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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

Tumour cell proliferation and metastasis
progression 

Tumour cells
home to the
HSC niche

Environmental signals
maintain tumour cell

quiescence

Escape from
quiescence

HSC niche

HSC

Stimulation of
bone resorption

Tumour cell colonisation of bone

Development of
bone lesions

Tumour cell
proliferation

Tumour cell

Hematopoietic
stem cell (HSC) 

Osteoblast

Osteoclast

Onward
Dissemination

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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Epidémiologie dans le CBP
´ Incidence des MO : 20%-65%.

´ Moment d’apparition variable selon les séries.

´ Ostéolytiques : rachis, bassin, côtes.

´ Evénement osseux (SRE) : fracture, compression 
médullaire, hypercalcémie, RT, chirurgie : détérioration 
de la qualité de vie, coût sur les systèmes de soin

Coleman RE, Clin Cancer Res 2006;12:6243S-49S
Decroisette et al , JTO 2011;6(3):576-82

PREVENTION des SRE



Epidémiologie : particularités

´ Adénocarcinome : histologie la plus pourvoyeuse, 
avec une fréquence accrue chez :
´ Mutation EGFR1 : 54% dans un registre des Pays-Bas vs 

31% en l’absence de mutation EGFR. Pas d’impact sur la 
survie.

´ Mutation KRAS G12A2 : 42,9%

´ Pronostic probablement moins bon chez KRAS3 : survie 
de 3,7 mois (vs 9,7 mois non-KRAS)

1 Kuijpers et al, Lung cancer 2018, 121:76-81.
2 Bi et al, Lung cancer 2018, 14:799-806.

3 Lohinai et al, Nature Sci Rep 2017, jan 4;7: 39721 



Epidémiologie et SRE
Essais Decroisette
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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
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RANK-RANKL : un cercle vicieux

• RANKL : ostéoblaste, forme 
soluble, stimule ostéoclaste 

• RANK : ostéoclaste, protéine 
transmembranaire

• Denosumab : AC monoclonal 
humanisé  bloquant RANK-
RANKL, mime l’action de 
l’ostéoprotégérine

tumor burden in a mouse model of melanoma metastasis. Interest-
ingly, zoledronic acid did not [34]. In another model for breast can-
cer, skeletal tumor growth was decreased upon both RANKL
inhibition and treatment with zoledronic acid. However, the tumor
burden was significantly more restrained with RANKL inhibition
than with zoledronic acid [26]. These two models suggest a direct
effect of RANKL on RANK expressing tumor cells in skeletal metas-
tases [26,34]. More evidence of a direct RANKL effect on RANK
expressing tumor cells was delivered by the studies of Gonzalez-
Suarez et al. [47] and Tan et al. [48]. Using transgenic and ortho-
topic breast cancer mouse models that display spontaneous metas-
tases to the lung, they were able to show that RANKL inhibition in
mouse mammary tumor virus (MMTV)-neu mice [47], RANK
knockdown within the used orthotopic mammary tumor cell line
and RANKL inhibition in mice bearing tumors induced by this cell
line decreased metastases in the lung [48]. Recently, Yoldi et al.
demonstrated that knocking out RANK in MMTV-Polyoma Middle
T mice also leads to a reduction in lung metastases as a result of
increased tumor cell differentiation [49]. These data show that
RANKL is directly involved in metastasis of RANK expressing tumor
cells and that RANKL inhibition is capable of reducing skeletal
tumor burden and visceral metastases in a direct manner.

Progestin (as used in hormone replacement therapy) has been
reported to increase the risk of breast cancer, both pre-clinically
and clinically [50,51]. The mechanism behind the increased inci-
dence of breast cancer caused by progestin seems to be RANK/
RANKL related and indicates that this axis may also drive tumori-
genesis. A major clue in unravelling this mechanism was the dis-
covery of the role of the RANK-RANKL axis in the formation of
lobulo-alveolar mammary structures, required for lactation. Upon
knockout of RANKL or RANK, mice failed to develop the mammary
gland during pregnancy properly [52]. It is known that proges-

terone, partly via RANK/RANKL, mediates the proliferation of the
mammary epithelium in mice [53] and human beings [54]; proges-
terone stimulated progesterone receptor (PR) positive cells, upreg-
ulate RANKL leading to RANKL stimulation of PR negative cells in a
paracrine way [55]. Via the same pathway mammary tumorigene-
sis can be established. In a MMTV-RANK transgenic mice model,
treatment with carcinogen and progesterone lead to an increase
of pre-neoplasia and mammary tumor development compared to
wild type mice that were treated similarly. Moreover, when these
mice were treated with a RANKL inhibitor, mammary tumor devel-
opment was reduced. In addition, treatment with a RANKL inhibi-
tor also reduced mammary tumor development in MMTV-neu
transgenic mice [47]. Furthermore, deletion of RANK in the
mammary-gland epithelial cells in another study resulted in a
diminished rate and a delay in medroxyprogesterone acetate
(MPA, a progestin)-driven breast cancer in mice [56]. This study
also observed a MPA driven expansion of mammary stem cells
and a decrease of expansion upon deletion of RANK in the
mammary-gland epithelial cells, in line with studies demonstrat-
ing that RANKL can mediate progesterone driven mammary stem
cell expansion [57,58]. Furthermore, deletion of RANK also led to
a decrease of the self-renewal capacity of mammary cancer stem
cells. These two pre-clinical studies show that progesterone driven
breast cancer is mediated by RANK/RANKL and that RANKL inhibi-
tion can attenuate this effect in a direct way. Additionally, inactiva-
tion of RANK leads to impaired breast cancer recurrence by
eliciting differentiation of tumor cells and make tumors become
more sensitive to treatment with docetaxel [49].

Two separate studies suggested that breast cancer driven by
BRCA1mutations may also be mediated via RANK/RANKL. In mouse
models mimicking BRCA1 deficiency, RANKL inhibition resulted in
diminished breast tumorigenesis [59], RANK inactivation led to a

Fig. 2. The vicious cycle. RANKL is secreted by e.g. osteoblasts, osteocytes, bone lining cells and bone stromal cells, activating osteoclasts which elicits bone resorption.
Growth factors like TGF-b and IGF-1 are then released, which stimulate cancer cells to proliferate and to release bone resorbing factors like PTHrP and IL-6 stimulating
osteoblasts and other RANKL producing cells to secrete more RANKL. Inhibition of RANKL can interrupt this cycle. The figure was created using adapted images from Servier
Medical Art by Servier, licensed under a Creative Commons Attribution 3.0 Unported License (available at http://smart.servier.com/).

A.F. de Groot et al. / Cancer Treatment Reviews 62 (2018) 18–28 21

De Groot et al, Cancer Treat Review 2018;62:18-28



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.

• Ostéonécrose mandibulaire < 1%
• Bilan bucco-dentaire avant initiation.
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RANK-RANKL et tumorigénèse : voie NFkb

intercellular adhesion molecule 1 expression, which enhances the
migration of cells. RANKL stimulation also increases MEK/ERK
phosphorylation, which suggests that migration of lung cancer cells
could be modulated by the RANK-mitogen-activated protein kinase
signal transduction cascade (Figure 5).95 In prostate cancer cells,
RANKL inhibition blocked migration of RANK-expressing prostate
cancer cells.94

Indirect Antitumor Mechanisms
Less “Fertile” Bone Microenvironment. Tumor-derived factors

stimulate increased bone resorption by osteoclasts, which in turn
release bone-derived growth factors (including TGF-B and insulin-
like growth factor) and calcium from the bone matrix into the
bone microenvironment.48 In turn, this stimulates further tumor
cell proliferation and further production of tumor-derived factors
that stimulate osteoclast-mediated bone destruction.46,48,96 Indi-
rect effects of bone-targeted drugs on tumorigenesis might result
from blocking the vicious cycle secondary to inhibition of
osteoclast-mediated bone resorption. In this way, antiresorptive

drugs could have an indirect effect on the bone microenvironment
that make the bone less hospitable for tumor growth.

Decrease Invasion by Tumor Cells. In mouse bone metastasis
models of estrogen receptor-positive and -negative human breast
cancer, prostate cancer and NSCLC, OPG-fragment crystalline
(Fc) (a RANKL inhibitor used in mouse models) reduced osteo-
lytic, osteoblastic, and osteolytic/osteoblastic lesions, delayed for-
mation of de novo bone metastases, and reduced skeletal tumor
growth.44 When OPG-Fc was combined with hormonal therapy
(tamoxifen) or chemotherapy (docetaxel) in these models, there
was an additive inhibition of skeletal tumor growth in breast,
prostate, or lung cancer, respectively.44 The selective estrogen re-
ceptor modulation induced by tamoxifen might explain this syn-
ergistic effect because endogenous OPG expression is induced by
factors that block bone catabolism and promote anabolic effects,
like estrogens (Figure 6). In immunodeficient mice, the NSCLC
cell line A549 formed a mixed osteolytic/osteoblastic lesion
in vivo. Treatment of these mice with RANK-Fc limited the

Figure 4 Links Between the RANK/RANKL Pathway and Nuclear Factor (NF)-kB: RANK Is One of Numerous Intracellular and
Extracellular Stimuli That Activate NF-kB

Abbreviations: OPG ¼ osteoprotegerin; TIMP ¼ tissue inhibitor of metalloproteinase.
Reprinted by permission from John Wiley & Sons, Inc. Publishers: Leibbrandt A, Penninger JM. RANK/RANKL: regulators of immune responses and bone physiology. Ann N Y Acad Sci.
2008;1143:123-150.

Denosumab in Patients With Lung Cancer

440 - Clinical Lung Cancer November 2015

De Castro 2015, Clin lung cancer 2015 
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are also associated with higher mortality than RANK-
negative cases (p < 0.05) [41]. A high RANKL expression 
has been associated with higher stage disease (p = 0.035) 
and a shorter OS (p = 0.008) in gastric cancer [37]. In lung 
adenocarcinoma, both high RANK (p = 0.01) and RANKL 
(p = 0.02) expression have been linked to worse OS [38]. 
Furthermore, in multiple myeloma, the serum RANKL/OPG 
ratio was found to correlate with the extent of bone disease 
(p = 0.023), and a high RANKL/OPG ratio was associated 
with an increased risk of death (p < 0.001) [39]. Such corre-
lation data should be interpreted with caution as the methods 
used to evaluate expression levels vary across studies, can 
include non-validated assays and require expertise to assess 
the results; therefore, further research is required to confirm 
these findings.

Indirect effects of RANK–RANKL signalling 
on tumour initiation, progression and metastasis: 
preclinical evidence

RANKL is well known to be involved in a cycle of oste-
oclast-mediated bone destruction and tumour activity that 
facilitates bone metastasis [7, 8, 25]. Both tumour cells 
and tumour-derived factors are involved in the production 
of RANKL and increase the RANKL/OPG ratio. Increased 
RANKL in the bone microenvironment upregulates oste-
oclastogenesis and the activation of mature osteoclasts 
(bone-resident macrophages), resulting in increased bone 
resorption. The subsequent release of growth factors and cal-
cium into the bone microenvironment stimulates additional 
proliferation of tumour cells and release of tumour-derived 

Fig. 2  a RANK, RANKL and 
OPG tissue expression. Data 
from the Human Protein Atlas 
available at www.prote inatl 
as.org [97]. RANK expres-
sion is relatively ubiquitous, 
while RANKL expression is 
effectively restricted to haema-
topoietic cells. OPG expression 
is highest in mucosal epithelial 
tissues, consistent with its 
role in modulating immune 
responses. b RANKL positive 
immune cells within a lymph 
node. Image reproduced from 
the Human Protein Atlas [97] 
under the Creative Commons 
Attribution License (https ://
creat iveco mmons .org/licen ses/
by-sa/3.0/); available at https ://
www.prote inatl as.org/ENSG0 
00001 20659 -TNFSF 11/tissu e/
lymph +node#img. c RANKL 
expression in normal breast 
tissue. Image reproduced 
from [98] under the Creative 
Commons Attribution License 
(http://creat iveco mmons 
.org/licen ses/by/4.0). OPG 
osteoprotegerin, RANK receptor 
activator of nuclear factor kappa 
B, RANKL receptor activator of 
nuclear factor kappa B ligand, 
TPM, transcripts per million

Expression de RANK-RANKL 

Peters et al, Clin transl Oncol 2019, 21(8) : 977-991



SPLENDOUR : CBNPC stade IV (avec ou sans 
MO) 1ère ligne CT avec ou sans denosumab

Peters et al. - ESMO® 2018 - Abs. 1385PD
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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†

S. Novello1, F. Barlesi2, R. Califano3,4, T. Cufer5, S. Ekman6, M. Giaj Levra7, K. Kerr8 , S. Popat9,
M. Reck10, S. Senan11, G. V. Simo12, J. Vansteenkiste13 & S. Peters14 on behalf of the ESMO
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-
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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
Guidelines†

R. Coleman1, J. J. Body2, M. Aapro3, P. Hadji4 & J. Herrstedt5 on behalf of the ESMO Guidelines
Working Group*
1Weston Park Hospital, Cancer Research-UK/Yorkshire Cancer Research Sheffield Cancer Research Centre, Sheffield, UK; 2CHU Brugmann, Université Libre de Bruxelles,
Brussels, Belgium; 3Multidisciplinary Oncology Institute, Genolier, Switzerland; 4Department of Gynecology, Endocrinology and Oncology, Philipps-University of Marburg,
Marburg, Germany; 5Department of Oncology, Odense University Hospital, Odense, Denmark

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.
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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…)
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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´ 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 lʼactivité ostéoblastique
ü Samarium 153-EDTMP (Quadramet ®)

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

´ Toxicité hématologique (3ème semaine).



Radiothérapie
´ Place majeure dans la prise en charge des MO.

´ Post-opératoire, antalgique , consolidatrice.
´ Traitement de l’épidurite avec ou sans compression médullaire.

´ Fractionnement RT conformationnelle1 : Privilégier l’irradiation fractionnée : 30 
Gy multifraction vs 8 gy monofraction améliore la SSP et le contrôle à 12 mois.

´ RT stéréotaxique2 : Oligométastatique (max 2 sites,3-5 métas, inf à 5 cm, primitif 
stabilisé) données plus précises
´ modalités et indications : plus forte dose , meilleur contrôle local, meilleure protection 

des organes adjacents.

´ Efficacité plus rapide sur la douleur3.

´ Risque de fracture sur site extra-vertébral si femme ou lytique 4.

´ Concomitant avec anti-PD15 : données rassurantes

1 Rich et al,Radioth oncol 2018, 126(3) : 547-557          2 Barillot et al, Cancer Radioth 2018, 22(6-7):660-81
3 Sprave et al, BMC cancer 2018, Aug 31;18(1):859    4 Erler at al, Rathiother oncol 2018 may, 127(2):304-309

5 Lesueur et al, SFRO 2018



MO des 
CB en 
2019

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(s)
- Chirurgie

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

ciblées ?

Immunothérapie :
- Efficacité sur l’os
- Traitement anti-résorptif
- Effet abscopal

Longs survivants ?



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 sʼatténue avec le temps (< 6 mois).

´ 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



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

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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Interaction RANK-RANKL et réponse 
immunitaire

RANKL inhibition with immunotherapy strategies 
(ICI, vaccination, or Treg cell depletion)25,141,142,162. This 
finding could potentially be explained by cross- 
modulation of the TME, whereby immunotherapy 
might modulate expression of RANKL — as observed 
in a mouse model of colon cancer, with adminis-
tration of anti-PD-1 antibodies resulting in upregu-
lation of RANKL expression on tumour-infiltrating  
T cells142 (FIG. 4a). Notably, on the basis of the limited 
available clinical data, the tumour types in which a 
potential PFS or overall survival benefit has been noted 

with denosumab alone (MM33 and NSCLC37, respec-
tively) have high baseline levels of RANKL expression 
by tumour and/or stromal elements. By contrast, in 
other tumour types that usually have low expression of 
RANKL (for example, melanoma), the cross-modula-
tion hypothesis would predict that ICI with anti-PD-1 
antibodies, for example, could result in upregulation 
of RANKL on T cells in the TME. The anticancer 
activity of these T cells might be suppressed following 
engagement of RANKL with RANK expressed on other 
cells in the TME, thereby presenting a mechanism of 
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Fig. 4 | Proposed mechanisms by which RANKL inhibition can improve 
antitumour immunity. Four potential immune-related mechanisms could 
explain the anticancer effects of receptor activator of nuclear factor-κB 
ligand (RANKL) antagonists. a | First, tumour microenvironment (TME) 
cross-modulation; for example, administration of immune-checkpoint 
inhibitors, such as anti-programmed cell death protein 1 (PD-1) antibodies, 
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Immunothérapie
´ Très peu de données sur MO et immunothérapie, 

séries rétrospectives avec nivolumab :
´ Tamiya1 et al : pas de différence de SSP pour MO (n=66) 

vs non-MO (n=135).

´ Schmid2 et al : suggère une moindre réponse sur l’os , 
mais MO (n=16).

´ Facchinetti et al : pas de différence évidente sur la survie 
en cas de MO en univariée.

´ Pas de conclusion possible : biais importants sur ces 
séries, données contradictoires.

1 Tamiya et al, Plos One, 2018 Feb, 22,13(2):e0192227
2 Schmid et al, Cancer Immunol Immunother 2018 dec; 67(12):1825-32

3 Facchinetti et al, Immunotherapy 2018, Jun 10(8):681-94



Background	
Supported	by	FoRT	-	Fondazione	Ricerca	Traslazionale	

Patient	characteristics		

Efficacy	in	Non-Sq.	and	Sq.	Cohorts	according	to	BoM	

OS	according	to	BoM,	All	patients		

P1.	
01.53	

Our	results,	the	first	assessing	BoM	in	patients	treated	with	immunotherapy,	
suggested	that	BoM	predict	lower	efficacy	of	immunotherapy.	BoM	should	be	
included	as	stratification	factor	in	clinical	trials.	
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Table 1: Characteristics in cohorts A and B according to bone involvement

Characteristic	
Cohort	A	 Cohort	B	

Non-squamous	
BoM+	(N/%)	

Non-squamous	
BoM-	(N/%)	

p	
Squamous	
BoM+	(N/%)	

Squamous	
BoM-	(N/%)	

p	

Total	patients	 626(39)	 962	(61)	 120	(32)	 251	(68)	
Median	age	
(year/range)	

Patients	≥ 	75	years	

65	(29-89)	
67	(11)	

67	(27-87)	
165	(17)	

0.001	
<0.0001	

67	(31-83)	
18	(15)	

68	(31-91)	
52	(21)	

0.06	
0.19	

Gender	

• Male
• Female

401(64)	
225	(36)	

628	(65)	
334	(35)	

0.62	
96	(80)	
24	(20)	

202	(81)	
49	(19)	

0.91	

ECOG	PS	
• 0
• 1
• 2
• unk

213	(34)	
354	(56)	
57	(9)	
2	(1)	

435	(45)	
461	(48)	
51	(5)	
15	(2)	

<0.0001	

36	(30)	
77	(64)	
7	(6)	
-	

98	(39)	
138	(55)	
15	(6)	

-	

0.25	

Metastatic	site	

• liver
• brain

178(28)	
191	(30)	

149	(16)	
218	(23)	

<0.00001	
0.001	

25	(21)	
16	(13)	

38	(15)	
21	(8)	

0.14	
0.17	

Previous	therapies	

• 1
• 2
• 3
• >3

256	(41)	
176	(28)	
118	(19)	
74	(12)	

359	(37)	
281	(29)	
162	(17)	
154	(16)	

0.07	

54	(44)	
37	(31)	
20	(17)	
9	(8)	

108	(43)	
83	(33)	
48	(19)	
12	(5)	

0.67	

Smoking	status	
• Never	smoker

• Former	smoker
• Active	smoker
• Unk

134	(21)	
308	(49)	
134	(21)	
50	(8)	

171	(18)	
457	(48)	
226	(23)	
108	(11)	

0.06	
13	(11)	
69	(57)	
23	(19)	
15	(13)	

18	(7)	
156	(62)	
60	(24)	
17	(7)	

0.14	

EGFR	status	
• Mutated
• Wild-type
• Unk

47	(8)	
514	(82)	
65	(10)	

55	(6)	
779	(81)	
128	(13)	

0.10	

KRAS	status	
• Mutated
• Wild-type
• Unk

91	(15)	
132	(21)	
403	(64)	

115	(12)	
192	(20)	
655	(68)	

0.23	

BRAF	status	
• Mutated
• Wild-type
• Unk

5	(1)	
85	(14)	
536	(85)	

6	(1)	
114	(12)	
842	(87)	

0.54	

ALK	status	
• Mutated
• Wild-type

• Unk

5	(1)	
407	(65)	
214	(34)	

11	(1)	
645	(67)	
306	(32)	

0.51	

ROS1	status	
• Mutated
• Wild-type

3	(1)	
142	(23)	

1	(1)	
207	(21)	

0.29	

Methods			
• Two	 cohorts	 of	 pretreated	 NSCLC	 patients	 (cohort	 A:	 Non-

squamous;	 cohort	 B:	 Squamous)	 were	 evaluated	 for	 nivolumab
efficacy	 in	 terms	 of	 ORR,	 PFS,	 and	 OS	 according	 to	 presence	 or
absence	of	BoM.

• All	patients	received	nivolumab	3	mg/kg	every	2	weeks

• 40%	of	NSCLC	patients	develop	bone	metastases	(BoM)
• BoM	negatively	affect	overall	survival
• Beyond	 its	 its	 supportive	 role,	bone	 is	a	hematopoietic	organ	able

to	modulate	immune	system
• Therefore,	bone	marrow	is	an	immune	regulatory	organ	potentially

influencing	response	to	immunotherapy

PFS	and	OS	in	Non-Sq.	Cohort		

Conclusion		

Subgroup		 N°	events/	
N°	of	pts	

HR	 LCL	 UCL	

Age	<	75	years	 1657/1959	 1.65	 1.45	 1.88	

Age	>	75	years	 302/1959	 1.94	 1.43	 2.64	

Male	 1327/1959	 1.73	 1.50	 2.00	

Female	 632/1959	 1.59	 1.28	 1.96	

ECOG	PS	0	 782/1942	 1.72	 1.50	 1.97	

ECOG	PS	1	 1030/1942	 1.5	 1.16	 1.94	

ECOG	PS	2	 130/1942	 1.95	 0.73	 5.21	

Never	smoker		 336/1769	 1.48	 1.12	 1.97	

Past/Current	smoker		 1433/1769	 1.79	 1.56	 2.06	

Liver	metastases	 390/1959	 1.53	 1.20	 1.95	

No	liver	metastases		 1569/1959	 1.63	 1.42	 1.87	

Brain	metastases	 446/1959	 1.72	 1.35	 2.20	

No	brain	metastases	 1513/1959	 1.64	 1.43	 1.88	

EGFR	wild	type	 1293/1395	 1.73	 1.73	 1.01	

EGFR	mutated	 102/1395	 1.62	 1.40	 1.88	

0	 0	 0	

0.75	

In	favour	of	BoM+	
1.5	
	

2.0	 2.5	
In	favour	of	BoM	-						

Parameter	
All	non	

Squamous	(N/%)	

All	Squamous	

(N/%)	

Non	SquamousBoM+	

(N/%)	

Non-SquamousBoM-	

(N/%)	
p	

Squamous	

BoM+	(N/%)	

Squamous	

BoM-	(N/%)	
p	

Response	

• CR

• PR

• SD

• PD

• NV

12/1	
278/17	
414/26	

818/52	
66/4	

4/1	
65/18	
108/28	

189/50	
5/3	

7/1	
66/11	
137/22	

393/63	
23/3	

5/1	
212/22	
277/29	

425/44	
43/4	

<0.0001*	

0/0	
15/13	
25/21	

78/65	
2/2	

4/2	
50/20	
83/33	

111/44	
3/1	

0.04*	

Median	PFS	
(months/range)	

3.0	(2.9-3.1)	 4.2	(3.4-5.0)	 3.0	(2.9-3.1)	 4.0	(3.5-4.5)	 <0.0001	 2.7	(2.2-3.2)	 5.2	(4.3-6.0)	 <0.0001	

12	months	PFS	(%)	
23	 27	 15	 27	 <0.0001	 15	 31	 <0.0001	

Median	OS	
(months/range)	

11.3	(10.2-12.4)	 7.9	(6.2-9.6)	 7.4	(6.0-8.8)	 15.3	(13.2—17.4)	 <0.0001	 5.0	(3.9-6.1)	 10.9	(8.4-13.4)	 <0.0001	

12	months	OS	(%)	
48	 39	 38	 55	 <0.0001	 19	 48	 <0.0001	

*p value was calculated in CR+PR versus SD+PD
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No bone mets
Bone mets

P=.04

No. at risk
No bone mets 55 29 18 13 3 
Bone mets 47 20 11 4 0 

A.	PFS	in	all	Non-	squamous	 C.	PFS	in	ECOG	PS	0	

B.	OS	in	all	Non-squamous	 C.		OS	in	ECOG	PS	0	

1

Table 1: Characteristics in cohorts A and B according to bone involvement

Characteristic	
Cohort	A	 Cohort	B	

Non-squamous	
BoM+	(N/%)	

Non-squamous	
BoM-	(N/%)	

p	
Squamous	
BoM+	(N/%)	

Squamous	
BoM-	(N/%)	

p	

Total	patients	 626(39)	 962	(61)	 120	(32)	 251	(68)	
Median	age	
(year/range)	

Patients	≥ 	75	years	

65	(29-89)	
67	(11)	

67	(27-87)	
165	(17)	

0.001	
<0.0001	

67	(31-83)	
18	(15)	

68	(31-91)	
52	(21)	

0.06	
0.19	

Gender	

• Male
• Female

401(64)	
225	(36)	

628	(65)	
334	(35)	

0.62	
96	(80)	
24	(20)	

202	(81)	
49	(19)	

0.91	

ECOG	PS	
• 0
• 1
• 2
• unk

213	(34)	
354	(56)	
57	(9)	
2	(1)	

435	(45)	
461	(48)	
51	(5)	
15	(2)	

<0.0001	

36	(30)	
77	(64)	
7	(6)	
-	

98	(39)	
138	(55)	
15	(6)	

-	

0.25	

Metastatic	site	

• liver
• brain

178(28)	
191	(30)	

149	(16)	
218	(23)	

<0.00001	
0.001	

25	(21)	
16	(13)	

38	(15)	
21	(8)	

0.14	
0.17	

Previous	therapies	

• 1
• 2
• 3
• >3

256	(41)	
176	(28)	
118	(19)	
74	(12)	

359	(37)	
281	(29)	
162	(17)	
154	(16)	

0.07	

54	(44)	
37	(31)	
20	(17)	
9	(8)	

108	(43)	
83	(33)	
48	(19)	
12	(5)	

0.67	

Smoking	status	
• Never	smoker

• Former	smoker
• Active	smoker
• Unk

134	(21)	
308	(49)	
134	(21)	
50	(8)	

171	(18)	
457	(48)	
226	(23)	
108	(11)	

0.06	
13	(11)	
69	(57)	
23	(19)	
15	(13)	

18	(7)	
156	(62)	
60	(24)	
17	(7)	

0.14	

EGFR	status	
• Mutated
• Wild-type
• Unk

47	(8)	
514	(82)	
65	(10)	

55	(6)	
779	(81)	
128	(13)	

0.10	

KRAS	status	
• Mutated
• Wild-type
• Unk

91	(15)	
132	(21)	
403	(64)	

115	(12)	
192	(20)	
655	(68)	

0.23	

BRAF	status	
• Mutated
• Wild-type
• Unk

5	(1)	
85	(14)	
536	(85)	

6	(1)	
114	(12)	
842	(87)	

0.54	

ALK	status	
• Mutated
• Wild-type

• Unk

5	(1)	
407	(65)	
214	(34)	

11	(1)	
645	(67)	
306	(32)	

0.51	

ROS1	status	
• Mutated
• Wild-type

3	(1)	
142	(23)	

1	(1)	
207	(21)	

0.29	

Methods			
• Two	 cohorts	 of	 pretreated	 NSCLC	 patients	 (cohort	 A:	 Non-

squamous;	 cohort	 B:	 Squamous)	 were	 evaluated	 for	 nivolumab
efficacy	 in	 terms	 of	 ORR,	 PFS,	 and	 OS	 according	 to	 presence	 or
absence	of	BoM.

• All	patients	received	nivolumab	3	mg/kg	every	2	weeks

• 40%	of	NSCLC	patients	develop	bone	metastases	(BoM)
• BoM	negatively	affect	overall	survival
• Beyond	 its	 its	 supportive	 role,	bone	 is	a	hematopoietic	organ	able

to	modulate	immune	system
• Therefore,	bone	marrow	is	an	immune	regulatory	organ	potentially

influencing	response	to	immunotherapy

PFS	and	OS	in	Non-Sq.	Cohort		

Conclusion		

Subgroup		 N°	events/	
N°	of	pts	

HR	 LCL	 UCL	

Age	<	75	years	 1657/1959	 1.65	 1.45	 1.88	

Age	>	75	years	 302/1959	 1.94	 1.43	 2.64	

Male	 1327/1959	 1.73	 1.50	 2.00	

Female	 632/1959	 1.59	 1.28	 1.96	

ECOG	PS	0	 782/1942	 1.72	 1.50	 1.97	

ECOG	PS	1	 1030/1942	 1.5	 1.16	 1.94	

ECOG	PS	2	 130/1942	 1.95	 0.73	 5.21	

Never	smoker		 336/1769	 1.48	 1.12	 1.97	

Past/Current	smoker		 1433/1769	 1.79	 1.56	 2.06	

Liver	metastases	 390/1959	 1.53	 1.20	 1.95	

No	liver	metastases		 1569/1959	 1.63	 1.42	 1.87	

Brain	metastases	 446/1959	 1.72	 1.35	 2.20	

No	brain	metastases	 1513/1959	 1.64	 1.43	 1.88	

EGFR	wild	type	 1293/1395	 1.73	 1.73	 1.01	

EGFR	mutated	 102/1395	 1.62	 1.40	 1.88	

0	 0	 0	

0.75	

In	favour	of	BoM+	
1.5	
	

2.0	 2.5	
In	favour	of	BoM	-						

Parameter	
All	non	

Squamous	(N/%)	

All	Squamous	

(N/%)	

Non	SquamousBoM+	

(N/%)	

Non-SquamousBoM-	

(N/%)	
p	

Squamous	

BoM+	(N/%)	

Squamous	

BoM-	(N/%)	
p	

Response	

• CR

• PR

• SD

• PD

• NV

12/1	
278/17	
414/26	

818/52	
66/4	

4/1	
65/18	
108/28	

189/50	
5/3	

7/1	
66/11	
137/22	

393/63	
23/3	

5/1	
212/22	
277/29	

425/44	
43/4	

<0.0001*	

0/0	
15/13	
25/21	

78/65	
2/2	

4/2	
50/20	
83/33	

111/44	
3/1	

0.04*	

Median	PFS	
(months/range)	

3.0	(2.9-3.1)	 4.2	(3.4-5.0)	 3.0	(2.9-3.1)	 4.0	(3.5-4.5)	 <0.0001	 2.7	(2.2-3.2)	 5.2	(4.3-6.0)	 <0.0001	

12	months	PFS	(%)	
23	 27	 15	 27	 <0.0001	 15	 31	 <0.0001	

Median	OS	
(months/range)	

11.3	(10.2-12.4)	 7.9	(6.2-9.6)	 7.4	(6.0-8.8)	 15.3	(13.2—17.4)	 <0.0001	 5.0	(3.9-6.1)	 10.9	(8.4-13.4)	 <0.0001	

12	months	OS	(%)	
48	 39	 38	 55	 <0.0001	 19	 48	 <0.0001	

*p value was calculated in CR+PR versus SD+PD

No bone mets
Bone mets

P<.0001

No. at risk
No bone mets 251  157  82  24           0                
Bone mets 120  46  18  9    1         

No. at risk
No bone mets 97  71  38  14          0        
Bone mets 36  17  5  5   1    

No bone mets
Bone mets

P<.0001

No. at risk
No bone mets 107 67 32 9 0 
Bone mets 53 20 6 3 1 

No bone mets
Bone mets

P=.003

No bone mets
Bone mets

P<.0001

No. at risk
No bone mets 251 108 56 17 0 
Bone mets 120 27 12 3 1 

No bone mets
Bone mets

P<.0001

No. at risk
No bone mets 98 53 30 11 0 
Bone mets 36 10 2 2 1 

No bonemets
Bonemets

P=.02

No. at risk
No bone mets 108 43 21 5 0 
Bone mets 54 11 4 2 1 

Background	
Supported	by	FoRT	-	Fondazione	Ricerca	Traslazionale	

Patient	characteristics		

Efficacy	in	Non-Sq.	and	Sq.	Cohorts	according	to	BoM	

OS	according	to	BoM,	All	patients		

P1.	
01.53	

Our	results,	the	first	assessing	BoM	in	patients	treated	with	immunotherapy,	
suggested	that	BoM	predict	lower	efficacy	of	immunotherapy.	BoM	should	be	
included	as	stratification	factor	in	clinical	trials.	
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No bone mets
Bone mets

P<.0001

No. at risk
No bone mets 251 157 82 24 0 
Bone mets 120 46 18 9 1 

No. at risk
No bone mets 97 71 38 14 0 
Bone mets 36 17 5 5 1 

No bone mets
Bone mets

P<.0001

No. at risk
No bone mets 107 67 32 9 0 
Bone mets 53 20 6 3 1 

No bone mets
Bone mets

P=.003

No bone mets
Bone mets

P<.0001

No. at risk
No bone mets 251  108  56  17            0                
Bone mets 120  27  12  3    1         

No bone mets
Bone mets

P<.0001

No. at risk
No bone mets 98  53  30  11          0         
Bone mets 36  10  2  2   1   

No bonemets
Bonemets

P=.02

No. at risk
No bone mets 108 43 21 5 0 
Bone mets 54 11 4 2 1 

A.	PFS	in	all	squamous	 C.	PFS	in	ECOG	PS	0	

B.	OS	in	all	squamous	 C.		OS	in	ECOG	PS	0	

No bone mets
Bone mets

P<.0001

No. at risk
No bone mets 962  400  222  89            12                  
Bone mets 626  168  83  29     1            

No bonemets
Bonemets

P<.0001

No. at risk
No bone mets 359 155 83 24 1 
Bone mets 256 69 35 15 1 

No bonemets
Bonemets

P=.14

No. at risk
No bone mets 55 14 7 5 2 
Bone mets 47 8 5 0 0 

No bone mets
Bone mets

P<.0001

No. at risk
No bone mets 435  210  134  50               4         
Bone mets 213  74  37  13        0  

No bone mets
Bone mets

P<.0001

No. at risk
No bone mets 962  628  374  159               19                 
Bone mets 626  303  168  62        4         

No bone mets
Bone mets

P<.0001

No. at risk
No bone mets 435  330  216  92              7         
Bone mets 213  127  82  27        2   

No bone mets
Bone mets

P<.0001

No. at risk
No bone mets 359 241 136 43 2 
Bone mets 256 132 72 23 1 

No bone mets
Bone mets

P=.04

No. at risk
No bone mets 55 29 18 13 3 
Bone mets 47 20 11 4 0 

A.	PFS	in	all	Non-	squamous	 C.	PFS	in	ECOG	PS	0	

B.	OS	in	all	Non-squamous	 C.		OS	in	ECOG	PS	0	

1

Table 1: Characteristics in cohorts A and B according to bone involvement

Characteristic	
Cohort	A	 Cohort	B	

Non-squamous	
BoM+	(N/%)	

Non-squamous	
BoM-	(N/%)	

p	
Squamous	
BoM+	(N/%)	

Squamous	
BoM-	(N/%)	

p	

Total	patients	 626(39)	 962	(61)	 120	(32)	 251	(68)	
Median	age	
(year/range)	

Patients	≥ 	75	years	

65	(29-89)	
67	(11)	

67	(27-87)	
165	(17)	

0.001	
<0.0001	

67	(31-83)	
18	(15)	

68	(31-91)	
52	(21)	

0.06	
0.19	

Gender	

• Male
• Female

401(64)	
225	(36)	

628	(65)	
334	(35)	

0.62	
96	(80)	
24	(20)	

202	(81)	
49	(19)	

0.91	

ECOG	PS	
• 0
• 1
• 2
• unk

213	(34)	
354	(56)	
57	(9)	
2	(1)	

435	(45)	
461	(48)	
51	(5)	
15	(2)	

<0.0001	

36	(30)	
77	(64)	
7	(6)	
-	

98	(39)	
138	(55)	
15	(6)	

-	

0.25	

Metastatic	site	

• liver
• brain

178(28)	
191	(30)	

149	(16)	
218	(23)	

<0.00001	
0.001	

25	(21)	
16	(13)	

38	(15)	
21	(8)	

0.14	
0.17	

Previous	therapies	

• 1
• 2
• 3
• >3

256	(41)	
176	(28)	
118	(19)	
74	(12)	

359	(37)	
281	(29)	
162	(17)	
154	(16)	

0.07	

54	(44)	
37	(31)	
20	(17)	
9	(8)	

108	(43)	
83	(33)	
48	(19)	
12	(5)	

0.67	

Smoking	status	
• Never	smoker

• Former	smoker
• Active	smoker
• Unk

134	(21)	
308	(49)	
134	(21)	
50	(8)	

171	(18)	
457	(48)	
226	(23)	
108	(11)	

0.06	
13	(11)	
69	(57)	
23	(19)	
15	(13)	

18	(7)	
156	(62)	
60	(24)	
17	(7)	

0.14	

EGFR	status	
• Mutated
• Wild-type
• Unk

47	(8)	
514	(82)	
65	(10)	

55	(6)	
779	(81)	
128	(13)	

0.10	

KRAS	status	
• Mutated
• Wild-type
• Unk

91	(15)	
132	(21)	
403	(64)	

115	(12)	
192	(20)	
655	(68)	

0.23	

BRAF	status	
• Mutated
• Wild-type
• Unk

5	(1)	
85	(14)	
536	(85)	

6	(1)	
114	(12)	
842	(87)	

0.54	

ALK	status	
• Mutated
• Wild-type

• Unk

5	(1)	
407	(65)	
214	(34)	

11	(1)	
645	(67)	
306	(32)	

0.51	

ROS1	status	
• Mutated
• Wild-type

3	(1)	
142	(23)	

1	(1)	
207	(21)	

0.29	

Methods			
• Two	 cohorts	 of	 pretreated	 NSCLC	 patients	 (cohort	 A:	 Non-

squamous;	 cohort	 B:	 Squamous)	 were	 evaluated	 for	 nivolumab
efficacy	 in	 terms	 of	 ORR,	 PFS,	 and	 OS	 according	 to	 presence	 or
absence	of	BoM.

• All	patients	received	nivolumab	3	mg/kg	every	2	weeks

• 40%	of	NSCLC	patients	develop	bone	metastases	(BoM)
• BoM	negatively	affect	overall	survival
• Beyond	 its	 its	 supportive	 role,	bone	 is	a	hematopoietic	organ	able

to	modulate	immune	system
• Therefore,	bone	marrow	is	an	immune	regulatory	organ	potentially

influencing	response	to	immunotherapy

PFS	and	OS	in	Non-Sq.	Cohort		

Conclusion		

Subgroup		 N°	events/	
N°	of	pts	

HR	 LCL	 UCL	

Age	<	75	years	 1657/1959	 1.65	 1.45	 1.88	

Age	>	75	years	 302/1959	 1.94	 1.43	 2.64	

Male	 1327/1959	 1.73	 1.50	 2.00	

Female	 632/1959	 1.59	 1.28	 1.96	

ECOG	PS	0	 782/1942	 1.72	 1.50	 1.97	

ECOG	PS	1	 1030/1942	 1.5	 1.16	 1.94	

ECOG	PS	2	 130/1942	 1.95	 0.73	 5.21	

Never	smoker		 336/1769	 1.48	 1.12	 1.97	

Past/Current	smoker		 1433/1769	 1.79	 1.56	 2.06	

Liver	metastases	 390/1959	 1.53	 1.20	 1.95	

No	liver	metastases		 1569/1959	 1.63	 1.42	 1.87	

Brain	metastases	 446/1959	 1.72	 1.35	 2.20	

No	brain	metastases	 1513/1959	 1.64	 1.43	 1.88	

EGFR	wild	type	 1293/1395	 1.73	 1.73	 1.01	

EGFR	mutated	 102/1395	 1.62	 1.40	 1.88	

0	 0	 0	

0.75	

In	favour	of	BoM+	
1.5	
	

2.0	 2.5	
In	favour	of	BoM	-						

Parameter	
All	non	

Squamous	(N/%)	

All	Squamous	

(N/%)	

Non	SquamousBoM+	

(N/%)	

Non-SquamousBoM-	

(N/%)	
p	

Squamous	

BoM+	(N/%)	

Squamous	

BoM-	(N/%)	
p	

Response	

• CR

• PR

• SD

• PD

• NV

12/1	
278/17	
414/26	

818/52	
66/4	

4/1	
65/18	
108/28	

189/50	
5/3	

7/1	
66/11	
137/22	

393/63	
23/3	

5/1	
212/22	
277/29	

425/44	
43/4	

<0.0001*	

0/0	
15/13	
25/21	

78/65	
2/2	

4/2	
50/20	
83/33	

111/44	
3/1	

0.04*	

Median	PFS	
(months/range)	

3.0	(2.9-3.1)	 4.2	(3.4-5.0)	 3.0	(2.9-3.1)	 4.0	(3.5-4.5)	 <0.0001	 2.7	(2.2-3.2)	 5.2	(4.3-6.0)	 <0.0001	

12	months	PFS	(%)	
23	 27	 15	 27	 <0.0001	 15	 31	 <0.0001	

Median	OS	
(months/range)	

11.3	(10.2-12.4)	 7.9	(6.2-9.6)	 7.4	(6.0-8.8)	 15.3	(13.2—17.4)	 <0.0001	 5.0	(3.9-6.1)	 10.9	(8.4-13.4)	 <0.0001	

12	months	OS	(%)	
48	 39	 38	 55	 <0.0001	 19	 48	 <0.0001	

*p value was calculated in CR+PR versus SD+PD

No bone mets
Bone mets

P<.0001

No. at risk
No bone mets 251  157  82  24           0                
Bone mets 120  46  18  9    1         

No. at risk
No bone mets 97  71  38  14          0        
Bone mets 36  17  5  5   1    

No bone mets
Bone mets

P<.0001

No. at risk
No bone mets 107 67 32 9 0 
Bone mets 53 20 6 3 1 

No bone mets
Bone mets

P=.003

No bone mets
Bone mets

P<.0001

No. at risk
No bone mets 251 108 56 17 0 
Bone mets 120 27 12 3 1 

No bone mets
Bone mets

P<.0001

No. at risk
No bone mets 98 53 30 11 0 
Bone mets 36 10 2 2 1 

No bonemets
Bonemets

P=.02

No. at risk
No bone mets 108 43 21 5 0 
Bone mets 54 11 4 2 1 

Patients avec 
MO : moins 
bonne efficacité 
du nivolumab ?
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recently completed or are in progress, particularly in 
breast and lung carcinoma, that are providing insight into 
the repurposing of denosumab to an anti-cancer therapy 
(Table 1). Anti-RANKL therapy may have the potential to 
help patients with primary bone tumours other than GCTB, 
or who have associated lesions, such as aneurysmal bone 
cysts [83]. Moreover, denosumab is hypothesised to have 
a number of anti-tumourigenic effects including increasing 
bone metastasis-free survival (BMFS), reducing prolifera-
tion and stemness in early tumourigenesis and augmenting 
checkpoint immunotherapy (Fig. 5a, b).

In a phase 3 clinical trial of 1432 patients with castration-
resistant prostate cancer at high risk of bone metastasis, den-
osumab significantly increased BMFS, but did not improve 
OS, compared with placebo [84]. A single-arm phase 2a 
study (D-BEYOND), conducted to determine whether 
a short course of neoadjuvant denosumab (two 120 mg 
doses a week apart) can decrease tumour proliferation rates 
(based on Ki67 immunohistochemistry) in newly diagnosed, 

early-stage breast cancer in pre-menopausal women, found 
that a short course of denosumab did not reduce prolifera-
tion rate, but did induce a significant increase in tumour-
infiltrating lymphocytes. These data support the hypothesis 
that denosumab may potentiate immunotherapy efficacy 
[85]. ABCSG-18, a phase 3 study using adjuvant denosumab 
(60 mg every 6 months) in patients with oestrogen and/or 
progesterone-positive non-metastatic breast cancer receiv-
ing aromatase inhibitors has demonstrated a 50% reduction 
in fractures alongside a clinically meaningful impact on 
disease-free survival (secondary endpoint) after a median 
follow-up of 72 months (hazard ratio = 0.823, 95% confi-
dence interval 0.69–0.98, p = 0.026) [16]. However, the 
primary analysis of the phase 3 clinical trial D-CARE in 
non-metastatic high-risk early-stage breast cancer patients 
reported that the interventional scheme of denosumab 
(120 mg monthly for 6 months, then every 3 months for 
5 years) failed to demonstrate an improvement over placebo 
with respect to the trial’s unconventional composite primary 

Fig. 5  Targeting of the  
RANK–RANKL pathway may 
improve patient outcomes by  
a reducing self-renewal of cancer 
stem cells and b augmenting 
immunotherapy, tipping the 
balance in favour of the immune 
system. c Concomitant immune 
checkpoint inhibitor and deno-
sumab therapy is associated 
with a higher response rate than 
has been reported for immune 
checkpoint inhibitors alone [17, 
99, 100]a. Red colouring indi-
cates studies of patients with 
melanoma; blue colouring indi-
cates studies of patients with 
NSCLC; square = nivolumab; 
triangle = pembrolizumab; 
circle = atezolizumab, 
hexagon = avelumab; dia-
mond = ICI + denosumab. aAs 
the trials differ in study design 
and methodology, such cross-
trial comparisons should be 
viewed as hypothesis-generating 
only. ICI immune checkpoint 
inhibitor, NSCLC non-small 
lung cell carcinoma, RANK 
receptor activator of nuclear 
factor kappa B, RANKL receptor 
activator of nuclear factor  
kappa B ligand

Peters et al, Clin transl Oncol 2019, 21(8) : 977-991
Liede et al, Oncoimmunology 2018,7:e1480301

Immunothérapie et denosumab
Essais rétrospectifs: 
données rassurantes 
et favorables.
Action synergique ?

Essais prospectifs en 
cours :

- KEYPAD : phase II 
Kc rein

- CHARLI : phase IB/II 
mélanome

- DENIVOS-GFPC : 
phase II CBNPC



´ Objectif principal :	taux	de	réponse	objectif	(réponse	complète,	réponse	partielle)	en	fonction	du	taux	de	
PDL1	(recherché	en	IHC	et	considéré	positif	si	³ 1%	des	cellules	tumorales)

´ Objectifs	secondaires :	

´ temps	avant	1er EO,

´ taux	de	contrôle	de	la	maladie	(réponse	complète,	réponse	partielle,	stabilité)	

´ survie	globale,	

´ survie	sans	progression,

´ toxicité	du	denosumab (version	4	CTCAE),	toxicité	du	nivolumab.	

CBNPC avec MO stade 
IV progressant après 

1ère L de CT à base de 
sels de platine

2ème Ligne
DENOSUMAB 120mg  

SC/mois + NIVOLUMAB 3 
mg/kg/15j

ESSAI DENIVOS-GFPC : en cours  



Effet abscopal ? 
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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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Sharabi et al, Lancet, oncol, 2015

Essai NIRVANA-LUNG en cours : NSCLC sous ICI  +/- RT sites 
métastatiques
Essai Ib : NSCLC sous ICI +/-RT stéréotaxique (os ,cerveau…)



Conclusion Métastases osseuses 
´ Un site métastatique fréquent et impactant la qualité 

de vie et le pronostic fonctionnel des patients.
´ Un site métastatique qui était peu étudié…par le 

passé !
´ Réflexion multidisciplinaire
´ Des données de plus en plus nombreuses :

´ sur MO et thérapies ciblées

´ sur MO et immunothérapie…
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Figure S1. Study Design. 
�

 
 

ECOG, Eastern Cooperative Oncology Group; NSCLC, non-small cell lung cancer; OS, 
overall survival; PD-L1, programmed death ligand 1; PFS, progression-free survival; TMB, 
tumor mutational burden. 
Adapted from: Hellmann MD, et al. N Engl J Med 2018;378:2093–2104
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Hellman et al, NEJM 29 septembre 2019
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Figure S5. Overall Survival with Nivolumab plus Ipilimumab* versus Histology-based 
Chemotherapy in Predefined Subgroups of All the Patients. 
 

 
 
 
Minimum follow-up was 29.3 months. 

Hazard ratio not computed for subgroups (except age, race, region, and sex) with fewer than 
10 patients per treatment group. 
*Nivolumab (3 mg/kg every 2 weeks) plus ipilimumab (1 mg/kg every 6 weeks). 
†Stratified HR; unstratified HR was 0.74 (95% CI, 0.64 to 0.85). 
‡Determined by Interactive Voice Response System. 
CNS, central nervous system; ECOG, Eastern Cooperative Oncology Group; PD-L1, 
programmed death ligand 1.  
  


