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Les MO : des idées reçues…? 

Je suis interne à Limoges Désespoir ?? 
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L’os : Un site original d’importance 

The overall effect is the creation of a self-sustaining vicious cycle
with multidirectional interactions between cancer cells, osteo-
clasts, osteoblasts and the bone micro-environment [4].

incidence, epidemiology and clinical
consequences

bone metastases
Metastatic bone disease is most commonly seen with specific
cancer types, notably those arising from the breast, prostate, lung
and kidney, as well as multiple myeloma (MM). The most
common sites of bone metastases are throughout the axial skel-
eton. Bone metastases affect many patients with advanced
disease, and, whether lytic or blastic in appearance, often lead to
skeletal complications typically referred to as skeletal-related
events (SREs). This term (SRE) usually refers to five major ob-
jective complications of tumour bone disease: pathological frac-
ture, the need for radiotherapy to bone, the need for surgery to
bone, spinal cord compression and hypercalcaemia, although the
latter is often of para-neoplastic origin, especially in the absence
of bone metastases. The need for radiotherapy and pathological
fractures are the most common skeletal events, reflecting the
burden of bone pain and structural damage caused by metastatic
involvement. These complications are associated with life-alter-
ing morbidity and can reduce overall survival (OS). In a popula-
tion-based cohort study of nearly 36 000 newly diagnosed breast
cancer patients followed for up to 9 years, the median survival
for breast cancer patients with bone metastases was 16 months,
but was only 7 months for patients with bone metastases and a
subsequent SRE [5]. Typically, skeletal events are associated with

loss of mobility and social functioning, a decrease in quality of
life (QoL) and a substantial increase in medical costs [6].
Across all tumour types, patients with breast cancer have the

highest incidence of skeletal complications. In the absence of
bone-targeted treatments, the mean skeletal morbidity rate, i.e.
the mean number of SREs per year, in breast cancer patients
with bone metastases varied between 2.2 and 4.0 [7].
In prostate cancer, histo-morphometric studies have shown

the characteristic association of osteoblastic response to the
presence of metastatic prostate cancer cells, but there is a wide
spectrum of bone responses often seen within an individual
patient [8]. Bone resorption rates, as determined by measure-
ment of collagen breakdown products, are also high in prostate
cancer patients [9], and SREs, notably pain requiring radiother-
apy, fractures and spinal cord compression, are frequent.
In patients with lung cancer and bone metastases, the median

survival time is only 6–12 months. However, bone metastases
present with an SRE in around one-quarter of patients, while 40%
will experience an SRE during follow-up [10]. In renal clear-cell
carcinoma, the presence of bone metastasis is the independent
variable most significantly associated with poor survival [11].
Bone pain, most often in the back due to vertebral fractures, is

a presenting feature in three quarters of patients with MM.
Extensive lytic lesions are frequent and, typically, they do not
heal despite successful antineoplastic treatment. Diffuse osteo-
porosis can also be a presenting feature in myeloma [12].

cancer treatment-induced fractures
The rate of bone loss increases with age in both women and
men, and is associated with a rapid increase in fracture rate
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Figure 1. The development of bone metastases can be considered in several stages: colonisation, quiescence, progression either locally leading to overt metas-
tasis in bone or dissemination to another site. Reprinted from [3], with permission from Elsevier.
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Un cercle vicieux : interaction entre cellules 
tumorales et micro-environnement osseux 

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.
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Epidémiologie des MO et particularités 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).	
- 	Evénement	osseux	(SRE)	:	RT,	chirurgie,	fracture,	compression	médullaire,	
hypercalcémie	:	détérioration	de	la	qualité	de	vie,	coût	sur	les	systèmes	de	soin.	

* Avant l’avènement des thérapies ciblées/immunothérapie 



SRE : un patient sur deux.  
50% de récidive . 

P
ou

rc
en

ta
ge

  d
e 

pa
tie

nt
s 

Sein1 

(24 mois) 
Poumon et 

autres tumeurs 
solides3 

(21 mois) 

Prostate2 
(24 mois) 

Pourcentage	de	patients		
présentant	un	SRE		

Nombre	moyen	de	SREs	
par	patient	par	an	

M
ea

n 
nu

m
be

r o
f S

R
E

s/
pa

tie
nt

/y
ea

r 

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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Epidémiologie et SRE 

Essais GFPC 0601 
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N patients 
avec MO 

554 
prospectif  

196 340 118 661 115 

SRE au 
diagnostic 

26,7% 44% 33,8% 13% - - 

SRE au 
suivi 

62,2% 43% 61% 61% 57,7% 68,7% 

2d SRE - 33% - - 11,9% - 

Radiothérapie : 1er SRE 

1.Decroisette et al, JTO , 2011                 5. Santini et al, Scientific reports, 2015 
2. Bae et al, Lung cancer, 2012                6. Dos reis Oliveira, Lung cancer , 2016 

3. Cetin et al, Lung cancer , 2014 
4. Kuchuk et al, Lung cancer, 2015 



Impact sur la survie dans le CB ? 

Bone-targeted therapies appear to be less commonly used in
patients with bone metastases arising from lung cancer (6–50%)
as compared with those from breast (80%) and prostate
cancers(23%–70%) [3,7,18–20]. The reasons for this discrepancy
are unknown, however may reflect the belief that patients with
bone metastases from advanced lung cancer already have such
a poor outcome that bone-targeted therapies are unlikely to
significantly help as there is insufficient time for significant bone
re-modelling. To further evaluate whether this is true we decided
to review the literature in order to evaluate the frequency,
consequences, and outcome of patients with lung cancer and
bone metastases. We further examined literature describing the
impact of bone-targeted therapy in both clinical trial and non-
trial populations. This review could help determine whether or
not the use of these agents may be warranted.

2. Methods

Searches were performed using Pubmed for articles published
between 1977 and 2012 on prospective and retrospective studies
related to lung cancer and bone metastasis. We initially identified
papers that included the keywords non-small cell lung cancer
and bone metastases. Using these initial search parameters, we
identified 376 published articles and abstracts. Subsequent the
further keywords: SRE, bisphosphonates, and denosumab were
searched with non-small cell lung cancer to identify other
relevant manuscripts. Further manuscripts were identified from
reference lists of the primary papers.

Studies that were not specific to lung cancer, pre-clinical
studies, other reviews and those not published in English were
excluded.

In this review we discuss both prospective randomized trial
data and ‘non-trial’ data, which is primarily comprised of retro-
spective series, retrospective analysis of prospective studies,
insurance claim data and prospective observational data.

3. Results

In total, twenty nine articles matched the criteria for detailed
review. Most of the literature was ‘‘non-trial’’ data that consisted
of retrospective chart reviews, insurance claim data, retrospective
analyses of prospective trials and 1 prospective observational
study. ‘‘Trial’’ data included only two randomized, phase III (with
additional long-term data on one of them) trial, one randomised
phase II trial, two open label prospective and one single arm
prospective studies.

3.1. Incidence and sites of bone metastases

The reported incidence of bone metastases in lung cancer was
found to be quite variable and dependent on diagnostic tools,
duration of follow up and the specific population studied. Earlier
studies (1970s–1990s) using mainly X-ray and bone scans,
reported an incidence of bone metastases in lung cancer patients
ranging between 8–20% [4,21–24]. More recent data including
that obtained from PET and CT scans has reported a higher
incidence of bone metastases ranging from 20–40% [3,7,25–28].
In these patients, 40–80% had bone metastases detected at the
time of initial staging for suspected advanced disease [1,3,4,7,9,29].
Bone only disease was relatively uncommon occurring in !1–7% of
lung cancer patients with advanced disease [4,30] comparing to
metastatic breast cancer were bone only involvement occurs in
about 17–37% of patients [31]. In addition, multiple bone meta-
static lesions were much more common (80%) than single sites of
bone metastases (20%) [9,26]. The spine was reported to be the
most common site of metastatic disease (40–50%), followed by ribs
(20–27%) and pelvis (17–22%) [3,7,26]. With respect to the histo-
logical type of lung cancer, most studies did not include patients
with small cell lung cancer (SCLC) and those that did rarely
discussed them separately from NSCLC. Hence it remains uncertain
whether the incidence of bone metastases differs between NSCLC
and SCLC.

3.2. Consequences of bone metastases

The consequences of bone metastases can be broadly divided
into reduced survival, SREs, and pain.

3.2.1. Overall survival
In breast cancer patients the presence of bone predominant

metastases appears is associated with longer survival compared
to the presence of visceral metastases [32]. In contrast, in lung
cancer patients the presence of bone predominant metastases is
not associated with longer survival [3] (Table 1). Indeed one small
retrospective study suggested a reduced survival for patients with
bone metastases compared to patients without bone metastases
(8.1 months vs. 15.1 months, p¼0.007) [27]. This however, could
reflect the fact that bone only metastatic disease is relatively
uncommon in advanced lung cancer patients, something quite
distinct from advanced breast cancer.

One retrospective study that evaluated predictors of survival
in lung cancer patients with bone metastases showed that
the presence of multiple bone metastases or the occurrence of
pathological fractures was associated with significantly shorter
survival compared to patients with single metastases or no fracture

Table 1
Consequences of the occurrence bone metastases and SREs on survival.

Study Overall survival without bone
metastases

Overall survival with bone
metastases

Overall survival with bone
metastases and SRE

Refs.

Tsuya A et al., retrospective study 7.9 months 7.9 months 6.2 months [3]
Sugiura H et al., retrospective study n/a 7.2 months n/a [26]
Sekine I et al., retrospective study n/a 15 months n/a [28]
Sun JM et al., retrospective study n/a 12.7 months 12.3 months [7]
Spizzo G et al., retrospective study 15 months 8 months n/a [27]
Decroisette C et al., prospective, observation,

multicenter study
n/a 5.8 months 5.3 months [9]

Rosen LS et al., prospective, randomized, phase III
study

n/a 6 months n/a [13]

Delea TE et al., retrospective study n/a 2.5 months 3.8 months [12]

M. Kuchuk et al. / Journal of Bone Oncology 2 (2013) 22–29 23

•  Données contradictoires de séries rétrospectives essentiellement. 
Facteurs confondants. 
•  MO : ressort parfois comme un facteur de mauvais pronostic dans les 

grandes études, mais beaucoup mois étudiées que métastases cérébrales. 
•  Histoire naturelle du CB différente des cancers du sein ou prostate. 

Kuchul, J Bone Oncology, 2013 
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Traitement des MO 
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BISPHOSPHONATES 

DENOSUMAB 



RANK-RANKL 

 
•  RANKL	:	ostéoblaste,	forme	

soluble,	stimule	ostéoclaste		

•  RANK	:	ostéoclaste,	
protéine	transmembranaire	

	
•  Denosumab	:	AC	

monoclonal	humanisé		
bloquant	RANK-RANKL,	
mime	l’action	de	
l’ostéoprotégérine	

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. 



CBNPC et denosumab 

(approximately 3 times higher for zoledronic acid) are taken into
account (Table 3).40,44,55-60An independent economic evaluation59

concluded that, with the patient access scheme, denosumab is cost-
effective relative to zoledronic acid but not to best supportive care.
However, because of between-country variation in net drug prices of
the 2 drugs it is not possible to reach a general conclusion about this
question.

Denosumab for the Prevention of
Bone Metastasis

There are currently no data available regarding prevention of
bone metastasis for patients with lung cancer, which is not an
approved indication of denosumab. There is evidence from a phase
III study in prostate cancer, which found a significantly prolonged
median bone metastasis-free survival with denosumab versus
placebo (median of 29.5 months vs. 25.2 months, respectively, HR,
0.85 [95% CI, 0.73-0.98], P ¼ .028). Overall survival was
similar.61

Denosumab for the Prolongation of
Overall Survival

Data that suggest efficacy of denosumab in prolongation of
overall survival in lung cancer patients come from a post hoc sur-
vival analysis of the phase III study in patients with solid tumors and
multiple myeloma.41,62 A post hoc analysis was conducted in a total
of 811 eligible adult patients with lung cancer. Most of these pa-
tients (88% in the zoledronic acid group and 85% in the denosu-
mab group) had NSCLC (adenocarcinoma, squamous cell
carcinoma, or other).62 In patients with lung cancer (all types
combined), denosumab prolonged median overall survival by 1.2
months compared with zoledronic acid. Median overall survival was
8.9 months for patients who received denosumab and 7.7 months
for patients who received zoledronic acid, a 20% reduction in risk
with denosumab (HR, 0.80; 95% CI, 0.67-0.95; P ¼ .01;
Table 462 and Figure 2).62 In the subgroup of patients with
NSCLC, denosumab prolonged median overall survival by 1.5
months compared with zoledronic acid (median 9.5 months vs. 8.0
months, respectively), with a 22% reduction in risk (HR, 0.78;
95% CI, 0.65-0.94; P ¼ .01).62 The reduction was also significant
in the subset with squamous cell carcinoma (median 8.6 months vs.
6.4 months; HR, 0.68; 95% CI, 0.47-0.97; P ¼ .035), whereas it
did not achieve statistical significance in patients with adenocarci-
noma (median 9.6 months vs. 8.2 months; HR, 0.80; 95% CI,
0.62-1.02; P ¼ .075; Table 4).62 When it was analyzed according to
the presence of visceral metastases, denosumab significantly pro-
longed survival in the subset with visceral metastases (median 7.7
months vs. 6.4 months; HR, 0.79; 95% CI, 0.63-0.98; P ¼ .03),
whereas there was only a trend in the subset without visceral me-
tastases (median 10.8 months vs. 9.6 months; HR, 0.81; 95% CI,
0.62-1.06; P ¼ .12).62 The data were not analyzed according to
epidermal growth factor receptor (EGFR) mutations in exons
19/21, EGFR T790M mutation status, or presence of anaplastic
lymphoma kinase (ALK)-echinoderm microtubule-associated
protein-like 4 (EML4) rearrangements.

The retrospective, unplanned nature of lung cancer survival data
implies risk of bias and imposes some caution on their interpreta-
tion. However, several baseline variables, including age and ECOG
status, did not account for the improved overall survival observed in
denosumab-treated patients,62 and further investigations to confirm
these results in prospective studies are ongoing.63,64

Table 2 Safety Results for Overall Study Population (Phase III
Study in Patients With Solid Tumors/Multiple
Myeloma)

Event
Denosumab
(n [ 878)

Zoledronic Acid
(n [ 878)

Overall AEs 95.8% 95.9%

Adverse Events That Occurred With ‡25% Frequency in Either Arm

Nausea 28.2% 30.3%

Anemiaa 27.6% 32.6%

Dyspnea 25.1% 22.8%

Fatigue 24.0% 25.1%

Adverse Events of Interest

Hypocalcemia 10.8% 5.8%

Renal AEs 8.3% 10.9%

Acute phase reactions
(within the first 3 days)a

6.9% 14.5%

Osteonecrosis of the jaw 1.1% 1.3%

Data not adjusted for multiplicity.
Abbreviation: AEs ¼ adverse events.
aP < .05.

Table 1 Skeletal-Related Event Efficacy Results in a Phase III Study of Denosumab in Patients With Bone Metastases From Solid
Tumors/MM

Solid Tumor/MM
(n [ 1776)41

Solid Tumor Subset
(n [ 1597)54

NSCLC Subset
(n [ 702)41

Delay in Time to First SRE
During Study

HR ¼ 0.84(95% CI, 0.71-0.98);P ¼ .0007,
noninferiority test; adjusted
P ¼ .06, superiority test

HR ¼ 0.81(95% CI, 0.68-0.96);P ¼ .001,
noninferiority test;

adjusted P ¼ .017, superiority test

HR ¼ 0.85(95% CI, 0.65-1.12);
P ¼ .25

Median Time to First SRE
During Study

20.6 Months for denosumab;
16.3 months for ZA

21.4 Months for denosumab;
15.4 months for ZA

NR

Delay in Time to First and
Subsequent SRE

RR ¼ 0.90(95% CI, 0.77-1.04);
adjusted P ¼ .14

RR ¼ 0.85(95% CI, 0.72-1.00);
adjusted P ¼ .048

RR ¼ 0.89(95% CI, 0.69-1.15);
adjusted P ¼ .38

Abbreviations: CI ¼ confidence interval; HR ¼ hazard ratio; MM ¼ multiple myeloma; NR ¼ not reported; NSCLC ¼ nonesmall-cell lung cancer; RR ¼ rate ratio; SRE ¼ skeletal-related event;
ZA ¼ zoledronic acid.

Denosumab in Patients With Lung Cancer

434 - Clinical Lung Cancer November 2015

De Castro , Clin Lung Cancer 2015 
Levasseur, Cancer Treat Rev, 2016 

•  Gain de 4 mois dans le bras denosumab avant 1er SRE dans l’essai 
princeps, non significatif  dans le sous groupe CBNPC. 

•  Traitements anti-résorptifs dans le CB moins utilisés que dans les 
autres tumeurs solides : 15-50% dans les essais. 

 



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) 

Dénosumab versus acide zolédronique : analyse des CB   

Scagliotti , JTO 2012 
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Les recommandations : oui au 
traitement anti-résorptif  

Metastatic non-small-cell lung cancer: ESMO Clinical
Practice Guidelines for diagnosis, treatment and
follow-up†
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Guidelines Committee*
1Oncology Department, University of Turin, AOU San Luigi-Orbassano, Orbassano, Italy; 2Assistance Publique Hôpitaux de Marseille, Multidisciplinary Oncology and
Therapeutic Innovations Department, Aix Marseille University, Marseille, France; 3Department of Medical Oncology, The Christie NHS Foundation Trust, Manchester;
4Department of Medical Oncology, University Hospital of South Manchester NHS Foundation Trust, Manchester, UK; 5Medical Faculty Ljubljana, University Clinic Golnik,
Golnik, Slovenia; 6Department of Oncology, Karolinska University Hospital, Stockholm, Sweden; 7Thoracic Oncology Unit, Centre Hospitalier Universitaire Grenoble Alpes
(CHUGA), Grenoble, France; 8Department of Pathology, Aberdeen University Medical School, Aberdeen Royal Infirmary, Aberdeen; 9Department of Medicine, Royal
Marsden Hospital, London, UK; 10Department of Thoracic Oncology, LungenClinic Grosshansdorf, Airway Research Center North (ARCN), Member of the German Centre
for Lung Research (DZL), Grosshansdorf, Germany; 11Department of Radiation Oncology, VU University Medical Center, Amsterdam, The Netherlands; 12Thoracic Surgery
Service, Salamanca University Hospital, Salamanca, Spain; 13Respiratory Oncology Unit (Pulmonology), University Hospital KU Leuven, Leuven, Belgium; 14Oncology
Department, Centre Hospitalier Universitaire Vaudois (CHUV), Lausanne, Switzerland

incidence and epidemiology
Primary lung cancer remains the most common malignancy
after non-melanocytic skin cancer, and deaths from lung cancer
exceed those from any other malignancy worldwide [1].
In 2012, lung cancer was the most frequently diagnosed

cancer and the leading cause of cancer death in male popula-
tions. Among females, lung cancer was the leading cause of
cancer death in more developed countries, and the second
leading cause of cancer death in less developed countries [2]. In
2013 in the European Union, lung cancer mortality fell in men
by 6% compared with 2009, while cancer death rates increased
in women by 7%, thereby approaching male counterparts [3].
A significantly higher proportion of lung cancer is diagnosed in

patients aged 65 and over [4], and the median age at diagnosis is
around 70 years [5]. Data from 2012 revealed that in the USA, lung
cancer did represent the leading cause of cancer death in males
from the age of 40 years and in females from the age of 60 years
[6]. A subset of patients with non-small-cell lung cancers
(NSCLCs) presents at a younger age (<40 years), but the incidence
in this population has decreased in the USA from 1978 to 2010 [7].
The number of cancer deaths expected to occur in 2016 in the

USA has been estimated, still reporting lung cancer as the
leading cause of death in both genders, despite declines in lung

cancer incidence from the mid-1980s in men and in the mid-
2000s in women [6].
NSCLCs account for 85%–90% of lung cancers, while small-

cell lung cancer (SCLC) has been decreasing in frequency in
many countries over the past two decades [1]. During the last 25
years, the distribution of histological types of NSCLC has
changed: in the USA, squamous cell carcinoma (SCC, which
was formally the predominant histotype) decreased, while
adenocarcinoma has increased in both genders. In Europe,
similar trends have occurred in men, while in women, both SCC
and adenocarcinoma are still increasing [8].
Tobacco smoking is still the main cause of lung cancer in

most of the patients, and the geographic and temporal patterns
of the disease largely reflect tobacco consumption during the
previous decades. Both smoking prevention and smoking cessa-
tion can lead to a reduction in a large fraction of human
cancers. In countries with effective tobacco control measures,
the incidence of new lung cancer has begun to decline in men
and is reaching a plateau for women [3, 9, 10]. Several other
factors have been described, including exposure to asbestos,
arsenic, radon and non-tobacco-related polycyclic aromatic
hydrocarbons. There is evidence that lung cancer rates are
higher in cities than in rural settings, but many confounding
factors other than outdoor air pollution may be responsible for
this pattern. Interesting hypotheses about indoor air pollution
(e.g. coal-fuelled stoves and cooking fumes) are available,
showing a correlation with the relatively high burden of non-
smoking-related lung cancer in women in some countries [11].
Evidence for a genetic predisposition to lung cancer has been
difficult to establish as it is confounded by environmental expo-
sures, but there are emerging data suggesting that single-

†Approved by the ESMO Guidelines Committee: February 2002, last update August
2016. This publication supersedes the previously published version—Ann Oncol 2014;
25 (Suppl. 3): iii27–iii39.

*Correspondence to: ESMO Guidelines Committee, ESMO Head Office, Via L. Taddei 4,
6962 Viganello-Lugano, Switzerland.
E-mail: clinicalguidelines@esmo.org
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Table 4. Continued

• Endoscopy is useful in the diagnosis and treatment (endobronchial or by guiding endovascular embolisation) of haemoptysis [III, C].
• Vascular stenting might be useful in NSCLC-related superior vena cava compression [II, B].

Role of palliative care in stage IV NSCLC

• Early palliative care intervention is recommended, in parallel with standard oncological care [II, A].

Brain metastases

• Treatment is recommended in RPA class I patients (<65 years old, KI ≥70%, no other extracranial metastases and controlled primary tumour) or class II
patients (KI ≥70%, with other extracranial metastases and/or an uncontrolled primary tumour).

• In the case of a single metastasis, SRS or resection is the recommended treatment [II, B].
• For two to three metastases, SRS is recommended in patients with RPA class I–II [II, B]. When more than three brain metastases are diagnosed, WBRT is
recommended in patients with RPA class I–II [II, B].

• RPA class III patients (KI <70%) should not receive radiotherapy in view of the dismal prognosis [I, B]; only BSC is recommended.
• WBRT schedules of 20 Gy in 5 fractions or 30 Gy in 10 fractions have no difference in outcome [I, A].
• Systemic therapy is a reasonable option for patients with no or relatively minor symptoms from brain metastases. Radiotherapy is recommended in the
case of the development or progression of symptoms while on treatment [II, B].

• For symptomatic brain metastases and/or oedema, dexamethasone 4 mg/day or an equivalent dose of another corticosteroid is recommended [II, A].
• In fit patients, options other than WBRT for the treatment of brain metastases could be considered [IV, C].
• In patients with a druggable oncogene driver and clinically asymptomatic brain metastases, next-generation TKIs may restore control of brain disease
and delay cranial radiotherapy [III, B].

• In ALK-positive patients progressing on crizotinib, treatment with ceritinib or alectinib shows activity against CNS disease [III, B].

Bone metastases

• Zoledronic acid reduces SREs (pathological fracture, radiation/surgery to bone or spinal cord compression) and is recommended in stage IV bone
metastatic disease [II, B].

• Denosumab is not inferior to [I, B] and shows a trend towards superiority to zoledronic acid in lung cancer in terms of SRE prevention [II, B].

Treatment of oligometastatic disease

• Stage IV patients with one to three synchronous metastases at diagnosis may experience long-term DFS following systemic therapy and radical local
treatment (high-dose radiotherapy or surgery) [III, B]. Because of limited evidence, inclusion in clinical trials is preferred.

• Stage IV patients with limited metachronous metastases may be treated with a radical local treatment and may experience long-term DFS [III, B].
However, this is based only on retrospective data.

• Solitary lesions in the contralateral lung should, in most cases, be considered as synchronous secondary primary tumours and, if possible, treated with
radical intent [IV, B].

• In patients with driver mutations for whom active systemic therapies are available, the use of ablative therapies such as SABR or surgery is likely to
increase. However, there is limited prospective data to support this policy [IV, C].

Response evaluation

• Response evaluation is recommended after two to three cycles of chemotherapy using the same radiographic investigation that initially demonstrated
tumour lesions.

• Measurements and response assessment should follow RECIST criteria v1.1. However, the adequacy of RECIST in evaluating the response to EGFR or
ALK TKI in respective genetically driven NSCLC is debatable.

• In the case of immune checkpoint inhibitor therapy, RECIST criteria should be used, although irRC may have a role in the overall assessment of therapy.

Follow-up

• Close follow-up, at least every 6–12 weeks to allow for early initiation of second-line therapy, is advised, but should depend on individual retreatment
options [III, B].

• Follow-up with PET is not routinely recommended, due to its high sensitivity and relatively low specificity.

WHO, World Health Organisation; IASLC, International Association for the Study of Lung Cancer; ATS, American Thoracic Society; ERS, European
Respiratory Society; NSCLC, non-small-cell lung cancer; IHC, immunohistochemistry; NSCLC-NOS, non-small-cell lung cancer-not otherwise specified;
EGFR, epidermal growth factor receptor; NSCC, non-squamous cell carcinoma; SCC, squamous cell carcinoma; ALK, anaplastic lymphoma kinase; FISH,
fluorescence in situ hybridisation; PS, performance status; CEA, carcinoembryonic antigen; CT, computed tomography; CNS, central nervous system; MRI,
magnetic resonance imaging; PET, positron emission tomography; AJCC, American Joint Committee on Cancer; UICC, Union for International Cancer
Control; BSC, best supportive care; QoL, quality of life; CGA, comprehensive geriatric assessment; PD-L1, programmed death ligand 1; WT, wild-type;
TKI, tyrosine kinase inhibitor; RPA, recursive partitioning analysis; KI, Karnofsky Index; SRS, stereotactic radiosurgery; WBRT, whole brain radiotherapy;
SRE, skeletal-related event; DFS, disease-free survival; SABR, stereotactic ablative radiotherapy; RECIST, Response Evaluation Criteria in Solid Tumours;
irRC, immune-related response criteria.
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Bone health in cancer patients: ESMO Clinical Practice
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There are three distinct areas of cancer management that make bone health in cancer patients of increasing clinical
importance. First, bone metastases are common in many solid tumours, notably those arising from the breast, prostate
and lung, as well as multiple myeloma, and may cause major morbidity including fractures, severe pain, nerve compres-
sion and hypercalcaemia. Through optimum multidisciplinary management of patients with bone metastases, including
the use of bone-targeted treatments such as potent bisphosphonates or denosumab, it has been possible to transform
the course of advanced cancer for many patients resulting in a major reduction in skeletal complications, reduced bone
pain and improved quality of life. Secondly, many of the treatments we use to treat cancer patients have effects on repro-
ductive hormones, which are critical for the maintenance of normal bone remodelling. This endocrine disturbance results
in accelerated bone loss and an increased risk of osteoporosis and fractures that can have a significant negative impact
on the lives of the rapidly expanding number of long-term cancer survivors. Finally, the bone marrow micro-environment is
also intimately involved in the metastatic processes required for cancer dissemination, and there are emerging data
showing that, at least in some clinical situations, the use of bone-targeted treatments can reduce metastasis to bone and
has potential impact on patient survival.

introduction
Cancer and the treatments applied can have profound effects on
bone health. Clinicians treating cancer patients need to be aware
of both the multidisciplinary treatments available to reduce
skeletal morbidity from metastatic disease and the strategies
required to minimise cancer treatment-induced damage to the
normal skeleton. These guidelines provide a framework for
maintaining bone health in patients with cancer.

normal bone physiology and turnover
Healthy bone is in a constant state of remodelling, an essential
process to preserve structural integrity and minimise the risk of
fragility fractures. Bone-derived osteoblasts and osteoclasts work
together through the influence of cytokines and other humoral
factors to couple formation and resorption. In normal health,
the relationship between osteoblastic bone formation and osteo-
clastic bone resorption is finely balanced. However, bone dis-
eases including malignancy disturb this balance and result in a
loss of the normal structural integrity of the skeleton [1].

pathophysiology of bone metastases
The process of cancer metastasis includes tumour cell seeding,
tumour dormancy and subsequent metastatic growth. The primary
tumour releases cells that pass through the extracellular matrix,
penetrate the basement membrane of angiolymphatic vessels
and are then transported to distant organs via the circulatory
system. Circulating breast and prostate cancer cells have a particu-
lar affinity for bone. Most disseminated tumour cells die, but the
bone marrow micro-environment may act as a reservoir for malig-
nant cells. More specifically, the haematopoietic stem cell niche
appears to be the site for dormant tumour cells that only result in
relapse many years after the diagnosis (Figure 1) [2].
Once within the bone micro-environment, tumour cells have

the capacity to produce a wide range of cytokines and growth
factors including parathyroid hormone-related peptide, prosta-
glandins and interleukins that may increase the production of re-
ceptor activator of nuclear factor kappaB ligand (RANKL)
by cells of the osteoblastic lineage. This will lead to activation
of osteoclasts and disturbance of the balance of new bone forma-
tion and bone resorption. As the bone matrix is broken down, a
rich supply of bone-derived factors is released that may lead to
increased growth and proliferation of the tumour cell population.
These multiple interactions between metastatic tumour cells and
the bone micro-environment may contribute to the development
of metastases both within and, potentially, also outside bone.†Approved by the ESMO Guidelines Working Group: March 2014.

*Correspondence to: ESMO Guidelines Working Group, ESMO Head Office, Via
L. Taddei 4, CH-6962 Viganello-Lugano, Switzerland.
E-mail: clinicalguidelines@esmo.org
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Chirurgie des os longs et du rachis 

�  Antalgie et stabilisation. 

�  Récupération fonctionnelle rapide. 

 
Estimation	du	risque	
fracturaire	
Chirurgie	de	
réparation	

Espérance	de	vie	>	3	
mois	?	

Discussion	multidisciplinaire.	
Scores	décisionnels	(Mirels,	Tokuhashi…)	
Radiothérapie	post	opératoire.	



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.
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Kassamali	,	Ann	Oncol,	2011	

�  Vertébroplastie/
kyphoplastie. 

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

�   Antalgique par action 
thermique. 

�  Combinaison 
thérapeutique. 



Radiofréquence/ cryothérapie 

�  Abord lésionnel percutanée  

�  Induction courant RF (400 
kHz), échauffement tissulaire 

�  Métastase < 4 cm 

�  Efficacité dans les 24H 



Radiothérapie métabolique 

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

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

métastases, fixation au prorata de l’activité ostéoblastique 
ü  Samarium 153-EDTMP (Quadramet ®) 

�  Efficacité antalgique : 65 à 93% dès la première semaine 
jusqu’à 4 à 16 semaines. 

�  Toxicité hématologique (3ème semaine). 

1879: Paul Emile LECOQ De BOISBAUDRAN  



Radiothérapie externe 
�  Place majeure dans la prise en charge des MO. 

�  Post-opératoire, antalgique , consolidatrice. 

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

�  Hypofractionnement voire séance unique si 
espérance de vie réduite et compression 
médullaire (ASCO 2017). 

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



La radiothérapie en une seule fraction 
 

Essai SCORAD phase III 

è  Nouveau standard pour les métastases osseuses rachidiennes ? 
Congrès américain d’oncologie 2017 - D’après Hoskin P et al., abstr. 10004, actualisé 

Contrôle 20 Gy/5 fractions (n = 342) 

RT 8 Gy/1 fraction (n = 345) 

(n = 687) 

R 
Évaluation : statut ambulatoire, fonctions 
vessie et digestif, QdV, SG, effets indésirables 
à 1, 4, 8 et 12 sem. de randomisation 

1:1 

Critères 
20 Gy/5 
fractions 

(n = 342) [%] 

8 Gy/1 fraction 
(n = 345) [%] 

Différence de risque p 

Réponse globale 
ambulatoire 8 sem. 

73,3 69,5 
–3,78  

(IC90 : –11,85 ; 4,28) 
0,440 

SG 
HR = 1,03  

(IC95 : 0,87-1,23) 
0,697 

Vessie fonctionnelle 
à S12 

23 30 
OR = 1,79  

(IC95 : 0,84-2,38) 
0,190 

Retraitement 32 30 NS 

QdV NS 



MO des 
CB en 
2017 

Le passé et ce que 
nous savons 

L’avenir et ses 
questions 

Un site d’importance : 
-  Épidémiologique 
-  Physiopathologique 
-  Particularités du CB 

Les traitements 
multidisciplinaires : 
-  anti-résorptifs 
-  Radiologie 

interventionnelle 
-  Radiothérapie 
-  chirurgie 

Voie d’addiction 
oncogénique : EGFR , 
ALK… : 
-  Particularités ? 
-  Devenir sous 

Thérapies ciblées ? 

Immunothérapie : 
-  Traitement anti-

résorptif  
-  Effet abscopal 

 

Longs survivants ? 

Octobre 2005 
Action anti-tumorale des 
anti-résorptifs ? 

2007 



L’action anti-tumorale des BP ?  

DTC survival in the bone marrow microenvironment (Figure 1).
This contention is supported by preliminary clinical evidence
showing that zoledronate in combination with standard
anticancer therapy significantly reduces the prevalence of
DTCs in the bone marrow from patients with early-stage breast
cancer, when compared with standard therapy alone.7,12

Further studies are however required to determine whether the
reduction of DTCs by zoledronate provides clinical benefit.

Targeting the immune system. Increased cancer surveillance
via activation of gdT cells may represent another potential
mechanism through which N-BPs could exhibit anticancer
activity. Human Vg9Vd2Tcells are a subset of human Tcells that
straddles the border between innate and adaptive immunity,
and exhibits anticancer activity.1,7 Evidence for the stimulation
of Vg9Vd2T cells by N-BPs was first found when increased
numbers of gdTcells were observed in patients who had flu-like
acute-phase reactions after their first intravenous infusion of
pamidronate.1 N-BPs are indeed internalized by peripheral
blood mononuclear cells, such as monocytes and dendritic
cells, where they inhibit the mevalonate pathway, leading to the
intracellular accumulation of IPP which, in turn, activates
Vg9Vd2Tcells and the release of inflammatory cytokines (tumor
necrosis factor-a and interferon-g, thereby contributing to the
acute-phase reaction.1 N-BPs also induce intracellular accu-
mulation of IPP/ApppI in a wide variety of human tumor cell lines
in vitro and these mevalonate metabolites can be sensed by
Vg9Vd2T cells as tumor phosphoantigens.1,7 We recently
provided in vivo evidence that N-BPs (zoledronate and rise-
dronate) induce IPP/ApppI accumulation in human breast
tumors implanted subcutaneously in animals and that human
Vg9Vd2T-cell infiltrate and inhibit growth of these tumors
producing high IPP/ApppI levels, but not those expressing low

IPP/ApppI levels.13,14 Additionally, we showed that estrogen
receptor (ER)-positive breast tumors are more likely to produce
IPP/ApppI after bisphosphonate treatment compared with ER-
negative breast tumors. Moreover, the ability of risedronate and
zoledronate to activate Vg9Vd2T-cell anticancer activity not only
depends on IPP/ApppI accumulation in ER-positive tumors but
also on expression of tumor cell surface receptor ICAM-1
(intercellular adhesion molecule-1), which triggers the recog-
nition of bisphosphonate-treated breast cancer cells by
Vg9Vd2Tcells in vivo.13,14 These findings suggest therefore that
N-BPs can have an adjuvant role in cancer therapy by activating
Vg9Vd2T-cell cytotoxicity in patients with ER-positive breast
cancer that produces high IPP/ApppI levels after N-BP
treatment. Indeed, a few phase-I clinical studies reported that
zoledronate (þ low-dose interleukin-2) activated Vg9Vd2Tcells
in patients with early or advanced breast cancer, hormone-
refractory prostate cancer or advanced non-small-cell lung
cancer.15 Notably, there was a significant correlation between
clinical outcomes and peripheral blood gdT-cell numbers for
each of these studies.15

Clinical Evidence Supporting Antitumor Activity of
Bisphosphonates in the Metastatic Setting

How do these experimental findings1,3–5,7–14 relate to the
clinical situation in the metastatic setting? In patients with
advanced-stage solid tumors, bisphosphonates (alongside
specific anticancer treatments) delay skeletal morbidity
associated with bone metastasis.3 However, no benefit in
overall survival with bisphosphonates clodronate, pami-
dronate, ibandronate and zoledronate was observed in the full
populations of large randomized clinical trials in breast cancer,
prostate cancer and other solid tumors. Thus, these data did not

Figure 1 Potential anticancer effects of bisphosphonates in vivo. The figure depicts the primary tumor microenvironment, the blood dissemination of tumor cells, the bone
marrow metastatic environment with the osteoblastic niche and osteoclasts, and the recruitment of bone marrow-derived monocytes (TAM) and DTC to the site of the primary tumor.
Bisphosphonates render the bone marrow a less hospitable microenvironment for tumor cell colonization, inhibiting osteoclast-mediated bone resorption and stimulating gd-T cell
cytotoxicity. They also interfere with the tumor self-seeding and TAM infiltration of primary tumors. The drawings were produced using Servier Medical Art (www.servier.com).

Mechanisms of action of bisphosphonates
P Clézardin
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Etudes dans le cancer du sein +++, pas de données dans le CB. 



(G12V). One patient was excluded because of the pres-
ence of an ALK gene rearrangement and an EGFR muta-
tion (S768I).

An ALK gene rearrangement was identified in 20% of
patients, an EGFR mutation in 19% of patients, a KRAS
mutation in 23% of patients, and 38% of patients had no
abnormality in the 3 genes (Table 1). The vast majority of
patients in this study displayed adenocarcinoma histology,
with only a few patients demonstrating large cell lung can-
cer with or without neuroendocrine features or NSCLC
not otherwise specified. The majority of patients analyzed
here were categorized as stage IV at the time of diagnosis,
but approximately 20% of patients had recurrent cancer.

Baseline characteristics of evaluable patients are
shown in Table 1. The proportion of heavy smokers sig-
nificantly differed across the molecular cohorts, with the
triple negative and KRAS mutation groups showing the
highest proportions and the EGFR- and ALK-positive
groups showing the lowest proportions (P < .0001).
Patients with EGFR and KRAS gene mutations were more
often female than those of the triple negative cohort,
whereas patients with ALK gene rearrangements exhibited
a similar sex distribution; overall, the distribution of mo-
lecular cohorts differed significantly between males and
females (P ¼ .03). Patients positive for the EGFR and
KRAS mutations were diagnosed with metastatic disease

at a similar age as those of the triple negative cohort, and
ALK-positive patients (P < .0001) tended to be younger,
which is consistent with previous reports.17

The majority of patients underwent testing for all 3
molecular markers (80%). A smaller number underwent
testing for only 2 of the 3 biomarkers (18%) (Table 2).
Only 3 patients, all with an ALK gene rearrangement, had
only 1 test performed. Biopsy material from the primary
tumor was most often used for molecular testing, followed
by metastatic sites, then lymph nodes (Table 3). Only 11
patients had more than 1 site biopsied. Documentation of
imaging modalities across the molecular cohorts did not
differ significantly (Table 4). Positron emission tomogra-
phy/computed tomography and brain magnetic resonance
imaging, for example, were performed and documented
in the majority of cases across all molecular cohorts.

Only 18 of 209 patients (9%) exhibited evidence of
pericardial spread at the time of diagnosis, but 8 of 41
(20%) patients in the ALK-positive cohort had pericardial
spread (Fig. 1A). Patients with an ALK gene rearrange-
ment were significantly more likely to have metastatic
spread to the pericardium than patients from the triple
negative cohort (odds ratio [OR]¼ 4.61; 95% confidence
interval [CI]¼ 1.30, 16.37; P¼ .02). EGFR (OR¼ 1.03;
95% CI ¼ 0.18, 5.87; P ¼ 1.0) and KRAS (OR ¼ 1.69;
95%CI¼ 0.40, 7.09; P¼ .48) mutation positive patients

Table 1. Characteristics of Patients

Molecular Cohort

Characteristic ALK1 EGFR1 KRAS1 Triple Negative Total

Total 41 (20) 39 (19) 49 (23) 80 (38) 209

Histology
Adenocarcinoma 38 (93) 37 (95) 47 (96) 78 (98) 200 (96)

Large cell 1 (2) 0 2 (4) 0 5 (2)

Not otherwise specified 2 (5) 2 (5) 0 2 (3) 6 (3)

Staging
Stage IV at diagnosis 35 (85) 28 (72) 39 (80) 63 (79) 165 (79)

Recurrent disease 6 (15) 11 (28) 10 (20) 17 (21) 44 (21)

Smoking history
Never (<100 cigarettes) 31 (76) 22 (56) 6a (12) 25 (31) 84 (40)

Light (£10 pack-y) 5 (12) 5 (13) 1 (2) 9 (11) 20 (10)

Current/former 5 (12) 12 (31) 42 (86) 46 (58) 105 (50)

Mean pack-y 22.6 43.9 46.2 39.8 42

Sex
Male 21 (51) 10 (26) 14 (29) 38 (48) 83 (40)

Female 20 (49) 29 (74) 35 (71) 42 (52) 126 (60)

Median age, years (range)b 51 (21-78) 62 (45-78) 59.5 (32-82) 62 (41-82) 59 (21-82)

ALK indicates anaplastic lymphoma kinase tyrosine kinase receptor; EGFR, epidermal growth factor receptor; KRAS,

Kirsten rat sarcoma viral oncogene.
a Includes 1 pipe smoker.
b Age at diagnosis of metastatic disease.
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Oncogene Status Predicts Patterns of Metastatic Spread in
Treatment-Naive Nonsmall Cell Lung Cancer

Robert C. Doebele, MD, PhD1; Xian Lu, MS2; Christopher Sumey, MD1; DeLee A. Maxson, BS3;

Andrew J.Weickhardt, MD, DMedSc1; Ana B. Oton, MD1; Paul A. Bunn Jr, MD1; Anna E. Barón, PhD2; Wilbur A. Franklin,

MD4; Dara L. Aisner, MD, PhD4; Marileila Varella-Garcia, PhD1; and D. Ross Camidge, MD, PhD1

BACKGROUND: The discovery of distinct subsets of nonsmall cell lung cancer (NSCLC) characterized by activation of driver onco-

genes has greatly affected personalized therapy. It is hypothesized that the dominant oncogene in NSCLC would be associated with

distinct patterns of metastatic spread in NSCLC at the time of diagnosis. METHODS: A total of 209 consecutive patients with stage

IV nonsquamous NSCLC with an EGFR (epidermal growth factor receptor) mutation (N ¼ 39), KRAS (v-Ki-ras2 Kirsten rat sarcoma vi-

ral oncogene homolog) mutation (N ¼ 49), ALK (anaplastic lymphoma receptor tyrosine kinase) gene rearrangement (N ¼ 41), or

wild-type for all 3 (triple negative, N ¼ 80) were included. The percentage of patients with metastatic disease at a given site was

compared between each molecular cohort (EGFR, KRAS, or ALK) and the triple negative cohort. RESULTS: ALK gene rearrangement

was significantly associated with pericardial disease (odds ratio [OR] ¼ 4.61; 95% confidence interval [CI] ¼ 1.30, 16.37; P ¼ .02) and

pleural disease (OR ¼ 4.80; 95% CI ¼ 2.10, 10.97; P < .001). Patients with ALK gene rearrangements (OR ¼ 5.50; 95% CI ¼ 1.76, 17.18; P

¼ .003) and patients with EGFR mutations (OR ¼ 5.17; 95% CI ¼ 1.63, 16.43; P ¼ .006) were predisposed to liver metastasis compared

to the triple negative cohort. No molecular cohort had a predisposition to pulmonary nodules, or adrenal, bone, or brain metastasis

compared to the triple negative cohort. The mean number of metastatic disease sites in patients within the ALK rearranged cohort

was significantly greater than that of the triple negative cohort (mean ¼ 3.6 sites vs 2.5 sites, P < .0001). CONCLUSIONS: The results

support the hypothesis that the dominant molecular oncogenes in NSCLC are associated with different biological behaviors manifest-

ing as distinct patterns of metastatic spread at the time of diagnosis. Cancer 2012;118:4502-11. VC 2012 American Cancer Society.

KEYWORDS: metastasis, nonsmall cell lung cancer, epidermal growth factor receptor, anaplastic lymphoma kinase tyrosine kinase
receptor, Kirsten rat sarcoma viral oncogene.

For a long time, nonsmall cell lung cancer (NSCLC) was treated as a single entity without regard to histology or molecular
status. Over the last decade, it was recognized that histology can predict both efficacy and safety of drugs used for the treat-
ment of NSCLC.1,2 Molecular analysis has provided an even more detailed classification of NSCLC. Activating mutations
in the epidermal growth factor receptor (EGFR) gene are both prognostic and predictive in that they are associated with
improved survival, irrespective of therapy, and are associated with a significant response to EGFR tyrosine kinase inhibi-
tors such as gefitinib or erlotinib.3,4 Patients with EGFR mutations also show a significant improvement in progression-
free survival (PFS) compared to standard chemotherapy.5 More recently, fusions involving the anaplastic lymphoma re-
ceptor tyrosine kinase (ALK) gene were discovered in NSCLC.6 Patients with ALK gene rearrangements detected by fluo-
rescence in situ hybridization (FISH) demonstrate significant objective response rates and PFS times to the oral ALK
inhibitor crizotinib.7 The prognostic significance of ALK is somewhat unclear, because studies in untreated, unselected
populations are not yet available, although it was recently reported that ALK did not portend a favorable prognosis in
NSCLC.8 Despite being the earliest recognized and the most frequently activated oncogene in lung cancer, KRAS (v-Ki-
ras2 Kirsten rat sarcoma viral oncogene homolog) mutations do not currently predict for benefit from any targeted or che-
motherapeutic drugs and are associated with a worse survival.9-11

Subclassification of patients with NSCLC through use of molecular diagnostics has permitted us to reexamine the
characteristics and outcomes of patients with NSCLC. Indeed, evaluation of PFS for patients treated with pemetrexed
showed a significant benefit for ALK-positive patients compared to patients without ALK gene rearrangement, EGFR
mutation, or KRASmutation (known as the triple negative cohort).12 We initially made a clinical observation that a num-
ber of ALK-positive patients had metastatic disease to the pericardium. We hypothesized that the biology of the tumor
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DISCUSSION
Here, we report analysis of the association between molec-
ular oncogene status and patterns of metastatic spread in
treatment-naive patients with NSCLC. We observed a
higher incidence of pericardial, pleural, and liver metasta-
sis in ALK-positive patients compared with patients who
had no EGFR, KRAS, or ALK oncogene abnormality.
Patients with an EGFR mutation also had a higher rate of
liver metastases compared with those of the triple negative
cohort.

A much higher than expected number of ALK-posi-
tive patients were present in this study, partly because of
our role as a referral site for the phase 1 study of crizotinib
and our initial screening strategy, which enriched the
detection of these patients. Undoubtedly, these elevated
numbers have facilitated the identification of oncogene-
specific patterns of spread for ALK that might otherwise
have been missed, given its relative rarity as a molecular
subtype of NSCLC. An expected percentage of EGFR and
KRASmutant patients were identified in our study.3,19

We recognize that the triple negative cohort is a het-
erogeneous cohort, and a number of patients evaluated in
this study underwent evaluation for mutations in other
molecular oncogenes such as BRAF, MET, and HER2.
Currently, KRAS, EGFR, and ALK are the most estab-
lished and commonly tested oncogenes in NSCLC, and
our testing patterns dictated the categorization used in
this study. As we collect more data on other oncogenes in
NSCLC, we expect to refine the model described here.
The vast majority of patients underwent triple testing for
all 3 molecular markers analyzed in this study; however,
20% of patients had only 1 or 2 tests performed. As neces-
sitated by the entry criteria for this study, all of the
patients with incomplete testing for all 3 biomarkers dem-
onstrated a positive result for 1 of the biomarkers. We
believe that this criterion is justified given the low likeli-
hood of a patient harboring more than 1 positive bio-
marker result within this subset of analytes.13,14 Indeed,
data from this study show that of the 211 patients with
nonsquamous NSCLC who underwent double or triple

Figure 5. Metastases to other distant sites are shown. The percentage of patients with the presence of metastatic disease in the
(A) bone, (B) pulmonary nodules, (C) adrenal gland(s), and (D) brain is shown by molecular cohort. Absolute numbers of
patients with or without metastases in each cohort are provided below.
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ALK+ : atteinte pleurale et 
péricardique. 
 
Pour le site osseux : pas 
plus de MO chez ALK/
EGFR/Kras par rapport au 
triple négatif. 
 



MO et voie addiction oncogénique : 
données rétrospectives 

�  Mutation EGFR et MO : meilleur pronostic (sans 
surprise !) 

�  Mutation Kras+ et MO : moins bonne survie ? www.nature.com/scientificreports/
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Next, we investigated the impact of KRAS mutation status on OS in the metastatic cohort (Fig. 2C) including 
the comparison of multiple- and single-organ metastatic subgroups (Fig. 2D). Importantly, we found no statisti-
cally significant information in these comparisons.

The impact of KRAS mutation status on OS of patients with different organ-specific metastases (including 
both multiple- and single-organ metastatic patients) is shown in Fig. 3. We observed a significant and clinically 
relevant decrease in OS in patients with KRAS-mutant tumors and with bone involvement (notably, this subcohort 
included bone metastastatic cases with or without non-skeletal metastasis) (vs those with KRAS-WT tumors and 
bone involvement; median OS 3.7 v 9.7 months, respectively; HR, 0.49; 95% CI, 0.31 to 0.79; p =  0.003; Fig. 3B). 
Of note, no further statistically significant differences were observed in any other organ-specific comparison. 
Moreover, KRAS-mutant lung adenocarcinoma patients with dissemination limited to the skeletal system (n =  13) 
tended to have a shorter OS then those with KRAS-WT tumors (7.0 vs 10.2 months; p =  0.21, Supplemental Fig. 1).

Discussion
Despite of the extensive research, the prognostic and predictive power and thus the clinical utility of KRAS onco-
genic mutations in lung adenocarcinoma has not yet been defined for over a decade5,17,35,36. Surprisingly, there is 
very limited comprehensive data available regarding the influence of KRAS mutation on the organ specificity of 
lung adenocarcinoma metastases37.

Figure 3. Kaplan-Meier curves for the OS of metastatic lung adenocarcinoma patients according to KRAS 
mutation status in patients with (A) lung, (B) bone, (C) adrenal, (D) brain, (E) pleura, and (F) liver spread. Both 
single- and multiple-organ metastatic cases were included in these analyses. We found a clinically relevant and 
also significant decrease in OS in patients presented with KRAS mutant bone metastasis (vs KRAS wild-type, 
median OS 3.7 v 9.7 months; HR, 0.49; 95% CI, 0.31 to 0.79; p =  0.003). Importantly, we found no statistically 
significant information in any other organ-specific comparison.

Lohinai : série de 500 CBNPC, 30% de Kras+. 
Etude des sites métastatiques. 
 
Median OS 9.7 (Kras wt) vs 3.7 mois (Kras 
mut) , HR 0.49, 95%CI, 0.31-0.79, p 0.003 
 

Zhang, Scientific reports 2017 
Chen, Plosone 2016 

Lohinai, Scientific reports 2017 

 

Donc …on reste un peu sur sa faim… 



Le phénomène flare  sous thérapie ciblée 
(osteoblastic bone flare) 

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

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

�  La difficulté : comment la distinguer d’une progression 
carcinologique ? 

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

Lemieux et al, Clin Nucl Med, 2002 



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

Frontiers in Oncology | Genitourinary Oncology January 2014 | Volume 3 | Article 329 | 2
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Interaction RANK-RANKL et immunité :  
L’osteo-immunologie une voie de recherche Cheng and Fong Effects of RANKL-targeted therapy in immunity and cancer

Denosumab, which is not renally excreted, had a lower incidence
of renal toxicity, but had an increased risk of hypocalcemia. No
differences were seen in the incidence of new cancers, infections,
or osteonecrosis of the jaw (ONJ) (70). A recent phase III trial
also demonstrated that monthly denosumab in non-metastatic
castration-resistant prostate cancer significantly increased bone-
metastasis-free survival and delayed time to first bone metastasis
compared to placebo, suggesting another potential role for the
therapy. No difference in infections was seen, however denosumab
was associated with increased incidence of ONJ and hypocal-
cemia (71). A phase III study investigating adjuvant denosumab
for the prevention of bone metastasis in early-stage breast cancer
is ongoing (D-CARE, NCT01077154).

The FREEDOM trial evaluated twice yearly denosumab for the
prevention of fractures in postmenopausal women with osteo-
porosis. The phase III trial demonstrated decreased incidence of
vertebral fracture (RR 0.32, 95% CI 0.26–0.41), hip fracture [haz-
ard ratio (HR) 0.60, 95% CI 0.37–0.97], and non-vertebral fracture
(HR 0.80, 95% CI 0.67–0.95) as compared with placebo. The
incidence of cancer or infection was not increased in the treat-
ment group, and there were no reported cases of hypocalcemia
or ONJ with denosumab (72). Results from the first 2 years of
the FREEDOM extension did not demonstrate a trend toward
increased incidence of malignancy or infection over time. ONJ
was reported in two patients in the cross-over denosumab group
of the extension trial (73). Denosumab was also studied for the
prevention of osteoporosis in men with non-metastatic prostate
cancer receiving androgen-deprivation therapy, which is associ-
ated with bone loss and fractures. A phase III study demonstrated
significantly increased bone mineral density at all measured sites
and decreased incidence of new vertebral fractures with treat-
ment. Adverse events were comparable between the denosumab
and placebo groups. Infection-related serious adverse events were
seen in 4.6% of patients receiving placebo, and 5.9% of patients
receiving denosumab. No change in PSA levels over time were
detected, and there were no cases of ONJ (74).

CONCLUSION
The role of RANKL/RANK in immunity is complex, and evidence
suggests that this system has multiple divergent effects, both in the
generation of active immune responses, as well as in the induc-
tion of tolerance (Table 1). RANKL/RANK may have differential
roles among particular populations of DCs and other immune
cells. This system has been also been shown to influence disease
processes outside of the skeletal system, including in cancer. While
the osteoclast-dependent effects of RANKL/RANK signaling in
bone metastases are well described, recent data has shown that
RANKL/RANK signaling may have osteoclast-independent, direct
tumor effects. The system has been studied in a range of malig-
nancies, and RANKL/RANK activity has largely demonstrated a
positive correlation with tumor progression and advanced disease.

Denosumab is routinely employed in clinical practice for the
prevention of SREs in cancer and fractures in osteoporosis. No
change in the rates of infection or new cancers was seen in clinical
trials with denosumab, and long-term surveillance is ongoing (75).
Treatment is associated with a significant risk of ONJ, the etiology
of which is unclear (76). Treatment-induced effects on immunity

Table 1 | Divergent effects of RANKL/RANK signaling on the immune

system.

Enhancement of immunity Inhibition of immunity

Regulation of T- and B-lymphocyte
development

Development of medullary thymic
epithelial cells (mTECs), which
mediate T-cell self-tolerance

Lymph-node organogenesis Enhanced tolerance in Peyer’s Patch
DCs

Increased DC survival, cytokine
expression, and migration

Generation of regulatory T cells
(Tregs)

Enhanced induction of T-cell
responses

Induction of T-cell tolerance and
deletion

and/or inflammation could play a role in this disease. This treat-
ment related side effect is also seen with bisphosphonates, which
are also known to have significant immunomodulatory effects
beyond their effects on bone (77, 78). Otherwise, little clinical evi-
dence exists to support significant global immune dysregulation
due to RANKL inhibition. Also, there is evidence that suggests the
presence of redundant pathways may limit consequential immune
effects of denosumab administration (79). The present experi-
mental evidence primarily suggests that RANKL/RANK signaling
potentially mediates negative outcomes in cancer. While there is
some evidence to suggest that OPG promotes tumor antiapopto-
sis, this is likely mediated by its inhibition of TRAIL, which is not
a property shared by denosumab.

However, our understanding of the role of the RANKL/RANK
pathway in cancer remains limited, and represents an important
area of investigation. While denosumab may induce divergent
effects of the immune system, these may occur at different times.
For example, with initiation of denosumab, a reduction of mTECs
or Tregs might transiently enhance anti-tumor immunity. These
changes might be counterbalanced by the effects of denosumab
on dendritic cell activation and tolerance over time, especially in
cancer patients, who receive the agent at a higher dose and fre-
quency. Further investigation may be helpful to assess whether
the axis has positive or negative effects on anti-tumor immunity,
especially in prostate cancer and melanoma, where FDA-approved
immunotherapies are available. Immune-based therapies serve an
increasingly important role in the management of solid malignan-
cies, and include sipuleucel-T, an autologous dendritic cell vaccine
against the prostatic acid phosphatase (PAP) antigen, as well as
ipilimumab, a monoclonal antibody against CTL associated anti-
gen 4 (CTLA-4). Patients may be inadvertently combining these
treatments, the effect of which is unclear. Sequencing of deno-
sumab with these immunotherapies could also potentially affect
their immunogenicity. The RANKL/RANK axis may also be mod-
ified by other co-administered medications, and this represents
an important area of investigation (80). Additionally, monitor-
ing of the RANKL/RANK axis may potentially serve an important
prognostic or diagnostic role in certain cancers.
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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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Conclusion : les MO des CB, 
une image… 

•  Exécrable ? 

•  Savoir y être sensible 

•  Prise en charge pluridisciplinaire, car il s’agit d’un site 

•  Original et complexe, qui a bénéficié 

•  Innovations thérapeutiques 

•  Recherche +++ 

L’exilé n’a rien dont il puisse faire son trésor : ceux qui sont 
humains et ceux qui se font proches, voilà ce dont il fait son trésor.

Tseng-Tseu (IVe av JC)





Merci de votre attention ! 
Chaîne du Mont Blanc, vue de la réserve naturelle des Aiguilles Rouges,  

le 15 août 2017 


