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What Bone Targeted Agents Are FDA
Approved in Prostate Cancer

To increase bone mass for men with osteoporosis secondary to androgen
deprivation

— Denosumab at 60 mg q 6 months
— Four other drugs approved for osteoporosis in men
Prevention of skeletal related events for those with bone metastatic CRPC

— Zoledronic acid, denosumab
Relief of pain for those with CRPC

— Strontium-89, samarium-153 lexidronam

— External beam radiation too!
Prolong survival for those with bone-metastatic CRPC
— Radium-223




The land of ““no indication”

 No indication to treat bone-metastases in men with hormone-sensitive
disease responding to therapy

— Zoledronic acid failed to provide benefit in two trials

* No indication to prevent onset of bone-metastatic disease in men with
CRPC

— Denosumab failed to provide benefit




Simple Categorization of Current
Bone Targeted Therapies

Hormone-sensitive CRPC

Non-Metastatic Treat osteoporosis Treat osteoporosis

Metastatic Treat osteoporosis Improve survival and SREs




Challenge: Metastatic prostate cancer is a
heterogeneous disease filled with undruggable targets

Mutation
per Mb

AR
TP53
PTEN

ETS fusions |
FOXA1
ZBTB16
NCOR1
NCOR2
PIK3CA
PIK3CB
PIK3R1
AKT1
BRAF
RAF1

‘ CTNNB1

fusions Pathway Associated

RNF43
RSPO2
ZNRF3
BRCA2
ATM
BRCA1
CDK12
MLH1
MSH2
RB1
CDKN1B
CDKN2A
CCND1
KMT2C
KMT2D
KDM6A
CHD1
SPOP
MED12
ZFHX3

Cell Cycle DNA Repair

Chromatin
Modifier

GNAS

2 copy loss Frameshift Gene fusion
1 copy loss B8 Nonsense Amplfication

5 copy neutral LOH Missense Not detected
Spiice B inframe indel

Robinson et al. Cell 161:1215, 2015



Key Challenge in Treating Advanced
Prostate Cancer

* Androgen deprivation therapies (ADT) benefit men with
advanced prostate cancer

— But AR targeted drugs eventually fail

 How do we target advanced cancers driven by multiple
undruggable targets?



Alpha radiation: No known resistance pathways to
DNA double strand breaks

" Alpha Beta
<

Relative particle mass 7300 1
Initial energy (MeV)/particle 3-8 0.01-2.5
Range in tissue (um) 40-100 50-5000

*LET (KeV/pm) 60-230 0.015-0.4
DNA hits to kill cells 1-10 100-1000

*LET, linear energy transfer
Henriksen G, et al. J Nucl Med. 2003;44(2):252-9




Deposition of radium-223 in an osteoblastic lesion
compared to normal bone

Normal bone Osteoblastic lesion
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Studies in Dog track length

Radium-223: Preferential Uptake in the Stroma of Osteoblastic
Lesions Compared to Normal Bone and Bone Marrow

Bruland et al. Clin Cancer Res. 2006;12:6250s-6257s.
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Alpha Emitter Radium-223 and Survival
in Metastatic Prostate Cancer

C. Parker, S. Nilsson, D. Heinrich, S.1. Helle, .M. O’Sullivan, S.D. Fossa, A. Chodacki, Viechno, J. Logue, M. Seke,
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J. Garcia-Vargas, v.1. Shan, @.S. Bruland, and O. Sartor, for the ALSYMPCA Investigators*




Kinetics of ALP Change in the ALSYMPCA Trial
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Sartor et al. Ann Oncol Feb 16, 2017 (epub ahead of print)

Ra-223 (n = 614)
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24
Week

Ra-223 614
Placebo 307
Pvalue

561
260
< 0.001

517 465 413 353
231 193 159 130
< 0.001 < 0.001 < 0.001 < 0.001




Radium-223: Survival after 1-4 injections

versus 5-6 injections in EAP
Sartor et al. ASCO 2015, #5063

Number of Radium-223 Injections
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Multi-Targeted Therapy in Bone Metastases
Modified from K. Pienta: U Michigan

Osteoclast Osteoblast

Bisphosphonates
Denosumab w

7 NN

Immune system

Vaccines, GM-CSF, i
Ipilimumab, etc. r'.

Anti-veGF, ete. Endothelial cell Stromal cells

AR targeted therapies, cytotoxics, etc.




Concomitant abiraterone/enzalutamide and
radium-223 in the international EAP:

Non-randomized!!
Saad et al. Lancet Oncology online July 26, 2016

Randomized
trials pending
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Concomitant use of novel
endocrine agents

— Yes — No

Patients (n) 189 507
Numberof events (%) 42 (22%) 164 (32%)
Median overall survival, NA (16-NA) 13 (12-16)
months (95% Cl)




Concomitant denosumab and radium-223 in the

international EAP: Non-randomized!
Saad et al. Lancet Oncology online July 26, 2016
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Concomitant use of denosumab
— Yes — No

Patients (n) 136 560
Numberof events (%) 34 (25%) 172 (31%)
Median overall survival, NA (15-NA) 13 (12-NA)
months (95% Cl)

6 12

Time from start of treatment




Targeting DNA damage repair pathways in combination
with XRT and Radionuclides

Type of damage: Single-strand

Double-strand breaks Bulky adducts
i breaks (SSBs)

Nucleotide
e.g. from platinum mutations,

and UV substitutions,
deletions, insertions

Repair targets: ERCC1 MLH, MSH,
AL Lo, b Ll XP proteins MTH1", etc
Polymerases

L ' !

Repair pathway: Base Excision Homologous

Repair Recombination End Joining
Repair

Non-Homologous Nucleotide MisMatch Repair

Excision Repair
and Transl esion
Synthesis

Damaging agent(s): RTx RTx RTx UV light Replication errors

Alkylating agents Topo | inhibitors Topo Il inhibitors Platinum agents Alkylating agents
Nucleoside analogue

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




Radium-223 Only Goes to Bone!

This agent does an excellent job in treating
bone but other locations cannot be neglected



Patient A

Radio-conjugates: PSMA targeted alpha

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

Leuprorelin
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Zoledronate '

Docetaxel (50 cycles)
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Enzalutamide | vy 2 -~
223Ra (6 cycles) '

Abiraterone reexposition

Estramustine 12/2014 7/2015 9/2015
PSA = 2,923 ng/mL PSA =0.26 ng/mL PSA < 0.1 ng/mL




Genetically Heterogeneous Cancers Are a Challenge for
“Molecularly Targeted” Therapy but Radiation Kills Them All!

Mutation
per Mb

AR
TP53
PTEN

ETS fusions |}
FOXA1
ZBTB16
NCOR1
NCOR2
PIK3CA
PIK3CB
PIK3R1
AKT1
BRAF
RAF1
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CDKN18

Cell Cycle

Chromatin
Modifier

2 copy loss Frameshift Gene fusion
1 copy loss. B8 nonsense Amplification

5 Copy neutral LOH Missense Nat detected
Spiice B i frame incel

Berger et al. Nature 470:214-220, 2011



