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part of Breast Group
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Promotion of the Multidisciplinary
National Project of Osteoncology

Gen 2005

Osteoncology Center

Oct 2011
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The Osteoncology
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Bone Metastases

Responsible for high morbidity in patients .

with cancer for two reasons: “dg 0“'
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OSTEONCOLOGY: New discipline in Oncology

Prof. Dino Amadori

Italian Project: Multidisciplinary approach to Bone Metastases

> 2022

National training courses
2002 Bologna, Rome 2003 Naples, Bologna

2004 Naples, Florence

| pubications: 3 books |

2003 - 2021
National training and practical courses in Osteoncology
(Modena - Forli- Meldola- Roma- Verona- others) -

2003 - 2005

II level University Masters in Osteoncology
(Modena/Bologna/Forli)

PhD in Osteoncology (Campus Biomedico Roma)
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National Osteoncology Network
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Centri accreditati di eccellenza:

- Centro di Osteoncologia presso l'istituto Scientifico Romagnolo per lo Studio e la
Cura dei Tumori IRCCS di Meldola

- Centro di Osteoncologia presso l'istituto Oncologico Veneto IOV

- Centro di Osteoncologia presso l'istituto Tumori Regina Elena, Roma

- Centro di Osteoncologia presso I'Universita Campus Biomedico, Roma

Centri che rispettano i requisiti minimi:
- Centro di Osteoncologia presso l'istituto Neurotraumatologico Italiano,

Grottaferrata (RM)
- Centro di Osteoncologia presso Ospedale Gradenigo (TO)



Italian Society of Osteoncology
18 July 2008
Mission

Care

Promotion of multidisciplinary team to follow and treat patients with cancer bone
disease (primitive and bone metastases, CTIBL).

Research

Promotion of basic, translational and clinical multidisciplinary research in the field
of Osteoncology.

Trainning

Promotion of the training in the Osteoncology discipline.



National Bone Metastases Data Base (2014)
Materials and Methods

TN
-y

BM Data Base is a multicenter prospective observational study, which has as Coordinating Center
(CC), IRCCS IRST of Meldola. The database will allow to gather information on the medical history of
patients with BM using an online software tailored for these data.

D1: First

follow-up

A: Personal data B: Primary || C: First bone D2: Second
(age, vital status) tumor metastasis follow-up

Dn: follow-up
every 6 months

The data are updated every 6 months by the participating centers and reviewed by CC.



T
Multidisciplinary Osteoncology School

MOS 2016 IRST-IRCCS, Meldola

Mission

Promote training in Osteoncology
(bone metastases/bone health):

- Mono- and multidisciplinary care

- Basic, translational and clinical research

- Integration between assistance and research

T1d rget
All professionals interested in Osteoncology from lab to the assistance




Treatment of Bone Metastases

Treatment of Bone Metastases

Medical treatment Chemotherapy

Endocrine therapy
Bio-immunotherapy

Bone target therapy
o Bisphosphonates
RANK-L antibody (denosumab)
Cathepsin K inhibitor
Src inhibitor
PTH-rP antibody

CXCR-4 ant ist .
HDAC .nﬁ.’;.?fri”'s Medical treatment of bone

B e Inhibien metastases has become

TGF-B inhibitors progressively complex and currently
ETRA inhibitor . .

Wnt inhibitor includes:

¥ Palliative care:

LA N A

Q000000000

o]

Analgesic drugs .
o Best Supportive Care v well known antitumor agents
Radiotherapy v Bone targeted agents =
Radiometabolic treatment Bone modifyng agents

Orthopedic surgery
Interventional radiology

Rehabilitation

RANK-L, receptor activator of nuclear factor-kb ligand; PTH-rP, parathyroid
hormone-related peptide; CXCR-4, chemakine receptor type 4; HDAC,
histone deacetylase; TGF-f, tumor growth factor fi; ETRA, endothelin receptor A

Ibrahim T, Tumori 2013



Skeletal Complication Risk: Incremental
Benefits in Breast Cancer

No bisp

64% nskat2 g - amidronat
° y ~20% risk reductson

l

Addmonal ~ O%
risk reduction

b

Additional 18%
risk reduction

}

64% 51% 34% 27%

Lipton A, et al. Cancer. 2000;88:3033-3037. Rosen LS, et al. Cancer. 2003;100:36-43. Stopeck A, et al.
ECCO/ESMO 2009. Abstract 2LBA. Stopeck AT, et al. J Clin Oncol. 2010;28:5132-5139.



Efficacy and safety of 12-weekly versus 4-weekly zoledronic > ®
acid for prolonged treatment of patients with bone
metastases from breast cancer (ZOOM): a phase 3, open-label,
randomised, non-inferiority trial

Dino Amadori, Massimo Aglietta, Barbara Alessi, Lorenzo Gianni, Toni lbrahim, Gabriella Farina, Fernando Gaion, Francesco Bertoldo,
Daniele Santini, Roberta Rondena, Paola Bogani, Carla | Ripamonti

Lancet Oncol 2013
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Mumber at risk
12-week group 209 193 163 137 15
4-week group 216 198 171 143 11
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OSTEOLYTIC MODEL: a vicious cycle  OSTEOBLASTIC MODEL: a vicious cycle

Osteoclast
progenitor

O
M-CSF RANK

Bone tissue Bone formation
Osteoclasto- New matriy

genesis @_(._. o ®im /
A= = - ———— / Ortcoblasty
V
RANKL

) OPG

. o]
\ \ ___________ K _O_SwteOblasts
oo SRR

r
\ Osteolytic factors
| Bone derived factors ! PTHrP, IL-6, -8, -11,. |

, TGF-B, IGFs,.

Bone resorption

Mineralized

bone * Angiogenesis

5 t Bone resorption
metastatic cells | 4 |nvasive growth

Buijs, The prostate,2009 Ibrahim T, Cancer 2010



Osteoclast Precursor

Denosumab N-Bisphosphonates

/ | Mevalonate Pathway | \

HMG-CoA
v

Mevalonate 2 |A

(@) Xeesse |4, X

FPP
v

\ Protein Pregnylation

Impaired Precursor Differentiation
Impaired Osteoclast Function
Osteoclast Apoptosis

Impaired Osteoclast Function
Osteoclast Apoptosis

Anastasilakisl et al, EJE 2018



Preclinical antitumor profile of bisphosphonates

© Inhibition of cancer cell adhesion to extracellular matrix proteins

(Pluyjm et al_, J Clin Invest, 1996; Boissier, ... & Clézardin, Cancer Res, 1997; then others ._._)

O Inhibition of cancer cell proliferation and induction of apoptosis
(Shipman et al_, Br J Haematol, 1997; then others .._))

© Inhibition of cancer cell migration and invasion
(Boissier, .... & Clézardin, Cancer Res, 2000; then others .._.)

© Stimulation of the expansion of human y3T cells
(Kunzmann et al_, Blood, 2000; then others ...

© Inhibition of angiogenesis
(Fournier, ... & Clézardin, Cancer Res, 2002; Wood et al , JPET, 2002; then others ___)

FIGURE 3 | RANKL inhibition as a novel cancer immunotherapy. RANIK/RANKL signaling has iong been known to play an active role in supporting tumongeness
through angogenesis and metastasis both of which can be targated through RANKL inhibition with Denosumab. However, blocking RANKL has recently gathesed
Promise as a new avenue for cancer Immunotherapy which may have complimentary and synerpistic afiacts with known check point inhibitors in fighting canoer. How
biocking RANKL achieves this is not inown, athough several iypothases ast. In the hymus, the RANKL/RANK pathway & crscal for COB0™ ARE® madulry
thymic epeheial cad IMTEC) maturation and central tolerance. Tomporanly blocking cantral tokerance through biocking RANK/RANKL by Denosumab could potentaly
NCrease the Qeneraton of Mo A00'essve ant-tumer antigen T ouls. Activited T cells and NK colls In the tumor microenvironment (TME) express RANKL on thes
surtace, which can inberact with RANK" fumor calls 10 induce immunosuppression n these infitrating cells. Blocking RANKL with Denosumaty would overcome this
suppression. Tumor-darved RANKL has aiso been suggested 10 play a role in converting RANK® infitrating T cells info immune-suppressing reguistory T cels (Trags)
n the TME




Evolving cancer—niche interactions
and therapeutic targets during bone
metastasis

Robert L. Satcher®' and Xiang H.-F. Zhang®?23+4%

Reviews Nature 2021

a Primary breast tumour b Primary prostate tumour

1

Osteoclast activation and vicious cycle

Osteomimicry
TGFB. IFG1, Ca*,

Immunosuppression

€ Primary kidney tumour d Multiple
fy | and MM growth

am myeloma

Myeloma
cell '

Osteoblast
inhibition

Sclerostin,

RANKL

and DKK1
RANKL l

Osteoblast inhibition

ALP, osteocalcin, IL-6, BIGH3 and Osteoclast
PTHrP, RANKL and IL-6 osteopontin, Metastatic angiogenesis recruitment and
g0 oo BMP4 and PAP cancer cell with amplification

S Osteoclast

Recruitment
and activation

Oste

osteomimicry

@/—‘ — Osteosclerosis
. P N2 N S .
J I-

P - L

apoptosis

\

RANKL
and PTHrP

= Further osteoclast ==
lactivation and
recruitment

PTHrP.ET1,

Osteosclerotic
macrometastases

Osteolytic
macrometastases

Fig- 3 | The relationship between primary tumour and the vicious cycle
of late-stage bone metastasis in various cancer types. a | For breast cancer
disseminated tumour cells (DTCsh awaken from dormancy to create osteokytic
macrometatases by both paracrine and heterotypic heterotypic adherens
junction and gap junction interactions in the ostecgenic niche, which directly
and indirectly stimulate osteoclast recruitment and activation. Osteoclast
activity. in turn, releases TGFP. IGF1. Ca’* and other growth factors from bone
that further stimulate tumour proliferation. This is the classic ‘vicious cycle’.
b | For prostate cancer, osteomimicry of DTCs in the osteagenic niche
harnesses both the anabolic and lytic components of normal bone
homeaostasis, leading to osteolysis (PSA) and/or ostecsclerosis (PAP). Tumour
cells induce ostecsclerosis via secretion of osteogenic factors such as ALF,
osteocalcin, ostecpontin and bone mornphogenic protein 4 (BMP4). Osteolysis
is induced via secretion of PTHrE ET1 and IGF 1. This global alteration towards
bone-like phenotypes may be driven by RUNXZ. The underlying gencmics of
osteomimicry and why it is not as predominant in other tumour types are Not
knowrn. € | For kidney cancer. the road to bone destruction is more indirect

FGFs and PSA

./@

Osteolytic
macrometastases

than for breast or prostate cancer. and resembles that for multiple e
(MM} DTCs create a vicious cycle via paracrine inhibition of ostecblast
funcrion and osteocyte apoptosis. Consequently, the adverse impact on the
anabolic component of the osteogenic niche creates an environment that
increases the RANKL to OFG ratio, promaoting osteoclast recruitment and
activity that creates predominantly lytic macrometastases. The details of
interactions in the perivascular and osteogenic niches are likely tighthy linked,
as neovascular induction is a prominent component of kidney cancer bone
metastasis. d | MM is almost exclusively bone organotropic. Interactions in the
ostecgenic niche are driven by crosstalk between MM cells and osteccytes,
ostecblasts and osteoclasts. Osteolysis is induced via secretion of RANKL by
MM cells, and amplified by RANKL from apoptotic osteccytes and inhibited
ostecblasts. Immunosuppression enabling MM proliferation and progressicon
is provoked by immune dysregulation. influencing T cell immunity, natural
killer cell function and the antigen-presenting capacity of dendritic cells:
and via myeloid derived suppressor cell amplification by ostecclasts.
DKK 1. Dickkopf-related protein 1.




Evolving cancer—niche interactions
and therapeutic targets during bone
metastasis

Robert L. Satcher®' and Xiang H.-F. Zhang 234

Reviews Nature 2021
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Fig. 4| Emerging th ic targets in bone is. a | Molecular crosstalk between cancer cells and perivascular

niche cells mcludmg endothehal cells and pericytes. b| Therapeutic targets in differentiation of osteoclast progenitor cells
into mature osteoclasts. ¢ | Direct cellcell interactions and paracrine between cancer cells and osteogenic cells.d | The
integrin pathways mediating interaction between cancer cells with extracellular matrix (ECM) during bone metastasis.
The dotted circle indicates the paradigm of vicious cycle that includes secretion of PTH and PTHrP by cancer cells that
activates osteoblasts, the secretion of RANKL by osteoblasts that drives osteoclast differentiation and the release of

TGFp and IGF1 from bone matrix upon bone resorption that reciprocally promotes cancer cell progression. Molecules

with targeted therapies available are highlighted with red stars. TNC, tenascin.
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New Bone- Cancer relationship

EVOLUTION

Primitive tumors - 1- Bone metastases
2- Cancer Treatment Induced Bone Loss

(CTIBL)

REVOLUTION

- Foundation of a new field in Oncology: OSTEONCOLOGY
- Care: mono and multidisciplinary approach

- Research: thanks to new Knowledge in the pathogenesis of bone
metastases, on 2018 the aim of treatments is not only to prevent SREs, but
also to have an impact in the natural history of cancer.

Ibrahim T et al. Oncol Lett. 2013



The Metastatic Process: hypothesis

STRESSING
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Ibrahim T, 2018



Bone tropism

IRST DATA: RANK expression in primary breast cancers of patietns IRST DATA: The role of gene profi|ing; tissue and
with/without bone relapse circulating markers in the prediction of bone metastases in

breast cancer patients

Relapsed Patients
NED Patients Overall M BM P P
(n = 10) n = 30) (n=10) (n=20) BM vs NED BM vs VM
% | (®%C) [ % | (%%C) [ % | (%%C) | % | (36%CI) Patients Patients Expression Expression in
0PG 20 E52 2 (12-41) 20 E52 25 (11-47) 1.000 1.000 Marker Expression in cases| in Controls | Expression in VM NEDP
RANK 2 B-52 17 7-34) 0 0 ] {11-47) 1.000 140 B2m 27 3 0 5
CXCR4 | 10 | 0-28) 30 | {14-46) 0 0 45 2387) A0 | 013 CTGF 30 7 12 3
Albeaviations: BM = bene mehstasts; CI = comldence Interval; NED = no evidencs of dissess: W = wsoaral metastask. HPSE 18 3 4 3
SPARC 9 0 0 9
<+ The CXCR4+RANK combination was an independent predictive marker of TFF1 63 22 23 21
relapse to bone, increasing the RR of bone relapse 9.3-fold in the BM group with RANK 18 2 4 0
respect to NED-VM patients (P =008). CXCRA4 15 6 13 0
+“ Considering only patients who relapsed to viscera as control group, the RR of IBSP 20 0 0 0
bone relapse increased 16.1-fold. ) i o
P Ibrahim, Clin breast cancer 2011 CTGF/RANK 79 28 30 26

Receptor activator of NF-kB (RANK) expression in primary tumors associates
with bone metastasis occurrence in breast cancer patients.

rank
« «"-Rank negative
I Rank positive
- Rank negative cens
x, +— Rank posilive censc

1.0+

0.5

II‘L“

s
Weita,

054 S

Cumulative Survival

029

0.0+

El SID 1&0 |§D ZEI] 2‘."10
=Immunohistochemical analysis of RANK showed a positive correlation with the development of bone
metastases (P=0.023)
="RANK-negative" and "RANK-positive" patients had a SDFS of 105.7 months (95% Cl: 73.9-124.4) and
0, - | i ..
58.9 months (95% Cl: 34.7-68.5), respectively Santini D et al PlosOne 2011



The metastatic process/pre-metastatic Niche

Osteoblast cells regulate HSC cells and are
closely linked with vascular remodeling and
osteoclast activity

Tumour cell
arriving in bone

Perivascular
Niche

Osteoblastic Osteoclast
Niche

Hematopoietic
stem cell niche .

Ibrahim T, 2018 Q@ sc

Tumour cell

Osteoblast




Bone loss at 1y (%)

BONE LOSS IN PATIENTS ON CANCER THERAPIES
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The microenvironment: arole for osteoporosis?

Miedim] Hy potheses 75 (20107 514516

Contents lists svailable st Scliencelirect

Medical Hypotheses

journal homepage: www.elsevier.comflocate/mehy

Osteoporosis as a potential contributor to the bone metastases

Yong-Ping Wua +!, Wei-Shan Chen 2, Sheng-Jie Xu ™', Ning Zhang2-

* Department of Orthopasdics, 2nd A filisted Hospd ], School of Medicine, Fhejiang Lheersi e, #00 Befang Rowd, Hongrbon 310008, Clkine
B in=t fute of (limical Ressanch, Sir Bun Bun Shaw Hospi i), School of Medicine., Zhejiang University, #2 Ezcr Qingohun Boad, Hengohou 20007186, Chine

Estrogen-deficient osteoporosis enhances the recruitment and activity of osteoclasts by

breast cancer cells
Francesca Salamanna?, Stefania Paganil?, Melania Maglio?, Veronica Borsari!, Gianluca

Giavaresit?, Alberto M. Martelli3, Francesca Buontempo? and Milena Finit:?

Contents lists available at ScienceDirect

Bone

journal homepage: www.elsevier.com/locate/bone

Original Full Length Article
The active role of osteoporosis in the interaction between osteoblasts and
bone metastases

Stefania Pagani ®>*, Milena Fini *P, Gianluca Giavaresi P, Francesca Salamanna P, Veronica Borsar

@ CrossMark

ib

2 Laboratory of Preclinical and Surgical Studies, Rizzoli Orthopaedic Institute, Bologna, Italy
Y Laboratory of Biocompatibility, Technological Innovations and Advanced Therapies, Department RIT Rizzoli, Rizzoli Orthopaedic Institute, Bologna, Italy




Bone Microenvironment
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stem cells tumor cells
HaCs) PI3K/AKL? (DTCs)

MAPK/ERK?
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Quiescence Proliferation agents? s

VLA-4 |
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& 2011 American Asaociation for Cancer Research

CCR Molecular Pathways AR

Shiozawa Y, Clinical Cancer Research, 2011




Bone Targeted Therapy
(Bone modifying agents)

Advanced setting

!

Adjuvant setting




Evolving cancer—niche interactions
and therapeutic targets during bone

metastasis

Reviews Nature 2021

Robert L. Satcher®' and Xiang H.-F. Zhang®?23+4%

a b Model 1: two alternative niches € Model 2: osteogenic differentiation of
Epiphysis competing for DTCs perivascular MSCs in situ
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Fig. 2 | The possible relationship between different microenvironment
niches during early-stage bone metastasis. a | The vascular network in the
bone marrow is in close proximity to trabecular bones and endosteum,
where osteogenic cells localize. The perivascular niche and osteogenic
niche may have a few possible relationships during bone metastasis.
b | Model 1: the two niches may compete for disseminated tumour cells
(DTCs). DTCs localize to the perivascular niche and osteogenic niche, after
which they may enter dormancy or begin proliferation, respectively.
c | Model 2: the perivascular mesenchymal cells of type H vessels possess
mesenchymal stem cell (MSC) activities and may differentiate

Osteogenic

. .

R

. 1

. 1

T

. 1

F

. 1

differentiation | 1

. L

. '

. L}

. '

§ -

. '

. L

. L

= .o
7 H
5 . '
. L)

1] L

. L

. "

. L

...........................................................

into osteogenic cells. Therefore, in situ differentiation may create a
new osteogenic niche adjacent to the perivascular niche, and may
terminate dormancy and trigger proliferation of cancer cells. d | Model 3:
dormant DTCs and quiescent MSCs colocalize in the perivascular niche.
Bone homeostasis or patholegical bone injuries release osteogenic signals
to mobilize MSCs. Cancer cells may form specialized protrusions to
attach to MSCs that are undergoing chemotaxis towards the source of
osteogenic signals. Upon arrival, the MSCs differentiate into osteoblasts.
The associated cancer cells remain in the newly formed osteogenic niche
and begin proliferation.




Niche-targeted therapies to prevent bone metastasis
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Evolving cancer—niche interactions
and therapeutic targets during bone

metastasis

Reviews Nature 2021
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Fig. 4| Emerging therapeutic targets in bone metastasis. a | Molecular crosstalk between cancer cells and perivascular
niche cells including endothelial cells and pericytes. b | Therapeutic targets in differentiation of osteoclast progenitor cells
into mature osteoclasts. ¢ | Direct cell—cell interactions and paracrine between cancer cells and osteogenic cells. d | The
integrin pathways mediating interaction between cancer cells with extracellular matrix (ECM) during bone metastasis.
The dotted circle indicates the paradigm of vicious cycle that includes secretion of PTH and PTHrP by cancer cells that
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with targeted therapies available are highlighted with red stars. TNC, tenascin.




Cancer and Tumor Microenvironment
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Hot topic in Oncology

Microenvironment




KTITUTO ORTOPEDICO

A
%;OU

4D NI

L'Oncologia moderna 2022

Precision Medicine
is science — a new wave of
evidence-based medicine

PRECISION
Targeted Therapies
Based on

Molecular Diagnostics i .
Personalized Medicine

Is a practice — managing a
patient's care more
holistically

PERSONALIZED
Prevention and Treatment based
on Environment, Lifestyle,
and Genes




The Osteoncology

Il processo metastatico: [potesi

[ .

LETH

Metastatic from priwary

niche
{bone, ltver, lung...)

Ibrahim T, 2018
Ibrahim T, Cancer 2010

needs M1 needs needs MO/M1

2000 2022




Vision of {]

. Prof. Amadori Clinical and Lab

T gn 7 Researchers

DINO

Networks AMADORI

ANIMA E CORAGGIO :
La ml‘a yita contro il cancro

'y O’G / \ :
- log, ®

it/ o, @ Patients |

Interdisciplinarity 9{,’0
[ \ N s "rf

N =
[ J
A




- DINO FM - 08 2015

AMADORI P

ANIMA E CORAGGIO ADORI

L3 W contro il cancro el

M

. A . : I
- nm Shoba Jothe
0 fron A oA

-
L e A

= [
v
\ J \
b
D [} 3 } 73
. . i
1)

2 A~




