaging was shown to be
a valid surrogate for OS in men with localized, predominantly high-risk prostate cancer who mainly
received treatment prior to 2005 in prior work from ICECaP-1.[7] This finding has informed the design
and conduct of modern adjuvant trials in high-risk disease. In this analysis, we show that the
surrogacy of MFS for OS remains valid in localized prostate cancer during a more contemporary era
with ~70% of patients receiving treatment after 2005, the year after which docetaxel received
regulatory approval for the treatment of mMCRPC. This IPD analysis from ICECaP-2 provides
corroborative evidence to support the use of MFS as a primary endpoint for ongoing adjuvant trials

evaluating newer agents in localized prostate cancer.

Several findings from this study deserve further emphasis. ICECaP-2 collated IPD from 14
randomized trials and 15,164 patients across 21 treatment comparisons, which are very similar to the
IPD analysis from ICECaP-1. Nearly 70% of patients in ICECaP-2 were randomized after 2005
(including ~30% after 2010), compared to <40% in ICECaP-1 (where no patient was randomized after
2011). The majority of patients in ICECaP-2 developing a metastatic event would therefore have had
the opportunity to receive docetaxel[11] and potentially other proven life-prolonging therapies such as
abiraterone,[14] enzalutamide,[15] cabazitaxel[16] and Ra-223,[17] all of which were approved
between 2010-2013 for metastatic prostate cancer. This is borne out by the increase in median time
from metastatic event to death from 1.9 years in ICECaP-1[7] to 3.1 years in the current ICECaP-2
analysis, reflective of the greater availability of docetaxel and other life prolonging therapies for

MmCRPC.

The surrogacy effects in ICECaP-2 were on par with those observed in ICECaP-1. At the patient
level, Kendall's tau was 0.92 compared to 0.91 in ICECaP-1 while the correlation (R?) between 5-year

MFS and 8-year OS at the trial level was 0.73 in ICECaP-2, which was above the prespecified 0.7
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threshold we defined as clinically relevant. This is similar to the result seen in a trial-level meta-
analysis[8] though lower than the R? of 0.83 between 5-year MFS and 8-year OS seen in ICECaP-1.
Similarly, the surrogacy effects at trial level were slightly weaker in ICECaP-2 compared to ICECaP-1
(MFS:0S R? of 0.83 vs. 0.92; TTM:DSS R? of 0.63 vs.0.89; STE for OS: HR [MFS] of 0.81 vs. 0.88;
STE for DSS: HR [TTM] of 0.68 vs.0.74). It is likely that this can be explained by the lower proportion
of high-risk patients (51% vs. 66%), shorter follow-up (median 8.3 vs 9.9 years) and longer post-
metastasis survival (3.1 vs. 1.9 years) in ICECaP-2 compared to ICECaP-1, which translated to a
lower number of events for each endpoint. The trial level correlation of TTM with DSS could be more
adversely impacted by the reduced number of events because the estimate of hazard ratio for DSS is
sensitive when the risk (hazard) of CaP-death was extremely low (overall event rate of 6% for a
median follow-up of 8.3 years). As such, the 95% confidence interval estimates are wide (particularly
for the surrogacy of TTM on DSS) and include the pre-specified R? of 0.7; nevertheless, the observed
R? of 0.83 and 0.63 (for MFS:0S and TTM:DSS respectively) correspond to a correlation (r) of 0.9

and 0.8 and are clinically meaningful.

It is important to appreciate the context in which MFS has been validated as a surrogate for OS. Both
ICECaP-1 and ICECaP-2 collated IPD from trials evaluating different therapeutic strategies (i.e.
different RT doses, receipt and duration of adjuvant therapy, type of adjuvant therapy) in localized
prostate cancer or the salvage setting after definitive local therapy. As such, MFS can only be reliably
used as a surrogate endpoint in these settings. MFS has been used as the primary endpoint in trials
assessing novel hormonal agents in the non-metastatic (M0) CRPC setting[18-20] and positive MFS
data from these studies were used in obtaining regulatory approval, while a significant improvement
in MFS was noted with enzalutamide +/- ADT compared to ADT alone in patients with high-risk
biochemical recurrence after prior local therapy.[21] While the three trials in MO CRPC ultimately

showed an OS benefit, formal surrogacy evaluation of MFS for OS in this disease setting is needed
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since the MFS:OS surrogacy defined by ICECaP has been derived from the localized prostate cancer
setting. This setting has a different biology and risk of death from prostate cancer and other non-
cancer causes than high-risk biochemical recurrence and MO CRPC, which are farther along the
prostate cancer disease trajectory. This can be alluded to by the MFS hazard ratios in the three MO
CRPC studies ranging between 0.28-0.41, which ultimately only translated to OS hazard ratios of
0.69-0.78. Formal evaluation of the surrogacy of MFS for OS is required to define the STE in each

unique clinical setting.

An additional point of consideration is that patients in trials contributing to ICECaP were staged and
followed with conventional imaging, and therefore, metastatic disease was detected as such and not
by more sensitive imaging modalities (such as whole-body MRI or PSMA-PET). PSMA-PET is now
frequently used in many regions in staging high-risk disease as well as in detection of metastases
after local therapy,[22] but whether detection of metastases on PSMA-PET that are not visualized on
CT and bone scintigraphy equates to a true MFS event is unclear. It is possible that these PSMA-
positive, conventional scan-negative lesions have more indolent disease biology and/or longer natural
history than lesions that are detectable via conventional imaging in addition to PSMA-PET or it may
simply be the case that the same metastases are “time-shifted” but with no effect on the surrogacy
link.[23] The relationship between PET-MFS and conventional imaging-MFS on the one hand and
PSA progression on the other needs to be explored as the latter previously been shown to not be a
viable surrogate for OS in the localized disease setting.[24] Also, based on the median duration from
emergence of metastasis to death of 3.1 years, it is likely that most of the MFS events we observed
were patients developing metastases in the castrate-resistant setting (eg. after receiving ADT for
rising PSA after local therapy, and then progressing to non-metastatic CRPC and finally mCRPC),
which are very different to the low volume metastatic lesions often detected on PSMA-PET in the

recurrent setting where PSA is rising with intact testosterone. Further work from ongoing adjuvant
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trials, which allow PSMA-PET for disease assessment in addition to conventional imaging, is needed
to confirm or refute this, and as such, MFS can only be considered a reliable surrogate for OS when

metastatic events are observed using conventional scans at this time.

The strengths of these analyses are the availability of IPD from a large number of randomized trials
with sufficient follow-up (median 8.3 years) to permit assessment of OS, accrual of the vast majority
of patients in the docetaxel era for mCRPC, and the consistency of the results across RP and RT-
based trials. Moreover, this dataset uniquely allowed us to characterize the advances in systemic
therapy for mCRPC over the past 20 years, as highlighted by the increase in median post-metastasis
survival between ICECaP-1 and ICECaP-2. As such, despite greater availability and impact of
systemic therapies for mMCRPC, MFS was a surrogate for OS in the localized disease setting. Given
that this surrogacy is independent of class of drug use in the adjuvant setting, MFS is a clinically valid
and meaningful endpoint for studies evaluating novel (neo)adjuvant strategies in localized prostate

cancer.

Key limitations of this work include the lack of specific data on the proportion of patients receiving
novel therapies for metastatic disease, relatively short follow-up for some of the included trials
(notably CHHIP and some of the arms of STAMPEDE) and lack of access to data from trials that
formed part of the initial search strategy but from which we ultimately did not receive IPD.
Furthermore, less than half of the included trials evaluated adjuvant therapies other than ADT, with
only two assessing the impact of novel hormonal agents: further validation of these findings with use
of these agents in the adjuvant setting is needed. Finally, only five trials were RP-based (with four of
these evaluating postoperative RT) and therefore, a formal analysis for surrogacy based on RP or RT

as local therapy could not be performed.
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In summary, the results presented here from an IPD of more than 15,000 patients treated in 14 trials
in the ICECaP-2 database validate the surrogacy of MFS for OS in patients with localized prostate
cancer treated in an era of greater access to docetaxel and other life-prolonging therapies for
metastatic prostate cancer. These, together with the results from ICECaP-1, confirm the suitability of
MFS as a primary endpoint for ongoing adjuvant studies in localized prostate cancer. Caution should
be used when MFS is used outside of this disease state and when metastases detected on novel

(PSMA-PET), but not conventional, imaging are counted as events.
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TABLES & FIGURES

Figure 1 — Bubble plots and regressions of (A) 8-year overall survival (OS) on 5-year metastasis-free
survival (MFS), (B) 8-year disease specific survival (DSS) on 5-year time to metastasis (TTM). All rates
were Kaplan-Meier estimates by trial and treatment arm. Circle size and regression were weighed by
inverse variance of the 5-year rate estimate for the surrogates.
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Figure 2 — Bubble plots and regressions of (A) hazard ratio for overall survival (OS-HR) on hazard ratio

for metastasis-free survival (MFS-HR); (B) hazard ratio for disease-specific survival (DSS-HR) on
hazard ratio for time to metastasis (TTM-HR). Cox proportional hazards regression estimated HR for
each study, and values were natural logarithm transformed. Circle size and regression were weighted

by inverse variance of log(HR) estimates for MFS or TTM.
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Table 1 — Surrogacy condition 1: Correlation between endpoints using patient-level data

Correlation of OS and MFS
(Non-CaP deaths counted as

Correlation of DSS and TTM
(non-CaP deaths censored)

events)

No. | No. of No. | No. of

oc; unci‘ 3e Kendall’s tau o‘: un? ze Kendall’s tau

. d (95% Cl) . d (95% Cl)

trials | subjects trials | subjects
All patients 14 | 15,164 | 0.92(0.92-0.93) | 13* | 14,831 | 0.93(0.92-0.93)
RP-based trials 5 3,628 | 0.89(0.88-0.90) | 4* 3,295 | 0.89(0.88-0.91)
RT based trials 9 | 11,536 | 0.92(0.92-0.93) | 9 11,536 | 0.94(0.93-0.94)
Pati I
atients allocated to 6 1,364 | 0.88(0.86-0.89) | 6 1,364 | 0.91(0.89,0.93)
docetaxel
Pati I |
atients allocated to novel |, 876 | 0.93(0.93-0.93) | 2 876 | 0.93(0.93,0.93)
hormonal therapy
in ICECaP high risk
in ICECaP high ris 13 | 7,670 | 0.89(0.88-0.89) | 12* | 7,604 | 0.91(0.90-0.92)

population

*Exclude 1 trial that reported <3 CaP deaths

** Abiraterone with or without Enzalutamide

CaP: Cancer of prostate, OS: Overall survival, DSS: Disease specific survival, MFS: Metastasis-free survival, TTM: Time to
metastasis, RP: Radical prostatectomy, RT: Radiation therapy
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Table 2 — Surrogacy condition 1: Correlation between endpoints using trial-arm level estimates

All trials RT-based trials
(32 Arms*/14 trials) (22 Arms*/9 trials)
R? (95% Cl) R? (95% Cl)
Non-CaP deaths counted as events
WLR of 8-year OS on 5-year MFS 0.73 (0.53-0.82) 0.77 (0.53,0.86)
WLR of 8-year RMST(OS) on 5-year RMST(MFS) 0.69 (0.46-0.79) 0.81 (0.61,0.88)
Non-CaP deaths censored
WLR of 8-year DSS on 5-year TTM 0.79 (0.62-0.86) 0.84(0.65,0.90)
WLR of 8-year RMST(DSS) on 5-year RMST(TTM) 0.83 (0.68-0.88) 0.91 (0.80,0.94)
Non-CaP deaths as competing risk
WLR of 8-year PCSM on 5-year TTM 0.80 (0.64-0.86) 0.84 (0.66,0.90)
RM\AT/t(RT?;Ai'Vear RMTL(PCSM) on 5-year 0.83 (0.70-0.89) 0.91(0.81,0.94)

*The analysis units were treatment arms. Overall, there were 35 unique arms from 14 trials: 3 arms from CHIPP, 8 arms
from STAMPEDE (1 control+7 experimental arms), and 24 arms from the remaining 12 trials. For RT-based trials, there
were 25 unique arms from 9 RT-based trials (Supplemental Table S1). The analysis excluded 3 experimental arms from
the STAMPEDE trial (RT-based) with median follow-up less than 5 years (Arm B - “RT + AADT >2year + Zoledronate” and
Arm E — “RT + AADT 22y + Zoledronate/Docetaxel”) or maximum follow up <7 years (Arm J - RT + AADT 22y +
Abiraterone/Enzalutamide).

CaP: Cancer of prostate, OS: Overall survival, DSS: Disease specific survival, PCSM: prostate cancer specific mortality,

MFS: Metastasis-free survival, TTM: Time to metastasis, RMST: Restrict mean survival time, RMTL: Restrict mean time
loss, WLR: Weighted linear regression
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Table 3 — Surrogacy condition 2: treatment effects on endpoints are correlated

All trials RT-based trials
No. of No. of
comparisons R%(95% Cl) comparisons R2(95% Cl)
/No. of trials /No. of trials
Non-CaP deaths counted as events
WLR of Log(HR)os on Log(HR)mrs 21/14 0.83(0.64-0.89) 16/9 0.87(0.65-0.92)
Non-CaP deaths censored
WHLR of Log(HR)oss on Log(HR)rwm 20/13* 0.63(0.28,0.77) 16/9 0.62(0.22,0.77)
Non-CaP deaths as competing risk
WLR of Log(sHR)pcsm on Log(sHR)rmm 20/13* 0.61(0.27,0.76) 16/9 0.61(0.20,0.77)

*Exclude 1 trial (1 comparison) with <3 CaP deaths

OS: Overall survival, DSS: Disease specific survival, PCSM: Prostate cancer specific mortality, MFS: Metastasis free

survival, TTM: Time to metastasis, HR: Hazard Ratio, sHR: sub-distribution hazard ratio (from competing risk regression),
RT: Radiation therapy, WLR: Weighted linear regression
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Table 4 — Comparison of ICECaP-1 and ICECaP-2

ICECAP-1 ICECAP-2
(19 trials, 12,712 (14 trials, 15,164
patients) patients)
Years of enroliment, N (%)
1987-2004 11539 (91) 4716 (31)
2005-2009 1111 (9) 6059 (40)
2010-2016 62 (1) 4389 (29)
Age at randomization, median (IQR) 69 (65-73) 67 (62-72)
% of patients with high risk disease* 66 51
Median follow-up, years 9.9 8.3
5-year MFS, % (95% Cl) 79 (79-80) 86 (86-87)
8-year OS, % (95% Cl) 70 (69-70) 81 (80-81)
Z\;Is;jrl:)n time from metastasis to death 19 31
No. of OS events (%) 5350 (42) 3168 (21)
Event type: CaP death vs Non-CaP death 27% vs 73% 29% vs 71%
No. of MFS events (%) 5733 (45) 3953 (26)
Event type: metastasis vs Non-CaP death 38% vs 62% 48% vs 52%
Surrogacy Condition 1
Kendall’s tau 0.91 0.92

R? WLR 8-year-0S on 5-year MFS

0.83(0.71-0.88)

0.73 (0.53 - 0.82)

Surrogacy Condition 2

R? WLR log(HR)-0S on log(HR)-MFS

0.92 (0.81-0.95)

0.83 (0.64 - 0.89)

Surrogate threshold effect

0.88

0.81

CaP: Cancer of prostate, IQR: Interquartile range, MFS: Metastasis free survival, OS: Overall survival, WLR: Weighted

linear regression

*defined as high risk if patient had one of these features: high risk by NCCN or D’Amico criteria, clinical N1 staging, high

risk by pathological criteria (pathological Gleason>7, or seminal vesicles involvement, or 2pT3b stage) or Pathology N1

staging
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Table S1 Trials included for ICECaP-2 MFS surrogacy validation analysis (14 trials for 15,164 unique subjects and 21 treatment comparisons).

Study Title Year Enrolled Control Arm Experimental Arm Total N Median
Follow-up,Y
RP based (5 trials for 3,628 unique subjects and 5 treatment comparisons)
CALGB90203"* 2007-2015 RP RP + NADT 6m + Docetaxel 788 6.4
EORTC22911? 1992-2001 Wait and see Irradiation 1005 10.6
GETUG163 2006-2010 Salvage RT salvage RT + ADT 6m 742 9.4
RTOG9601* 1998-2003 Salvage RT+Placebo salvage RT + Bicalutimide 760 13.1
TROG0803° 2009-2015 Adjuvant RT Salvage RT 333 6.5
RT based (9 trials for 11,536 unique subjects and 16 treatment comparisons)
CHHIP_57g°® 2002-2011 RT 74 Gy+ADT 4-6m* RT 57 Gy + ADT 4-6m 2142 5.2
CHHIP_60g® 2002-2011 RT 74 Gy+ADT 4-6m* RT 60 Gy + ADT 4-6m 2139 5.2
DFCI05043’ 2005-2015 RT+ADT 6m RT + ADT 6m + Docetaxel 350 10.2
GETUG12® 2002-2006 RT+AADT 3y RT + AADT 3y + Docetaxel/Estramustine 413 12.1
RTOG0126° 2002-2008 RT 70.2 Gy RT 79.2 Gy 1499 9.2
RTOG05211° 2005-2009 RT+AADT 2y RT + AADT 2y + Docetaxel 563 10.6
RTOG99021! 2000-2004 RT+AADT 2y RT + AADT 2y + Paclitaxel/Estramustine/Eoposide 397 10.2
RTOG9910%? 2000-2004 NADT 2m+RT+ AADT 2m | NADT 7m + RT + AADT 2m 1490 9.5
STAMPEDE_AB*? 2006-2013 RT + AADT 22y* RT + AADT 22y + Zoledronate 471 3.5
STAMPEDE_AC* | 2006-2013 RT + AADT >2y* RT + AADT >2y + Docetaxel 483 6.1
STAMPEDE_AD® 2006-2011 RT + AADT >2y* RT + AADT 22y + Celecoxib 214 5.6
STAMPEDE_AE®® | 2006-2013 RT + AADT >2y* RT + AADT 22y + Zoledronate/Docetaxel 476 3.5
STAMPEDE_AF? 2006-2011 RT + AADT >2y* RT + AADT >2y + Zoledronate/Celecoxib 208 5.8
STAMPEDE_AG'® | 2011-2014 RT + AADT >2y* RT + AADT >2y + Abiraterone 775 7.0
STAMPEDE_AJ®® 2014-2016 RT + AADT 2y RT + AADT >2y + Abiraterone/Enzalutamide 972 5.0
TROG0304Y’ 2003-2007 NADT 6m + RT NADT 6m + RT+ AADT12mo 1071 11.3

*CHIPP: same control subjects have been used for 2 treatment comparisons. STAMPEDE: same control subjects have been used for comparisons of

one or more experimental drugs for arms B,C,D,E,F and G (i.e., 1,658 controls from 596 unique subjects).

ADT: Androgen deprivation therapy, AADT: Adjuvant ADT, NADT: Neoadjuvant ADT, RP: Radical prostatectomy, RT: Radiation therapy. M: Month, Y:

year
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Table S2 Trial and patient characteristics for 14 randomized control trials (15,164 unique subjects)

N %
Year randomization
1987-1994 179 1.2
1995-1999 767 5.1
2000-2004 3770 25
2005-2009 6059 40
2010-2016 4389 29
Type of treatment
RP+ADT/CT/Other 788 5.2
RP+Salvage RT/HT 2840 19
RT dose 4715 31
RT+ADT/CT/Other 6821 45
Age at randomization
Median, IQR 67 62-72
64 or younger 5407 36
65-74 7728 51
75 or older 2026 13
Unknown 3 0.02
NCCN risk group
Low 419 2.8
INTM 5948 39
High 6960 46
Unknown 1837 12
ICECaP high risk*
No 7479 49
Yes 7670 51
Unknown 15 0.1

*defined as high risk if patient had one of these features: high risk by NCCN or D’Amico criteria, clinical
N1 staging, high risk by pathological criteria (pathological Gleason>7, or seminal vesicles involvement, or
>pT3b stage) or Pathology N1 staging

ADT: Androgen deprivation therapy, CT: Chemotherapy, HT: Hormone therapy, RP: Radical
prostatectomy, RT: Radiation therapy, NCCN: National Comprehensive Cancer Network
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Table S3 Number of events for each endpoint (14 trials with 15,164 unique subjects)

MFS ™ (0 DSS
No. of No. of No. of No. of
events | % |events| % |events| % |events| %
Metastasis 1727 44 1727 91 N %
CaP death 168 4.3 168 8.9 932 29 932 100
Non-CaP deaths/Unknown causes | 2058 52 2236 71
Total No. of events 3953 1895 3168 932

CaP: Cancer of prostate, OS: Overall survival, DSS: Disease specific survival, MFS: Metastasis-free

survival, TTM: Time to metastasis
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Table S4 Kaplan Meier estimates of endpoints at 5-, 8, and 10-years from randomization (14 trials

with 15,164 unique subjects)

*defined as high risk if patient had one of these features: high risk by NCCN or D’Amico criteria,

Event free rate, % (95%)

Endpoint year All High risk*
oS 5 91(90-91) 89(89-90)
0s 8 81(80-81) 78(77-79)
0S 10 73(72-74) | 70(69-72)
DSS 5 97(97-98) 96(95-96)
DSS 8 94(93-94) 90(90-91)
DSS 10 91(91-92) 87(86-88)
MFS 5 86(86-87) 83(82-84)
MFS 8 75(74-76) | 70(69-71)
MFS 10 67(66-68) 62(60-63)
TT™M 5 92(92-93) 88(87-89)
™ 8 87(86-87) 80(79-81)
TT™M 10 83(82-84) 76(75-77)

high risk by pathological criteria (pathological Gleason>7, or seminal vesicles involvement, or 2pT3b
stage) or Pathology N1

0S: Overall survival, DSS: Disease specific survival, MFS: Metastasis-free survival, TTM: Time to

metastasis
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Figure S1 — Flowchart of selection of randomized clinical trials for MFS surrogacy

analysis in ICECaP

Exclude 1 trial
(No MFS data)

ICECaP-1 ICECaP-2
ICECaP 28 trials 15 trials
Repository (22,825 unique subjects) (16,125 unique subjects)
Exclude 9 trials
(No MFS or OS data)
MEFS Surrogacy 19 trials 14 trials
Analysis * 12,712 unique subjects * 15,164 unique subjects
* 21 treatment comparisons * 21 treatment comparisons
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Figure S2 — (A) Kaplan-Meier estimates of overall survival (OS) and metastasis-

free survival

(MFS) where non-prostate cancer deaths were counted as events;

(B) Kaplan-Meier estimates of disease-specific survival (DSS) and time to
metastasis (TTM) where non-prostate cancer deaths were censored.
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Figure S3 Forest plots of study-specific treatment effects (hazard ratios) on endpoints, estimated from
Cox proportional hazards regression models for each trial and endpoint

(A) Metastasis-free survival (MFS) and overall survival (OS)

Study Endpoint Mo.events/N  HR(95%CI)
RP Based Trial
CALGB90203 MFS 165/788 0.68(050-093) —m—
oS 88/TBB  0.62(0.40-0.95) -
EQORTC22911 MFS 2791005  1.14(0.80-1.44) ——m—
05 2451005  1.18(0.82-1.51) —a—
GETUG1G MFS 183/742  0.74(0.55-099) ——
05 g7/742 0.94(0.63-1.40) —a—
RTOGO601 MFS 307/760 074(059-092) ]
03 239/760  0F7(060-099) —a—
TROGOS03 MFS 27/333  0.68(0.32-1.48) : u |
05 121333 073023-2.31) } L
RT Based Trial
CHHIP_57g MFS 232/2142  096(0.74-1.24) —a—
05 179/2142  092(068-123) —a—
CHHIP_&0g MFS 212/2139  079(0.61-1.04) ——
035 165/2139 0Q.F7(0.57-1.05) —a—
DFCI05043 MFS 122/350 1.07(0.75-153) —a—
0S5 89/350  0.98(0.64-1.48) —a—
GETUG12 MFS 170/413 082(061-1.11) ——
05 134413 0.80(0.64-1.26) —a—
RTOGO126 MFS 469/1499 0897(0.81-1.17) —a—
05 431/11489  1.00(0.83-1.20) —a—
RTOGO521 MFS 224/563 0.92(0.71-1.20) ——
05 190/563  0.89(067-1.19) —a—
RTOG9902 MFS 167/397 1.04(0.76-1.40) —in—
0s 152/397  1.04{0.76-1.43) ——
RTOGA910 MFS 4771490 096(0.80-115) —a—
035 450/1480 085(0.79-1.15) ——
STAMPEDE_AB MFS 68/471 0.76(0.44-1.30) —a—
05 421471 0.64(0.31-1.30) —a—
STAMPEDE_AC MFS 147/483  082(065-1.32) —a—
03 06/483 0.98(0.63-152) —a—
STAMPEDE_AD MFS 52/214  1.17(065-2.10) | = |
05 38214 125(063-2 48) I L
STAMPEDE_AE MFS 65476  0.64(0.36-1.14) —
05 421476 0.68(0.33-1.37) f ] |
STAMPEDE_AF MFS 50/208 1.05(0.56-1.94) } o !
05 38/208 1.24(0.63-247) } .
STAMPEDE_AG MFS 228775 056(043-073) |
035 174775  069(051-093) ——
STAMPEDE_AJ MFS 169/972  0.53(0.39-0.73) —E—
oS 123/972  0.54(0.38-0.79) ——
TROGO304 MFS 4641071  081(067-097) ]
035 3751071 087(0.71-1.06) ——
Favors Treatment Favors Control

0.0 0.5 1.0 15 20
Hazard Ratio (95% CI)
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(B) Time to metastasis (TTM) and disease-specific survival (DSS)*

Study Endpoint No.events/N  HR([95%CI)
RP based frial
CALGB90203 TTM 134/788  0.75(0.53-1.06) ——
DsSs 53/TEBE 0.68(0.39-1.16) —a—
EQORTCZ22911 TTM 1131005 097(0.67-1.40) —a—
0SS 591005  O.78(0.46-1.31) —a—
GETUG16E TTM 120/742  0.65(0.45-094) —a—
DSs a0/r42 0.70(0.34-1.45) f i |
RTOGOE01 TTM 181760  0.59(0.44-0.80) ]
0SS Q87e0 0.49(0.32-0.74) ——
RT based trial
CHHIP_&7g TTM 852142 1.21(0.79-1.85) f L |
DsSs 32142 1.33(065-272) } .
CHHIP_&0g TTM 69/2139  0.79(049-127) —a—
DsSs 2212139 0.65(0.28-153) f L |
DFCI05043 TTM T9/350 1.17(0.75-1.83) I L |
D53 421350 1.09(0.60-2.01) f i i
GETUG12 TTM 100/413 077(0.52-1.14) —a—
0SS 50/413 0.69(0.39-1.21) —a—
RTOGO126 TTM 1011499 078(0.53-1.16) —a—
DSs R3M498 067(0.39-117) —a—
RTOGOS21 TTM 116/563  0.81(0.56-1.17) —a—
0SS hO/563 0.51(0.30-0.87) ——
RTOGO902 TTM 63/397 0.84(0.51-1.37) —a—
DsSs 39/397 0.86(0.46-161) f L |
RTOGS910 TTM 881490 087(0.57-1.32) —a—
DsSs 521490  0.80(0.46-1.38) —a—
STAMPEDE_AB TTM 59/471 0.93(053-161) f L !
DsSs 271471 0.87(0.38-1.98) f i |
STAMPEDE_AC TTM 117/483  0.88(0.59-1.32) —a——
DsSs BTMB3 0.89(0.50-1.58) f i i
STAMPEDE_AD TTM 421214 1.31(0.69-2.50) f L
0SS 221214 1.54(0.65-3.69) f L
STAMPEDE_AE TTM 52/476 0.57(0.29-1.11) —a—
DSs 25/476 069(027-172) f i |
STAMPEDE_AF TTM 381208 0.97(0.47-1.99) f il |
DSs 221208 1.55(0.65-370) f L
STAMPEDE_AG TTM 1514775 0.49(0.35-068) ——
DsSs B3T7hs 0.66(042-1.02) ——
STAMPEDE_AJ TTM 114/972 042(028-062) ——
DsSs B7MaT2 042(024-073) —a—
TROGO304 TTM 2601071 073(057-093) ——
DsSs 1431071 0.76(0.55-1.06) —a—

Favors Treatment Favors Control
0.0 05 1.0 15 20
Hazard Ratio (95% CI)

HR: hazard ratio, Cl: confidence interval
*Excluding 1 study with number of prostate cancer death < 3 for DSS endpoint
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