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The gquestion is:
Was “true revolution” in the cancer bone field?

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



(o

From seed and soil “era”: where we were

A CENTENNIAL CELEBRATION OF
DR. STEPHEN PAGET'S
‘SEED AND SOIL' HYPOTHESIS




Seed and Soil ....today’s perspective
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Seed and Soil ....today’s perspective
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Seed and Soil ....today’s perspective
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Was “true revolution” in the cancer bone field?

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



Denosumab (OPG mimetic)

Fully human monoclonal
antibody to RANK Ligand

19G,

High affinity for RANK Ligand (K,
3x 102 M)

Does not bind to TNFa, TNFR,
TRAIL, or CD40L

Bekker PJ, et al. J Bone Miner Res.
Boyle WJ, et al. Nature. 2003



RANK-RANKL axis: the beginning

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 253, 395-400 (1998)
ARTICLE NO. RC989788

RANK Is the Essential Signaling Receptor for Osteoclast
Differentiation Factor in Osteoclastogenesis

Cell, Vol. 93, 165-176, April 17, 1998, Copyright ©@1998 by Cell Press

Osteoprotegerin Ligand Is a Cytokine
that Regulates Osteoclast Differentiation
and Activation
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Denosumab interrupt the ‘vicious cycle’ and
change the bone microenvironment
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Potential indirect and direct effects

on tumourigenesis

Adapted from Boyle WJ, et al. Nature 2003
Roodman GD. N Engl J Med 2004
Roodman GD. Leukemia 2009



Denosumab Compared With Zoledronic Acid for

the Treatment of Bone Metastases in Patients
With Advanced Breast Cancer:

A Randomized, Double-Blind Study

Stopeck AT, Lipton A, Body JJ, et al. J Clin Oncol 2010;28:5132-9.
Martin M, Bell R, Bourgeois H, et al. Clin Cancer Res 2012;18:4841-9.

Cleeland CS, Body JJ, Fallowfield L, et al. Cancer 2013;119:832-8.

Stopeck AT, Fizazi K, Body JJ, et al. Support Care Cancer 2016;24:447-55.

Lipton A, Smith MR, Fizazi K, et al. Clin Cancer Res 2016;22:5713-21.

Additional meeting abstracts, posters and oral presentations.




Study Design: International, Randomized,

Double-Blind, Active-Controlled Study

/Key inclusion criteria: \

« Patients aged 218 years with

Denosumab 120 mg SC and
Placebo IV* Q4W
(n=1026)

» Histologically or cytologically
confirmed breast adenocarcinoma

* Evidence of 1 or more bone
metastases

» Adequate organ function

+ ECOGPSO0,1,0r2

Zoledronic acid 4 mg IV* and
Placebo SC Q4W
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(n=1020) Y

Key exclusion criteria:

\Current or prior IV BP treatment /

Primary Endpoint: Time to first on-study skeletal-related event (SRE) (non-inferiority)
Secondary - Time to first on-study SRE (supenority), time to first and subsequent on-study SRE(s) (multiple event analysis)

Z20——=PN-=00Z>»3

Recommended: Daily supplementation with calcium
(2500 mg) and vitamin D (=400 U)

*Per protocol and Zometa® label, [V product dose adjusted for baseline creatinine clearance and subsequent dose intervals
determined by serum creatinine; No SC dose adjustments made due to increased serum creatinine.
BP=bisphesphanate; ECOG PS=Eastem Cooperative Oncolegy group performance status; IV=intravenous; Q4W=every 4 weeks;

- SC=subcutaneous; SRE=skeletal-related event.
Wﬁm Stopeck AT, Lipton A, Body .JJ. et al. J Clin Oncol 2010:28:5132-9.




Primary Endpoint: Time to First On-Study SRE

- S0 Risk Reduction
L
o
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€ 04- HR=0.82 (95% CI: 0.71, 0.95)
4 P=0.01 (Superiority)*
£ P<0.001 (Non-inferiority)
02=
= Denosumab (n=1026)
= Zoledronic Acid (n=1020)
0 | | | | | | | | |
0 3 6 9 12 15 18 21 24 27
Patients at Risk: Month
Denosumab 1026 839 697 602 514 437 306 189 59 26
Zoledronic Acid 1020 829 676 584 498 427 296 191 a4 29

*Adjusted for multiplicity. Cl=confidence interval; HR=hazard ratio.
e ° opeck AT, Lipton A, Body JJ, et al. J Glin Oncol 2010;28:5132-9.




Time to First and Subsequent SREs

=== Denosumab (n=1026)
= Zoledronic Acid (n=1020)

Risk Reduction

1.0=

0.5=

Cumulative Mean Number of SREs

Rate Ratio 0.77 (95% CI: 0.66, 0.89)
P=0.001 (Superiority)*

0.0

0 3 6 9 12 15 18 21 24 27 30
Month

*Adjusted for multiplicity.
- WAT Lipton A, Body JJ, et al. J Clin Oncol 2010;28:5132-9.



Proportion of Patients With at Least 1

On-Study SRE
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Zoledronic Acid Denosumab
4 mg Q4W 120 mg Q4W
(n=1020) (n=1026)

Martin M, Bell R, Bourgeois H, et al. Clin Cancer Res 2012;18:4841-9.



Raccomandazioni

Qualita Globale Forza della
delle evidenze Raccomandazione clinica raccomandazione
GRADE clinica
Nelle pazienti affetti da carcinoma mammario con
Nisdeats metastasi ossee alla prima diagnosi il trattamento

con denosumab puo essere preso in considerazione
in alternativa all’ Acido Zoledronico.

Positiva Debole

Qualita
dell’evidenza
SIGN

BASSA

Raccomandazione clinica

L’uso del Denosumab dovrebbe essere considerato in
donne con carcinoma della mammella e metastasi ossee
in quanto in grado di ridurre il numero di eventi
scheletrici e ridurne significativamente la comparsa.

Forza della
raccomandazione
clinica

Positiva forte

Associazione [taliana di Oncologia Medica



. for these reasons the preneoplastic niche and the
vicious cycle can be disrupted targeting T-cell
rank/rankl mediated functions

CD8 T cells TR
o Adhesion, migration, and invasion
h I

) /:xcmm CXCR-7, JAGGED, and
cathepsin K

T cells IL-1,1L-6, and \'\ Prostaglandin,
/ TGF-g vitamin D, and
e Tumor cells BN
spleen

IL-7, TNF-a, and
RANKL PTHrP, TGF- ,‘3

IL-1,IL-6,11-8,11.-11,
RANK and TNF-«
CD137
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RANK- RﬂNKL
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1.0 618
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OC precursors

D’Amico L and Roato I, J of Immunology Research, 2015



RANK IS EXPRESSED IN BREAST CANCER CELL LINE
Immunofluorescence assays

Courtesy of Dott. M.Fioramonti
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Results

RANK expression is detectable by CellSearch on
CTCs in MBC

44 Patients ’
Screened

RANK-positive CTC at baseline

21 out of 28 CTC positive

MBC patients were RANK-
positive




Results

RANK positive CTCs number significantly decreased after 2
days from denosumab starting therapy

\

RANKpos CTCs count
i

(l) i 5, (lS 5 1I0 1I2 1I4 1IG 1I8 2I0 2I2 2l4 2l6 2I8 .?:0
days
* p=0.0407

Pantano et al . Scientific Report 2020

RANKneg CTCs count
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Results

A B
o
a a
E —
0 E B RANK-neg CTCs
= ~ RANK-pos CTCs
c )
8 = B TotalcTCs
: :
i 3)
7 7
days days

AAUC value 0 represents the absence of CTCs (n=4) or an equal number of RANK-
positive and RANK-negative CTCs (n=1). For categorized analyses, patients with positive
AAUC value (AAUC > 0) - expression of RANK-positive CTCs persistence over the follow-
up period — were compared with which had negative or 0 AAUC (AAUC <0).

Pantano et al . Scientific Report 2020



Results

RANK positive CTCs number significantly decreased after 2
days from denosumab starting therapy

n Events Median (95% CI)
AAUC =0: 22 14 10 5-27
AAUC >0 20 6 NR NA-NA
g o
> 90 P=0.0012
bS] | HR: 0.25 (0.10-0.62)
2 go-
_8 4
'g 60-_
% 50+
77} ]
401 _ aauc=o
| — AAUC >0
30- L) ! L) T I ! T ! 1 T 1
0 10 20 30 40 50
Time to first SRE (months)
Number at risk
AAUC =0 22 1 8 2 0 0
AAUC >0 20 20 15 10 6 0

B 0

Events Median (95% Cl)
AAUC =0: 22 17 14 5-27
AAUC =>0: 20 9 44 34-44
— 1004
3~
< ] P=0.0002
2 g0 HR: 0.27 (0.12-0.60)
=
B -4
o 60
c- -
S 404
c |
=
90 204
| — AAUC <0
— AAUC >0
04
I ! 1 ! 1 T I ! I ! ]
0 10 20 30 40 50
Time to bone metastasis progression (months)
Number at risk
AAUC =0 22 13 8 3
AAUC >0 20 18 15 1

C :

Events Median (95% Cl)
AAUC =0: 22 14 18 9-31
AAUC >0: 20 13 34 16-42
@ ’IOU—_
< 90 P=0.093
g‘ 80-_ HR: 0.55 (0.25-1.20)
a |
I 704
O -
5 604
= 504
= 1
= 404
5 |
v 304
204 — AAUC <0
10_‘ — AAUC >0
] ! I T T T | T T T T
0 10 20 30 40 50

Time to visceral metastasis progression (months)

Number at risk
AAUC =0 22 14 10 3 0

AAUC>0 20 18 13



Denosumab Compared With Zoledronic Acid for the
Treatment of Bone Metastases in Patients With Castration-
Resistant Prostate Cancer

Key Inclusion

Hormone-refractory
(castration resistant)
prostate cancer and bone
metastases

Key Exclusion

Current or prior IV
bisphosphonate treatment

1° Endpoint * Time to first on-study SRE (non-inferiority)

2° Endpoints * Time to first on-study SRE (superiority)
* Time to first and subsequent on-study SRE (superiority)

Fizazi K et al. LANCET, 2011



Time to First On-Study SRE

= HR 0.82 (95% Cl: 0.71, 0.95) Risk
] = . . 0 0
D 1.00 P = 0.0002 (Non-inferiority) |18%| Reduction
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Subjects at risk: StUdy Month
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Denosumab 950 758 582 472 361 259 168 115 70 39

Fizazi K et al. LANCET, 2011



Time to First and Subsequent On-Study SRE (Multiple Event
Analysis)

Rate Ratio = 0.82 (95% CI: 0.71, 0.94) Risk
P=0.008 Reduction :
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Fizazi K et al.
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LANCET, 2011



Bone Health in MCRPC
Zoledronic Acid in CRPC : Time to first SRE

100

80

60

40

20

Patients Without Event (%)

=

ZOL 4 mg
Placabe

+ SREs: Z0L 4 mg 38%; Placebo 49% (p= .028)
— 11% absolute risk reduction in 21 SRE

+ Pain/analgesia scores increased less with ZOL

*  Noimprovement in tumour progression, GolL, OS5

Median, Days P Value

— 70l 4 mg 488 009
— Placebo 321
Days
214 149 97 70 47 35 3
208 128 78 44 32 20 3

Saad F, et al. J Natl Cancer Inst. 2002;94:1458-1468. Saad F, ef al. ASCO 2003 Abstract 1523.
Saad F, ef al. J Nafl Cancer Inst. 2004;96:879-882.




Associazione I[taliana di Oncologia Medica

Qualita Forza della

dell’evidenza Raccomandazione clinica raccomandazione

SIGN clinica
L’uso dei bisfosfonati e di Denosumab dovrebbe
essere considerato in pazienti con metastasi ossee da
MODERATA carcinoma prostatico resistente alla castrazione, In Positiva forte
quanto in grado di ritardare la comparsa di eventi
scheletrici.




AC ZOL do not improve SRE-Free survival, OS and PFS in mHSPC

1.0 Placebo
1.0 Placeb w7 A, stratified log-rank P = .22
T acebo
ememe 7 A, one-sided stratified log-rank P=.385 =
o =
— 0.8 L=
2 4 ©
== =
== s¢e
a3z 4 2 S
g3 s
2 044 .=
g v =
E - 1.0 Placebo =
w 0.2 =meme 7 A stratified log-rank P = .29 w
0.8
EZ 06 Time From Randomizati h
Time From Randomization (months) A= No. st risk ime From Randomization (months)
No. at risk .
Placebo 322 203 117 63 32 18 10 2 = = Placebo 322 118 58 32 17 8 6 2
ZA 323 204 111 65 36 16 5 0 = = 044 ZA 323 120 65 39 21 8 4 0
@
o=
o
0.2
0 12 24 36 48 60 72 84
) Time From Randomization (months)
No. at risk
Placebo 322 203 117 63 32 18 10 2
ZA 323 204 111 65 36 16 5 0

Smith et al JCO 2014



Zol AC in mHSPC

Zoledronic acid: Failure-free survival Zoledronic acid: Survival
soC 750 FFS events socC 405 deaths
1.0 SOC+ZA 371 FFS events 1.0 SOC+ZA 197 deaths
g HR (95%CI) 0.93 (0.82, 1.05) sl HR (95%CI) 0.93(0.79, 1.11)
_ P-value 0.26 P-value 0.44
§ 0.6 Non-PH p-value 0.99 T;u 0.6 Non-PH p-value 0.83
i SOC+ZA 3
& sOC i 3 Median 0S (95% C1) $OC
¢ 0.4 g 041 soc 67m (60, 91m)
% SOCHZA 80m (70, NR)
Median FFS (95% CI) 0.2
0.2+ soc 21m (18, 24m)
SOC+ZA 21m (18, 25m)
o . 0.0 Restricted mean 05 time
0.0 . | | | | | ‘ ‘ Restricted mean FFS time CII 1l2 2\4 3‘6 4'3 5'0 7'2 3'4 s0C 58.5m
0 12 24 36 . 48 50 72 84 s oy Time from randomisation (months) S0C+Doc 59.5m
Time from randomisation (months) 50C+Doc 36.9m S DIff (95%C1)  1.0m (-1.2, 3.4m)
Diff (95%C1)  1.7m (-0.8, 4.2m) AL risk favants)

G
At risk (eve’r‘:tusg
SOC 1184 (73) 1092 (130) 860 (89) 521 (59) 310 (33) 15 (17) 81 (2) 36
SOC 1184 (446) 713 (173) 488 (70) 287 (31) 161 (19) 84 (6) 45 4 17 SOC+zA 593 (32) 553 (63) 444 (56) 272 (32) 147 (5} & (&) 46 (3 19
SOC+ZA 593 (207) 377 (102) 252 (26) 156 (21) 84 (11} 45 2) 20 (2) &

James N Lancet 2016



Qualita Forza della

dell’evidenza Raccomandazione clinica raccomandazione
SIGN clinica

L’acido zoledronico non deve essere utilizzato nella

MODERATO malattia metastatica in fase di ormono sensibilita.

Negativa forte

Qualita Forza della

dell’evidenza Raccomandazione clinica raccomandazione
SIGN clinica

In assenza di evidenze scientifiche, non dovrebbe
MOLTO BASSO | essere considerato ['uso del denosumab nella | Negativa Debole
malattia metastatica in fase di ormono sensibilita

Associazione I[taliana di Oncologia Medica



Study Design (20050244)

Key Inclusion

Adults with solid tumors and
bone metastases (excluding
breast and prostate) or multiple
myeloma

Key Exclusion

Current or prior intravenous
bisphosphonate administration

N =886 Denosumab 120 mg SC and
Placebo IV* every 4 weeks

Supplemental Calcium and Vitamin D

N =890 Zoledronic acid 4 mg IV* and SC
placebo every 4 weeks

1° Endpoint * Time to first on-study SRE (non-inferiority)

2° Endpoints * Time to first on-study SRE (superiority)
* Time to first and subsequent on-study SRE (superiority)

*IV product dose adjusted for baseline creatinine clearance and subsequent dose intervals
determined by serum creatinine (per Zometa® label)

Henry D, et al. JCO, 2011




Primary end point: Time to First On-Study SRE

1° - HR: 0.84 (95% CI: 0.71-0.98)
P = 0.0007 Non inferiority

2° - Unadjusted P = 0.03 Superiority*
Adjusted P = 0.06

KM Estimate of
Median Months
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Denosumab 20.6
ZoledronicAcid 16.3

Subjects at Risk

Zoledronic Acid
Denosumab

6 9 12 15 18 21 24
Study Month

578 376 261 194 126 86 47
582 387 266 202 134 96 55

*Due to multiplicity adjustment
Henry D, et al. JCO, 2011



Qualita

dell’evidenza
SIGN

MODERATA

Raccomandazione clinica

Il denosumab pud essere preso in considerazione in
pazienti con metastasi ossee da carcinoma renale
con |'obiettivo di prevenire o ritardare 1'insorgenza
delle complicanze scheletriche

Forza della
raccomandazione
clinica

Positiva debole

Qualita
dell’evidenza
SIGN

MODERATA

Raccomandazione clinica

Il denosumab pud essere preso in considerazione in
pazienti con metastasi ossee da neoplasia diversa
dai carcinomi mammario, renale, polmonare e
prostatico con |’obiettivo di prevenire o ritardare
I'insorgenza delle complicanze scheletriche.

Forza della
raccomandazione
clinica

Positiva debole

Associazione [taliana di Oncologia Medica



T ANNALS
ONCOLOGY

dlriving mnavation in oncology
SPECIAL ARTICLE

Bone health in cancer: ESMO Clinical Practice Guidelines'
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Bone Targeted Treatment For Metastatic Bone Disease
— ESMO 2020 Proposed Algorithm

Definite diagnosis of metastatic bone disease

!
Multiple P Oligometastatic
bone metastases bone disease

y

Initiate zoledronic acid or

(daily oral ibandronate or clodronate
may be considered in breast cancer)

denosumab

Extensive

extra-skeletal disease or life

expectancy < 3months

A 4

l

Initiate zoledronic
acid 3 monthly

Review need for
BTA regularly

v

:

Patient achieves
CR or good PR

| Consider interrupting

Patient achieves
CR or good PR

v

Continue BTA
(zoledronic acid 3
monthly)

*Use follow-on bisphosphonates if discontinuing denosumab

BTA, bone targeted agent; CR complete response; PR, partial response

BTA after 24 months*

v

Disease
progression

v

Resume BTA

Coleman R et al 2020



Bone Health in Cancer: ESMO Clinical Practice Guidelines:
Use of Bone Targeted Agents

* Itis recommended to start zoledronate or denosumab in all breast cancer patients
with bone metastases, whether they are symptomatic or not I, A].

* BTAs should be initiated at diagnosis of bone metastasis and considered throughout
the course of the disease [lll, A].

* Zoledronate or denosumab is recommended in patients with CRPC and bone
metastases, whether they are symptomatic or not [I, A].

* Zoledronate or denosumab is recommended in patients with advanced lung cancer,
renal cancer and other solid tumours with a life expectancy of 3 months and clinically
significant bone metastases [l, B].

Coleman R et al 2020



GBCC 2018, Incheon

Optimal interval of ZA: 3-monthly vs. monthly

ZOOM study (Open) OPTIMIZE-2 study (blinded) CALGE 70804 study
ABC with BM ZAg 12w )X 1 year ABC with BM ZAqldw X 1 year ?:?;‘M““‘ET ZAq1awX2year |
! i Breast cancer
Prior ZA for 9-12m Prior ZA for 9-12m Q TAgiwX yer | No orior IV BPs
N=420 ZAqdw X 1 year N=1638 > 416 oo g i ZA q 4w ¥ 2 year
2006-2010 2006-2015 2009-2012
ZOOM OPTIMIZE-2 CALGB 70604
LA q 12w ZAqdw Z4 g 12w FAqdw ZA g 12w ZAqdw
N 209 216 203 200 911 911
Mean SMR 026 (0.15-0.37) 0.22 (0.14-0.29) 058 046 04 04
SRE 15% 15% 23.2% 220% 29 % 30 %
B . e 1.06: 95% CI, 0.70-160: P= 79 HR 0.96 [95% CI, 0.81-115] P= 67
i fw
! G
y = 80 ., 5 404
_Ef 4 E 'd"'-"'“""':%:' DE Zoledvonic aod every 4wk
£ 70 o %
: | E 60 Zoledronic acid every 4 wk %
B — = ——— Zoledranic acid every 12 wk -
-t g 50, . . ) . : W . Wald P= 67
' ' 0 84 168 252 336 40 504 ! ¢ = oA “

Tiwr i idam s inn mianti

Amadori et al, Lancet Onc 2013

Time to First SRE, d

Hortobagyi et al, JAMA 2017

Time, mo

Himelstein et al, JAMA 201/



Bone Health in Cancer: ESMO Clinical Practice Guidelines:
Scheduling of Bone Targeted Agents

e Most patients selected for treatment with zoledronic acid can de-escalate this agent
safely to administration every 12 weeks, preferably after monthly treatment for 3-6

months - (I,B).

e Denosumab should be administered every 4 weeks. Extending intervals beyond this
frequency cannot currently be recommended - (ll,B).

e Discontinuation of treatment after an arbitrary duration, other than perhaps for
those patients with oligometastatic bone disease in disease remission, is not

recommended - (V,B).

Coleman R et al 2020



Multidisciplinary Team (MTD)

Optimal management reguires a multidisciplinary team

that includes medical and radiation oncologists, (ortho-
paedic) surgeons, [(interventional) radiologists, nuclear

medicine physicians and palliative medicine specialists with
expertise in bone complications from cancer.

Coleman R et al 2020
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