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INTRODUCTION

1. Epidémiologie des métastases osseuses

La plupart des cancers ont une dissémination métastatique au cours de leur
évolution. L’os en est la troisieme localisation apres le poumon et le foie (1). Les cancers
les plus ostéophiles sont le sein, la prostate, le poumon, la thyroide et le rein. 40% des
patients ayant un cancer du poumon (2) et 60% des patients ayant un cancer de la
prostate ou du sein ont des métastases osseuses (3), contrairement aux cancers digestifs
peu ostéophiles. Les principaux sites métastatiques sont par ordre de fréquence le
rachis, le bassin, la cage thoracique et les membres (préférentiellement le fémur). Les
facteurs de risque de métastases osseuses sont le sexe masculin, la présence de
meétastases ganglionnaires, la taille de la tumeur primitive et une faible différenciation
histologique (4).

La majorité des patients se plaignent de douleurs osseuses et plus de la moitié
présenteront au cours de leur histoire oncologique un événement osseux, classiquement
rapporté sous le terme de Skeletal-Related Events (SREs) dans la littérature : fracture,
compression médullaire, chirurgie de décompression, radiothérapie antalgique ou de
décompression ou hypercalcémie. Ces SREs sont ainsi responsables d’'une augmentation
de la morbidité des cancers liée a la douleur, I'impotence fonctionnelle ou a un éventuel
déficit neurologique. Ils sont également responsables d'une augmentation de la
mortalité en cas d’hypercalcémie maligne ou suite aux complications de I'immobilisation
prolongée. En effet, on note dans le cancer du sein une augmentation du risque de déces
chez les patientes ayant des métastases osseuses par rapport aux patientes n’ayant pas

de localisation osseuse, particulierement en cas de survenue d’'un SRE (5).

2. Physiopathologie des métastases osseuses
La physiopathologie du tissu osseux en fait une localisation métastatique
préférentielle (6). La dissémination métastatique résulte de trois mécanismes:

I’échappement des cellules cancéreuses de la tumeur primitive, I'adhésion et I'invasion
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de ces cellules dans les organes a distance (également appelé « homing») et leur

propagation au sein de ces organes (3).
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Figure 1. Mécanismes de l'invasion métastatique (D’apres Robert E.Coleman, bone

metastases, Nature Review, 2020)

Apres dégradation de la matrice extra cellulaire de la tumeur primitive par les
meétalloprotéases, les cellules tumorales migrent dans des sites spécifiques ayant un
microenvironnement propice (théorie du « Seed and soil » de Stephen Paget (7)(8)). La
moelle osseuse constitue une niche prémétastatique de choix grace a de nombreuses
cellules dans linvasion et

impliquées la propagation métastatique (cellules

hématopoiétiques et mésenchymateuses, cellules endothéliales, ostéoblastes,
ostéoclastes) ainsi que sa matrice extracellulaire, ou sont sécrétés des facteurs de
croissance et cytokines.

Physiologiquement, les ostéoblastes sécretent de grandes quantités de CXCL12
(ou stroma cell-derived factor 1 [SDF-1]). En contexte néoplasique, les cellules
cancéreuses sécretent du CXCR-4, récepteur du CXCL12 (9) (10). La lésion entre le

CXCL12 et le CXCR-4 active une cascade de signalisation entrainant la sécrétion

13



d’intégrine, la stimulation des fibroblastes et des cellules endothéliales, permettant le
« homing ».

Dans le cadre des métastases lytiques, I'invasion et la propagation sont médiées
par des interactions paracrines entre les cellules cancéreuses et le microenvironnement
osseux. La Parathyroid Hormone Related Protein (PTHrP) est produite de fagon
relativement spécifique par les cellules cancéreuses dans le microenvironnement
osseux. Elle augmente I'expression du Receptor Activator of Nuclear Factor- kB Ligand
(RANKL), inhibe la sécrétion d’ostéoprotégérine et active I'ostéoclastogénese. Les
ostéoclastes activés résorbent I'os et relarguent du Transforming Growth Factor (TGF-
B), stimulant a son tour la prolifération des cellules cancéreuses. De plus, les cellules
cancéreuses sécretent de I'interleukine (IL) 6, IL-8, IL-11 et du Vascular Endothelial
Growth Factor (VEGF), potentialisant I'effet de la PTHrP sur la résorption osseuse.
Parallelement, ce phénomene de résorption entraine la libération de calcium ionisé et de

phosphates, augmentant la sécrétion de la PTHrP et du TGF-f.
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Figure 2. Résorption osseuse dans le cadre des métastases lytiques (d’apres Gregory A.
Clines et Theresa A. Guise, Molecular mechanisms and treatment of bone metastasis, Expert

Reviews in molecular medicine, 2008).
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Concernant les 1ésions condensantes, I'invasion et la propagation sont favorisées
par la production d’endothéline 1 des cellules cancéreuses qui se lie a son récepteur
Endothelin A receptor (ETAR). Cette liaison permet d’activer la voie WNT en réduisant
la production de son antagoniste, le Dickkopf 1 (DKK-1), et augmente ainsi I'activité des

ostéoblastes (11).
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Figure 3. Résorption osseuse dans le cadre des métastases condensantes (d’apres Gregory
A. Clines et Theresa A. Guise, Molecular mechanisms and treatment of bone metastasis,

Expert Reviews in molecular medicine, 2008).

3. Imagerie des métastases osseuses

Le diagnostic de métastase osseuse peut étre fortuit dans le cadre du bilan
d’extension d'un cancer primitif. Il peut également étre évoqué sur les symptomes
rapportés par le patient ainsi que sur '’examen clinique du praticien mais nécessite
I'appui d’examens radiologiques. La radiographie est le plus souvent le premier examen
réalisé mais, par son manque de sensibilité et spécificité, nécessite fréquemment
I'apport du scanner, de l'imagerie par résonnance magnétique (IRM) ou de la
scintigraphie (12). Dans la suite de I'histoire de la maladie, les examens radiologiques
participent au suivi des lésions (13) et les métastases osseuses sont parfois incluses
dans le RECIST (Response Evaluation Criteria In Solid Tumors), permettant ainsi de

suivre I'évolution globale du cancer.
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4. Prise en charge thérapeutique antalgique

La prise en charge des métastases osseuses et des événements osseux constitue
un challenge thérapeutique. La douleur peut étre traitée par des antalgiques
conventionnels, des corticoides, des anti-inflammatoires non stéroidiens, des
bisphosphonates et autres traitements anti résorbeurs (14). En effet les
bisphosphonates se sont révélés efficaces sur les douleurs osseuses, sur I'apparition de
SRE, sur I'apparition de nouvelles métastases osseuses, mais se sont également avérés
bénéfiques en terme de survie et sur la durée d’évolution sans progression de la
pathologie tumorale, probablement par leurs effets apoptotiques antiprolifératif sur les
cellules cancéreuses. (15)

Les techniques de radiologie interventionnelle (16) (17), la radiothérapie (18) ou
encore la chirurgie (19) peuvent également étre nécessaires. Au vu de la complexité de
la prise en charge antalgique des métastases osseuses, les décisions thérapeutiques sont

le plus souvent prises au cours de réunions de concertation pluridisciplinaire.

5. Prise en charge oncologique spécifique

Chimiothérapie et thérapies ciblées constituent les lignes thérapeutiques
classiques. Cependant depuis 2011, l'autorisation de mise sur le marché (AMM) des
premiers inhibiteurs de check-point immunitaire (ICIs) ciblant le Cytotoxic T-
lymphocyte antigen 4 (CTLA-4) (I'ipilimumab) s’est avérée étre une réelle révolution
oncologique (Rapport INCA 2018). Depuis, d’autres ICIs ont été mises sur le marché : les
anti Programmed Cell Death Protein 1 (PD-1) (nivolumab, pembrolizumab et
cemiplimab), ainsi que des anti Programmed Cell Death Ligand 1 (PD-L1) (atezolizumab,
avelumab et durvalumab).

Ces traitements ont pour but de restaurer l'immunité anti-tumorale
physiologique, détournée au profit des cellules tumorales en condition néoplasique. En
effet, le systeme immunitaire a une action anti-tumorale physiologique débutant par la
reconnaissance des antigénes tumoraux présentés aux lymphocytes T par la cellule
présentatrice d’antigenes (CPA). Ce premier signal est ensuite renforcé par un second
signal de co-activation, déclenchant la réponse immunitaire anti-tumorale. Ce
mécanisme est régulé par un systeme de rétrocontréle immunitaire (check-point
immunitaire) médié entre autre par les liaisons entre le CD80/86 (également appelé B7)

de la CPA et le CTLA-4 du lymphocyte T ainsi que par le PD-1 de la CPA et PD-L1
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lymphocytaire. Ce mécanisme d’inhibition est détourné par les cellules tumorales qui
possédent une protéine PD-L1 et qui, par la formation du complexe PD-1/PD-L1
inhibent la réponse lymphocytaire T anti-tumorale.

Les ICI sont des anticorps monoclonaux bloquant qui se fixent sur le CTLA-4, le
PD-1 et le PD-L1 et restaurent ainsi I'action anti-tumorale du systéme immunitaire.
D’autres mécanismes d’action de ces traitements sont suspectés notamment
I'intervention dans le cycle cellulaire, particulierement celui des ostéoclastes. Il existe
plusieurs autres checkpoint immunitaires, activateurs (ex. 0X40/0X40L) ou inhibiteurs

(ex. TIGIT, LAG3), pour lesquels des anticorps sont en voie de développement.
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Figure 4. Blocage du systeme d’inhibition de la réponse immunitaire par les inhibiteurs du

check-point immunitaire (d’apres le Rapport INCA 2018).

La généralisation de la prescription des ICIs a entrainé une diminution de la
mortalité dans le mélanome et le cancer du poumon. Du fait de 'augmentation de la
survie dans ces cancers, nous assistons actuellement a une augmentation des
complications apparaissant sur le long terme, comme les métastases osseuses (20).

Toute la difficulté réside maintenant dans I'amélioration de la prise en charge de
la qualité de vie des patients, en particulier dans la prise en charge des métastases

osseuses. Le role des ICIs dans l'ostéoclastogénese laisse penser que ces traitements
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révolutionnaires sur le plan oncologique pourraient également avoir un impact sur la

qualité de vie des patients (21).

6. Evolution des métastases osseuses sous traitement par ICI

Au cours de leur suivi, les patients bénéficient de contréles radiologiques
réguliers afin d’évaluer leur réponse oncologique. Cette évaluation est standardisée par
le RECIST, comparant les 1ésions sur leur taille au fil du suivi et classant la réponse
comme complete, partielle, ou concluant au contraire a une progression tumorale.
Cependant, il est établi que la chimiothérapie, les thérapies ciblées ou la radiothérapie
peuvent entrainer un changement d’aspect des lésions osseuses (sclérose ou
condensation) sans modification de taille, mettant ainsi en évidence les limites du
RECIST et nécessitant la création de criteres alternatifs comme le PERCIST (Positron
Emission Tomography Response Criteria In Solid Tumors), basé non par sur la réponse
morphologique mais sur la réponse métabolique (22). De plus, l'utilisation croissante de
I'immunothérapie a mis en évidence de nouveaux profils de réponse avec notamment
des « pseudoprogressions », motivant la modification des critéres orignaux et la création

du iRECIST intégrant ces nouvelles observations, mais ne prenant pas en compte les

lésions osseuses (23).

Il n’existe a lI'heure actuelle que trés peu de données sur I'évolution des
meétastases osseuses sous immunothérapie ce qui a motivé ce travail dont 'objectif
principal était d’étudier précisément le profil de réponse radiologique des métastases
osseuses sous ICI. Les objectifs secondaires étaient d’évaluer l'effet de I'ICI sur la
douleur, la consommation d’antalgique, les SRE, la calcémie, les phosphatases alcalines,
ainsi que l'évolution de la mortalité chez les patients bénéficiant d'un traitement

concomitant par dénosumab.
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ARTICLE SCIENTIFIQUE

Evolution of bone metastases in patients treated with checkpoint inhibitors.

ABSTRACT

Objectives: To investigate the evolution of bone metastases in patients with cancer
treated by immune checkpoint inhibitors (ICI).

Patients and Methods: We conducted a single-center retrospective study including
cancer patients with bone metastases treated with ICI at our institution between
January 2014 and September 2019, with available imaging data. Clinical and biological
data were collected from medical records and independent expert review of imaging
was performed. Targeted and non-targeted lesions were identified and followed as bone
responder or non-responder. Comparisons between groups were performed with
Student’s t-test or Mann-Whitney test.

Results: 48 patients were included in the final analysis, with lung cancer (n=23), renal
carcinoma (n=11) and melanoma (n=9) as most represented cancer type. Half of the
patients experienced stability, condensation or peripheral sclerosis of bone lesions. We
observed an initial progression before stabilization with or without sclerosis of bone
lesion for 19% of patients (pseudoprogression). There was an association between bone
response and global oncological outcomes (RECIST tumor responses, overall survival
and progression free survival). Bone responder patients had a significant decrease in
morphine and co-analgesic prescription as well as a significant decrease of alkaline
phosphatases compared to non-responder patients.

Conclusion: Bone response was observed in half of patients with available imaging and
follow-up after 3 months of ICI treatment, with often a sclerosis observed from month 3,
in all tumor types. Some patients experienced a pseudoprogression of bone lesions such
as previously described in primary tumor and other metastatic sites. Response was

associated with improvement of pain and survival.

Keywords: Immune checkpoint inhibitors, bone metastases, condensation, peripheral

sclerosis, pseudoprogression.
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INTRODUCTION

Bone metastases is one of the most common localization of metastasis with lung
and liver (1). Overall, 40% of lung cancer patients and 60% of prostate or a breast
cancer patients have bone metastasis (2), with spine, pelvis, thorax and members as
frequent sites. Risk factors are male gender, lymphatic metastasis, size of primitive
tumor, and poorly differentiated histology (3). Bone metastases increase morbidity and
mortality. Indeed, most patients suffer from pain and more than 50% of them will
experience a Skeletal-Related Events (SRE) such as fracture, medullary compression,
surgery, radiation therapy or hypercalcemia, which may be life-threatening and alter
both quality of life and survival. Management of bone metastases and SRE is usually
discussed in multidisciplinary team meetings, combining conventional analgesics,
steroids or non steroidal anti inflammatory drugs (NSAIDs), bone targeted agents (4),

radiological intervention (5), radiation therapy or surgery.

This preferential localization can be explain by bone tissue physiopathology (6).
Metastasis is the result of three mechanisms which are cells escape from the primary
tumor, adhesion and invasion of a distant organ and propagation (2). Indeed, after
degradation of primary tumor tissue by matrix metalloproteinases, tumor cells migrate
in specific sites with a favourable microenvironment (the Paget's « seed and soil »
hypothesis (7)(8)). Bone marrow constitutes a pre-metastatic niche with hematopoietic
and mesenchymal stem cells, endothelial cells, osteoblasts, osteoclasts, and bone matrix
secreting growth factors and cytokines. Then, adhesion is mediated by CXCL12/CXCR4
pathway, integrin secretion, stimulation of fibroblasts and endothelial cells (9)(10).

For lytic metastases, invasion and propagation are mediated by the cancer cells
secretion of parathyroid hormone-related protein, which increases Receptor Activator
of Nuclear Factor- kB Ligand (RANKL) and activate osteoclasts. Activated osteoclasts
release Transforming Growth Factor (TGF-3) and stimulate cancer cells. For osteoblastic
metastases, these phenomena are mediated by cancer cells secretion of endothelin 1
binding with Endothelin A Receptor (ETAR), activating the WNT pathway and increasing

osteoblastic activity (11).

Chemotherapy and targeted therapy are classic cancer treatments, with sclerosis

of lytic bone metastases reported under treatment. However, assessing the response of
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bone metastases remains challenging and specific criteria have been developed like
PERCIST. They are focusing on changes in bone modelling rather than changes in tumor
volume (12). In 2011, the marketing authorization of the first checkpoint inhibitor (ICI)
targeted cytotoxic T-lymphocyte-associated protein 4 (CTLA-4), ipilimumab, was a real
revolution in oncology (13). Then, several ICIs were commercialized: nivolumab,
pembrolizumab and cemiplimab targeting programmed cell death 1 (PD-1) and
atezolizumab, avelumab and durvalumab targeting its ligand (PD-L1). By releasing the
brake on immune cells, these new therapeutic approaches restore the antitumoral
activity and may lead to prolonged remission. Owing to their mechanism of action and
possible recruitment of inflammatory cells in tumor bed, atypical pattern of response
such as pseudoprogression may be observed. To better identify such phenomenon, a
modified set of Response Evaluation Criteria in Solid Tumours (iRECIST) has been

developed (14) (Supplementary data).

So far, data on evolution of bone metastases under ICI remains scarce. Therefore,
we aimed to assess specifically the evolution of bone metastases in cancer patients
treated with ICI, including radiological changes through a complete review of CT-scan,
but also clinical (pain, use of analgesics, SRE) and biological (calcium level, alkaline

phosphatases) changes.

PATIENTS AND METHODS
Study design

We conducted a single center retrospective study on cancer patients treated with
ICI in Bordeaux University Hospital between January 2014 and September 2019.
Patients receiving ICI were identified through the pharmacy service of the hospital. All
medicals records were screened and patients with bone metastases at ICI introduction
were included. Exclusion criteria were death < 3 months, new therapeutic line < 3
months, follow-up < 3 months, lack of radiological data, confounding diagnosis and bone
lesion due to contiguous tumor invasion. After independent expert review of imaging

(R.M.), patients were also excluded if the diagnostic of bone metastasis was uncertain.
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Data collection

Demographic, oncological, clinical and biological data collected from medical
records were: gender, age at the introduction of ICI, performance status, cancer type,
localization of metastasis at the introduction of ICI, type of ICI and line of treatment,
previous or concomitant chemotherapy, targeted therapy or radiation therapy, tumor
response according to RECIST, overall survival (0OS) and progression-free survival (PFS),
occurrence of SRE (fracture, medullary compression, surgery, radiation therapy or
hypercalcemia), radiological percutaneous intervention (vertebroplasty, ablathermy
and/or embolization), bisphosphonates and denosumab prescription. Pain, use of
analgesics, calcium level (corrected for serum albumin), and alkaline phosphatase level
were collected at baseline, and after 3,6 and 12 months follow-up. Pain was evaluated by
one investigator (E.G.) with an half-quantitative method due to the lack of standardized
data in medical records (0: no pain without analgesic or with grade 1 analgesic; 1: no
pain with grade 2 or 3 analgesic; 2: moderate pain without analgesic or with grade 1
analgesic; 3: moderate pain with grade 2 or 3 analgesic; 4 = severe pain). Analgesia was
measured with 3 criteria: grade 1 analgesic consumption, co-analgesic consumption and

morphine consumption (in morphine equivalent).

Radiological evaluation

All patients had CT-scan data available on Bordeaux University Hospital software
at baseline and at month 3, eventually at months 6 and 12 to assess bone metastases.
These radiological data were independently reviewed by a radiologist with expertise in
osteoarticular imaging (R.M.). For each patient, one or maximum two lytic or blastic
bone target lesions were identified on CT-scan when possible, with a longest diameter >
10mm, allowing assessment of size, density and aspect of bone lesions on baseline and
follow-up imaging. Size was measured in millimetres, density in Hounsfield unit (HU)
and aspect was classified as stability, condensation, peripheral sclerosis, condensation
and peripheral sclerosis or lysis.

Non-target lesions were also identified and followed on their size and
morphological aspect. Size was evaluated as stable, unequivocal progression or
regression. Morphological aspect was classified as stable, condensation, peripheral

sclerosis, condensation and peripheral sclerosis, or lysis. Then, including target and non-
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target lesions, a global evolution of bone metastases was done: stable, progression,
partial, completed or dissociated response.

Progression was defined by at least a 20% increase in the sum of diameters of
target lesions (with reference to the smallest sum on study), unequivocal progression of
non-target lesions or appearance of one or more new lesions. Complete response
corresponds to disappearance of all target and non-target lesions. Partial response
corresponds to at least a 30% decrease in the sum of diameters of target lesions (with
reference to baseline sum diameters) or positive changes in morphology (i.e.
condensation and/or peripheral sclerosis). Stable disease was considered when neither
sufficient shrinkage to qualify for partial response or sufficient increase to qualify for
progression and persistence of one or more non-target lesion(s). Dissociated response
corresponds to dissociated evolution between target and/or non-target lesions.

Furthermore, according to bone metastases evolution under ICI, patients were
classified as responders or non-responders to allow comparison of several
characteristics and outcomes between both groups. Patients were considered as
responders if: 1) a partial or compete response was noticed at month 3 on bone
metastases, or 2) There was an initial stability or progression on bone metastases

followed by a partial or compete response.

Statistical analysis

Quantitative variables were presented as median with range or interquartile
range (IQR); qualitative variables were presented as numbers and percentages. The
comparisons between patients experiencing bone metastases response versus patients
with no evolution or progression were performed using Student’s t-test or Mann-
Whitney test when appropriate. Analyses were performed using SPSS software version

23.0 (IBM Corporation). P-values less than 0.05 were considered statistically significant.

RESULTS

Among the 1108 patients who received ICI therapy between January 2014 and
September 2019, 192 patients with bone metastases were included (Figure 1). After
review of medical records 124 patients were excluded for death or ICI discontinuation

<3 months (n = 77/124, 62%), missing clinical or radiological data (n = 44/124, 35%),
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other confounding diagnosis (myeloma n = 1, other cancer without ICI marketing
authorization n = 1) or only local invasion (n = 1), then 20 patients were secondary
excluded after radiological review due to an uncertain diagnosis of bone metastases.

Finally, 48 patients were included in the analysis.

Demographic data:

Patient characteristics are shown in Table 1. There was a majority of men (n =
36/48, 75%), with a median age of 61 years (IQR [54-70]). The most represented cancer
type was lung cancer (n = 23/48, 48%). No patient has an isolated bone metastasis
without visceral localization. They had more often an isolated site of visceral metastasis
like lymph node (n = 6), liver (n = 4), brain (n = 1) or other site (n = 22) and sometimes
several visceral metastasis (n = 15). ICI was usually prescribed as second line therapy (n
= 26/48, 54%) and a majority of patients received nivolumab (n = 31/48, 65%) with a
median duration of 10 months (IQR 5-21 months). No patient had concomitant
chemotherapy but few patients had concomitant targeted therapy (n = 3/48, 6%). The
principal reason of ICI interruption was inefficiency (n = 30/48, 62%). During the
interest period, 21 patients (44%) died, with a median OS of 17 months (IQR: 9-34

months).

Evolution of bone metastases under ICI:

Almost half of the patients had single bone metastasis (n= 22/48, 46%), as
detailed in Table 2. Preferential site was spine (n = 33/48, 69%). Most had at least one
SRE (n = 26/48, 54%), mainly radiation therapy (for analgesic or decompressive
indications). Two patients received bisphosphonates for bone metastases, one
previously and one concomitant to ICI therapy. All patients with melanoma (n = 9/48,
19%) and only two patients with other cancer (kidney and bowel) were receiving
concomitant denosumab.

At the introduction of ICI (Table 3), the median size of target lesions was 24mm
(range: 10 to 85mm), then increased to 26mm (range: 0-72mm) at month 3 and 32mm
(range: 0-111mm) at month 6. At month 12, median size was 28mm, ranging from 0 to
45mm. Median density of target lesions was 89HU (range: 19-254HU) at baseline, 85HU
(range: 18-838HU) at month 3, 91,5HU (range: 21-490HU) at month 6 and 68HU (range
12-395HU) at month 12. Under ICI treatment, the majority of target lesions had a
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positive evolution, being stable at months 3 and 6 with peripheral sclerosis at month 12
(Figure 2). Regarding non-target lesions, half had a stable size and density during the
follow-up. Condensation and peripheral sclerosis were noticed in about 20% of non-
target lesions.

Partial response was the most frequent global evolution of bone metastases
under ICI at month 3, 6 and 12. Number of complete response on bone metastases
increased over time: 1/47 (2%) at month 3, then 3/39 (8%) at month 6 and n= 5/28
(18%) at month 12. Accordingly, progression rate decreased: 16/47 (34%) at month 3,
then 13/39 (33%) at month 6 and 3/28 (11%) at month 12. Occurrence of new bone
metastasis also decreased during the follow-up: 6/47 (13%) at month 3 then 4/39
(10%) at month 6 and 1/28 (3%) at month 12 Of note, 9 of 48 patients (19%)
experienced an initial progression of bone metastases then stabilization with or without
condensation and/or peripheral sclerosis, such as the so-called “pseudoprogression”

phenomenon (Figure 3).

Pain and analgesics:

During the follow-up, an increasing rate of patients had a pain evaluated to 0/4:
12/34 (35%) at baseline, then 15/30 (50%) at month 3, 12/24 (50%) at month 6, and
11/ 16 (69%) at month 12 (Table 4). While 10/34 (29%) had a pain evaluated at 4/4 at
baseline, the percentage of patients with this maximal pain decreased over time: 4/30
(13%) at month 3, then 6/24 (25%) at month 6 and 1/16 (6%) at month 12.
The most prescribed painkiller was acetaminophen, which was often taken at the
patient’s request. Overall, morphine consumption decreased with a median of 10mg/day
at baseline (IQR 0-60mg/day), 6mg/day at month 3 (IQR 0-50mg/day), and O0mg/day at
month 6 (IQR 0-80mg/day) and at month 12 (IQR 0-45mg/day). Co-analgesics most
often prescribed were neuropathic pain treatment (pregabaline), glucocorticoids and
NSAIDs. Local treatment was exceptionally applied, most often lidocaine topics and only
one patient used Transcutaneous Electrical Nerve Stimulation. There is an increase of
morphine consumption for patients with a pseudoprogression evolution of bone

metastases.

Outcomes according to bone metastases evolution:
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A total of 23 patients have bone metastases response and 25 patients did not
have any evolution of bone metastases or experienced progression without difference
between cancer type (Table 5). None experienced hyper-progression on bone
metastases. Between responders and non-responders patients, there was no significant
difference for age, cancer type, previous treatment, concomitant radiation therapy, use
of bone targeted therapy or number of SRE. Of note, in patients receiving combination of
ICI, 3 were considered as bone responders and 2 as non-responders. Patients with no
bone metastases response had worse oncological outcomes according to the RECIST
evaluation with 6/25 patients (24%) having tumor progression while only 2/23 patients
(9%) in the bone metastases responder group (p=0.005). We also noticed a higher
frequency of RECIST dissociated response for bone metastases in the non-responders
group. Both OS and PFS were significantly longer in the bone responders group
(respectively p = 0.002 and p < 0.0001).

There was no difference in consumption of grade 1 analgesics between groups,
but a significant reduction of morphine use at months 3 and 6 in bone metastases
responders (median dosage of 0mg/day versus 20mg/day at month 3 and 46mg/day at
month 6 for non responders patients, p = 0.03 and p = 0.0025 respectively).

There was also a significant reduction of co-analgesic consumption at month 3
prescribed in 4/23 patients with bone metastases response (17%) versus 16/25 non-
responders patients (64%) (p = 0.003).

Regarding routine biological data, there was no significant difference on
corrected calcium level according to bone metastases response. While baseline alkaline
phosphatase level was similar between groups, a significant decrease was noticed at
months 3, 6 and 12 in bone metastases responders patients: median value of 85 IU/I for
responders versus 124 IU/] for non-responders (p = 0.005) at month 3, 78 IU/] for
responders versus 109 IU/I for non-responders (p = 0.04) at month 6, and 79 U/l for
responders versus 93 [U/I] for non-responders (p = 0.05) at month 12. Of note, patients
receiving bone-targeted agents (bisphosphonates or denosumab) had a lower baseline
alkaline phosphatase level than patients without (median 82 IU/] versus 102.5 IU/],
p=0.004). It remained lower but non statistically different during the follow-up (median
76 1U/1 versus 102 1U/], p=0.13 at month 3; median 74 [U/I versus 96.5 1U/], p=0.3 at
month 6 and median 73 [U/I versus 86 1U/], p=0.3).
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DISCUSSION:

To our knowledge, this study is the first-one focusing on the bone metastases
evolution under ICI. We found that half of the patients with available imaging and
follow-up after 3 months of ICI treatment experienced stability, condensation or
peripheral sclerosis of bone lesions in various tumor types. As expected, there was an
association between bone response and global oncological outcomes. Indeed, bone
responders patients also had a better RECIST response, overall survival and
progression-free survival. However, few patients were considered with tumor
progression with RECIST criteria while experiencing bone metastases response under
ICI. We also observed an initial progression before stabilization with or without
sclerosis of bone lesion for 19% of patients. This phenomenon called
“pseudoprogression” was first described with targeted therapy (15) and later with ICI
on primary tumor and other metastatic sites, reflecting active tumor response with an
initial recruitment of inflammatory cells within the tumor. Our data show that this
phenomenon also exists for bone metastases, but not correlated with pain or analgesic
consumption. Therefore, the challenge is not to consider this initial evolution as a tumor

progression (10).

This study highlights a difference between evaluation of bone metastasis by a
general radiologist and a radiologist specializing in osteoarticular imaging. Indeed, after
expert and careful review, 9 patients (13%) were finally excluded of the analysis
because they did not have bone metastasis, while mentioned in imaging reports. There
were differential diagnoses such as osteoporotic fractures, benign tumors or
inflammatory lesions, which could expose patients to an inappropriate change of
oncologic therapy or local invasive treatments. Moreover, malignant pathologies are
usually followed by radiologist according to iRECIST criteria, which do not include bone
lesions as target lesions. Indeed this method requires measurable lesions, but bone
metastases are often multiple and non-measurable (16), which can complicate the

follow-up.

Bone responder patients had a significant decrease in morphine and co-analgesic

prescription, without increase of pain, reflecting an improvement in the quality of life.
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Furthermore, this study revealed a significant biological change with a decrease of
alkaline phosphatases in bone responder patients while an increase in non-responders.
However, 8% of patients had isolated hepatic metastasis and 31% several visceral
metastases (including hepatic metastases), so this change of alkaline phosphatases may
also be the indirect reflect of the ICI effect on hepatic metastases. Thus, the bone-specific

isoform of alkaline phosphatase should be assessed in future prospective studies.

In our study, most received ICI in monotherapy, with only 5 patients receiving a
combination of two ICI and 3 patients with concomitant targeted therapy. None received
concurrent chemotherapy. However, studies shown a positive effect of combination (17)
between ICI, targeted therapy (18) and chemotherapy (13)(19)(20)(21). Recent and
future protocols often include combination treatments, notably in lung cancers. Indeed,
inflammation caused by neoadjuvant or concomitant therapy released local antigen and
increase immunogenicity of ICI. Therefore, the effect of such combinations on bone

metastases should also be assessed in future studies.

Regarding concomitant radiation therapy, either for antalgic or local control, we
did not observe any significant effect on bone metastases response. Of note, studies have
shown a synergistic effect between radiation therapy and ICI, the so-called « abscopal
effect » (22). Radiation therapy boosts immune system by released antigens and
increases the efficiency of ICI (23). The small population size of our cohort may explain

the absence of significant difference between the two groups.

It is now established that bone-targeted agents, bisphosphonates and
denosumab, reduce skeletal morbidity (usually measured by SRE occurrence) in
metastatic cancer patients (24). Recently, preclinical and clinical data supported a
positive combination effect of RANKL blockade with ICI (25)(26)(27). In our study,
analysis of such effect was not possible since there was a low rate of bone-targeted
agents prescription. This may be explained by the high frequency of mono or oligo-
metastatic bone lesions and different clinical practice between oncological departments
(i.e. denosumab prescribed in all melanoma patients). Ongoing clinical trials are

evaluating the combination of denosumab and ICI (NCT03161756, NCT03620019).
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Unfortunately, specific evaluation of bone metastases is not included in outcomes

measures and this would be worthwhile to assess.

Our study acknowledges some limitations, beyond its retrospective and
monocentric design, with reporting and prescribing biases. Despite an initial high
number of patients screened, our cohort was finally quite small, owing to the lack of
imaging or uncertain diagnosis of bone metastases. Our conclusions on the increase of
complete bone response can be biased by the death of patients with worse oncological
evolution. Differences between the routine imaging interpretation and the second
reading for this study highlight a part of subjectivity in radiological interpretation and
possibly not always careful review of skeletal. That is why we chose objective
radiological criteria as size, density and aspect of lesions performed by a radiologist
specialized in osteoarticular imaging. Furthermore, there was no standardized
assessment of pain, analgesic consumption or biological data in medical records,

therefore we had to deal with semi-quantitative scale and missing data.

To conclude, this study showed a positive effect of ICI on the evolution of
radiological bone metastases for half of the patients without difference between cancer
type, which associated with an increased quality of life and survival. A complete and
careful review on skeletal should be considered for bone metastatic patients under ICI,
with often a sclerosis observed from month 3 and a possible pseudoprogression such as

previously described in primary tumor.
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Patients treated with ICI

n=1108

| Duplicates (n = 186) |

E: 922

Patients with bone metastases at the
ICI introduction
n=192

i No inclusion criteria (n = 730) ‘

Exclusion criteria:
Death < 3 months (n = 36)
New therapeutic line < 3 months (n = 41)
Follow-up < 3 mois (n = 27)
Lack of radiological data (n = 17)
Bone lesion due to local tumor invasion (n = 1)
Confounding diagnoses (n = 2, myéloma n = 1, other
cancer without ICI marketing autorisation n = 1)

Patients without exclusion criteria
n =68

Exclusion after expert review:
No bone metastasis (n = 8)
Bone lesion due to local tumor invasion (n = 1)
Bone lesion non visible at CT-Scan (n = 6)
Bone metastasis outside the radiological field (n = 3)
Follow-up impossible due to local treatment (n = 2)

Patients included in analysis
n =48

Figure 1: Flow Chart
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Figure 2: Bone metastasis A) at ICI introduction and B) at month 12. The arrow indicates

peripheral sclerosis.
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Figure 3: Example of “pseudoprogression” on bone metastasis A) at ICI introduction, B) at

month 3 with an increase in size and C) at month 6 with condensation of the lesion.
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Table 1. Baseline characteristics and oncological outcomes, n=48

(%)
Age, median (IQR), years 61 (54-70)
Gender
Male 36 (75)
Female 12 (25)
Performance status®
0 11 (24)
1 28 (61)
2 7 (15)
Cancer type
Melanoma 9(19)
Lung cancer 23 (48)
Renal carcinoma 11 (23)
Other solid cancer 5(10)
Metastasis at the introduction of ICI
Bone 48 (100)
Bone and single cerebral metastasis 1(2)
Bone and single hepatic metastasis 4(8)
Bone and single lymph node metastasis 6 (13)
Bone and other single visceral metastasis 22 (46)
Bone and several visceral metastasis 15 (31)
ICI therapy at baseline
Nivolumab 31 (65)
Pembrolizumab 7 (15)
Anti PD-(L)1 5(10)
Combination anti PD-(L)1 and anti CTLA-4 5(10)
Previous treatment
None 8(17)
Chemotherapy 30 (62)
Targeted therapy# 25 (52)
ICI duration, median (IQR), months 10 (5-21)
Cause of ICI discontinuation
No discontinuation 9(19)
Progression 30 (62)
Stable disease 3(6)
End of intended protocol 2(4)
Toxicity 4 (8)
Best RECIST evaluation
Progression 8 (16)
Stable disease 22 (46)
Partial response 9(19)
Complete response 2(4)
Dissociated response 7 (15)
Progression 39 (81)
Time to progression, median (IQR), months 6 (2-12)
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Death 21 (44)
Survival, median (IQR), months 17 (9-34)

* Missing data for 2 patients
# 3 patients with concomitant ICI and targeted therapy

ICI: immune checkpoint inhibitors; IQR: interquartile range; RECIST:

Response Evaluation Criteria in Solid Tumours
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Table 2. Bone metastases, n(%)

Number of bone metastases

1

2o0r3

>3

Localisation of bone metastases
Spine

Pelvis

Thorax

Member

Skull

Previous bone radiation therapy
Previous hypercalcemia
Occurrence of skeletal-related events (SRE)
under ICI*

Radiation therapy

Fracture

Fracture with neurologic complication
Surgery

Percutaneous treatment #
Bone-targeted therapy

Previous bisphosphonate

Concomitant bisphosphonate
Concomitant denosumab
Calcium-vitamin D supplementation

22 (46)
12 (26)
13 (27)

33 (69)
18 (38)
19 (40)
3 (6)
12)
21 (44)
9 (21)

26 (54)
15 (31)
4(8)
1)
7(15)
12 (25)

1(2)
1(2)
11 (23)
13 (27)

*Number of patients with at least one SRE (some patients

experienced multiple SRE)

# vertebroplasty, ablathermy and/or embolisation
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Table 3. Radiological data

Target lesions
Size, median (range), mm
Density, median (range), HU

Aspect
Stable

Condensation
Periphéral sclerosis
Condensation & peripheral sclerosis

Osteolytic

Non-target lesion*

Size
Stable

Progression

Regression
Density
Stable

Condensation
Periphéral sclerosis
Condensation & peripheral sclerosis

Osteolytic

Global evolution

Stable

Progression

Partial response

Complete response

Dissociated response

New bone metastases

Initial progression then stabilisation

24 (10-85)
89 (19-254)

M3

n=31

26 (0-72)
85 (18-838)

14 (45)
5(16)
7 (23)
5(16)
0(0)
n=36

18 (50)
14 (39)
4(11)

18 (50)
6(17)
4(11)
7 (19)
1(3)

13 (28)
16 (34)
17 (36)
1(2)

0 (0)
6(13)

M6

n=22

32 (0-111)
91,5 (21-490)

8 (36)
3 (14)
4 (18)
6 (27)
1(5)

n=29

14 (48)
10 (35)
5(17)

15 (52)
5(17)
4(14)
5(17)
0(0)

5(13)
13 (33)
16 (41)
3(8)

2 (5)

4 (10)

M12

n=12

28 (0-45)
68 (12-395)

3 (25)
1(8)
4 (34)
3 (25)
1(8)
n=17

10 (59)
3(18)
4 (23)

6 (34)
4(22)
4(22)
4(22)
0(0)

4 (14)
3(11)
15 (53)
5 (18)
1(4)
1(3)
9(20)

* osteolytic lesions n=21; osteoblastic lesions n=10; mixed lesions n=6
HU: Hounsfield units
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Table 4. Pain and analgesics

Evaluation of pain Baseline M3

0 12 (35) 15 (50)
1 1(3) 1(3)

2 309 507)
3 8 (24) 5(17)
4 10 (29) 4 (13)
Analgesics consumption Baseline M3
No treatment 29 (63) 24 (52)
Acetaminophen 16 (46) 22 (48)
Nefopam 1(2) 1(2)
Morphine equivalent, median (IQR), mg/day 10 (0-60) 6 (0-50)
No co-analgesia 28 (61) 26 (57)
Neuropathic pain treatment 6 (13) 9 (20)
Glucocorticoids 5(11) 6(13)
NSAIDs 5(11) 7 (15)
Local treatment 1(2) 2(4)

M6
12 (50)
2(8)

0 (0)
4(17)

6 (25)
M6

19 (49)
20 (51)
13)

0 (0-80)
22 (58)
4(11)

6 (16)
4(10)
3(8)

M12
11 (69)
0 (0)
1(6)
3(19)
1(6)
M12

18 (64)
10 (36)
0 (0)

0 (0-45)
19 (70)
2(7)
3(11)
1(4)
2(7)

* Lidocaine topics or Transcutaneous Electrical Nerve Stimulation
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Table 5. Characteristics and outcomes according to bone metastases evolution under I1CI, n(%)

Bone Bone metastases no
metastases evolution/progression D
response (n=23) (n=25)
Age, median (IQR), years 61 (54-70) 60 (54-71) 0.9
Previous chemotherapy 15 (65) 15 (60) 0.7
Previous radiation therapy 11 (48) 10 (40) 0.6
Concomitant radiation therapy 6 (26) 9 (36) 0.4
Bone targeted therapy 8 (35) 5(20) 0.25
Ca-vitD supplementation 9(39) 4 (16) 0.07
Type of cancer 0.5
Melanoma 6 (26) 3(12)
Lung cancer 10 (44) 13 (52)
Renal carcinoma 4(17) 7 (28)
Other cancers 3(13) 2(8)
Tumor response RECIST 0.005
Progression 29 6 (24)
Stable 10 (43) 12 (48)
Partial or complete response 10 (43) 1(4)
Dissociated response 1(5) 6 (24)
Overall survival, median, months not reached 14 0.002
Progression-free survival, median 12 3 <0.0001
SRE 13(57) 13(52) 0.8
Morphine equivalent, mg/day, median (IQR)
MO 5(0-68) 10(0-60) 0.7
M3 0(0-25) 20(0-195) 0.03
M6 0(0-12,5) 46(0-220) 0.025
M12 0(0-30) 10(0-240) 0.3
Co-analgesics use
MO 6 (26) 12 (48) 0.3
M3 4 (17) 16 (64) 0.003
M6 9 (36) 7 (30) 0.3
M12 4/19 (21) 4/8 (50)* 0.2
Corrected calcium level, median (IQR),
mmol/l
MO 2.44 (2.38-2.55) 2.48 (2.34-2.56) 0.9
M3 2.46 (2.31-2.51) 2.38(2.29-2.46) 0.3
M6 2.42 (2.35-2.51) 2.42(2.37-2.53) 0.5
M12 2.41 (2.34-2.47) 2.45 (2.37-2.53) 0.5
Alkaline phosphatase level, median (IQR), IU/I
MO 93 (80-116) 98 (71-138) 0.7
M3 85 (66-105) 124 (86-193) 0.005
M6 78 (65-105) 109 (74-198) 0.04
M12 79 (69-92) 93 (84-153) 0.05

* 17 patients with missing data

ICI: immune checkpoint inhibitors; IQR: interquartile range



PERSPECTIVES

Ce travail avait pour but de suivre l'évolution des métastases osseuses sous
inhibiteur de checkpoint immunitaire, et nous avons vu que ces traitements ont un effet
bénéfique sur les lésions osseuses. Cependant il semble avoir ouvert la réflexion sur
plusieurs problématiques.

Nous avons vu qu'’il existe une importante discordance entre la lecture initiale
des imageries et la relecture par un radiologue spécialisé en ostéo-articulaire. Cette
différence existe au diagnostic de métastase osseuse ainsi que dans le suivi et peut
impacter la prise en charge du patient. La place du radiologue spécialisé en
ostéoarticulaire semble ainsi centrale dans la discussion autour de la prise en charge des
meétastases osseuses, tant pour le diagnostic que la prise en charge.

Cette notion est d’autant plus importante qu’existe ce phénomene de
« pseudoprogression » pouvant étre pris a tort pour une progression de la pathologie.
En effet dans notre cohorte, environ la moitié des patients ayant ce profil d’évolution
osseuse ont une survie sans progression supérieure a 6 mois, donc un pronostic
oncologique plutot favorable. II semble donc crucial de ne pas méconnaitre ce
phénomene afin de ne pas interrompre prématurément I'immunothérapie, restant a
I'heure actuelle une des meilleures alternatives thérapeutiques.

Nos constatations ont été limitées par le caractere rétrospectif de ce travail. En
effet, nous avons parfois manqué de données radiologiques notamment la présence
d'IRM ou d’imageries nucléaires qui auraient pu permettre de préciser au mieux
I’évolution de ces lésions osseuses, I'évaluation strictement morphologique s’avérant
insuffisante chez les patients traités par ICI comme nous I'avons vu.

De plus, un des criteres de jugement secondaire était I’évaluation de 1’évolution
de la mortalité chez les patients traités par ICI et dénosumab, rendue impossible par la
présence de multiples biais. Ce point semble pourtant fondamental, plusieurs études
étant actuellement en cours sur l'effet des traitements anti-résorbeurs couplés aux ICIs,
mais n’évaluent pas la réponse spécifique osseuse. Ainsi il semble intéressant de réaliser
a l'avenir une étude prospective afin de pouvoir comparer au mieux I’évolution des
patients sous dénosumab vis a vis des patients sous bisphosphonates, ainsi que d’en

mesurer le retentissement osseux.
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Evolution des métastases osseuses chez les patients traités par inhibiteurs de checkpoint
immunitaire.

Objectif : Etudier I'évolution des métastases osseuses chez les patients atteints de cancer et traités par
inhibiteurs de checkpoint immunitaire (ICI).

Patients et Méthodes : Dans le cadre d'une étude retrospective monocentrique, les patients atteints de
cancer avec métastases osseuses et traités par ICI entre Janvier 2014 et Septembre 2019 ont été inclus, si
les imageries étaient disponibles. Les données cliniques et biologiques ont été collectées a partir du
dossier medical informatisé et une relecture des imageries a été réalisée de fagon indépendante par un
radiologue spécialisé en imagerie ostéo-articulaire. Des 1ésions cibles et non-cibles ont été identifiées lors
de la mise sous ICI puis suivies a 3, 6 et 12 mois. Des comparaisons entre les patients avec ou sans réponse
osseuse ont été réalisées avec test de Mann-Whitney ou test t de Student.

Résultats : 48 patients ont pu étre inclus dans les analyses. Pour la moitié des patients on retrouvait une
stabilité des 1ésions osseuses, avec condensation et/ou apparition d’'une sclérose périphérique. Il existait
une progression initiale en taille avant d’avoir une stabilité avec ou sans sclérose de la lésion osseuse pour
19% des patients, phénoméne classiquement décrit comme « pseudoprogression ». On retrouvait une
corrélation entre réponse osseuse et évolution oncologique globale (réponse tumorale évaluée par les
critéeres RECIST, survie globale et survie sans progression). Pour les patients avec une réponse osseuse, on
notait une diminution significative de la consommation en morphine et en co-analgésiques, mais
également une diminution significative et précoce des phosphatases alcalines en comparaison avec les
patients non répondeurs sur leur métastase(s) osseuse(s). En revanche, il n'y avait pas de différence
notable sur la survenue d’événement osseux.

Discussion : L’évolution des métastases osseuses était favorable pour la moitié des patients traités par
ICI, avec souvent une sclérose périphérique observée des le 3¢me mois de traitement, mais possiblement
un phénomeéne de pseudoprogression comme décrit préalablement avec les tumeurs primitives ou les
métastases extra-osseuses. Cette réponse osseuse s’associait a une meilleure qualité de vie et survie. La
relecture spécialisée apportait une réelle plus-value comparativement aux comptes-rendus initiaux.

Conclusion : Les métastases osseuses ont un profil de réponse particulier sous ICI, comme décrit dans les
tumeurs primitives, avec une fréquente sclérose et possible pseudoprogression.

Evolution of bone metastases in patients treated with checkpoint inhibitors.

Objectives: To investigate the evolution of bone metastases in patients with cancer treated by immune
checkpoint inhibitors (ICI).

Patients and Methods: We conducted a single-center retrospective study including cancer patients with
bone metastases treated with ICI at our institution between January 2014 and September 2019, with
available imaging data. Clinical and biological data were collected from medical records and independent
expert review of imaging was performed. Targeted and non-targeted lesions were identified and followed
as bone responder or non-responder. Comparisons between groups were performed with Student’s t-test
or Mann-Whitney test.

Results: 48 patients were included in the final analysis, with lung cancer (n=23), renal carcinoma (n=11)
and melanoma (n=9) as most represented cancer type. Half of the patients experienced stability,
condensation or peripheral sclerosis of bone lesions without difference between cancer type. We
observed an initial progression before stabilization with or without sclerosis of bone lesion for 19% of
patients (pseudoprogression). There was an association between bone response and global oncological
outcomes (RECIST tumor responses, overall survival and progression free survival). Bone responder
patients had a significant decrease in morphine and co-analgesic prescription as well as a significant
decrease of alkaline phosphatases compared to non-responder patients.

Conclusion: Bone response was observed in half of patients with available i

maging and follow-up after 3 months of ICI treatment, with often a sclerosis observed from month 3, in all
tumor types. Some patients experienced a pseudoprogression of bone lesions such as previously
described in primary tumor and other metastatic sites. Response was associated with improvement of
pain and survival.



