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Networked iPads are available.

For assistance, please raise your hand. Devices will be collected at the conclusion of the activity.

Review Program Slides: Tap the Program Slides button to review speaker 
presentations and other program content.

Answer Survey Questions: Complete the premeeting survey before the meeting. 
Survey results will be presented and discussed throughout the meeting.

Ask a Question: Tap Ask a Question to submit a challenging case or question for 
discussion. We will aim to address as many questions as possible during the 
program.

Complete Your Evaluation: Tap the CME Evaluation button to complete your 
evaluation electronically to receive credit for your participation. 

Clinicians in the Meeting Room



Review Program Slides: A link to the program slides will be posted in the chat 
room at the start of the program.

Answer Survey Questions: Complete the premeeting survey before the meeting. 
Survey results will be presented and discussed throughout the meeting.

Ask a Question: Submit a challenging case or question for discussion using the 
Zoom chat room.

Get CME Credit: A CME credit link will be provided in the chat room at the 
conclusion of the program.

Clinicians Attending via Zoom



About the Enduring Program

• The live meeting is being video 
and audio recorded.

• The proceedings from today will 
be edited and developed into 
an enduring web-based 
video/PowerPoint program. 
An email will be sent to all attendees when the activity is 
available. 

• To learn more about our education programs, visit our website, 
www.ResearchToPractice.com
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Module 1 – Optimal Use of Hormonal Therapy in Nonmetastatic Prostate 
Cancer (PC) and Metastatic Hormone-Sensitive Disease — Dr Saad

Module 2 – Selection and Sequencing of Therapy for Patients with Metastatic 
CRPC (mCRPC) — Dr Sartor

Module 3 – Integration of PARP Inhibitors into the Current Management of 
mCRPC — Dr Beltran

Module 4 – Available Data with, Ongoing Investigation of and Potential Future 
Role of PARP Inhibitor-Based Combinations — Dr Bryce

Module 5 – Novel Investigational Strategies for Patients with PC — Dr Agarwal
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MODULE 1: Optimal Use of Hormonal Therapy in 
Nonmetastatic Prostate Cancer (PC) and Metastatic 

Hormone-Sensitive Disease — Dr Saad
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The prostate cancer landscape
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1. Tannock IF et al. N Engl J Med 2004; 351:1502–12. 2. Ryan CJ et al. Lancet Oncol 2015;16:152–60. 3. Rathkopf DE et al. Eur Urol 2014;66:815–25. 4. Beer TM et al. Eur Urol 2017;71:151–4. 
5. Armstrong AJ et al. Cancer 2017;123:2303–11. 6. de Bono JS et al. Lancet 2010;376:1147–54. 7. Hoskin P et al. Lancet Oncol 2014;15:1397-406.



What’s new in ADT: Oral antagonist 

Shore N, Saad F et al. NEJM 2020 Jun 4;382(23):2187-2196



The prostate cancer landscape
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Median survival improvement of 2.5-4.5 months 

Abiraterone
Enzalutamide
Radium-223

Cabazitaxel
Docetaxel

1. Tannock IF et al. N Engl J Med 2004; 351:1502–12. 2. Ryan CJ et al. Lancet Oncol 2015;16:152–60. 3. Rathkopf DE et al. Eur Urol 2014;66:815–25. 4. Beer TM et al. Eur Urol 2017;71:151–4. 
5. Armstrong AJ et al. Cancer 2017;123:2303–11. 6. de Bono JS et al. Lancet 2010;376:1147–54. 7. Hoskin P et al. Lancet Oncol 2014;15:1397-406.
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Non-Metastatic CRPC: On conventional imaging 
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Primary Endpoint: Metastases Free Survival

1. Smith MR, et al. N Engl J Med. 2018;378:1408-18. 2. Hussain M, et al. N Engl J Med. 2018;378:2465-74. 3. Fizazi K, et al. N Engl J Med. 2019;doi: 10.1056/NEJMoa1815761.

In nmCRPC patients with PSADT ≤ 10 months

• 72% reduction of metastases or death
• 40.5 m vs PBO 16.2 m
• 24-month additional MFS

• 71% reduction of metastases or death
• 36.6 m vs 14.7 m
• 22-month additional MFS

• 59% reduction of metastases or death
• 40.4 m vs 18.4 m
• 22-month additional MFS

PROSPER
(Enzalutamide)

ENZA, 36.6 mo (median)

PBO, 14.7 mo
(median)

HR (95% CI): 0.29 (0.24–0.35)
p < 0.0001

ARAMIS
(Darolutamide) 

SPARTAN
(Apalutamide)

HR (95% CI): 0.28 (0.23–0.35)
p < 0.0001



Time to PSA progression (resistance)

1. Smith MR, et al. N Engl J Med. 2018;378:1408-18. 2. Hussain M, et al. N Engl J Med. 2018;378:2465-74. 3. Fizazi K, et al. N Engl J Med. 2019 Feb 14 [Epub ahead of print].

SPARTAN1

(APA)
PROSPER2

(ENZA)
ARAMIS3

(DARO) 

• 94% risk reduction in PSA progression
• TTPP: PBO 3.9 vs APA NR months

• 93% risk reduction in PSA progression
• TTPP: PBO 3.9 vs ENZA 37.2 months

• 87% risk reduction in PSA progression
• TTPP: PBO 7.3 vs DARO 33.2 months

Resistance to therapy much longer than in mCRPC

HR (95% CI): 0.06 (0.05–0.08)
p < 0.0001

APA, NR
PBO, 3.7 months

HR (95% CI): 0.07 (0.05–0.08)
p < 0.0001
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HR (95% CI): 0.13 (0.11–0.16)
p < 0.0001

DARO, 33.2 months

PBO, 7.3 months



Final Overall Survival  

1. Smith M, Saad F, Chowdhury S et al. Eur Urol. 2021 Jan;79(1):150-158. 2. Sternberg CN, Fizazi K, Saad F, et al. N Engl J Med 3. Fizazi K et al., N Engl J Med; 2020, 383:1040-1049
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PBO, 59.9 months
(median) 

APA, 73.9 months
(median)

No. of patients at risk
APA
PBO

HR for death 0.78, 95% CI 0.64–0.96;
p = 0.0161

APA–ITT
PBO–ITT

SPARTAN1 PROSPER2 ARAMIS3

• OS events: 
• APA 274 (34%) and PBO 154 (38%) 

• OS events: 
• ENZA 288 (31%) and PBO 178 (38%)

• OS events: 
• DARO 148 (15%) and PBO 106 (19%).

14.0 
months 

ENZA
(n = 933)

PBO
(n = 468)

Median, months 67.0 56.3

(95% CI) (64.0–NR) (54.4–63.0)

HR (95% CI) 0.73 (0.61–0.89)

p value 0.001
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Saad F, et al. Lancet Oncol 2018;19:1404-1416; 
Tombal B, et al. Lancet Oncol 2019;20:556-559;
Fizazi K, et al. N Engl J Med 2019;380:1235-1246. [Epub ahead of print](Supplement Appendix)

APA + ADT 787 769 750 732 707 689 657 631 598 486 373 274 179

PBO + ADT 390 382 376 358 339 289 276 255 208 181 99 62 44

No. of patients in each cycle

Placebo + ADT
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The prostate cancer landscape
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Almost all will progress to mCRPC and die of prostate cancer



STAMPEDE control arm (ADT)
FFS and OS

• 917 men with newly 
diagnosed metastatic PCa
treated with ADT only 
(control arm)

James ND et al. Eur Urol. 2015;67:1028-38.

Can we do better?



CHAARTED: Docetaxel in mHSPC

Kyriakopoulos CE, et al. J Clin Oncol 2018;36:1080-1087.
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TITAN: Apalutamide in all-comers mCSPC

Chi K et al. N Engl J Med. 2019 Jul 4;381(1):13-24. Chi K et al. J Clin Oncol 2021 Apr 29;JCO2003488. 

Progression free survival Overall survival



ENZAMET: Enzalutamide in all-comers

Christopher Sweeney, MBBS. 2019 ASCO Annual Meeting.Davis, I et al. Engl J Med. 2019 Jul 11;381(2):121-131.

Progression free survival Overall survival



ARCHES: Enzalutamide in all-comers mCSPC

Overall survivalProgression free survival



How does docetaxel compare to 
hormonally based therapy? 



STAMPEDE: Overall Survival in mHSPC

Docetaxel + SOC vs SOC Abiraterone + SOC vs SOC



Can combinations improve 
further improve outcome?
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P value < 0.0001 
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Events 121 151
HR (95% CI)* 0.75 (0.59-0.95)
P value 0.017

Overall survivalrPFS

PEACE-1: mHSPC
ADT + docetaxel +/- abiraterone

Fizazi K, et al. ESMO 2021



PEACE-1: mHSPC
ADT + docetaxel +/- abiraterone

High-volume mHSPC Low-volume mHSPC

Fizazi K, et al. ESMO 2021



Bone Mineral Density in Men with de novo Metastatic 
Castration-Sensitive Prostate Cancer Treated with or 
without Abiraterone plus Prednisone in the PEACE-1 
Phase 3 Trial
Roubaud G et al.
Genitourinary Cancers Symposium 2022;Abstract 19.

Rapid Abstract Session A: Prostate Cancer
Level 3, Ballroom
Thursday, Feb 17, 2022
7:45 PM – 8:45 PM EST 



PRESENTED BY: Matthew R. Smith, MD, PhD
RESTRICTED

ARASENS: ADT + docetaxel +/- darolutamide
Primary Endpoint: Overall Survival

*Primary analysis occurred after 533 deaths (darolutamide, 229; placebo, 304). CI, confidence interval; NE, not estimable.



PRESENTED BY: Matthew R. Smith, MD, PhD
RESTRICTED

ARASENS: ADT + docetaxel +/- darolutamide
Overall Survival By Metastatic Stage at Initial Diagnosis

OS in Patients with M1 (de novo) OS in Patients with M0 (recurrent)



PRESENTED BY: Matthew R. Smith, MD, PhD
RESTRICTED

ARASENS: ADT + docetaxel +/- darolutamide
Key Secondary Endpoints

*Pain progression was defined by change in the Brief Pain Inventory–Short Form questionnaire worst pain score or initiation of opioid therapy for ≥7 days..

Time to CRPC Time to First Subsequent Antineoplastic Therapy



The prostate cancer landscape
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1. Tannock IF et al. N Engl J Med 2004; 351:1502–12. 2. Ryan CJ et al. Lancet Oncol 2015;16:152–60. 3. Rathkopf DE et al. Eur Urol 2014;66:815–25. 4. Beer TM et al. Eur Urol 2017;71:151–4. 
5. Armstrong AJ et al. Cancer 2017;123:2303–11. 6. de Bono JS et al. Lancet 2010;376:1147–54. 7. Hoskin P et al. Lancet Oncol 2014;15:1397-406.



Stampede: high risk non metastatic HSPC 
ADT +/- Abiraterone in M0HSPC  

Overall survivalMetastasis-free survival

Attard G et al. Lancet 2022



Conclusions

• Patients with high risk nmCRPC and mCSPC are at high risk of rapid 
progression to mCRPC and early death 

• Treating ALL patients beyond ADT is the new standard of care for mCSPC
• First generation anti-androgens and CAB are not enough

• Effective agents are now available and should be used in patients with 
CRPC and CSPC who are destined to suffer and die OF prostate cancer 

• Benefit of combining NHT with Chemotherapy in mHSPC now confirmed



Clinical Investigator Survey Results



A 65-year-old man s/p RP followed by radiation therapy for PSA-only 
recurrence (M0) receives an LHRH agonist for further PSA 
progression. Regulatory and reimbursement issues aside, what 
would be your most likely treatment recommendation if the patient 
responded but then experienced PSA progression to a PSA level of 
3.4 ng/dL with a doubling time of 10 months?

Continue LHRH agonist 
and add apalutamide 

Continue LHRH agonist 
and add enzalutamide 

Continue LHRH agonist 
and add darolutamide

Continue LHRH agonist alone 

12

2

2

2

Survey of genitourinary cancer clinical investigators



For a patient with nonmetastatic castration-resistant prostate 
cancer (CRPC) for whom you have elected to administer 
secondary hormonal therapy in combination with ADT, do you 
prefer a specific agent? 

No

Yes, enzalutamide 

Yes, darolutamide 13

1

2

Survey of genitourinary cancer clinical investigators

Yes, apalutamide 3



What systemic therapy would you typically employ for a 
65-year-old patient presenting de novo with Gleason 8 prostate 
cancer and 3 asymptomatic bone metastases? 

ADT and enzalutamide 

ADT with docetaxel and 
secondary hormonal therapy 

ADT and abiraterone 

ADT and apalutamide 

9

4

3

2

Survey of genitourinary cancer clinical investigators



What systemic therapy would you typically employ for an 
80-year-old patient with a history of poorly controlled 
hypertension presenting de novo with Gleason 8 prostate 
cancer and 3 asymptomatic bone metastases? 

ADT and enzalutamide 

ADT and darolutamide

ADT and apalutamide 

ADT and abiraterone 

ADT alone 

7

5

3

2

1

ADT and docetaxel 1

Survey of genitourinary cancer clinical investigators



What systemic therapy would you typically employ for a 
65-year-old patient presenting de novo with Gleason 8 prostate 
cancer and 6 moderately symptomatic bone metastases? 

ADT and abiraterone 

ADT and docetaxel 

ADT with docetaxel and 
secondary hormonal therapy 

ADT and enzalutamide 

ADT and apalutamide 

12

4

1

1

1

Survey of genitourinary cancer clinical investigators



What systemic therapy would you typically employ for a 
65-year-old patient presenting de novo with Gleason 8 prostate 
cancer and multiple bone and liver metastases? 

ADT and docetaxel 

ADT and abiraterone 

ADT with docetaxel and 
secondary hormonal therapy 

16

2

1

Survey of genitourinary cancer clinical investigators



MODULE 2: Selection and Sequencing of Therapy for 
Patients with Metastatic CRPC (mCRPC) — Dr Sartor



Selection and Sequencing of 
Therapies in Metastatic CRPC

Oliver Sartor, MD
Laborde Professor of Cancer Research
Medical Director Tulane Cancer Center
Departments of Medicine and Urology

Associate Dean for Oncology
Tulane Medical School
New Orleans, Louisiana

47



Prostate Cancer Clinical States and 
Standard Therapies Today

Castrate Resistant (mCRPC) Castrate sensitive

Rising PSA
Salvage Rx, 

+/-ADT or ADT 
or no therapy

Radiographic
Metastases:

ADT resistant

1st-Line
Chemo

Docetaxel

Radiographic
Metastases:

ADT resistant
“Pre-chemo”

Sipuleucel-T
Abiraterone

Enzalutamide
Radium-223

“Localized”
Disease

Local Therapy 
+/- ADT +/-
Abiraterone

or no therapy

Non-metastatic 
CRPC

Enzalutamide
Darolutamide
Apalutamide

Overt 
Metastases

ADT +
Docetaxel 

or Abiraterone
or Apalutamide
or Enzalutamide

Radiographic 
Metastases:

ADT resistant
“Post-chemo”

Cabazitaxel
Abiraterone

Enzalutamide
Radium-223

Rucaparib or
Olaparib or 

Pembrolizumab for 
some genetically 
selected cancers



TRIAL FRONT LINE mCRPC HR Survival  (months)

TAX 327 Docetaxel/prednisone vs 
mitoxantrone/prednisone

0.79 19.2 vs 16.3*   (2.9 months)

IMPACT Sipuleucel-T vs Control 0.78 25.8 vs 21.7     (4.1 months

COU-AA-302 Abiraterone/prednisone vs
Placebo/prednisone

0.79 35.3 vs. 31.1*  (4.2 months)

PREVAIL Enzalutamide vs Placebo 0.71 35.3 vs. 31.3*  (4.0 months)

POST-DOCETAXEL mCRPC

TROPIC Cabazitaxel/prednisone vs
mitoxantrone/prednisone

0.70 15.1 vs 12.7     (2.4 months)

COU-AA- 301 Abiraterone/prednisone vs
Placebo/prednisone

0.74 15.8 vs 11.2*   (4.6 months)

AFFIRM Enzalutamide vs Placebo 0.63 18.4 vs 13.6     (4.8 months)

FRONT LINE and 
POST-DOCETAXEL mCRPC

ALSYMPCA Standard of care +/- radium-223 0.70 14.9 vs 11.3*   (3.6 months)

POST-ABI OR -ENZA OR POST-ABI OR -
ENZA AND -DOCETAXEL (HRR SUBSET)

PROfound Olaparib vs abi/enza second line 0.69 19.1 vs 14.7** (4.4 months)

Third Line (POST-ABI or -ENZA and POST-
DOCETAXEL

CARD Cabazitaxel vs abi/enza second line 0.64 13.6 vs 11.0     (2.6 months)

VISION Standard of care +/- PSMA-617 Lu-177 0.62 15.3 vs 11.3     (4.0 months)

* Mature analysis     **BRCA1/BRCA2/ATM subset



N Engl J Med 2019;381:2506-18



A Randomized, Double-Blind, Placebo (PBO)-Controlled, 
Phase 3b Study of the Efficacy and Safety of Continuing 
Enzalutamide (ENZA) in Chemotherapy-Naive, Metastatic 
Castration-Resistant Prostate Cancer (mCRPC) Patients (pts) 
Treated with Docetaxel (DOC) plus Prednisolone (PDN) Who 
Have Progressed on ENZA: PRESIDE

Merseburger AS et al.
Genitourinary Cancers Symposium 2022;Abstract 15.

Oral Abstract Session A: Prostate Cancer
Level 3, Ballroom
Thursday, Feb 17, 2022
4:00 PM – 5:30 PM EST 







Darolutamide Maintenance in Metastatic Castration 
Resistant Prostate Cancer (mCRPC) Previously Treated with 
Novel Hormonal Agents (NHA) and Non-Progressive Disease 
After Subsequent Treatment with a Taxane: A Randomized 
Double-Blind Placebo-Controlled Phase II Trial (SAKK 08/16)

Cathomase R al.
ESMO 2021;Abstract LBA26.



SAKK 08/16: Primary Endpoint (rPFS) 

Cathomase R al. ESMO 2021;Abstract LBA26.



SAKK 08/16: Secondary Endpoints

Cathomase R al. ESMO 2021;Abstract LBA26.



Abstract 5002



Gillessen S et al. ASCO 2021; Abstract 5002.

(PEACE III)



Gillessen S et al. ASCO 2021; Abstract 5002.

PEACE III: Cumulative incidence of fractures by treatment arm 
and use of bone protecting agents



Gillessen S et al. ASCO 2021; Abstract 5002.

PEACE III: Bone fractures and cumulative incidence – safety 
population



PSMA  
Image from O’Driscott C et al, Br J Pharm 2016



PSMA binding molecules can be linked to 
therapeutic agents such as 177Lu or 225Ac

Chatolic et al. Theragnostics 6:849, 2016
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VISION: 177Lu-PSMA-617 pivotal 
Phase III trial

Alternate Primary Endpoints

§ rPFS (per PCWG3)
§ OS

Key Secondary Endpoints 
(with α control)

§ RECIST v1.1 response: ORR and DCR
§ Time to first SSE

Population

§ Progressive mCRPC
§ PSMA-positive with 68Ga-PSMA-

11 PET/CT scan (per pre-defined 
criteria)

§ Previous taxane (≤2 regimens) 
therapy and previous abiraterone/ 
enzalutamidea (≥1 regimen)

§ ECOG PS 0–2
§ Life expectancy >6 months

Stratification Factors

§ Serum LDH (≤ 260 IU/L vs >260 IU/L)
§ Presence of liver metastases (yes vs no)
§ ECOG PS (0–1 vs 2)
§ Inclusion of ARPI in SoC (yes vs no) at time of randomisation

177Lu-PSMA-617 
(IV 7.4 GBq 

Q6W up to 6 cycles) 
+ SoC

n=551

SoC alone
n=280

R 2:1
n=831SoC 

Selection

a Other ARPIs, including apalutamide and darolutamide, were allowed as prior therapy in VISION.
ARPI, androgen receptor pathway inhibitor; CT, computed tomography; DCR, disease control rate; ECOG PS, Eastern Cooperative Oncology Group Performance 
Status; LDH, lactate dehydrogenase; mCRPC, metastatic castration-resistant prostate cancer; ORR, overall response rate; OS, overall survival; PCWG3, Prostate 
Cancer Working Group 3; PET, positron emission tomography; PSMA, prostate-specific membrane antigen; 
R, randomized; RECIST, Response Evaluation Criteria In Solid Tumours; rPFS, radiographic progression-free survival; SoC, standard of care; SSE, symptomatic 
skeletal event; Q6W, every 6 weeks.

1. Sartor O, et al. N Engl J Med. 2021; doi: 10.1056/NEJMoa2107322. Online ahead of print.

PET image 
based 

selection



VISION: Image based biomarker used 
for patient selection 

CT, computed tomography; PET, positron emission tomography; PSMA, prostate-specific membrane antigen.

Sartor O, et al. N Engl J Med. 2021; doi: 10.1056/NEJMoa2107322. Online ahead of print.

Pre-specified criteria for PSMA positivity

§ ≥ 1 PSMA-positive metastatic lesion
§ PSMA PET imaging ligand uptake ≥ liver

§ No PSMA PET negative lesion in viscera >1 cm
§ No PSMA PET negative lymph node >2.5 cm

1179 patients 
assessed for eligibility

1003 patients received 
68Ga-PSMA-11 

PET/CT

869/1003 patients 
(~87%) met PSMA 

criteria



VISION: 177Lu-PSMA-617 Phase III trial
Sartor et al. NEJM 385:1091-1103, 2021



VISION: 177Lu-PSMA-617 Phase III trial
Sartor et al. NEJM 385:1091-1103, 2021

VISION met both primary endpoints of OS and rPFS

OS: HR 0.62 (95% CI 0.52-0.74)

Number still at risk

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

551 535 506 470 425 377 332 289 236 166 112 63 36 15 5 2 0

280 238 203 173 155 133 117 98 73 51 33 16 6 2 0 0 0
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177Lu-PSMA-617 
+ SoC

SoC alone

177Lu-PSMA-617 + SoC (n/N=343/551)
SoC alone (n/N=187/280)

177Lu-PSMA-617 
+ SoC 

(n=551)

SoC
alone 

(n=280) 
Median OS, months 15.3 11.3 

HR (95% CI) 0.62 (0.52–0.74)

P value, one-sided <0.001

rPFS: HR 0.40 (95% CI 0.29-57)
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177Lu-PSMA-617 + SoC (n/N=254/385)
SoC alone(n/N=93/196)

177Lu-PSMA-617 
+ SoC

SoC alone

Number still at risk

177Lu-PSMA-617 
+ SoC 

(n=385)

SoC
alone 

(n=186) 
Median rPFS, 

months 8.7 3.4 

HR (95% CI) 0.40 (0.29–0.57)

P value, one-sided <0.001

Note: OS positive (HR 0.63) in rPFS subset and rPFS positive (HR 
0.43) in OS subset   



VISION: 177Lu-PSMA-617 pivotal 
Phase III trial

TEAEs occurring in ≥5% of patientsb, 
n (%)

Safety Set (N=734)a

All Grades Grade 3–5c

177Lu-PSMA-617
+ SoC (n=529)

SoC alone
(n=205) 

177Lu-PSMA-617
+ SoC (n=529)

SoC alone
(n=205) 

Fatigue 228 (43.1) 47 (22.9) 31 (5.9) 3 (1.5)

Dry mouth 205 (38.8) 1 (0.5) 0 0

Nausea 187 (35.3) 34 (16.6) 7 (1.3) 1 (0.5)

Anaemia 168 (31.8) 27 (13.2) 68 (12.9) 10 (4.9)

Back pain 124 (23.4) 30 (14.6) 17 (3.2) 7 (3.4)

Arthralgia 118 (22.3) 26 (12.7) 6 (1.1) 1 (0.5)

Decreased appetite 112 (21.2) 30 (14.6) 10 (1.9) 1 (0.5)

Constipation 107 (20.2) 23 (11.2) 6 (1.1) 1 (0.5)

Diarrhea 100 (18.9) 6 (2.9) 4 (0.8) 1 (0.5)

Vomiting 100 (18.9) 13 (6.3) 5 (0.9) 1 (0.5)

Thrombocytopaenia 91 (17.2) 9 (4.4) 42 (7.9) 2 (1.0)

Lymphopaenia 75 (14.2) 8 (3.9) 41 (7.8) 1 (0.5)

Leukopaenia 66 (12.5) 4 (2.0) 13 (2.5) 1 (0.5)



Radio-conjugates: PSMA targeted alpha 
emitters (Actinium-225) as 9th line treatment

Kratochwil et a. J Nuc Med 57: 1-4, 2016 



Conclusions

• Selection and sequencing of therapies depends on a number 
of factors, including prior therapies and genetics
– More therapies are moving toward the “front” and those early 

choices have significant “downstream” effects
• Precision medicine is the wave of the future BUT there are 

multiple limitations of tissue-based biomarkers
– Imaging as a predictive biomarker is incredibly important and 

“precision medicine” needs to explore this new paradigm faster

• The pace of progress is faster today than ever before…..



Clinical Investigator Survey Results



A 65-year-old man receiving ADT for M0 disease after RP is 
found to have asymptomatic bone metastases. Genetic testing 
is negative for homologous recombination repair (HRR) 
mutations. Regulatory and reimbursement issues aside, what 
systemic treatment would you most likely recommend?

Enzalutamide 

Sipuleucel-T 

Abiraterone 

Abiraterone + olaparib

11

4

3

1

Survey of genitourinary cancer clinical investigators



A 65-year-old man receiving ADT for M0 disease after RP is 
found to have widespread, moderately symptomatic bone 
metastases. Genetic testing is negative for HRR mutations. 
Regulatory and reimbursement issues aside, what systemic 
treatment would you most likely recommend?

Enzalutamide 

Docetaxel and secondary 
hormonal therapy 

Abiraterone 

Radium-223 + enzalutamide 

Docetaxel

9

3

3

2

1

Abiraterone + olaparib 1

Survey of genitourinary cancer clinical investigators



A 65-year-old man presents with prostate cancer (BRCA wild type) 
metastatic to the bone and receives ADT + docetaxel with disease 
progression 1 year later. He responds to enzalutamide for 18 months, 
then has symptomatic progression in the bone along with new lung 
lesions. Regulatory and reimbursement issues aside, what is your 
most likely treatment?

Docetaxel 

Olaparib 

Cabazitaxel 15

3

1

Survey of genitourinary cancer clinical investigators



If 177Lu-PSMA-617 were available, which of the following would 
you generally recommend first for a patient with PSMA-positive 
mCRPC?

Cabazitaxel

177Lu-PSMA-617 16

3

Survey of genitourinary cancer clinical investigators



If 177Lu-PSMA-617 were available, which of the following would 
you generally prefer for a patient with PSMA-positive mCRPC and 
bone-only metastases?

Radium-223 

177Lu-PSMA-617 
18

1

Survey of genitourinary cancer clinical investigators



MODULE 3: Integration of PARP Inhibitors into the 
Current Management of mCRPC — Dr Beltran



Integration of PARP Inhibitors into 
the Current Management of mCRPC

Misha Beltran, MD
Dana-Farber Cancer Institute
Research To Practice Satellite Symposium (GU ASCO 2022)
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FDA Approved Biomarker-Driven Therapy in mCRPC

• Olaparib: PARP inhibitor approved post-ARPI for germline/somatic homologous 
recombination repair DNA alterations  

• Rucaparib: PARP inhibitor approved post-ARPI + postchemotherapy for patients with 
germline or somatic BRCA alterations

• Pembrolizumab: Immune checkpoint inhibitor approved for microsatellite instability, 
mismatch repair loss, TMB-high cancer (≥ 10 Mut/Mb)

Precision Medicine is now a Reality for our Patients
NCCN and other guidelines now endorse testing for all 
patients with advanced prostate cancer



• Homologous Recombination DNA repair gene aberrations
• Approx 20% of advanced prostate cancer, 8-10% localized prostate cancer
• Germline alterations- 8- 12% of pts with metastatic prostate cancer, 3.5-

6.5% of localized disease 
• mCRPC-- BRCA2 (13.3%), ATM (7.3%), CHEK2 (3%), PALB2 (2%), BRCA1 

(0.7%), others

• Paired samples from the primary tumor and metastasis at the time of CRPC have 
shown no difference in prevalence of somatic homologous recombination gene 
aberrations, suggesting that these are early events (Mateo et al JCI 2020)

Both Tumor (Somatic) and Germline testing is 
Recommended for Patients with mCRPC



PROfound Trial: Olaparib for mCRPC 

Hussain M, et al. N Engl J Med. 2020;383:2345-2357, Hussain et al, ASCO 2020 

• Patients with mCRPC who 
had disease progression 
receiving a new hormonal 
agent (eg, enzalutamide or 
abiraterone)

• All men had a qualifying 
alteration in prespecified 
genes with a direct or 
indirect role in HRR

• Cohort A (n = 245) had 
≥ 1 alteration in BRCA1, 
BRCA2, or ATM

• Cohort B (n = 142) had 
alterations in any of 12 
other prespecified 
genes*, prospectively and 
centrally determined from 
tumor tissue

R
2:1

Olaparib tablets 
(300 mg twice daily) 

Abiraterone (1000 mg once daily) + 
prednisone (5 mg twice daily) or 

Enzalutamide 160 mg daily

Enzalutamide
(160 mg once daily) + prednisone 

(5 mg twice daily)

*BARD1, BRIP1, CDK12, CHEK1/2, FANCL, PALB2, 
PPP2R2A, RAD51B/C/D, RAD54L 

4047 pts submitted tumor samples (approx. 90% archival primary tumors) 

31% test failures – path review (6.8%) with estimated tumor fraction <20% or tumor 
volume <0.2 mm2), DNA extraction (13.2%), failure after DNA extraction (6.9%)

N=387
65% prior taxane



BICR = blinded independent central review 



PROfound Trial: PFS

de Bono J, et al. N Engl J Med. 2020;382:2091-2102; Hussain M, et al. N Engl J Med. 2020;383:2345-2357. 

PFS in 
Cohort A 

PFS in 
Both 

Cohorts



PROfound Trial
OS in Cohort A, Cohort B and the Overall Population 

• Hussain M, et al. N Engl J Med. 2020;383:2345-2357. 

Cohort A
Overall

Cohort B

Benefit could be even greater for cohort A - sensitivity analysis adjusted for the crossover 
from control Rx to olaparib showed a 58% decrease in the risk of death for these patients



Hussain M, et al. N Engl J Med. 2020;383:2345-2357. 



PROfound: Olaparib was approved for 14 genes: 
BRCA1, BRCA2, ATM, BARD1, BRIP1, CDK12, CHEK1/2, FANCL, PALB2, RAD51B/C/D, RAD54L 

de Bono et al, GU ASCO 2021: An exploratory gene-by-gene analysis in PROfound

Several genes were not  
represented in PROfound or were 
very few 



• Phase 2 trial of olaparib for DDRm CRPC (n=96)

• Greatest benefit /exceptional response with homozygous BRCA2 deletion 

• Biallelic, but not mono-allelic, PALB2 deleterious alterations associated with benefit 

• In the ATM cohort, loss of ATM protein by IHC associated with better outcome 

• RAD51 foci loss identified tumors with biallelic BRCA and PALB2 alteration while most ATM-
and CDK12-altered tumors had higher RAD51 foci levels.



TRITON2: Rucaparib 

• Open-label, phase 2 study: evaluated safety and efficacy of rucaparib in men with 
mCRPC associated with DDR deficiency 

• Included patients who progressed after one to two lines of next-generation 
androgen receptor–directed therapy and one taxane-based chemotherapy

• Patients screened for presence of a deleterious somatic or germline alteration in 
BRCA1, BRCA2, ATM, BARD1, BRIP1, CDK12, CHEK2, FANCA, NBN, PALB2, RAD51, 
RAD51B, RAD51C, RAD51D, or RAD54L via central genomic testing of plasma or 
tumor tissue or by local testing

• Oral rucaparib 600 mg given twice daily
• Until confirmed radiographic disease progression, assessed by investigator

• Primary endpoint: ORR (radiographic or PSA)

Abida W, et al. J Clin Oncol. 2020;38(32):3763–3772.



TRITON2: Rucaparib 

Abida W, et al. J Clin Oncol. 2020;38(32):3763–3772.

Best change from baseline in (A) sum of target lesion(s) in the independent radiology review–evaluable 
population and in (B) PSA in the overall efficacy population.

ORRs per independent radiology review 43.5% (95% CI, 31.0% to 56.7%; 27 of 62 patients). 
PSA response rate 54.8% (95% CI, 45.2% to 64.1%; 63 of 115 patients).



TRITON2: Other Genes 

Abida W, et al. CCR, 2020

TRITON2 enrolled 78 patients with a non-BRCA DDR gene alteration
ATM (n = 49), CDK12 (n = 15), CHEK2 (n = 12), and other DDR genes (n = 14) 

Radiographic and PSA responses: 
ATM [2/19 (10.5%) radiographic and 2/49 (4.1%) PSA],
CDK12 [0/10 (0%) radiographic and 1/15 (6.7%) PSA]
CHEK2 [1/9 (11.1%) radiographic and 2/12 (16.7%) PSA]

No radiographic or PSA responses in 11 patients with ATM germline mutations. 

Responses were observed in patients with alterations in the DDR genes PALB2, FANCA, 
BRIP1, and RAD51B.



Talazoparib monotherapy in mCRPC with DNA repair 
alterations (TALAPRO-1): an open-label, phase 2 trial

De bono et al, Lancet Oncol 2021

• Talazoparib inhibits PARP catalytic activity and most efficient PARP1/2 
trapping on DNA single-strand break sites
• DDR-HRR gene alterations

ATM, ATR, BRCA1, BRCA2, CHEK2, FANCA, MLH1, MRE11A, NBN, PALB2, RAD51C

• Post ARPI and taxane chemotherapy
• 128 pts ORR 29.8% (31 of 104 patients; 95% CI 21·2–39·6)
• ORR 46% in BRCA1/2, ORR 25% in PALB2, ORR 12% in ATM pts

• 2 pts with ATM mutation responded – both pts had homozygous loss 

• PSA ≥50% decline: 46% in all pts, PSA ≥50% decline: 66% in BRCA1/2 pts



GALAHAD: A phase II study of niraparib in patients 
with mCRPC and biallelic DNA-repair gene defects

Smith et al, Lancet Oncol 2022

• DDR-HRR gene alterations
- Required biallelic alterations in BRCA1/2 (BRCA cohort) or ATM, FANCA, PALB2, CHEK2, BRIP1, HDAC2 

(non-BRCA cohort)
- Monoallelic allowed if germline 

- Post ARPI and taxane chemotherapy
- 223 patients included in the overall efficacy analysis population, which 

included BRCA (n=142) and non-BRCA (n=81) cohorts
• BRCA alterations- ORR was 34%, median duration of response 6.2 mo, rPFS 8.08 mo, OS  as 13 mo
• non-BRCA - ORR 10.6%, rPFS 3.7 mo, OS 9.63 mo

• On October 3, 2019, the FDA granted breakthrough therapy designation to niraparib for 
the treatment of men with BRCA1/2-mutant mCRPC who have previously received 
taxane-based chemotherapy and an androgen receptor (AR) inhibitor



Sequencing Implications of PARP Inhibitors

• PARP inhibitors: SOC for select group of patients with DNA-repair defects 
• Especially for BRCA2, and likely BRCA1, PALB2, FANCA
• Less pronounced for ATM, CDK12 , data still emerging for other variants 
• Could functional readouts or mutational signatures complement genomics?
• Platinum also may be an option- exceptional responses may be seen 

(particularly for BRCA2)
• Do PARP inhibitors work in earlier stages of the disease (mHSPC)?
• Do PARP inhibitors potentiate benefits of AR inhibition in patients without 

DNA repair defects? 

Abida et al PNAS. 2020; Mateo et al. Eur Urol. 2018; Thoma C. Nat Rev Urol. 2020;17:432; Jang A, et al. Cancers. 2020;12:3467; Schmidt et 
al, JAMA Netw Open. 2020.



Tumor Testing Considerations for Homologous 
Recombination Genes  
Primary tumor
• Advantages: non-invasive, HRD alterations tend to be early events
• Disadvantages: tissue quality (in PROfound, quality control failures in 31%), heterogeneity

Metastatic tumor
• Advantages: captures acquired alterations and tissue phenotype (eg., neuroendocrine)
• Disadvantages: invasive, bone metastatic biopsies for NGS are challenging 

Liquid biopsy (ctDNA)
• Advantages: non-invasive, reflects matched tumor biopsy
• Disadvantages: dependent on tumor content, deletions (eg, BRCA2) not as robust as mutations, can be 

confounded by clonal hematopoiesis (particularly for ATM)

Germline testing (blood/saliva)
• Noninvasive, family implications, somatic testing should not replace germline



Concordance of DNA Repair Gene Mutations in Paired Primary 
Prostate Cancer Samples and Metastatic Tissue or Cell-Free DNA

Overall concordance between prostate cancer metastatic biopsy and ctDNA > 80%
• Wyatt et al JNCI 2014, Adalsteinsson et al, Nat Comm 2017

Schweizer et al, JAMA Oncol 2021- 72 men with known DDR alterations
• Concordance of DDR status across primary/met/ctDNA samples was 84% 

Tukachinsky et al, CCR 2021- Foundation Medicine ctDNA from 3,334 pts with mCRPC
• Including 1,674 screening samples from rucaparib trials (TRITON 2 and TRITON 3)
• 94% detectable ctDNA (median ctDNA fraction 7.5%)
• 72/837 had BRCA1/2 mutations in tissue, 67 (93%) also identified by ctDNA
• Did not report copy number alterations (eg., BRCA2 deletions)
• Did detect clonal hematopoiesis (CH) mutations



Clonal Hematopoesis
• Clonal hematopoiesis of indeterminate potential (CHIP) = somatic mutations 

and clonal expansion of hematopoietic cells (non-tumor derived), occurs in 10-20% 
of individuals > 70 yrs

• Jensen et al.. Pritchard, JAMA Oncol 2021 – cfDNA of 69 pts with mCRPC
• CHIP variants at >2% variant fraction in cfDNA from 13/ 69 men (19%; 95% CI, 

10%-30%). 
• 7 men (10%; 95% CI, 4%-20%) had CHIP variants in DNA repair genes, including 

ATM (n = 5), BRCA2 (n = 1), and CHEK2 (n = 1).
• Overall, CHIP variants accounted for almost half of the somatic DNA repair gene 

variants detected. 
• CHIP interference variants could be distinguished from prostate cancer variants 

using a paired whole-blood control



Case Presentation
59 yo with mCRPC s/p abiraterone, docetaxel, Lu-PSMA-617, Act-PSMA-225. Sequencing 
of ctDNA BRCA2 mutation, primary tumor c/w biallelic BRCA2 loss (mutation+ deletion)

4/2/21 started on olaparib 200 mg BID (dose reduced due to low counts)
4/2/21: PSA 653.70 ng/ml, 
4/7/21: PSA 703 ng/ml
4/21/21: PSA 783 ng/ml
4/28/21: PSA 655.70 ng/ml
5/26/21: PSA 361.90 ng/ml
7/2021: PSA 147 ng/ml
8/18/21: PSA 110.90 ng/ml counts improved on therapy, feels better (energy, pain)



Case Presentation
59 yo with mCRPC s/p abiraterone, docetaxel, Lu-PSMA-617, Act-PSMA-225. Sequencing 
of ctDNA BRCA2 mutation, primary tumor c/w biallelic BRCA2 loss (mutation+ deletion)

4/2/21 started on olaparib 200 mg BID (dose reduced due to low counts)
4/2/21: PSA 653.70 ng/ml, 
4/7/21: PSA 703 ng/ml
4/21/21: PSA 783 ng/ml
4/28/21: PSA 655.70 ng/ml
5/26/21: PSA 361.90 ng/ml
7/2021: PSA 147 ng/ml
8/18/21: PSA 110.90 ng/ml counts improved on therapy, feels better (energy, pain)

Now- PSA 285.40– new cord compression



Circulating tumor DNA

16 NEW BRCA2 mutations!



Reversion mutations are secondary mutations, often small deletions, in a mutant 
BRCA1/2 allele that convert the initial frameshift mutation into an in-frame internal 
deletion that produces a partly functional protein product.

Lin et al. Cancer Discov 2019;9:210-219



Clinical Investigator Survey Results



In general, what is the optimal approach to mutation testing for 
possible use of a PARP inhibitor for a patient with mCRPC?

Germline BRCA; if negative, 
multigene somatic (eg, NGS) 

Multigene somatic/NGS 

Multigene germline 
and somatic/NGS 

16

2

1

Survey of genitourinary cancer clinical investigators



A 65-year-old man with a germline BRCA2 mutation who is 
receiving ADT and enzalutamide for HSPC metastatic to the bone 
develops new high-volume symptomatic bone metastases. 
Regulatory and reimbursement issues aside, what systemic 
treatment would you most likely recommend?

Docetaxel 

Radium-223 

Olaparib 11

6

1

Survey of genitourinary cancer clinical investigators

Docetaxel and secondary 
hormonal therapy 1



A 65-year-old man with a germline BRCA2 mutation who is receiving 
ADT and enzalutamide for HSPC metastatic to the bone develops 
new low-volume asymptomatic bone metastases. Regulatory and 
reimbursement issues aside, what systemic treatment would you 
most likely recommend?

Docetaxel 

Rucaparib 

Olaparib 14

1

1

Survey of genitourinary cancer clinical investigators

Sipuleucel-T 1

Abiraterone + olaparib 1



A 65-year-old man with a germline PALB2 mutation presents with 
minimally symptomatic prostate cancer metastatic to the bone 
and receives enzalutamide and ADT with response followed by 
progression. Regulatory and reimbursement issues aside, what 
would you recommend?

Docetaxel 

Olaparib 14

4

Survey of genitourinary cancer clinical investigators

Sipuleucel-T 1



A 65-year-old man with a germline ATM mutation presents with 
minimally symptomatic prostate cancer metastatic to the bone 
and receives enzalutamide and ADT with response followed by 
progression. Regulatory and reimbursement issues aside, what 
would you recommend?

Olaparib 

Docetaxel 10

6

Survey of genitourinary cancer clinical investigators

Sipuleucel-T 2



MODULE 4: Available Data with, Ongoing Investigation 
of and Potential Future Role of PARP Inhibitor-Based 

Combinations — Dr Bryce
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PARP+ IN PROSTATE CANCER:
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Clinical trials Phase Clinical disease setting Treatment arm Control arm Patients Primary takeaways (if any)

Clarke N, et al.3
NCT0197221 2

mCRPC patients who had prior 
chemotherapy (not more than 

2) and were candidates for 
novel hormonal therapy

No genetic selection

Olaparib + 
Abiraterone

Placebo+ 
Abiraterone 171

rPFS - 13.8 mo vs. 8.2 mo
(HR: 0.65; 95% CI: 0.44-0.97)

OS - 22.7 mo vs. 20.9 mo
(HR: 0.91; 95% CI: 0.60-1.38)

Saad F, et al.4
NCT02924766 1b

mCRPC patients who had 1-line 
of prior taxane-based 

chemotherapy and at least 1-
line prior NHT (apalutamide or 

abiraterone)

No genetic selection

Niraparib + 
Abiraterone or 

Niraparib + 
Apalutamide

Not applicable 33
Niraparib + Abiraterone was 
tolerable with no new safety 

signals. 
RP2D: Niraparib 200mg/d

EARLY DATA ON PARP + 2ND GEN ANDROGEN 
PATHWAY INHIBITORS 

Rationale: 1) PARP inhibition and AR pathway inhibition are distinct approaches to prostate cancer 
therapy with largely non overlapping toxicity
2) AR signaling regulates DNA repair in prostate cancer cells1, with potential for synergy2
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PROPEL

• Abiraterone with olaparib or placebo in a 
genetically unselected population

• Serum Collected for cfDNA on all 
patients

• No tissue genetic testing

• All patients submitted tissue for NGS

• Primary outcome: rPFS- data presented 
today

• Secondary outcome: OS- not yet mature

Olaparib + 
abiraterone

(n=399)

Placebo +
Abiraterone

(n=397)

Events, n (%) 157 (39.3%) 218 (54.9)

Median rPFS (mos) 27.6 16.4

HR (95% CI) 0.61 (0.49-0.74)
P<0.0001

HRR mut (n=226)
HR (95% CI)

0.50
(0.34-0.73)

Non-HRR mut (n=552)
HR (95% CI)

0.76
(0.60-0.97)
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MAGNITUDE
• Abiraterone with or without niraparib in 

the pre chemotherapy setting
• 765 patients

• Tissue and Serum for genetic testing 
required for entry to study

• HRR gene alteration as follows:
• Cohort 1: positive for HRR gene 

alteration
• population for presented data

• Cohort 2: not positive for DRD
• Halted for futility

• Primary outcome: rPFS
• Secondary outcome: OS not yet mature

Niraparib + 
abiraterone

(n=399)

Placebo +
Abiraterone

(n=397)

Number 212 211

Median rPFS
(mos)

16.5 13.7

HR (95% CI) 0.73 (0.56-0.96)
P=0.0217

Cohort 1: HRR mutated



©2021 Mayo Foundation for Medical Education and Research  |  slide-114

PROpel

Eligiblity criteria Taxane -based chemotherapy allowed in mCSPC

No prior AAP allowed
Other NHT allowed in mCSPC if stopped more than year prior to 
enrollment

HRR testing ctDNA

Arms OLA+AAP PBO+AAP

Events 168 (42.1%) 226 (56.9%)

Median rPFS 24.8 16.6

HRR+ 111 (28%) 115 (29%)

BRCA mutations Not reported Not reported

MAGNITUDE
Eligiblity criteria Taxane -based chemotherapy allowed in mCSPC

Up to 4 months of AAP for mCRPC allowed

Prior NHT allowed for nmCRPC or mCSPC

HRR testing Tumor-based (negative cfDNA confirmed by tissue)

Arms NIRA+AAP PBO+AAP

Events NR NR

Median rPFS 16.6 10.9

HRR+ 212 (100%) 211 (100%)

BRCA mutations 98 (46.2%) 92 (43.6%)
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Clinical trials Phase Comparison Population Enrollment Primary 
endpoint

AMPLITUDE NCT04497844 3 Niraparib + Abiraterone vs.
Placebo + Abiraterone mHSPC 788 rPFS

TALAPRO-3 NCT04497844 3 Talazoparib + Enzalutamide vs
Placebo + Enzalutamide

mHSPC 550 rPFS

TALAPRO-2 NCT03395197 3 Talazoparib + Enzalutamide vs. 
Placebo + Enzalutamide mCRPC (1st line) 1038 rPFS

CASPAR NCT04455750 3 Rucaparib + Enzalutamide vs. 
Placebo + Enzalutamide mCRPC (1st line) 1002 rPFS + OS

Ongoing Phase 3 trials of PARP inhibitors with secondary hormonal agents in 
mCRPC and mHSPC
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PARP INHIBITORS IN COMBINATION WITH IMMUNE 
CHECKPOINT INHIBITORS

• Rationale: 1) In preclinical models of various solid tumors, PARP inhibitors were found to activate cytotoxic T cells, upregulate immune 
checkpoint expression, sensitize tumor cells to natural killer cell–killing, and increase proinflammatory signaling.1-3

• 2) PARP inhibitors have been shown to upregulate PDL1 expression in breast cancer models4

Clinical trials Phase Clinical disease setting Treatment arm Genotype Patients Primary takeaways (if any)

KEYNOTE-365 (cohort A)5

NCT02861573 2 Docetaxel-pretreated mCRPC 
(≤2 2nd gen API)

Pembrolizumab + 
Olaparib unselected 85 ORR: 8%

NCT024844046 2 Post-2nd gen API mCRPC Durvalumab + 
Olaparib unselected 17 Radiographic and/or PSA 

ORR: 53%

Checkmate 9kd
(Cohort A1)7

NCT03338790
2 mCRPC treated with 1-2 prior 

taxanes (≤2 2nd gen API)
Nivolumab +
Rucaparib

HRD(+) and 
HRD(-) 88 ORR:  Total = 10.3%

HRD+ = 17.2% (n=45)

Checkmate 9kd
(Cohort A2)8

NCT03338790
2 mCRPC treated with ≤2 2nd

gen API, no prior chemo
Nivolumab +
Rucaparib

HRD(+) and 
HRD(-) 71 ORR:  Total = 15.4%

HRD+ = 25% (n=20)

1. Fenerty KE, et al.. J Immunother Cancer. 2018;6(1):133. doi:10.1186/s40425-018-0445-4
2. Huang J, et al. Biochem Biophys Res Commun. 2015;463(4):551-556. doi:10.1016/j.bbrc.2015.05.083
3. Sen T et al. Cancer Discov. 2019;9(5):646-661. doi:10.1158/2159-8290.CD-18-1020
4. Jiao S, Xia W,, et al. Clin Cancer Res. 2017;23(14):3711-3720. DOI: 10.1158/1078-0432.CCR-16-3215

5. Yu EY, et al. J Clin Oncol. 2020;38(6_suppl):100-100. doi:10.1200/JCO.2020.38.6_suppl.100
6. Karzai F, et al. J Immunother Cancer. 2018;6(1):141. doi:10.1186/s40425-018-0463-2
7. Pachynski R, et al. Journal of Clinical Oncology 2021;39(15)S1:5044. DOI:10.1200/JCO.2021.39.15_suppl.5044
8. Petrylak D, et al. Annals of Oncology (2021) 32 (suppl_5): S626-S677. DOI:10.1016/annonc/annonc702

https://doi.org/10.1158/1078-0432.ccr-16-3215
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SUMMARY

• PARP inhibitors can be safely 
combined with many other agents for 
the treatment of Prostate Cancer

• Rationale exists for synergy with 
APIs and Checkpoint inhibitors 

• The role of PARP in non HRD(+) 
patients is being studied in many 
settings (Propel)

• To Target or not to Target, is that 
the question
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SUMMARY
PROPEL AND MAGNITUDE

• Very Different studies- meaningful cross study comparisons are not 
possible

• Overall survival data will be critical
• The studies have not established that concurrent will be better than 

sequential
• Prolonged treatment with a myelosuppressive drug can impact later 

lines of therapy

• Study populations are very different on the basis of prior treatment with 
1st generation API in the first line

• Reflected in the striking difference in rPFS on the control arms

• Method of assessing HRR status is likely to make a difference

• Review of more detailed data in the respective publications will be 
crucial- what treatments did patients receive for mHSPC?



Clinical Investigator Survey Results



How much benefit do you anticipate will be seen in the PROpel
and MAGNITUDE studies in patients with BRCA wild-type disease 
without documented HRR gene mutations?

None 

Minimal 

Moderate 

2

11

6

Survey of genitourinary cancer clinical investigators



A 65-year-old man with a germline BRCA2 mutation who is receiving ADT and 
docetaxel for HSPC metastatic to the bone develops new high-volume 
symptomatic bone metastases 1 year after completing chemotherapy. 
Regulatory and reimbursement issues aside, what systemic treatment would 
you most likely recommend?

Enzalutamide 

Olaparib 

Abiraterone + olaparib

Radium-223 + enzalutamide 

Docetaxel and secondary 
hormonal therapy 

5

3

3

1

1

Rucaparib 1

Survey of genitourinary cancer clinical investigators

Abiraterone 5



A 65-year-old man with a germline BRCA2 mutation who is 
receiving ADT and docetaxel for hormone-sensitive prostate 
cancer (HSPC) metastatic to the bone develops new low-volume 
asymptomatic bone metastases 1 year after completing 
chemotherapy. Regulatory and reimbursement issues aside, what 
systemic treatment would you most likely recommend?

Enzalutamide 

Rucaparib 

Abiraterone 7

4

2

Survey of genitourinary cancer clinical investigators

Abiraterone + olaparib 4

Olaparib 2



Which of the following do you predict regarding the global 
tolerability/toxicities of a PARP inhibitor combined with a 
secondary hormonal agent versus what might be expected from 
either of these approaches alone?

The combination will 
result in significantly 

increased toxicity 

The combination will result 
in similar toxicity 

The combination will result 
in slightly increased toxicity 11

5

1

Survey of genitourinary cancer clinical investigators



MODULE 5: Novel Investigational Strategies 
for Patients with PC — Dr Agarwal
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Novel Treatment Strategies for Metastatic Prostate Cancer : 
Immune Checkpoint Inhibitors and AKT inhibitors

125

Professor of Medicine
Senior Director for Clinical Research Innovation, Huntsman Cancer Institute (HCI)
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Director, Center of Investigational Therapeutics

Director, Genitourinary Oncology Program
Huntsman Cancer Institute, University of Utah (NCI-CCC)
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Oncology, Eisai Inc, EMD Serono Inc, Exelixis Inc, Foundation Medicine, Genentech, a 
member of the Roche Group, Janssen Biotech Inc, Lilly, MEI Pharma Inc, Merck, Nektar, 
Novartis, Pfizer Inc, Pharmacyclics LLC, an AbbVie Company, Seagen Inc. 
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Agenda

• Immune checkpoint inhibitors (ICIs)
• Cabozantinib + atezolizumab combination (Phase 1 Cosmic-021 and ongoing phase 3 Contact-2)
• Other combinatorial regimens with ICIs 
• Novel Redirected T-Cells-Based Therapies (CART, BITES)

• AKT Inhibitors
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Immune Checkpoint Inhibitors Based Combinations



Cabozantinib in combination with 
atezolizumab in patients with metastatic 
castration-resistant prostate cancer 
(mCRPC): results of expanded cohort 6 
of the COSMIC-021 Study
Neeraj Agarwal,1 Bradley McGregor,2 Benjamin L. Maughan,1 Tanya B. Dorff,3

William Kelly,4 Bruno Fang,5 Rana R. McKay,6 Parminder Singh,7 Lance Pagliaro,8
Robert Dreicer,9 Sandy Srinivas,10 Yohann Loriot,11 Ulka Vaishampayan,12 Sanjay 
Goel,13 Dominic Curran,14 Ashok Panneerselvam,14 Li-Fen Liu,14 Toni K. Choueiri,2*

Sumanta Pal3*

1Huntsman Cancer Institute, University of Utah, Salt Lake City, UT, USA; 2Dana-Farber Cancer Institute, 
Harvard Medical School, Boston, MA, USA; 3City of Hope Comprehensive Cancer Center, Duarte, CA, USA; 
4Sidney Kimmel Cancer Center, Thomas Jefferson University, Philadelphia, PA, USA; 5Regional Cancer Care 
Associates, East Brunswick, NJ, USA; 6University of California San Diego, San Diego, CA, USA; 7Department 
of Oncology, Mayo Clinic, Scottsdale, AZ, USA; 8Department of Oncology, Mayo Clinic, Rochester, MN, USA; 
9University of Virginia Cancer Center, Charlottesville, VA, USA; 10Division of Medical Oncology, Stanford 
University Medical Center, Stanford, CA, USA; 11Department of Cancer Medicine, Gustave Roussy Institute, 
INSERM 981, University Paris-Saclay, Villejuif, France; 12Karmanos Cancer Center, Wayne State University, 
Detroit, MI, USA (Current affiliation: Division of Hematology/Oncology, University of Michigan, Ann Arbor, 
MI, USA); 13Department of Medical Oncology, Montefiore Medical Center, Albert Einstein College of 
Medicine, Bronx, NY, USA; 14Exelixis, Inc., Alameda, CA, USA

*Co-senior authors

Abstract # LBA24
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Background

• Cabozantinib inhibits tyrosine kinases including MET, VEGF receptors, and TAM family of 
kinases (TYRO3, MER, and AXL)1

• Cabozantinib promotes an immune-permissive environment that may enhance response to 
immune checkpoint inhibitors2-4

• This phase 1b study evaluates cabozantinib in combination with the anti-PD-L1 antibody 
atezolizumab in various solid tumors including CRPC, RCC, UC, and NSCLC

• Encouraging activity and a tolerable safety profile were observed for the first 44 patients 
enrolled in mCRPC cohort 6, including in patients with visceral metastases and/or extrapelvic
lymphadenopathy,5 a group with poor prognosis

• Results are reported for extended enrollment in cohort 6 in mCRPC previously treated with 
enzalutamide and/or abiraterone

1Yakes M, Mol Cancer Ther, 2011; 2Kwilas AR, J Transl Med, 2014; 3Apolo AB, J Clin Oncol, 2014; 4Tolaney SM, Oncologist, 2017; 5Agarwal, J Clin Oncol, 2020;38 (Suppl 15).

@neerajaiims 3

Agarwal N et al. ESMO 2021
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Study Design of the Expansion for CRPC Cohort 6

Tumor assessments per RECIST v1.1 by the investigator every 6 weeks for the first year and every 
12 weeks thereafter; treatment until loss of clinical benefit or intolerable toxicity.

Second extended 
enrollment

(N=50)

Confirmation of initial results

First extended 
enrollment

(N=50)

Cabozantinib 40 mg QD PO + 
Atezolizumab 1200 mg Q3W IV 

(N=30)

mCRPC
• Radiographic progression in soft tissue 

after enzalutamide and/or abiraterone
• Measurable disease per RECIST v1.1
• ECOG PS 0 or 1
• Prior chemotherapy not permitted 

except docetaxel for mCSPC

• Primary endpoint: investigator-assessed ORR per RECIST v1.1

• Secondary endpoint: safety including adverse events (AEs) and AEs of special interest (AESIs)

• Exploratory endpoints: PFS, OS, and biomarkers analyses

• Visceral metastases and/or extrapelvic lymphadenopathy (Visc/EPLN) was a key subgroup

• ORR and PFS were also analysed by blinded independent review committee (BIRC)

• Data as of Feb 19, 2021; 132 patients enrolled with a median follow-up of 15.2 mo (range, 5.7–33.9)

@neerajaiims 4

Agarwal N et al. ESMO 2021
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Tumor Response by RECIST v1.1
ORR per Investigator ORR per BIRC

mCRPC
(n=132)

Visc/EPLN mCRPC
(n=101)

mCRPC
(n=132)

Visc/EPLN mCRPC
(n=101)

Objective response rate, % (95% CI) 23 (17, 32) 27 (18, 37) 15 (10, 22) 18 (11, 27)
Best overall response, %

Complete response 2 2 0 0
Partial response 21 25 15 18
Stable disease 61 61 66 66
Progressive disease 14 11 17 15
Missing 2 1 2 1

Disease control rate,* % 84 88 81 84
Stable disease for ≥24 weeks, % 17 21 27 32
Median duration of response (95% CI), mo 6.9 (4.2, 11.0) 6.9 (4.2, 9.8) 6.9 (4.1, 8.4) 6.9 (4.1, 9.5)
Median time to objective response, mo 1.7 1.7 2.8 2.8

All responses were confirmed; 99% and 93% of patients had measurable disease per investigator and per BIRC, respectively; percentages are calculated from all patients; three 
patients had complete responses per investigator for mCRPC and two for Visc/EPLN mCRPC; *disease control rate = complete response + partial response + stable disease

• PD-L1 status (known for 75 patients) did not associate with response

@neerajaiims 6
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Best Change From Baseline in Sum of Target Lesions

Regression in 77% of 128 evaluable pts

Best change per Investigator Best change per BIRC

Regression in 70% of 120 evaluable pts
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mCRPC with Visc/EPLN

Evaluable patients (pts) had measurable disease and at least one post-baseline scan; the three patients with complete responses per investigator had 
lymph node metastases as target lesions.

mCRPC without Visc/EPLN 
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Progression-Free Survival per RECIST v1.1

Investigator-Assessed
(All patients)

BIRC-Assessed
(All patients)

N
No. of 
Events

Median (95% CI), 
months

All patients 132 101 5.5 (4.3, 6.6)

Visc/EPLN 101 77 5.6 (5.4, 8.2)

N
No. of 
Events

Median (95% CI), 
months

All patients 132 87 5.7 (5.4, 7.0)

Visc/EPLN 101 65 6.8 (5.5, 9.7)
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Best Change in Prostate-Specific Antigen From Baseline

• In 118 patients with post-baseline assessments, 55 (47%) had a decrease in PSA, and 27 (23%) had a decrease ≥50%

• In 92 patients with Visc/EPLN, 50 (54%) had a decrease in PSA, and 24 (26%) had a decrease ≥50%

mCRPC without Visc/EPLN

PSA increase >100%

mCRPC with Visc/EPLN

@neerajaiims 12

Agarwal N et al. ESMO 2021



Presented by: Neeraj Agarwal, 
MD@neerajaiims Presented by: Neeraj Agarwal, 
MD@neerajaiims

Treatment-Related Adverse Events in ≥10% of Patients

mCRPC (N=132)
Any Grade Grade 3/4

Any AE, % 95 55
Diarrhea 55 6.8
Fatigue 43 6.8
Nausea 42 0.8
Decreased appetite 34 1.5
Dysgeusia 27 0
Palmar-plantar erythrodysesthesia 25 2.3
Vomiting 23 1.5
Weight decreased 23 1.5
Aspartate aminotransferase increased 20 3.0
Stomatitis 16 0.8
Hypertension 14 6.8
Alanine aminotransferase increased 14 3
Dysphonia 13 0
Hypothyroidism 12 0
Pulmonary embolism 11 8.3

@neerajaiims 14

• Grade 4 treatment-related AEs were experienced by 3%
• There was one treatment-related grade 5 event of dehydration in a 90 year-old patient Agarwal N et al. ESMO 2021
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Adverse Events of Special Interest

mCRPC (N=132)
Any Grade Grade 3/4

Any AESI,* % 66 20
Rash 41 3.0
Hepatitis (diagnosis and lab abnormalities) 29 5.3
Hypothyroidism 15 0
Pancreatitis 14 6.1
Adrenal insufficiency 4.5 2.3
Colitis 3.8 3.0
Hyperthyroidism 3.8 0
Infusion-related reactions 2.3 0.8
Hepatitis (diagnosis) 1.5 0.8
Pneumonitis 1.5 0
Encephalitis 0.8 0.8
Myocarditis 0.8 0.8

• 23 (17%) of patients required high-dose steroids for AEs (defined as ≥ 40 mg of prednisone or equivalent)
*AESIs are potential immune-related events provided by the sponsor and summarized as grouped MedDRA terms irrespective of causality; 
No grade 5 events were reported.

@neerajaiims 15
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Conclusions

• The combination of cabozantinib and atezolizumab demonstrated encouraging clinical 
activity in patients with mCRPC, confirmed by blinded independent review

• Antitumor activity was maintained in the subgroup of patients with features associated 
with poor prognosis: visceral disease or distant lymph node metastasis  

• The safety profile was manageable, consistent with the previously reported data

• A phase 3 study (CONTACT-02) of cabozantinib plus atezolizumab in mCRPC patients with 
visceral or extrapelvic lymph node metastasis after one prior NHT is enrolling

NHT; novel hormonal therapy

@neerajaiims 16
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CONTACT-02 Trial Design

Efficacy end points
Primary:
– PFS per RECIST 1.1
– Overall survival (37 months 

after randomization)
Secondary:
– ORR per RECIST 1.1 (37 months 

after randomization)

Cabozantinib
(40 mg daily)
Atezolizumab

(1200 mg/20 mL q3w)
(N=290)

Second NHT
(Abiraterone or 
Enzalutamide)

(N=290)

Patients
Key eligibility
– Prior treatment with one, and only 

one, NHT (eg, abiraterone, 
apalutamide, darolutamide, or 
enzalutamide)

– Surgical or medical castration
– measurable visceral disease per 

RECIST 1.1; OR measurable 
extrapelvic adenopathy

– Progressive disease at study entry 
– ECOG PS ≤ 1
Exclusion criteria
– Any prior nonhormonal therapy 

initiated for the treatment of mCRPC

R
A
N
D
O
M
I
Z
E
D

1:1

ClinicalTrials.gov : NCT04446117

Agarwal N et al. Future Oncology 2022

http://www.clinicaltrials.gov/NCT04446117
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Cabozantinib + Atezolizumab Nivolumab + 
Ipilimumab

Pembrolizumab + 
Enzalutamide

Atezolizumab + 
Enzalutamide Enzalutamide

COSMIC-021 (C6) CM-650 (1)1 KN-365 (C)2 IMbassador2503 IMbassador250
N 132 45 102 379 380

Population
Must have rPD in soft tissue

Enzalutamide and/or abiraterone
Docetaxel for mCSPC allowed

PSA, bone, or soft tissue PD
Liver metastases excluded

TMB high 49%

PSA, bone, or soft tissue PD
No prior enzalutamide

PSA, bone, or soft tissue PD
No prior enzalutamide

Prior Therapy 2+ NHTs: 45%
Prior doce: 25% 

Post-NHT
Prior doce: 11%

Post-Abiraterone 
(including intolerant)

Post-Abiraterone
Prior doce: 50%

Measurable Disease 99% 71% 39% 35%

Visceral Disease
Liver
Lung

32%
13%
19%

24%
-

22%

17%
5%

-

37%
11%

-
All Visc/EPLN*

ORR
INV 23% 27%

25% (INV) 12% (BIRC) 14% (BIRC) 7% (BIRC)
BIRC 15% 18%

DCR INV 84% 88% 66% (INV) 56% (BIRC) 56% (BIRC) 49% (BIRC)

mDOR (mo) INV 6.9 NR NR 12.4 (BIRC) NE

mPFS (mo)
INV 5.5 5.6

5.5 (INV) 6.1 (BIRC, PCWG) 4.2 (BIRC) 4.1 (BIRC)
BIRC 5.7 6.8

G3-4 TRAEs
G5 TRAEs

55%
0.8%

42.2%
4%

39.2%
1%

28%
2%

10%
<1%

Duration of 
Treatment

5.7 mo 2.1 mo - -

Combinatorial  Regimens of Immune Checkpoint inhibitors in mCRPC

Courtesy: Dr. Cora Sternberg. ESMO, 2021.
*Visc/EPLN = Patients with measurable visceral or extra pelvic lymph node metastases 1Sharma et al, 2020. Cancer Cell, 2Berry et al, 2020. ASCO GU, 3Sweeney et al, 2020. AACR.
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Beyond ICIs: BiTE antibody and CAR-T Cell Therapies

Dorff et al. Clin Cancer Res. 2021. (online ahead of print)

BiTE Antibody
Therapies 

CAR-T Cell
Therapies 
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AKT Inhibitors
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Rationale for dual pathway inhibition
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Cross talk between the PI3K/AKT
and AR pathways leads to reciprocal activation when 

one of the pathways is inhibited, providing an 
alternative mechanism for tumour growth and survival

Ipatasertib

Cellular process 
decreased

Ipatasertib is a potent, novel, selective, 
ATP-competitive inhibitor of 

all 3 isoforms of AKT

Dual targeting of both pathways 
may increase anti-tumour activity

de Bono J. IPATential150. ESMO 2020. https://bit.ly/31s8gje
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IPATential150 study design

• Co-primary endpoints: investigator-assessed rPFS (PCWG3 criteria) in ITT and PTEN-loss (by IHC) populations

• Secondary endpoints included: OS, time to pain progression, time to initiation of chemotherapy, ORR, 
investigator-assessed rPFS in PTEN-loss (by NGS) population  
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Patients with asymptomatic or 
mildly symptomatic mCRPC (no 
prior treatment for mCRPC)

Stratification factors
• Tumour PTEN loss by IHCa

• Prior docetaxel in HSPC setting
• Progression by PSA only
• Presence of liver/lung metastases
• Geographic region
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rPFS in the PTEN-loss by IHC Population

Pbo + abi
n = 261

Ipat + abi
n = 260

Patients with event, n (%) 154 (59) 124 (48)
1-Year event-free rate (95% CI), % 63.3 (57.3, 69.3) 64.4 (58.3, 70.5)

Stratified HR (95% CI)a 0.77 (0.61, 0.98)
P = 0.0335b

Median rPFS, 18.5 mo
(95% CI: 16.3, 22.1)

Median rPFS, 16.5 mo
(95% CI: 13.9, 17.0)
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rPFS in the ITT population

Median rPFS, 19.2 mo
(95% CI: 16.5, 22.3)

Median rPFS, 16.6 mo
(95% CI: 15.6, 19.1)
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Pbo + abi
n = 261

Ipat + abi
n = 260

Patients with event, n (%) 306 (55) 252 (46)
1-Year event-free rate (95% CI), % 63.0 (58.9, 67.1) 65.3 (61.1, 69.5)

Stratified HR (95% CI)a 0.84 (0.71, 0.99)
P = 0.0431b

de Bono J. IPATential150. ESMO 2020. https://bit.ly/31s8gje
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rPFS in the NGS-defined PTEN-loss Population

Pbo + abi
n = 103

Ipat + abi
n = 105

Patients with event, n (%) 70 (68) 47 (45)

Stratified HR (95% CI)a 0.65 (0.45, 0.95)
P = 0.0206b

Median rPFS, 19.1 mo
(95% CI: 13.9, NE)

Median rPFS, 14.2 mo
(95% CI: 10.9, 18.7)
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Capivasertib in mCSPC: Phase 3 
CAPItello-281 Trial

Key Eligibility
Inclusion
– Men aged ≥ 18 years with confirmed de novo 

mCSPC (adenocarcinoma)
– Metastatic disease documented by greater 

than or equal to (>=) 1 bone lesion(s)
– PTEN deficiency
– ECOG 0 or 1
– Agreement to remain abstinent or use 

contraceptive measures, and agreement to 
refrain from donating sperm

Exclusion
− Brain metastases, or spinal cord compression
− History of interstitial lung disease or cardiac 

disease or DM
− Inadequate bone marrow reserve
− Treatment with Nitrosourea or mitomycin C 

within 6 weeks of the first dose of study

www.clinicaltrials.gov: NCT04493853

Efficacy end points
Primary:
– rPFS per PCWG 3
Secondary:
– OS
– Time to Start of First Subsequent Therapy or 

Death (TFST)
– Symptomatic Skeletal Event-Free Survival 

(SSE-FS)
– Time to Pain Progression (TTPP)
– Time to PSA progression
– Time To Castration Resistance (TTCR)
– Progression-Free Survival after next-line 

treatment (PFS2)
– Disease-Related Symptoms and HRQoL
– Overall Pain Severity and Pain Interference
– Fatigue intensity, severity and interference 

domains

Capivasertib 400 mg bd 
given on an intermittent 
weekly dosing schedule

+
Abiraterone Acetate 

1000 mg qd.

Placebo
+

Abiraterone Acetate 
1000 mg qd.
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http://www.clinicaltrials.gov/
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Final Conclusions

• Treatment of metastatic prostate cancer has undergone a revolution in the last 
decade leading to approval of multiple novel agents, and more coming soon

• However, disease eventually progresses and remains lethal

• Identification of new molecular targets and biomarkers of response remain critical to 
improve our patients’ lives
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Thank you!
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Clinical Investigator Survey Results



Have you offered or would you offer an anti-PD-1/anti-PD-L1 
antibody-based treatment to a patient with microsatellite-stable 
mCRPC outside of a protocol setting?

I haven’t and would not 

I haven’t but would 
for the right patient 

I have 

2

3

14

Survey of genitourinary cancer clinical investigators



Based on the current clinical trial database, if the combination of 
atezolizumab and cabozantinib were available today for patients 
with mCRPC, would you recommend it?

No

Yes 8

11

Survey of genitourinary cancer clinical investigators



Thank you for attending!
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