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Lorente, Mateo, Perez-Lopez et al. Lancet Oncol 2015

• AR signaling is the major driver of prostate cancer 
progression

• Targeting AR is the mainstay of treatment

• Drug resistance:
• Ligand independent AR activation
• Activation of alternative transcriptional 

programs

• High density of copy-number losses and gains

• High burden of fusions, translocations, indels

• Low burden of point mutations

Genomic instability - structural rearrangements from DSB



Lorente, Mateo, Perez-Lopez et al. Lancet Oncol 2015

Met Prostate Cancer usually spreads to the bone, and many 
times only to the bones – no measurable disease

Intermediate endpoints:
- RECIST Response Rate
- PSA 50% declines
- PFS endpoints based on “new lesions on bone scans” (2+2)

Challenge 1
- Difficult to know if a drug is working
- Difficult to known when to change therapy



• COU-AA-301, a randomized, double-blind phase III trial of abiraterone acetate plus prednisone
versus prednisone alone in patients with metastatic CRPC previously treated with docetaxel. 

• CTC, PSA, LDH and other biomarkers were measured at baseline and 4, 8, and 12 weeks

Scher et al, J Clin Onc 2015



TOPARP: an adaptive phase II trial of olaparib in mCRPC
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Mateo et al, N Eng J Med 2015
Mateo et al, Lancet Onc 2020
Carreira et al, Cancer Discovery 2021



Lorente, Olmos, Mateo et al. Eur Urol 2016

• Outcome analysis for patients with “HIGH” (>5 /7.5ml) CTC count at baseline

• Setting: COU-301 trial (abiraterone+prednisone vs placebo+prednisone)

• CTC measured at baseline, +4 weeks, +8 weeks, +12 weeks

Achieving a 30% CTC decrease at:
Week 4 Week 8 Week 12

• “No decrease” means bad prognosis (stable or increasing CTC count vs 30% decrease)
• Consider therapy switch if no 30% decrease is achieved by week 12

CTC kinetics value in the “CTC high” population



CTC kinetics value in the “CTC low” population

Lorente, Olmos, Mateo et al. Ann Onc 2018

• Increases (any increase) in CTC after 4, 8, 12 weeks of

treatment was defined as “CTC progression”

• ”CTC progression” associates with worst outcome on

chemotherapy, abiraterone and also in the placebo arms.

• “CTC progression” could be an early indicator for

recommending therapy switch.

• Outcome analysis for patients with “low” (<5 /7.5ml) CTC count at baseline

• Setting: IMMC-38 trial (chemotherapy), COU-301 trial (abiraterone)

• CTC measured at baseline, +4 weeks, +8 weeks, +12 weeks



Evaluating multiple CTC endpoints

Heller, McCormak, Kheoh et al, J Clin Onc 2018

• Associations between CTC counts (baseline vs week 12) and patient outcome (vs PSA change at week 12) 

in a meta-analysis of 5 phase III clinical trials (total 6081 patients)

• CTC=0 at week 12

• CTC conversion from high to low

• 30% CTC count decrease

• 50% CTC count decrease

• 70% CTC count decrease

• 30% PSA decrease

• 50% PSA decrease (current 

definition of “response”)

• 70% PSA decrease



Taxanes
Mehra et al, Eur Urol 2018

Abi/Enza
Annala et al, Cancer Discov 2018

cfDNA and ctDNA prognostic and response bmk

Kwan et al (review), 2022



PARP inhibitors
Goodall*, Mateo* et al, Cancer Discov 2017

cfDNA and ctDNA prognostic and response bmk

Annala et al, Ann Onc 2021

Tolmeijer et al, Clin Can Res 2023



Garcia, Macarro, Zacchi et al, under review



Garcia, Macarro, Zacchi et al, under review



MARION
Multimodal BiomArkers For PRecise Management of MetastatIc PrOstate caNcer

- Dual whole-body MRI and 18F-PSMA-PET
- Circulating tumor cells (CTC) (total counts and PSMA-positive) in collaboration with IDIS
- Cell-free tumor DNA (ctDNA).



AR signaling is the primary driver of prostate cancer progression

Attard et al The Lancet 2016 (review)

Challenge 2
– Limited genomic evolution upon therapy resistance

- Transcriptomic and epigenomic modulation as MoR

exceptions

PARPi resistance mutations

AR mutations (incomplete info)

TP53/RB1 loss (? New? Subclonal?)

BASELINE RESPONSE PROGRESSION 
BRCA2 

10 kb

chr13:32911639 chr13:32911662 

chr13:32911570 chr13:32911662 

Reference Genome 
chr13:32911617-32911714 
BRCA2: A1043-S1072 

tagcttgtgttgaaattgtaaataccttggcattagataatcaaaagaaactgagcaagcctcagtcaattaatactgtatctgcacatttacagagt 
  A  C  V  E  I  V  N  T  L  A  L  D  N  Q  K  K  L  S  K  P  Q  S  I  N  T  V  S  A  H  L  Q  S 

Germline DNA tagcttgtgttgaaattgtaaataccttggcattagataatcaaa-----ctgagcaagcctcagtcaattaatactgtatctgcacatttacagagt 
  A  C  V  E  I  V  N  T  L  A  L  D  N  Q  T  -  - E  Q  A  S  V  N  STOP    

Pre-treatment tumor tagcttgtgttgaaattgtaaataccttggcattagataatcaaa-----ctgagcaagcctcagtcaattaatactgtatctgcacatttacagagt 
  A  C  V  E  I  V  N  T  L  A  L  D  N  Q  T  -  - E  Q  A  S  V  N  STOP    

Pre-treatment cfDNA tagcttgtgttgaaattgtaaataccttggcattagataatcaaa-----ctgagcaagcctcagtcaattaatactgtatctgcacatttacagagt 
  A  C  V  E  I  V  N  T  L  A  L  D  N  Q  T  -  - E  Q  A  S  V  N  STOP    

At progression cfDNA 

tagcttgtgttgaaattgtaaataccttggcattagataatcaaa-----ctgagcaagcctcagtcaattaatactgtatctgcacatttacagagt 
  A  C  V  E  I  V  N  T  L  A  L  D  N  Q  T  -  - E  Q  A  S  V  N  STOP    
 

tagcttgtgttgaaattgtaaataccttggcattagataatcaaa-----ctgagcaagcctcagtcaat----actgtatctgcacatttacagagt 
  A  C  V  E  I  V  N  T  L  A  L  D  N  Q  T  -  - E  Q  A  S  V  N   -  T  V  S  A  H  L  Q  S  

tagcttgtgttgaaattgtaaa------------------------------------gcctcagtcaattaatactgtatctgcacatttacagagt 
  A  C  V  E  I  V  K  -  -  -  -  -  -  -  -  -  -  -  -  P  Q  S  I  N  T  V  S  A  H  L  Q  S 
 

tagcttgtgttgaaattgtaaataccttggcattagataatcaaa-----ctgagcaagcctc-------------------tgcacatttacagagt 
  A  C  V  E  I  V  N  T  L  A  L  D  N  Q  T  -  - E  Q  A  S  -  -  -  -  -  -   A  H  L  Q  S 

chr13:32911617-32911714   BRCA2: A1043-S1072 
 
 
 
acataacattaagaa----------///------------------------gagcaagcctcagtcaattaatactgtatctgcacatttacagagt 
 H  N  I  K  K - - - - - /// -  -  -  -  -  -  -  -  S  K  P  Q  S  I  N  T  V  S  A  H  L  Q  S 
 

Goodall*, Mateo* et al,  Cancer Discovery 2017

Zurita et al…Mateo, JCO PO 2022



Methylation of ctDNA during mPC de-differentiation

Francescini et al, 
Cancer Discovery 2024Beltran et al, J Clin Inv 2020
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RNA isolation from:
- mCRPC patient plasma (EVs)

- mCRPC patient PBMC
- Healthy volunteer’s plasma (EVs)

RNA conversion to cDNA (REXCUE protocol)

Library preparation 

Sequencing (50-80M)

UNPUBLISHED – DO NOT POST    Casanova-Salas et al, under review
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Take home messages

• Genomic stratification has entered mPC care with PARPi (and more to come) – straight-forward application 

of ctDNA NGS, but there is more

• Need for validated prognostic and response biomarker for:

• Individidual patient therapy switch decisions

• Fast readout intermediate endpoints for phase I/II trials

• CTC counts have been clinically qualified, but implementation is lacking (logistics, costs,….)

• ctDNA kinetics have great potential to guide treatment decisions – prospective trials are needed

• Combining multiple –omics biomarker 

• Study of tumor evolution in mPC needs to go beyond ctDNA NGS 

• CTC comprehensive profiling (DNA, RNA, protein)

• ctDNA methylation to study MoR and tumor evolution

• Potential of circulating EV for transcriptomics (work ongoing) 
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