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On-treatment serum prostate-specific antigen and overall
survival in prostate cancer (STAMPEDE platform protocol):
a post-hoc analysis of data from five phase 3 trials
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Summary

Background Serum prostate-specific antigen (PSA) concentrations decrease after hormone therapy for prostate cancer,
with the nadir serving as a potentially useful prognostic biomarker. To support clinical use, we evaluated the association
between PSA nadir values and survival outcomes, stratified by pre-treatment metastatic volume or, in patients with non-
metastatic cancer, stratified by lymph node status.

Methods As part of the STAMPEDE platform trial, patients with metastatic or very high-risk non-metastatic prostate
adenocarcinoma were recruited to five randomised, controlled, phase 3 trials conducted at 126 hospitals or oncology
centres in Switzerland and the UK. Patients were randomly assigned to either standard of care (androgren deprivation
therapy [ADT] alone or ADT plus docetaxel) or to one of five experimental treatment groups: ADT plus docetaxel with or
without zoledronic acid, ADT plus abiraterone acetate with or without enzalutamide, or ADT plus prostate radiotherapy
(only patients with metastatic disease). We used trial data from these participants to perform landmark analyses to test
associations of PSA at 6, 12, and 24 weeks after randomisation with overall survival. Only patients with a PSA value were
included in each landmark analysis. The Kaplan—-Meier method was used to estimate 96-month overall survival rates
and the corresponding 95% ClIs for patients categorised by either metastatic volume or lymph node status. The
STAMPEDE protocol platform is registered with ClinicalTrials.gov (NCT00268476), EUDRACT (2004-000193-31), and
ISRCTN (ISRCTN78818544).

Findings This study included 7129 patients from the STAMPEDE platform, who were recruited between Oct 5, 2005, and
Sept 2, 2016; 4438 had metastases and 2691 had very high-risk non-metastatic disease. Among patients with metastasis
and volumetric assessment, 2211 (55-9%) of 3956 had high-volume metastases, and among those with non-metastatic
disease, 1033 (38-4%) were lymph node positive. A PSA concentration of 0-2 ng/mL or less was less frequent at 6 weeks
or 12 weeks, but was associated with equivalent survival rates, compared with a PSA of 0-2 ng/mL or less at 24 weeks.
Survival rates of PSA subcategories (<0-2 ng/mL, >0-2 to 1-0 ng/mL, >1-0 to 3-0 ng/mL, and >3-0 ng/mL) differed by
metastatic volume or, in patients with non-metastatic disease, by nodal status. Survival was longest for patients allocated
to abiraterone with or without enzalutamide. Among patients with metastatic disease in the abiraterone with or without
enzalutamide group who had a PSA of 0-2 ng/mL or less at 24 weeks, 96-month overall survival in patients with low-
volume metastatic disease (64-1% [95% CI 57 - 8—69 - 8]) was higher than in patients with high-volume metastatic disease
(44-6% [37-1-51-9]), but lower than in patients with non-metastatic, node-positive disease (79-4% [73-8-83-9]).
96-month overall survival was highest for patients with non-metastatic, node-negative disease (82-8% [95% CI
78-7-86-1)).

Interpretation Metastatic volume or nodal status influence survival rates associated with on-treatment serum PSA
categories, including for undetectable PSA. Radiological features and serum PSA could be combined to better predict
survival. PSA at 24 weeks showed strongest associations with overall survival, although a PSA concentration of
0-2 ng/mL or less at any timepoint predicted favourable outcome. These findings could inform prognosis and warrant
evaluation for treatment selection in clinical trials.

Funding Cancer Research UK, Prostate Cancer UK, UK Medical Research Council, and John Black Charitable
Foundation.
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Introduction

Prostate cancer is a major cause of cancer-related deaths,
accounting for 400000 deaths globally in 2022.! Over the

past two decades, outcomes for patients presenting with
advanced prostate cancer have improved substantially, in
part due to treatment intensification strategies alongside
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Research in context

Evidence before this study

We searched PubMed for clinical trials published in English
between database inception and Oct 2, 2025, using the terms
“prostate cancer”, “prostate-specific antigen”, “hormone-
sensitive” or “castration-sensitive”, “response”, and “clinical
trial”. We identified 12 post-hoc analyses from phase 3
randomised controlled trials and one meta-analysis in patients
with metastatic disease, and two post-hoc analyses plus

one meta-analysis in patients with non-metastatic disease.
These studies consistently showed that a lower on-treatment
prostate-specific antigen (PSA) concentration is associated
with improved overall survival, with the most common
threshold investigated being a concentration of 0-2 ng/mL or
less. However, most analyses assessed PSA at 6-7 months after
treatment initiation, and the optimal timing of PSA
measurement and threshold of PSA concentration have not
been validated prospectively. No study has evaluated the
prognostic role of PSA concentration in patients receiving
androgen receptor pathway inhibitors for high-risk non-
metastatic disease. Similarly, it is unclear whether combining
PSA response with other clinical markers, such as CHAARTED

androgen deprivation therapy (ADT). These treatments
include androgen receptor pathway inhibitors (ARPIs;
eg, abiraterone acetate with prednisone [hereafter
referred to as abiraterone]), or androgen receptor
antagonists (eg, enzalutamide, apalutamide, or
darolutamide),”” docetaxel chemotherapy for patients
with metastatic disease, radiotherapy to the primary
tumour for patients with low-volume metastatic
disease, and PARP inhibitors for BRCA-mutated
prostate cancer.*” However, prostate cancer is a
heterogeneous disease with variable outcomes. Some
patients might benefit from multi-therapy or
multimodal approaches, whereas others might have
similar outcomes with less intense regimens that are
less toxic. This range of outcomes has driven the search
for reliable prognostic biomarkers to support
personalised management. One such biomarker is
metastatic disease burden at the start of ADT. The
CHAARTED trial used a now widely adopted definition
of high-volume disease: presence of visceral metastases
or at least four bone lesions with at least one beyond the
vertebral bodies and pelvis.”

In parallel, several post-hoc analyses have shown that
serum prostate-specific antigen (PSA) concentrations
after treatment initiation are associated with long-term
outcomes.”™ The SWOG9346 trial of intermittent ADT
in patients with metastatic prostate cancer categorised
patients into distinct prognostic groups based on PSA
values after 7 months of treatment: 0-2 ng/mL or less,
higher than 0-2 ng/mL to 4-0 ng/mL, and higher than
4.0 ng/mL.* These categories are now being considered
in prospective adaptive trial designs, although they

metastatic volume or nodal status for patients with non-
metastatic disease, could improve prognostic accuracy.

Added value of this study

This is the largest analysis of PSA nadir within a randomised
controlled trial framework. We showed that PSA measured as
early as 6 weeks or 12 weeks is associated with long-term
survival, alongside the established 24-week timepoint. To our
knowledge, we show for the first time the prognostic value of
PSA in patients with very high-risk non-metastatic disease
treated with an androgen receptor pathway inhibitor. On-
treatment PSA values combined with metastatic volume or
nodal status improve estimation of 8-year survival estimates.

Implications of all the available evidence

On-treatment serum PSA is a robust prognostic marker, with
improved survival prediction when combined with
conventional imaging-derived features. Future clinical trials
should evaluate use of on-treatment PSA concentration
combined with metastatic burden to personalise treatment
intensification or de-intensification.

have not been recommended for use to change
treatment by any guidelines.”*

We aimed to study how metastatic volume and
on-treatment serum PSA can be used together to improve
prediction of patient survival. We performed a post-hoc
analysis of on-treatment PSA concentrations and their
associations with overall survival in patients included in
any of five individually powered phase 3 trials conducted
in the STAMPEDE (Systemic Therapy in Advancing or
Metastatic Prostate Cancer: Evaluation of Drug Efficacy)
platform protocol.

Methods

Study design and participants

The STAMPEDE platform protocol has been previously
described.” All patients had prostate adenocarcinoma
(requiring histological confirmation from protocol
version 8.0, Sept 2, 2011), with intention to treat with
ADT, WHO performance score of 0-2, neutrophil count
higher than 1-5x109 cells per L, platelet count higher
than 100x109 per L, and estimated glomerular filtration
rate higher than 30 mL/min per 1.73m?2, and were
randomly assigned within 12 weeks of initiating ADT.
Patients were stratified according to the presence or
absence of metastatic disease, confirmed by imaging,
including CT of the pelvis and abdomen (with chest CT
or a chest x-ray) or whole-body bone scintigraphy or
equivalent. Non-metastatic disease was defined as no
evidence of distant metastases on conventional imaging.
Patients were eligible if they had node-positive disease or,
if node negative, had either high-risk newly diagnosed
disease (defined as at least two of: tumour stage T3-T4,
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Gleason score 8-10, or PSA =40 ng/mL) or relapsing
disease with high-risk features (<12 months of previous
ADT, an interval of 212 months off treatment, and either
PSA =4 ng/mL with a doubling time <6 months or PSA
220 ng/mlL). Pelvic radiotherapy was administered
according to local guidelines for untreated non-
metastatic disease. Palliative radiotherapy was permitted
for symptom control in patients with metastatic disease.
Docetaxel was allowed as standard of care in addition to
ADT after implementation of a protocol amendment
(version 13; Dec 17, 2015). Where imaging was available
for central review, patients with metastatic disease were
classified (after completion of accrual) as having high-
volume or low-volume disease based on the CHAARTED
trial definition.” Nodal status was determined locally by
CT or MRI of the pelvis and was a stratification factor.
The primary outcome of the STAMPEDE platform trials
was overall survival. Survival data up to February, 2024,
19 years after the start of accrual to the included trials,
were used for the analysis.

There was no difference in efficacy or overall survival
between the docetaxel and docetaxel plus zoledronic acid
trials or between the abiraterone and abiraterone plus
enzalutamide trials.>*” Consequently, patients were
grouped into docetaxel-treated or abiraterone-treated
groups for analysis. Patients within the STAMPEDE
platform were also randomly assigned to receive
zoledronic acid with or without celecoxib, but were
excluded from this analysis because these treatments are
not part of the current standard of care.

The study was approved by the institutional review
board at each participating site and was conducted in
accordance with the International Council for
Harmonisation of Good Clinical Practice guidelines, the
Declaration of Helsinki, and local regulations regarding
the conduct of clinical research. All patients provided
written informed consent. The STAMPEDE protocol
platform is  registered with  ClinicalTrials.gov
(NCT00268476), EUDRACT (2004-000193-31), and
ISRCTN (ISRCTN78818544).

Procedures

Treatment details have been reported in the primary
manuscripts.>**#? Briefly, patients enrolled in the
abiraterone trials were randomly assigned (1:1) to ADT
(consisting of medical castration with luteinising
hormone-releasing hormone agonists or antagonists, or
surgical castration [bilateral orchidectomy]), ADT plus
oral abiraterone 1000 mg and oral prednisolone 5 mg
daily, or ADT plus abiraterone, prednisolone, and oral
enzalutamide 160 mg daily. These trials recruited
patients sequentially and did not share control patients,
but did share patients with metastatic disease with a
parallel trial evaluating radiotherapy to the primary
tumour (appendix p 1). ADT, abiraterone, and
enzalutamide were planned to continue life-long for
patients with metastatic disease and for 3 years (ADT) or
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2 years (abiraterone and enzalutamide) for patients with
non-metastatic disease who received curative-intent
radiotherapy. Patients assigned to docetaxel in the
docetaxel trials received treatment at 75 mg/m?
intravenously for six three-weekly cycles with
prednisolone (10 mg) daily and standard premedication
before each injection. Patients with newly diagnosed
metastatic disease were randomly assigned (1:1) to
standard of care alone or standard of care plus
radiotherapy to the primary tumour (external beam to
the prostate given as one of two schedules nominated
before random assignment: 36 Gy in six consecutive
weekly fractions of 6 Gy or 55 Gy in 20 daily fractions of
2-75 Gy over 4 weeks). There was no blinding to
treatment allocation.***  Information on post-
progression therapies were collected by local sites and
reported in the trials.®*?

Outcomes

This analysis used data from the STAMPEDE platform
and is not a primary trial report. We aimed to test the
association between serum PSA concentrations and
overall survival, defined as the time from the landmark
timepoint (6, 12, and 24 weeks after randomisation) to
death from any cause. As reported in the primary
manuscripts, most patients in both the metastatic and
high-risk non-metastatic cohorts died from prostate
cancer as opposed to other causes. Data on serum PSA
concentrations were collected locally using trial case
report forms. All patients with a PSA value were included
in each landmark analysis, and the PSA value at that
timepoint was used rather than the lowest PSA reached
at any point. Patients were excluded if no PSA value was
available.

Baseline characteristics and death status were obtained
from the datasets used for previous trial publications.?***
To improve completeness, overall survival data for
patients in England and Wales were supplemented
through linkage with the Civil Registration of Death
dataset in a process that has been previously described.”
Patients not linked to the civil registrations of deaths
were censored on the last date they were known to be
alive from the trial case report forms. Patients who
withdrew consent to long-term follow-up were censored
at the date of withdrawal.

Statistical analysis

To evaluate the association between PSA and overall
survival, we fitted multivariable Cox proportional
hazards models, which was prespecified in a statistical
analysis plan (appendix pp 21-39).

PSA at 24 weeks was modelled as a continuous variable
using a fractional polynomial approach, with the hazard
of death estimated relative to a reference value of
0-2 ng/mL. PSA was also considered as a categorical
variable; hazard ratios (HRs) and 95% CIs were reported
to quantify the association between PSA categories
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(<0-2 ng/mL, >0-2 to 1-0 ng/mL, >1-0 to 3-0 ng/mlL,
and >3-0 ng/mL, with the latter three categories chosen
to create approximately balanced group sizes) and the
hazard of death, using the PSA of 0-2 ng/mL or less
group as the reference. Models were adjusted for
treatment allocation and key baseline covariates,
including log-transformed PSA before starting ADT
(ng/mL); time from ADT initiation to randomisation;
age (continuous); Gleason score (<7 vs 8-10); WHO
performance status (0 vs 1-2); regular use of aspirin or
non-steroidal anti-inflammatory drugs (a minimisation
factor in STAMPEDE?); nodal stage (node negative NO
vs node positive N1); tumour stage (T0-T2, T3, or T4);
previous local therapy; enrolment period (to account for
changes in post-progression therapy), and metastatic
volume (low vs high). For the multivariable Cox models,
we used a complete case approach. Therefore, patients
with missing values for any adjustment covariate
(eg, nodal status, tumour stage, or Gleason score) were

excluded from the multivariable models but remained in
the univariable analyses.

Similarly, we conducted three prespecified landmark
analyses: the primary analysis at 24 weeks post
randomisation and additional landmark analyses at
6 weeks and 12 weeks. The Kaplan-Meier method was
used to estimate the 96-month overall survival of both
the overall cohort divided by metastatic status (metastatic
vs non-metastatic) and then by CHAARTED volume
(metastatic cohort) or nodal status (non-metastatic
cohort). 95% CIs were computed using the Greenwood
formula. Survival time was measured from the date of
randomisation, not the landmark timepoint to aid
comparison between the three analyses, unless stated
otherwise.

In a post-hoc exploratory analysis, we fitted a Cox
model for 24-week PSA categories that additionally
adjusted for both 6-week and 12-week PSA category. To
assess robustness of the overall survival findings, we also

A B
5271 patients with metastatic prostate cancer 3217 patients with non-metastatic prostate cancerr
randomly assigned between Oct 5, 2005, randomly assigned between Oct 5, 2005, and
and Sept 2, 2016 Sept 2, 2016
N 744 excluded (randomly assigned to N 472 excluded (randomly assigned to
celecoxib, zoledronic acid, or both) celecoxib, zoledronic acid, or both)
v v v v v v v
1804 randomly 728 randomly 1032 randomly 963 randomly 1302 randomly 457 randomly 986 randomly
assigned to assigned to assigned to assigned to assigned to assigned to assigned to
ADT between ADT plus ADT plus ADT plus ADT between ADT plus ADT plus
Oct 5, 2005, docetaxel with radiotherapy abiraterone Oct 5, 2005, docetaxel with abiraterone
and orwithout between acetate and and March 31, or without acetate and
Sept 2,2016 zoledronic acid Jan 22,2013, prednisolone 2016 zoledronic acid prednisolone
between and with or without between with or without
Oct 5,2005, and Sept 2, 2016 enzalutamide Oct 5,2005, and enzalutamide
March 31,2013 between March 31,2013 between
Nov 15, 2011, Nov 15, 2011,
and and
March 31,2016 March 31,2016
22 excluded 31 excluded 28 excluded 8 excluded 21 excluded 22 excluded 11 excluded
N (no PSA N (no PSA N (no PSA N (no PSA N (no PSA N (no PSA N (no PSA
value atany value at any value at any value at any value at any value at any value at any
timepoint) timepoint) timepoint) timepoint) timepoint) timepoint) timepoint)
A v A v 4 A v
1782 with PSA 697 with PSA value 1004 with PSA 955 with PSA value 1281 with PSA 435 with PSA value 975 with PSA value
value at any atany value at any atany value atany atany atany
timepoint timepoint timepoint timepoint timepoint timepoint timepoint
1629at6 597 at 6 weeks 754 at 6 890 at 6 weeks 1149 at 6 375 at 6 weeks 912 at 6 weeks
weeks 623 at 12 weeks weeks 883 at 12 weeks weeks 384 at 12 weeks 904 at 12 weeks
1612 at 12 613 at 24 weeks 838at12 874 at 24 weeks 1098 at 12 347 at 24 weeks 864 at 24 weeks
weeks weeks weeks
1513 at 24 874 at24 1061at24
weeks weeks weeks
| 1427 died | | 572 died | | 603 died | | 725 died | | 533 died | | 214 died | | 286 died

Figure 1: Study flow

Patient disposition split by treatment assignment and metastatic status: metastatic disease (A) or non-metastatic disease (B). ADT=androgen deprivation therapy. PSA=prostate-specific antigen.
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undertook an exploratory post-hoc analysis (not
prespecified in the statistical analysis plan), to evaluate
prostate cancer-specific survival using Fine-Gray
competing-risks regression at the 24-week landmark,
reporting subdistribution HRs across PSA categories.
We considered p values of less than 0-05 to indicate
significance.

Analyses were performed using STATA (version 18) by
two UK Medical Research Council Clinical Trials Unit
statisticians (LM and PDM).

Results

Between Oct 5, 2005, and Sept 2, 2016, the STAMPEDE
platform protocol randomly assigned 8488 patients to
eight phase 3 trials (figure 1). For this analysis, we
excluded 1216 patients who were randomly assigned to
celecoxib, zoledronic acid, or a combination of both
drugs. A further 143 patients with no PSA values at any
of the three landmark timepoints were excluded. This
left 7129 patients who were randomly assigned in a
relevant trial and had at least one PSA value. Of these
patients, 3063 were randomly assigned to receive
standard-of-care comprising ADT (n=2631) or ADT plus
docetaxel (n=432). Research treatments added to the
standard of care were docetaxel or docetaxel plus
zoledronic acid (n=1132), abiraterone or abiraterone plus
enzalutamide (n=1930), and radiotherapy to the prostate
(n=1004, patients with metastatic disease only). Among
3956 patients with metastatic disease who had volume
assessment, 2211 (55-9%) had high-volume metastases
(appendix p 3), and among 2691 patients with non-
metastatic disease, 1033 (38-4%) were lymph node
positive (appendix p 4).

The median time from starting ADT to randomisation
was 50 days (IQR 30-69) in the metastatic cohort and
43 days (21-64) in the non-metastatic cohort. For patients
who started specific research treatments, median time
from randomisation to the initiation of docetaxel was
16 days (IQR 11-23), to initiation of abiraterone with or
without enzalutamide was 11 days (6-19), and to initiation
of radiotherapy (for patients with metastatic disease) was
35 days (28-62; appendix p 5). In the non-metastatic
cohort, the median time to starting radiotherapy was
191 days (IQR 147-not reached [NR]; appendix p 6).
Median follow-up was 9- 6 years (IQR 8-3-11-4; appendix
p 6 shows the split by treatment assignment). We
identified that 3327 (75-0%) of 4438 patients with
metastatic disease and 1033 (38-4%) of 2691 patients
with non-metastatic disease had died. 121 (1-7%) of 7129
eligible patients withdrew consent and were censored at
the date of withdrawal.

We evaluated 24-week PSA as a continuous variable
and identified that log transformation fitted the best
model in both the metastatic and non-metastatic cohorts
(figure 2A, B). Increasing PSA concentrations were
associated with steep rises in the relative hazard of death,
with the slope of this association reducing at PSA values
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above approximately 1-5 ng/mL in the non-metastatic
cohort and above 3 ng/mL in the metastatic cohort (global
p<0-0001). Adjustment for known prognostic variables
did not materially alter the association between
on-treatment PSA concentration and overall survival
(appendix pp 7-8).

Next, we considered PSA as a categorical variable
(figure 2C, D). There was a progressive decline in overall
survival with increasing PSA categories. A similar trend
was observed in the non-metastatic cohort, but, as
predicted by the non-linear model, 96-month overall
survival rates did not differ between the two highest
categories (60-1% [95% CI 54-7-65-1] for PSA >1-0 to
3.0 ng/mL and 60-2% [53-4-66-3] for PSA >3-0 ng/mL;
appendix pp 11-12).

Assessment of the proportional hazards assumption
using Schoenfeld residuals indicated evidence of non-
proportionality for some PSA categories, particularly in
the metastatic cohort (appendix p 9). Early hazard
differences between PSA categories were more
pronounced and attenuated over longer follow-up.

We next evaluated PSA concentration at 24 weeks
according to treatment allocation. Among patients with
metastatic disease, the proportion with a PSA of
0-2 ng/mL or less was lowest in the standard-of-care
group (253 [16-7%)] of 1513) and highest in the abiraterone
group (479 [54-8%] of 874). The proportion who had a
PSA of 0-2 ng/mL or less was similar for patients in the
docetaxel group (173 [28-2%)] of 613) and those in the
radiotherapy group (259 [29-6%)] of 874). Among patients
with a PSA of 0-2 ng/mL or less at 24 weeks, 96-month
overall survival also differed by treatment group: 56-3%
(95% CI 51-6-60-7) for patients in the abiraterone group
compared with 40-4% (32-9-47-8) for patients in the
docetaxel group (appendix pp 11-12).

In the non-metastatic cohort, the proportion of patients
who had a PSA of 0-2 ng/mL or less at 24 weeks was also
lowest in the standard-of-care group (329 [31-0%]
0f1061) and highest in the abiraterone group (679 [78 - 6%)]
of 864). Consistent with previous trial efficacy reports,” a
similar proportion of patients with non-metastatic
disease in the docetaxel group had a PSA of 0-2 ng/mL
or less (131 [37-8%)] of 347) as in the standard-of-care
group.

We then evaluated serum PSA at 6 weeks and 12 weeks.
In the metastatic cohort, a PSA of 0-2 ng/mL or less was
observed in 1164 (30-0%) of 3874 patients at 24 weeks
compared with 793 (20-0%) of 3956 patients at 12 weeks
and 482 (12-5%) of 3870 patients at 6 weeks. Once
patients had reached a PSA of 0-2 ng/mL or less, they
were unlikely to experience a rise. For example, of
899 patients with a PSA of 0-2 ng/mL or less at 6 weeks
and a value at 24 weeks, only 83 (9-2%) had a subsequent
rise higher than 0-2 ng/mL at 24 weeks (all other
combinations of PSA values are listed in the appendix
pp 18-20). Patients with a PSA in categories greater than
0-2 ng/mL at 6 weeks or 12 weeks who subsequently had
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Patients with metastatic prostate cancer Patients with non-metastatic prostate cancer
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Figure 2: Association of 24-week serum PSA with overall survival of patients with metastatic or non-metastatic prostate cancer

Hazards of death, with reference to survival in patients with a PSA of 0-2 ng/mL and metastatic disease (A) or non-metastatic disease (B). Kaplan-Meier curves for overall survival of patients with
metastatic disease (C) or non-metastatic disease (D) split by serum PSA categories. Survival time was measured from the landmark of 24 weeks after randomisation. Shading represents 95% Cls.
PSA=prostate-specific antigen.
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adecline to 0-2 ng/mL or less at 24 weeks most commonly
had a PSA concentration between 0-2 and 1-0 ng/mL,
although there were also some declines from higher PSA
categories. Similarly, in the non-metastatic cohort, a PSA
of 0-2 ng/mL or less was observed in 1139 (50-1%) of
2271 patients at 24 weeks compared with 843 (35-3%) of
2386 patients at 12 weeks and 538 (22-1%) of 2436 patients
at 6 weeks. A Sankey plot illustrating the relationships
between PSA values from individual patients across the
three timepoints is shown in figure 3A.

On-treatment PSA concentrations were associated with
overall survival in the metastatic cohort as early as
6 weeks after randomisation (figure 3B). Among patients
with metastatic disease, the 96-month overall survival
rate for those with a PSA of 0-2 ng/mL or less was 47-9%
(95% CI 43.2-52-4) at 6 weeks and was 50-2%
(46-6-53-8) at 12 weeks, both of which were similar to
the overall survival rate for a PSA of 0-2 ng/mL or less at
24 weeks (50-3% [47-3-53-2]). However, when higher
PSA categories (>0-2 to 1-0 ng/mL, >1-0 to 3-0 ng/mL,
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and >3-0 ng/ml) were considered, survival rates
estimated using week 6 or week 12 PSA values were
higher than those based on week 24 PSA values. Notably,
a PSA higher than 3-0 ng/mL was associated with a
96-month overall survival rate of 21-1% (95% CI
19-2-23-1) at 6 weeks versus 16-2% (14-3-18-2) at
12 weeks and 12-2% (10-4-14-2) at 24 weeks (figure 3B;
appendix pp 11-16).

In the non-metastatic cohort, patients with a PSA of
0-2 ng/mL or less at 6 weeks had a 96-month overall

survival rate of 77-3% (95% CI 73-4-80-7), similar to
patients at 12 weeks (75-7% [72-6-78-5]) and 24 weeks
(78-0% [75-4-80-4]). A PSA higher than 3-0 ng/mL was
associated with similar 96-month overall survival when
measured at 6 weeks, 12 weeks, or 24 weeks (appendix
pp 11-16).

In a post-hoc exploratory analysis, we fitted a Cox
model for 24-week PSA categories that additionally
adjusted for both 6-week and 12-week PSA category. The
HRs for increasing PSA categories relative to PSA of

A
[l PSA <0-2ng/mL [l PSA>0-2to1-0 ng/mL [ PSA>1.0to3-0ng/mL [l PSA >3-0 ng/mL [ Missing

Hazard ratio (log scale)

i)
6 weeks 12 weeks 24 weeks
B C
—@- Low metastatic volume =~ —#— High metastatic volume
6weeks | 1 e
PSA >3.0 ng/mL - — :
PSA >1.0t0 3.0 ng/mL ; —
. PSA>02t01.0 ng/mL S :
'g 12 weeks | b
g,‘ PSA >3.0 ng/mL —h—
S psa>10t03.0ng/ml — A
& PSA>0-2t01-0 ng/mL — A
24 weeks | T
PSA >3.0 ng/mL — A
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Figure 3: Serum PSA at 6 weeks, 12 weeks, and 24 weeks after randomisation

(A) Sankey diagram showing the number of patients in each PSA category at 6 weeks, 12 weeks, and 24 weeks after randomisation. The width of each ribbon is
proportional to the number of patients in the specific PSA category at that timepoint. Values <70 are not shown for readability. See the appendix (p 19) for patterns
of PSA category transitions. (B) Forest plots of adjusted hazard ratios of death compared with the reference value of <0-2 ng/mL at 6 weeks, 12 weeks, and 24 weeks
after randomisation in patients with metastatic disease. (C) Forest plots of adjusted hazard ratios of death compared with the reference value of <0-2 ng/mL at

6 weeks, 12 weeks, and 24 weeks after randomisation with additional separation by low-volume or high-volume metastatic disease. Survival time was measured
from the landmark time. The x-axis represents the hazard ratio on a logarithmic scale, where 1 indicates no difference. Error bars indicate 95% Cls. PSA=prostate-

specific antigen.
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0-2ng/mL or less became 1-51 (95% CI 1-25-1-82),2-78
(2-21-3-51), and 5-17 (4-05-6-60), all with p values less
than 0-0001 (data not shown).

We then evaluated overall survival outcomes in PSA
subcategories, split by metastatic volume, or nodal status
in the non-metastatic cohort. A PSA decline to 0-2 ng/mL
or less at 24 weeks was significantly more frequent in
patients with low-volume metastatic disease (620 [39-9%]
of 1554) than in those with high-volume metastatic
disease (428 [22-6%] of 1890). In the non-metastatic
cohort, PSA decline to 0-2 ng/mL or less at 24 weeks was
also more frequent, with a smaller difference between
patients with node-negative disease (719 [52-3%)] of 1376)
versus those with node-positive disease (417 [46-7%)]

of 819]; appendix p 11-12). Across all timepoints, within
each PSA category, overall survival rates were greater in
low-volume metastatic cohorts than in high-volume
metastatic cohorts (figure 3C).

Among patients with low-volume metastatic disease
who reached a PSA of 0-2 ng/mL or less at 24 weeks, the
96-month overall survival rate was 57-1% (95% CI
53.0-61-0]) compared with 39-8% (35-0-44-5) for
patients with high-volume metastatic disease (figure 4;
appendix p 11). 96-month overall survival of patients with
non-metastatic disease and a PSA of 0-2 ng/mL or less
was higher than in patients with low-volume metastatic
disease. Among patients who had a 24-week PSA of
0-2 ng/mL or less in the non-metastatic cohort, the
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Figure 4: Overall survival for patients categorised by 24-week serum PSA and disease burden
Kaplan-Meier curves showing overall survival for patients categorised by 24-week serum PSA <0-2 ng/mL (A), >0-2 to 1-0 ng/mL (B), >1-0 to 3-0 ng/mL (C), and >3-0 ng/mL (D) and by disease burden.
Survival time was measured from the landmark of 24 weeks after randomisation. Shading represents 95% Cls. MONO=non-metastatic node-negative disease. MON+=non-metastatic node-positive
disease. M1LV=metastatic low-volume disease. M1HV=metastatic high-volume disease. PSA=prostate-specific antigen.
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estimated 96-month overall survival was 80-3% (95% CI
77-1-83-1) for node-negative disease and 73-9%
(69-3-77-9) for node-positive disease.

ADT plus ARPI is now the standard-of-care treatment
backbone. Therefore, we finally focused on overall
survival outcomes among patients assigned to an
abiraterone regimen. Similarly, predicted survival by
24-week PSA of patients treated with ADT and an
abiraterone regimen was different based on metastatic
volume, and for non-metastatic disease based on lymph
node status (appendix p 2). A PSA of 0-2 ng/mL or less
at 24 weeks was more likely to be observed in patients
with low-volume metastatic disease (253 [66-9%)] of 378)
than in patients with high-volume disease (117 [43-4%]
of 409; appendix p 11). Among patients with a PSA of
0-2ng/mL or less at 24 weeks, 96-month overall survival
rate was higher in patients with low-volume metastatic
disease (64-1% [95% CI 57-8-69-8]) than in those with
high-volume metastatic disease (44-6% [37-1-51-9];
figure 5). A smaller difference in the 96-month overall
survival rate was observed in the non-metastatic cohort
between patients with node-negative disease (82-8%
[95% CI 78-7-86-1]) and those with node-positive
disease (79-4% [73-8-83-9]).

A post-hoc exploratory analysis of prostate cancer-
specific survival using a competing risks framework
showed patterns consistent with overall survival
(appendix p 17). Across metastatic and non-metastatic
cohorts, higher 24-week PSA categories were associated
with progressively worse prostate cancer-specific
survival. In patients with metastatic disease, adjusted
subdistribution HRs were 1-70 (95% CI 1-44-2-00) for
PSA higher than 0-2 to 1-0 ng/mL, 2-72 (2-28-3-25)
for PSA higher than 1.0 to 3-0 ng/mL, and 4-72
(4-02-5-55) for PSA higher than 3.0 ng/mlL;
corresponding estimates in patients with non-metastatic
disease were 1-90 (1-38-2-61), 2-91 (2-09-4-05),
and 3-56 (2-34-5-41; all p<0-0001).

Discussion

With follow-up of up to 19 years, this study provides
robust 96-month overall survival estimates and,
combined with the large sample size, enables several
novel discoveries. First, to our knowledge, this is the
first analysis to show the prognostic significance of
on-treatment PSA for patients with non-metastatic
prostate cancer treated with ADT and an ARPI. Second,
across all three landmark timepoints, patients who
reached a PSA concentration of 0-2 ng/mL or less at
6 weeks or 12 weeks had long-term survival similar to
those reaching this threshold at 24 weeks, in both
metastatic and non-metastatic cohorts. However,
because PSA decline is often gradual, a value higher
than 0-2 ng/mL before 24 weeks did not necessarily
indicate poor prognosis. Many patients with higher PSA
at 6 weeks or 12 weeks subsequently reached 0-2 ng/mL
or less by 24 weeks. Consequently, survival estimates for
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Figure 5: Flowchart to estimate 96-month overall survival rates based on imaging and on-treatment PSA

(<0-2 ng/mL at 24 weeks) for patients treated with ADT and abiraterone

Data are overall survival (95% Cl) at 96 months. NA indicates that there were ten or fewer patients in this category.
ADT=androgen deprivation therapy. ARPI=androgen receptor pathway inhibitor. NA=not applicable.

PSA=prostate-specific antigen.

PSA categories higher than 0-2 ng/mL at earlier
landmarks were more favourable than at 24 weeks,
reflecting ongoing response rather than treatment
failure. Third, the 96-month overall survival rates
predicted by each PSA category are treatment specific,
with consistently superior outcomes for patients
receiving abiraterone. Furthermore, we found evidence
of non-proportionality for some PSA categories, which
probably reflects time-varying treatment effects and
changes in disease biology. However, although this
deviation from proportional hazards could reduce
model efficiency, it does not alter the direction of effect.
These remain clinically interpretable despite non-
proportional hazards. Finally, fewer patients with
high-volume metastatic disease had a PSA of 0-2 ng/mL
or less at 24 weeks, but, intriguingly, their survival was
worse than patients who had low-volume metastases
and who had a PSA decline to the same category. We
hypothesise that a PSA of 0-2 ng/mL or less reflects
similar androgen receptor signalling suppression in
both groups, but patients with high-volume disease
might carry a larger burden of residual tumour that
does not secrete PSA. This residual disease could
contribute to poorer outcomes. Although this hypothesis
cannot currently be confirmed without more sensitive
imaging or molecular analyses, our findings support
using both metastatic volume and on-treatment
PSA category to guide monitoring and treatment
intensification.
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This study has some limitations. First, the STAMPEDE
trial recruited patients before the widespread adoption of
next-generation imaging modalities, such as PET and
MRI; therefore, metastatic status was determined using
conventional imaging alone. Although some patients
classified as having non-metastatic disease might have
had metastases detectable using more sensitive imaging,
and volume assessment differs by imaging modality, the
long-term prognostic relevance of discordant results
between conventional and next-generation imaging
remains under investigation.” Second, the analysis is
limited to patients who survived long enough to provide
PSA measurements at the specified timepoints. Patients
without PSA data were more likely to have died or
experienced disease progression. As a result, individuals
with particularly aggressive prostate cancer biology, who
were either progressing rapidly before PSA assessment
or were ineligible for the trial due to early progression,
are under-represented in this analysis. Third, treatment
options for castration-resistant prostate cancer have
expanded significantly during the trial period, potentially
influencing overall survival outcomes, so this study
might underestimate survival rates. Fourth, the lower
limit of PSA recorded was 0-2 ng/mlL, reflecting the
sensitivity of clinical assays used during the accrual
period. Recent studies suggest that ultra-low PSA
concentrations (<0-01 ng/mL) might also have prognostic
utility, which could be evaluated further in combination
with metastatic status.” Finally, additional information
could be obtained at baseline, such as digital pathology
multi-modal artificial intelligence scores or molecular
classifiers,”” that might improve prognostication when
combined with serum PSA dynamics. This study
prioritised including all patients with a PSA value, and
future work could integrate more biomarker information
across subsets of patients.

When applying these findings in clinical practice, the
landmark timepoints used in this analysis (measured
from randomisation) can be considered broadly
equivalent to time from initiation of ARPI, as abiraterone
began a median of 10 days after randomisation. The
interval from starting ADT to ARPI was variable, but was
approximately a median of 60 days, which reflects typical
clinical pathways. Fewer than 4% of patients presented
with metachronous disease; therefore, these results
primarily apply to synchronous presentations. To aid
clinical decision making, we provide a practical flow
chart for estimating survival probabilities. Future
research should validate these estimates in external
datasets and develop a nomogram to support personalised
treatment strategies. Although the inclusion of both
metastatic and very high-risk non-metastatic disease,
together with multiple treatment strategies, introduces
substantial clinical heterogeneity, this reflects real-world
practice and strengthens the relevance of our findings.

In conclusion, we report clinically relevant long-term
survival data categorised by standard imaging and

on-treatment PSA concentrations from a large,
prospective platform trial. These findings could inform
patient counselling, follow-up schedules, and treatment
decision making at the start of ADT. Several clinical
trials have recently initiated that prospectively
investigate, for example, using on-treatment PSA for
treatment de-escalation (DE-ESCALATE [NCT05974774],
LIBERTAS [NCT05884398)) or intensification (TRIPLE
SWITCH [NCT06592924], PEACEG-Poor Responders
[NCT06496581]). We report excellent outcomes that
support the potential for de-intensification strategies in
specific subgroups of patients, most notably for those
with low-volume metastatic disease treated with
abiraterone and reaching a PSA of 0-2 ng/mL or less,
whereas treatment intensification should be considered
for patients with higher PSA values, most notably for
those who had high-volume metastatic disease at
presentation.
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