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Outline
• Current treatment landscape for mCRPC
• PARP inhibitors for HRR-deficient PCa
• PD-1 inhibitors for MMR-deficient PCa
• PSMA-targeted therapies (Lu-PSMA)
• B7-H3–targeted therapies
• Conclusions
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PARP inhibitors for HRR-deficient mCRPC



PARP inhibitors for HRR-mutated mCRPC

aBRCA1, BRCA2, ATM, BARD1, BRIP1, CDK12, CHEK1, CHEK2, FANCL, PALB2, RAD51B, RAD51C, RAD51D, RAD54L. 
bSelect patients for therapy based on two FDA-approved companion diagnostic tests: BRACAnalysis CDx and FoundationOne CDx.
1. https://www.fda.gov/drugs/drug-approvals-and-databases/fda-approves-olaparib-hrr-gene-mutated-metastatic-castration-resistant-prostate-cancer. 

OLAPARIB: In May 2020, based on data from the PROfound study, the 
FDA granted full approval olaparib for the treatment of patients with 

deleterious or suspected germline or somatic HRRa gene-mutated 
mCRPC, who have progressed following prior treatment with 

enzalutamide or abiraterone1,b

1. https://www.fda.gov/drugs/fda-grants-accelerated-approval-rucaparib-brca-mutated-metastatic-castration-resistant-prostate.  

RUCAPARIB: In May 2020, based on data from the TRITON2 study, the 
FDA granted accelerated approval to rucaparib for the treatment of 

patients with deleterious BRCA1/2 (germline and/or somatic)-
associated mCRPC, who have been treated with an androgen receptor-

directed therapy and a taxane-based chemotherapy.1



HRR Genes and Metastatic Prostate Cancer

• 23% of metastatic castration-resistant prostate 
cancers harbor DNA repair alterations

• The frequency of DNA repair alterations increases 
in metastatic disease vs. localized disease

1. Robinson D, et al. Cell. 2015;161:1215-28.   2. Pritchard CC, et al. N Engl J Med. 2016;375:443-53.

• 12% of men with metastatic prostate cancer 
have a germline DNA repair defect

Somatic Germline



PARP Inhibition: “Synthetic Lethality”

PARP is required for single-strand break repair (e.g. via BER)
MOA – inhibiting SSB/BER is synthetic lethal with HRD
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Olaparib: PROfound, Randomized Phase-3 Study

• Primary endpoint: rPFS in cohort A (RECIST 1.1 and PCWG3 by BICR)
• Key secondary endpoints: rPFS (cohorts A+B); confirmed radiographic ORR in cohort A; time to pain 

progression in cohort A; OS in cohort A

1. de Bono J et al. N Engl J Med. 2020;382:2091-2102.

Cohort A
BRCA1, BRCA2, 

or ATM
n = 245

Olaparib 300 mg BID
n = 162

Cohort B
Other alterations

n = 142

Olaparib 300 mg BID
n = 94

R

2:1

Open-label

Physician’s choice
n = 83

Physician’s choice
n = 48

Upon BICR 
progression, 
physician’s choice 
patients were 
allowed to cross 
over to olaparib

Key Eligibility Criteria
• mCRPC with disease 

progression on prior 
NHA (eg, abiraterone 
or enzalutamide)

• Alterations in ≥1 of 
any qualifying gene 
with a direct or indirect 
role in HRR

Stratification Factors
• Previous taxane
• Measureable disease



PROfound: rPFS and OS in whole population (A+B)

1. de Bono J et al. N Engl J Med. 2020;382:2091-2102. 2. Hussain M et al. N Engl J Med. 2020. 

Olaparib Physician’s Choice
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PROfound: Gene-by-gene, rPFS and OS analyses

1. de Bono J et al. N Engl J Med. 2020;382:2091-2102. 2. Hussain M et al. N Engl J Med. 2020. 
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Rucaparib: TRITON2 and TRITON3 studies

1. Abida W et al. Annals Onc. 2018:29(Suppl 8):viii271-viii302.

HRR-deficiency is defined by a deleterious alteration in BRCA1, BRCA2, ATM, or 12 other HRR genes 
(BARD1, BRIP1, CDK12, CHEK2, FANCA, NBN, PALB2, RAD51, RAD51B, RAD51C, RAD51D, RAD54L)

mCRPC

Progression

Progression

Next-
generation, 

AR-signaling 
directed 
therapy

TRITON3

Taxane-based 
chemotherapy

Progression TRITON2



TRITON2: Study design

1. Abida W et al. Annals Onc. 2018:29(Suppl 8):viii271-viii302.

• Primary endpoints: Confirmed ORR per modified RECIST/PCWG3 by central assessment (patients with measurable 
disease at baseline), confirmed PSA response (≥50% decrease) rate (patients with no measurable disease at baseline)

Rucaparib 
600 mg BID 

• mCRPC
• Deleterious somatic or germline 

alteration in HRR gene
• Progression on AR-directed therapy 

(eg, abiraterone, enzalutamide, or 
apalutamide) and 1 prior taxane-
based chemotherapy for CRPC

• ECOG PS 0 or 1
• No prior PARP inhibitor, mitoxantrone, 

cyclophosphamide, or platinum-based 
chemotherapy

Screening Key Eligibility Criteria Treatment
(28-d Cycles)

• Tumor assessments Q8W
for 24 wk, then Q12W

• PSA assessments Q4W

Treatment until radiographic 
progression or discontinuation 

for other reason

Identification of a deleterious 
somatic or germline alteration

in HRR genea

HRR Genes
BRCA1, BARD1, FANCA, 
RAD51B, BRCA2, BRIP1, 

NBN, RAD51C, ATM, CDK12, 
PALB2, RAD51D, CHEK2, 

RAD51, RAD54L



TRITON2: Objective response rate (ORR)

1. Abida W et al. ESMO 2019. Abstract 846PD. 2. Abida W et al. Clin Cancer Res. 2020 Feb 21 

DDR Gene
BRCA 1/2 
(n = 57)

ATM 
(n = 21)

CDK12
(n = 9)

CHEK2
(n = 5)

Other
(n = 13)

ORR, n (%) [95% CI] 25 (43.9) [30.7-57.6] 2 (9.5) [1.2-30.4] 0 [0.0-33.6] 0 [0.0-52.2] 5 (38.5) [13.9-68.4]
CR, n (%) 3 (5.3) 0 0 0 1 (7.7)
PR, n (%) 22 (38.6) 2 (9.5) 0 0 4 (30.8)

SD, n (%) 26 (45.6) 10 (47.6) 5 (55.6) 3 (60.0) 6 (46.2)
PD, n (%) 5 (8.8) 8 (38.1) 3 (33.3) 2 (40.0) 1 (7.7)
N/E, n (%) 1 (1.8) 1 (4.8) 1 (11.1) 0 1 (7.7)
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TRITON3: Study design

Rucaparib 
600 mg BID 

Physician’s choice 
(abiraterone, 

enzalutamide, or 
docetaxel) 

R
2:1

Key Eligibility Criteria
• mCRPC 
• Deleterious germline or somatic 

BRCA1, BRCA2, or ATM
mutation 

• Progression on AR-directed 
therapy in the mCRPC setting

• No prior PARPi treatment or 
chemotherapy for mCRPC

• Primary endpoint: radiographic PFS

1. https://clinicaltrials.gov/ct2/show/NCT02975934.



Ongoing Studies of PARPi-Based Combinations

NCT03732820: Phase 3 Study of Olaparib + Abiraterone vs Abiraterone in mCRPC 
(PROpel)

NCT03748641: Phase 3 Study of Niraparib + Abiraterone vs Abiraterone in mCRPC 
(MAGNITUDE)

NCT03395197: Phase 3 Study of Talazoparib + Enzalutamide vs Enzalutamide in mCRPC 
(TALAPRO-2)

NCT04497844: Phase 3 Study of Abiraterone ± Niraparib in HRR mHSPC
(AMPLITUDE)

NCT04455750: Phase 3 Study of Enzalutamide ± Rucaparib in mCRPC 
(CASPAR)



PROpel: Phase III Trial of Abiraterone +/– Olaparib 



PROpel: Radiographic progression-free survival 



Magnitude: Phase III Trial of Abi +/– Niraparib



Magnitude: Radiographic progression-free survival



CASPAR: Phase III of Enza +/– Rucaparib Arpit
Rao, 
MD



PARP Inhibitors: Conclusions

• Olaparib and Rucaparib are both FDA-approved for mCRPC

• Niraparib and Talazoparib are in development

• No PARPi-based combinations are yet FDA-approved in PCa

• PARP inhibitors:
Work best for BRCA2, BRCA1 and PALB2
More limited activity in ATM, CDK12, CHEK2
 Need more data for FANCA/L, BRIP1, BARD1, NBN, RAD51/54



PD-1 inhibitors for MMR-deficient mCRPC



Immunotherapy for mCRPC: Anti-PD1(KeyNote-199)

Antonarakis ES, et al. J Clin Oncol 2020; 38: 395-405.

ORR: 5% PSA50 Response: 7%



Immunotherapy: Anti-PD1 + CTLA4 (CheckMate 650)

Sharma P, et al. Cancer Cell 2020; 38: 489-499.

ORR: 18% PSA50 Response: 14%



• Pembrolizumab for Microsatellite Instability-High (MSI-H) Cancer

• “Treatment of adult and pediatric patients with unresectable or 
metastatic microsatellite instability-high (MSI-H) or mismatch 
repair (MMR)-deficient:
o Solid tumors that have progressed following prior treatment and who have no 

satisfactory alternative treatment options, or
o Colorectal cancer that has progressed following treatment with a fluoropyrimidine, 

oxaliplatin, and irinotecan”

• Dosage and administration (MSI-H cancers): 200 mg IV every 3 weeks

FDA Package Insert, 5/23/2017

Pembrolizumab for MSI-high (dMMR) cancers



MMR-deficiency across 12 thousand cancers

~2.5%

Le DT, et al. Science 2017; 357: 409-413.



dMMR correlates with high Gleason grade

Guedes LB, Antonarakis ES, et al. Clin Cancer Res 2017; 23: 6863.

• 1.2% (14/1176) of primary 
PCa had MSH2 protein loss

• Pathology and MSH2 loss:
– Primary Gleason pattern 5 

enriched for MSH2 loss:        
8% (7/91) vs. <1% (5/1042), 
P<0.0001



MSI-hi (dMMR) prostate cancers and anti-PD1

Abida W, et al. JAMA Oncol 2019; 5: 471-478.



Frameshift mutations and dMMR mCRPC
TMB Frameshifts

Sena LA, et al. TheOncologist 2021; 26: 270-278.



CDK12 mutations and mCRPC

Antonarakis ES. N Engl J Med  2019.



CDK12 mutations across cancer types

Sokol ES, et al. TheOncologist 2019; 24: 1526-33.



CDK12 and anti-PD1 sensitivity in mCRPC

Antonarakis ES, et al. JCO Precision Oncology 2020; doi: 10.1200/PO.19.00399.



TMB ≥10 mut/Mb – Flatiron/FM database

Graf RP, et al. JAMA Network 
Open 2022; 5: e225394.



Genomic markers of ICI response in mCRPC
• dMMR / MSI-high
• TMB-high (≥10 mut/Mb)
• CDK12 mutations
• Frameshift (fs*) mutations?
• Certain TP53 mutations?
• POLE, POLD1 mutations (ultra-mutated)?
• Deletion of PD-L1 3’-UTR?
• PD-L1 protein expression? NO



PSMA–Targeted Therapies 



PSMA: Target for imaging and therapy

Evans JC, et al. Br J Pharmacol 2016; 173: 3041-79.



177Lu-PSMA-617 Radioligand therapy

Morris MJ, et al. J Clin Oncol 39; 2021 (ASCO abstract LBA4).



VISION trial for patients with PSMA+ mCRPC

Morris MJ, et al. J Clin Oncol 39; 2021 (ASCO abstract LBA4).      Sartor O, et al. NEJM 2021.



VISION trial for patients with PSMA+ mCRPC

Morris MJ, et al. J Clin Oncol 39; 2021 (ASCO abstract LBA4).      Sartor O, et al. NEJM 2021.

68Ga-PSMA-11 PET/CT: ~87% of patients scanned met the VISION imaging criteria for PSMA-positive mCRPC



VISION trial: rPFS and OS

Morris MJ, et al. J Clin Oncol 39; 2021 (ASCO abstract LBA4) .      Sartor O, et al. NEJM 2021.



VISION trial: rPFS forest plot

Morris MJ, et al. J Clin Oncol 39; 2021 (ASCO abstract LBA4) .      Sartor O, et al. NEJM 2021.



VISION trial:  Adverse Events

Sartor O, et al. NEJM 2021.



177Lutetium–PSMA–617:  FDA Approved!



177Lu–PSMA–I&T:  The ECLIPSE trial
Primary endpoint

 rPFS

Key secondary endpoints

 OS
 Overall PFS
 PFS-2 (second PFS)
 PSA response rate
 Time to first SSE
 QOL (EORTC QLQ-C30)

Patient population

 mCRPC with progression per 
PCWG3 guidelines

 Only one prior ARAT
(abiraterone, enzalutamide, 
darolutamide, apalutamide)

 No prior chemo treatment
 No prior radioligands
 ECOG PS 0–2
 Positive PSMA-PET scan

177Lu-PSMA-I&T  200 mCi
every 6 weeks x 4

(n=266)

Alternative ARAT
(n=133)

R
2:1

Key correlative endpoint

 Dosimetry
 PKs (pharmacokinetics)Estimated primary completion:

Jan 2024



PSMA–Targeted BiTEs (AMG160) 



Amgen BiTE® (Bispecific T-cell Engager)

Tran, Ben et al. ESMO 2021, Sept 19-21.

• BiTE molecules engage a patient’s own T cells to attack and eradicate cancer cells1

• T-cell activation induces transient cytokine release and tumor killing1

• Blinatumomab (BLINCYTO®, Amgen Inc.) is the first and only bispecific immunotherapy approved in 
oncology worldwide1

• AMG 160 is a half-life extended PSMA x CD3 BiTE immunotherapy for mCRPC

Fc fragment

anti-CD3

anti-PSMA

AMG 160 T cell

Tumor
cell

Contact with
cancer cell leads to
T-cell activation2

T-cell 
activation

Redirected
lysis

Activation signals promote
T-cell proliferation3

Through serial lysis, 
individual T cells can induce 
apoptosis of multiple cancer 
cells4



Amgen BiTE® (Bispecific T-cell Engager)

Tran, Ben et al. ESMO 2021, Sept 19-21.

• Histologically or cytologically confirmed mCRPC 
refractory to novel hormonal therapy and
― Have failed 1–2 taxane regimens; or
― Patient deemed unsuitable for or has refused 

taxanes
• Evidence of progressive disease per PCWG3

Inclusion Criteria

• Active autoimmune disease or requiring 
immunosuppressive therapy

• Prior PSMA–targeted therapy (patients treated with 
PSMA radionuclide therapy may be eligible)

• CNS metastases, leptomeningeal disease, or spinal cord 
compression

Exclusion Criteria

Baseline Demographics
All

(N = 43)
Median (range) age, y 66.0 (49–78)
Race, n (%)

Asian 2 (4.7)
Black 2 (4.7)
White 34 (79.1)
Other 5 (11.6)

Prior lines of therapy, n (%)
1 2 (4.7)
2 4 (9.3)
3 9 (20.9)
≥ 4 26 (60.5)
Median (range) 4 (1–9)

Median (range) PSA at baseline, µg/L 79.2 (0.1–4035.0)
RECIST-measurable disease, n (%) 15 (34.9%)



Amgen BiTE® (Bispecific T-cell Engager)

Tran, Ben et al. ESMO 2021, Sept 19-21.

                
 

• PSA reductions > 50% occurred in 12/35 (34.3%) evaluable patients
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Amgen BiTE® (Bispecific T-cell Engager)

Tran, Ben et al. ESMO 2021, Sept 19-21.

Cytokine Release Syndrome
• CRS was reversible, manageable, most severe in cycle 1 and associated with fever, hypotension, transient 

transaminitis, nausea/vomiting and/or diarrhea  (Lee 2014 grading)
• No grade 4/5 CRS events or treatment discontinuations
• 26 (60.5%) patients had grade 2 CRS as worst grade (hypotension: 15 [34.9%]; transaminitis: 13 [30.2%])*
• 11 (25.6%) patients had grade 3 CRS as worst grade (hypotension: 6 [14.0%]; transaminitis: 10 [23.3%])*

• Transaminitis events were short-term AST/ALT elevations not associated with long-term hepatic dysfunction
• 4 (9.3%) patients experienced reversible atrial fibrillation in setting of CRS/tachycardia

CRS Grading (Lee 2014)

Grade 1 Grade 2 Grade 3 Grade 4†

Fever, nausea, fatigue, etc, 
requiring symptomatic 
treatment only

Grade 1 CRS symptoms and
• O2 requirement < 40%
• Intravenous fluids or 

low-dose vasopressor 
for hypotension

• Grade 3 transaminitis

Grade 1 CRS symptoms and
• O2 requirement ≥ 40%
• High-dose or multiple 

vasopressors for 
hypotension

• Grade 4 transaminitis

Grade 1 CRS symptoms and
• Requirement for ventilator 
• Grade 4 organ toxicity 

(excluding transaminitis)



B7-H3–Targeted Therapies 



B7-H3: Member of B7 family of immune checkpoints

Pardoll D, et al. Nature 2012.

Expressed by 90% 
of prostate cancers 
(higher expression 
in mCRPC than in 
localized PCa).



B7-H3, compared to other checkpoints, in PCa

Benzon B, et al. Prostate Cancer Prostatic Diseases 2017.

RNA expression distributions of B7-H3, B7-
H4, PD-L1 and PD-L2 in a prospective radical
prostatectomy (RP) cohort (n=2111).

Kaplan–Meier curves for biochemical recurrence (BCR)
and clinical metastasis (METS) with low and high B7-H3
RNA expression.



MGC 018 is a B7-H3–directed ADC

Jang S, et al. J Clin Oncol 39; 2021 (ASCO abstract 2631).



MGC 018 clinical trial: Phase 1b

Jang S, et al. J Clin Oncol 39; 2021 (ASCO abstract 2631).



MGC 018 clinical trial: Phase 1b

Jang S, et al. J Clin Oncol 39; 2021 (ASCO abstract 2631).



MGC 018 clinical trial: Phase 2 expansion

Shenderov E, et al. ESMO 2021 (abstract #620P).



MGC 018 clinical trial: Phase 2 expansion

Shenderov E, et al. ESMO 2021 (abstract #620P).



B7-H3–targeted TriKE Nick
Zorko, 
MD 
PhD

• Clinical-grade batch of B7-H3 TriKE (GTB-5550) 

currently in production. 

• Goal for FDA-IND application in Q1/2 of 2023.  

• First-in-human Phase 1/2 clinical trial for B7-H3+ 

cancers with prostate-specific arm in Q3/4 2023.  



Conclusions
• Germline and somatic DNA-repair mutations are common in 

mCRPC patients

• HRR mutations sensitize to PARP inhibitors, and perhaps 
Platinums and Radium-223

• MMR mutations, TMB >10 muts/Mb (and perhaps CDK12
mutations) sensitize to PD-1 inhibitors 

• PSMA is a target for imaging (PET) and therapy (177Lu-PSMA)

• Novel BiTEs, targeting PSMA, are in development

• B7-H3 may be a relevant therapeutic target in PCa



THANK YOU !Thank You !
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