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Bone Metastases

Responsible for high morbidity in patients .

with cancer for two reasons: “dg 0“'
e
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.z, Ibrahim T, Osteoncologia, Ed. Exc. Med. 2003
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Prof. Dino Amadori

OSTEONCOLOGY: New discipline in Oncology
(IRST-IRCCS, Meldola; AUSL Romagna;listituto Ortopedico Rizzoli-IRCCS)

_ v
Prof Mario Mercuri

2000 ......\talan Project: Multidisciplinary approach of Bone Metastases .....> 2024

National training courses
2002 Bologna, Rome 2003 Naples, Bologna 2004 Naples, Florence

I Publications: 3 books I

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)

2009-2021

PhD in Osteoncology (Campus Biomedico Roma)

2014

Establishment of
Osteoncology
field

Establishment of
Osteoncology
Center

National Bone
Metastases
Data Base

2016

Multidisciplinary
Osteoncology
School (MOS)




Treatment of Bone Metastases

Treatment of Bone Metastases

Medical treatment Chemotherapy

Endocrine therapy
Bio-immunatherapy

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

CXCR-4 ant ist .
HDAC .nﬁ.ﬁ.?fr‘;”'s Medical treatment of bone

B e Inhibiten metastases has become

TGF- inhibitors progressively complex and currently
ETRA inhibitor . .

Wnt inhibitor includes:

¥ Palliative care:

LA s s

0000C0C0O0CO0O0O0

o]

o B e v well known antitumor agents
Radiotherapy v Bone targeted agents =
Radiometabolic treatment Bone modifyng agents

Orthopedic surgery
Interventional radiclogy

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-B, tumor growth factor fi; ETRA, endothelin receptor A

Ibrahim T, Tumori 2013
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OSTEOLYTIC MODEL: a vicious cycle  OSTEOBLASTIC MODEL: a vicious cycle

Osteoclast
progenitor

O
M-CSF RANK

Bone tissue Bone formation
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Buijs, The prostate,2009 Ibrahim T, Cancer 2010



Evolving cancer—niche interactions
and therapeutic targets during bone
metastasis Reviews Nature 2021

Robert L. Satcher®' and Xiang H.-F Zhang@?34%=

a Primary breast tumour b Primary prostate tumour

€ Primary kidney tumour d Multiple | Immunosuppression
= myeloma | and MM growth

Myeloma
cell .
RANKL \
(e Xeo X
Osteoblast | %
\ inhibition
Sclerostin,
RANKL
c and DKKl

1 \ RANKL
Osteoclast activation and vicious cycle Osteomimicry Osteoblast inhibition
TGF, IFG1, Ca*, 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
b Osteoclast osteomimicry — B
Recruitment F; “-»__
‘ and activation — | Osteosclerosis
2 XXX X0y SO X® X)) e
Osteogenic niche Osteoblast ‘ g;;:‘:gi‘:
RANKL
and PTHP \

Further osteoclast =
‘activation and
recruitment

PTHP ET1,

Osteolytic Osteosclerotic
macrometastases macrometastases

Flg 3| The relationship between primary tumour and the vicious cycle

ge bone is in various cancer types. a | For breast cancer
dnssemlnau:ed wmour cells (DTCs) awaken from dormancy 1o create osteclytic
macrometatases by both paracrine and heterotypic heterotypic adherens
Jjunction and gap junction interactions inthe ostecgenic niche. which directly
and indirectly stimulate ostecclast recruitment and activation. Osteoclast
activity, in tumn, releases TGFB. 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 ostecgenic niche
harnesses both the anabolic and lytic components of normal bone
homeostasis, leading to osteolysis (PSA) and/or osteosclerosis (PAP). Tumour
cells induce osteosclerosis via secretion of osteogenic factors such as ALFP
osteocalcin, ostecpontin and bone morphogenic 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 genomics of
osteomimicry and why it is not as predominant in other tumour types are not
knowr. ¢ | For kidney cancer, the road to bone destruction is more indirect

FGFs and PSA

./ﬁ

Osteolytic
macrometastases

than for breast or prostate cancer. and resembles that for multiple myeloma
(MM). DTCs create a vicious cycle via paracrine inhibition of ostecblast
function and osteocyte apoptosis. Consequently, the adverse impact on the
anabolic component of the osteogenic niche creates an environment that
increases the RANKL to OPG ratio, promoting osteoclast recruitment and
activity that creates predominantly lytic macrometastases. The details of
interactions in the perivascular and ostecgenic niches are likely tightly linked,
as neovascular induction is a prominent component of kidney cancer bone
metastasis. d | MM is almost exclusively bone aorganotropic. Interactions in the
ostecgenic niche are driven by crosstalk between MM cells and osteccytes,
osteoblasts and osteoclasts. Osteolysis is induced via secretion of RANKL by
MM cells, and amplified by RANKL from apoptotic osteocytes and inhibited
ostecblasts. Immunosuppression enabling MM proliferation and progression
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 osteoclasts.
DKK1, Dickkopf-related protein 1.
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The Metastatic Process: hypothesis
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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 6
CXCR4 | 10 | 0-28) 30 | {14-46) 0 0 45 2387) A0 | 013 CTGF 30 7 12 3
Abbraviations: BM = bone metastasks; CI = confdenc? inlerval; NED = no evidencs of dissgss: WM = viscara| metastesk. 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). CXCR4 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
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x, +— Rank posilive censc
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=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



Bone Microenvironment
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Bone Targeted Therapy
(Bone modifying agents)

Advanced setting

!

Adjuvant setting




Niche-targeted therapies to prevent bone metastasis
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J BONE ONCOL 45 (2024) 100597

Journal of
Bone Oncology

Contents lists available at ScienceDirect

¢ >Q-a( )

Journal of Bone Oncology

ELSEVIER journal homepage: www.elsevier.com/locatefjbo

The osteoblast in regulation of tumor cell dormancy and bone metastasis

Jennifer Zarrer ", Hanna Taipaleenmiki "

Regulation of the disseminated tumor cell pro-dormant milieu by osteogenic cells. Disseminated tumor cells (DTCs) have been found

L)
osteocyte

Fig. 2. Osteoblast lineage cells drive cancer cell colonization and prolif-
eration in the metastatic niche. Triggered bv microenvironmental cues. DTCs



Cancer and Tumor Microenvironment
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Oncologists:

Cesari Marilena, Hakim Rossella, Longhi

Alessandra,

Paioli Anna, Palmerini Emanuela, Marrari Andrea,

Frega Giorgio

Nurse Head:

Coluccino Paola

Nurses: Boccomino Riccardo, Borri Chiara, Boschi

Rita, Brruku Eugenio, Cazal Diana, Cosme

Magdalena, Gironi Sonia, Napolano
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Rychter Renata, Sabbi Daniela,
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Support Professionals: Coirazza Marina, Ferla

Monica, Minerbi Carla, Oliva Vincenza

Psychologist: Biscardi Giulia Physiotherapists: » ¢ > SS Advanced Model; and Innovative Therapies
Cotti Marco, Morri Mattia = "% 2 - o S8 Unit: Laura Mercatali

Segretary: Gilli Giulia . :

Strudy Coordinators: Pierini Michela,
Molendini Lara, Giostra Chiara
Project Manager: Paglia Simona
Scientific Secretary: MarikaSciandra

Lab Researchers

SS Pharmacogenomics & Pharmacogenetics Unit:
Casotti Chiara, Leonardo Fantoni, Claudia Hattinger,
Massimo Serra
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Chiara Bellotti, Ania Naila Guerrieri, Micaela
Pannella, Enrico Lucarelli

toni.ibrahim@ior.it
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