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Central dogma of the molecular biology

30 x 1012 cells 23x2 chromosomes ~ 19.000 genes1 human

RNA Protein

Transcription Translation
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- Most common detected cancer in men
- In Europe, 410.000 new diagnoses each year
- In Belgium, 8.000 new cases each year

PROSTATE
22.8%

Prostate cancer incidence

J.	Ferlay et	al.,	European	Journal	of	Cancer,	2013
Belgian	Cancer	Registry	Incidence	Fact	sheet	– Prostate	(2014)	

Stage	I

Stage	II

Stage	III
Stage	IV

n =	6529
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Time	
Castrate	Sensitive Castrate	Resistant

Death
Androgen	
Deprivation

Post-
chemotherapy

Therapeutic	interventions

Castration-resistant prostate cancer
– disease progression despite castration
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Zong et	al,	Nature	Reviews,	2012

Castration-resistant prostate cancer
– models to describe the onset of CRPC
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• ca. 15-20% of prostate cancer diagnosis will developed castration-resistant disease

• Advanced prostate cancer is a heterogeneous disease, both between and within patients 

• Many therapeutics, different therapy regimens  

• A large fraction of patients demonstrates intrinsic resistance

• Expensive treatment cost

There is a need for predictive biomarkers for treatment response

Liquid Biopsy in Castration-resistant prostate cancer
– definition of the problem
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How should we tackle this problem?

Which context?

What predictive treatment 
biomarkers are there?

How do we measure these?

Liquid Biopsy in Castration-resistant prostate cancer
– definition of the problem
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Robinson	et	al,	Cell,	2015

§ Drivers of advanced prostate cancer
§ n = 150, WES

§ Segregation of different subtypes of advanced PCa using 
molecular pathways

§ Mutation rate: Localized vs Advanced
§ ~1 mut/Mb vs 4.4 mut/Mb 
§ 4/150 (3%) hypermutated

§ 89% of mCRPC patients have clinically actionable 
aberration 
§ AR pathway: 71.3%

§ AMP (~50%), mutation (20%)
§ WNT pathway: 18%

§ APC+CTNNB1: 13%
§ PI3K pathway: 49%

§ PTEN: 41%
§ PI3K: 17%

§ DNA repair: 22.7%
§ Dominated by BRCA2/ATM

§ Cell Cycle: 21%

Liquid Biopsy in Castration-resistant prostate cancer
– Predictive biomarkers from profiling studies
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Biomarker Therapy Example

Variants of the Androgen
Receptor

ARS inhibitors Abiraterone acetate
Enzalutamide

Genomic defects in DNA repair 
genes 

PARP inhibitors

Platinum-based CT

Olaparib

Cisplatin/Carboplatin

Microsatellite 
instability/Mismatch repair–
deficiency

Immune checkpoint 
inhibitors

Nivolumab
Pembrolizumab

Liquid Biopsy in Castration-resistant prostate cancer
– Predictive biomarkers from profiling studies
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How should we tackle this problem?

Which context?

What predictive treatment 
biomarkers are there?

How do we measure these?
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Crowley	et	al,	Nature	Reviews,	2013

Liquid Biopsy in Castration-resistant prostate cancer
– in blood
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Siravegna et	al,	Nature	Reviews,	2017

Liquid Biopsy in Castration-resistant prostate cancer
– in other body fluids
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Pantel,	K.	&	Brakenhoff,	R.	H.	Nature	Reviews	Cancer,	2004

Liquid Biopsy in Castration-resistant prostate cancer
– Circulating tumor cells
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Wan	et	al,	Nature	Reviews,	2017

Liquid Biopsy in Castration-resistant prostate cancer
– Circulating cell-free DNA
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Wyatt	et	al,	EMBO	Molecular	Medicine,	2012

Repetitive	Biomarker	applicability	

Liquid Biopsy in Castration-resistant prostate cancer
– Circulating cell-free DNA
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Liquid Biopsy in Castration-resistant prostate cancer
– A practical example

Patiënten met 
uitgezaaide

prostaatkanker

Identificatie van patiënten
gevoelig en ongevoelig

voor de behandeling

Vloeibare bioptie
van de patiënt

Isolatie en analyse van 
het erfelijk materiaal

van de tumor
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How should we tackle this problem?

Which context?

What predictive treatment 
biomarkers are there?

How do we measure these?

Liquid Biopsy in Castration-resistant prostate cancer
– A practical example
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CT-pretreated CT-naive

de	Bono,	J.	S.	et	al.	The	new	England	Journal	of	Medicine	364,	1995–2005	(2011).
Scher,	H.	I.	et	al.,	New	England	Journal	of	Medicine	367,	1187–1197	(2012).

Ryan,	C.	J.	et	al.	New	England	Journal	of	Medicine	368,	138–148	(2013).
Beer,	T.	M.	et	al.	New	England	Journal	of	Medicine	371,	424–433	(2014).

Liquid Biopsy in Castration-resistant prostate cancer
– Define the context
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How should we tackle this problem?

Which context?

What predictive treatment 
biomarkers are there?

How do we measure these?

Liquid Biopsy in Castration-resistant prostate cancer
– A practical example
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de	Bono	JS,	Scher HI,	Montgomery	RB,	et	al.	Clin Cancer	Res.	2008;14(19):6302-6309.

Enumeration of Circulating 
tumor cells 
§ Strong, independent predictor of 

overall and progression-free survival 
in metastatic prostate cancer.

Liquid Biopsy in Castration-resistant prostate cancer
– Define the biomarkers
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Biomarker Therapy Example

Variants of the 
Androgen Receptor

ARS inhibitors Abiraterone acetate
Enzalutamide

Liquid Biopsy in Castration-resistant prostate cancer
– Define the biomarkers
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Liquid Biopsy in Castration-resistant prostate cancer
– Define the biomarkers: Androgen Receptor Variation

Sprenger et	al	Horm.	Can.	2014
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1. 30-50%	have an	amplification
2. 10-15%	have mutations
3. 30-40%	express	splice variants
4. 20-30%	have genomic structural rearrangements

AR-fl AR-fl AR-fl

Liquid Biopsy in Castration-resistant prostate cancer
– Define the biomarkers: Androgen Receptor Variation

Sprenger et	al	Horm.	Can.	2014
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1. 30-50%	have an	amplification
2. 10-15%	have mutations
3. 30-40%	express	splice variants
4. 20-30%	have genomic structural rearrangements

Liquid Biopsy in Castration-resistant prostate cancer
– Define the biomarkers: Androgen Receptor Variation

Sprenger et	al	Horm.	Can.	2014
Lallous et	al.,	Gen	Biol 2014
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1. 20-50%	have an	amplification
2. 10-15%	have mutations
3. 30-40%	express	splice variants
4. 20-30%	have genomic structural rearrangements

Liquid Biopsy in Castration-resistant prostate cancer
– Define the biomarkers: Androgen Receptor Variation

C
E4

C
E1

C
E51b 4 68

1 2 3

C
E2

C
E3 5 7

66763874 66857168 66950461
Chr X

AR-FL

Sprenger et	al	Horm.	Can.	2014
Luo et	al.,	Transl Androl Urol.	2013
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AR-fl AR-fusion

chr X chr 13

AR-fl x 11

1. 20-50%	have an	amplification
2. 10-15%	have mutations
3. 30-40%	express	splice variants
4. 20-30%	have genomic structural rearrangements

Li	et	al,	Clin Can Res.	2012

Liquid Biopsy in Castration-resistant prostate cancer
– Define the biomarkers: Androgen Receptor Variation

AR-FL
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How should we tackle this problem?

Which context?

What predictive treatment 
biomarkers are there?

How do we measure these?

Liquid Biopsy in Castration-resistant prostate cancer
– A practical example
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De	Laere	et	al,	Eur Urol,	2017
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Liquid Biopsy in Castration-resistant prostate cancer
– Development of a workflow

AR mutation
Intronic AR deletion
AR-LBD translocation
etc.
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- Liquid biopsies was used for profiling AR in 30 patients with CRPC
- 18 samples at baseline

- 83% patients carried an AR-perturbation
- 50% harbored intra-AR structural variation where 2/3 had multiple 

variants
- 14/15 intra-AR positive patients expressed splice variants
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