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Abstract  35 

  36 

GUNS (NCT04812366) is a mulƟ-centre adapƟve umbrella phase-II neoadjuvant trial evaluaƟng 24 weeks 37 

of biomarker-directed therapy on major pathologic response (MPR) and residual cancer burden (RCB) in 38 

men with high-risk localized prostate cancer (HR-LPC) undergoing radical prostatectomy. MPR was deĮned 39 

by ≤ 5 mm longest diameter of the dominant focus or viable RCB ≤ 1 mm2.  DiagnosƟc biopsies underwent 40 

Tempus’ 648-gene DNA and whole-transcriptome RNA sequencing (seq).  AŌer 8 weeks of androgen 41 

receptor pathway inhibitor (ARPI) doublet therapy with androgen deprivaƟon (ADT) plus apalutamide 42 

(APA), men were assigned to sub-protocols (SPs) deĮned by genomic alteraƟons (alt) for an addiƟonal 16 43 

weeks of an ARPI-doublet with or without addiƟonal therapy.  SP-1 randomized men with AR-associated 44 

(ETS fusions, FOXA1, SPOP) or otherwise favourable genomicalt to conƟnue ARPI-doublet (SP-1A) versus 45 

triplet therapy that includes another ARPI, abiraterone (SP-1B). SP-2 randomized men with aggressive 46 

genomicalt (RB1, PTEN, TP53, AKT1) to ARPI-doublet (SP-2A) versus triplet therapy with docetaxel 47 

chemotherapy (SP-2B).  This analysis reports genomic and pathologic response data for 100 evaluable men 48 

enrolled in SP-1 and 48 in SP-2, out of 322 parƟcipants enrolled in GUNS. DNA-seq revealed a genomic 49 

landscape dominated by ETS gene fusions (41%), FOXA1 (22%), TP53 (19%), PTEN (15%), and SPOP (12%) 50 

alteraƟons. In SP-1, MPR was signiĮcantly higher in paƟents treated with triplet (SP-1B) versus doublet 51 

(SP-1A) therapy (58% vs. 32%, p = 0.0045) and overall RCB was lower (median 0.73 vs. 2.79 mm2, p = 52 

0.012).  In SP-2, MPR was signiĮcantly higher with ARPI-docetaxel triplet (SP-2B) versus doublet (SP-2A) 53 

therapy (25% vs. 0%, p = 0.011) with a 4.6-fold reducƟon in median RCB (7.6 vs. 34.6 mm2, p = 0.083). 54 

Secondary endpoints included ypN1 rates, which trended lower in SP-1B vs. SP-1A (14% vs. 28%) and SP-55 

2B vs. SP-2A (29% vs. 46%).  ERG fusions tended to have higher RCB, and SPOPalt and FOXA1alt lower RCB, 56 

in SP-1, while PTEN-deĮcient tumours with a concurrent ETS fusion had the worst pathologic outcomes in 57 

SP-2. Transcriptomically, baseline AR signalling was strongly associated with lower RCB following ARPI-only 58 

combinaƟons, while immunological signatures were unfavourable, associaƟons that were not seen with 59 

docetaxel in SP-2B. In conclusion, genomic-biomarker-directed ARPI-triplet therapies improve MPR rates 60 

and RCB distribuƟons in men with HR-LPC, supporƟng further validaƟon in trials to evolve selecƟon of 61 

treatment intensiĮcaƟon strategies.  62 
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Introduction   63 

Prostate cancer (PC) is a highly heterogeneous disease that progresses slowly in some men, while others 64 

develop rapid recurrence and metastases after front-line therapy. Over two thirds of new PC diagnoses in 65 

the United States are clinically localized1, and high-risk localized PC (HR-LPC) accounts for about 15% of 66 

these2. Typically defined by clinical stage T3 or T4, International Society of Urological Pathology (ISUP) 67 

grade group (GG) 4 or 5 (total Gleason score (GS) ≥ 8), or serum prostate-specific antigen (PSA) > 20 ng/mL, 68 

HR-LPC has a high rate of recurrence and metastases following radical prostatectomy (RP) or radiotherapy 69 

plus androgen deprivation therapy (ADT)3. This clinical challenge has spurred interest in combinatorial 70 

treatments, including neoadjuvant systemic therapies, to improve local control and metastasis-free 71 

survival (MFS).   72 

IniƟal trials of neoadjuvant ADT before RP for localized PC reported lower posiƟve margin rates but no 73 

decrease in PSA recurrence4,5,6. Over the past decade, phase-III trials in metastaƟc castraƟon-sensiƟve PC 74 

(mCSPC) demonstrated improved survival when ADT is combined in doublets with docetaxel or androgen 75 

receptor pathway inhibitors (ARPIs) like apalutamide (APA) or abiraterone acetate (ABI)7,8,9,10,11. More 76 

recently, the PEACE-112 and ARASENS13 trials established the beneĮt of triplet therapy combining ADT, 77 

docetaxel, and an ARPI in men with adverse-risk mCSPC. Despite these improved outcomes, pathologic 78 

complete responses (pCR) remained low when similar combinaƟons were evaluated as neoadjuvant 79 

therapy in HR-LPC14,15,16,17,18,19,20, diīering from breast or bladder cancer, where pCR rates exceed 30% and 80 

are associated with improved outcomes21,22. Indeed, major pathologic response (MPR) has been deĮned 81 

and standardized across breast cancer trials23 and is now accepted as a valid endpoint for approval by 82 

regulatory agencies24. Phase-II trials of neoadjuvant ARPI doublets reported higher rates of minimal 83 

residual disease (MRD) as a measure of residual cancer burden (RCB)18 and set the stage for the phase-III 84 

PROTEUS trial of perioperaƟve luteinizing hormone-releasing hormone agonist/antagonist (LHRHa) + APA 85 

or placebo for HR-LPC25.  PROTEUS reported signiĮcantly increased MRD and MFS with the LHRHa-APA 86 

doublet, establishing pathologic response (using MRD) as a potenƟal correlate of MFS and laying a 87 

foundaƟon for future studies to idenƟfy subgroups of HR-LPC that are more or less likely to beneĮt. 88 

Considering the signiĮcant genomic heterogeneity of HR-LPC26,27,28, there is scope to improve outcomes 89 

using a more targeted, precision-medicine approach.  90 

Genomic biomarkers oīer a precision oncology approach to select paƟents for speciĮc therapies. For 91 

example, targeƟng homologous recombinaƟon repair (HRR)-deĮcient or PTEN-deĮcient(def) PC with ARPI-92 

PARP29,30 or -AKT31 inhibitor triplet combinaƟons, respecƟvely, improves outcomes in molecularly selected 93 

populaƟons in mCSPC. CollecƟvely, these studies support a treatment paradigm in which biologic 94 

aggressiveness can be overcome, at least in part, through raƟonal therapeuƟc intensiĮcaƟon beyond ARPI 95 

alone. We iniƟated the Genomic-biomarker-selected Umbrella Neoadjuvant Study (GUNS; NCT04812366) 96 

to extend this concept to HR-LPC by prospecƟvely assigning genomically deĮned high-risk subgroups to 97 

ARPI-based regimens matched to their underlying biology.  This invesƟgator-iniƟated, mulƟ-centre phase-98 

II trial has adapƟve sub-protocols (SPs) to evaluate pathologic response aŌer combinaƟons of ARPI-99 

doublets vs. triplets guided by speciĮc biomarkers (Figure 1a).  SP-1 randomizes men with AR-pathway 100 

genomic alteraƟons (alt)—without co-occurring aggressive tumour suppressor gene (TSG) loss—to an ARPI-101 

doublet (LHRHa/APA) versus ARPI-triplet (LHRHa/APA + ABI), tesƟng the hypothesis that ARPI 102 

intensiĮcaƟon, in a subgroup potenƟally more sensiƟve to ARPI, will increase depth of pathologic 103 

response. SP-2 randomizes men with poor-prognosis genomic alteraƟons (TP53alt, PTENalt or other AKT-104 

pathway-acƟvaƟng variants, or RB1alt) to an ARPI-doublet or a triplet with docetaxel.  In this manuscript, 105 

we report rates of MPR in 148 parƟcipants enrolled in SP-1 and SP-2, along with their baseline diagnosƟc 106 

genomes (648-gene panel) and matching transcriptomes. MPR rates were signiĮcantly higher in SP-1 using 107 

an ARPI-ABI triplet, and in SP-2B using an ARPI-docetaxel triplet, compared to ARPI-doublets. This work 108 
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contributes to understanding treatment response in HR-LPC genotypes and phenotypes, fundamental to 109 

evoluƟon of biomarker-targeted treatment strategies.    110 

  111 

Methods   112 

Trial Design and ObjecƟves.  GUNS (ClinicalTrials.gov: NCT04812366, registered 2021/03/23) is an 113 

invesƟgator-iniƟated, mulƟ-centre, mulƟ-arm adapƟve phase-II study in men with HR-LPC who are 114 

candidates for RP.  The objecƟve is to deĮne the eīects of genomic-biomarker-tailored combinaƟon 115 

therapies on MPR and emergent therapeuƟc resistance in prostatectomy Ɵssues. ParƟcipants were 116 

enrolled in a Master Protocol for 8-week treatment with LHRHa plus APA while biopsies were retrieved for 117 

genomic sequencing (seq) using the Tempus xT Clinical Laboratory Improvement Amendments (CLIA)-118 

cerƟĮed assay (see below). ParƟcipants with biopsy specimens deemed non-evaluable for genomic tesƟng 119 

remained on the Master Protocol for an addiƟonal 16 weeks. Following review of evaluable xT genomic 120 

reports by a Molecular Tumour Board (MTB), parƟcipants were assigned to a speciĮc sub-protocol (SP; 121 

Figure 1a) and randomized (if applicable) to a treatment arm within the SP, guided by addiƟonal inclusion 122 

and exclusion criteria speciĮed in each SP. RP followed 16 weeks of SP treatment.  Refer to Supplementary 123 

Methods for acƟve sites. J&J provided APA, ABI, and, for SP-3, niraparib. UBC was the lead sponsor. As an 124 

invesƟgator-iniƟated trial, funders reviewed the protocol but did not have a role in design, conduct, 125 

analysis, or reporƟng of results. 126 

The trial was approved by the review board at participating institutions and/or health authorities in 127 

Canada and the United States and conducted in accordance with Good Clinical Practice guidelines. All 128 

patients provided written informed consent.  All authors participated in data interpretation, manuscript 129 

drafting, review, and approval before submission.  130 

The primary endpoint is the rate of MPR, as defined below under Pathology Response Assessments, in 131 

each SP and arm, when applicable.  Secondary endpoints include quantitative RCB determination; 132 

correlation of DNA- and RNA-seq data with MPR and RCB; effects on pathologic stage (surgical margins, 133 

extracapsular or seminal vesicle extension, lymph-node metastasis); and safety and tolerability of 134 

combination regimens in the neoadjuvant setting.  135 

Sub-Protocol Treatments. Men with favourable genomics deĮned by (i) absence of aggressive genomicalt 136 

(TP53, PTEN, RB1, HRR or mismatch repair (MMR) genes) or gain (AKT); (ii) AR-associated alteraƟons (ETS 137 

fusion, FOXA1, SPOP); or (iii) no acƟonable aberraƟon, were assigned to SP-1 and randomized to SP-1A 138 

ARPI-doublet (LHRHa/APA) or SP-1B ARPI-triplet (LHRHa/APA + ABI).  Men with unfavourable genomicalt 139 

including TP53, PTEN, AKT1, or RB1 were assigned to SP-2 and randomized to SP-2A ARPI-doublet 140 

(LHRHa/ABI) or SP-2B ARPI-chemo triplet (LHRHa/ABI + docetaxel).  ABI was used in the SP-2 ARPI-doublet 141 

to avoid known drug-drug interacƟons between APA and docetaxel. See Supplementary Methods for 142 

randomizaƟon details. 143 

Other GUNS SPs combine an ARPI-doublet with the PARP inhibitor niraparib for HRR defects (SP-3), the 144 

PD-L1 inhibitor atezolizumab for tumours with high tumour mutaƟonal burden (TMB) and microsatellite 145 

instability (SP-4), the EZH2 inhibitor tazemetostat in plasƟcity-prone PC (SP-5), and the AKT inhibitor 146 

capivaserƟb in PTENdef cancers (SP-6).  These SPs are not the subject of this report.   147 

Adverse events (AEs) were assessed according to NaƟonal Cancer InsƟtute Common Terminology Criteria 148 

for Adverse Events, version 5. See Supplementary Methods for addiƟonal details. 149 
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Patients. Eligible patients had histologically confirmed high-volume HR-LPC defined by any combination 150 

of GS 4+3=7 and GS 8 (4+4 or 5+3) in ≥ 6 cores, or ≥ 3 systematic cores with PSA ≥ 20 ng/mL; GS 4+3=7 in 151 

≥ 6 cores and PSA ≥ 20 ng/mL; or ≥ 2 cores with GS ≥ 8, each with ≥ 80% involvement; or GS ≥ 9 in ≥ 1 core. 152 

HR-LPC was further divided into four HR tiers, from HR1 (GG4, no features of HR2–4); HR2 (> 2 GG4 biopsy 153 

cores or 1–2 GG5 cores; or 1–2 GG4 cores or > 4 GG3 cores, combined with either PSA ≥ 40 ng/mL or stage 154 

cT4); HR3 (> 2 GG5 cores; or > 2 GG4 cores or 1–2 GG5 cores, combined with either PSA ≥ 40 ng/mL or 155 

stage cT4); HR4 (stage cN1). Participants with ≤ 3 oligometastases by PSMA imaging who were deemed 156 

candidates for radical prostatectomy were eligible.   157 

Exclusion criteria included prior systemic or local therapy for localized PC, severe androgen deficiency, or 158 

any cancer- or comorbidity-related conditions that precluded candidacy for prostatectomy.   159 

Tissue processing and Immunohistochemistry (IHC). Formalin-Įxed paraĸn-embedded (FFPE) Ɵssue 160 

blocks of prostate needle biopsies were secƟoned at 5-µm thickness for haematoxylin and eosin (H&E) 161 

staining, PTEN IHC, and genomic sequencing. For sequencing analysis, ten unstained secƟons and two 162 

H&E-stained secƟons were obtained from the most representaƟve biopsy core, idenƟĮed based on the 163 

highest Gleason score and/or the greatest tumour extent, and sent to Tempus (College of American 164 

Pathologists (CAP)-accredited, CLIA-cerƟĮed sequencing laboratories, Chicago). Freshly secƟoned biopsy 165 

Ɵssues were assessed in parallel for PTEN expression by IHC (PTEN #9188, Cell Signaling). PTEN expression 166 

was quanƟĮed based on the percentage of posiƟvely stained tumour cells: tumours exhibiƟng ≤ 10% PTEN-167 

posiƟve cells were classiĮed as negaƟve, 15–45% as low expression, 50–85% as moderate expression, and 168 

≥ 90% as high expression. AddiƟonal technical details are described in Supplementary Methods.  169 

DNA and RNA sequencing. FFPE tissue sections, as described above, were sent to Tempus (Chicago, IL) 170 

for DNA-seq and RNA-seq using their 648-gene xT panel assay for DNA and the IDT xGen Exome 171 

HybridizaƟon Panel, plus addiƟonal spike-in probes, for RNA. Tempus provided BAM Įles aligned to the 172 

GRCh37 human reference genome.  For RNA-seq, exonic reads per gene were counted using 173 

featureCounts62. Raw counts were used for diīerenƟal expression analysis with DESeq263 and edgeR64, 174 

while log2-transformed normalized expression values were used with limma65. See Supplementary 175 

Methods for normalizaƟon details. For xT DNA-seq, genomic variants categorized by Tempus as “variant 176 

of unknown signiĮcance” (VUS) were excluded (not counted as relevant alteraƟons) unless two or more 177 

VUSs were simultaneously idenƟĮed in the same gene. A copy number (CN) gain reported by Tempus 178 

generally meant ≥ +8 copies, and monoallelic deleƟons were not reported except for loss of heterozygosity 179 

of BRCA1 or BRCA2. 180 

TMB harmonizaƟon. To compare TMB between GUNS and MSK-IMPACT data, we recalculated TMBs using 181 

the Tempus deĮniƟon based on overlapping target regions between the Tempus xT and MSK-IMPACT 182 

panels. For GUNS, we started from Tempus’ Molecular Master File (MMF), an intermediate Įle generated 183 

before the Įnal xT report. To Įrst remove potenƟally false-posiƟve somaƟc variants arising from cross-184 

contaminaƟon in the MMF, we idenƟĮed idenƟcal pairs of variants that appeared as somaƟc in one paƟent 185 

but germline in another and then removed the somaƟc ones. We then counted non-synonymous coding 186 

variants excluding stop gains (i.e., missense, frameshiŌ, in-frame inserƟon/deleƟon, stop-loss, start-codon 187 

and exon-loss variants) with ≥ 100× coverage and a variant allele frequency (VAF) > 5% falling within the 188 

coding sequences (CDS) shared by the Tempus xT and all MSK-IMPACT panels. TMB was computed as this 189 

variant count divided by the total shared CDS length (0.79 Mb). 190 

Pathology Review and Response Assessment.  Residual cancer was evaluated on prostatectomy 191 

specimens using rouƟne H&E staining. A Pathology Response CommiƩee (E.B., S.P., H.Z.O.), blinded to SP 192 

arm assignment, reviewed pathology responses, RCB, and MPR status. All slides were systemaƟcally 193 

reviewed to idenƟfy regions of interest (ROIs) containing viable cancer.  In cases demonstraƟng marked 194 
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degeneraƟve or treatment-related changes that limited morphologic assessment on H&E secƟons, IHC was 195 

performed to conĮrm the presence of residual carcinoma using NKX3.1 and/or cytokeraƟn AE1/AE3. GUNS 196 

iniƟally used pCR as the primary endpoint, but this was amended in 2025 (see Supplementary Methods) 197 

because pCR was rare, with an intent to align pathologic response endpoints with the PROTEUS trial. GUNS 198 

adopted a composite deĮniƟon of MPR using ≤ 5 mm long diameter index ROI or quanƟtaƟve RCB ≤ 1 199 

mm², an approach intended to deĮne the area of tumour-cellularity-weighted RCB. MPR can include ypCR, 200 

ypT2, ypT3, and ypN1, but requires negaƟve surgical resecƟon margins. RCB was quanƟĮed by calculaƟng 201 

the index ROI length × width (mm²) mulƟplied by the corresponding tumour cellularity (pathologist-202 

esƟmated percent area covered by cancer cells). ROIs from up to four disƟnct cancer foci, including lymph-203 

node metastases, were summed when present. MRD was also evaluated using PROTEUS criteria (ypCR or 204 

≤ 5 mm long diameter of the largest ROI, ypT2, and surgical resecƟon margin negaƟve)25.  205 

Statistical Analysis.  The primary endpoint is the rate of MPR in SPs using genomic-biomarker-directed 206 

combinatorial regimens. In each trial arm, an MPR rate ≥ 40% would be of interest whereas ≤ 20% would 207 

be of insuĸcient interest. A pre-speciĮed Simon’s two-stage design66 was used with a null hypothesis that 208 

the true response rate is ≤ 20%, tested against a one-sided alternaƟve, to impose an interim stopping 209 

condiƟon and determine Stage-1 and Įnal sample sizes. In the Įrst stage, 24 paƟents would be accrued 210 

per arm, and an MPR rate ≤ 5/24 would lead to arm closure. Each arm that conƟnued to Stage 2 would 211 

accrue an addiƟonal 21 paƟents for a total of 45.  Sample sizes were chosen to yield a type-I error rate of 212 

0.05 and power of 0.9 when the true response rate is 40%. 213 

Furthermore, SPs 1 and 2 were each randomized to a doublet-therapy control arm (A) or the triplet-214 

therapy arm (B) and the MPR rate was compared between arms A and B; a staƟsƟcally signiĮcantly greater 215 

MPR rate in Arm B vs. Arm A further supports expansion of Arm B. The MPR rate was compared between 216 

Arms A and B using either a one-sided two-proporƟon z test (the one-sided analog of Pearson’s chi-217 

squared test), without Yates’ conƟnuity correcƟon, if the expected counts for every group in the Arm × 218 

Response conƟngency matrix was ≥ 5 or Fisher’s exact test (one-sided) otherwise.  Because Stage-2 accrual 219 

staƟsƟcally depended on Stage-1 observaƟons, we performed separate Stage-1 and Stage-2 comparisons 220 

of pathologic response in SP-1B vs. SP-1A and summarized overall SP-1 MPR and RCB results by combining 221 

one-sided p values stagewise using Liptak’s weighted inverse-normal method (R funcƟon 222 

metaRNASeq::invnorm with nrep = evaluable sample size). Throughout, leŌ-tailed p values correspond to 223 

the alternaƟve hypothesis that Arm B had favourable response (greater MPR rate or lower RCB) compared 224 

to Arm A. 225 

Baseline demographic and clinical characteristics were summarized by descriptive statistics. Univariate 226 

pairwise associations between categorical variables were assessed using either Fisher’s exact test or a 227 

two-proportion z test (equivalent to Pearson’s chi-squared test for two-sided alternative hypotheses) 228 

following the rule described above. The family-wise error rate was controlled using the Holm method of 229 

p-value adjustment within the following disƟnct families of hypothesis tests: (1) MPR or RCB comparisons 230 

per SP, (2) secondary endpoints per SP, and (3) clinicopathologic correlates of response per arm.  The 231 

Benjamini-Hochberg (BH) method of p-value adjustment was used to control the false discovery rate (FDR) 232 

among genomic associaƟons with baseline clinicopathologic variables and separately among genomic 233 

correlates of response per arm. Tests for associaƟons between pre-treatment genomic or clinicopathologic 234 

characterisƟcs and pathologic response within each arm were exploratory. 235 

Complete staƟsƟcal analysis results with details of the tests performed, staƟsƟc values, and nominal and 236 

adjusted p values can be found in Supplementary Tables S3–S17. 237 

Correlative transcriptomic analyses. Exploratory diīerenƟal gene expression analysis to invesƟgate 238 

associaƟons between the baseline (pre-treatment) transcriptomes and pathologic response to treatment 239 
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was performed by Įƫng gene expression to the following staƟsƟcal model with DESeq263, edgeR64, and 240 

limma65: ~0 + SP + SP:logRCB + TP, where SP denotes the sub-protocol (treatment arm), 241 

logRCB = log10(RCB + 1 mm2), TP denotes tumour purity (0 ≤ TP ≤ 1), and SP:logRCB denotes 242 

the interacƟon between the SP and logRCB terms (i.e., their product). Consensus p values and log fold-243 

change esƟmates were derived from the DESeq2, edgeR, and limma results by applying a direcƟonal 244 

Bonferroni parƟal-conjuncƟon test to the method-speciĮc raw p values [p = min{1, (m − r + 1)pr}, where pr 245 

is the rth-smallest p value and r = ceiling(m/2)] and taking the median log2 fold change across methods. 246 

For each contrast of interest (i.e., for the logRCB slope in each SP), genes were ranked for gene set 247 

enrichment analysis (GSEA) by the product of their median log2 fold change and −log10(pr), and GSEA was 248 

then performed using the “preranked” module in the GSEApy Python module67.  249 

  250 

Results 251 

Patient Cohort. Between September 2021 and July 2026, GUNS enrolled 322 parƟcipants across 9 sites in 252 

North America. PaƟent demographics and clinical characterisƟcs are summarized in Table 1. Most cancers 253 

were GG4 (14.4%) or GG5 (74.4%). To monitor balance across randomized arms, this high-risk (HR) cohort 254 

was further subdivided into four HR Ɵers, from HR1 (lowest risk) to HR4 (highest risk) based on grade, 255 

number of cancer-posiƟve biopsy cores, PSA, and clinical node status by imaging at diagnosis (see 256 

Methods).  Cancer volume at study entry varied signiĮcantly given wide ranges in diagnosƟc PSA and HR 257 

grouping, but these were balanced between arms (Table 1). ReŇecƟng the high-risk nature of our cohort, 258 

where recorded, intraductal carcinoma (IDC) was noted in 37% of biopsy reports and non-IDC cribriform 259 

morphology in 48% (Table 1), with 24% having both. PaƟents were assigned to SPs based on genomic 260 

biomarkers in diagnosƟc biopsies sequenced by Tempus xT (Figure 1a).  261 

Genomic Landscape of HR-LPC in GUNS. Genomic alteraƟons in GUNS were broadly consistent with other 262 

Western PC cohorts, with AR-regulated ETS oncogene fusions (41% any ETS, 35% ERG), FOXA1alt (22%), 263 

TP53alt (19%), PTENalt (15%), and SPOPalt (12%) the most frequent (Figure 1b). While ERG fusions were 264 

common in both SP-1 and SP-2 (34% SP-1 vs. 43% SP-2, p = 0.29), SPOPalt and FOXA1alt were enriched in 265 

SP-1 compared to SP-2 (Figure 1b), consistent with known tendencies for PTENalt or TP53alt to co-occur 266 

with ERG fusions32,33,34,35 and for SPOP-mutant tumours to be de-enriched for TP53alt, PTENalt, and RB1alt 267 

(ref. 36). These data also suggest that FOXA1alt tends not to co-occur with those aggressive tumour 268 

suppressor gene losses in treatment-naive HR-LPC.  Importantly, the three common AR-related genotypes 269 

(ETS fusion, SPOPalt, and FOXA1alt) covered 78% of SP-1 paƟents (and 71% of the whole cohort). In SP-2, 270 

which focused speciĮcally on genotypes associated with aggressive disease and ARPI resistance, TP53alt 271 

was most common (57%), followed by PTENalt (51%) (Figure 1b). Other PI3K/AKT-pathway-acƟvaƟng 272 

mutaƟons and RB1alt occurred at low frequencies in SP-2 (AKT1: 2/49; PIK3CA: 1/49; RB1: 3/49). 273 

Monoallelic deleƟons were not reported by Tempus xT. Within each SP, the frequent alteraƟons were 274 

balanced between arms (Supplementary Figure S1a).  275 

Only genomic alteraƟons were considered for assignment to SP-2, but PTEN IHC was assessed where 276 

available. While 69% of genomically PTENalt, and 13/16 (81%) of biallelic PTEN-deleted, cases with available 277 

PTEN IHC data were considered PTENIHC-negaƟve (posiƟve staining in ≤ 10% of cancer cells), 13% of tumours 278 

without a reported genomic PTENalt were also PTENIHC-negaƟve, including 12/79 (15%) SP-1 cases (Figure 1c 279 

and Supplementary Figure S1b). Discordant genomic and IHC data for PTEN could be due to genomic 280 

alteraƟons, especially large structural rearrangements, being missed/unreported by Tempus xT, or they 281 

could reŇect other mechanisms of PTEN loss, such as epigeneƟc silencing or post-transcripƟonal/-282 

translaƟonal regulaƟon, or intratumour heterogeneity.  283 
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Across the whole GUNS cohort, PTEN loss as measured by IHC was strongly correlated with observaƟon of 284 

IDC on biopsy (not necessarily in the same biopsy core assessed for PTEN IHC or Tempus xT; Figure 1d), 285 

consistent with the enrichment of IDC in SP-2. Even tumours with heterogeneous PTEN IHC displayed an 286 

almost two-fold increase in the rate of IDC compared to tumours with ≥ 90% PTEN posiƟvity, suggesƟng 287 

that IDC developed from PTEN-negaƟve subclones in heterogeneous tumours. This associaƟon was more 288 

speciĮc for IDC than for general cribriform paƩern (Supplementary Figure S1c) and was more pronounced 289 

than for PTENalt idenƟĮed by Tempus xT (Supplementary Figure S1d). TP53alt, on the other hand, 290 

correlated with any IDC or cribriform paƩern on biopsy (Figure 1e and Supplementary Figure S1e). 291 

InteresƟngly, however, IDC was especially likely in tumours that exhibited both TP53alt and an ETS fusion 292 

(Figure 1f) even though ETS fusions were not independently signiĮcantly associated with IDC or cribriform 293 

histology (Supplementary Figure S1f). These observaƟons support prior studies linking IDC to PTEN loss, 294 

ERG expression, and TP53 mutaƟons37,38 and addiƟonally reveal possible cooperaƟon between ETS 295 

transcripƟon factors and TSG loss in driving aggressive pathology. 296 

Overall tumour mutaƟonal burdens (TMBs) did not diīer between SP-1 and SP-2 and were almost all < 10 297 

mut/Mb in these two SPs (Figure 1g), as high TMB (≥ 10 mut/Mb) was a biomarker for SP-4 (ARPI + anƟ-298 

PD-L1 immunotherapy). Comparison of TMBs across GUNS to publicly available MSK-IMPACT data39, aŌer 299 

harmonizing TMB calculaƟons (see Methods), showed that TMBs in GUNS matched HR-LPC TMBs in the 300 

MSK-IMPACT cohort and, moreover, that HR-LPC TMBs were more similar to TMBs in mCSPC and even 301 

metastaƟc castraƟon-resistant PC (mCRPC) than to TMBs in intermediate-risk localized PC (Figure 1h).  302 

Major pathologic responses in SP-1 were higher with ARPI-triplet compared to doublet therapy.   SP-1 303 

randomized parƟcipants with only AR-associated (FOXA1alt, SPOPalt, ETS fusion) or otherwise favourable 304 

genomic alteraƟons to an ARPI doublet (SP-1A) or triplet with ABI (SP-1B) to test whether ARPI 305 

intensiĮcaƟon increases depth of pathologic response. Stage 1 evaluated 24 parƟcipants per SP-1 arm; 306 

both arms had > 5 MPRs, but MPRs were signiĮcantly more frequent in SP-1B than 1A (15/24 (63%) vs. 307 

8/24 (33%), p = 0.022, Supplementary Figure S2a), supporƟng conƟnuaƟon of SP-1 to Stage 2. Overall, SP-308 

1 enrolled a total of 100 parƟcipants who underwent prostatectomy, and the GUNS composite MPR rate 309 

remained signiĮcantly greater in SP-1B than 1A (29/50 (58%) vs. 16/50 (32%), stagewise-combined p = 310 

0.0045, Holm-adjusted p = 0.013, odds raƟo (OR) = 2.90, OR 95% conĮdence interval (CI) = [1.20, 7.22]; 311 

Figure 2a). There were two pCRs in each SP-1 arm. PROTEUS-trial-deĮned MRD criteria were more 312 

stringent and accounted for less than a third of paƟents on SP-1, with no signiĮcant diīerence between 313 

SP-1A and SP-1B (Supplementary Figure S2b).  Supplementary Table S1 lists MPR cases in GUNS that did 314 

not meet PROTEUS criteria. RCB was evaluated as a broader measure of depth of pathologic response and 315 

there was a consistent shiŌ to lower RCB with ARPI-triplet intensiĮcaƟon in SP-1B across the full RCB range 316 

(median 0.73 vs. 2.79 mm2, mean 12.3 vs. 37.6 mm2; stagewise-combined Wilcoxon rank-sum p = 0.012, 317 

Holm-adjusted p = 0.024; Figure 2b).  318 

MPR rates in SP-2 were higher with an ARPI-docetaxel triplet than an ARPI-doublet.  SP-2 tested the 319 

hypothesis that an ARPI-docetaxel triplet would increase depth of pathologic response compared to an 320 

ARPI-doublet in cancers with aggressive genomicalt (TP53, PTEN, RB1, AKT1). In Stage 1, 49 men with these 321 

genomicalt were randomized and well balanced across HR groups (Table 1), of whom 48 were evaluable for 322 

pathologic endpoints.  Compared to the overall cohort and to SP-1, however, SP-2 had higher proporƟons 323 

of cases with IDC/cribriform paƩern, and cN1, likely reŇecƟng aggressive genomics and biology.  324 

MPR was signiĮcantly higher in the ARPI-docetaxel triplet arm SP-2B compared to the ARPI-doublet arm 325 

SP-2A (6/24 vs. 0/24, OR = Inf, OR 95% CI = [1.34, Inf), p = 0.011, Holm-adjusted p = 0.033; Figure 2c); there 326 

was also one pCR in SP-2B.  The MRD rate using PROTEUS criteria was 4/24 vs. 0/24 (p = 0.055, Holm-327 

adjusted p = 0.109; Supplementary Figure S2c), the diīerence due to one paƟent having an ROI of 9.3 × 328 
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0.7 mm with 1% tumour cellularity, and another having a 1.8-mm organ-conĮned prostaƟc index ROI with 329 

a 4-mm sparsely cellular lymph node deposit. RCB also trended lower in SP-2B than in SP-2A (Wilcoxon 330 

rank-sum p = 0.083, Holm-adjusted p = 0.109; Figure 2d), with seven SP-2B paƟents having lower RCB than 331 

the minimum RCB achieved in SP-2A (2.05 mm2) and a 4.6-fold reducƟon in median RCB (7.6 vs. 34.6 mm2). 332 

The magnitude of eīect is consistent with the signiĮcant improvement in the MPR endpoint and supports 333 

a shiŌ towards lower RCB with ARPI-docetaxel triplet therapy in tumours characterized by aggressive 334 

genomicalt.  SP-2B has been expanded to Stage 2, which is enrolling at the Ɵme of this report.  335 

Comparison of MPR and RCB in SP-1 and SP-2 illustrates higher MPR and lower RCB in SP-1 vs. SP-2, with 336 

ARPI-ABI triplets in SP-1B yielding the lowest RCB and highest MPR rate (Supplementary Figure S2d).  337 

There was a consistent shiŌ to lower RCB with ARPI-triplet intensiĮcaƟon in both SP-1 and SP-2, with the 338 

magnitude and staƟsƟcal strength of this eīect greater in SP-1 than SP-2.   Figure 2e illustrates 339 

representaƟve examples of RCB and MPR that highlight the varying tumour and stromal cellularity in SP-1 340 

and SP-2 cases.  341 

Secondary Endpoints.  Pre-surgery nadir serum PSA levels did not signiĮcantly diīer between SP-1B and 342 

SP-1A (Figure 3a); 38/50 (76%) SP-1B vs. 33/49 (67%) SP-1A paƟents had PSA nadir levels ≤ 0.03 ng/mL or 343 

otherwise undetected (if the limit of detecƟon was > 0.03 ng/mL). Pathologic T (ypT) stages also did not 344 

signiĮcantly diīer (Figure 3b) and posiƟve margin rates were similarly low in SP-1B and SP-1A (6/50 (12%) 345 

vs. 8/50 (16%); Figure 3c), while ypN1 was half as frequent in SP-1B as in SP-1A (7/50 (14%) vs. 14/50 346 

(28%); p = 0.043, Holm-adjusted p = 0.171; Figure 3d). In SP-2, pre-surgery nadir PSA levels were similar in 347 

both arms (Figure 3e; ≤ 0.03 ng/mL or otherwise undetected in 16/24 (67%) SP-2B vs. 14/23 (61%) SP-2A), 348 

but SP-2B was signiĮcantly enriched for ypCR or ypT2 (9/24) compared to SP-2A, where 22/24 cases were 349 

ypT3 (p = 0.0082, Holm-adjusted p = 0.033; Figure 3f). AddiƟonally, posiƟve margin and ypN1 rates were 350 

both reduced, albeit not staƟsƟcally signiĮcantly, in SP-2B compared to SP-2A (2/24 vs. 6/24, p = 0.12, 351 

Holm-adjusted p = 0.35; and 7/24 vs. 11/24, p = 0.12, Holm-adjusted p = 0.35, respecƟvely; Figure 3g–h).    352 

Treatment-emergent serious adverse events (TE-SAEs). TE-SAEs were uncommon in SP-1 but occurred 353 

more frequently in SP-2B, primarily reŇecƟng expected chemotherapy-related toxicity (Supplementary 354 

Table S2). Febrile neutropenia was the most frequent serious adverse event and occurred exclusively in 355 

paƟents receiving docetaxel. No unexpected safety signals were observed, and the spectrum of SAEs was 356 

consistent with the known safety proĮles of ARPI and docetaxel.  One parƟcipant in SP-2B had febrile 357 

neutropenia and a stroke while on chemotherapy and became a non-surgical candidate. Another 358 

parƟcipant developed a headache during the Master Protocol that resolved aŌer an APA dose reducƟon. 359 

AŌer assignment to SP-1B, Grade-2 headache with Grade-3 arthralgia occurred that led to treatment 360 

disconƟnuaƟon and trial withdrawal. 361 

Canonical AR signalling was associated with low, and ERG fusions with high, RCB aŌer ARPI. To idenƟfy 362 

potenƟal biomarkers of response to ARPI-doublet therapy in SP-1A and SP-2A or ARPI-triplet therapy in 363 

SP-1B, we tested for associaƟons between pathologic response and baseline clinicopathologic, genomic, 364 

and transcriptomic characterisƟcs of cancers at diagnosis (Supplementary Tables S10–S15). Within SP-1A, 365 

ERG fusions were signiĮcantly associated with higher RCB (Figure 4a) and more common in non-MPR than 366 

MPR cases (Supplementary Figure S3a). There were two cases in SP-1A with other ETS fusions and both 367 

were non-MPR with high RCB (Figure 4b). Conversely, SPOPalt and FOXA1alt were associated with lower RCB 368 

(Figure 4c–d) and more common in MPR than non-MPR cases (Supplementary Figure S3b–c). AddiƟonally, 369 

the 11 PTENIHC-negaƟve cases in SP-1A (with no genomic PTENalt by xT) were associated with greater RCB 370 

(Figure 4e) and no MPR. With intensiĮed ARPI in SP-1B, the unfavourable trends for ERG/ETS fusions were 371 

weakened (Figure 4f–g and Supplementary Figure S3d), the negaƟve associaƟon between SPOPalt and RCB 372 

strengthened (Figure 4h and Supplementary Figure S3e), and the associaƟons between FOXA1alt or PTEN 373 
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IHC and RCB were eīecƟvely lost (Figure 4i–j and Supplementary Figure S3f). These trend shiŌs from SP-374 

1A to SP-1B were driven by broad reducƟons in RCB but with variable magnitudes across diīerent genomic 375 

and PTEN-IHC groups.   376 

In SP-2A, as already emphasized, there were no MPR cases, compared with 32% in SP-1A (Figure 2), 377 

underscoring TP53alt and PTENalt as unfavourable, though the switch in ARPI from APA to ABI at Week 8 in 378 

SP-2A versus continuation of APA alone in SP-1A may be a confounding factor. TP53alt and PTENalt did not 379 

signiĮcantly diīer in terms of RCB (Supplementary Figure S3g–h), but tumours in which they co-occurred 380 

had higher RCB (Supplementary Figure S3i). The most signiĮcant genomic correlate of RCB in SP-2A was 381 

the combinaƟon of PTENdef with an ETS fusion (Figure 4k); interesƟngly, this was more signiĮcant than the 382 

combinaƟon of TP53alt with an ETS fusion (Figure 4l). There were only two cases of FOXA1alt in SP-2A and 383 

both were associated with favourable response (Supplementary Figure S3j), while there were no SPOPalt 384 

cases in SP-2A. These results demonstrate a conƟnued tendency for ETS fusions to be unfavourable for 385 

ARPI, and FOXA1alt favourable albeit uncommon, in the context of aggressive genomicalt.  386 

At the transcriptomic level, we assessed the associaƟon between gene expression and RCB via diīerenƟal 387 

gene expression analysis with log10(RCB + 1 mm2), SP, and tumour purity as the independent predictor 388 

variables (see Methods). Gene set enrichment analysis (GSEA) then revealed that the level of AR signalling 389 

in the diagnosƟc biopsy, as measured by signature gene sets, consistently and strongly correlated with 390 

lower RCB across all three ARPI-only doublet- and triplet-therapy arms (SP-1A, -1B, and -2A) (Figure 4m–391 

o and Supplementary Figure S4). As indicators of response, the MSigDB Hallmark “androgen response” 392 

and CRPC-AR Tang 2022 gene sets outperformed other AR signature gene sets (SpraƩ 2020, Hieronymus 393 

2006, and Sharma 2013) in all three arms. Conversely, expression of immunological gene sets before 394 

treatment was generally associated with higher RCB aŌer treatment in all three ARPI-only arms (Figure 395 

4m–o). Notably, although signatures of immunosuppressive cells (e.g., myeloid-derived suppressor cells 396 

and regulatory T cells) trended in this same higher-RCB direcƟon, immune-promoƟng signatures were 397 

more signiĮcant in this analysis. For instance, Hallmark “allograŌ rejecƟon” (indicaƟve of an immune 398 

response against non-self or neoanƟgens), interferon signalling, and type-I T-helper cell gene sets were 399 

especially prominent in their consistent associaƟons with RCB, with the laƩer the only gene set to achieve 400 

a staƟsƟcally signiĮcant posiƟve associaƟon with RCB in all three of SP-1A, SP-1B, and SP-2A. CollecƟvely, 401 

these genomic and transcriptomic analyses suggest that baseline AR signalling, and genomicalt linked to 402 

enhanced AR signalling (SPOPalt and FOXA1alt), are the strongest indicators of pathologic response to ARPI 403 

and that, counterintuiƟvely, immunological pre-enrichment of prostate tumours is associated with higher 404 

RCB. The comparaƟvely unfavourable nature of ETS fusions despite their regulaƟon by AR is perhaps 405 

because they drive oncogenic transcripƟonal programmes very disƟnct from canonical AR signalling40,41.  406 

Luminal and basal subtypes have been associated with PC prognosis and response to ADT42,43, so we 407 

included gene sets represenƟng the luminal-like (PCS1, PCS2) and basal-like (PCS3) PC subtypes idenƟĮed 408 

by You et al.42 in our analysis. The gene set deĮning the aggressive PCS1 subtype, as well as proliferaƟon-409 

related gene sets linked to the PCS1 phenotype, were the gene sets besides AR signalling most signiĮcantly 410 

associated with lower RCB in SP-1A (Figure 4m). The same PCS1 trend was close to signiĮcance in SP-2A 411 

but far from signiĮcance in SP-1B. PCS1 is most like Luminal-B (LumB) in the PAM50 system44 and has the 412 

worst overall prognosis of the three PCS subtypes42,44. Our analysis suggests that, consistent with LumB 413 

being the PAM50 subtype to beneĮt most from adjuvant ADT despite otherwise having the worst 414 

prognosis43, PCS1-like HR-LPC beneĮts more than PCS2 or PCS3 from neoadjuvant ARPI. However, the 415 

diminishment of this and other transcriptomic/genomic RCB associaƟons in SP-1B suggests that an ARPI-416 

triplet with ADT, APA, and ABI may overcome some intrinsic resistance to an ARPI doublet.  417 
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AR signalling was not predicƟve of response to the ARPI-docetaxel triplet therapy in SP-2B. To determine 418 

how molecular correlates and possible biomarkers of pathologic response change with an ARPI-docetaxel 419 

triplet, we repeated the above correlaƟve analyses for SP-2B (Supplementary Tables S16–S17). ETS fusions 420 

conƟnued to show an unfavourable trend (Figure 5a–b), with the combinaƟon of an ETS fusion with 421 

PTENdef once again being the most signiĮcant genomic correlate of higher RCB (Figure 5c), more so than 422 

the combinaƟon of an ETS fusion with TP53alt (Figure 5d). FOXA1alt (Figure 5e) and, to a lesser degree, 423 

SPOPalt (Figure 5f) maintained favourable trends, but both were uncommon alteraƟons in SP-2B. However, 424 

no genomic associaƟons with pathologic response achieved staƟsƟcal signiĮcance, and trends were 425 

substanƟally weaker than in the other SPs. Moreover, there was no meaningful diīerence between PTENalt 426 

and TP53alt in terms of RCB (Figure 5g–h). At the transcriptomic level, a signature of ERG fusion was 427 

posiƟvely (unfavourably) associated with RCB and was the only signiĮcant gene set in either direcƟon 428 

(Figure 5i). Notably, AR-signalling signatures were no longer signiĮcantly associated with lower RCB and, 429 

moreover, were not even among the top-ranked gene sets (though their correlaƟon with RCB was sƟll 430 

negaƟve); the Hallmark G2M-checkpoint signature was instead the top-ranked associaƟon with favourable 431 

response to the ARPI-docetaxel triplet (Figure 5i), consistent with docetaxel having stronger eīects on 432 

more-proliferaƟve cells. These results suggest that addiƟon of docetaxel to an ARPI doublet for 433 

genomically aggressive HR-LPC overcomes the necessity for a high level of baseline AR signalling to achieve 434 

the best responses. Nevertheless, the low rate of MPR and greater RCB in SP-2B compared to SP-1 highlight 435 

that addiƟon of docetaxel to ARPI does not completely overcome the therapy resistance imparted by 436 

aggressive genomics. Finally, in contrast to the favourable associaƟon between PTEN-inacƟvity 437 

transcriptomic signatures and survival beneĮt from docetaxel found by Grist et al. in the STAMPEDE trials45, 438 

we did not idenƟfy a signiĮcant associaƟon between transcriptomic signatures of PTEN loss and RCB in SP-439 

2B. This is possibly because SP-2 was already selected for the aggressive genotypes most likely to beneĮt 440 

from docetaxel and is therefore not inconsistent with the STAMPEDE docetaxel subgroup analysis. 441 

 442 

Discussion  443 

GUNS is a multi-arm umbrella phase-II study with an adaptive design for men with HR-LPC using a 444 

neoadjuvant model to evaluate pathologic responses as a surrogate of contextual lethality aŌer 445 

biomarker-directed ARPI-doublet and triplet regimens.  GUNS enrolled candidates for prostatectomy with 446 

high-volume HR-LPC, excluding low-volume GG4 cancers to ensure that evaluaƟon of depth of pathologic 447 

response is less confounded by lower-volume disease at baseline. High-volume, high-grade cancer in 448 

diagnosƟc needle biopsies also ensures suĸcient tumour cellularity for DNA/RNA extracƟon using the 449 

CLIA-cerƟĮed Tempus xT test.   Higher DNA tumour content enhances detecƟon of alteraƟons, such as 450 

copy number deleƟons common in PC, which is oŌen challenged by low tumour cellularity from stromal 451 

inĮltraƟve disease. Tempus xT requires ≥ 20% tumour cellularity and 100 ng input DNA46; insuĸcient 452 

quanƟty or quality of DNA for xT is reported by Tempus as “quanƟty or quality not suĸcient (QNS)”. In 453 

GUNS, 13% of samples were QNS and hence unevaluable for SP assignment, similar to sequencing failure 454 

rates in other studies in metastaƟc PC. 455 

HR-LPC is clinically and, as demonstrated by our TMB comparison with the MSK-IMPACT cohort, 456 

genomically aggressive28, with high recurrence rates aŌer surgery alone, and hence requires mulƟmodal 457 

intervenƟon to treat both local and potenƟal subclinical metastaƟc disease. Early studies of neoadjuvant 458 

ADT prior to surgery did not enrich for HR-LPC and failed to detect reduced recurrence rates4,5,6. The 459 

Alliance 90203 trial19 evaluated 6 months of neoadjuvant ADT plus docetaxel in HR-LPC, but the primary 460 

endpoint of biochemical recurrence was confounded by early salvage therapies. This trial began prior to 461 
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approval of second-generaƟon ARPI, and pCR/MRD rates were low.  Indeed, pCR rates were also low (< 462 

8%) in localized PC treated with neoadjuvant LHRHa doublets of ARPI14,15,16,47,48 or docetaxel19,49,50, despite 463 

improved survival with these combinaƟons in metastaƟc PC7,8,9,10,11.   In contrast, neoadjuvant therapies in 464 

breast or bladder cancer induce high pCR rates (> 30%) and associate with improved outcomes22,51,52,53. 465 

Contemporary neoadjuvant trial designs with rich translaƟonal correlates, such as I-SPY 2 in breast 466 

cancer54,55 and GUNS in prostate cancer, provide robust plaƞorms for analysing novel agents and idenƟfy 467 

new approaches to overcome de-novo resistance to endocrine therapy. In breast cancer paƟents who do 468 

not achieve an MPR, RCB (a measure of size combined with cellularity) is prognosƟc, and might idenƟfy 469 

paƟents who could beneĮt from further adjuvant therapy53; this remains to be established in PC.  470 

Recent studies using ARPI doublets in the neoadjuvant setting for HR-LPC helped refine MRD as a measure 471 

of therapeutic response56, which, along with stringent inclusion criteria for high-risk PC and use of PSMA-472 

PET measures of MFS, helped evolve the design of the PROTEUS trial25. PROTEUS randomized more than 473 

2,100 men with HR-LPC to perioperaƟve ADT with or without APA and demonstrated signiĮcant 474 

improvements in both MFS and MRD.  PROTEUS is the Įrst study to show that MRD rates are concordant 475 

with MFS in the context of neoadjuvant therapy and prostatectomy.  The use of MFS and MRD as 476 

surrogates for clinical beneĮt sets the stage to use pathologic response to characterize syntheƟc lethality 477 

using genomic-biomarker-guided combinaƟons in GUNS.    478 

The signiĮcant genomic heterogeneity in advanced PC results in subgroups that respond variably to ARPI 479 

doublet therapy and supports a targeted, precision-oncology approach for treatment intensiĮcaƟon with 480 

triplet therapies.  GUNS builds upon the PROTEUS paradigm to characterize this important populaƟon. 481 

While PROTEUS compared an ADT-singlet to an ARPI-doublet, GUNS tests whether further intensiĮcaƟon 482 

with biomarker-directed ARPI-triplets deepens pathologic responses within biologically deĮned genomic 483 

subgroups. Genomic alteraƟons that rewire the AR transcripƟonal programme—ETS fusions, FOXA1alt, and 484 

SPOPalt—comprise the largest genomic subgroup of HR-LPC. These early clonal driver events are 485 

biologically linked to AR-dependent prostate epithelial idenƟty and tend to deĮne disƟnct molecular 486 

subclasses.  SPOPalt impairs ubiquiƟn-mediated degradaƟon of AR/chromaƟn regulatory proteins and is 487 

associated with an AR-responsive, ETS-negaƟve subtype. The pioneer transcripƟon factor FOXA1 opens 488 

compacted chromaƟn to guide AR binding across the genome and prostate luminal epithelial 489 

diīerenƟaƟon. FOXA1alt redirects AR signalling towards oncogenic transcripƟonal programmes and, as 490 

with SPOPalt, tumours remain highly AR-dependent. TMPRSS2-ERG gene fusion causes aberrant androgen-491 

driven ERG overexpression that promotes invasion, plasƟcity, and altered diīerenƟaƟon.   492 

SP-1 randomized 100 evaluable men, most of whom had cancers with these AR-associated genomic 493 

alteraƟons, to an ARPI-doublet or -triplet with ABI. MPR was signiĮcantly higher with ARPI-triplet 494 

compared to doublet therapy, and there was a staƟsƟcally signiĮcant shiŌ towards lower RCB in SP-495 

1B.  Prior studies in non-selected populaƟons evaluaƟng addiƟon of ABI to an ARPI doublet did not 496 

demonstrate improved outcomes57,58, implying MPR is not an indicator of clinical beneĮt; conversely, this 497 

improved MPR may underline the importance of biomarker selecƟon in reĮning outcomes. The lack of 498 

signal by triplet intensiĮcaƟon in a non-selected study may reŇect failure to detect a beneĮt that occurs in 499 

a smaller subgroup of that populaƟon. ETS fusions and PTENIHC-negaƟve status were more common in non-500 

MPR cases, consistent with biology of ERG and AKT oncogenic signalling pathways that support AR 501 

independence.   While tumours with PTENalt were assigned to SP-2, assessment of PTENIHC-negaƟve status 502 

was not rouƟnely performed unƟl SP-1 completed accrual and SP-6 (ARPI + capivaserƟb) opened in early 503 

2026.  504 

The second most common genomic subgroup in GUNS comprises tumours with loss-of-funcƟon 505 

aberraƟons involving TP53, PTEN, or RB1, TSGs that regulate criƟcal cellular processes including DNA 506 
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damage response, cell-cycle control, lineage Įdelity, and PI3K/AKT signalling. While each alteraƟon 507 

individually associates with adverse outcomes, co-loss of TP53, PTEN, and/or RB1 has synergisƟc biologic 508 

eīects that promote aggressive clinical behaviour and treatment resistance59,60. More recent molecular 509 

analyses from STAMPEDE and related datasets45 have similarly idenƟĮed transcripƟonal programmes 510 

associated with aggressive disease biology, including interferon-response and lineage plasƟcity signatures 511 

that correlate with poorer clinical outcomes despite contemporary systemic therapy. Together, these data 512 

associate TSG-loss tumours with progressively less dependence on canonical AR signalling and support 513 

non-AR-directed treatment intensiĮcaƟon. In paƟents with adverse-risk metastaƟc CSPC, the addiƟon of 514 

an ARPI to an ADT-docetaxel doublet signiĮcantly improved overall survival12,13. Consistent with these 515 

studies, HR-LPC paƟents with these aggressive TSG-loss genotypes treated with an ARPI-docetaxel triplet 516 

in SP-2B had higher MPR rates. Notably, however, SP-2A and SP-2B cancers had signiĮcantly lower MPR 517 

rates (0 vs. 25%) and higher median RCB (34.6 vs. 7.6 mm2) than SP-1A and 1B cancers (32% vs. 58%; 2.8 518 

vs. 0.73 mm2), Įndings consistent with a growing body of evidence that loss of TP53, PTEN, or RB1 519 

associates with more rapid progression to castraƟon resistance, and support ARPI-docetaxel intensiĮcaƟon 520 

to parƟally overcome the adverse biology associated with TSG-loss tumours.    521 

Correlative genomic analyses further support biologically distinct mechanisms of therapeutic sensitivity 522 

and resistance. SPOPalt tumours were enriched among patients achieving MPR, consistent with prior 523 

observaƟons that SPOPalt deĮnes an AR-dependent molecular subtype characterized by heightened 524 

sensiƟvity to ARPI. In contrast, ETS fusions were consistently associated with greater RCB across SPs  1 and 525 

2. This observaƟon extends previous reports of ERG expression/fusion associaƟng with inferior response 526 

to ADT/ARPI in both localized and metastaƟc PC17,61 to doublet- and triplet-therapy regimens in biomarker-527 

straƟĮed paƟent groups. Moreover, ETS fusions were associated with unfavourable cribriform/IDC 528 

pathology in tumours co-harbouring TP53alt. TP53alt or PTENdef individually associated with IDC; however, 529 

the relaƟonship with TP53alt was strengthened with concurrent ETS fusion events, suggesƟng cooperaƟon 530 

in driving aggressive histologic phenotypes. Together, these Įndings support a model in which ETS 531 

acƟvaƟon promotes relaƟve AR independence, both independently of and in concert with aggressive 532 

tumour suppressor loss, thereby limiƟng the depth of response achievable with ARPI alone.  533 

While GUNS is signal-Įnding and not intended to change current clinical pracƟce, the observed 534 

magnitudes of diīerence in MPR warrant assessment against longer-term clinical outcomes. The most 535 

notable Įnding was the marked shiŌ in the enƟre distribuƟon of RCB towards low-burden states with 536 

triplet intensiĮcaƟon. This eīect was most pronounced in SP-1, where AR-associated tumours 537 

demonstrated remarkable sensiƟvity to an intensiĮed ARPI-triplet, but tumours characterized by TSG loss 538 

in SP-2 sƟll exhibited modest but staƟsƟcally signiĮcant improvement in MPR with an ARPI-docetaxel 539 

triplet. The observed reducƟon in median RCB and enrichment of low-burden disease states are 540 

biologically consistent with deeper eliminaƟon of treatment-sensiƟve tumour clones and may ulƟmately 541 

translate into improved long-term outcomes. 542 

PROTEUS employed a ≤ 5 mm linear-length MRD endpoint, a binary endpoint that may not fully capture 543 

the spectrum of RCB following treatment. Although MRD remains clinically intuiƟve, a 5-mm linear length 544 

alone does not account for diīerences in area or tumour cellularity, which can vary greatly post-treatment, 545 

and hence does not fully discriminate paƟents with markedly diīerent amounts of viable RCB.  GUNS 546 

adopted a quanƟtaƟve framework for RCB, incorporaƟng both the spaƟal extent of residual disease and 547 

the marked hypocellularity that can occur following neoadjuvant ARPI. The substanƟal shiŌ in RCB 548 

distribuƟons observed with triplet intensiĮcaƟon in both SP-1 and SP-2 suggests that RCB may provide 549 

addiƟonal biologic resoluƟon beyond linear-length MRD alone.  Although the GUNS area-based RCB 550 

cannot be directly converted to a 3-dimensional tumour volume without assumpƟons regarding tumour 551 

depth, it provides a more granular assessment of treatment response and may disƟnguish biologically 552 
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meaningful diīerences among tumours that would otherwise fall within the same binary MRD category. 553 

Accordingly, GUNS complements the PROTEUS framework by extending pathologic response assessment 554 

from a principally one-dimensional threshold to a quanƟtaƟve esƟmate of viable RCB.  A limitaƟon of the 555 

current study is that RCB categories are exploratory and not validated as surrogate endpoints in HR-556 

LPC.  Future correlaƟon of RCB with tumour cellularity as esƟmated by DNA49, MFS, and overall survival 557 

with PROTEUS will further evolve quanƟtaƟve measures of MRD as a surrogate of MFS.  558 

More broadly, GUNS provides a proof of concept for a genomically segmented neoadjuvant strategy in 559 

HR-LPC. Rather than treating HR-LPC as a single clinical entity, GUNS prospectively matched biologically 560 

distinct molecular subgroups to rational ARPI-based triplet regimens. The differential response patterns 561 

observed across genomic cohorts suggest that therapeutic vulnerabilities differ substantially according to 562 

underlying disease biology and support further development of precision oncology approaches in HR-LPC, 563 

which are ongoing in SPs using ARPI-triplets with PARP, AKT, and PD-L1 inhibitors. Future analyses 564 

integraƟng MPR, conƟnuous RCB distribuƟons, tumour-content DNA, and genomic subtypes will be criƟcal 565 

to determine whether depth of pathologic response can serve as a surrogate marker of syntheƟc lethality 566 

and clinical beneĮt in biomarker-selected populaƟons. Future studies will also leverage pre- and post-567 

treatment Ɵssue specimens to understand how tumour genomics and heterogeneity inŇuence treatment 568 

responses, early adaptaƟon, and resistance pathways.  569 
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CharacterisƟc 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 (44.2) 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) 

TX 6 (1.9) 1 (1.9) 0 (0.0) 0 (0.0) 0 (0.0) 
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cN stage (%)      

N0 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 Ɵer (%)      

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 characterisƟcs. Data are presented as n (%) unless otherwise 570 

indicated; percentages are proporƟons of available-data cases for each variable. Total sample size in SP-1 571 

was greater than the planned 45 parƟcipants per arm, in part due to operaƟonal over-accrual due to 572 

Ɵme lag between enrollment and SP assignment, and to accommodate potenƟal for non-evaluable 573 

parƟcipants. AbbreviaƟons: SD, standard deviaƟon; PSA, prostate-speciĮc anƟgen; IDC, intraductal 574 

carcinoma; HR, high risk. “Cribriform” means non-IDC cribriform paƩern. The “Overall” column reŇects 575 

322 parƟcipants enrolled across all GUNS SPs as of July 2026. Of the 322 parƟcipants in the “Overall” 576 

column, at the Ɵme of wriƟng, IDC status was recorded for 201/322, non-IDC cribriform status for 577 

199/322, and HR Ɵer for 213/322; cN stage was not reported for 7/322 in addiƟon to the 6 NX cases. 578 

 579 

 580 

 581 

 582 

 583 

 584 

 585 

 586 

 587 

 588 

 589 

 590 

 591 

 592 

 593 

 594 

 595 

 596 

 597 
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Supplemental Table S1. Cases meeƟng GUNS composite MPR but not PROTEUS MRD deĮniƟon  598 

Cohort  
Residual tumour 
dimensions (mm)  

Tumour 
cellularity  

RCB 
(mm²)  

Pathologic stage / 
nodal Įnding  

Reason not classiĮed as MRD by PROTEUS  

SP1A  2 × 1  0.5%  0.01  ypT3b  ypT3b disease  

SP1A  8.8 × 5.8  1%  0.51  ypT2  Largest residual focus > 5 mm  

SP1A  7 × 0.3; 1.8 × 1.3  1%; 20%  0.49  ypT3b  ypT3b; largest residual focus > 5 mm  

SP1A  
11 × 0.48*; 1.6 × 
0.76  

1%; 3%  0.20  ypT2  Largest residual focus > 5 mm  

SP1B  15 × 0.8  3%  0.36  ypT3a  ypT3a; largest residual focus > 5 mm  

SP1B  6 × 1.7; 5.4 × 1.4  3%; 1%  0.38  ypT2  Largest residual focus > 5 mm  

SP1B  11 × 3.5; 12.4 × 2.7  1%; 1%  0.72  ypT3a; sparse ypN1  Largest residual focus > 5 mm; ypN1  

SP1B  11 × 3.8  1%  0.42  ypT2  Largest residual focus > 5 mm  

SP1B  11.2 × 7  1%  0.77  ypT3b  ypT3b; largest residual focus > 5 mm  

SP1B  6 × 3  1%  0.18  ypT2  Largest residual focus > 5 mm  

SP1B  8 × 3  3%  0.77  ypT3b  ypT3b; largest residual focus > 5 mm  

SP1B  10 × 2; 6.7 × 1.2  1%; 1%  0.30  ypT2  Largest residual focus > 5 mm  

SP1B  5.3 × 2.8  3%  0.74  Focal ypT3a  ypT3a; largest residual focus > 5 mm  

SP1B  6 × 0.4  0.1%  0.008  ypT2  Largest residual focus > 5 mm  

SP1B  7.4 × 2.1  3%  0.47  ypT2  Largest residual focus > 5 mm  

SP1B  7.8 × 1.6  1%  0.12  ypT2  Largest residual focus > 5 mm  

SP1B  7.6 × 4.5  1%  1.0  ypT2  Largest residual focus > 5 mm  

SP1B  12.2 × 2.8  1%  0.34  Focal ypT3a  ypT3a; largest residual focus > 5 mm  

SP1B  11.5 × 1.3  1%  0.15  ypT2  Largest residual focus > 5 mm  

SP2B  1.85 × 1.2  70%  1.55  ypT2, sparse ypN1  ypN1 residual disease  

SP2B  9.3 × 0.7  1%  0.065  ypT2  Largest residual focus > 5 mm  

MRD, minimal residual disease; RCB, residual cancer burden; TC, tumour cellularity. GUNS RCB is 599 

calculated as the cumulaƟve residual tumour area (length × width, mm²) weighted by the corresponding 600 

tumour cellularity. The table lists cases classiĮed as MPR by the GUNS composite endpoint but not by 601 

the PROTEUS pathologic MRD criteria; each row corresponds to an individual paƟent. Reasons for 602 

discordance are summarized from the case-level informaƟon provided. * This 11-mm focus was admixed 603 

with hisƟocytes. 604 

 605 

 606 

 607 

 608 
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Supplementary Table S2. Treatment-Emergent Serious Adverse Events  609 

Serious adverse event SP-1A 
 n=52 

SP-1B 
 n=50 

SP-2A 
 n=24 

SP-2B 
 n=25 

Total 

PaƟents with ≥1 recorded SAE 3 4 1 8 16 

InfecƟons           
Febrile neutropenia 0 0 0 4 4 

Pneumonia 0 1 0 0 1 

PostoperaƟve sepsis 0 0 1 0 1 

Presacral abscess 1 0 0 0 1 

Salmonella infecƟon 1 0 0 0 1 

SepƟc arthriƟs 0 1 0 0 1 

Renal and urinary disorders           
Urinary retenƟon 1 0 0 1 2 

Cardiac/vascular disorders           
Coronary artery disease 0 1 0 0 1 

Cerebrovascular accident 0 0 0 1 1 

GastrointesƟnal disorders 0 0 0 1 1 

Upper gastrointesƟnal bleeding 0 0 0 1 1 

Metabolism/endocrine           
Hyponatremia/adrenal insuĸciency 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 

Treatment-emergent serious adverse events (TE-SAEs) were deĮned as events occurring from Įrst study 610 

treatment unƟl 30 days aŌer compleƟon of protocol therapy. PaƟents experiencing more than one SAE 611 

are counted once in the summary row (“PaƟents with ≥ 1 TE-SAE”) but may contribute to mulƟple 612 

preferred-term categories. Adverse events are grouped according to MedDRA preferred terms.  613 
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