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Introduction to lethal prostate cancer

Belgian Cancer Registry | Cancer Fact Sheet 2022 | Prostate Cancer ICD-10 C61

Can we identify 
lethal prostate 
cancer?

• Epidemiology: Prostate cancer remains the most commonly detected cancer in men

• Not all prostate cancers are lethal; identifying aggressive subtypes is crucial for timely intervention



Clinical 
characteristics



Clinical characteristics of lethal prostate cancer

• Prostate Specific Antigen 
(PSA)
• Baseline PSA is an 

important, though 
imperfect marker and can 
be used to stratify a 
man’s risk of dying from 
prostate cancer within 
the next 15–20 yr 

Bjerner et al, Eur Urol, 2024;  Finati et al, Eur Urol Onc, 2024

N = 129 067 

N = 91 090

N = 84 961



Clinical characteristics of lethal prostate cancer

• Differentiation Grade by 
Gleason/ISUP Score:
• Poorly differentiated tumors 

are more lethal.

• Traditional Gleason may 
provide more accurate 
prognostic information

Spratt et al, Pros Can Pros Dis, 2023; Belgian Cancer Registry | Cancer Fact Sheet 2022 | Prostate Cancer ICD-10 C61; Egevad et al., Eur Urol Onc, 2023

N = 20 419

N = 847



Clinical characteristics of lethal prostate cancer

Dong et al, Comm Biol, 2020; Siech et al, Prost Can Prost Dis, 2024; Conteduca et al, Eur J Can, 2019; Abida et al. PNAS, 2019
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• Aggressive histological subtypes

• NEPC/SC

N = 673 018 N = 130



Adapted from Warner et al., Nature Cancer, 2024; Sutera et al., Ann of Onc, 2023

Clinical characteristics of lethal prostate cancer

• Timing of M1 disease



Cornford et al, Eur Urol, 2020; Iacovelli et al, Ctric Rev Onc/hem, 2019; Francini et al., The Prostate, 2018; Wenzel et al., Urologic Oncology: Seminars and Original Investigations, 2024

Clinical characteristics of lethal prostate cancer

• Timing M1 and volume of disease

• metachronous vs 

synchronous (de novo)

• Low vs high volume

ADT monotherapy ADT + ARPI or docetaxel



Ali et al, JAMA, 2024; Karpinski et al, Lancet Onc, 2024; Seifert el al., Radiology, 2023 

Clinical characteristics of lethal prostate cancer

• Beyond categorised 
volume of disease

• Volume of disease 

is a continuous 

variable

• CI 

• PSMA-PET/CT



Pond et al, Eur Urol, 2014; Ahmed et al, Eur Urol Open Science, 2024; Iravani et al., Prostate Can and Pros Dis, 2020; Hofman et al, Lancet Onc, 2023

Clinical characteristics of lethal prostate cancer

• Beyond categorised 
volume of disease

• Pattern of 

metastatic 

spread matters

• Site of visceral 

involvement 

dictates 

outcome

• Tracer uptake 

discordance or 

low PSMA 

expression



Clinical characteristics of lethal prostate cancer

• Bringing the 
variables together

• Nomograms 
can predict 
overall survival 
probability 

Halabi et al,. JCO, 2014; Halabi et al, JCO, 2023; Armstrong et al, Ann of Onc, 2018; Armstrong et al, Eur Urol, 2020 

Non-ARPI trials ARPI trials



Lethal 
Prostate 
Cancer

Clinical characteristics

Clinical characteristics of lethal prostate cancer

• Baseline PSA vs follow-up time can infer the risk of lethal prostate cancer

• Differentiation grade and group within a grade 

• Aggressive histology and state of transition 

• Timing of M1 disease

• Volume of tumour burden

• M1 patterns and site of visceral involvement

• Tracer uptake and/or metabolic staging

• Clinical prognostic models can identify patient populations with differing survival outcomes 



Molecular 
characteristics



Molecular characteristics of lethal prostate cancer

Crick, Nature, 1970; Liu et al., Nat Chem Biol, 2018



N = 83/692

Pritchard, NEJM, De Putter et al, BJMO, 2021; Castro, JCO, 2013; Castro et al, JCO, 2019; Rodrigues et al., JCI, 2018; Ritch et al., Clin Can Res, 2019

• Hereditary Burden
• Inherited predispositions 

such as HBOC and Lynch 
Syndrome increase the risk 
and marks an inferior 
prognosis in prostate 
cancer 

Genomic characteristics of lethal prostate cancer

HRD (BRCA1/2) dMMR



Darst et al, JAMA Onc., 2023

• Hereditary Burden
• Rare Genetic 

Drivers can be 
associated with 
aggressive disease

Genomic characteristics of lethal prostate cancer



Genomic characteristics of lethal prostate cancer

McKay et al., JAMA Network Open, 2024; Ribeiro Jr et al., Cancers, 2022, Plym et al, JAMA Network Open, 2024

HIGH GENETIC RISK

HSD3B1 

• Common germline variants and Polygenic Risk 
Scores (PRS)

• HSD3B1 genotype is associated with outcome
• Polygenic risk scores (PRSs) use multiple single 

nucleotide polymorphisms (SNPs) to estimate an 
individual's genetic risk for prostate cancer death

N = 5 287

N = 19 607



Mateo et al, Nature  Cancer 2021; Alexandrov, Nature, 2013; Martinez-Jimenez et al., Nature, 2023

Genomic characteristics of lethal prostate cancer

• Somatic burden
• Relatively low 

somatic mutation 
rate

• More genomic 
instability (GIS)

• Frequent copy 
number 
alterations and 
structural 
rearrangements

• Most classes of 
alterations are more 
frequent in advanced 
disease



• Somatic burden 
• Tumor Suppressor

• Alterations in 
PTEN, TP53, and 
RB1, among others, 
define prognosis

• Compound events 
in Ts genes

De Laere et al., Clin Can Res, 2018; Kwan et al., JCOPO, 2021; Abida et al, PNAS, 2019; Hamid et al., Eur Urol, 2019 
 

TP53 PTEN RB1/TP53

Genomic characteristics of lethal prostate cancer



Warner et al., Nat Can, 2024; Stopsack et al., PNAS, 2019; Su et al, PNAS, 2024

• Somatic burden 
• Genomic Instability , CNA 

architecture or aneuploidy
• A high genomic instability 

score (GIS) and aneuploidy are 
drivers of aggressive, rapidly 
progressing disease

Genomic characteristics of lethal prostate cancer



Genomic characteristics of lethal prostate cancer

Birkbak et al, Cancer Cell, 2020 ; Cooper et al, Nat Gen, 2015; Espiritu et all, Cell, 2018; Takafumi et al., Can Disc, 2025

MYC PTEN

• Somatic burden 
• Genetic phylogeny, 

metastatic seeding and 
timing of the mutations

• Mono vs polyclonality

• When a mutation 
occurs matters

• Trunk vs branch

• Evolutionary behavior 
determines the 
impact of a mutation 
on patient outcome

• Polyclonal and 
earlier events 
have a larger 
effect size



Molecular characteristics of lethal prostate cancer

Crick, Nature, 1970; Liu et al., Nat Chem Biol, 2018



Transcriptomic characteristics of lethal prostate cancer

Olmos, Lancet Onc, 2012; Lorente et al, Ann of Onc; 2015; Kawahara et al., BMC Can, 2020

• Immunological burden 
• Blood mRNA expression 

signatures
• a myeloid transcript 

signature associated with 
poor outcome

• High NLR



Transcriptomic characteristics of lethal prostate cancer

Zhao et al., JAMA Onc, 2017; Aggarwal et al., JAMA Onc, 2021

• Somatic burden 
• PAM50 

• gene 
expression 
profiling 
allows for the 
identification 
of clinically 
relevant 
molecular 
subtypes of 
prostate 
cancer 

N = 1 567



Molecular characteristics

Molecular characteristics of lethal prostate cancer

• Genomically prostate cancer can be characterised by a low mutational burden, but large GIS 
and structural variation burden which increases with advanced disease

• Inherited common and rare predispositions or PRS allow to infer prostate cancer risk and 
identify patients with an inferior prognosis

• Mutation timing, phylogeny, and type of seeding affects outcome

• The TME, as assessed by myeloid transcript signatures in whole blood or increased NLRs, can 
be immunosuppressive and associated with poor outcome

• Prostate cancer subtypes (e.g. LumB or NEPC) by gene expression profiling  identifies poor 
prognosis subgroup

Lethal 
Prostate 
Cancer



Circulating tumour 
burden



Crowley et al, Nature Reviews, 2013; Mayrhofer and De Laere, Genome medicine, 2018EudraCT 2018-002350-78 | NCT03903835

Circulating tumour burden vs lethality 

vs

CTC

ctDNA



Mishra et al., Nat Comm, 2025 De Laere et al., The Prostate, 2018; Goldkorn et al., JAMA Network Open, 2024

mHSPCmCRPC

Circulating tumour burden vs lethality 



• cfDNA originate (mostly) from apoptotic cells

DNA packed as 

beads on a string

DNA released into the 

blood will 

be attacked by 

nucleases

”Protected” DNA 

can be extracted

 and analyzed

Transcription factorNucleosome DNA

Wan et al, Nature Reviews, 2017; Snyder et al, Cell 2016

Circulating tumour burden vs lethality 



▪ Quantitative analysis
→ ctDNA-fraction (ctDNA%) is strongly 

associated with prognosis

De Laere et al. Cancers 2021; Fonseca et al, Nat Comm, 2024

▪ 217 cases mPC

▪ 364 blood sanples

▪ ctDNA detected in 86%

46%

21%

19%

Circulating tumour burden vs lethality 



EudraCT 2018-002350-78 | NCT03903835

Circulating tumour burden vs lethality 

De Laere et al., Eur Urol Focus, 2022
 



De Laere et al., Nature Medicine, 2024; Crippa and De Laere et al., Eur Urol Onc, 2025
 

EudraCT 2018-002350-78 | NCT03903835

EXCLUDE (OBSERVATIONAL 
ARM)

ctDNA 
undetectable?

Circulating tumour burden vs lethality 
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Overall survival
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Group Median time 

(90%CrI)

Detectable ctDNA

(Physician's Choice)

22.2 (19.2-26.1)

Detectable ctDNA

(Investigational Arms)

25.8 (22.7-29.7)

Undetectable ctDNA 45.6 (38.6-55.1)

EudraCT 2018-002350-78 | NCT03903835

Circulating tumour burden vs lethality 

De Laere et al., Nature Medicine, 2024; Crippa and De Laere et al., Eur Urol Onc, 2025; Halabi et al, ASCO 2024
 



Circulating tumour burden characteristics

Circulating tumour burden and lethal prostate cancer

• Circulating tumour burden can be quantified by means of CTC enumeration or estimation of the 

circulating tumour DNA fraction post cfDNA sequencing 

• CTC and ctDNA are strong prognostic variables

• ctDNA undetectability is associated with superior prognosis 

• An inverse linear relationship exists between ctDNA fraction and survival time

• Combining ctDNA information with clinical characteristics improves prognostic models 

Lethal 
Prostate 
Cancer



Conclusion | Can we identify lethal prostate cancer?

Warnet et al, Nat Can, 2024; Lipkova et al., Cancer Cell, 2022
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