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Metastasi ossee

Terza sede di metastasi dopo polmone e fegato
L’ 80% & dovuto a secondarismi da:
Mammella

Prostata

Polmone
Rene

Tiroide




Metastasi ossee da tumori Gl,
davvero un problema?

e Epidemiologia
 Panoramica sulle diverse neoplasie
— Comportamento clinico
— Significato prognostico
— Terapia
— Implicazioni biologiche

* || carcinoma gastrico come modello




Epidemiologia

Neoplasia Incidenza Tipologia delle | Isolate (1° sede)
metastasi ossee elsioni
1%

Esofago miste rare
Pancreas 1% miste no
HCC 3-20% Osteolitiche/ Si
miste
Vie biliari 3-5% miste Si
Colon 5% osteolitiche rare
Retto 5-10% miste Si
Stomaco  1-2% (autopsia Osteoblastich Si

20%) e/miste



HCC and bone metastases

Asian patients Western patients
More frequent e osteolytic 80%
Mixed 90% e Soft tissue expansion
Multiple 70% * Hypervascolaerized
mOS 11 months * Aggressive
Prognostic factors for S  Median survival a few
Child/PS months
VEGF mediated * No utility of bone scan
Moderately aggressive

Radiotherapy effective
Good response to bifosfonates (embolization)




PDAC and bone metastases

A Survival functions
— Distant ymph nodes
i0 b — Lung metzastases
— Bone metastases
] Liver metastases
W : 7 World ]Ournﬂl Of Liver ¥x bone metastzses: P = 0.642
- Liver is lung metestases: £ < 00001
e
GaStroenterOIOgy % L' Liver ¥= distant lymph nodes: 2 < 0.0001
Submit a Marmscript: hitp:/ /www. wignet com,/esps/ World ] Gastroenéeral 2017 March 14; 23(10): 1872-1850 oa | Lung = distant lymph nodes: 2 = 0.016
DOI: 10,3748/ wjg v23.i10.1872 ISSN 1007-0327 (print) ISSN 2210-2840 (online) g Lung vs bone metastases: £ = 0051
Bone vs distant lymph nodes: 2 = 0L001
ORIGINAL ARTICLE 0z |
Observational Study
Prognostic value of site-specific metastases in pancreatic oo b et E e it

adenocarcinoma: A Surveillance Epidemiology and End ' : . . . :

- 1] 10 20 0 440 50
Results database analysis il (e )
Hani Oweira, UIf Petrausch, Daniel Helbling, Jan Schmidt, Meinrad Mannhart, Arianeb Mehrabi, Othmar Schab, B
Anwar Giryes, Michael Decker, Omar Abdel-Rahman — Distant lymph nodes
10| + — Lung metastases
5 — Bone metastases
Liver metastases
08 1[
Liver ¥s bome metastases: P = 0.603

° . [ | HT1 Li | etactases: P < 00001
7% incidence e
i_‘ Lung 15 bone metastases: & = 0076

* Associated with squamous §O4T AL Lung s detant ymph e = 0207
I e
subtype (smokers) »2 N

* c-myc alteration B T o

1] 10 20 0 440 i
Survival (expressed in months)

Figura 1 Kaplan-Mséar curve of: overall survival [A), and pancreatic cancer-
apecific survival (B} according to the site of single aite metzsizssa.



nature

Genomic analyses identify 4 molecular
subtypes of pancreatic cancer Nature 2016
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Metastasi ossee e carcinoma del colon-retto:
prognosi

Attenzione
PS importante!!

1.0+ + Censored
Logrank p <.0001
0.8
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[KPS 0 ——-1]
Fig. 2 Bone survival depending on the Karnofsky performance score (KPS)
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Carcinoma del colon-retto
e metastasi epatiche

Fattori prognostici per sviluppo di meta ossee:
metastasi polmonari e neoplasie rettali.

Seguire il paziente con ca del retto e i pazienti
operati per lesioni polmonari

Sono piu spesso eventi tardivi e cattiva prognosi
(osteolitiche) (mOS 7 mesi, D. Santini)

Zoledronato efficace nel ritardare SRE ma impatto
anche su sopravvivenza

No mutazione specifica ma attenzione a ALK



Characteristics of ALK/ROS/NTRK rearranged mCRC

Female Right colon RAS&BRAF wt

Elderly Nodal mets MSI-high

ALK, ROS, NTRK1-3 negative (N/Died = 316/136)

100 e ALK, ROS, NTRK1-3 rearranged (N/Died=20/15)
75_ Iedian follow up: 28.5mas

ALK, RO51, NTRK1-3 negative, median 05: 33.7 mos
ALK, RO51, NTRK1-3 rearranged, median 05: 15.6 mos

50 HR:2.17 [1.03-457]
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Gastric cancer and bone metastases

The majority of bone metasese are asymptomatic

Bone metastasis

synchro- meta- total
nous chronous
(n=124) (n= 77} {n=203)

Sites: Spine; pelvis

Median age (range}, years 52 (24-83) 51(28-71) 51(24-83)

Methacronous met median time to met 16 months

Bone metastases prognostic factors for survival: 8.7
vs 4 months

Better survival for patients with bone only vs bone +
other sites

PS prognostic factor for survival

Cardia > incidence; PD >

Synchronous vs metachronosus prgonsotic

S-1 or irinotecan better?

Sex

Male T11(5a) 46 (80) 117 {57)
Female S50(44) 31 {40) B (43)
Performance status
0-2 29 (72) &7 (87) 166 (E2)
-4 27121) 10{13) 37(18)
Histology
Wh-MD 2520) 13{17) 38 (20}
PD-SRC 91 (72) 56 (73] 147 {72}
Unknown 10 (B} 81(10) 16 (B)
Giross type
EGC 9 (B} 3 (4) 12 (&)
T}fpe 1 312} 0 32
T}']JEE 13 (10) 10{13) 23(11})
Tﬂ:H?3 &3 (50) 40{51) 103 (51}
Type 4 19 (15} 19{25) 38 (19)
Undlassified 19 (15) 5{7] 24(11)
Location
Upper 1/3 1(1) 1(1) (1)
Mlicddle 1/3 41 (33) 37 (49) 78 (38)
Lower 1/3 31(25) 24 (31) 55 (28)
Diffuse 3931 B110) 47 [23)
Unknown 14 {10) 7{9) 21 (10}
Oiperation
Yes (6} 69 (90) 77 38)
Mo 118 (94) 2{10) 126 (62)
Aim of surgery
Curative 1] S8 {77} 50 {29}
Palliative &(5) & (8) 12 (6)
Bypass 2(2) 4(5) 6(3)
LB A Pt BRECRRS. Sl Pl | LESHT s [ PEER, R | LS el A T L



Anaplastic lymphoma kinase (ALK) gene st e

2015, Vol 7(2) 56-62

alteration in signet ring cell carcinoma of s
the gastrointestinal tract Reprs anapermssons:

hittpa www.sagepub.ca.uly
JjournalsPermissions.nav

Olatunji B. Alese, Bassel F. El-Rayes, Gabriel Sica, Guojing Zhang, Dianne Alexis,
Francisco G. La Rosa, Marileila Varella-Garcia, Zhengjia Chen, Michael R. Rossi,
Nazim V. Adsay, Fadlo R. Khuri and Taofeek K. Owonikoko

3-5% incidenza

Tipico dello stomaco distale
Istotipo mucinoso
Raro nella giunzione EG

Identification of ROS1 Rearrangement in Gastric
Adenocarcinoma

Jeeyun Lee, MD, PhD"; Seung Eun Lee, MD, PhD? So Young Kang, MS? In-Gu Do, MD, PhD®; Sujin Lee, MD";
Sang Yun Ha, MD?: Jeonghee Cho, PhD*: Won Ki Kang, MD, PhDY Jiryeon Jang, M5! Sai-Hong lgnatius Ou, MD, PhD?,
and Kyoung-Mee Kim, MD, PhD?

4% incidenza

. -L.. # . . o > "' . o
2 I.;‘lw, .E ‘. . ':. '_. =t . ; - «f .. - I j
i : ﬁ g -;'-t' iR v
g | ._'_ f_’ q.;’l'( e b ‘. il

Figure 1. Representative staining patterns of c-ros oncogene 1, receptor tyrosine kinase (ROST) are obsarved in (A) non-neoplas-

tic gastric mucosa and in gastric carcinoma that was (B) negative and (C) positive for ROS1. Note the perinuclear, dot-like, cyto-
plasmic staining in C.
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Metastasi ossee e midollari:
I’esempio del carcinoma gastrico

e Attenzione e diversa la situazione fra
metastasi ossee e coinvolgimento midollare.

e Coinvolgimento midollare puo rispondere
bene e avere una buona prognosi.




Cancer Medicine

ORIGINAL RESEARCH

Presence of bone marrow micro-metastases in stage I-1ll

colon cancer patients is associated with worse disease-free

and overall survival

Carsten T. Viehl"2, Benjamin Weixler?3 ©*/, Ulrich Guller*5, Salome Dell-Kuster2§,
Rachel Rosenthal?, Michaela Ramser?, Vanessa Banz®, Igor Langer’, Luigi Terracciano®,
Guido Sauter3®, Daniel QertliZ & Markus Zuber?

E a Aecurrence or cancer-related death
E 2
§.
E 9]
=
[¥]
=
; i T
a 2 4 (1 ] 0
‘Years after surgery
Mot-cancer-reiated death

Cumulative incidence
o

‘Yerrs after surgery

—— —- BM negative

BM positive
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Invasione midollare e metastasi ossee

 Perchéitumori Gl hanno una bassa incidenza
di metastasi ossee ma una alta incidenza di
invasione midollare?
— Occasionale crocevia di passaggio?
— Qualche significato biologico nascosto?

e Caratteristiche delle cellule tumorali o degli
esosomi?

* 'esempio del carcinoma gastrico




The bone metastasis:
the marrow invasion as the first step

Pre-metastatic niche formation

Chemotactic attraction of malignant cells
Homing of malignant cells to bone marrow
Acquisition of an osteomymetic cell phenotype

After a latency period (months to years) malignant cells can
proliferate into tumors that alter bone remodeling processess
by inducing activation of osteoblasts and osteoclasts function.

Ty e oy e H_.nw.\;.m: I.._._'I.,y,-.n;-_u. _u,':,*':l-r_p_n;.-:-.u-{:q-*-:i HEG .-'@_I DTG Tigrmr o .;'_!‘"_!3 o

Figure 1 Stages of cancer cell colonisation of the bone. (A) Tumour cells are attracted to the high
levels of chemoattractants in the bone marmow (red), such as Ca®*, CXCL12 (C-X—C motif chemokine




The bone marrow invasion:
really a first step only?

The role of exosomes: new actors in the play
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e exosomes (small vesicles surrounded by a membrane
similar to cellular membrane with a few cytosol);
express integrin (avB5 liver, abB4 lung,

....... ) responsible for cell to cell comunication




The bone marrow invasion:
really a first step only?

What really happens:

e tumour cells present EMT and release
exosomes

* exosomes (small vesicles surrounded by a
membrane similar to cellular membrane with
a few cytosol); express integrin (avB5 liver,
abB4 lung, ....... )

e CXCL12 attract cells expressing CXCR4
e soluble RANKL attract cells expressing RANK




The bone marrow invasion:
really a first step for bone metastases or a connecting

point?
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Bone marrow:
the bad father of the metastatic process?

 Initiated tumor cells (KRAS, c_mycg, ....)

e inflammation (IL-6; IL1B, IL-8, COX-2,...)
 Hedge Hog activation

* Epithelial mesenchymal transition

[ Cancer carcinogenesis and treatment

Andrikou, Cascinu, 2017 Mesenchymal cancer cells




Bone marrow:
the bad father of the metastatic process?

* Initiated tumor cells (KRAS, c_mycg, ....)

e inflammation (IL-6; IL1B, IL-8, COX-2,...)

e Hedge Hog

e Epithelial mesenchymal transition

« Mesenchymal cells release exosomes to bone marrow

e OncoTargets and Therapy Dove
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Bone marrow:
the bad father of the metastatic process?

Initiated tumor cells (KRAS, c_mycg, ....)

inflammation (IL-6; IL1B, IL-8, COX-2,...)

Hedge Hog

Epithelial mesenchymal transition

Mesenchymal cells release exosomes to bone marrow

Recruitment of bone marrow stromal cells by exosomes, leaving bone
marrow to tumor and in part creating the tumoral niche. They release
exosomes to find the specific metastatic sites

OPEN @ ACCESS Freely available online @'PI.OS | ONE

- -
e Sonic Hedgehog Mediates the Proliferation and

SR SISO AST MONE Recruitment of Transformed Mesenchymal Stem Cells to
t L the Stomach

Jessica M. Donnelly’, Ambreesh Chawla', JeanMarie Houghton?, Yana Zavros'*
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Bone marrow:
the bad father of the metastatic process?

Initiated tumor cells (KRAS, c_myeg, ....)

inflammation (IL-6; IL1B, IL-8, COX-2,...)

Hedge Hog

Epithelial mesenchymal transition

Mesenchymal cells release exosomes to bone marrow

Recruitment of bone marrow stromal cells by exosomes,
leaving bone marrow to tumor and in part creating the
tumoral niche. They release exosomes to find the specific
metastatic sites

Mesenchymal tumor cells migrate to tumoral niches
where they convert to epithelial (to proliferate) and then
again to mesenchymal to go to the specific metastatic site
on the basis of exosomes messages




“Jaoued ayseb Jo AoueuBiew ay) aseeloul PINOD YoIum ‘L3 ofisapun o) |enuajod ey aABY 5|82 JOWN) pale|os! 1By}
1sab6ns sBuipull esey | "ezZISBISE]8W PUE 8AIAINS O] NG Ul L W3 obisapun sao Jaoued o1sel 1eul punol sy iSNOISNTINOD

"Afojoydiow Jen|@0 JO UoREIBYE UB LIM
pajdnoo 's||e2 Jeoued ausel Ul ulaypea-3 passaldal pue uolssaldxa WA PeoNpuUl LBIAG-49) ] UliMm JUBLEal) PUB SUOpucD
axodAH "udaypea-3 Jog aanebau asam Ing ‘WIA Jo) ealsod ABuoss alam sjassan [ejowmediul ay) Buipeaul s|j@0 ay) JO aWOs
‘Apognue WA uum uiels jou pip suoiss| Aewud ayy v s|leo Jaoued ybnouyl (1000 > d) siseisejaw apou ydwA| pue uoiseau

Jowny ypm paiemosse Apueoyubis sem pue BuiBers |eowo yim AJUBpioauoD paseslau) ugissaldxa yNHW WA (S1LINs3y

"gj180 Jeaued ouisel u) paienjeaa sem exodAy pue | Bjeq-49 | Ag uoissaidxe A Jo uononpu)
‘alowlayund ‘Ansiwayosoisiyounww Buisn pejenjeas sem siaoued osel pajoasal jo suoisa) Aewud auy up wistoad A
10 Uoissaldxg "HO4- 1M aaleniuenb Ag pezdjeue pue pajos||oo alam sjuaned Jeoued onseb oy wol) sajdwes WH :SAoHLIW

‘sjuaned Jasueo ouysel jo (Ng) moliew auog ay) Ul paulwEXS SEM UoIssaldxe WA Jeoued ouyseld jo uoissalboid auwy
Ul ajoJ jeonuo e sAed (L w3) uonsues |ewiyosuasaw |ejayyds asneosaq "sisouboud Jood pue aseasip ay) 1o wio) anssalbbe
2JOW B Yum paleposse si Jaoued a1sel ul (Wia) unuawia suab Jayiew jewAyouasaw ay Jo uoissaldx3 :aNNOYONIVE

uoJELLIOU] JoYyIny

‘W HON 'H Bgeg N OYESES '] OQOYOA 'H 1IUS] 'L EMEDENNS M LOWIN | N MNsIEM|
"MOJJELW 3uoq U] S|j82 Jaoued oa3seb Buissaidxae-ujjuawia jo asueayiubis jeajulo ayl

'} dy 0LOZ QNdT "0 LPOL-0LO-FEFOLS/SHEL 0} 10D '€E-0252:(6)L1:d9S 0L0Z 103UD BUng Uty



“HH and CXCL12 and the others”:
the bad company

Hedgehog ‘ m

-

Hedgehog

Theranostics 2013, Vol. 3, Issue | 11
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2013; 3(1):11-17. doi: 10.7150, thno 4806

Review

The Role of CXCL[2-CXCR4 Signaling Pathway in
Pancreatic Development

Keiichi Katsumoto 123 and Shoen Kume 2
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SDF-1a induces PDGF- B expression and the differentiation of
bone marrow cells into pericytes
Randala Hamdan, Zhichao Zhou, and Eugenie S. Kleinerman'

1Division of Pediatrics, The University of Texas MD Anderson Cancer Center, Housfon, Texas,
USA



Epithelial mesenchymal transition

Growth factors / cytokines
TGFB, BMP, VEGF, FGF etc.

Y

EMT

Interaction with
microenvironment
Hypoxia etc.

Cancer cell

L

%
~ % EMT-related microRNA

miR-21, miR-126 etc.

— s

SN

-
-

Intracellular signals

PSC :— Ras/ERK, NFkB, Notch, Shh etc.

IGURE 1 | A schematic view of EMT regulators in pancreatic and amplifies extracellular signal. Endogenous alteration of microRNA

ancer development. Secreted cytokines such as TGFB or BMP
ctivates intracellular signal which leads to the EMT induction. Activating
mutation such as Kras G12D constitutively stimulates intracellular signal

expression modifies cancer cell function. Stromal cells including
PSCs establish protective microenvironment for cancer cells such as
desmoplasia.




Exclusion of T cells in PDAC:
the Startrek effect

ﬁbr,ObI?St stromal cell
activation a-a
tei (mesenchymal origin)
protein carmfer-associated CXCL].Z
fibroblasts
(SDF-1a)
T cell exclusion
CXCL12
(SDF-1a)
Patients with pancreatic ductal adenocarcinoma
(PDA) had no objective responses to anti CTLA-4
or PD-L1 monoclonal antibodies.
Inhibition of CXCR4 restores the response to
. . CXCR4 CTLA-4 or PD-L1.
high mobility
low
group box 1 .
expression

Courtesy by Prof F. Piva



Prospettive terapeutiche

* |nterferire con HH e somministrare agenti
differenzianti (da mesenchimale a epiteliale) o
capaci di colpire le cellule nella fase
mesenchimale (eribulina)

* |nibire 'effetto immunosoppressivo di CXCL12
sia per rendere meno ospitale la nicchia
metastatica che per far funzionare meglio
I'immunoterapia in ogni sede anche dove
potrebbero esserci dei santuari.




Esosomi come target terapeutico?

Extracellular vesicles

resting or activated cell " apoptotic cell

Francesco

Piva

CXCL12

s CXCR4

Non activated

Activated
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