
Biomarker-Based Treatment 
in Prostate Cancer

Mehmet Asim Bilen, MD 
mbilen@emory.edu

Winship Cancer Institute of Emory University
DDHO, July 20th 2023



Conflict of Interest

> Advisory board: Exelixis, Bayer, BMS, Eisai, Pfizer, AstraZeneca, 
Janssen, Calithera Biosciences, Genomic Health, Nektar, EMD 
Serono, SeaGen,  and Sanofi  

> Research: Xencor, Bayer, Bristol-Myers Squibb, Genentech/Roche, 
SeaGen, Incyte, Nektar, AstraZeneca, Tricon Pharmaceuticals, 
Genome & Company, AAA, Peloton Therapeutics, and Pfizer 



Outline

> General overview 

> Role of genetic testing on patient management and therapy choice
− Which testing? And what to order?

> Recent data for PARP combinations

> Lu-PSMA

> MSI-high, other targets 

> Future direction
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Therapeutic Options For Advanced Prostate Cancer 2023



Case 1: NGS – Biomarker Positive

> 65 y/o male patient

> Good health with no major issues

> Diagnosed with prostate cancer, Gleason 4 + 5 = 9

> PSA >1300

> Staging work-up showed >20 bone metastases

> Initially treated with ADT plus abiraterone in castration-sensitive setting 

> Recently became castration resistant



Case 1 (cont.): NGS – Biomarker Positive

> Obtained both germline and tissue-based somatic testing
 
> Patient is positive for somatic BRCA2

> Started olaparib 300mb BID 





Germline vs Somatic Testing?

https://ib.bioninja.com.au/standard-level/topic-3-genetics/33-meiosis/somatic-vs-germline-mutatio.html



Approaches to Genetic Testing

Cheng H, et al. Am Soc Clin Oncol Educ Book. 2018;38:372-381; Haber DA, Velculescu VE. Cancer Discov. 2014;4:650-661; Raymond VM, 
et al. J Natl Cancer Inst. 2015;108(4):djv351; Catenacci DV, et al. Int J Cancer. 2015;136:1559-1567; Frey MK, Pothuri B. Gynecol Oncol 
Res Pract. 2017;4:4.



Testing Approaches: Strengths and Weaknesses

Capoluongo E, et al. Oncotarget. 2018;9:19463-19468; Cheng H, et al. Am Soc Clin Oncol Educ Book. 2018;38:372-381; Ossandon MR, 
et al. J Natl Cancer Inst. 2018;110:929-934; Kammesheidt A, et al. Int J Mol Epidemiol Genet. 2018;9(1):1-12.



What I do?

> Definitely send both germline and somatic testing

> If newer tissue, use tissue-based testing

> If no recent tissue, or cannot do a biopsy (bone-only patients), or are 
not willing to do it, use liquid testing 



DNA Repair Gene Alterations Are Common in Metastatic 
Prostate Cancer

> 23% of metastatic castration-resistant 
prostate cancers have DNA repair 
alterations1

> Frequency of DNA repair alterations 
increases with disease progression

> 11.8% of 692 men with metastatic 
prostate cancer had germline DNA 
repair defects2

> Not all men with germline mutations 
had a family history of cancer

1. Robinson et al. Cell. 2015;161:1215; 2. Pritchard. N Engl J Med. 2016;375:443.
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PARPi FDA Approvals for Prostate Cancer

https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-accelerated-approval-rucaparib-brca-mutated-metastatic-castration-resistant-prostate
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-olaparib-hrr-gene-mutated-metastatic-castration-resistant-prostate-cancerhttps://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-accelerated-approval-rucaparib-brca-mutated-metastatic-castration-resistant-prostate

https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-olaparib-hrr-gene-mutated-metastatic-castration-resistant-prostate-cancer



Rationale for Combining PARP Inhibitors and NHAs1

Interaction between PARP signaling and AR signaling pathways may explain the combined 
effect of agents observed in preclinical models

NHA-induced HRR deficiency increasing 
susceptibility to PARP inhibition3,4

Combined effect

PARP inhibitor + NHA2–4

PARP involved in androgen receptor-
dependent transcription; PARP inhibition 

may increase activity of NHAs2

Antitumor activity in HRRm and 
non-HRRm prostate cancer2–4

AR, androgen receptor; HRR, homologous recombination repair; HRRm, homologous recombination repair gene mutation; NHA, novel hormonal agent; PARP, poly (ADP-
ribose) polymerase.
Adapted from 1. Mateo J, et al. N Engl J Med. 2015;373:1697-1708; 2. Schiewer MJ, et al. Cancer Discov. 2012;2:1134-1149; 3. Polkinghorn WR, et al. Cancer Discov. 
2013;3:1245-1153; 4. Asim M, et al. Nat Commun. 2017;8:374. 



PARP Combinations: GU-ASCO 2022

PROPEL trial

MAGNITUDE trial

Saad et al, Genitourinary Cancer symposium, 2022
Chi et al, Genitourinary Cancer symposium, 2022
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TALAPRO-2 HRR-Deficient Primary Endpoint: rPFS by BICR

Stratified hazard ratios (HRs) and 2-sided P values are reported throughout this presentation unless otherwise stated.

Treatment with talazoparib plus enzalutamide resulted in a 55% reduced risk of progression or death
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Median follow-up for rPFS was 
17.5 and 16.8 months, respectively

A consistent treatment effect was seen for investigator-assessed rPFS: HR 0.48 (95% CI, 0.33–0.67); P < 0.0001
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TALAPRO-2 HRR-Deficient: Overall Survival (Interim Analysis)
Overall survival data are immature (24% maturity overall)
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Conclusions/Take Home Points

> Based on TALAPRO-2:

> Talazoparib plus enzalutamide resulted in a statistically significant 
improvement in rPFS for patients with HRR gene alterations.

> OS data are immature, there was a favorable trend toward improved survival 

> 3 large phase 3 trials reported regarding PARP+NHA combinations:

> Positive rPFS in overall population (PROPEL and TALAPRO-2)

> Benefit is higher in HRR+ patients 

> mHSPC treatment changed which was not reflected in this trial

> Progression after ADT+NHA for mHSPC, singe agent parp or combination? 









Radiopharmaceuticals: Lu-177 PSMA













Hofman et al. Lancet 2021

TheraP trial: Lu-177 PSMA vs cabazitaxel 



Hofman et al. Lancet 2021

TheraP trial: Lu-177 PSMA vs cabazitaxel 





Hofman et al. Lancet 2021

TheraP trial: Lu-177 PSMA vs cabazitaxel 







Radiopharmaceuticals: Lu-177 PSMA

> Lu-PSMA is FDA approved as of March 2022 for patients with PSMA-positive 
mCRPC who received NHA and taxane-based chemo

> Few eligibility criteria:
− Ga-68 PSMA scan (initially, later plan to expend PyL PSMA PET scan)
− Any systemic anti-cancer therapy within 28 days 
− Radionuclide therapy (Strontium-89, Samarium-153, Rhenium-186, Rhenium-188, 

Radium-223, hemi-body irradiation) within 6 months
− Unmanageable urinary tract obstruction or hydronephrosis 
− Progressive deterioration of organ function (GFR < 30 mL/min or creatinine > 2-fold 

upper limit of normal (ULN); liver enzymes > 5-fold ULN)
− Myelosuppression: (a) Total white cell count less than 2.5 × 109 /L (b) Platelet count less 

than 75 × 109 /L

> This opens a new era with different combinations, such as IO, and also coming 
to the front line



Future clinical trials

Jang et al, Ther Adv Med Oncol . 2023 
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Primary 
Endpoints: 

DLTs & 
RP2D

Secondary 
Endpoints: 

Safety, 
rPFS, 

PSA-RR, 
PSA-PFS, 
ORR & OS

EOT 
visit 

Follow 
up for
PFS, 
OS

177Lu-PSMA-617 - 7.4 GBq 6 weekly
6 cycles given in conjunction with olaparib

Dose level 1: 50mg olaparib BD 
Day 2-15 (n=3)

Dose level 2: 100mg olaparib BD
Day 2-15 (n=3)

Dose level 3: 150mg olaparib BD
Day 2-15 (n=3)

Dose level 4: 200mg olaparib BD
Day 2-15 (n=3)

Dose level 5: 250mg olaparib BD
Day 2-15 (n=4)

Dose level 6: 300mg olaparib BD
Day 2-15 (n=3)

Dose level 7: 200mg olaparib BD
Day -4-14 (n=4)

Dose Expansion:
RP2D olaparib BD 

(n=16)

Dose level 8: 300mg olaparib BD
Day -4-14 (n=3)

Metastatic CRPC* (N=48)
• Post enzalutamide, abiraterone 

or apalutamide
• Prior docetaxel
• Normal organ function
• ECOG 0-1
• 68Ga-PSMA-11 + FDG PET/CT 

criteria:  
 PSMA SUVmax > 15 at any site 
 SUVmax > 10 at other sites
 No FDG disconcordance

*no genomic biomarker 
preselection

Dose level 9: 300mg olaparib BD
Day -4-18 (n=6)

LuPARP: Phase 1 Trial Schema

Shahneen Sandhu
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LuPARP results: Treatment Related AEs >5%
41

Shahneen Sandhu

No DLTs were reported across the dose levels
One treatment related SAE – febrile neutropenia
No grade 4 AEs

*includes one grade 3 febrile neutropenia reported in dose level 5

N=3
Dose level 1

N=3
Dose level 2 

N=3
Dose level 3

N=3
Dose level 4

N=4
Dose level 5

N=3
Dose level 6

N=4
Dose level 7

N=3
Dose level 8

N=6
Dose level 9

Total (n=32)

177Lu-PSMA 177Lu-PSMA 177Lu-PSMA 177Lu-PSMA 177Lu-PSMA 177Lu-PSMA 177Lu-PSMA 177Lu-PSMA 177Lu-PSMA
& & & & & & & & &

50mg olaparib BD 100mg olaparib BD 150 olaparib BD 200mg olaparib BD 250mg olaparib BD 300 olaparib BD 200mg olaparib BD 300mg olaparib BD 300mg olaparib BD
Day 2-15 Day 2-15 Day 2-15 Day 2-15 Day 2-15 Day 2-15 Day -4-14 Day -4-14 Day -4-18

Adverse Event (AE)
Grade (G) G1 G2 G3 G1 G2 G3 G1 G2 G3 G1 G2 G3 G1 G2 G3 G1 G2 G3 G1 G2 G3 G1 G2 G3 G1 G2 G3 G1 G2 G3
Anemia 1 - - 2 1 - - - - - - - 1 1 1 - - 1 1 - - - - - - 1 - 5 3 2
Neutropenia - - - 1 - - - - - - - - - - 1* - - 1 - - - - - - - - - 1 - 2
Thrombocytopenia - 1 - 1 - - 1 - - 1 - - 1 - 1 - 1 - - - - - - - 1 - - 5 2 1
Nausea 1 2 - 3 - - 1 1 - 2 - - 1 1 - 1 1 - 2 1 - - - - 2 - - 13 6 -
Dry Mouth 3 - - 3 - - 3 - - 2 - - 3 1 - 2 1 - 1 1 - 2 - - 3 - - 22 3 -
Constipation - - - - - - - 1 - 2 - - - - - 1 - - 1 1 - 1 - - 2 - - 7 2 -
Vomiting - - - - - - - - - - - - - - - 1 - - - 1 - 1 - - 1 - - 3 1 -
Gastroesophageal Reflux - - - - - - - - - - - - - - - 1 1 - - - - - - - 1 - - 2 1 -
Diarrhea - - - - - - - - - - - - 1 - - 1 - - 1 - - - - - - - - 3 - -
Weight Loss - - - - - - - - - - - - - 1 - 1 - - - - - - - - - - - 1 1 -
Anorexia 1 - - 2 - - 1 - - - - - - - - 1 - - - - - - - - 1 - - 6 - -
Dry Eye - - - - - - - - - - - - - - - - - - 1 - - - - - 1 - - 2 - -
Fatigue - - - 1 - - 1 - - 2 - - 1 - - 2 - - 1 - - 1 - - 6 - - 15 - -
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LuPARP results: PSA Response
42

Shahneen Sandhu

Dose level 1: 50mg Day 2-15 
Dose level 2: 100mg Day 2-15 
Dose level 3: 150mg Day 2-15 
Dose level 4: 200mg Day 2-15 
Dose level 5: 250mg Day 2-15 
Dose level 6: 300mg Day 2-15 
Dose level 7: 200mg Day -4-14 
Dose level 8: 300mg Day -4-14 
Dose level 9: 300mg Day -4-18 

PSA ≥ 50% response = 65% (21/32)
PSA ≥ 90% response = 47% (15/32)
ORR by RECIST 1.1 = 78% (7/9)

*Patients on dose levels 8 & 9 are early in treatment cycles

Dose level 1: 50mg Day 2-15
Dose level 2: 100mg Day 2-15
Dose level 3: 150mg Day 2-15
Dose level 4: 200mg Day 2-15
Dose level 5: 250mg Day 2-15
Dose level 6: 300mg Day 2-15
Dose level 7: 200mg Day -4-14
Dose level 8: 300mg Day -4-14
Dose level 9: 300mg Day -4-18
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Baseline (n=26)
23 (88%) with CTC detectable
17 (65%) with PSMA+ CTC detectable

Shahneen Sandhu
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4-color 
composite

3-color 
composite DAP

I
CK CD4

5
PSMA

PSMA+ Single CTC

PSMA- Single CTC

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

0
1
2
3
4
5

10

20

30

Patients

C
TC

 p
er

 1
m

L 
bl

oo
d

Total CTC PSMA+ CTCFDG PET scan PSMA PET scan

Single cell expression of PSMA across sites 





Future clinical trials

Jang et al, Ther Adv Med Oncol . 2023 



Pembrolizumab in MSI-high Prostate 
Cancer

MSI, microsatellite instability; PD, progressing disease; PD-1, programmed cell death protein 1; PD-L1, programmed death-ligand 1; PR, 
partial response; PSA, prostate-specific antigen; SD, stable disease
Abida W, et al. JAMA Oncol. 2019;5:471-8 46

P-0011155

0 4010 10030 50

P-0008682

P-0025952

P-0000755

P-0018147

P-0012928

P-0000964

P-0024650

Patient No.

P-0021355

P-0024660

P-0001071

20 90807060

SD

PD

Inevaluable (toxic effects)

PD

PR

PD

Inevaluable (bone-only metastases)

Inevaluable (clinical progression)

PR

PR

PR

-99.9

-81.3

-99.9

-40.8

+88.1

-18.3

-60.3

-99.9

+108.5

-99.5

-38.8

Time (week)

Best PSA response from
 baseline (%

)

Treatment duration
Death
Treatment ongoing
Anti-PD-L1
Anti-PD-1
Clinical trial
Combination
Monotherapy

> 32 (3.1%) of 1,033 of prostate 
cancer patients tested with 
germline + somatic DNA 
sequencing had 
MSI-high or mismatch-repair 
deficient status 

> 6 of 11 treated with PD-1/PD-L1 
antibody therapy had a PSA 
decline >50%

> 8 patients were evaluable for 
radiographic response 

> Duration of therapy ranged from 
4.6 to 89 weeks or longer



Other novel agents on pipeline

> CDK 4/6: Abemaciclib

> BITE: AMG 509 trial

> PSMA- ADC: ARX-517 trial

> TROP2-ADC: DS-1062a

> Novel immunotherapy combinations 
− For CRPC: Nivolumab + TLR, XL092 + Atezolizumab 

> CAR-T cell:



ARX517, an anti-PSMA ADC targeting mCRPC

AS269AS269

AS269 Drug-Linker



Conclusions

> Biomarker-based treatment selection is evolving in prostate cancer 

> DNA repair gene alterations are seen in metastatic prostate cancer
– Both germline and somatic testing are required

> PARP inhibitors have demonstrated efficacy in mCRPC
– Olaparib and rucaparib are now FDA approved
– Recently PARP+NHA combinations received FDA approval

> Lu-PSMA is available for patients with mCRPC

> Novel agents coming with different targets



Thank you….
Medical Oncology

Urologic Oncology

Radiation Oncology ImmunologyNuclear Med Epidemiology GTech
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