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ARTICLE INFO ABSTRACT

Keywords: Introduction: PEACE-1 is a 2x2 factorial phase III trial evaluating the impact of abiraterone-prednisone and
Prostate Cancer prostate radiotherapy in patients with de novo metastatic castration-sensitive prostate cancer (mCSPC).
Abi,raterone Abiraterone-prednisone significantly improved overall survival (OS) (hazard ratio (HR)= 0.82 [95 %CI,
Isi‘:nl;;[aclztami de 0.69-0.98]). In the control arm, men often received an androgen receptor pathway inhibitor (ARPI) — either
IPCW abiraterone-prednisone or enzalutamide — after progression to castration-resistant disease. The use of active drug

RPSFTM beyond progression may improve post-progression survival and thereby attenuate the estimated benefit of early
use of this drug in intention-to-treat analyses.
Methods: This post-hoc analysis applied three statistical methods to estimate an adjusted HR accounting for
abiraterone-prednisone use beyond progression: Two-Stage Estimation (TSE), Inverse Probability of Censoring
Weighting (IPCW) and Rank-Preserving Structural Failure Time Models (RPSFTM).
Results: Among 589 patients randomised to the control arm, 183 received abiraterone-prednisone after disease
progression. Compared with patients who did not, these men had higher PSA at diagnosis, higher tumour burden,
more bone metastases, and were more likely to have received docetaxel for mCSPC. Experiencing biochemical
progression was found to be a risk factor for 2nd line abiraterone use. The HR for OS adjusted by RPSFTM, IPCW,
and TSE were 0.79 [0.64-0.98], 0.75 [0.62-0.92], and 0.82 [0.67-0.98], respectively. Sensitivity analyses
adjusting for ARPI cross-over (abiraterone-prednisone or enzalutamide) yielded consistent results.
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Conclusions: This analysis confirms the survival benefit related to upfront abiraterone-prednisone use for patients

with de novo mCSPC.

1. Introduction

Prostate cancer is one of the leading cancers in men worldwide,
representing 470,000 cases in Europe [1], and men diagnosed with de
novo metastatic disease have a worse prognosis. Over the last decade, the
standard of care (SOC) has evolved substantially with the intensification
of androgen deprivation therapy (ADT) by adding docetaxel, a
second-generation androgen receptor pathway inhibitor (ARPI) -
namely, abiraterone-prednisone, apalutamide, darolutamide, or enza-
lutamide — or both [2]. PEACE-1 is a 2x2 international randomised
controlled trial that assessed the addition of abiraterone-prednisone and
that of prostate radiotherapy to SOC in patients with de novo metastatic
castration-sensitive prostate cancer (mCSPC) [3,4]. During the course of
the trial, the SOC evolved from ADT alone to ADT plus docetaxel in fit
men able to tolerate chemotherapy. Overall, 1173 patients participated
in the trial and overall survival (OS) was significantly improved by
abiraterone-prednisone (hazard ratio (HR) = 0.82; 95.1 % confidence
interval (CI), 0.69-0.98), with a median follow-up of 4.4 years. The size
of the OS effect was smaller than in similar studies also testing
abiraterone-prednisone in mCSPC (LATITUDE: HR = 0.66; 95 % CI,
0.56-0.78 [5]); STAMPEDE: HR = 0.61; 95 % CI, 0.49-0.75 [6]), while
the effect on radiographic progression-free survival (rPFS) was of similar
magnitude across trials: HR = 0.54 (95 % CI, 0.41-0.71) in PEACE-1, HR
= 0.47 (95 % CI, 0.39-0.55) in LATITUDE, and HR = 0.40 (95 % CI,
0.34-0.47) in STAMPEDE. In all three trials, patients randomised to the
control arm could receive an ARPI, if available, after disease progres-
sion: this occurred in 48.4 % in PEACE-1, in 27.5 % in LATITUDE, and
48.2 % in STAMPEDE. The experimental treatment cross-over, also
called switch, is a well-known issue in oncology trials, which can
negatively impact the apparent magnitude of an OS benefit [7]. In
LATITUDE, 8.8 % patients in the control arm switched to abiraterone; in
STAMPEDE, 22 % of patients in the control arm with progression
switched to abiraterone; and in PEACE-1, 31 % of control-arm patients
switched to abiraterone as a second-line treatment. At the time the
PEACE-1 trial was conducted, both abiraterone-prednisone and enza-
lutamide had shown survival benefit and were part of the SOC for
metastatic castration-resistant prostate cancer (mCRPC). As an example
from another setting, the BREAK-3 trial in metastatic melanoma showed
a non-significant OS benefit for dabrafenib (HR = 0.76, 95 % CI
0.48-1.21). In the UK, the National Institute for Health and Care
Excellence (NICE) ordered supplementary analysis to grant reimburse-
ment. Thus, the effect of dabrafenib on OS was re-estimated with an HR
of 0.50-0.55 after adjusting for the 57 % cross-over rate [8] and the
therapy was subsequently approved. Simple methods such as
per-protocol analysis (i.e. censoring the data at the time of cross-over)
can be used to take into consideration the cross-over. However, they
may be prone to bias, because treatment cross-over can be related to
prognosis. More advanced statistical methods — including Inverse
Probability of Censoring Weighting (IPCW), Rank-Preserving Structural
Failure Time Models (RPSFTM), and Two-Stage Estimation (TSE) — are
recommended to adjust for treatment cross-over [9]. These methods rely
on counterfactual survival times (i.e. survival times that would have
been observed in the absence of cross-over). Here we conducted a
post-hoc analysis of PEACE-1 to estimate the OS benefit of
abiraterone-prednisone plus SOC using these methods.

2. Methods
2.1. PEACE-1 design

The PEACE-1 trial (NCT01957436) design has been described else-
where [3]. PEACE-1 is an open-label, randomised, controlled, phase III
study, with a factorial design, conducted in seven countries in Western
Europe. Patients aged > 18 years with de novo metastatic prostate
adenocarcinoma (documented by bone scan, CT, or MRI) and Eastern
Cooperative Oncology Group (ECOG) performance status of 0-1 (or 2
due to bone pain) were eligible. Eligible patients were randomly
assigned in a 1:1:1:1 ratio to: SOC, SOC plus abiraterone-prednisone,
SOC plus radiotherapy, or SOC plus radiotherapy plus
abiraterone-prednisone. Randomisation used a minimisation algorithm
and was stratified by study site, ECOG performance status (0 vs 1-2),
type of ADT, planned administration of docetaxel, and disease extent.
ADT was continuously maintained; docetaxel consisted of six cycles at a
dose of 75mg/m?, abiraterone was given at 1000 mg once daily plus
prednisone 5 mg orally twice daily; and radiotherapy consisted of 74 Gy
in 37 fractions. The French Independent Ethics Committee (Comité de
Protection des Personnes Ile de France VII) approved the initial protocol
and subsequent amendments. The study complied with the ethical
principles of the Declaration of Helsinki and was approved by institu-
tional Review Boards at each participating site.

2.2. Statistical analysis

The primary endpoint for this post-hoc analysis was OS, defined as
the time from randomisation to death from any cause. Patients without a
recorded death were censored at the date of their last follow-up. The
population of interest was the intention-to-treat population. Survival
distribution and median OS were estimated using the Kaplan—-Meier
method. HRs were estimated using multivariable Cox proportional
hazards models. The final outcome model was adjusted for log(PSA), log
(haemoglobin), age, country, Gleason score, number of bone metastases,
disease extent (lymph nodes only, bone metastases, or visceral metas-
tases)) and docetaxel treatment. The proportional hazards assumption
was assessed graphically using Schoenfeld residuals, and the log-
linearity assumption was evaluated graphically using Martingale re-
siduals. We followed the reporting guidelines for adjusting survival
analyses for treatment cross-over in oncology trials proposed by Sullivan
et al. [9]. To account for the effect of treatment switching, HRs were
estimated using three methods. A summary of the methods is provided in
Table 1, with details below. A comprehensive overview of the methods is
available in the Supplementary Methods.

2.2.1. Two-stage estimation

TSE is a recent method for handling treatment cross-over [10]. Here,
we defined biological progression as the new baseline. The effect of
switching was modelled as a time-dependent variable using a Weibull
accelerated failure time (AFT) model, adjusted for log(PSA), log(hae-
moglobin), age, country, Gleason score, number of bone metastases,
disease extent and docetaxel treatment. The inverse of the acceleration
factor was used to calculate counterfactual survival times. 95 % CIs were
estimated via bootstrapping. Sensitivity analyses were performed with
and without re-censoring.

2.2.2. Rank-preserving structural failure time model (RPSFTM)
RPSFTM is an intra-subject adjustment [11], using a g-estimation to
estimate the treatment switching effect. This estimation was
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Table 1

Description and assumptions of statistical methods.
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Table 2
Patients characteristics in the control arm, at baseline.

Method

Description

Assumption

Two-stage estimation
(TSE)

Rank
PreservingStructural
Failure TimeModel
(RPSFTM)

Inverse Probability of
Censoring Weights
(IPCW)

Treatment’s effect y is
defined as the
Acceleration Factor of
switch in an Accelerated
Failure Time Model
modeling post
progression survival.
Counterfactual survival
is calculated in control
arm with the time after
switch multiplied by exp
QN

Treatment’s effect \ is
estimated by g-
estimation.
Counterfactual survival
is calculated in control
arm with survival after
switch multiplied by exp
).

Patients who switched
are censored at the time
they switched. Patients
who didn’t switch are
weighted by the inverse
of the probability of
remaining uncensored.
Treatment effect is
estimated with a
weighted Cox
proportional hazards
model.

No unmeasured
confounders: all
potential baseline and
time-dependent
confounders covariates to
be included. A confounder
is a variable associated
with both prognosis and
switch of treatment.

Perfect randomization
assumption: two arms
are comparable at
baseline.Common
treatment effect
assumption:
experimental treatment
effect is the same
regardless of the timing of
initiation

No unmeasured
confounders: all
potential baseline and
time-dependent
confounders covariates to
be included. A confounder
is a variable associated
with both prognosis and
switch of treatment.

Patients randomized in PEACE-1

(n=1172)
4 N\
Experimental arm
(n=583)
\_ J
Control arm
(n=589)
No second line (n=241)
Enzalutamide (n=102)
Docetaxel (n=35)
Cabazitaxel (n=10)
Received abiraterone in second \_ Others (n=18) Y,
line
(n=183)

Fig. 1. Flow Chart.

subsequently used to calculate counterfactual survival times [12].
G-estimation was performed with a Cox model adjusted for log(PSA), log
(haemoglobin), age, country, Gleason score, number of bone metastases,
disease extent and docetaxel treatment. 95 % CI were estimated via
bootstrapping. Sensitivity analyses were performed to evaluate the
impact of re-censoring (presence or absence), the choice of test for
g-estimation (Cox, log-rank, or Weibull), and the validity of common
treatment effect assumption through weighted analysis.

2.2.3. Inverse probability of censoring weighting
IPCW is an inter-subject adjustment method [11] in which patients
who switch treatments are censored at the time of switch and patients

Cross-over to
abirateroneN = 183

No cross-over to
abirateroneN = 406

Age Min / Max 43.0 / 87.0 44.0 / 84.0
Med [IQR] 66.5 [60.0;71.0] 66.0 [59.0;72.0]
Mean (std) 65.9 (8.2) 65.3 (8.7)
ECOG 0 284 (69.9 %) 128 (69.9 %)
1 118 (29.1 %) 54 (29.5 %)
2 4 (0.99 %) 1 (0.55 %)
Gleason <8 94 (23.6 %) 39 (22.2 %)
>8 304 (76.4 %) 137 (77.8 %)
Missing 8 7
PSA Min / Max 0.1 /1752.0 0.2 /2942.0
Med [IQR] 9.4 [2.6;43.7] 17.6 [3.9;67.0]
Mean (std) 76.3 (196.4) 103.5 (294.0)
Missing 4 0
Country BELGIUM 15 (3.7 %) 10 (5.5 %)
FRANCE 314 (77.3 %) 148 (80.9 %)
IRELAND 22 (5.4 %) 8 (4.4 %)
ITALY 2 (0.49 %) 1 (0.55 %)
ROMANIA 4 (0.99 %) 1 (0.55 %)
SPAIN 44 (10.8 %) 12 (6.7 %)
SWITZERLAND 5 (1.2 %) 3 (1.7 %)
High tumour No 186 (45.8 %) 67 (36.6 %)
burden Yes 220 (54.2 %) 116 (63.4 %)
Disease Lymph node 37 (9.1 %) 15 (8.2 %)
extension only
Bone 327 (80.5 %) 148 (80.9 %)
metastasis
Visceral 42 (10.3 %) 20 (10.9 %)
metastasis
Number of Min / Max 0/111.0 0/40.0
bone Med [IQR] 4.0 [2.0;11.0] 7.0 [3.0;11.0]
metastases Mean (std) 7.2 (10.7) 7.9 (6.3)
Missing 22 12
Diabetes No 327 (85.8 %) 149 (85.1 %)
Yes 54 (14.2 %) 26 (14.9 %)
Missing 25 8
High blood No 218 (56.6 %) 103 (58.2 %)
pressure Yes 167 (43.4 %) 74 (41.8 %)

Missing 21 6

Radiation No 195 (48.0 %) 101 (55.2 %)
therapy Yes 211 (52.0 %) 82 (44.8 %)

Docetaxel No 179 (44.3 %) 59 (32.2 %)
Yes 225 (55.7 %) 124 (67.8 %)
Missing 2 0

Denosumab No 203 (96.7 %) 181 (98.9 %)
Yes 7 (3.3 %) 2 (1.1 %)
Missing 196 0

Radiological No
progression  Yes
Biological No
progression  Yes

172 (42.4 %)
234 (57.6 %)
164 (40.4 %)
242 (59.6 %)

39 (21.3 %)
144 (78.7 %)
11 (6 %)
172 (94 %)

who did not switch are weighted by the inverse probability of remaining
on the allocated treatment (i.e. the treatment assigned at randomiza-
tion) [13]. Stabilised weights were computed using a Cox model
adjusted for log(PSA), log(haemoglobin), age, country, Gleason score,
number of bone metastases, disease extent, docetaxel treatment,
time-dependent severe adverse events, time-dependent ECOG status,
time-dependent mean score of the Brief Pain Inventory (BPI), and the
time-dependent score of the Functional Assessment of Cancer
Therapy-Prostate (FACT-P). Sensitivity analyses assessed the impact of
truncating weights and the inclusion or exclusion of biological pro-
gression in the censoring model.

Additional sensitivity analyses were conducted on the definition of
cross-over: abiraterone-prednisone in second line vs ARPI (abiraterone-
prednisone or enzalutamide) in second line. Another sensitivity analysis
used a stepwise multivariable procedure to identify factor associated
with a higher probability of cross-over. This stepwise procedure,
selecting variables at randomization, was bi-directional and selected
models by Akaike information criterion. Statistical significance was set
at P-value < 0.05. Statistical analyses were performed using R software
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Method Hazard Ratio (95% Cl)
ITT 0.82 (0.69-0.98)
IPCW 0.75 (0.62-0.92)
RPSFTM 0.79 (0.64-0.98)
TSE 0.82 (0.67-0.98)
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T T T T
1

Fig. 2. Hazard Ratios adjusted on abiraterone-prednisone cross-over. ITT: intention to treat; IPCW: Inverse probability of censoring weighting; RPSFTM: rank

preserving structural failure time model; TSE: Two-stage estimation.

(version 4.1.1).
3. Results
3.1. Population

Of the 1172 patients included in the PEACE-1 study, 583 were
randomised to the abiraterone arm. In the overall population, the final
ITT analysis performed after a median follow-up of 4.4 years, found a HR
of 0.82 (95.1 % CI, 0.69-0.98) for OS in favour of the addition of abir-
aterone. Of the 589 patients randomised to the control arm, 285
received second-line ARPI (Figure S1), including 183 who switched to
abiraterone (Fig. 1).

3.2. Analysis adjusted for abiraterone-prednisone switch

Baseline characteristics of patients in the control arm are detailed in
Table 2. Patients who switched to abiraterone-prednisone tended to
have higher PSA levels at diagnosis, higher tumour burden, higher
number of bone metastases, received docetaxel more frequently in the
first line, and harbored more disease progression. In stepwise multi-
variable analysis, biological progression (OR=3.18 [95% CI,
1.18-6.57]) and docetaxel in first line (OR=1.77 [95 % CI, 1.19-2.64])
were associated with switching. The median OS was 4.27 years (95 % CI,
4.40-not reached) in the cross-over group and 5.16 years (95 % CI,
4.00-5.19) in the no-cross-over group. The median time to cross-over to
abiraterone-prednisone was 1.38 years (95 % CI, 1.26-1.56). The HRs
for OS adjusted by RPSFTM, IPCW, and TSE were 0.79 (95 % CI,
0.64-0.98), 0.75 (95 % CI, 0.62-0.92) and 0.82 (95 % CI, 0.67-0.98),
respectively. The estimates were consistent in all sensitivity analyses for
RPSFTM, TSE, and IPCW, except for the one including the variable
“biological progression” in the IPCW model, which improved the HR to
0.65 [95 %CI, 0.53-0.77]. All HR estimates are detailed in Fig. 2 and
Figure S2, and adjusted survival curves are presented in Fig. 3. In

another sensitivity analysis, inclusion of radiotherapy in models did not
change the results, with HR for RPSFTM, IPCW, and TSE of 0.80
[0.64-0.98], 0.76 [0.62-0.92] and 0.82 [0.67-0.98], respectively.

3.3. Analysis adjusted for abiraterone-prednisone + enzalutamide switch

Baseline characteristics of patients in the control arm are detailed in
Table S1. The HRs for OS adjusted by RPSFTM, IPCW, and TSE were 0.78
(95 %CI, 0.61-1.00), 0.77 (95 %CI, 0.63-0.95), and 0.83 (95 %CI,
0.66-1.01), respectively. The estimates were also consistent in sensi-
tivity analyses for RPSFTM, TSE and IPCW except when biological
progression was included in the IPCW model, which improved the HR to
0.62 (95 %CI, 0.50-0.77). All HR estimates are detailed in Figure S3 and
adjusted survival curves are presented in Figure S4. Overall, this sensi-
tivity analysis was consistent with our main analysis, which focused on
the switch to abiraterone-prednisone alone.

4. Discussion

PEACE-1 was the first trial to demonstrate the benefit (both in rPFS
and OS) of adding abiraterone-prednisone to ADT-docetaxel in mCSPC
[3]. The trial also showed that early prostate radiotherapy does not
improve survival in patients with upfront mCSPC treated with modern
intensified systemic treatment, although it efficiently prevents the onset
of symptomatic local CRPC progression requiring intervention, regard-
less of metastatic burden [4]. Finally, it further confirmed data from
LATITUDE and STAMPEDE regarding the  benefit of
abiraterone-prednisone in mCSPC, irrespective of the standard of care
[5]. This post-hoc analysis confirmed this benefit after adjusting for
abiraterone-prednisone  cross-over and after adjusting for
abiraterone-prednisone or enzalutamide cross-over.

The IPCW method gives greater weight to patients who do not cross-
over but have similar characteristics than those who cross-over [13],
and requires the no-unmeasured confounder (NUC) assumption, from
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Arm — ITT Control — Abiraterone

1.00

0.75

0.25
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0.00

0 1000 2000
Days since randomization

Arm TSE Adjusted Control — Abiraterone

1.00

0.75

0.50

Survival rate

0.25

0.00

o 1000 2000
Days since randomization
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Arm RPSFTM Adjusted Control — Abiraterone

1.00

0.75

0.50

Survival rate

0.25

0.00
0 1000 2000
Days since randomization

Arm = Abiraterone == IPCW Adjusted Control

1.00

0.75

0.50

Survival rate

0.25

0.00

0 1000 2000
Days since randomization

Fig. 3. Adjusted Kaplan-Meier survival curves. A: Intention to treat; B: Rank preserving structural failure time model; C: two-stage estimation; D: inverse probability

of censoring weighting.

baseline to cross-over. We considered various confounding factors,
including time-dependent quality of life, but we cannot exclude the
possibility that some confounders were not accounted for. One of the
specificities of IPCW is the ability to adjust for time-dependent cova-
riates, which could explain why the adjustment was slightly more im-
pactful with this method. It is unclear whether including disease
progression in the model is recommended or not. In our analysis, this
had a clear impact on estimates, but progression closely relates to both
survival and treatment switch, thus it might not be recommended to
include it in the model. The same NUC assumption applies to two-stage
estimation. RPSFTM is valid under the assumptions of correct random-
ization and a common treatment effect (CTE). The CTE assumption
implies that abiraterone-prednisone’s effect is the same when used in
mCSPC and mCRPC settings. Our sensitivity analyses did not show major
changes in the treatment effect estimates, but this CTE assumption is
always debatable in oncology trials. Sensitivity analyses with recen-
soring produced consistent results, suggesting a low level of informative
recensoring. In the LATITUDE trial, 72 patients switched to abirater-
one/prednisone and the adjusted for crossover HR were 0.63
[0.53-0.75] with RPSFTM and 0.61 [0.52-0.72] with IPCW, whereas it

was 0.66 [0.57-0.78] in the unadjusted intent-to-treat analysis [14]. As
in our analysis, in the post of analysis of the LATITUDE trial, all the
confidence intervals of various methods overlap. Another post hoc
analysis of the LATITUDE trial used IPCW to adjust for patients in the
placebo group who switch to any life-extending subsequent therapies
and found a HR of 0.73 [0.60-0.89] [15]. As far as we know, no analysis
adjusting for crossover is available for the STAMPEDE abirater-
one/prednisone trial. In the ARANOTE trial [16], 42.5 % of patients
from the standard treatment arm received a life-extending subsequent
therapy, but no adjusted analysis is published yet.

In PEACE-1, 95 % of patients in the control arm who experienced
cancer progression received at least one life-prolonging treatment
beyond progression (an ARPI, taxanes, Radium-223, or Lu-PSMA) and
48.4 % of those who developed mCRPC subsequently received an ARPI
[3]. This is in marked contrast with the LATITUDE phase III
abiraterone-prednisone trial, where only 27.5 % of patients in the con-
trol arm with cancer progression received an ARPI for mCRPC, and
similar to STAMPEDE where the rate was 48.2 % [5,6]. This difference
may partly explain the discrepancy in survival magnitude across these
three trials. Of note, the available methods are not designed to take into
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account multiple sequential life-prolonging treatments, and this may
partly explain the limited impact of the adjusted analysis in this study,
because patients from the standard arm received more subsequent
treatments than patients from the experimental arm (supplementary
table S2). Moreover, many patients in PEACE-1 who did not cross-over
simply did not experience progression, underscoring that patients who
crossed-over had a worse prognosis.

In a randomized controlled trial, the experimental treatment cross-
over, or switch, can attenuate the treatment effect estimated on OS be-
tween arms (contrary to PFS which is calculated before the event of
cross-over). As the OS benefit of abiraterone in PEACE-1 was slightly
lower than in other published trials, we hypothesized that treatment
crossover could explain this discrepancy. However, our results do not
match this hypothesis. Potential explanations are unmeasured con-
founding, especially after randomization such as impact of other life-
prolonging therapies; or a difference in the PEACE-1 population
compared to LATITUDE or STAMPEDE.

5. Conclusion

In men with de novo metastatic prostate cancer, abiraterone-
prednisone is the new standard of care in combination with ADT and
docetaxel, and the its survival benefit is confirmed even after adjusting
for cross-over and subsequent ARPI treatment. This analysis, after
adjusting for almost 50 % cross-over or subsequent ARPI treatment,
reinforces the survival benefit associated with upfront abiraterone-
prednisone use for de novo metastatic castration-sensitive prostate can-
cer. However, the dilution effect of cross-over or ARPI beyond pro-
gression appeared to be mild, likely owing to the intensified systemic
therapy received in the control arm (ADT + docetaxel).
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