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Radiation treatment options for prostate cancer Nr. 4

Walsh et al (2018) Cancers 10:55 Keyes et al (2010) BCMJ 52:76

Kratochwil et al JNM (2016)

• EBRT
• LDR & HDR brachytherapy

• SBRT (oligometastases)
• PSMA-targeted Lu-177 radionuclide therapy
• Ra-223 therapy (bone mets)
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 Surgery

 Radiotherapy 

 Chemotherapy

Cancer treatment strategies: 

DSB 

DSB 

DSB repair and cancer treatment

DSB repair determines
therapy response
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Oxford Textbook of Oncology, 2016



Nr. 7Targeting DSB repair to enhance cancer treatment

Facts: 
• DSB repair is a potent barrier against carcinogenesis
• DSB repair is critical for cell reproduction

Hypotheses:
• DSB repair is frequently deregulated in cancer to  balance cell growth and the 

accumulation of genomic alterations 
• This deregulation could be exploited for tumor-specific targeting

Tasks: 
• Identify tumor-specific DSB repair alterations
• Establish tumor-specific targeting strategies to enhance radiotherapy efficacy



Nr. 8Prostate cancer: genomic and epigenetic changes

Radiosensitization

?
DNA damage response and repair; DSB

Prostate Cancer

e.g. PTEN, CHD1, RB

Deletions

e.g. TMPRSS2: ERG

Translocations 
/Fusion e.g. HPTM

Epigenetics



Nr. 9Prostate cancer genome: TMPRSS2:ERG fusion

TMPRSS2

ERG

TMPRSS2 ERG

ERG overexpression

~ 50% of PCa



Nr. 10ERG does not affect the response to RT in PCa patients

(n ~ 1000) 

ERG is not a predictor for RT response in PCa
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Nr. 11DSB repair in ERG positive PCa: in vitro analysis

ERG+ cells ???

More residual DSBs
after PARPi

Radiosensitized by
PARPi

ERG overexpression leads to repair switch to PARP1-EJ
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Nr. 12Ex vivo assay

T u m o r

b io p s y

3 0 0 µ m

s c lic e s

e x -v iv o

c u lt u r e

3 -7 µ m

s lic e s

P a t h o lo g y

IR



T r e a t m e n t

0
G

y
2

G
y 

/ 
1

h
2

G
y 

/ 
2

4
h

DAPIγH2AX

IF  a n a ly s is

Functional ex-vivo assay

In collaboration with Martini-Klinik

DSB repair

Surgeon
IHC/ Pathology

IHC/ Pathology

 

Conditions:
Oxygenation
Proliferation

PCa patients

S. Köcher

slices



Köcher et al, Int J Cancer, in press



Nr. 13Ex vivo analysis to confirm ERG-mediated PARP1-EJ switch

In cooperation with Martini-Klinik

Fresh tumor biopsies
(~100 samples from ~ 50 PC patients)
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ERG can be used to modulate RT response in PCa
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Nr. 15Prostate cancer Epi/genome

Radiosensitization

?
DNA damage response and repair; DSB

Mutations are even rarer, e.g. BRCA mutations <5%
Prostate Cancer

e.g. PTEN, CHD1

Deletions

e.g. TMPRSS2: ERG

Translocations 
/Fusion e.g. HPTM

Epigenetics



Burkhardt et al. Ca Res, 2013

Deletions affect survival of PCa patients
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CHD1 is required for DSB repair via homologous recombination
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Burkhardt et al. Ca Res, 2013

Deletions affect survival of PCa patients
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PTEN gives cells time to perform HR
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Synthetic lethality

 Targeting deletions in PCa

(HR-deficiency)

• CHD1 deletion

• PTEN deletion

Targeting PCa genome:

A and B

compensate each other

Gene A Gene BPARP1 BRCA1/2
CHD1
PTEN

?
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Targeting PCa genome: Proof of concept



Prostate Cancer

e.g. HPTM

Epigenetics

e.g. TMPRSS2: ERG

Translocations /Fusion

chromatin structurePARP1-EJ switch

Better treatment response

Summary

PARPi sensitive

- Monotherapy
- Combined with IR

Combined with IR

e.g. PTEN, CHD1

Deletions

HR deficiency

Sensitive to epigenetic 
modifiers 
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Nr. 28

Treatment options exploiting synthetic lethality/sensitivity in an 
(oligo)metastatic setting 

ERG+ BCL2+ CHD1- PTEN- BRCA1/2- RB-

PARPi
monotherapy

SBRT/RNT/CT

PARPi +
SBRT/RNT/CT



Nr. 29Work flow for research towards PCa therapy individualisation

Cancer 
patient

DDR and DSB repair analysis

DDR/repair 
defects

e.g. ATM-def SKX, 
CHD1/PTEN-deletion, 

ERG-overexp., 
EZH2/Tip5 overexp., 

….

Synthetic lethality/ 
sensitivity, targeting 
CHD1/PTEN-deletion, ERG-overexp., 

EZH2/Tip5 overexp., ….

In vitro
validation

i.e. cell lines

In vivo validation
xenograft

Ex vivo validation
Patients tissues

Clinical trials

WGS/WES, expression (WB, qPCR), recruitment 
(fractionation, IF), chromatin structure (WB, FACS, IF, 
FAIRE), interactions (CoIP, ChIP), repair efficiency (IF, 

plasmid assay), cell cycle (WB, FACs,..)  

slices
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