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Variable response to 
¹⁷⁷Lu-PSMA-617 in 
PSMA-positive mCRPC 
highlights the need to 
characterize sensitivity 
and resistance. 
Comprehensive plasma 
epigenomic profiling 
infers regulatory activity 
and gene expression 
from 1 mL of plasma. 
Building on prior 
associations between 
plasma PSMA and 
treatment response, 
consistent with PSMA 
PET SUVmean, we 
characterize molecular 
programs, therapeutic 
cell-surface targets, and 
biological changes 
associated with 
progression.

BACKGROUND

Baseline plasma from 57 
patients with mCRPC 
initiating ¹⁷⁷Lu-PSMA-617 
underwent H3K4me3, 
H3K27ac, and DNA 
methylation profiling 
using Precede Bio 
Insight™ (1 mL plasma), 
generating transcriptional 
activity, therapeutic target 
expression 
(PSMA/FOLH1, STEAP1, 
TROP2), and tumor 
fraction estimates. GSVA 
using Hallmark¹, 
Reactome², and mCRPC 
subtype gene sets³-⁵, 
followed by consensus 
PAM clustering, identified 
molecular programs. 
Baseline features were 
assessed against time to 
next treatment (primary 
endpoint); paired 
progression samples 
from 17 patients enabled 
longitudinal analysis.

METHODS

Poster #8727

RESULTS

(Left) Chemical modifications to DNA & histones regulate gene 
expression are retained on nucleosomal cfDNA released into the 
bloodstream, enabling plasma-based measurement of tumor-
associated epigenomic activity. Genome-wide epigenomic profiling 
using the Precede Bio platform employs high-affinity capture of 
cfDNA epigenomic marks followed by advanced machine-learning 
analysis to generate quantitative readouts for activity and expression 
of therapeutically relevant genes, pathways, and molecular 
programs. (Above) Analysis cohort of 57 mCRPC patients 
contributing to at least one analysis, comprising 77 plasma samples. 

Figure 1. Gene Regulation − Chemical Modifications to DNA and Histones Precisely 
Control and Encode Gene Expression  

Figure 2. Comprehensive Epigenomic Profiling from 1 ml of Plasma Captures Prostate-
cancer-associated Gene and Pathway Activity

Figure 3. Plasma-derived PSMA Readout Correlates with PET PSMA Scores and Recapitulates Association with Clinical Response
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Transcriptional Activation Is Enriched at Canonical 
mCRPC Genes Compared to Healthy Males

(Left) A) per-gene transcriptional activation in mCRPC vs healthy-donor plasma, shown as signed activation z-
score against −log10 FDR, with prostate-lineage genes elevated in mCRPC (salmon) and leukocyte-associated 
genes relatively depleted (navy). (Right) B) gene-set enrichment for the same contrast, showing normalized 
enrichment score with point size scaled to −log10 FDR and symbol shape denoting gene-set source (Hallmark, 
Reactome, literature). Top-ranked genes and gene sets are labeled. The analysis recapitulates canonical 
prostate-lineage and AR-driven transcriptional biology in plasma, including FOLH1 and other prostate-associated 
therapeutic targets, demonstrating detection of disease-relevant regulatory activity against a predominantly 
leukocyte-derived background.

Plasma cfDNA 
epigenomic profiling 
identified mCRPC 
molecular programs 
associated with 
outcomes following 
¹⁷⁷Lu-PSMA-617. 
Progression was 
accompanied by 
reduced PSMA 
expression, loss of 
differentiation-
associated programs, 
and altered therapeutic 
target expression, 
supporting further 
evaluation of this 
approach to inform 
patient selection and 
subsequent treatment 
strategies.

CONCLUS IONS

Plasma PSMA PET Readout Correlates 
w/Observed PSMA PET SUVmeanA

A) Gene-set activity scores were derived from 
plasma epigenomic transcriptional activation 
data and standardized as z-scores in samples 
with ≥1% ctDNA TF. Consensus partitioning-
around-medoids (PAM) clustering of gene-set 
activity z-scores partitions samples into three 
molecular subtypes: C1 (AR-low/proliferative), 
C2 (stem/epithelial–mesenchymal transition, 
EMT), and C3 (AR-high/metabolic). Rows 
represent gene sets grouped by the subtype in 
which they are most active (labeled at right), 
columns represent samples, and color 
encodes gene-set activity z-score. Three 
clusters provided the most parsimonious, 
stable grouping; larger numbers of clusters 
were less stable by consensus clustering. 
These plasma-derived subtypes recapitulate 
the AR-driven luminal, stem/EMT/basal, and 
proliferative states established from mCRPC 
tissue (You, Tang, and Labrecque 
classifications), demonstrating that a 
molecular taxonomy previously accessible 
only from biopsy can be resolved non-
invasively from a blood draw.

Plasma-derived PSMA Decreases at Progression

Figure 5. Unsupervised Clustering of Patients’ Pathway Activities Resolves Known mCRPC Biological Subtypes and Associations with Clinical Outcomes to 177Lu-PSMA-617

A) (Left) Predicted PSMA-PET SUVmean, derived from plasma cfDNA, in 
paired baseline and progression samples (n = 17 patients; lines connect 
each patient’s two samples; log-scaled y-axis). Predicted PSMA declined in 
11 of 17 patients, with a median decrease of approximately 25% among 
those with a decline and approximately 13% across all patients. 6 patients 
had an increase in predicted PSMA-PET, though effects were modest 
(median increase = 4%, max = 14%). Changes in predicted PSMA and 
ctDNA TF (%) were not correlated, indicating that the PSMA decline was 
not driven by changing tumor content. 
(Right) Patient-level baseline-to-progression trajectories of predicted 
PSMA-PET (navy; left axis) and ctDNA TF (%) (magenta; right axis), both 
shown on a log scale. These findings suggest that monitoring PSMA status 
longitudinally may be informative for current and subsequent treatment 
decisions, particularly when considering additional PSMA-directed 
radioligand therapy, where target attrition could limit treatment efficacy.
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Canonical mCRPC Pathway Activation Is 
Observed in mCRPC Compared to Healthy

Chemical Modifications Determine 
What DNA Is Read 

Predicted PSMA PET Stratifies Patients for Clinical Response 
to 177Lu-PSMA-617 Similarly to Observed PET B

Observed PSMA PET Predicted PSMA PET

De Novo Clusters Are Associated with 
Clinical Response to 177Lu-PSMA-617 

(Left) B) Kaplan–Meier PSA-PFS, CR-PFS, 
TTNT, and OS according to unsupervised, 
cohort-derived molecular subtype in the 
response-evaluable cohort (ctDNA TF ≥1%). C3-
vs-rest hazard ratios and p values from Cox 
proportional hazards models are annotated for 
each endpoint. The AR-high/ metabolic C3 
subtype was associated the most favorable 
prognosis across endpoints compared with the 
stem/EMT and proliferative subtypes.
(Right) C) Association between TTNT and 
published mCRPC subtype gene sets 
representing luminal, stemness, and proliferative 
states. Hazard ratio for TTNT per 1 SD of 
literature-subtype gene-set activity, adjusted for 
ctDNA TF (%). Annotation: *p <0.05. Consistent 
with the biological programs defining the 
unsupervised clusters, published AR/luminal 
gene sets were associated with longer TTNT, 
whereas stem/WNT programs were associated 
with shorter TTNT, supporting the molecular 
states identified by unsupervised clustering.

Plasma Assessment of Published Pathways Corroborates Cluster-response Associations

Figure 6. Longitudinal Plasma Profiling Identifies Target and Pathway Changes at Progression

All changes corrected for ctDNA to reveal actual change in target/pathway expression 

Figure 4. Tumor-specific Gene Expression Readouts from Plasma Show Target Expression Heterogeneity Across Baseline 
mCRPC Samples 

Predicted tumor-specific expression (log2 TPM) 
of eight cell-surface therapeutic targets across 
baseline mCRPC plasma samples with ctDNA 
TF ≥3%. Left: Box plots of plasma-derived 
predictions of target expression. Right: Columns 
represent samples clustered by expression 
profile; rows represent therapeutic targets. Per-
sample ctDNA TF (%) is annotated above the 
heatmap. Prostate-lineage targets (PSMA 
[FOLH1], KLK2, and STEAP1) are broadly 
expressed but vary substantially among patients, 
whereas neuroendocrine-associated targets 
(DLL3, SEZ6, and CEACAM5) are generally low, 
illustrating patient-level heterogeneity in 
actionable target expression that can be resolved 
non-invasively from a blood draw.

Unsupervised Pathway Clustering Identifies Distinct mCRPC Molecular States

Patient A Patient B
B) Two exemplar patients (A and B), each with paired baseline 
(BL) and progression (PRG) samples. Top (per patient): 
Baseline-to-progression change in predicted tumor-specific 
expression (log2 fold-change, PRG/BL) for FOLH1 (PSMA), 
STEAP1, TACSTD2 (TROP2), PSCA, SEZ6, CEACAM5, and 
DLL3. Targets increased at progression are shown in salmon 
and those decreased in navy (arrow strip: higher at BL ↔ higher 
at PRG). Bottom (per patient): Corresponding changes in 
pathway activity, determined by ranking genes according to 
their baseline-to-progression change in transcriptional activation 
and testing for enrichment across Hallmark, Reactome, and 
literature-derived mCRPC-subtype gene sets. Lollipops display 
the normalized enrichment scores (NES) of the top gained 
(salmon) and lost (navy) programs (FDR <0.1); point size 
represents −log10 FDR, and symbol shape denotes the gene-set 
source. Patient-specific changes in therapeutic target 
expression, including loss of PSMA with retention or gain of 
alternative targets, were accompanied by coordinated shifts in 
pathway activity. These examples illustrate clinical relevance of 
longitudinal plasma profiling to characterize evolving tumor 
biology and inform subsequent treatment selection.

Figure 7. Monitoring Cell-Surface Therapeutic Targets at Progression to Guide Therapeutic Sequencing

Cell-surface Target Expression Shifts from Baseline to Progression Across Paired Patients

A) Baseline-to-progression changes in predicted tumor-
specific expression for eight cell-surface therapeutic targets 
across 17 paired patients. Left: Per-target expression at 
progression (one box per target; points are individual patients). 
Right: Per-patient change in target expression at progression 
relative to baseline with columns ordered by change in PSMA 
and rows representing therapeutic targets. PSMA (FOLH1) 
declined most consistently (11/17 patients), whereas 
alternative therapeutic targets, including TROP2 and STEAP1, 
were frequently retained or increased. These dynamic 
changes in the therapeutic target landscape highlight the 
potential value of target reassessment at progression to inform 
subsequent treatment selection.

(Left) A) Predicted PSMA-PET SUVmean, derived from 
plasma cfDNA, is plotted against measured ⁶⁸Ga-PSMA 
PET SUVmean in patients with both readouts (scatter; log–
log axes). B) Kaplan–Meier panels show TTNT for the 
top tertile vs the bottom two tertiles of predicted and 
observed PSMA-PET in the same PET cohort; the top-
vs-rest hazard ratio SUVmean and p value are annotated 
per panel (Cox proportional hazards). Predicted PSMA-
PET tracks the measured value and stratifies TTNT with 
nearly the same hazard ratio as the imaging biomarker, 
showing that the plasma readout recapitulates the 
stratification information of PSMA PET imaging. This 
stratification reflects tumor biology rather than tumor 
burden: the association with TTNT persists after 
adjustment for ctDNA TF (%) (hazard ratio essentially 
unchanged, HR = 0.25; p = 0.0017). This is consistent 
with results we described previously6.

Circulating Cell-free DNA Retains these 
Modifications

Quantitative, interpretable readouts 

AR-low/proliferative Stem/EMT AR-high/metabolic
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Disease Progression Is Associated with 
Molecular Reprogramming Towards a 

Less Differentiated State

B) Per-patient baseline-to-progression change in 
gene-set activity across 17 paired patients, for the top 
10 pathways with increased activity at progression 
(orange) and top 10 decreased activity (navy) 
programs among those significant in the paired 
analysis (FDR <0.1); the dashed line marks no 
change. Gene sets are labeled at left. The 
coordinated gain of proliferative/ biosynthetic activity 
and loss of developmental-signaling programs 
suggests molecular reprogramming towards a more 
proliferative state driving progression, and coincident 
with the observed decline in predicted PSMA 
expression. Readouts Enable Patient-level Target and Pathway Monitoring to Inform Therapeutic Sequencing Strategies
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