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The question Is:
Was “true revolution” in the cancer bone field?

The house believes:
Yes, it was a “biological revolution”



From seed and soil “era”: where we were

A CENTENNIAL CELEBRATION OF
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The first question is: when the cancer cells arrive?

Courtesy of F. Bertoldo
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The second question is: how the cancer cells are
attracted in the bone niche?
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The third question is: how the cancer cells go away?
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THE FOURTH QUESTION IS:
HOW THE CANCER CELLS ENTER IN THE MODERN
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Was “true revolution” in the cancer bone field?

The house believes:
Yes, it was a “therapeutic revolution”



“Bone Health” and new drugs

Bisphosonates (Zoledronic Acid)

Anti RANKL MoAb (Denosumab)

MTOR inhibitor

Radiopharmaceutical (Radium-223)

Endothelin A receptor antagonist (Zibotentan)

Src inhibitors (Saracatinib, Dasatinib)

Novel Antiandrogens (Abiraterone Acetate and Enzalutamide )

Cabozantinib: MET/VEGFR-targeted agent



Bisphosphonates in preclinical animal models can modify the
bone microenvironment
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Adjuvant bisphosphonate treatment in early breast cancer:
meta-analyses of individual patient data from randomised
trials

Early Breast Cancer Trialists’ Collaborative Group (EBCTCG)*

THE LANCET

www.thelancet.com
Published online July 24, 2015
http://dx.doi.org/10.1016/S0140-6736(15)60908-4



http://www.thelancet.com/

Data received: 18,766 women

Trials Patients Trials Patients % Years
2 120 1 72 60 0-5
2 208 1 40 19 0-1
7 1088 3 448 41 1-0

11 1416 5 560 40% 0-9
4 3978 3 3912 98 2:0
1 1069 1 1069 100 3.0

10 3654 8 3514 96 2:0

12 11 910 9 9711 82 4.5

27 20 611 21 18 206 88% 3.5
7 5167 5 5053 98 2:6

31 16 860 21 13 713 81 3-8

38 22 027 26 18 766  85% 3-4



Bisphosphonates reduce bone recurrences

18766 women
RR 0-83 [c10:73 - 0-94]

10-y gain 1-1% [95% C1 -0-1 t0 23
Logrankl 2p =0-004.
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Allocation Years0-4 Years5-9 Year 10+
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Distant recurrences outside bone rate/year (%), events/woman-years and logrank statistics
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Allocation Years0-4 Years 5-9 Year 10+
Bisph 1-98 (782 / 39559) 1-08 (149 / 13746) 0-57 (11/1932)
Not 1-99 (729 / 36571) 1-11 (154 / 13931) 098 (19/1941)
Rate ratio, from 0-99 [C10:89 - 1-10] 0-98 [Cl074 - 1:21] 0-45 [C1 -015 - 1-05]
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Benefits on bone recurrences appear to be
confined to postmenopausal/ older women
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Among postmenopausal women, significant
reductions in breast cancer mortality
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Adjuvant bisphosphonates in early breast cancer:
Consensus from a European Panel.

Age 255
l *If not clinically
assessable i.e.
Yes hysterectomy/
IUD then ensure
serum FSH is in
postmenopausal
Prescribe a BP? range. Ensure
\ 4 \ 4 patient is not
Natural amennorhoea for > 12 Menstrual period within past 12 months receiving
concurrent
months* therapies that
v can affect the
HPG axis.
l Adjuvant treatment plan includes GnRH analogue
8Include vitamin
Prescribe a BPS D 1000-20001U
| and calcium
l 1000mg daily.
Yes
Prescribe a BPSfor the duration Assess fracture risk and use BPs according to
of GnRH analogue. CTIBL guidelines. Council patient that BPs do
not affect survival outcomes when used in
this context.

P Hadji, RE Coleman, D. Santini Ann Onco 2015



“Bone Health” and new drugs

Bisphosonates (Zoledronic Acid)

Anti RANKL MoAb (Denosumab)

MTOR inhibitor

Radiopharmaceutical (Radium-223)

Endothelin A receptor antagonist (Zibotentan)

Src inhibitors (Saracatinib, Dasatinib)

Novel Antiandrogens (Abiraterone Acetate and Enzalutamide )

Cabozantinib: MET/VEGFR-targeted agent



Denosumab interrupt the ‘vicious cycle’ and
change the bone microenvironment

1..."------...,.. QRANKLigand
T T

.’ Metastatic

K tumour cells ‘e,
° °. ’..
o
[ ]
H:Xes Grow®factors To
Cytgpes ” RANK ‘e
Growdh f3etors ( CyfoRes

Ligand
inhibitor

Osteoblasts

Potential indirect and direct effects
on tumourigenesis

P~ A

Adapted from Boyle WJ, et al. Nature 2003;423:337-42;
Roodman GD. N Engl J Med 2004;350:1655—64;
Roodman GD. Leukemia 2009;23:435-41. BP, bisphosphonate.



Denosumab* Phase lll SRE prevention trials

Three trials of identical design in patients with bone
metastases from solid tumours or multiple myeloma

Lipton et al ASCO, 2014

Study 1361
Breast cancer
(N =2049)

Denosumab 120 mg SC Q4W
+

Placebo IV Q4W*

Study 1032
Prostate cancer
(N =1904)

Supplemental calcium and vitamin D

Zoledronic acid 4 mg IV Q4W*

+

Study 2443
Placebo SC Q4W

Other solid tumourst/MM g
(N = 1779)

Z0——4>»n-—-—=002>»2

* Primary endpoint: time to first on-study SRE

* Secondary endpoints: time to first and subsequent SREs, time to
disease progression, overall survival, incidence of adverse events

1. Stopeck AT, et al. J Clin Oncol 2010;28:5132-9; *IV product dose adjusted as per zoledronic acid product labelling.

2. Fizazi K, et al. Lancet 2011;377:813-22; TExcluding breast and prostate.
ngnry DH, et al. J Clin Oncol 2011;29:1125-32. MM, multiple myeloma; Q4W, every 4 weeks; SC, subcutaneously.



Subgroup analyses by baseline characteristics.
Denosumab significantly delayed patients’ time to SREs compared to

ZA regardless of patient’s baseline status.

Benefit of denosumab vs ZA on time to first on-study SRE

Baseline characteristic HR (95% Cl) P-value
Axial bone mets only (n=1,422) 0.83 (0.70,1.00) 0.046
Appendicular bone mets only
(n=753) 0.78 (0.61,0.99) 0.042
Both axial & appendicular
bone mets (n=1,695) 0.83(0.71, 0.97) 0.022
>2 bone mets (n=2,234) 0.81(0.71,0.93) 0.003
<2 bone mets (n=3,489) 0.84 (0.74,0.94) 0.003
Visceral mets (n=2,341) 0.80 (0.69,0.93) 0.003
No visceral mets (n=3,382) 0.84 (0.75,0.94) 0.002
High uNTx (n=2,553) 0.86 (0.76,0.98) 0.028
Low uNTx (n=2,553) 0.75 (0.65, 0.86) <0.001
ECOG 0 (n=2,312) 0.82 (0.71,0.94) 0.006
ECOG 21 (n=3,398) 0.84 (0.75,0.94) 0.002

Lipton et al ASCO, 2014



RANK Is expressed in humans by cancer cells
both at primary tumor and at bone metastases

PRIMITIVI METASTASI PRIMITIVI METASTASI
100% a ——(p: 194) — 100% b —_— (p: 528)__
a. Relationships primary-bone b. Relationships primary-bone metastases
metastases (all samples) (in the same patients)

Santini D. et al. J Cell Phys, 2010



Low RANK expression was associated with better
disease outcomes vs high RANK expression in

human breast cancer patients

Disease-free survival
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. for these reasons the preneoplastic niche and the
vicious cycle can be disrupted targeting T-cell
rank/rankl mediated functions
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Trial Design ABCSG 18

* Prospective randomized placebo-controlled double-blind
multicenter phase-3 trial

 Recruitment 2006 - 2013 (3,425 postmenopausal patients)
* Primary endpoint: Time to first clinical fracture
* Inclusion criteria:

Postmenopausal women with non-metastatic adenocarcinoma of the breast
ER+ and/ or PR+; adjuvant non-steroidal aromatase inhibitor therapy

* Exclusion criteria:

Prior or concurrent treatment with Selective Estrogen Receptor Modulators (SERMs) i 7
Current or prior IV bisphosphonate administration domized ™\ N Denosumab 60 mg
Recent use of oral bisphosphonates . rag omlzte led SC Q6M
Known history of: plaCRuD-COMEdLS \, J/
~ Paget's disease double-blind - \
~ Cushing’s disease 1:1
- hyperprolactinemia (N = 3.425) = Placebo SC Q6M
~ hypercalcaemia or hypocalcaemia k ' J |
~ other active metabolic bone disease

J Y OF THE AUTHOR. PERMISSION REQUIRED FOR REUSE




Primary End Point Results

30 -
Number of Hazard ratio
25 - Fractures / Patients vs Placebo P value
— Placebo 176 /1,709 0.50 (0.39 - 0.65) <0.0001
20 1 — penosumab 92/1,711
15 -

10 -

Risk of fracture, %

‘f-’—"/ 176
——""[167 :
L
87

0 6 12 18 24 30 36 42 48 54
Time since randomization, months

Patients at risk
Placebo 1709 1660 1470 1265 1069 921 785 637 513 384

Denosumab 1711 1665 1488 1297 1118 965 823 688 549 432

SUIOES ARE THE PROPERTY OF THE AUTHOR. PERMISSION REGUIRED FOR REUSE.

.... Waiting for outcome data

305

185

112

Presented By Michael Gnant at 2015 ASCO Annual Meeting



ABCSG-18: Disease-Free Survival

Impact of Denosumab vs Placebo on DFS (ITT)

= 180 93.8%
> , 88.9%
2 92.6% "“it%'-:':]
(’7:») 80 - 86.8%
@ 80.4%
L 70 1 Number of HR (95% CI)
8 Events/Patients vs Placebo P value
cU -
0 0% — placebo 203/1709 0.816 (0.66-1.00) 0510
a) 1 —Denosumab  167/1711
O n n n n n n n n n n n n n | |

O 6 12 18 24 30 36 42 48 54 60 66 72 78 84 9
Mos Since Randomization

= |TT analysis consistent with sensitivity analysis in which pts switching to

another bone-active treatment were censored
— Hazard ratio, denosumab vs placebo: 0.807 (95% CI: 0.66-0.99; P = .0424)

Gnant M, et al. SABCS 2015. Abstract S2-02. Reproduced with permission.



ABCSG-18: DFS by Tumor Size > 2 cm and
Other Subgroups With Significant HR

< 100 T 92.6%

= :ﬁE::t: 87.0%

>

= 88.9%

(?) 80 +

)

O 80.0% .

L 7071 Number of HR (95% ClI) L
g Events/Patients vs Placebo P value

© 4

g 6055 - Placebo 83/467 0.663 (0.47-0.93) .0163 69.8%
e 5 — Denosumab 58/479

O 6 12 18 24 30 36 42 48 54 60 66 72 78 84 9
Mos Since Randomization
Parameter Significant HR

No Al prior to randomization

T-stage T2/T3/T4
Ductal invasive histology

ER+/PgR+ status

Gnant M, et al. SABCS 2015. Abstract S2-02. Reproduced with permission.



...Waiting for D-CARE: study design

. Standard
A (neo)adjuvant therapy
g D ;120 SC (- Standard of A
c ey g . . enosuma mg care annual
Key eligibility criteria O
A4\W th M mammograms,
« Stage II/lll breast cancer '\I" 6 doses Q en Q3 bone scans
* High risk risk S and CTs or
of recurrence A Standard MRIs of the
T (neo)adjuvant therapy thejf)trsgg
N = 4500 c') + \. y,
N Placebo SC
—_— 6 doses Q4W then Q3M

I |
0 5 years

* Primary endpoint: BMFS

« Secondary endpoints: DFS, overall survival, distant recurrence-free survival,
safety, patient-reported outcomes (pain, health utilities)

« Exploratory: breast density, time to SREs, biomarkers

Denosumab (120 mg Q4W) is currently not approved for prevention of bone metastases.

Goss P, et al. ASCO 2013 (Abstract TPS662 and poster); Denosumab is investigational in that setting
NCT01077154. BMFS, bone metastasis-free survival.



“Bone Health” and new drugs

Bisphosonates (Zoledronic Acid)

Anti RANKL MoAb (Denosumab)

MTOR inhibitor

Radiopharmaceutical (Radium-223)

Endothelin A receptor antagonist (Zibotentan)

Src inhibitors (Saracatinib, Dasatinib)

Novel Antiandrogens (Abiraterone Acetate and Enzalutamide )

Cabozantinib: MET/VEGFR-targeted agent



M-CSF, TNF-alfa and RANK ligand promote osteoclast survival
by signaling through mTOR/S6 kinase.

TNF-RANKL

Akt

LY294002 TSC142 /\
auto * PD98059
P
Rapamycin /\
RADOO1

Downstream -
effectors :
v v

Osteoclast Translation of survival factors/inhibition
precursor of apoptosis

Signaling through
NFB pathway

-

F. Bertoldo and D. Santini, BBA Reviews on Cancer, 2014



MTOR Inhibition % Bone Resorption, % Osteoclast Maturation,
and # Osteoclast Apoptosis (Mouse Models)

¥ Formation and enzymatic activity

. . of mature osteoclasts
MTOR inhibition ¥ bone resorption

2 120 - 16,000 1
S 0-72 h ‘:é,' 14,000 -
0 100+ @ 12,000 1
= 20 & 10,000 -

- [J]
o E’ 8,000
< 60 - 2 6,000 -
— < 4,000 -
8 40 - E 2,000 -
(@) -

0 .

§ 20 - Control Rapamycin
(0]
T O .
4 0 1.0 3.0 10 30 10 4 Osteoclast apoptosis

Rapamycin concentration, nMO

Rapamycin (100 nM)

Abbreviations: CTX, C-telopeptide of type | collagen; h, hour; mTOR, mammalian target of
rapamycin; TRAP, tartrate-resistant acid phosphatase.

Adapted/Reprinted from Glantschnig H, et al. Cell Death Differ. 2003;10(10):1165-1177.



Everolimus Treatment  Bone Loss Associated
With Estrogen Deprivation (Rat Models)

. o

[3 mg/kg/day]

L

[3 mg/kg/day]

Control Estrogen-deprived Estrogen-deprived
+ everolimus
Abbreviation: OVX, ovariectomized.

Adapted from Kneissel M, et al. Bone. 2004;35(5):1144-1156.



Rapamycin decreased osteolysis associated with experimental
bone metastasis in a mouse mammary carcinoma

A Vehicle treated

Hussein O et al. Cancer Letters, 2011



MTOR inhibition and bone microenvironment

@ .. Primary tumor cells

Rapamycin

RADOO1

Metastatic cancer cells

Osteolytic factors

Osteoclasts

F. Bertoldo and D. Santini, BBA Reviews on Cancer, 2014



Effect of Everolimus on Bone

Marker Levels and Progressive
Disease In Bone in BOLERO-2

Michael Gnant, Jose Baselga, Hope S. Rugo, Shinzaburo Noguchi, Howard A.
Burris, Martine Piccart, Gabriel N. Hortobagyi, Janice Eakle, Hirofumi Mukai,
Hiroji Iwata, Matthias Geberth, Lowell L. Hart, Peyman Hadji, Mona El-
Hashimy, Shantha Rao, Tetiana Taran, Tarek Sahmoud, David Lebwohl, Mario
Campone, Kathleen I. Pritchard

Gnant M, et al. JNCI. 2013 February 19 Epub, doi: 10.1093/jnci/djt026.



EVE ¥ Bone Turnover Marker Levels
at 6 and 12 Weeks (Overall Population)

6 weeks 12 weeks
BSAP P1INP CTX BSAP P1INP CTX
60 - Between arm differences Between arm differences
P<.001, all P =.005, BSAP
50 - P<.001, PINP and CTX

% Change from baseline

397
-30 1 ® Everolimus + Exemestane (n = 485)

i Placebo + Exemestane (n = 239)

5
o
L

Data from full analysis set.
Proportions of patients with bone metastases or bisphosphonate use reflect the status at study entry among patients with baseline bone marker assessments.

Abbreviations: BSAP, bone-specific alkaline phosphatase; CTX, C-terminal cross-linking telopeptide of type | collagen; PINP, amino-terminal propeptide of type | collagen.

Gnant M, et al. JNCI. 2013 February 19 Epub, doi: 10.1093/jnci/djt026.



EVE ¥ Disease Progression in Bone:
Overall Population (N = 724)

0,5 -
- Everolimus + Exemestane (n = 485)

Placebo + Exemestane (n = 239)
0,4 -

0.3 - P =.04 (Gray’s test, 2-sided)

0,2 -

0,1 - t 54 weeks:
CR =0.1241 (95% CI, 0.0941-0.1583) for everolimus + exemestane

CR =0.2122 (95% CI, 0.1596-0.2698) for placebo + exemestane

0 L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L) L] 1

0 6 12 18 24 30 36 42 48 54 60 66 72 78 84 90 96 102108114120
. . Time, weeks
Patients at risk

Everolimus + Exemestane 485 436 366 304 257 221 185 158 124 91 66 50 35 24 22 13 10 8 2 1 O
Placebo + Exemestane 239190 132 96 67 50 39 30 21 15 10 8 5 3 1 1 1 O O O O

Cumulative incidence of disease
progression from bone metastasis

Cumulative incidence of disease progression was determined using the competing risk method; exploratory P =.036 by Gray’s test.

Abbreviations: Cl, confidence interval; CR, competing risk estimate.

Gnant M, et al. JNCI. 2013 February 19 Epub, doi: 10.1093/jnci/djt026. 37



EVE ¥ Disease Progression in Bone: Patients
With Bone Metastases at Baseline (n = 556)

Cumulative incidence of disease
progression from bone metastasis

Patients at risk

Everolimus + Exemestan&l7 327 278 230 200 172 144 122 95 69 50 45 25 15 13 8

0,5

0,4

0,3

0

] - Everolimus + Exemestane (n = 371)
Placebo + Exemestane (n = 185)
P =.02 (Gray’s test, 2-sided)
—
- At 54 weeks:
CR =0.1551 (95% Cl, 0.1773-0.1977) for everolimus + exemestane
CR =0.2697 (95% CI, 0.2028-0.3409) for placebo + exemestane
O 6 12 18 24 30 36 42 48 54 60 66 72 78 84 90 96 102108114120

Time, weeks
6 5 0 0 O

Placebo + Exemestane 185 135 91 69 47 36 26 20 13 10 5 3 3 2 1 1 1 O O O O

Cumulative incidence of disease progression was determined using the competing risk method; exploratory P = .0165 by Gray’s test.

Abbreviations: Cl, confidence interval; CR, competing risk estimate.

Gnant M, et al. JNCI. 2013 February 19 Epub, doi: 10.1093/jnci/djt026. 38



“Bone Health” and new drugs

Bisphosonates (Zoledronic Acid)

Anti RANKL MoAb (Denosumab)

MTOR inhibitor

Radiopharmaceutical (Radium-223)
Endothelin A receptor antagonist (Zibotentan)
Src inhibitors (Saracatinib, Dasatinib)

Novel Antiandrogens (Abiraterone Acetate and

Enzalutamide )

Cabozantinib: MET/VEGFR-targeted agent



Radium-223 Targets Bone Metastases

« Radium-223
functions as a
calcium mimic

H Periodic Table of the Elements
3 hydrogen B poor metals
. Li Be a::a:i me:;ls wl E nu:lrnetals
alkall ea mecals noble gases
i Targets SlteS Of neW N" M12 transition metals rare earth metals
. . a | vig
bone growth within v I e
K |ca|sc Ca r|Mn|Fe|Co|Ni |Cu
and around bone 37| a8 42| 43| 44| 45| 48| 47 48
Rb | Sr lo| Tc | Ru|Rh [Pd | Ag
metaStaseS 65| 56 74 75 76 78| 79
Cs|Ba| ka VW |[Re|Os|Ir |Pt | Au
HEGEE R T
i Excreted by the B0] 61| 62| 63] B4] 65 68 67] 68 69| 70| 71
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Sma” InteStlne 90| 91| 92| 93 o4 o5 o8| 97| 98| 99| 100] 101 102 109
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Radium-223 Targets Bone Metastases

2 4

2,
%
o )
¥ YN
F

P

Range of a-particle

Radium-22
Bone surface

a-particles cause double-strand DNA breaks in nearby tumour cells
— Limited penetration of a emitters (~ 2-10 cell diameters) results
In highly localized killing of tumor cells with minimal collateral

damage to normal tissue in surrounding area

Parker C, et al. 2012 ASCO GU Cancers Symposium. Abstract 8. Perez CA, et al. Principles and
practice of radiation oncology. 5th ed. 2007.



ALSYMPCA: Phase Ill Trial of Radium-223 in
Symptomatic Prostate Cancer

Stratified by total ALP, previous docetaxel, and
bisphosphonate use; randomized 2:1

Up to 6 treatments at 4-wk intervals

Patients with symptomatic l
CRPC and = 2 bone

metastases with no known /
visceral metastases, either
post-docetaxel or unfit

for docetaxel
(N =921) T~ Placebo (saline) +
BSC

= Primary endpoint: OS

= Secondary endpoints: time to first SRE, time to total ALP progression, total ALP
response, ALP normalization, time to PSA progression, safety, QoL

Parker C, et al. ASCO GU 2012. Abstract 8.



ALSYMPCA: Overall Survival

100 A
90 HR: 0.695 (95% ClI: 0.552-0.875;
P =.00185)
80 1
70 1
— 601
X Radium-223 (n = 541)
% 507 Median OS: 14.0 mos
40 A
30 Placebo (n = 268)
20 - Median OS: 11.2 mos
1o- p
O 1 I I I I I I I I
0 3 6 9 12 15 18 21 24 27
Pts at Risk, n Mos
Radium-223 541 450 330 213 120 72 30 15 3 0
Placebo 268 218 147 89 49 28 15 7 3 0

Parker C, et al. 2012 ASCO GU Cancers Symposium. Abstract 8.



ALSYMPCA: Time to First SRE

100
HR: 0.610 (95% Cl: 0.461-0.807;
90 1 P = .00046)
80 -
g 70 -
g 60 - Radium-223 (n = 541)
s Median: 13.5 mos
4-‘:? 50 4 |
i 407 Placebo (n = 268)
& 30+ Median: 8.4 mos
20
10 -
O ] 1 1 1 1 1 1
0 3 6 9 12 15 18 21
Pts at Risk, n Mos
Radium-223 541 379 214 111 51 22 6 0
Placebo 268 159 74 30 15 7 2 0

Sartor O, et al. ASCO GU 2012. Abstract 9.



“Bone Health” and new drugs

Bisphosonates (Zoledronic Acid)

Anti RANKL MoAb (Denosumab)

MTOR inhibitor

Radiopharmaceutical (Radium-223)

Endothelin A receptor antagonist (Zibotentan)

Src inhibitors (Saracatinib, Dasatinib)

Novel Antiandrogens (Abiraterone Acetate and Enzalutamide )

Cabozantinib: MET/VEGFR-targeted agent



ET-1: direct effects on tumour cells

% ‘S&’ fé ET-].E . g AN
% 3_‘4 éw“f {wg //E {;“; ‘k}
- £+ |
ET,receptor ~ ETgreceptor

Proliferation Apoptosis
Inhibition of apoptosis Clearance
Angiogenesis

Migration, invasion
and metastasis

Bone ‘vicious cycle’ Nelson JB, et al. Nat Med 1995;1(9):944-9;
Okazawa M, et al. J Biol Chem 1998;273(20):12584-92;

Del Bufalo D, et al. Mol Pharmacol 2002;61(3):524-32



ET-1: a role in bone metastasis

Metastatic
tumour cell

ET-1 Growth
factors
ET, ¥ B
P N u

~Np
\I

Osteoblast

Nelson JB, et al. Urology 1999;53(5):1063-9



ZD4054 (Zibotentan)- a specific-ET,R antagonist

Targets: endothelial cells, osteoblasts, cancer cells ‘

== >

"““"0"”“”' Iil I!I |vl |n| ||| IOI 00000000000000000000000 IOI I!I |v| Ivvl I!l Iil Iil"""“""“"”"

e

Metastasis
Disease progression
Angiogenesis
Osteoblast stimulation
Invasion

ZD4054 specifically blocks ET,R, with no detectable activity at ETgR

Morris CD et al. Br J Cancer 2005:92:2148-2152



ENTHUSE (Endothelin A receptor An ist Use)

The Phase lll Clinical Trials to Evaluate 3
Receptor Antagonist (ZD4054) in Hoi

ndothelin A
Fistant Prostate

PRIMARY

No Metastases (MO)
No Symptoms

ENTHUSE

ENTHUSE M1 (14) ENTHUSE M1C (33)
ZD4054 vs p

ebo ZD4054 vs placebo ZD4054 + docetaxel vs
docetaxel + placebo

Asymptomatic or mildly : :
symptomatic metastases Metastatic patients
for whom chemotherapy for whom docetaxel
not yet appropriate IS appropriate




“Bone Health” and new drugs

Bisphosonates (Zoledronic Acid)

Anti RANKL MoAb (Denosumab)

MTOR inhibitor

Radiopharmaceutical (Radium-223)
Endothelin A receptor antagonist (Zibotentan)
Src inhibitors (Saracatinib, Dasatinib)

Novel Antiandrogens (Abiraterone Acetate and

Enzalutamide )

Cabozantinib: MET/VEGFR-targeted agent



Evidence for a Role of Src in Bone Metabolism
and Metastatic Bone Disease

Src kinase Is a non-receptor tyrosine kinase, highly
expressed in normal osteoclasts!?

Src plays an essential role in RANKL-mediated osteoclast
activation® and osteoblast inhibition*

Src knockout mice are osteopetrotic®

Src may be critical for tumor cell survival in bone
microenvironment®



DASATINIB in PC:

Inhibition of Tumor Cells
and Osteoclast Activity Through Src

————— »
,,,, - Lo “\N\ o
/” L \\\ Dasatinib
’ . ~
7 Systemic factors 1 Local factors ¥\
/ re trect banhe
' .
,/ Osteotlast/activity g~ nh rucHQn
Y} T 3
Growth
factors _
A Os SIS

\ Dasatinib
|
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a'th metastatic
randomised,

Docetaxel and dasatinib or placebo in men
castration-resistant prostate cancer (REA%
double-blind phase Il

Patients with /'
chemotherapy-naive,
metastatic,
castration-resistant

prostate cancer,
(N = 1522)

Median overall 4 21:5 months in the dasatinib group and 21-2 months in the placebo

group
The addition of dasati'®s to docetaxel did not improve overall survival for chemotherapy-naive men

with metastatic castration-resistant prostate cancer. This study does not support the combination
of dasatinib




“Bone Health” and new drugs

Bisphosonates (Zoledronic Acid)

Anti RANKL MoAb (Denosumab)

MTOR inhibitor

Radiopharmaceutical (Radium-223)

Endothelin A receptor antagonist (Zibotentan)

Src inhibitors (Saracatinib, Dasatinib)

Novel Antiandrogens (Abiraterone Acetate and Enzalutamide)

Cabozantinib: MET/VEGFR-targeted agent



Abiraterone inhibits biosynthesis of
androgen produced at 3 critical sites:

Abiraterone Inhibits Androgen Biosynthesis
Through CYP17: 17a-Hydroxylase/17,20-lyase

Testes

Adrenal Gland
Prostate Tumor Cell

" R
Testes L N)

& Testosterone

& Dihydrotestosterone

& 8

Prostate tumor cells

& Dehydroepiandrostenedione
& Androstenedione

x & Dehydroepiandrostenedione
& Androstenedione

= 1

Pregnenolohe —» DeoxycortioosteroneF Corticosterone FAldosteronel

170H-Pregnenolone —» 11-deoxycortisolF Cortisol

Y .
20-

I

Testosterone
Fo Androstenedione<
Estradiol

U
1

Modified from Attard G. et al. J Clin Oncol 2008




Enzalutamide impacts multiple steps in
AR signaling pathway

Androgens to AR

Cell cytoplasm And Uniquely
Inhibits Nuclear

Translocation-of-AR x

ﬂ)‘w

Ihhibits Binding of g Enzalutamide

Cell nucleus

. Inhibits Association
Of AR with DNA

Modified from Tran et al. Science 2009



Abiraterone post-docetaxel does delay SREs

=

04 0-0.0001
Hazard ratio 0-615 (95% 0 0478-0791)

— A biraterone acetate and prednisone (median 250 months. 95% {1 25-0-NE)
— Placebo and prednisone (median 203 months, §5% C1 16-3-NE)

4.7 months of

difference

Free ofskdetal- rd ated events (%)

0

Mumber at risk
Abiraterone acetate 797

and prednisone
Placebo and 398

prednisone

|
2

4

G g 10

399

114

1IE Lll-i 1:5 1!3 III} IIE 1|4 EIIS

Time {manths)
204 111 i

53 25 0

Logothetis et al. Lancet Oncology, 2012



Enzalutamide pre-docetaxel does delay SREs

Enzalutamide Reduced Risk of First
Skeletal-Related Event*

Hazard Ratio: 0.718
(95% CI: 0.61, 0.84)

L
59
@
@
L
(18
e
c
@
>
L

Median (95% CI)
= Enzalutamide Enzalutamide 31.1 months (29.5, NYR)

»=xs Placebo Placebo 31.3 months (23.9, NYR)
I | |

T T T T
18 21 24 27 30
Months
Patients at Risk

Enzalutamide &72 843 797 732 674 50! 447 286 183 90 24

Placebo & 644 585 520 46: 319 198 118 a9 18

*Included radiation therapy or surgery to bone for prostate cancer, pathological bone fracture, spinal cord compression,
or change of antineoplastic therapy to treat bone pain from prostate cancer. t12 maonth landmark for percentage of patients SRE-free

Beer TM et al. N EnglJ Med. 2014 Presented By Andrew Armstrong at 2014 ASCO Annual Meeting



Enzalutamide post-docetaxel does delay SREs

3.4 months of difference HR =0.621P <0.0001

Enzalutamide: 16.7 months
(95% ClI: 14.6, 19.1)

X
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@
T
L
Nt
-
@
>
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@
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-
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@
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7))

Enzalutamide 800 676
Placebo 399 278




Linee Guida - AIOM Carcinoma prostatico con
metastasi ossee

Le nuove molecole: abiraterone e enzalutamide

L’ abiraterone e I’ enzalutamide sono capaci, nei pazienti
affetti da tumore della prostata metastatico allo scheletro in
fase di resistenza alla castrazione, di ritardare la comparsa

degli SRE e la progressione scheletrica
Livello di evidenza: 1+




“Bone Health” and new drugs

Bisphosonates (Zoledronic Acid)

Anti RANKL MoAb (Denosumab)

MTOR inhibitor

Radiopharmaceutical (Radium-223)
Endothelin A receptor antagonist (Zibotentan)
Src inhibitors (Saracatinib, Dasatinib)

Novel Antiandrogens (Abiraterone Acetate and

Enzalutamide )

Cabozantinib: MET/VEGFR-targeted agent



Cabozantinib (XL184): Target Profile

Kinase 1IC50, NM
RET 5.2
KIT 4.6
AXL 7.0
TIE2 14
FLT3 14

RTK Cellular I1Cg,, nM,
Autophosphorylation

VEGFR2 4
Cabozantinib, mg/kg
v 3 10 30 100
PMET [ H441

r -

S e s s | tumors®
VET | o

PVEGFRZ e #s s s Mouse
lungt

VEGFR2 e wmme e e G

*No growth factor stimulation.
TVEGF-A administered 30 min prior to harvest.

Data courtesy of Ron Weitzman and Dana Aftab.



ROLE OF MET IN PROSTATE CANCER AND BONE METASTASES

Androgen Deprivation Activates MET Signaling

Stromal
HGF
Androgen deprivation

human prostate/PCa tissues

] HGF

(autocrine + paracrine)

N

X adll
normal well differentiated ldni;feerm .|ate diff::-)eo rlyated
- S— i a9y P TN, BRSNS 2

| &5

bone metastatic

Zhang S, et al. Mol Cancer. 2010;9:9.



CABOZANTINIB
DEMONSTRATES SIGNIFICANT BONE EFFECTS

L.

- - Partial resolution 61 (56)
2 B <1
g Progressive disease 313
'
". Effects on Osteoblast (t-ALP) and Osteoclast (CTx) Activity
100 100 [ Bisphosphonate treated

@ 80 B Bisphosphonate naive
' 2 60
@ 40
§ 20
'S 0

oo
c -20
<

O -40
Docetaxel pretreated & -60
X -80
-100 ) | -100

. Pts With Baseline t-ALP Samples From Wk 6 and 12

Hussain M, et al. ASCO Levels 22 x ULN and (N =118)

2011. > 12 Wks of Follow-up (N = 28)
Abstract 4516.



CABOZANTINIB:
EFFECTS ON BONE PAIN AND NARCOTIC USE

Nonrandomized Expansion Trial

o 20 Prospective: Pts With Average
% Worst Pain 2 4 at Baseline
é 0 * K *
c 20 3
5 £
[
g -40
Narcotics for bone pain at baseline Q
(n = 67): pain improvement at Wk 6 S .60
orl2 47 (70) &
[
& -80
©
e
o
= .100 [l Previous docetaxel

I Previous docetaxel + abiraterone

_ _ _ and/or cabazitaxel
7127 (26%) patients discontinued *Previous radionuclide therapy

narcotics entlrely Median best pain reduction from baseline: 46%

Hussain M, et al. ASCO 2011. Abstract 4516. Basch EM, et al. 2011 AACR-NCI-EORTC
Abstract B57.



CABOZANTINIB: RANDOMIZED PHA ALS

Patients with bone-metastatic
CRPC, and previous treatment
with docetaxel, abiraterone,

or enzalutamide
(N = 246) \

OS Endpoint TriallZ!
=  Primary endpoint: OS

=  Secondary endpoints:
bone scan response by
IRF




Which are the future molecular targets in bone
metastases treatment?.

BLogy
TUMOR CELLS \
- sl ol - /
mTOR e ENDOTHELIAL CELL /
inhibitor C )
Cath-K
inhibitor
SRC
inhibitor
Biphosphonates —
Activin

inhibitor

OSTEOBLASTS
OSTEOCLAST MINERALIZED BONE

Pantano F and Santini D, EOED, 2015



TMR

Tumor
Microenvironment
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Alessandria 5 Maggio 2018

Zoledronato trimestrale
e denosumab
nel trattamento
delle metastasi ossee

Vittorio Fusco
ASO Alessandria



- Perché usiamo gli antiresorptive drugs
(pamidronato, zoledronato, ibandronato,
denosumab) nella malattia metastatica
all’'osso?

- Perché li usiamo cosi (mensilmente) ?

- Per quanto tempo?

- Cosa possiamo cambiare?



ZOLEDRONATO vs DENOSUMAB: 3 TRIALS
[ Stopeck, JCO 2010
2046 pts

First on-study SRE: HR 0.82
Denosumab Compared With Zoledronic Acid for the (264 months vs not reaChEd)

Treatment of Bone Metastases in Patients With Advanced
Breast Cancer: A Randomized, Double-Blind Study

Albon T. Smopeck, Allaw Ligene, ean-acque Sy, Guensier G Saeger, Kong Tonkn, Richard 4 de Do,
Mibhed Lickimiene, Tembin Fufiware, Denise 4 Yandiey, Merta Vimdegra, Michelr Fan, O Jinog,
Roger Dewssy, Susie Jun, oot Ada Braun

Sag accompanying editonal dei: 100 12000C0. 2010031 01268

Fizazi, Lancet 2011
Denosumab versus zoledronic acid for treatment of bone 1904 pts

metastases in men with castration-resistant prostate cancer: First on-study SRE: HR 0.82
a randomised, double-blind study (17.1 vs 20.7 months)

KarimFzazj Michoel Carducc, Metthew Smith, Ronaldo Damidio, Janet Brown, Lawrence Karsh, PiotrMilecki, Neal Shore Michae! Roder,
Huei Wang, Qifinng, Syvin Tadros Roger Dansey, Corsten Goessl

1776 pts

_ _ _ First on-study SRE: HR 0.8 (non inferiority)
Randomized, Double-Blind Study of Denosumab Versus (163 vs 20.6 months)

Zoledronic Acid in the Treatment of Bone Metastases in
Patients With Advanced Cancer (Excluding Breast and 71

Prostate Cancer) or Multiple Myeloma

urvial M. ey, Lat Cowa, Fremos Golfwaser, Vers Mk, Vamia Hungsn, e Prevsoesa,
Glorpio Vimomio Soagieoct, Harm Seehooe, Andrew Speacer, Soraf Vadhan- Rl Roger von Mo,
Wby Willwiacher, Penelln [ Woll, faaming Wang CQU Mamg, Soate faw, Roge Deesey, and Bowend ek



CARCINOMA MAMMARIO LG AIOM 2016

Qualita Forza della
dell’evidenza Raccomandazione clinica raccomandazione
SIGN clinica
L’'uso dei bisfosfonati ibandronato, pamidronato e
zoledronato ¢ raccomandato in donne con carcinoma della
A mammella e metastasi ossee in quanto ¢ i grado di ridurre 1l Positiva forte
numero di eventi scheletrici e ritardarne significativamente la
comparsa.
Qualita Globale Forza della
delle evidenze Raccomandazione clinica raccomandazione
GRADE clinica
Nelle pazienti affetta da carcinoma mammario con
metastasi ossee alla prima diagnosi 1l trattamento con
denosumab puo essere utilizzato
*La valutazione complessiva della qualita delle
Moderata evidenze a._d Og_gr' .dfsponibﬂi cii_‘ca “l ’efﬁcacig di Positiva debole
denosumab in pazienti affetta da carcinoma mammario con
metastasi ossee alla prima diagnosi”, la valutazione del
rapporto tra i benefici ed i danni correlati e la
formulazione della raccomandazione relativa al quesito
posto, sono state analizzate secondo metodologia GRADE
(vedere capitolo 12).

Take home message: I bisfosfonati sono efficaci nel ridurre le complicanze scheletriche. nel ritardare 1l
tempo di comparsa delle complicanze scheletriche e nel ridurre 1l dolore osseo in pazienti con metastasi
ossee secondarie a carcinoma mammario. Il Denosumab ¢ una valida alternativa all’uso dei bisfosfonati per
quanto riguarda la prevenzione delle complicanze scheletriche. I Denosumab ¢é superiore all’acido
zoledronico in termini di ritardo della comparsa del primo e dei successivi SRE.




CARCINOMA PROSTATA LG AIOM 2016

Qualita Forza della

dell’evidenza Raccomandazione clinica raccomandazione
SIGN clinica

L'uso de1 bisfosfonati e di Denosumab & raccomandato m
pazienti con metastasi ossee da carcimoma prostatico
resistente alla castrazione, 1 quanto in grado di ritardare la
comparsa di event1 scheletrici.

Positiva forte

Qualita Forza della
dell’evidenza Raccomandazione clinica raccomandazione
SIGN clinica

Bisfosfonati e Denosumab possono trovare impiego per il
controllo del dolore in pazienti con metastasi ossee da
carcinoma prostatico resistente alla castrazione, ma non
possono sostitwre 1 farmaci analgesici.

Positiva debole

Qualita Forza della

dell’evidenza Raccomandazione clinica raccomandazione
SIGN clinica

Il denosumab potrebbe essere impiegato nel paziente con

metastasi ossee da carcinoma prostatico ormono-sensibile. Positiva debole

Take home message: I bisfosfonati (ac. zoledronico) sono efficaci nel rndurre e ritardare le complicanze
scheletriche di pazienfi con metastas: ossee da carcinoma prostatico refrattano alla castrazione e possono
essere efficaci nel controllare parzialmente 1l dolore osseo. Il Denosumab e una valida alternativa all’'uso dex
bisfosfonati per quanto ripuarda la prevenzione delle complicanze scheletriche nel paziente con malattia
refrattaria alla castrazione




JAMA 2017 : due studi
—

JAMA Oncology | Original imvestigation

Continued Treatment Effect of Zoledronic Acid Dosing

Every 12 vs 4 Weeks in Women With Breast Cancer
Metastatic to Bone

The OPTIMIZE-2 Randomized Clinical Trial

Gabnel M. Hortobegy, MD: Cathenne Van Pornas. MO W, Graydon Harker, BO: William ). Gradehae, ME; Helen Cheeva, M,
Shaker A Dk, MD: Barbara B Haley, MI; Nicholas Saeter, MO: Ramon Mohanlal, BD: Ming fheng, PhD: #lan Lipton, MD

Resaarch

JAMA | Original Investigation

Effect of Longer-Interval vs Standard Dosing of Zoledronic Acid
on Skeletal Events in Patients With Bone Metastases

A Randomized Clinical Trial

fndrew L. Himedstem, MD; beed O Foster, Phi; lames L. Kkatchersssian, MD; John O Roberts, MD: Drew K- Sesfer, BS; Paul | Novotoy, NS

R Tin, PhiD; Aorald 5. Go, MD; Stephen 5 Grubhs, MI; Tracey0'Cannor, MO Mario B Vetasco Ir. ME: Douglas Wedesten, M-
A DMara. PRI, BN, MPH: Charles |. Loprinzi, MO: Charles L. Shagpiro, MO



ZOOM (Amadori

BreaSt Lancet Oncol
2013)
Efficacy and safety of 12-weekly versus 4-weekly zoledronic

acid for prolonged treatment of patients with bone 425 pts
metastases from breast cancer (ZOOM): a phase 3, open-label, " 62 centres

. . .. . In Italy
randomised, non-inferiority trial 2006-2009
Dino Amadori, Massimo Aglietta, Barbara Alessi, Lorenzo Gianni, Tonilbrahim, Gabriella Farina, Fernande Gaion, Francesco Bertoldo,

Daniele Santini, Roberta Rondena, Paola Bogani, Carla | Ripamonti .
Pretrattati

per 12-15 mesi

OPTIMIZE-2
(Horthobagyi,
.
Ressarch
JAMA Oncology | Original lvestigation 416 pts
Continued Treatment Effect of Zoledronic Acid Dosing In 102 centres
Every 12 vs 4 Weeks in Women With Breast Cancer In USA
Metastatic to Bone 2006-2013
The OPTIMIZE-2 Randomized Clinical Trial _
Pretrattati
zabnel M. Hortobag, MD: Cathenne Van Pasnak. MD: 'W. Graydon Harker, B0 William ). Gradehar, MID; Helen Chewe, MD: per 12_15 meS|

Shaloer . Daldtil, MD: Barbara E. Hafey, MD; Nicholes Sater, MID: Ramon Mohantal, MD- Ming Zheng, PhI: Allan Lipton, MO



Breast OPTIMIZE-2

(Horthobagyi,
Resaarch
JAMA Oncobogy | Original Imvestigation 416 ptS
Continued Treatment Effect of Zoledronic Acid Dosing In 102 centres
Every 12 vs 4 Weeks in Women With Breast Cancer In USA
Metastatic to Bone 2006-2013
The OPTIMIZE-2 Randomized Clinical Trial .
Pretrattati

Gabnel M. Horbobegy, MO: Cathenne Van Pomnak, MO 'W. Graydon Hareer, BO: William . Gradeshas, MD; Helen Cheve, ME; per 12_15 meS|

Shaker f. Dok, MD: Barbara E Hafey, MD:; Michobs Sater, MD: Ramon Mohanlal, MD: Ming fheng. PRD- Aflan Lipton, MD

Figura 2. Kaplan-Meier Curve for Time From Randomization
to First Skefetal-Rolated Event (SRE)

o Forza :
S -placebo (NB : Zoom era open-label)
i‘é a0 4
£ ™ Limiti :
T e Zoledronic achd ewery 4 wk . . . . .
2 | ESR S -Cambio sample size in corso di studio
N B (sulla base di ZOOM ...)
Mo at risk- Mo. of avents - . . .
Saikeme W Uoimine T e (W -Assenza di dati a piu lungo termine




Fesaarch

JAMA | Original Investigation

Effect of Longer-Interval vs Standard Dosing of Zoledronic Acid
on Skeletal Events in Patients With Bone Metastases

A Randomized Clinical Trial
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INTERVENTIONS Patents wers randomized to receive zoledronas acid administerad
infravenoushy every 4 weaks {n = 910 vs every 12 weeks (n = 911) for 2 years.

WA DUTCOMES AND MEASURES The premary end point was the proportion of patients
hiaving at lesst | skefetal-related event (defined a5 clinical fracture. spina cord compression,
radistion to bone, or surgery imolving bone) within 2 years after randomizetion and a
babween-group absolute difference of 7% 2= the nonenferiority margin. Secondary end poants
micluded the proportion of patients with at least | skeletal-refated avent by deeasa type, pain
a5 aszessed by the Brief Pain ventory (ange. 0-10; higher scores indicats worsa pain,
Eastem Cooperative Cncodogy Group perfonmance status (ange, 0-4: higher soores indiste
wirse disabity}, incidence of osteonacrosis of the jaw, kidney dyshunction, skeletal
moebidity rate mezn number of skaletal-related events per year), and, in 3 subsat of 553
pateants, suppressaon of bans turmover (assessad by C-termingl tefopepfide lewek).

RESULTS Amang 1822 patients who ware randomized (median age. 65 years; 980 [53.8%:]
women; B55 with breast cancar, 689 with prostate cancer, and 278 with multple mypelomal,
T05 completed the study at 2 years. A total of 260 patients (29.5%) in the zobedronic acd
eyary 4-weel dosing group and 253 patients (28.6%}in the every 12-wesk dosing group
expenenced at least | shaletzl refated avent within 2 years of randomizaton (nsk dfference
of -0 3% [1-sided 95% O, -4%: to «]; P = 00 for noninferority]). The proportions of
skeletal-related events did not differ signifi@ntly betwean the every 4-week dosing groupvs
the every 12-week dosing group for patients with breast cncer, prostate cancer, o multips
myeloma. Pain scores, performanca status scores, inddence of j@w osteoneaosis, and kidney
dysfunction did not differ signifiantly between the treatment groups. Skaletal morbedity
rates were nEmenically identical in both groups, but bone turmover was greater (C-terming!
telopeptide levels were higher) among petients who recefved zoledronsc add every 12 weeds

COMCLUSS0NS AND RELEVANCE Among patients with bone metastzses due to bresst cances,
perostate @ncer, or madtiple myeloma, the use of 2odadronic ackd every 12 wesks compared
with the standard dosing interval of every 4 waeks did mot resuit in anincreased risk of
skeletal events aver 2 years. This longer interval may be an acoepiable trestment option.

Himelstein et al, JAMA 2017
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1822 patients enrolled
between May 2009
and April 2012

855 breast cancer
689 prostate cancer
279 myeloma

A total of 260 patients (29.5%) in the
zoledronic acid every 4-week dosing group
and 253 patients (28.6%) in the every 12-
week dosing group experienced at least 1
skeletal-related event within 2 years of
randomization (risk difference of -0.3%[1-
sided 95%Cl, -4%to |; P < .001 for
noninferiority).

The proportions of skeletal-related events
did not differ significantly between the
every 4-week dosing group vs the every 12-
week dosing group for patients with breast
cancer, prostate cancer, or multiple

myeloma.



LG AIOM 2017 non si pronunciano su zoledronato trimestrale
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