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Abstract

GUNS (NCT04812366) is a multi-centre adaptive umbrella phase-Il neoadjuvant trial evaluating 24 weeks
of biomarker-directed therapy on major pathologic response (MPR) and residual cancer burden (RCB) in
men with high-risk localized prostate cancer (HR-LPC) undergoing radical prostatectomy. MPR was defined
by <5 mm longest diameter of the dominant focus or viable RCB < 1 mm?2. Diagnostic biopsies underwent
Tempus’ 648-gene DNA and whole-transcriptome RNA sequencing (seq). After 8 weeks of androgen
receptor pathway inhibitor (ARPI) doublet therapy with androgen deprivation (ADT) plus apalutamide
(APA), men were assigned to sub-protocols (SPs) defined by genomic alterations @ for an additional 16
weeks of an ARPI-doublet with or without additional therapy. SP-1 randomized men with AR-associated
(ETS fusions, FOXA1, SPOP) or otherwise favourable genomic®® to continue ARPI-doublet (SP-1A) versus
triplet therapy that includes another ARPI, abiraterone (SP-1B). SP-2 randomized men with aggressive
genomic®® (RB1, PTEN, TP53, AKT1) to ARPl-doublet (SP-2A) versus triplet therapy with docetaxel
chemotherapy (SP-2B). This analysis reports genomic and pathologic response data for 100 evaluable men
enrolled in SP-1 and 48 in SP-2, out of 322 participants enrolled in GUNS. DNA-seq revealed a genomic
landscape dominated by ETS gene fusions (41%), FOXA1 (22%), TP53 (19%), PTEN (15%), and SPOP (12%)
alterations. In SP-1, MPR was significantly higher in patients treated with triplet (SP-1B) versus doublet
(SP-1A) therapy (58% vs. 32%, p = 0.0045) and overall RCB was lower (median 0.73 vs. 2.79 mm?, p =
0.012). In SP-2, MPR was significantly higher with ARPI-docetaxel triplet (SP-2B) versus doublet (SP-2A)
therapy (25% vs. 0%, p = 0.011) with a 4.6-fold reduction in median RCB (7.6 vs. 34.6 mm?, p = 0.083).
Secondary endpoints included ypN1 rates, which trended lower in SP-1B vs. SP-1A (14% vs. 28%) and SP-
2B vs. SP-2A (29% vs. 46%). ERG fusions tended to have higher RCB, and SPOP? and FOXA1" lower RCB,
in SP-1, while PTEN-deficient tumours with a concurrent ETS fusion had the worst pathologic outcomes in
SP-2. Transcriptomically, baseline AR signalling was strongly associated with lower RCB following ARPI-only
combinations, while immunological signatures were unfavourable, associations that were not seen with
docetaxel in SP-2B. In conclusion, genomic-biomarker-directed ARPI-triplet therapies improve MPR rates
and RCB distributions in men with HR-LPC, supporting further validation in trials to evolve selection of
treatment intensification strategies.
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Introduction

Prostate cancer (PC) is a highly heterogeneous disease that progresses slowly in some men, while others
develop rapid recurrence and metastases after front-line therapy. Over two thirds of new PC diagnoses in
the United States are clinically localized?, and high-risk localized PC (HR-LPC) accounts for about 15% of
these?. Typically defined by clinical stage T3 or T4, International Society of Urological Pathology (ISUP)
grade group (GG) 4 or 5 (total Gleason score (GS) = 8), or serum prostate-specific antigen (PSA) > 20 ng/mL,
HR-LPC has a high rate of recurrence and metastases following radical prostatectomy (RP) or radiotherapy
plus androgen deprivation therapy (ADT)3. This clinical challenge has spurred interest in combinatorial
treatments, including neoadjuvant systemic therapies, to improve local control and metastasis-free
survival (MFS).

Initial trials of neoadjuvant ADT before RP for localized PC reported lower positive margin rates but no
decrease in PSA recurrence®>®. Over the past decade, phase-lll trials in metastatic castration-sensitive PC
(mCSPC) demonstrated improved survival when ADT is combined in doublets with docetaxel or androgen
receptor pathway inhibitors (ARPIs) like apalutamide (APA) or abiraterone acetate (ABI)#%1%11 More
recently, the PEACE-1'* and ARASENS®? trials established the benefit of triplet therapy combining ADT,
docetaxel, and an ARPI in men with adverse-risk mCSPC. Despite these improved outcomes, pathologic
complete responses (pCR) remained low when similar combinations were evaluated as neoadjuvant
therapy in HR-LPC#1516:17.18,19.20 (iffaring from breast or bladder cancer, where pCR rates exceed 30% and
are associated with improved outcomes?'?2, Indeed, major pathologic response (MPR) has been defined
and standardized across breast cancer trials?® and is now accepted as a valid endpoint for approval by
regulatory agencies?®. Phase-Il trials of neoadjuvant ARPI doublets reported higher rates of minimal
residual disease (MRD) as a measure of residual cancer burden (RCB)*® and set the stage for the phase-lll
PROTEUS trial of perioperative luteinizing hormone-releasing hormone agonist/antagonist (LHRHa) + APA
or placebo for HR-LPC?®. PROTEUS reported significantly increased MRD and MFS with the LHRHa-APA
doublet, establishing pathologic response (using MRD) as a potential correlate of MFS and laying a
foundation for future studies to identify subgroups of HR-LPC that are more or less likely to benefit.
Considering the significant genomic heterogeneity of HR-LPC?*?728, there is scope to improve outcomes
using a more targeted, precision-medicine approach.

Genomic biomarkers offer a precision oncology approach to select patients for specific therapies. For
example, targeting homologous recombination repair (HRR)-deficient or PTEN-deficient'® PC with ARPI-
PARP?%30 or -AKT3! inhibitor triplet combinations, respectively, improves outcomes in molecularly selected
populations in mCSPC. Collectively, these studies support a treatment paradigm in which biologic
aggressiveness can be overcome, at least in part, through rational therapeutic intensification beyond ARPI
alone. We initiated the Genomic-biomarker-selected Umbrella Neoadjuvant Study (GUNS; NCT04812366)
to extend this concept to HR-LPC by prospectively assigning genomically defined high-risk subgroups to
ARPI-based regimens matched to their underlying biology. This investigator-initiated, multi-centre phase-
Il trial has adaptive sub-protocols (SPs) to evaluate pathologic response after combinations of ARPI-
doublets vs. triplets guided by specific biomarkers (Figure 1a). SP-1 randomizes men with AR-pathway
genomic alterations (*) —without co-occurring aggressive tumour suppressor gene (TSG) loss—to an ARPI-
doublet (LHRHa/APA) versus ARPI-triplet (LHRHa/APA + ABI), testing the hypothesis that ARPI
intensification, in a subgroup potentially more sensitive to ARPI, will increase depth of pathologic
response. SP-2 randomizes men with poor-prognosis genomic alterations (TP53%, PTEN" or other AKT-
pathway-activating variants, or RB1%%) to an ARPI-doublet or a triplet with docetaxel. In this manuscript,
we report rates of MPR in 148 participants enrolled in SP-1 and SP-2, along with their baseline diagnostic
genomes (648-gene panel) and matching transcriptomes. MPR rates were significantly higher in SP-1 using
an ARPI-ABI triplet, and in SP-2B using an ARPI-docetaxel triplet, compared to ARPI-doublets. This work
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contributes to understanding treatment response in HR-LPC genotypes and phenotypes, fundamental to
evolution of biomarker-targeted treatment strategies.

Methods

Trial Design and Objectives. GUNS (ClinicalTrials.gov: NCT04812366, registered 2021/03/23) is an
investigator-initiated, multi-centre, multi-arm adaptive phase-ll study in men with HR-LPC who are
candidates for RP. The objective is to define the effects of genomic-biomarker-tailored combination
therapies on MPR and emergent therapeutic resistance in prostatectomy tissues. Participants were
enrolled in a Master Protocol for 8-week treatment with LHRHa plus APA while biopsies were retrieved for
genomic sequencing (seq) using the Tempus xT Clinical Laboratory Improvement Amendments (CLIA)-
certified assay (see below). Participants with biopsy specimens deemed non-evaluable for genomic testing
remained on the Master Protocol for an additional 16 weeks. Following review of evaluable xT genomic
reports by a Molecular Tumour Board (MTB), participants were assigned to a specific sub-protocol (SP;
Figure 1a) and randomized (if applicable) to a treatment arm within the SP, guided by additional inclusion
and exclusion criteria specified in each SP. RP followed 16 weeks of SP treatment. Refer to Supplementary
Methods for active sites. J&J provided APA, ABI, and, for SP-3, niraparib. UBC was the lead sponsor. As an
investigator-initiated trial, funders reviewed the protocol but did not have a role in design, conduct,
analysis, or reporting of results.

The trial was approved by the review board at participating institutions and/or health authorities in
Canada and the United States and conducted in accordance with Good Clinical Practice guidelines. All
patients provided written informed consent. All authors participated in data interpretation, manuscript
drafting, review, and approval before submission.

The primary endpoint is the rate of MPR, as defined below under Pathology Response Assessments, in
each SP and arm, when applicable. Secondary endpoints include quantitative RCB determination;
correlation of DNA- and RNA-seq data with MPR and RCB; effects on pathologic stage (surgical margins,
extracapsular or seminal vesicle extension, lymph-node metastasis); and safety and tolerability of
combination regimens in the neoadjuvant setting.

Sub-Protocol Treatments. Men with favourable genomics defined by (i) absence of aggressive genomic?"
(TP53, PTEN, RB1, HRR or mismatch repair (MMR) genes) or gain (AKT); (ii) AR-associated alterations (ETS
fusion, FOXA1, SPOP); or (iii) no actionable aberration, were assigned to SP-1 and randomized to SP-1A
ARPI-doublet (LHRHa/APA) or SP-1B ARPI-triplet (LHRHa/APA + ABI). Men with unfavourable genomic®"
including TP53, PTEN, AKT1, or RB1 were assigned to SP-2 and randomized to SP-2A ARPI-doublet
(LHRHa/ABI) or SP-2B ARPI-chemo triplet (LHRHa/ABI + docetaxel). ABI was used in the SP-2 ARPI-doublet
to avoid known drug-drug interactions between APA and docetaxel. See Supplementary Methods for
randomization details.

Other GUNS SPs combine an ARPI-doublet with the PARP inhibitor niraparib for HRR defects (SP-3), the
PD-L1 inhibitor atezolizumab for tumours with high tumour mutational burden (TMB) and microsatellite
instability (SP-4), the EZH2 inhibitor tazemetostat in plasticity-prone PC (SP-5), and the AKT inhibitor
capivasertib in PTEN®f cancers (SP-6). These SPs are not the subject of this report.

Adverse events (AEs) were assessed according to National Cancer Institute Common Terminology Criteria
for Adverse Events, version 5. See Supplementary Methods for additional details.
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Patients. Eligible patients had histologically confirmed high-volume HR-LPC defined by any combination
of GS 4+3=7 and GS 8 (4+4 or 5+3) in 2 6 cores, or > 3 systematic cores with PSA > 20 ng/mL; GS 4+3=7 in
> 6 cores and PSA > 20 ng/mL; or > 2 cores with GS = 8, each with = 80% involvement; or GS>9in > 1 core.
HR-LPC was further divided into four HR tiers, from HR1 (GG4, no features of HR2—4); HR2 (> 2 GG4 biopsy
cores or 1-2 GG5 cores; or 1-2 GG4 cores or >4 GG3 cores, combined with either PSA > 40 ng/mL or stage
cT4); HR3 (> 2 GG5 cores; or > 2 GG4 cores or 1-2 GG5 cores, combined with either PSA > 40 ng/mL or
stage cT4); HR4 (stage cN1). Participants with < 3 oligometastases by PSMA imaging who were deemed
candidates for radical prostatectomy were eligible.

Exclusion criteria included prior systemic or local therapy for localized PC, severe androgen deficiency, or
any cancer- or comorbidity-related conditions that precluded candidacy for prostatectomy.

Tissue processing and Immunohistochemistry (IHC). Formalin-fixed paraffin-embedded (FFPE) tissue
blocks of prostate needle biopsies were sectioned at 5-um thickness for haematoxylin and eosin (H&E)
staining, PTEN IHC, and genomic sequencing. For sequencing analysis, ten unstained sections and two
H&E-stained sections were obtained from the most representative biopsy core, identified based on the
highest Gleason score and/or the greatest tumour extent, and sent to Tempus (College of American
Pathologists (CAP)-accredited, CLIA-certified sequencing laboratories, Chicago). Freshly sectioned biopsy
tissues were assessed in parallel for PTEN expression by IHC (PTEN #9188, Cell Signaling). PTEN expression
was quantified based on the percentage of positively stained tumour cells: tumours exhibiting < 10% PTEN-
positive cells were classified as negative, 15-45% as low expression, 50-85% as moderate expression, and
2 90% as high expression. Additional technical details are described in Supplementary Methods.

DNA and RNA sequencing. FFPE tissue sections, as described above, were sent to Tempus (Chicago, IL)
for DNA-seq and RNA-seq using their 648-gene xT panel assay for DNA and the IDT xGen Exome
Hybridization Panel, plus additional spike-in probes, for RNA. Tempus provided BAM files aligned to the
GRCh37 human reference genome. For RNA-seq, exonic reads per gene were counted using
featureCounts®. Raw counts were used for differential expression analysis with DESeq2® and edgeR®,
while log,-transformed normalized expression values were used with limma®. See Supplementary
Methods for normalization details. For xT DNA-seq, genomic variants categorized by Tempus as “variant
of unknown significance” (VUS) were excluded (not counted as relevant alterations) unless two or more
VUSs were simultaneously identified in the same gene. A copy number (CN) gain reported by Tempus
generally meant 2 +8 copies, and monoallelic deletions were not reported except for loss of heterozygosity
of BRCA1 or BRCA2.

TMB harmonization. To compare TMB between GUNS and MSK-IMPACT data, we recalculated TMBs using
the Tempus definition based on overlapping target regions between the Tempus xT and MSK-IMPACT
panels. For GUNS, we started from Tempus’ Molecular Master File (MMF), an intermediate file generated
before the final xT report. To first remove potentially false-positive somatic variants arising from cross-
contamination in the MMF, we identified identical pairs of variants that appeared as somatic in one patient
but germline in another and then removed the somatic ones. We then counted non-synonymous coding
variants excluding stop gains (i.e., missense, frameshift, in-frame insertion/deletion, stop-loss, start-codon
and exon-loss variants) with > 100x coverage and a variant allele frequency (VAF) > 5% falling within the
coding sequences (CDS) shared by the Tempus xT and all MSK-IMPACT panels. TMB was computed as this
variant count divided by the total shared CDS length (0.79 Mb).

Pathology Review and Response Assessment. Residual cancer was evaluated on prostatectomy
specimens using routine H&E staining. A Pathology Response Committee (E.B., S.P., H.Z.0.), blinded to SP
arm assignment, reviewed pathology responses, RCB, and MPR status. All slides were systematically
reviewed to identify regions of interest (ROIls) containing viable cancer. In cases demonstrating marked
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degenerative or treatment-related changes that limited morphologic assessment on H&E sections, IHC was
performed to confirm the presence of residual carcinoma using NKX3.1 and/or cytokeratin AE1/AE3. GUNS
initially used pCR as the primary endpoint, but this was amended in 2025 (see Supplementary Methods)
because pCR was rare, with an intent to align pathologic response endpoints with the PROTEUS trial. GUNS
adopted a composite definition of MPR using £ 5 mm long diameter index ROl or quantitative RCB < 1
mm?, an approach intended to define the area of tumour-cellularity-weighted RCB. MPR can include ypCR,
ypT2, ypT3, and ypN1, but requires negative surgical resection margins. RCB was quantified by calculating
the index ROI length x width (mm?2) multiplied by the corresponding tumour cellularity (pathologist-
estimated percent area covered by cancer cells). ROIs from up to four distinct cancer foci, including lymph-
node metastases, were summed when present. MRD was also evaluated using PROTEUS criteria (ypCR or
<5 mm long diameter of the largest ROI, ypT2, and surgical resection margin negative)?.

Statistical Analysis. The primary endpoint is the rate of MPR in SPs using genomic-biomarker-directed
combinatorial regimens. In each trial arm, an MPR rate > 40% would be of interest whereas < 20% would
be of insufficient interest. A pre-specified Simon’s two-stage design® was used with a null hypothesis that
the true response rate is < 20%, tested against a one-sided alternative, to impose an interim stopping
condition and determine Stage-1 and final sample sizes. In the first stage, 24 patients would be accrued
per arm, and an MPR rate < 5/24 would lead to arm closure. Each arm that continued to Stage 2 would
accrue an additional 21 patients for a total of 45. Sample sizes were chosen to yield a type-I error rate of
0.05 and power of 0.9 when the true response rate is 40%.

Furthermore, SPs 1 and 2 were each randomized to a doublet-therapy control arm (A) or the triplet-
therapy arm (B) and the MPR rate was compared between arms A and B; a statistically significantly greater
MPR rate in Arm B vs. Arm A further supports expansion of Arm B. The MPR rate was compared between
Arms A and B using either a one-sided two-proportion z test (the one-sided analog of Pearson’s chi-
squared test), without Yates’ continuity correction, if the expected counts for every group in the Arm x
Response contingency matrix was > 5 or Fisher’s exact test (one-sided) otherwise. Because Stage-2 accrual
statistically depended on Stage-1 observations, we performed separate Stage-1 and Stage-2 comparisons
of pathologic response in SP-1B vs. SP-1A and summarized overall SP-1 MPR and RCB results by combining
one-sided p values stagewise using Liptak’s weighted inverse-normal method (R function
metaRNASeq::invnorm with nrep = evaluable sample size). Throughout, left-tailed p values correspond to
the alternative hypothesis that Arm B had favourable response (greater MPR rate or lower RCB) compared
to Arm A.

Baseline demographic and clinical characteristics were summarized by descriptive statistics. Univariate
pairwise associations between categorical variables were assessed using either Fisher’s exact test or a
two-proportion z test (equivalent to Pearson’s chi-squared test for two-sided alternative hypotheses)
following the rule described above. The family-wise error rate was controlled using the Holm method of
p-value adjustment within the following distinct families of hypothesis tests: (1) MPR or RCB comparisons
per SP, (2) secondary endpoints per SP, and (3) clinicopathologic correlates of response per arm. The
Benjamini-Hochberg (BH) method of p-value adjustment was used to control the false discovery rate (FDR)
among genomic associations with baseline clinicopathologic variables and separately among genomic
correlates of response per arm. Tests for associations between pre-treatment genomic or clinicopathologic
characteristics and pathologic response within each arm were exploratory.

Complete statistical analysis results with details of the tests performed, statistic values, and nominal and
adjusted p values can be found in Supplementary Tables S3-S17.

Correlative transcriptomic analyses. Exploratory differential gene expression analysis to investigate
associations between the baseline (pre-treatment) transcriptomes and pathologic response to treatment
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was performed by fitting gene expression to the following statistical model with DESeq2%, edgeR®, and
limma®: ~0 + SP + SP:1ogRCB + TP, where SP denotes the sub-protocol (treatment arm),
1ogRCB = logio (RCB + 1 mm?), TP denotes tumour purity (0 < TP <1),and SP: 10gRCB denotes
the interaction between the SP and 1ogRCB terms (i.e., their product). Consensus p values and log fold-
change estimates were derived from the DESeq2, edgeR, and limma results by applying a directional
Bonferroni partial-conjunction test to the method-specific raw p values [p = min{1, (m - r + 1)p}, where p,
is the rth-smallest p value and r = ceiling(m/2)] and taking the median log, fold change across methods.
For each contrast of interest (i.e., for the logRCB slope in each SP), genes were ranked for gene set
enrichment analysis (GSEA) by the product of their median log, fold change and -logio(pr), and GSEA was
then performed using the “preranked” module in the GSEApy Python module®’.

Results

Patient Cohort. Between September 2021 and July 2026, GUNS enrolled 322 participants across 9 sites in
North America. Patient demographics and clinical characteristics are summarized in Table 1. Most cancers
were GG4 (14.4%) or GG5 (74.4%). To monitor balance across randomized armes, this high-risk (HR) cohort
was further subdivided into four HR tiers, from HR1 (lowest risk) to HR4 (highest risk) based on grade,
number of cancer-positive biopsy cores, PSA, and clinical node status by imaging at diagnosis (see
Methods). Cancer volume at study entry varied significantly given wide ranges in diagnostic PSA and HR
grouping, but these were balanced between arms (Table 1). Reflecting the high-risk nature of our cohort,
where recorded, intraductal carcinoma (IDC) was noted in 37% of biopsy reports and non-IDC cribriform
morphology in 48% (Table 1), with 24% having both. Patients were assigned to SPs based on genomic
biomarkers in diagnostic biopsies sequenced by Tempus xT (Figure 1a).

Genomic Landscape of HR-LPC in GUNS. Genomic alterations in GUNS were broadly consistent with other
Western PC cohorts, with AR-regulated ETS oncogene fusions (41% any ETS, 35% ERG), FOXA1" (22%),
TP53% (19%), PTEN®" (15%), and SPOP" (12%) the most frequent (Figure 1b). While ERG fusions were
common in both SP-1 and SP-2 (34% SP-1 vs. 43% SP-2, p = 0.29), SPOP?" and FOXA1®" were enriched in
SP-1 compared to SP-2 (Figure 1b), consistent with known tendencies for PTEN®t or TP53" to co-occur
with ERG fusions3?33343% gnd for SPOP-mutant tumours to be de-enriched for TP53", PTEN?", and RB1"
(ref. 36). These data also suggest that FOXAI" tends not to co-occur with those aggressive tumour
suppressor gene losses in treatment-naive HR-LPC. Importantly, the three common AR-related genotypes
(ETS fusion, SPOP™t, and FOXA1%") covered 78% of SP-1 patients (and 71% of the whole cohort). In SP-2,
which focused specifically on genotypes associated with aggressive disease and ARPI resistance, TP53"
was most common (57%), followed by PTEN®" (51%) (Figure 1b). Other PI3K/AKT-pathway-activating
mutations and RBI®" occurred at low frequencies in SP-2 (AKT1: 2/49; PIK3CA: 1/49; RB1: 3/49).
Monoallelic deletions were not reported by Tempus xT. Within each SP, the frequent alterations were
balanced between arms (Supplementary Figure S1a).

Only genomic alterations were considered for assignment to SP-2, but PTEN IHC was assessed where
available. While 69% of genomically PTEN®", and 13/16 (81%) of biallelic PTEN-deleted, cases with available
PTEN IHC data were considered PTEN'Mcnegatve (nositive staining in < 10% of cancer cells), 13% of tumours
without a reported genomic PTEN®" were also PTEN'M¢eg2tve ‘including 12/79 (15%) SP-1 cases (Figure 1c
and Supplementary Figure S1b). Discordant genomic and IHC data for PTEN could be due to genomic
alterations, especially large structural rearrangements, being missed/unreported by Tempus xT, or they
could reflect other mechanisms of PTEN loss, such as epigenetic silencing or post-transcriptional/-
translational regulation, or intratumour heterogeneity.
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Across the whole GUNS cohort, PTEN loss as measured by IHC was strongly correlated with observation of
IDC on biopsy (not necessarily in the same biopsy core assessed for PTEN IHC or Tempus xT; Figure 1d),
consistent with the enrichment of IDC in SP-2. Even tumours with heterogeneous PTEN IHC displayed an
almost two-fold increase in the rate of IDC compared to tumours with > 90% PTEN positivity, suggesting
that IDC developed from PTEN-negative subclones in heterogeneous tumours. This association was more
specific for IDC than for general cribriform pattern (Supplementary Figure S1c) and was more pronounced
than for PTEN?" identified by Tempus xT (Supplementary Figure S1d). TP53%% on the other hand,
correlated with any IDC or cribriform pattern on biopsy (Figure 1e and Supplementary Figure Sle).
Interestingly, however, IDC was especially likely in tumours that exhibited both TP53%t and an ETS fusion
(Figure 1f) even though ETS fusions were not independently significantly associated with IDC or cribriform
histology (Supplementary Figure S1f). These observations support prior studies linking IDC to PTEN loss,
ERG expression, and TP53 mutations®3® and additionally reveal possible cooperation between ETS
transcription factors and TSG loss in driving aggressive pathology.

Overall tumour mutational burdens (TMBs) did not differ between SP-1 and SP-2 and were almost all < 10
mut/Mb in these two SPs (Figure 1g), as high TMB (= 10 mut/Mb) was a biomarker for SP-4 (ARPI + anti-
PD-L1 immunotherapy). Comparison of TMBs across GUNS to publicly available MSK-IMPACT data®’, after
harmonizing TMB calculations (see Methods), showed that TMBs in GUNS matched HR-LPC TMBs in the
MSK-IMPACT cohort and, moreover, that HR-LPC TMBs were more similar to TMBs in mCSPC and even
metastatic castration-resistant PC (mCRPC) than to TMBs in intermediate-risk localized PC (Figure 1h).

Major pathologic responses in SP-1 were higher with ARPI-triplet compared to doublet therapy. SP-1
randomized participants with only AR-associated (FOXA1%t, SPOP?", ETS fusion) or otherwise favourable
genomic alterations to an ARPI doublet (SP-1A) or triplet with ABI (SP-1B) to test whether ARPI
intensification increases depth of pathologic response. Stage 1 evaluated 24 participants per SP-1 arm;
both arms had > 5 MPRs, but MPRs were significantly more frequent in SP-1B than 1A (15/24 (63%) vs.
8/24 (33%), p = 0.022, Supplementary Figure S2a), supporting continuation of SP-1 to Stage 2. Overall, SP-
1 enrolled a total of 100 participants who underwent prostatectomy, and the GUNS composite MPR rate
remained significantly greater in SP-1B than 1A (29/50 (58%) vs. 16/50 (32%), stagewise-combined p =
0.0045, Holm-adjusted p = 0.013, odds ratio (OR) = 2.90, OR 95% confidence interval (Cl) = [1.20, 7.22];
Figure 2a). There were two pCRs in each SP-1 arm. PROTEUS-trial-defined MRD criteria were more
stringent and accounted for less than a third of patients on SP-1, with no significant difference between
SP-1A and SP-1B (Supplementary Figure S2b). Supplementary Table S1 lists MPR cases in GUNS that did
not meet PROTEUS criteria. RCB was evaluated as a broader measure of depth of pathologic response and
there was a consistent shift to lower RCB with ARPI-triplet intensification in SP-1B across the full RCB range
(median 0.73 vs. 2.79 mm?, mean 12.3 vs. 37.6 mm?; stagewise-combined Wilcoxon rank-sum p = 0.012,
Holm-adjusted p = 0.024; Figure 2b).

MPR rates in SP-2 were higher with an ARPI-docetaxel triplet than an ARPI-doublet. SP-2 tested the
hypothesis that an ARPI-docetaxel triplet would increase depth of pathologic response compared to an
ARPI-doublet in cancers with aggressive genomic®® (TP53, PTEN, RB1, AKT1). In Stage 1, 49 men with these
genomic®* were randomized and well balanced across HR groups (Table 1), of whom 48 were evaluable for
pathologic endpoints. Compared to the overall cohort and to SP-1, however, SP-2 had higher proportions
of cases with IDC/cribriform pattern, and cN1, likely reflecting aggressive genomics and biology.

MPR was significantly higher in the ARPI-docetaxel triplet arm SP-2B compared to the ARPI-doublet arm
SP-2A (6/24 vs. 0/24, OR = Inf, OR 95% Cl = [1.34, Inf), p = 0.011, Holm-adjusted p = 0.033; Figure 2c); there
was also one pCR in SP-2B. The MRD rate using PROTEUS criteria was 4/24 vs. 0/24 (p = 0.055, Holm-
adjusted p = 0.109; Supplementary Figure S2c), the difference due to one patient having an ROl of 9.3 x
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0.7 mm with 1% tumour cellularity, and another having a 1.8-mm organ-confined prostatic index ROl with
a 4-mm sparsely cellular lymph node deposit. RCB also trended lower in SP-2B than in SP-2A (Wilcoxon
rank-sum p = 0.083, Holm-adjusted p = 0.109; Figure 2d), with seven SP-2B patients having lower RCB than
the minimum RCB achieved in SP-2A (2.05 mm?) and a 4.6-fold reduction in median RCB (7.6 vs. 34.6 mm?).
The magnitude of effect is consistent with the significant improvement in the MPR endpoint and supports
a shift towards lower RCB with ARPI-docetaxel triplet therapy in tumours characterized by aggressive
genomic®®. SP-2B has been expanded to Stage 2, which is enrolling at the time of this report.

Comparison of MPR and RCB in SP-1 and SP-2 illustrates higher MPR and lower RCB in SP-1 vs. SP-2, with
ARPI-ABI triplets in SP-1B yielding the lowest RCB and highest MPR rate (Supplementary Figure S2d).
There was a consistent shift to lower RCB with ARPI-triplet intensification in both SP-1 and SP-2, with the
magnitude and statistical strength of this effect greater in SP-1 than SP-2. Figure 2e illustrates
representative examples of RCB and MPR that highlight the varying tumour and stromal cellularity in SP-1
and SP-2 cases.

Secondary Endpoints. Pre-surgery nadir serum PSA levels did not significantly differ between SP-1B and
SP-1A (Figure 3a); 38/50 (76%) SP-1B vs. 33/49 (67%) SP-1A patients had PSA nadir levels < 0.03 ng/mL or
otherwise undetected (if the limit of detection was > 0.03 ng/mL). Pathologic T (ypT) stages also did not
significantly differ (Figure 3b) and positive margin rates were similarly low in SP-1B and SP-1A (6/50 (12%)
vs. 8/50 (16%); Figure 3c), while ypN1 was half as frequent in SP-1B as in SP-1A (7/50 (14%) vs. 14/50
(28%); p = 0.043, Holm-adjusted p = 0.171; Figure 3d). In SP-2, pre-surgery nadir PSA levels were similar in
both arms (Figure 3e; < 0.03 ng/mL or otherwise undetected in 16/24 (67%) SP-2B vs. 14/23 (61%) SP-2A),
but SP-2B was significantly enriched for ypCR or ypT2 (9/24) compared to SP-2A, where 22/24 cases were
ypT3 (p = 0.0082, Holm-adjusted p = 0.033; Figure 3f). Additionally, positive margin and ypN1 rates were
both reduced, albeit not statistically significantly, in SP-2B compared to SP-2A (2/24 vs. 6/24, p = 0.12,
Holm-adjusted p = 0.35; and 7/24 vs. 11/24, p = 0.12, Holm-adjusted p = 0.35, respectively; Figure 3g—h).

Treatment-emergent serious adverse events (TE-SAEs). TE-SAEs were uncommon in SP-1 but occurred
more frequently in SP-2B, primarily reflecting expected chemotherapy-related toxicity (Supplementary
Table S2). Febrile neutropenia was the most frequent serious adverse event and occurred exclusively in
patients receiving docetaxel. No unexpected safety signals were observed, and the spectrum of SAEs was
consistent with the known safety profiles of ARPI and docetaxel. One participant in SP-2B had febrile
neutropenia and a stroke while on chemotherapy and became a non-surgical candidate. Another
participant developed a headache during the Master Protocol that resolved after an APA dose reduction.
After assignment to SP-1B, Grade-2 headache with Grade-3 arthralgia occurred that led to treatment
discontinuation and trial withdrawal.

Canonical AR signalling was associated with low, and ERG fusions with high, RCB after ARPI. To identify
potential biomarkers of response to ARPI-doublet therapy in SP-1A and SP-2A or ARPI-triplet therapy in
SP-1B, we tested for associations between pathologic response and baseline clinicopathologic, genomic,
and transcriptomic characteristics of cancers at diagnosis (Supplementary Tables $10-S15). Within SP-1A,
ERG fusions were significantly associated with higher RCB (Figure 4a) and more common in non-MPR than
MPR cases (Supplementary Figure S3a). There were two cases in SP-1A with other ETS fusions and both
were non-MPR with high RCB (Figure 4b). Conversely, SPOP*" and FOXA1%" were associated with lower RCB
(Figure 4c—d) and more common in MPR than non-MPR cases (Supplementary Figure S3b—c). Additionally,
the 11 PTENMCnegative cages in SP-1A (with no genomic PTEN®® by xT) were associated with greater RCB
(Figure 4e) and no MPR. With intensified ARPI in SP-1B, the unfavourable trends for ERG/ETS fusions were
weakened (Figure 4f—g and Supplementary Figure S3d), the negative association between SPOP** and RCB
strengthened (Figure 4h and Supplementary Figure S3e), and the associations between FOXA1%" or PTEN
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IHC and RCB were effectively lost (Figure 4i—j and Supplementary Figure S3f). These trend shifts from SP-
1A to SP-1B were driven by broad reductions in RCB but with variable magnitudes across different genomic
and PTEN-IHC groups.

In SP-2A, as already emphasized, there were no MPR cases, compared with 32% in SP-1A (Figure 2),
underscoring TP53 and PTEN®" as unfavourable, though the switch in ARPI from APA to ABI at Week 8 in
SP-2A versus continuation of APA alone in SP-1A may be a confounding factor. TP53" and PTEN?" did not
significantly differ in terms of RCB (Supplementary Figure S3g-h), but tumours in which they co-occurred
had higher RCB (Supplementary Figure S3i). The most significant genomic correlate of RCB in SP-2A was
the combination of PTEN with an ETS fusion (Figure 4k); interestingly, this was more significant than the
combination of TP53%" with an ETS fusion (Figure 4l). There were only two cases of FOXA1%" in SP-2A and
both were associated with favourable response (Supplementary Figure S3j), while there were no SPOP?"
cases in SP-2A. These results demonstrate a continued tendency for ETS fusions to be unfavourable for
ARPI, and FOXA1*" favourable albeit uncommon, in the context of aggressive genomic?".

At the transcriptomic level, we assessed the association between gene expression and RCB via differential
gene expression analysis with logio(RCB + 1 mm?), SP, and tumour purity as the independent predictor
variables (see Methods). Gene set enrichment analysis (GSEA) then revealed that the level of AR signalling
in the diagnostic biopsy, as measured by signature gene sets, consistently and strongly correlated with
lower RCB across all three ARPI-only doublet- and triplet-therapy arms (SP-1A, -1B, and -2A) (Figure 4m—
o and Supplementary Figure S4). As indicators of response, the MSigDB Hallmark “androgen response”
and CRPC-AR Tang 2022 gene sets outperformed other AR signature gene sets (Spratt 2020, Hieronymus
2006, and Sharma 2013) in all three arms. Conversely, expression of immunological gene sets before
treatment was generally associated with higher RCB after treatment in all three ARPI-only arms (Figure
4m-o0). Notably, although signatures of immunosuppressive cells (e.g., myeloid-derived suppressor cells
and regulatory T cells) trended in this same higher-RCB direction, immune-promoting signatures were
more significant in this analysis. For instance, Hallmark “allograft rejection” (indicative of an immune
response against non-self or neoantigens), interferon signalling, and type-I T-helper cell gene sets were
especially prominent in their consistent associations with RCB, with the latter the only gene set to achieve
a statistically significant positive association with RCB in all three of SP-1A, SP-1B, and SP-2A. Collectively,
these genomic and transcriptomic analyses suggest that baseline AR signalling, and genomic®® linked to
enhanced AR signalling (SPOPt and FOXA1%"), are the strongest indicators of pathologic response to ARPI
and that, counterintuitively, immunological pre-enrichment of prostate tumours is associated with higher
RCB. The comparatively unfavourable nature of ETS fusions despite their regulation by AR is perhaps
because they drive oncogenic transcriptional programmes very distinct from canonical AR signalling®®41,

Luminal and basal subtypes have been associated with PC prognosis and response to ADT***3, so we
included gene sets representing the luminal-like (PCS1, PCS2) and basal-like (PCS3) PC subtypes identified
by You et al.*? in our analysis. The gene set defining the aggressive PCS1 subtype, as well as proliferation-
related gene sets linked to the PCS1 phenotype, were the gene sets besides AR signalling most significantly
associated with lower RCB in SP-1A (Figure 4m). The same PCS1 trend was close to significance in SP-2A
but far from significance in SP-1B. PCS1 is most like Luminal-B (LumB) in the PAM50 system?* and has the
worst overall prognosis of the three PCS subtypes*#*. Our analysis suggests that, consistent with LumB
being the PAM50 subtype to benefit most from adjuvant ADT despite otherwise having the worst
prognosis®, PCS1-like HR-LPC benefits more than PCS2 or PCS3 from neoadjuvant ARPI. However, the
diminishment of this and other transcriptomic/genomic RCB associations in SP-1B suggests that an ARPI-
triplet with ADT, APA, and ABI may overcome some intrinsic resistance to an ARPI doublet.
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AR signalling was not predictive of response to the ARPI-docetaxel triplet therapy in SP-2B. To determine
how molecular correlates and possible biomarkers of pathologic response change with an ARPI-docetaxel
triplet, we repeated the above correlative analyses for SP-2B (Supplementary Tables S16-S17). ETS fusions
continued to show an unfavourable trend (Figure 5a-b), with the combination of an ETS fusion with
PTEN®f once again being the most significant genomic correlate of higher RCB (Figure 5¢), more so than
the combination of an ETS fusion with TP53%t (Figure 5d). FOXA1?" (Figure 5e) and, to a lesser degree,
SPOP?" (Figure 5f) maintained favourable trends, but both were uncommon alterations in SP-2B. However,
no genomic associations with pathologic response achieved statistical significance, and trends were
substantially weaker than in the other SPs. Moreover, there was no meaningful difference between PTEN?"
and TP53%" in terms of RCB (Figure 5g—h). At the transcriptomic level, a signature of ERG fusion was
positively (unfavourably) associated with RCB and was the only significant gene set in either direction
(Figure 5i). Notably, AR-signalling signatures were no longer significantly associated with lower RCB and,
moreover, were not even among the top-ranked gene sets (though their correlation with RCB was still
negative); the Hallmark G2M-checkpoint signature was instead the top-ranked association with favourable
response to the ARPI-docetaxel triplet (Figure 5i), consistent with docetaxel having stronger effects on
more-proliferative cells. These results suggest that addition of docetaxel to an ARPI doublet for
genomically aggressive HR-LPC overcomes the necessity for a high level of baseline AR signalling to achieve
the best responses. Nevertheless, the low rate of MPR and greater RCB in SP-2B compared to SP-1 highlight
that addition of docetaxel to ARPI does not completely overcome the therapy resistance imparted by
aggressive genomics. Finally, in contrast to the favourable association between PTEN-inactivity
transcriptomic signatures and survival benefit from docetaxel found by Grist et al. in the STAMPEDE trials*,
we did not identify a significant association between transcriptomic signatures of PTEN loss and RCB in SP-
2B. This is possibly because SP-2 was already selected for the aggressive genotypes most likely to benefit
from docetaxel and is therefore not inconsistent with the STAMPEDE docetaxel subgroup analysis.

Discussion

GUNS is a multi-arm umbrella phase-ll study with an adaptive design for men with HR-LPC using a
neoadjuvant model to evaluate pathologic responses as a surrogate of contextual lethality after
biomarker-directed ARPI-doublet and triplet regimens. GUNS enrolled candidates for prostatectomy with
high-volume HR-LPC, excluding low-volume GG4 cancers to ensure that evaluation of depth of pathologic
response is less confounded by lower-volume disease at baseline. High-volume, high-grade cancer in
diagnostic needle biopsies also ensures sufficient tumour cellularity for DNA/RNA extraction using the
CLIA-certified Tempus xT test. Higher DNA tumour content enhances detection of alterations, such as
copy number deletions common in PC, which is often challenged by low tumour cellularity from stromal
infiltrative disease. Tempus xT requires > 20% tumour cellularity and 100 ng input DNA?; insufficient
guantity or quality of DNA for xT is reported by Tempus as “quantity or quality not sufficient (QNS)”. In
GUNS, 13% of samples were QNS and hence unevaluable for SP assignment, similar to sequencing failure
rates in other studies in metastatic PC.

HR-LPC is clinically and, as demonstrated by our TMB comparison with the MSK-IMPACT cohort,
genomically aggressive®, with high recurrence rates after surgery alone, and hence requires multimodal
intervention to treat both local and potential subclinical metastatic disease. Early studies of neoadjuvant
ADT prior to surgery did not enrich for HR-LPC and failed to detect reduced recurrence rates*>®. The
Alliance 90203 trial'® evaluated 6 months of neoadjuvant ADT plus docetaxel in HR-LPC, but the primary
endpoint of biochemical recurrence was confounded by early salvage therapies. This trial began prior to
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approval of second-generation ARPI, and pCR/MRD rates were low. Indeed, pCR rates were also low (<
8%) in localized PC treated with neoadjuvant LHRHa doublets of ARPI}41>1647.48 or docetaxel'**9°°, despite
improved survival with these combinations in metastatic PC”#91%11  |n contrast, neoadjuvant therapies in
breast or bladder cancer induce high pCR rates (> 30%) and associate with improved outcomes?*°1°%53,
Contemporary neoadjuvant trial designs with rich translational correlates, such as I-SPY 2 in breast
cancer®*>> and GUNS in prostate cancer, provide robust platforms for analysing novel agents and identify
new approaches to overcome de-novo resistance to endocrine therapy. In breast cancer patients who do
not achieve an MPR, RCB (a measure of size combined with cellularity) is prognostic, and might identify
patients who could benefit from further adjuvant therapy®3; this remains to be established in PC.

Recent studies using ARPI doublets in the neoadjuvant setting for HR-LPC helped refine MRD as a measure
of therapeutic response®®, which, along with stringent inclusion criteria for high-risk PC and use of PSMA-
PET measures of MFS, helped evolve the design of the PROTEUS trial*®. PROTEUS randomized more than
2,100 men with HR-LPC to perioperative ADT with or without APA and demonstrated significant
improvements in both MFS and MRD. PROTEUS is the first study to show that MRD rates are concordant
with MFS in the context of neoadjuvant therapy and prostatectomy. The use of MFS and MRD as
surrogates for clinical benefit sets the stage to use pathologic response to characterize synthetic lethality
using genomic-biomarker-guided combinations in GUNS.

The significant genomic heterogeneity in advanced PC results in subgroups that respond variably to ARPI
doublet therapy and supports a targeted, precision-oncology approach for treatment intensification with
triplet therapies. GUNS builds upon the PROTEUS paradigm to characterize this important population.
While PROTEUS compared an ADT-singlet to an ARPI-doublet, GUNS tests whether further intensification
with biomarker-directed ARPI-triplets deepens pathologic responses within biologically defined genomic
subgroups. Genomic alterations that rewire the AR transcriptional programme—ETS fusions, FOXA1?", and
SPOP**—comprise the largest genomic subgroup of HR-LPC. These early clonal driver events are
biologically linked to AR-dependent prostate epithelial identity and tend to define distinct molecular
subclasses. SPOP?" impairs ubiquitin-mediated degradation of AR/chromatin regulatory proteins and is
associated with an AR-responsive, ETS-negative subtype. The pioneer transcription factor FOXA1 opens
compacted chromatin to guide AR binding across the genome and prostate luminal epithelial
differentiation. FOXA1" redirects AR signalling towards oncogenic transcriptional programmes and, as
with SPOP?t, tumours remain highly AR-dependent. TMPRSS2-ERG gene fusion causes aberrant androgen-
driven ERG overexpression that promotes invasion, plasticity, and altered differentiation.

SP-1 randomized 100 evaluable men, most of whom had cancers with these AR-associated genomic
alterations, to an ARPI-doublet or -triplet with ABI. MPR was significantly higher with ARPI-triplet
compared to doublet therapy, and there was a statistically significant shift towards lower RCB in SP-
1B. Prior studies in non-selected populations evaluating addition of ABI to an ARPI doublet did not
demonstrate improved outcomes®”>8, implying MPR is not an indicator of clinical benefit; conversely, this
improved MPR may underline the importance of biomarker selection in refining outcomes. The lack of
signal by triplet intensification in a non-selected study may reflect failure to detect a benefit that occurs in
a smaller subgroup of that population. ETS fusions and PTEN'M¢negatve statys were more common in non-
MPR cases, consistent with biology of ERG and AKT oncogenic signalling pathways that support AR
independence. While tumours with PTEN®* were assigned to SP-2, assessment of PTEN'HCegative statys
was not routinely performed until SP-1 completed accrual and SP-6 (ARPI + capivasertib) opened in early
2026.

The second most common genomic subgroup in GUNS comprises tumours with loss-of-function
aberrations involving TP53, PTEN, or RB1, TSGs that regulate critical cellular processes including DNA
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damage response, cell-cycle control, lineage fidelity, and PI3K/AKT signalling. While each alteration
individually associates with adverse outcomes, co-loss of TP53, PTEN, and/or RB1 has synergistic biologic
effects that promote aggressive clinical behaviour and treatment resistance®>®°. More recent molecular
analyses from STAMPEDE and related datasets® have similarly identified transcriptional programmes
associated with aggressive disease biology, including interferon-response and lineage plasticity signatures
that correlate with poorer clinical outcomes despite contemporary systemic therapy. Together, these data
associate TSG-loss tumours with progressively less dependence on canonical AR signalling and support
non-AR-directed treatment intensification. In patients with adverse-risk metastatic CSPC, the addition of
an ARPI to an ADT-docetaxel doublet significantly improved overall survival'*3. Consistent with these
studies, HR-LPC patients with these aggressive TSG-loss genotypes treated with an ARPI-docetaxel triplet
in SP-2B had higher MPR rates. Notably, however, SP-2A and SP-2B cancers had significantly lower MPR
rates (0 vs. 25%) and higher median RCB (34.6 vs. 7.6 mm?) than SP-1A and 1B cancers (32% vs. 58%; 2.8
vs. 0.73 mm3), findings consistent with a growing body of evidence that loss of TP53, PTEN, or RB1
associates with more rapid progression to castration resistance, and support ARPI-docetaxel intensification
to partially overcome the adverse biology associated with TSG-loss tumours.

Correlative genomic analyses further support biologically distinct mechanisms of therapeutic sensitivity
and resistance. SPOP™" tumours were enriched among patients achieving MPR, consistent with prior
observations that SPOP™* defines an AR-dependent molecular subtype characterized by heightened
sensitivity to ARPI. In contrast, ETS fusions were consistently associated with greater RCB across SPs 1 and
2. This observation extends previous reports of ERG expression/fusion associating with inferior response
to ADT/ARPI in both localized and metastatic PC”%! to doublet- and triplet-therapy regimens in biomarker-
stratified patient groups. Moreover, ETS fusions were associated with unfavourable cribriform/IDC
pathology in tumours co-harbouring TP53%, TP53%" or PTEN®f individually associated with IDC; however,
the relationship with TP53?" was strengthened with concurrent ETS fusion events, suggesting cooperation
in driving aggressive histologic phenotypes. Together, these findings support a model in which ETS
activation promotes relative AR independence, both independently of and in concert with aggressive
tumour suppressor loss, thereby limiting the depth of response achievable with ARPI alone.

While GUNS is signal-finding and not intended to change current clinical practice, the observed
magnitudes of difference in MPR warrant assessment against longer-term clinical outcomes. The most
notable finding was the marked shift in the entire distribution of RCB towards low-burden states with
triplet intensification. This effect was most pronounced in SP-1, where AR-associated tumours
demonstrated remarkable sensitivity to an intensified ARPI-triplet, but tumours characterized by TSG loss
in SP-2 still exhibited modest but statistically significant improvement in MPR with an ARPI-docetaxel
triplet. The observed reduction in median RCB and enrichment of low-burden disease states are
biologically consistent with deeper elimination of treatment-sensitive tumour clones and may ultimately
translate into improved long-term outcomes.

PROTEUS employed a £ 5 mm linear-length MRD endpoint, a binary endpoint that may not fully capture
the spectrum of RCB following treatment. Although MRD remains clinically intuitive, a 5-mm linear length
alone does not account for differences in area or tumour cellularity, which can vary greatly post-treatment,
and hence does not fully discriminate patients with markedly different amounts of viable RCB. GUNS
adopted a quantitative framework for RCB, incorporating both the spatial extent of residual disease and
the marked hypocellularity that can occur following neoadjuvant ARPI. The substantial shift in RCB
distributions observed with triplet intensification in both SP-1 and SP-2 suggests that RCB may provide
additional biologic resolution beyond linear-length MRD alone. Although the GUNS area-based RCB
cannot be directly converted to a 3-dimensional tumour volume without assumptions regarding tumour
depth, it provides a more granular assessment of treatment response and may distinguish biologically
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meaningful differences among tumours that would otherwise fall within the same binary MRD category.
Accordingly, GUNS complements the PROTEUS framework by extending pathologic response assessment
from a principally one-dimensional threshold to a quantitative estimate of viable RCB. A limitation of the
current study is that RCB categories are exploratory and not validated as surrogate endpoints in HR-
LPC. Future correlation of RCB with tumour cellularity as estimated by DNA*, MFS, and overall survival
with PROTEUS will further evolve quantitative measures of MRD as a surrogate of MFS.

More broadly, GUNS provides a proof of concept for a genomically segmented neoadjuvant strategy in
HR-LPC. Rather than treating HR-LPC as a single clinical entity, GUNS prospectively matched biologically
distinct molecular subgroups to rational ARPI-based triplet regimens. The differential response patterns
observed across genomic cohorts suggest that therapeutic vulnerabilities differ substantially according to
underlying disease biology and support further development of precision oncology approaches in HR-LPC,
which are ongoing in SPs using ARPI-triplets with PARP, AKT, and PD-L1 inhibitors. Future analyses
integrating MPR, continuous RCB distributions, tumour-content DNA, and genomic subtypes will be critical
to determine whether depth of pathologic response can serve as a surrogate marker of synthetic lethality
and clinical benefit in biomarker-selected populations. Future studies will also leverage pre- and post-
treatment tissue specimens to understand how tumour genomics and heterogeneity influence treatment
responses, early adaptation, and resistance pathways.
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Characteristic

Overall

1A

1B

2A

2B

n

322

52

50

24

25

Age, years (mean (SD))

65.11(7.21) 66.42 (7.31) 66.12 (6.44) 64.21(8.35) 63.24 (6.66)

Race (%)
Asian 42(13.0) 10(19.2)  6(12.0) 1(4.2) 1(4.0)
Black or African American 19 (5.9) 2(3.8) 2 (4.0) 1(4.2) 2 (8.0)
White 259 (80.4)  39(75.0)  42(84.0)  22(91.7)  22(88.0)
Unknown or not reported 2 (0.6) 1(1.9) 0(0.0) 0(0.0) 0(0.0)
PSA, ng/mL (%)
<10 125(38.8)  18(34.6)  21(42.0)  6(25.0) 9 (36.0)
10 <PSA <20 90(28.0)  17(32.7)  17(34.0)  9(37.5) 6 (24.0)
20 < PSA <40 58(18.0)  10(19.2)  7(14.0) 5 (20.8) 3(12.0)
40 < PSA < 80 43(13.4)  6(11.5) 4 (8.0) 4(16.7) 5 (20.0)
>80 6(1.9) 1(1.9) 1(2.0) 0(0.0) 2 (8.0)
Grade group (%)
2 6(1.9) 0(0.0) 2 (4.0) 1(4.2) 1(4.0)
3 30 (9.4) 6 (11.5) 2 (4.0) 3(12.5) 4 (16.0)
4 46 (14.4)  9(17.3) 5(10.0) 3(12.5) 3(12.0)
5 238 (74.4) 37(71.2)  41(82.0) 17(70.8)  17(68.0)
IDC = Yes (%) 74(36.8)  15(28.8)  16(32.7)  15(62.5)  9(37.5)
Cribriform = Yes (%) 96 (48.2)  23(442) 17(35.4) 13(54.2)  16(66.7)
cT stage (%)
T1 54(16.9)  6(11.5)  15(30.0) 2(8.3) 4 (16.0)
T2 161(50.3)  29(55.8)  22(44.0)  14(58.3)  13(52.0)
T3 97(30.3)  16(30.8)  13(26.0)  8(33.3) 8 (32.0)
T4 2 (0.6) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
X 6(1.9) 1(1.9) 0(0.0) 0(0.0) 0(0.0)
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570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597

cN stage (%)

NO 281(89.2) 50(96.2)  47(95.9)  19(79.2)  18(72.0)
N1 28 (8.9) 2(3.8) 2 (4.1) 5 (20.8) 7 (28.0)
NX 6(1.9) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
HR tier (%)
1 21(9.9) 6 (11.5) 5 (10.0) 3(12.5) 1(4.2)
2 58(27.2)  19(36.5)  17(34.0)  5(20.8) 4(16.7)
3 103 (48.4)  25(48.1)  25(50.0)  11(45.8)  11(45.8)
4 31(14.6) 2(3.8) 3 (6.0) 5(20.8) 8 (33.3)
Tempus xT = Yes (%) 281(87.3) 52(100.0) 50(100.0) 24 (100.0) 25 (100.0)
Tempus RNA-seq = Yes (%) 210(65.2) 36(69.2)  32(64.0)  18(75.0)  21(84.0)

Table 1. Baseline clinical and pathologic characteristics. Data are presented as n (%) unless otherwise
indicated; percentages are proportions of available-data cases for each variable. Total sample size in SP-1
was greater than the planned 45 participants per arm, in part due to operational over-accrual due to
time lag between enrollment and SP assignment, and to accommodate potential for non-evaluable
participants. Abbreviations: SD, standard deviation; PSA, prostate-specific antigen; IDC, intraductal
carcinoma; HR, high risk. “Cribriform” means non-IDC cribriform pattern. The “Overall” column reflects
322 participants enrolled across all GUNS SPs as of July 2026. Of the 322 participants in the “Overall”
column, at the time of writing, IDC status was recorded for 201/322, non-IDC cribriform status for
199/322, and HR tier for 213/322; cN stage was not reported for 7/322 in addition to the 6 NX cases.
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598

599
600
601
602
603
604

605

606

607

608

Supplemental Table S1. Cases meeting GUNS composite MPR but not PROTEUS MRD definition

Cohort :;enii::glotnusn;;t:) c;‘:::::.::y (r:CmBz) :2;:‘:':51;:tgage / Reason not classified as MRD by PROTEUS
SP1A 2x1 0.5% 0.01 ypT3b ypT3b disease
SP1A 8.8x5.8 1% 0.51 ypT2 Largest residual focus > 5 mm
SP1A 7%x0.3;1.8x1.3 1%; 20% 0.49 ypT3b ypT3b; largest residual focus > 5 mm
SP1A ;172 0.48%; 1.6 1%; 3% 0.20 ypT2 Largest residual focus > 5 mm
SP1B 15x0.8 3% 0.36 ypT3a ypT3a; largest residual focus > 5 mm
SP1B 6x1.7;54x1.4 3%; 1% 0.38 ypT2 Largest residual focus > 5 mm
SP1B 11x3.5;12.4x2.7 1%; 1% 0.72 ypT3a; sparse ypN1 Largest residual focus > 5 mm; ypN1
SP1B 11x3.8 1% 0.42 ypT2 Largest residual focus > 5 mm
SP1B 11.2x7 1% 0.77 ypT3b ypT3b; largest residual focus > 5 mm
SP1B 6x3 1% 0.18 ypT2 Largest residual focus > 5 mm
SP1B 8x3 3% 0.77 ypT3b ypT3b; largest residual focus >5 mm
SP1B 10x2;6.7x1.2 1%; 1% 0.30 ypT2 Largest residual focus > 5 mm
SP1B 5.3x2.8 3% 0.74 Focal ypT3a ypT3a; largest residual focus > 5 mm
SP1B 6x0.4 0.1% 0.008 ypT2 Largest residual focus > 5 mm
SP1B 7.4x2.1 3% 0.47 ypT2 Largest residual focus > 5 mm
SP1B 7.8x1.6 1% 0.12 ypT2 Largest residual focus > 5 mm
SP1B 7.6x4.5 1% 1.0 ypT2 Largest residual focus > 5 mm
SP1B 12.2x2.8 1% 0.34 Focal ypT3a ypT3a; largest residual focus > 5 mm
SP1B 11.5x1.3 1% 0.15 ypT2 Largest residual focus > 5 mm
SP2B 1.85x1.2 70% 1.55 ypT2, sparse ypN1 ypN1 residual disease
SP2B 9.3x0.7 1% 0.065 ypT2 Largest residual focus > 5 mm

MRD, minimal residual disease; RCB, residual cancer burden; TC, tumour cellularity. GUNS RCB is
calculated as the cumulative residual tumour area (length x width, mm?) weighted by the corresponding
tumour cellularity. The table lists cases classified as MPR by the GUNS composite endpoint but not by
the PROTEUS pathologic MRD criteria; each row corresponds to an individual patient. Reasons for
discordance are summarized from the case-level information provided. * This 11-mm focus was admixed
with histiocytes.
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609  Supplementary Table S2. Treatment-Emergent Serious Adverse Events

Serious adverse event SP-1A SP-1B SP-2A SP-2B Total
n=52 n=50 n=24 n=25

Patients with 21 recorded SAE 3 4 1 8 16

Infections

Febrile neutropenia 0 0 0 4 4

Pneumonia 0 1 0 0 1

Postoperative sepsis 0 0 1 0 1

Presacral abscess 1 0 0 0 1

Salmonella infection 1 0 0 0 1

Septic arthritis 0 1 0 0 1

Renal and urinary disorders

Urinary retention 1 0 0 1 2

Cardiac/vascular disorders

Coronary artery disease 0 1 0 0 1

Cerebrovascular accident 0 0 0 1 1

Gastrointestinal disorders 0 0 0 1 1

Upper gastrointestinal bleeding 0 0 0 1 1

Metabolism/endocrine

Hyponatremia/adrenal insufficiency 0 1 0 0 1

Musculoskeletal disorders

Lower back pain 0 0 0 1 1

Neoplasms

Neoplasm (see source log) 0 0 0 1 1

General disorders

Fever 0 0 0 2 2
610  Treatment-emergent serious adverse events (TE-SAEs) were defined as events occurring from first study
611  treatment until 30 days after completion of protocol therapy. Patients experiencing more than one SAE
612  are counted once in the summary row (“Patients with > 1 TE-SAE”) but may contribute to multiple
613 preferred-term categories. Adverse events are grouped according to MedDRA preferred terms.
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Supplementary Files

This is a list of supplementary files associated with this preprint. Click to download.
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