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Background: Tumor tissue biopsy is the gold standard in cancer diagnosis. However, limitations such as 
inaccessibility to metastatic sites and inability to capture tumor heterogeneity makes it impractical, 
especially for serial monitoring of metastatic castration-resistant prostate cancer (mCRPC). A liquid biopsy 
is easily accessible, less invasive, highly repeatable, representative of tissue biopsy and thus offers an 
attractive alternative; analysis of specific genetic alterations in circulating tumor (ct) cell-free DNA (cfDNA) 
is already in clinical use. Epigenetic assays may provide additional phenotypic tumor information and 
provide a platform for developing novel biomarkers. 5-hydroxymethylcytosine (5hmC) is a DNA-based 
epigenetic modification associated with poised and active transcription and gene regulation throughout 
cancer progression with promise in cancer detection and tumor classification. In this study, we aimed to 
study whether 5hmC-seq of cfDNA predicts gene expression in tumor tissue and can distinguish tumor 
subtypes defined in tissue. 
 
Methods: We performed 5hmC-seq on cfDNA samples from 86 mCRPC patients with matched tumor tissue 
profiled with 5hmC-seq (N=49) and RNA-seq (N=86) and we compared cfDNA 5hmC levels with matched 
tissue 5hmC and gene expression. We further developed a 5hmC-seq-based ctDNA fraction classifier and 
assessed if gene-level and pathway-level differences between mCRPC subtypes could be detected in cfDNA 
using a differential 5hmC-analysis adjusting for ct-fraction. 
 
Results: Patients with androgen receptor (AR)-positive prostate cancer (ARPC) exhibited lower ct-fraction, 
whereas patients with AR-negative tumors displayed higher ct-fraction (p=0.04). Nearly 50% of protein-
coding genes showed significant concordance between cfDNA 5hmC and tissue 5hmC, and 30% were 
significantly concordant with RNA-seq, after adjusting for ct-fraction (adjusted p<0.05). Genes with highest 
correlation between cfDNA 5hmC and tissue RNA were enriched in the androgen response, EGFR and ERBB 



signaling pathways. Compared to ARPC, neuroendocrine (NE) prostate cancer (NEPC) displayed 
upregulated 5hmC enrichment in NE-related genes, such as SRRM4, CEACAM5, and PROX1, and 
downregulated androgen response and MYC target pathways in cfDNA. As expected, an NE pathway score 
calculated from cfDNA 5hmC was significantly different between tissue-confirmed ARPC and NEPC 
(p=0.03). Double-negative prostate cancer (DNPC) on the other hand showed downregulated androgen 
response and MYC targets and upregulated epithelial cell pathways compared to ARPC in cfDNA.  
 
Conclusions: We created a cohort of 86 matched tissue and cfDNA samples and demonstrated 
concordance for most transcribed protein-coding genes. Expected biological differences previously seen in 
tissue between NEPC and ARPC were readily detectible in cfDNA. Furthermore, DNPC showed a clear 
downregulation of androgen response signaling in cfDNA, indicating the possibility to identify a group of 
patients in addition to classical NEPC that may have reduced response to standard androgen-targeting 
agents. Future work will aim at independent validation and to develop single-sample subtype classifiers and 
prognostic as well as treatment-predictive 5hmC-seq biomarkers for men with advanced prostate cancer. 
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