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Multi-modality skills to optimally manage 

prostate cancer

• Surgery

• Radiation Oncology

• Hormonal Therapy

• Chemotherapy

• Genetics (Germline and Somatic)

• Molecular Imaging

• Artificial Intelligence

• Targeted Therapy

• Immunotherapy

• Molecularly Targeted Radiation

Old 

School



Genetics



• 11.8% of men with metastatic prostate cancer
– BRCA2 5.8%

– CHEK2 1.9%

– ATM 1.6%

– BRCA1 0.9% 

– RAD51D and PALB2 0.4% each

NEJM .ORG July 6, 2016

The Germline Proof



Though BRCA2, CHEK2, ATM are common, 

note the number of rare pathogenic genetic 

alterations  
Nicolosi et al. JAMA Onc Feb 19, 2019



Molecular Imaging



PSMA PET Imaging (18F-DCFPyL)
Improved Sensitivity of  Metastases

At least 10X better than CT



“Oligometastatic Disease” 





If metastases begat metastases then 

eradication of early metastatic disease 

makes conceptual sense

Stereotactic body radiotherapy to 

oligo-metastatic disease a new 

standard of care



Targeted radiation significantly improved 

progression-free survival (PFS)

Hazard Ratio:  0.30
95% CI:   0.11 - 0.81
p-value:  0.0023

Phillips et al. JAMA Oncol 2020



Location of disease: 

The beginning not the end of imaging





Standard Therapies Today:

New hormonal agents are moving 

earlier and earlier 

Metastatic Castrate Resistant 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

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

or “triplet”

Radiographic 

Metastases:

ADT resistant

Post-chemo

Cabazitaxel

Abiraterone

Enzalutamide

Rucaparib or

Olaparib or Pembrolizumab or 
223Radium or 177Lu-PSMA for 

some selected cancers

Early use of 

novel 

hormones 

now proven in 

multiple 

settings



Metastatic Hormone-Sensitive Prostate Cancer 

(HSPC) Landscape: Improvements in survival 

(1941-2021) 

• ADT + docetaxel

– CHAARTED (2015) and STAMPEDE (2015)

– ADT + radiation to prostate in low volume metastatic disease 

• STAMPEDE (2018)

• ADT + abiraterone

– LATITUDE (2019) and STAMPEDE (2020) 

• ADT + enzalutamide

– ENZAMET (2019) and ARCHES (2021)

• ADT + apalutamide

– TITAN (2019)



Recent Updates for HSPC: New data 

on systemic treatments (2022-2023) 

• PEACE-1 (M1)

– ADT + docetaxel + abiraterone better than ADT + 

docetaxel 

• ARASENS (M1)

– ADT + docetaxel + darolutamide better than ADT + 

docetaxel 

• STAMPEDE (M0)-High risk Non-Metastatic 

– ADT + radiation + abiraterone better than ADT + 

radiation 



Do we accept PEACE-1 and ARASENS and 

use a triplet?

• No trials using ADT + “new hormone” +/-

docetaxel so the contribution of docetaxel is 

unclear





STAMPEDE: Overall Survival 
Attard et al. ESMO 2021 LBA4



A Few Highlights To Consider on 

Hormone-Sensitive Disease  



STAMPEDE randomized trial: Abiraterone plus 
prednisolone for hormone-naïve prostate cancer: 
Long-term results from metastatic (M1) patients

ADT+Abiraterone vs ADT: Overall Survival

Nicholas James; oral presentation number 611O, ESMO 2020

ADT Median survival

3.8 years

Median survival ADT + 

Abiraterone 

6.6 years

HR=0.60 (0.50−0.71), p = 0.00000000003
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Correlative study of CHAARTED (N=160): 

• PAM50 gene expression profiling:

• 52.1% basal (vs 33.2% localised)

• 46.1% luminal B (vs 32.7% localised)

• 1.8% luminal A (vs 34.1% localised)

PAM50 basal (50%) PAM50 luminal B (48%)

Docetaxel + ADT vs ADT appears to improve OS and time to mCRPC in luminal B subtype only 

Hypothesis generation: transcriptomic 
profiling may improve patient selection for 

docetaxel

PAM50, Prediction Analysis 
Hamid A …. Sweeney C. Annals of Oncology. 2021



Artificial Intelligence in Prostate Cancer 

(Artera AI)
Mohamad et al. ASTRO 2022



Standard Therapies Today:

Moving to Castrate-Resistant Prostate 

Cancer

Metastatic Castrate Resistant 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

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

or “triplet”

Radiographic 

Metastases:

ADT resistant

Post-chemo

Cabazitaxel

Abiraterone

Enzalutamide

Rucaparib or

Olaparib or Pembrolizumab or 
223Radium or 177Lu-PSMA for 

some selected cancers

Early use of 

novel 

hormones 

now proven in 

multiple 

settings



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)

BONE DOMINANT 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 subset      ***PSMA PET Positive subset



Challenges: Somatic Genetics show mCRPC 

is a heterogeneous group of diseases

Robinson et al. Cell 161:1215, 2015



Challenges: mCRPC is a heterogeneous 

group of diseases

Robinson et al. Cell 161:1215, 2015

BRCA2

~12%



Improved Survival: Phase III 

Olaparib Trial (PARP inhibition) in 

BRCA2 mutated Prostate Cancer
Sept 20, 2020



PROfound data: 4047 pts tested, 

28% had DNA repair defects 

31% had Quality Issues with Genomic Assays 
De Bono et al. ESMO 2019, #5118 



Assessment of circulating tumor DNA 

(ctDNA) 

– ctDNA accessible in most everyone whereas tissue based 

assays can be problematic in prostate cancer

– FDA approval to identify eligible patients with specific 

mutations 

• Rucaparib for BRCA1/2 mutations (Aug 26, 2020)

• Olaparib for BRCA1/2 or ATM mutations (Nov 9, 2020)



Challenges: mCRPC is a heterogeneous 

group of diseases

Robinson et al. Cell 161:1215, 2015

High 

TMB

3-6%



Immunotherapy (Pembrolizumab) FDA approved 

for tumors that are MSI high or high tumor 

mutational burden (>10 per Mb) or mismatch 

repair deficient

Do not miss these…..at times the response can be 

dramatic and long lived



cDNA changes after Pembrolizumab in a 

mCRPC patient with mismatch repair 

deficiency 



Challenges: CRPC is a heterogeneous disease 

with many molecular alterations

Robinson et al. Cell 161:1215, 2015

Celebrate precision 

medicine…..but it 

works only in ~20% 

of patients



Theranostics: 

See it…. Treat it…..Love it! 

Cell surface target, a ligand, a linker, and an isotope 



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



PSMA: Gene Expression High in the 

Prostate 

Genomics Institute of the Novartis Research Foundation



PSMA binding molecules can be linked to 

diagnostic isotopes (68Ga) or 

therapeutic isotopes (such as 177Lu or 225Ac) 

Chatolic et al. Theragnostics 6:849, 2016



June 23, 2021

Active in those with PSMA PET positive metastatic disease



VISION: 177Lu-PSMA-617 pivotal 

Phase III trial

CI, confidence interval; HR, hazard ratio; OS, overall survival; PSMA, prostate-specific membrane antigen; rPFS, radiographic 

progression-free survival; SoC, standard of care.
1. Sartor O, et al. N Engl J Med. 2021; doi: 10.1056/NEJMoa2107322. Online ahead of print.

VISION met both primary endpoints of OS and rPFS1

OS: 38% risk reduction for death1

Number still at risk
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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: 60% risk reduction for progression/death1
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PSA decline at <12 weeks and Overall 

Survival
Armstrong et al. Annals of Oncology (2022) 33 (suppl_7): S616-S652.

[



Synergistic opportunities with 

radiopharmaceuticals



Molecularly Targeted Isotopic 

Therapy

Small molecules, peptides, antibodies, 

minibodies, aptamers, and 

radionuclides 



Targeting DNA damage repair pathways in 

combination with radionuclides

O’Connor, Molecular Cell 60, November 19, 2015
47



Antigen release from radiated tumor: 

Synergy with immunotherapies?
Kamrava et al., Molecular Biosystems: 5:1249–1372, 2009



New trials will bring PSMA Lu-177 in the 

pre-chemo mCRPC space



Alpha Particles

(Two protons and two neutrons)

Very destructive at short range

Significant percentage of double strand 

breaks resulting in high cell lethality

Short range….50-100 microns



First alpha emitter in medicine

Hats off to Roy Larsen and Oyvind Bruland at Algeta!!!



Radium-223 only goes to bone stroma!

Radium-223 moved the field forward but 

tumor targeted alpha therapy will be better



Radionuclide Chelate Half life Total

alpha

“Long lived”

Intermediate

Final

Terbium-149 DOTA 4.1 hours 1 alpha Nd-145

Astatine-211 Various 7.2 hours 1 alpha Pb-207

Bismuth-212 C-DEPA/

DTPA/DO

TA

61 minutes 1 alpha

1 beta

Pb-208

Lead-212 TCMC,  

DOTAM, 

and more

10.6 hours 1 alpha

2 beta

Pb-208

Bismuth-213 C-DEPA/

DTPA/DO

TA

46 minutes 1 alpha

2 beta

Bi-209

Radium-223 None yet 11.4 days 4 alpha

2 beta

Pb-207

Radium-224 None yet 3.6 days 4 alpha Lead-212 Pb-208

Actinium-225 DOTA 

Macropa

10.0 days 4 alpha

2 beta

Bismuth-213 Bi-209

Thorium-227 HOPO 18.7 days 5 alpha Radium-223 Pb-207



Catalytic Images and 

Selected Data



Radio-conjugates: PSMA targeted alpha 

emitters (Actinium-225) as 9th line treatment
Kratochwil et a. J Nuc Med 57: 1-4, 2016 



PSMA Ac-225 overcoming resistance to  

PSMA Lu-177 
Sanli et al. (2021) Clin Nucl. Med 46(12):943-95

2x 177Lu 1x 225Ac 1x 225Ac



PSA waterfall after PSMA-617 Ac-225 in 

mCRPC patients without prior Abi/Enza

Sathegke et al. Journal of Nuclear Medicine May 2019, jnumed.119.229229

Thank you Mike! 



Challenges: Metastatic prostate cancer is a 

heterogeneous group of diseases but radiation 

can kill them all!

Robinson et al. Cell 161:1215, 2015



Thanks for 

the 

opportunity 

to be here 

today!

osartor@tulane.edu
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