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…Dʼoù venons nous ? 

Bilan d’extension initial 



Epidémiologie	des	MO	des	CB	
Tumeurs solides Incidence des MO Survie médiane 

(mois) 
Sein 65-75 % 24  

Prostate 65-75% 36 

Thyroïde 40-60% 48 

Poumon 30-40% 6-7 * 
Vessie 30-40% 6-9 

Rein 20-35% 12 

Coleman RE, Cancer Treat Rev 2001;27:165-176 
Coleman RE, Clin Cancer Res 2006;12:6243S-49S 

	
- 	Ostéolytiques,	rachidiennes,	bassin,	côtes.	
- 	3ème	site	de	métastases	(poumon	,	foie).	
 
* Avant l’avènement des thérapies ciblées 



Un	site	d’importance	

causing the release of prostate-cancer-promoting cytokines and
matrix proteins, including TGFb, platelet-derived growth factor,
IGFs, fibroblast growth factors and other factors able to influence
prostate cancer progression, might be responsible for this [41].
Moreover, other molecules (e.g. PGE2) are under evaluation as pos-
sible regulators in bone metabolism and metastatization in pros-
tate cancer and might hopefully become therapeutic targets.
Indeed, high concentration of PGE2 interacting with RANK/
RANKL/OPG system mainly activates osteoclastogenesis, whereas
low levels of PGE2 stimulate osteoblasts via activation of the
Wnt pathway [42].

Understanding the interaction between tumor and bone might
lead to identify new therapeutic opportunities in the bone micro-
environment, in order to both prevent and treat bone metastases
[43]. When cancer metastasizes to bone, it deregulates bone
remodeling and may cause clinical effects known as skeletal-
related events (SREs), such as pathologic fractures, spinal cord
compression, hypercalcemia, which greatly affect quality of life.
Furthermore, hematological malignancies, such as lymphoma or
multiple myeloma, are associated with the development of purely
lytic bone lesions, due to increased osteoclast formation and activ-
ity of different cytokines, including IL1, TNF and IL6, which directly
stimulate bone resorption and inhibit bone formation [44].

Clinical implications: role of bone targeted drugs in cancer
therapy

Bisphosphonates

Bisphosphonates inhibit osteoclast formation (by blocking
G-protein signaling), recruitment and adhesion to bone, increase
production of OPG by osteoblasts and induce osteoclasts apoptosis.

These drugs prevent physiological and pathological bone resorp-
tion and the release of bone-derived growth factors and cytokines,
which may enhance both tumor growth and proliferation in the
bone microenvironment [45]. In addition, they have direct antitu-
mor effects, as they inhibit tumor cell adhesion, invasion, and pro-
liferation, and they induce cancer cells apoptosis [46]. Moreover,
the Nitrogen-containing bisphosphonates, such as zoledronic acid
(ZOL) and pamidronate exert indirect anticancer effects through
antiangiogenic and immuno-modulatory mechanisms by activat-
ing T cells, in particular the cd T cell subset, responsible for tumor
surveillance [47,48]. On the contrary, the other non N-containing
bisphosphonates, such as clodronate, do not stimulate anticancer
immune responses, although they are effective in preventing SREs
in different tumors, as shown in Table 2 [49–51]. In addition, it has
been suggested that bisphosphonates, in particular third genera-
tion bisphosphonates, could be useful as axillary treatment; for
example they showed beneficial effects on the prevention of aro-
matase inhibitor induced bone loss in postmenopausal women
with early stage breast cancer [52].

Zoledronic acid is the most used and seems to be – according to
a recent meta-analysis – the most effective bisphosphonate for
delaying and preventing the risk of SREs in patients with breast
or prostate cancer and with multiple myeloma [53] (Table 2). Stan-
dard doses of ZOL appear to mediate their antitumor effects by
both stimulation of cd T cells and inhibition of osteoclast-mediated
bone resorption [54]. Indeed, in a phase IV trial in patients with
osteoporosis, treatment with ZOL was associated with a rapid acti-
vation of peripheral cd T cells and monocytes in an acute phase
response [55]. ZOL could even exert a synergistic effect in combi-
nation with cisplatin (but not carboplatin) in a triple negative
breast cancer cell line, increasing the antitumor activity of chemo-
therapy [56]. Similarly, ZOL in combination with serine/threonine
phosphatase inhibitors increased efficacy and apoptosis in hor-
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Fig. 2. Interactions between bone and cancer cells. (1) The ‘‘hematopoietic niche’’ harbors cancer cells against immune system and anticancer therapy. (2) Tumor cells in the
bone release different factors such as PTHrP, IL1, IL6, that stimulate osteoblasts to produce RANKL, increasing RANKL/OPG ratio. RANKL binds to its receptor on both precursor
and mature cells, thus stimulating osteoclast differentiation and survival. Moreover, in solid tumors, metastatic cancer cells directly interact with osteoclast precursors,
activating them. In addition tumor cells produce molecules such as DKK-1 and activin A that inhibit osteoblast differentiation. (3) RANKL can act as a chemotactic factor for
RANK expressing cancer cells. DKK-1 = dickkopf-1; IL = interleukin; GM-CSF = granulocyte-macrophage-colony stimulating factor; OPG = osteoprotegerin; PTHrP = parathy-
roid e hormone-related peptide; RANK = receptor activator of nuclear factor kB; RANKL = RANK ligand.

64 C. Criscitiello et al. / Cancer Treatment Reviews 41 (2015) 61–68

Criscitiello	et	al.	/	Cancer	Treatment	Reviews	41	(2015)	61–68	



Bilan	des	MO	
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Les	complications	osseuses	(SRE)	
Types de SRE1 Conséquences potentielles pour le patient 

Fractures pathologiques 
►  Temps de consolidation plus long (50 % des patients ne vont jamais consolider2)  
►  Fixation chirurgicale ou remplacement prothétique3 

►  Radiothérapie externe post-chirurgicale3 

Radiothérapie 
►  Visites journalières répétées pour traitement des compressions médullaires4 

►  Myélosuppression, pancytopénie…4 

►  Options thérapeutiques futures limitées 4 

Compression médullaire 
►  Douleur intense 5 

►  Paresthésie irréversible ou lésions motrices (paraplégie) 6 

►  Incontinence 6 

Chirurgie osseuse 
►  Séjour à l’hôpital 
►  Complications : infections, échec de stabilisation, risque d’hémorragie…6 

►  Délai dans la mise en place des autres tts (CT/ RT) 3 

Hypercalcémie 
► Urgence thérapeutique 
► Risque d’insuffisance rénale, troubles psychiques GI, … 

Hillner, JCO 2000. /  Gainor BJ et al. Clin Ortho Relat Res 1983.      
 Coleman Cancer 97  /  Abraham J support Oncol 2004,.  

Détériore	la	qualité	de	vie	des	patients.	
Coût		élevé	pour	les	systèmes	de	santé. 



SRE	:	un	patient	sur	deux	!	50%	de	récidive	!	
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1.	Lipton	A	et	al.	Cancer	2000;88:1082-90;	
2.	Saad	F	et	al.	J	Natl	Cancer	Inst	2004;96:879-82;	
3.	Rosen	LS	et	al.	Cancer	2004;100:2613-21.	
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MO	des	CB	:	du	nouveau	en	2016	?	

 

1. Avancées	thérapeutiques	?	

	-	des	biphosphonates	au	denosumab.	

	-	une	prise	en	charge	multidisciplinaire.		

2.	Un	autre	visage		?	

	-	lʼavènement	des	thérapies	ciblées	…	et	
l’immunothérapie.	

	-	une	amélioration	de	la	survie	chez	les	patients	avec	
voies	d’addiction	oncogénique,	et	les	long	répondeurs.	

 



Quels	sont	les	buts	des	traitements	?	

 
Ê  Soulager	les	douleurs	et	réduire	la	lyse	osseuse	

(traitement	anti-résorptif).	
Ê Renforcer	localement	la	stabilité	osseuse	

(chirurgie,radiothérapie,	radiologie	
interventionnelle).	

Ê Diminuer	la	masse	tumorale	osseuse	(traitement	
systémique	anti-cancéreux,	radiothérapie).	

 
Gain	sur	le	Confort	du	patient	et	sa	qualité	de	vie	



Traitement des MO 

RADIOTHERAPIE    
EXTERNE 

RADIOTHERAPIE 
METABOLIQUE 

CIMENTOPLASTIE 
PERCUTANEE 

CHIRURGIE 

RADIOFREQUENCE 
CRYOTHERAPIE 

ANTALGIQUES 

Supplémentation 
Vitamine D 

 

BIPHOSPHONATES 

DENOSUMAB 



Les Biphosphonates et CB 

Rosen et al, J Clin Oncol 2003, 21: 3150-57 
Rosen et al, Cancer 2004, 100(12):2613-21 
 

Risque de SRE réduit de 31% sous acide zolédronique 
(p 0,003) 



RANK-RANKL 

•  Ostéoprotégerine : 
ostéoblastes et inhibe 
RANKL-RANK 

•  RANKL : ostéoblaste, 
forme soluble, stimule 
ostéoclaste  

•  RANK : ostéoclaste, 
protéine 
transmembranaire 

 
•  Denosumab : AC 

monoclonal humanisé  
bloquant RANK-RANKL 

McGrath et al, JTO 2011, 6(9) 



Essai phase III 

1° Objectif 
principal 
 
2° Objectifs 
secondaires 
 

§  Temps avant 1ere CO (non-inferiorité)  
 

§  Temps avant 1ère CO (superiorité) 
§  Temps avant 1ère  CO  ou CO récurrente (superiorité) 

N	=	890			Acide	Zoledronique	4	mg	IV*	
et	SC	placebo	toutes	les	4	semaines	

N	=	886				Denosumab	120	mg	SC	et	
Placebo	IV*		toutes	les	4	semaines	

Supplementation Calcium et Vitamin D 

Critères	Inclusion	
Adultes	avec	tumeurs	solides	et	
metastases	osseuses	(excluant	sein	
et	prostate)	ou	myelome	multiple	

Critères	Exclusion	

Antécédent	ou	traitement	en	cours	
de	biphosphonates	en	intra-
veineux	

Henry et al, J Clin Oncol 2011, 29 :1125-32. 



Résultats : temps avant 1er SRE 

1°	-	HR:	0.84	(95%	CI:	0.71–0.98)	
P	=	0.0007	Noninferiority	
	
2°	-	Unadjusted	P	=	0.03	Superiority*	
Adjusted	P	=	0.06	
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Cancers	bronchiques	avec	
métastases	osseuses	

Pas	de	biphosphonates	
antérieurs	

Dénosumab	120	mg	s.c.	
+	placebo	i.v.	toutes	les	4	sem.	

Acide	zolédronique	4	mg		i.v.	
+	placebo	s.c.	toutes	les	4	sem.	

 (n = 411) 

 (n = 400) 

Calcium	
(500	mg)	et	
vitamine	D	
(400	UI)	

recommandés	

Cancer bronchique Acide zolédronique, n (%) Dénosumab, n (%) Total, n (%) 

CBNPC 352 (88) 350 (85) 702 (100) 

Adénocarcinomes 211 (60)  189 (54)  400 (57) 

Épidermoïdes 75 (21) 88 (25) 163 (23) 

Autres 66 (19) 73 (21) 139 (20)  

CBPC 48 (12) 61 (15) 109 (100) 

Acide zolédronique Dénosumab 

Hommes (%) 68 74 

Âge (ans) 61  60 

Événements osseux antérieurs (n) 49 46  

Dénosumab versus acide zolédronique : étude de phase III   

Scagliotti , JTO 2012 
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HR = 0,80 ; IC95 : 0,67-0,95 
p = 0,01 

Mois 
Patients à risque (n) 
 Acide zolédronique  

Dénosumab 

Survie globale des patients avec un cancer bronchique  

Dénosumab versus acide zolédronique : étude de phase III  

D’après Scagliotti G et al., abstr. O01.01 actualisé 
La Lettre du Cancérologue 
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BIPHOSPHONATES 

DENOSUMAB 



Chirurgie	des	os	longs	et	du	rachis	

Ê  Antalgie	et	stabilisation.	

Ê  Récupération	fonctionnelle	rapide.	

	
Estimation	du	risque	
fracturaire	
Chirurgie	de	
réparation	

Espérance	de	vie	>	3	
mois	?	

Discussion	multidisciplinaire.	
Scores	décisionnels.	
Radiothérapie	post	opératoire.	



Score	de	Mirels	:	chirurgie	si	score	≥	9	

Point	 1	 2	 3	

Site	atteint	 Membre	
supérieur	

Membre	inférieur	 Fémur	proximal	

Douleur	 légère	 modérée	 handicapante	

Taille	(%	corticale	
atteinte)	

<	1/3	 1/3-2/3	 >	2/3	

Apparence	 blastique	 mixte	 lytique	



Score	de	Tokuhashi	:	chirurgie	rachis	si	>9	
Critères	 Points	

Etat	général	 Médiocre	
Moyen	
Bon	

0	
1	
2	

Déficit	neurologique	 Complet	(Frankel	A,B)	
Incomplet	(Frankel	C,D)	
Aucun	

0	
1	
2	

Tumeur	primitive	 Poumon	(à	nuancer	selon	statut	mutationnel)	 0	

Nombre	de	vertèbres	
atteintes	

≥	3	
1-2	
0	

0	
1	
2	

Métastases		osseuses	
extra-rachidiennes	

≥	3	
1-2	
0	

0	
1	
2	

Métastases	viscérales	 Non	réséquables	
Réséquables	
Aucune	

0	
1	
2	
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Cimentoplastie	percutanée	

required. Cement is then instilled under close imaging guidance
until the anterior two-thirds of the vertebral body is filled and
cement is equally distributed on both sides (Figure 3). In larger
vertebra such as in the thoracic and lumbar spine, a bipedicular
approach may be required to achieve this [11].
Following the procedure, patients require bed rest for 2 h and

during this period, their vitals signs and neurology are
monitored. Patients are then mobilised, and provided there are
no immediate complications, discharge can usually be arranged
on the same day. In many centres, a CT scan is carried out
before discharge to assess intraosseous cement distribution and
to look for signs of cement extravasation into adjacent viscera.

kyphoplasty

Kyphoplasty has evolved from vertebroplasty and aims to offer
the benefit of analgesia in vertebral fractures in combination with
restoration of vertebral body height. The procedure follows the
same principles and general exclusion criterion. In kyphoplasty,
a general anaesthetic is required. Following insertion of a larger
8-gauge needle into the vertebral body, a balloon-like device is
inflated, which restores vertebral body height and creates a cavity
into which cement is then injected. The balloon is subsequently
removed before cement injection. Polymethylmethacrylate
cement is then injected into the cavity in a controlled manner
under imaging guidance and allowed to set.
Kyphoplasty has proven beneficial in restoring vertebral body

height, and although there is less published data than with
vertebroplasty, several recent studies have reported lower rates of
cement leakage [12, 13]. A systematic review by Hulme et al. [14]
concluded that both procedures provide similar rates of
analgesia, and although kyphoplasty is associated with a reduced
rate of cement leakage, in many instances, this is not clinically

relevant. In addition, kyphoplasty costs 5–10 times more to carry
out than vertebroplasty because the equipment is more expensive
and because of the requirement for a general anaesthesia [15]. As
both procedures have similar rates of pain control, it is therefore
difficult to recommend kyphoplasty over vertebroplasty as the
procedure of choice even if a significant kyphosis is present.

skyphoplasty

Skyphoplasty is the newest edition to the armamentarium of
percutaneous vertebral augmentation procedures. This
procedure is similar to kyphoplasty, but instead of using an
inflatable balloon, a stiff plastic tube is deployed through
a cannula and squashed into a ‘popcorn-like’ shape to create
the vertebral body cavity. The device is then removed and
cement is infiltrated. The skyphoplasty device creates more
pressure and in a more predictable direction than kyphoplasty

Figure 2. An axial CT image showing the needle is placed percutaneously

into the anterior quadrant of a metastasis destroyed vertebral body, close

to the midline during vertebroplasty procedure.

Figure 3. (A) Fluoroscopic image showing cement distribution during

unipedicular percutaneous vertebroplasty procedure in a patient with

multiple symptomatic spinal metastases. (B) A sagittal CT image confirms

the central cement distribution without local extravasation in the same

patient with sclerotic metastases.

review Annals of Oncology

784 | Kassamali et al. Volume 22 |No. 4 | April 2011
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Kassamali	,	Ann	Oncol,	2011	

Ê  Vertébroplastie/
kyphoplastie.	

Ê  injection	sous	repérage	
radiologique	d’un	ciment	
orthopédique,	le	
polyméthylméthacrylate	

Ê  	Antalgique	par	action	
thermique.	

Ê  Combinaison	
thérapeutique.	



Cimentoplastie	os	longs	



Radiofréquence	

Ê  Abord lésionnel 
percutanée  

Ê  Induction courant RF 
(400 kHz), échauffement 
tissulaire 

Ê  Métastase < 4 cm 

Ê  Efficacité dans les 24H 



Cryothérapie	

Ê  métastase iliaque d’un 
cancer du rein. 
Cryothérapie  en raison 
du volume important de 
la masse tumorale (A) ; 
quatre sondes en place 
dans la tumeur (B), 
formation progressive du 
glaçon dans la tumeur 
(C), traitement complet 
en fin de procédure (D) 
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Radiothérapie	métabolique	

Ê  Irradiation	sélective	des	lésions	osseuses	secondaires	
symptomatiques	au	moyen	d'un	radio-isotope	se	fixant	sur	
l	’hydroxyapatite.	

	
ü  	Émission	de	radio-isotope	bêta	
ü  Tropisme	au	niveau	de	la	réaction	ostéoblastique	des	

métastases	
ü  Fixation	au	prorata	de	lʼactivité	ostéoblastique	

Ê  Efficacité	antalgique	:	65	à	93%	dès	la	première	semaine	jusquʼà	4	à	
16	semaines.	

Ê  Toxicité	hématologique	(3ème	semaine).	



Radiothérapie	externe	

Ê  Place	majeure	dans	la	prise	en	charge	des	MO.	

Ê  Post-opératoire,	antalgique	,	consolidatrice.	

Ê  Traitement	de	l’épidurite	avec	ou	sans	compression	
médullaire.	

Ê  Hypofractionnement	voire	séance	unique	si	espérance	de	vie	
réduite.	

Ê  Stéréotaxie	:	reliquat	tumoral,	maladie	oligométastatique,	
récidive	en	territoire	irradié.	



MO	des	CB	:	du	nouveau	en	2016	?	

 

1. Avancées	thérapeutiques	?	

	-	des	biphosphonates	au	denosumab.	

	-	une	prise	en	charge	multidisciplinaire.		

2.	Un	autre	visage		?	

	-	lʼavènement	des	thérapies	ciblées	…	et	
l’immunothérapie.	

	-	une	amélioration	de	la	survie	chez	les	patients	avec	
voies	d’addiction	oncogénique,	et	les	long	répondeurs.	

 



Le	phénomène	flare		sous	thérapie	ciblée	
(osteoblastic	bone	flare)	

Ê  Définition	:	augmentation	nombre	/	intensité	des	
hyperfixations	osseuses	sur	la	scintigraphie	reflétant	réponse	
carcinologique	des	MO	sous	traitement.	

Ê Mécanisme	de	réparation	:	augmentation	rapide	activité	
ostéoblastique	autour	des	MO	reflétée	par	une	fixation	
intense	du	traceur,	puis	sʼatténue	avec	le	temps	(<	6	mois).	

Ê La	difficulté	:	comment	la	distinguer	dʼune	progression	
carcinologique	?	

–  Pas	de	critères	radiologiques	ou	biologiques	
–  Réponse	sur	autres	sites	et	absence	de	dégradation	clinique	

Lemieux et al, Clin Nucl Med, 2002 



Osteoblastic Response in Patients with Non-small Cell Lung 
Cancer with Activating EGFR Mutations and bone Metastases 
during Treatment with EGFR Kinase Inhibitors 

Ê 3 cas ADK, ancien petit fumeur ou non fumeur,  

Ê TKI en 2ème ou 3ème ligne 

Ansén, S, et al. JTO , 2010, 5 (3) 



Et	sous	immunothérapie	???	

Ê  Evolution	des	MO	?	

Ê  Bone	flare	?	

Ê  Quid	de	l’association	denosumab/immunothérapie	?	
Ê  Ostéo-immunologie	

Ê  RANKL	est	exprimé	par	les	LT	,	RANK	par	les			

cellules	dendritiques.	

Ê  Effet	abscopal	de	la	RT	des	MO	?	



Voie	RANK/RANKL	et	immunité	
Cheng and Fong Effects of RANKL-targeted therapy in immunity and cancer

FIGURE 1 | RANKL/RANK signaling in osteoclast formation and DC
activation. (A). RANKL/RANK interactions enhances osteoclast
differentiation and bone resorption. (B) RANKL/RANK interactions also occur
in the immune system, driving dendritic cell survival, and activation.
(C) Signaling occurs via the recruitment of adaptor molecules, most
importantly TNF receptor-associated factor 6 (TRAF6), which activates
downstream signaling pathways, including that of nuclear factor-kB (NFkB) as

well as mitogen-associated protein kinases (MAPK) such as p38, c-Jun
N-terminal protein kinases (JNK), and the extracellular signal-regulated
kinases (ERK). TRAF6 also complexes with c-Src to activate the antiapoptotic
serine/threonine kinase AKT/PKB. (D) Immature interstitial DCs co-express
both RANKL and RANK, and demonstrate autocrine stimulation. However, as
these cells mature, they down-regulate RANKL and become dependent on
exogenous factors.

have direct effects on T cells via Jun N-terminal protein kinases
(JNK) activation, including enhancing the cell’s own prolifera-
tion and function (10). RANKL interfaces with RANK, which
is highly expressed on dendritic cells (DCs) (11). This inter-
action increases DC survival and enhances induction of T-cell
responses. RANKL/RANK signaling (Figure 1) is mediated by
the recruitment of adaptor molecules, most importantly TNF
receptor-associated factor 6 (TRAF6) (12), which activates down-
stream signaling pathways, including that of nuclear factor-kB
(NFkB) as well as mitogen-associated protein kinases (MAPK)
such as p38, c-JNK, and the extracellular signal-regulated kinases
(ERK) (13). TRAF6 complexes with c-Src to activate the antiapop-
totic serine/threonine kinase AKT/PKB (14). RANK triggering
also can enhance DC survival via induction of the antiapoptotic

protein B-cell lymphoma-extra large (Bcl-xl) (15), which has been
demonstrated to be critical to DC survival in vivo (16).

Receptor activator of nuclear factor-kB ligand induces DC
expression of multiple activating cytokines, including IL-1, IL-6,
IL-12, and IL-15 (17). Mature DCs pulsed with soluble RANK-
L prior to immunization exhibited enhanced abundance and
longevity in draining lymph nodes in vivo, as well as improved
CD4+ T-cell priming to purified protein derivative (PPD) and
ovalbumin (OVA) antigen (18). DCs transfected with recombinant
adenovirus vectors demonstrated improved survival and mainte-
nance of CD83 and CD86 surface markers with the addition of
RANKL (19). OPG deficient mice demonstrate a twofold to five-
fold greater capacity to stimulate T-cell proliferation, despite sim-
ilar MHCII and CD86 levels, suggesting that the OPG’s function
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Radiation increases the density of tumour-infi ltrating 
lymphocytes
The induction of antigen-specifi c immune responses is 
not suffi  cient for tumour eradication; for an adaptive 
immune response to be eff ective, it needs to overcome 
peripheral tolerance and tumour-mediated immuno-
suppression. Physical barriers might have a role in this 
tolerance since cells of the adaptive immune system have 
to be able to infi ltrate or invade into the tumour to 
eradicate it. Many tumours have co-opted methods to 
prevent immune-cell infi ltration or inactivate the survival 
and growth of tumour-infi ltrating lymphocytes, or escape 
the equilibrium phase of immunoediting.63 To this end, 
mutations or the activation of pathways that block 
immune-cell infi ltration or function might be selected as 
tumours evolve and enable tumour growth. Immune-
privileged sites exist within the body and include the eye, 
testes, and fetal side of the placental barrier. The brain is 
not strictly an immune-privileged site since the blood–
brain barrier can be permeable under some conditions or 
after specifi c insults, and the brain has its own intrinsic 
immune-cell population. Tumour cells might directly 

hijack mechanisms used by these immune-privileged 
sites to prevent immune recognition and rejection. For 
example, the eye uses a myriad of diff erent mechanisms 
to suppress the immune system, including: neuropeptides 
(vasoactive intestinal polypeptide), neurotransmitters 
(GABA and glycine), prostaglandins (prostaglandin E2), 
cytokines (TGFβ and interleukin 10), chemokines 
(MCP-1), membrane ligands (FAS-L and TRAIL), cellular 
enzymes (IDO), and non-classic MHC (HLA-G, Qa-1).64 
With regard to checkpoint expression, retinal pigment 
epithelium constitutively expresses checkpoint ligands 
including PD-L1 and, in the presence of infl ammation, 
can upregulate expression of PD-L1 to enforce an 
immunosuppressive environment.65 An example of how 
radiation might counteract the immunosuppressive 
eff ects of tumours was reported in a study by Ganss and 
colleagues,66 in which lower doses of radiation therapy 
were able to normalise dysfunctional tumour vasculature, 
allowing antigen-specifi c T cells to enter the tumour 
parenchyma and mediate an anti-tumour eff ect.

Many groups have reported increased tumour-infi ltrating 
lymphocytes after irradiation,23,35,54,55,57–59,61,67 and suggest that 

Figure 2: Radiation enhances cross-presentation of tumour antigens
(A) In the absence of danger signals, tumour antigen presentation is restricted or tolerogenic. (B) Radiation-induced danger signals enhance dendritic cell-mediated 
antigen presentation, resulting in activation and proliferation of tumour-specifi c CD8 T cells. TLR=Toll-like receptor.
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RCP « métastases osseuses » 

  

Médecin	nucléaire	:	
Radiothérapie	métabolique:	

QUADRAMET®	

Neuro-chirurgien	
Chirurgien	orthopédique	:	

Curative	ou	préventive	

Radiologue		
interventionnel	

Cimentoplastie	

LE	PATIENT	

Radiothérapeute	

Anesthésiste:	
Blocs	de	membres,	
Intrathécales…	

Algologue		

Pneumologue	
Cancérologue	
rhumatologue	



Conclusion	

Ê  Site	métastatique	
d’importance.	

Ê  Préoccupation	du	clinicien	
de	plus	en	plus	fréquente	
avec	l’évolution	du	
pronostic	des	CB.	

Ê  Multidisciplinarité.	
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