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Abstract

Immuneȱnicheȱwithȱitsȱhugeȱcellȱdiversityȱincludingȱmoreȱspecięcallyȱtumourȱinęltrat-
ingȱlymphocytesȱǻTILsǼǰȱtumourȬassociatedȱmacrophagesȱǻTAMsǼȱregulateȱosteosarcomaȱ
ǻOSǼȱmicroenvironmentǯȱTAMsȱexertȱdiěerentialȱactivitiesȱ inȱ theȱ tumourȱdevelopmentȱ
accordingȱ toȱ theirȱ polarisationǯȱ Indeedǰȱ inȱ oncologyǰȱ MŗȬpolarisedȱ macrophagesȱ areȱ
consideredȱasȱantiȬtumourȱeěectorsǰȱandȱMŘȬpolarisedȱmacrophagesȱareȱdeęnedȱasȱproȬ
tumourȱmodulatorsȱbyȱincreasingȱtheȱneoangiogenicȱprocessǯȱTAMȱdensityȱisȱcorrelatedȱ
withȱtumourȱcellȱproliferationǰȱinvasionǰȱmetastasisȱandȱpoorȱprognosisȱinȱvariousȱepi-
thelialȱandȱhaematologicalȱcancersȱandȱinȱboneȱmetastasisǯȱSimilarlyǰȱtumourȱinęltratingȱ
lymphocytesȱplayȱaȱkeyȱroleȱinȱtumourȱdevelopmentȱbyȱinducingȱaȱlocalȱtolerantȱenvi-
ronmentȱfavourableȱforȱtheȱtumourȱgrowthǯȱTheȱpresentȱchapterȱwillȱdescribeȱtheȱmainȱ
rolesȱofȱ theȱ immuneȱsystemȱ inȱ theȱpathogenesisȱofȱosteosarcomaȱandȱ theȱmostȱ recentȱ
therapeuticȱdevelopmentȱbasedȱonȱitsȱregulationǯ

Keywords:ȱosteoimmunologyǰȱosteosarcomaǰȱmacrophageǰȱlymphocyteǰȱ
microenvironment

1. Introduction

Inȱ recentȱ yearsǰȱ thereȱ hasȱ beenȱ aȱ dramaticȱ increaseȱ inȱ theȱ importanceȱ givenȱ toȱ theȱ theoryȱ
thatȱ theȱ tissueȱmicroenvironmentȱparticipatesȱ inȱdeterminingȱ theȱȃboneȱnicheȄȱ inȱ theȱpro-

gressionȱofȱboneȱtumoursȱandȱinȱestablishingȱresistanceȱprocessesȱtoȱconventionalȱtherapiesǯȱ
Originallyǰȱ theȱconceptȱofȱ tumourȱnicheȱhasȱemergedȱbasedȱonȱ theȱȃseedȱandȱsoilȱ theoryȄȱ
proposedȱbyȱStephanȱPagetȱatȱtheȱendȱofȱtheȱnineteenthȱcenturyȱǽŗ, Ř]. This tumour niche is 

deęnedȱasȱaȱ specięcȱmicroenvironmentȱpromotingȱ theȱemergenceȱofȱ cancerȱ initiatingȱcellsȱ
andȱ providingȱ allȱ theȱ factorsȱ requiredȱ forȱ theirȱ quiescenceǰȱ proliferationȱ andȱ migrationǯȱ
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Thereforeǰȱtheȱtumourȱmicroenvironmentȱisȱcomposedȱofȱaȱcomplexǰȱinterconnectedȱnetworkȱ
ofȱprotagonistsǰȱincludingȱsolubleȱfactorsȱsuchȱasȱcytokinesǰȱextracellularȱmatrixȱcompo-

nentsǰȱ interactingȱwithȱ ębroblastsǰȱ endothelialȱ cellsǰȱ immuneȱ cellsȱ andȱ variousȱ specięcȱ
cellȱtypesȱdependingȱonȱtheȱlocationȱofȱtheȱcancerȱcellsȱǻeǯgǯȱosteoblastsǰȱosteoclastsȱinȱtheȱ
boneȱtissueȱorȱpulmonaryȱepitheliumȱinȱcaseȱofȱ lungȱmetastasisǼǯȱThisȱcellularȱdiversityȱ
deęnesȱthreeȱmainȱȃnichesȄȱdependingȱonȱtheirȱfunctionalȱimplicationǱȱanȱ immune niche 

involvedȱinȱlocalȱimmuneȱtoleranceǰȱaȱvascular nicheȱassociatedȱwithȱtumourȱcellȱextrava-

sationȦmigrationȱandȱaȱmetastatic nicheȱ ǻeǯgǯȱboneǰȱlungȱandȱliverǼȱhostingȱtheȱmetastaticȱ
tumourȱcellsȱǽ3, 4].

TheȱconceptȱofȱȃboneȱnicheȄȱwasȱinitiallyȱdescribedȱinȱtheȱcontextȱofȱhaematologicalȱmalig-

nanciesǰȱsuchȱasȱleukaemiaȱǽ5Ǿȱorȱmultipleȱmyelomaȱǽ6Ǿǰȱandȱthenȱextendedȱtoȱboneȱmetasta-

sesǰȱsuchȱasȱbreastȱorȱprostateȱcancersȱǽ7ǾǯȱAsȱallȱtumoursǰȱtheȱpathogenesisȱofȱosteosarcomaȱ
ǻOSǼȱisȱcloselyȱrelatedȱtoȱtheȱmicroenvironmentȱinȱwhichȱtheȱtumourȱgrowsǯȱEvenȱthoughȱtheȱ
aetiologyȱofȱOSȱhasȱnotȱbeenȱclearlyȱestablishedǰȱitsȱdevelopmentȱhasȱtheȱspecialȱfeatureȱofȱ
beingȱstronglyȱassociatedȱwithȱtheȱȃsoilȄȱdescribedȱbyȱPagetǯȱInȱphysiologicalȱandȱpathologi-
calȱboneȱtissueǰȱtheȱvariousȱcellsȱcommunicateȱtogetherȱbyȱdirectȱcontactsȱinvolvingȱadhesionȱ
moleculesȱorȱchannelsǰȱbutȱalsoȱinȱanȱautocrineȦparacrineȦendocrineȱmannerȱinvolvingȱcyto-

kinesȱandȱgrowthȱfactorsȱǽ8ǾǯȱAmongȱtheseȱglycoproteinsǰȱ theȱtriadȱosteoprotegerinȱǻOPGǼȦ
ReceptorȱActivatorȱ ofȱNFȬΎBȱ ǻRANKǼȦRANKȱLigandȱ ǻRANKLǼȱ playsȱ aȱ pivotalȱ roleȱ inȱOSȱ
developmentȱǽ9ǾǯȱInȱcaseȱofȱOSǰȱthereȱisȱeěectivelyȱaȱdysregulationȱinȱthisȱbalanceȱbetweenȱ
OPGȦRANKȦRANKLǰȱprovokingȱexacerbatedȱlocalȱboneȱremodellingȱǻFigure 1ǼǯȱAsȱaȱresultǰȱ
numerousȱfactorsȱinitiallyȱtrappedȱinȱthisȱmatrixȱareȱreleasedǰȱwhichȱinȱturnȱstimulateȱsarcomaȱ
cellȱproliferationǰȱleadingȱtoȱtheȱestablishmentȱofȱaȱviciousȱcycleȱbetweenȱboneȱandȱtumourȱ
cellsȱǽŗŖǾǯȱTheseȱeventsȱareȱassociatedȱwithȱearlyȱandȱlateȱeventsȱinȱtheȱmetastaticȱprocessȱbyȱ
promotingȱtheȱneoangiogenesisȱandȱextravasationȱofȱtumourȱcellsȱǽŗŗ, ŗŘǾǯȱButȱuntilȱ todayǰȱ
theȱcharacterisationȱofȱtheȱmicroenvironmentȱofȱOSȱhasȱnotȱbeenȱfullyȱdocumentedȱǽŗř, ŗŚ]. 

Theȱimmuneȱnicheǰȱwithȱitsȱhugeȱcellȱdiversityȱincludingȱmoreȱspecięcallyȱtumourȱinęltratingȱ
lymphocytesȱ ǻTILsǼȱ andȱ tumourȬassociatedȱmacrophagesȱ ǻTAMsǼǰȱ regulatesȱ theȱOSȱmicro-

environmentȱǽŗś, ŗŜǾǯȱTAMsȱexertȱdiěerentȱeěectsȱonȱtumourȱdevelopmentȱbecauseȱofȱtheirȱ
polarisationǯȱInȱoncologyǰȱMŗȬpolarisedȱmacrophagesȱareȱconsideredȱtoȱbeȱantiȬtumourȱeěec-
torsǰȱandȱMŘȬpolarisedȱmacrophagesȱareȱdeęnedȱasȱproȬtumourȱmodulatorsȱasȱtheyȱincreaseȱ
theȱneoangiogenicȱprocessȱǽŗŝ�ŗşǾǯȱTheȱdensityȱofȱTAMsȱisȱcorrelatedȱwithȱtumourȱcellȱpro-

liferationǰȱinvasionǰȱmetastasisȱandȱpoorȱprognosisȱinȱvariousȱepithelialȱandȱhaematologicalȱ
cancersȱandȱinȱboneȱmetastasesȱǽŘŖ].

Osteoimmunologyȱisȱaȱrecentȱtermȱproposedȱforȱdescribingȱtheȱcomplexȱimmuneȱenvironmentȱ
controllingȱtheȱboneȱremodellingȱandȱrelatedȱdiseasesȱǽŘŗǾǯȱSeveralȱreportsȱhaveȱunderlinedȱ
theȱtherapeuticȱinterestȱtoȱuseȱimmunotherapiesȱorȱimmunomodulatoryȬbasedȱtherapiesȱforȱ
OSǯȱInȱthisȱcontextǰȱtheȱnumberȱofȱnewȱdrugsȱactivatingȱtheȱimmuneȱsystemȱhasȱexplodedȱinȱ
theȱlastȱŗŖȱyearsǰȱandȱnumerousȱphaseȱIȱandȱIIȱclinicalȱtrialsȱareȱinȱprogressȱinȱOSǯȱTheȱpresentȱ
chapterȱwillȱdescribeȱtheȱmainȱrolesȱofȱtheȱimmuneȱsystemȱinȱtheȱpathogenesisȱofȱOSȱandȱtheȱ
mostȱrecentȱtherapeuticȱdevelopmentȱbasedȱonȱitsȱregulationǯ
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2. The immune niche in osteosarcoma

Asȱsaidȱaboveǰȱ theȱnicheȱofȱOSȱ isȱ composedȱofȱaȱ complexȱnetworkȱofȱdiverseȱ cellsǰȱwhichȱ
interactȱtogetherȱbyȱdirectȱcontactsǰȱorȱinȱanȱautocrineȦparacrineȦendocrineȱmannerȱinvolvingȱ
cytokinesȱandȱgrowthȱfactorsǯȱThisȱchapterȱwillȱfocusȱspecięcallyȱonȱtheȱmainȱcellularȱpro-

tagonistsǱȱlymphocytesǰȱmacrophagesȱandȱtheȱprincipalȱassociatedȱcytokinesǯ

ŘǯŗǯȱTumourȱinęltratingȱlymphocytesȱǻTILsǼ

Heterogeneityȱ ofȱ tumourȱ cellsȱ withȱ variousȱ osteosarcomaȱ subȬentitiesȱ furtherȱ complicatesȱ
identięcationȱofȱrobustȱbiomarkersȱwithȱbroadȱclinicalȱapplicationȱǽŘŘǾǯȱAnalysisȱofȱtheȱtumourȱ
microenvironmentȱinȱpatientsȱwithȱaȱvarietyȱofȱhaematologicalȱpathologiesȱandȱsolidȱtumoursȱ
suchȱasȱboneȱmetastasesȱandȱsoftȱtissueȱsarcomasȱhasȱrevealedȱthatȱaȱmajorȱsubsetȱofȱtumoursȱ
showsȱevidenceȱofȱaȱTȱcellȮinęltratedȱphenotypeȱǽŘř, ŘŚǾǯȱSelectedȱTȱlymphocytesȱmigrateȱfromȱ
secondaryȱlymphoidȱorgansȱtoȱtheȱtumourȱsitesȱandȱinvadeȱtheȱtumourȱtissuesǯȱTheyȱareȱcom-

posedȱofȱvariousȱTȱlymphocyteȱsubpopulationsǰȱwhichȱexhibitȱhighlyȱspecięcȱimmunologicalȱ

Figure 1. OsteosarcomaȱandȱitsȱnichesǯȱInȱosteosarcomaǰȱtheȱmicroenvironmentȱplaysȱaȱpivotalȱroleȱinȱtheȱpathogenesisȱ
ofȱtumourȱcellsǯȱ Itȱ facilitatesȱtheȱtransportȱofȱgasȱandȱnutrimentsȱtoȱcancerȱcellsȱandȱextravasationȱtoȱtheirȱmetastaticȱ
locationȱ ǻvascularȱnicheǼǰȱ inducesȱaȱ tolerantȱ environmentȱ ǻimmuneȱnicheǼȱ andȱdysregulatesȱboneȱ remodellingȱ ǻboneȱ
nicheǼǰȱinȱwhichȱtheȱmolecularȱOPGȦRANKLȦRANKȱtriadȱplaysȱaȱkeyȱroleȱinȱregulationǯȱOPGȱandȱRANKLȱareȱproducedȱ
byȱosteoblastsȱandȦorȱstromalȱcellsǰȱwhereasȱRANKȱisȱexpressedȱatȱtheȱsurfaceȱofȱosteoclastsȱandȱtheirȱprecursorsǯȱTheȱ
immuneȱnicheȱisȱoneȱofȱtheȱsourceȱofȱtherapeuticȱtargetsȱagainstȱosteosarcomaǯ
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reactivityȱcomparedȱtoȱcirculatingȱandȱnonȬinęltratingȱlymphocytesȱǽŘśǾǯȱTheȱęnalȱimmuneȱ
responseȱ resultingȱ fromȱ theȱ activationȱ ofȱ Tȱ lymphocytesȱ isȱ complexȱ andȱ dependsȱ onȱ theȱ
natureȱofȱtheseȱTȱcellsȱǻeǯgǯȱTregǰȱCDŚ+Ǽȱandȱtheȱpresenceȱofȱtheȱotherȱimmuneȱprotagonistsȱ
suchȱasȱmacrophagesǯ

Asȱotherȱimmuneȱcellsǰȱlymphocytesȱseemȱtoȱplayȱanȱessentialȱroleȱinȱosteosarcomaȱgrowthȱ
andȱprognosisǰȱbutȱpublicationsȱreportingȱthisȱpopulationȱinȱOSȱremainȱrareȱǽŗŜ, ŘŘ, ŘŜ]. The 

presenceȱofȱTȱ lymphocytesȱ inȱhumanȱOSȱtissuesȱwasȱpreviouslyȱstudiedȱbyȱTriebȱetȱalǯȱbyȱ
immunohistochemicalȱtechniquesȱǽŘŜǾǯȱPhenotypicȱanalysesȱhaveȱrevealedȱthatȱtheȱinęltrat-
ingȱlymphocytesȱintoȱOSȱwereȱşśƖȱCDř+ȱandȱŜŞƖȱCDŞ+ǯȱAtȱthisȱtimeǰȱhumanȱCDŚ+ȱTregȱwasȱ
unknownȱandȱnotȱincludedȱinȱtheȱstudyǰȱwhichȱdidȱnotȱdetectȱanyȱcorrelationȱofȱTILsȱwithȱOSȱ
outcomeǯȱAȱfewȱyearsȱlaterǰȱTheoleyreȱetȱalǯȱsupportedȱtheȱpresenceȱofȱspecięcȱTȱsubpopula-

tionsȱinȱOSǱȱTILsȱisolatedȱfromȱOSȱsamplesȱexhibitedȱlyticȱactivityȱin vitroǰȱwhichȱwereȱappar-
entlyȱnoȱeĜcientȱ inȱpatientsȱ ǽŗŜǾǯȱTheȱstudyȱofȱ theȱmicroenvironmentȱhasȱaȱ strongȱ impactȱ
onȱtargetedȱpatientȱtreatmentȱforȱwhichȱliĴleȱprogressȱhasȱbeenȱachievedȱsinceȱintroductionȱ
ofȱneoȬadjuvantȱchemotherapyȱřŖȱyearsȱagoǯȱPrognosticȱbiomarkersȱforȱriskȱstratięcationȱatȱ
theȱtimeȱofȱdiagnosisȱareȱmissingȱandȱareȱaȱmajorȱdrawbackȱinȱclinicalȱtestingȱofȱnovelȱthera-

peuticȱagentsǯȱAlternativelyǰȱanalysisȱofȱtheȱtumourȱmicroenvironmentȱforȱosteosarcomaȱout-
comeȬrelatedȱbiomarkersȱmightȱbeȱlessȱdependentȱfromȱtheȱosteosarcomaȱsubtypeǯȱRecentlyǰȱ
FriĵschingȱetȱalǯȱhaveȱreportedȱforȱtheȱęrstȱtimeȱCDŞ+ȦFOXPř+ȱratioȱasȱstrongȱprognosticȱfac-
torȱatȱtimeȱofȱOSȱdiagnosisǰȱpointingȱoutȱtheȱfunctionalȱkeyȱroleȱofȱTregȱinȱOSȱpathogenesisǯȱ
Multivariateȱanalysisȱshowedȱthatȱthisȱnovelȱparameterȱwasȱindependentȱfromȱtumourȱmetas-
tasisȱandȱresponseȱtoȱneoadjuvantȱchemotherapyȱandȱcouldȱbeȱvalidatedȱinȱanȱindependentȱ
patientȱcohortȱwithȱcurrentȱstateȱofȱdiagnosisȱandȱtreatmentȱofȱOSȱǽŘŘǾǯȱItȱhasȱbeenȱsuggestedȱ
inȱotherȱsolidȱtumoursȱǻeǯgǯȱcolonȱcancersǼȱthatȱintensityȱofȱtumourȱmicroenvironmentȱinęl-
trationȱwithȱTȬcellsǰȱespeciallyȱcytotoxicȱtumourȱinęltratingȱCDŞ+TȬcellsȱǻCDŞ+ȱTILsǼȱallowsȱ
moreȱpowerfulȱprognosticȱstagingȱthanȱtraditionalȱstagingǯȱTheȱcharacterisationȱofȱthisȱsimpleȱ
immuneȱsystemȬbasedȱbiomarkerȱhasȱbeenȱtermedȱtheȱȃimmunoscoreȄǰȱandȱthisȱisȱcurrentlyȱ
testedȱforȱsomeȱtumoursȱinȱaȱmulticenterȱstudyȱǽŘŝ, ŘŞ].

Lymphocytesȱareȱ immuneȱcellsȱregulatedȱbyȱdiverseȱcytokinesǰȱ inȱparticularȱ theȱtriadȱOPGȦ
RANKȦRANKLǰȱwhichȱrepresentsȱaȱseĴingȱupȱaȱfertileȱsoilȱ forȱcancerȱcellsȱasȱwellȱǽ9ǾǯȱBoneȱ
remodellingȱresultsȱfromȱaȱbalanceȱbetweenȱtwoȱoppositeȱcellularȱactivitiesǱȱǻiǼȱosteoblastsȱinȱ
chargeȱofȱtheȱsynthesisȱofȱnewȱorganicȱextracellularȱmatrixǰȱwhichȱwillȱbecomeȱprogressivelyȱ
mineralizedȱandȱǻiiǼȱosteoclastsȱspecialisedȱinȱtheȱdegradationȱofȱtheȱmineralisedȱextracellularȱ
matrixǰȱprocessȱnamedȱboneȱresorptionǯȱOsteoclastogenesisȱandȱosteoclastȱactivitiesȱareȱregu-

latedȱbyȱaȱmasterȱ cytokineȱ calledȱNFȬΎBȱLigandȱ ǻRANKLǼǰȱmemberȱofȱ theȱ tumourȱnecrosisȱ
factorȱǻTNFǼȱsuperfamilyȱǻoĜcialȱTNFȱnomenclatureǱȱTNFSFŗŗǼȱǽ9ǾǯȱRANKLȱisȱaȱsolubleȱandȦ
orȱmembraneȱcytokineȱexpressedȱbyȱosteoblastsȱandȱstromalȱcellsǰȱbindsȱtoȱRANKȱaȱmembraneȱ
receptorȱexpressedȱatȱtheȱsurfaceȱofȱmatureȱosteoclastsȱandȱtheirȱprecursorsǯȱRANKLȱbindingȱtoȱ
RANKȱinducesȱspecięcȱNFȬΎBȮdependentȱsignalȱtransductionȱpathwaysȱandȱstimulatesȱosteo-

clastȱdiěerentiationǰȱsurvivalȱandȱresorptionȱactivityǯȱRANKLȱbindsȱtoȱaȱsolubleȱreceptorȱnamedȱ
osteoprotegerinȱǻOPGǼǰȱwhichȱ isȱaȱubiquitousȱproteinȱandȱactsȱasȱaȱdecoyȱblockingȱRANKLȱ
bindingȱtoȱRANKȱǽŘşǾǯȱOPGȱisȱthenȱconsideredȱasȱaȱstrongȱinhibitorȱofȱosteoclastogenesisȱandȱ
boneȱ resorptionǯȱLGRŚȱ isȱ theȱ lastȱ receptorȱofȱRANKȱrecentlyȱ identięedǯȱLGRŚȱexpressedȱatȱ
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theȱosteoclastȦosteoclastȱprecursorȱmembraneȱisȱaȱnegativeȱregulatorȱofȱRANKLȬRANKȱacti-
vationȱǻseeȱreviewȱinȱRefǯȱǽ9ǾǼǯȱItȱisȱwidelyȱacceptedȱthatȱtheȱmultipleȱcomponentsȱofȱtheȱboneȱ
nicheȱǻeǯgǯȱsolubleȱfactorsǰȱextracellularȱmatrixǼȱstronglyȱcontributeȱtoȱtheȱboneȱtumourȱinitia-

tionȱandȱtheȱmetastaticȱprocessȱǽřŖ, řŗǾǯȱRANKLȱinĚuencesȱtheȱmicroenvironmentȱofȱcancerȱ
cellsȱbyȱactingȱonȱtheȱlocalȱimmunityǯȱIndeedǰȱtheȱmajorȱroleȱofȱRANKLȱinȱtheȱimmuneȱsystemȱ
hasȱbeenȱinitiallyȱidentięedȱinȱRANKLȬknockoutȱmiceȱinȱwhichȱtheȱdevelopmentȱofȱsecondaryȱ
lymphoidȱorgansȱwasȱimpairedȱespeciallyȱtheȱlymphȱnodesȱǽřŘǾȱbutȱalsoȱatȱtheȱȃcentralȄȱlevelȱ
whereȱtheȱmaturationȱofȱthymicȱepithelialȱcellsȱnecessaryȱforȱTȱcellȱdevelopmentȱwasȱaěectedȱ
ǽ33ǾǯȱRANKLȱisȱalsoȱinvolvedȱinȱtheȱmodulationȱofȱtheȱimmuneȱresponseȱbyȱinducingȱTȱcellȱ
proliferationȱǽ34ǾȱandȱdendriticȱcellsȱsurvivalȱǽŘşǾǯȱIndeedǰȱactivatedȱTȱcellsȱthroughȱRANKLȱ
expressionȱstimulateȱdendriticȱcellsǰȱexpressingȱRANKǰȱtoȱenhanceȱtheirȱsurvivalȱandȱtherebyȱ
increaseȱtheȱTȱcellȱmemoryȱresponseȱǽ34ǾǯȱMoreȱrecentlyǰȱKhanȱetȱalǯȱdemonstratedȱthatȱRANKLȱ
blockadeȱcanȱrescueȱmelanomaȬspecięcȱTȱcellsȱfromȱthymicȱdeletionȱandȱincreasesȱantiȬtumourȱ
immuneȱresponseȱasȱshownȱinȱmelanomaȱǽ35ǾǯȱInȱŘŖŖŝǰȱMoriȱetȱalǯȱreportedȱforȱtheȱęrstȱtimeȱ
functionalȱRANKȱexpressionȱinȱhumanȱOSȱcellsȱstrengtheningȱtheȱinvolvementȱofȱtheȱRANKȦ
RANKLȦOPGȱaxisȱinȱOSȱǽ36, 37ǾǯȱMoreoverǰȱinȱanimalȱOSȱmodelsǰȱOPGȱgeneȱtransferȱpreventsȱ
theȱformationȱofȱosteolyticȱlesionsȱassociatedȱwithȱOSȱdevelopmentǰȱinȱreducingȱtheȱtumourȱ
incidenceȱandȱtheȱlocalȱtumourȱgrowthǰȱleadingȱtoȱaȱfourfoldȱincreaseȱinȱmiceȱsurvivalȱŘŞȱdaysȱ
postȬimplantationȱǽ38ǾǯȱThisȱopenedȱaȱnewȱdoorȱofȱnovelȱtherapeuticȱapproachesȱforȱOSǯ

ŘǯŘǯȱTumourȬassociatedȱmacrophagesȱǻTAMsǼ

Theȱmononuclearȱphagocyteȱsystemȱisȱcomposedȱbyȱheterogeneousȱpopulationsȱparticipatingȱ
inȱtheȱbodyȂsȱęrstȱlineȱofȱdefenceȱagainstȱpathogensȱandȱparasitesȱǽ39]. This system includes 

cellsȱ circulatingȱcellsȱ intoȱ theȱbodyȱĚuidsȱ suchȱasȱmonocytesǰȱ andȱ integratesȱ residentȱ cellsȱ
suchȱasȱmacrophagesǰȱdendriticȱcellsȱǻDCǼȱandȱtheirȱprecursorsȱlocatedȱinȱtheȱboneȱmarrowȱ
ǽŚŖǾǯȱTheirȱproductionȱandȱactivitiesȱareȱcontrolledȱbyȱnumerousȱcytokinesȱandȱgrowthȱfactorsȱ
butȱareȱmoreȱspecięcallyȱregulatedȱbyȱtheȱtwoȱligandsȱofȱmacrophageȬcolonyȱstimulatingȱfac-
torȱǻMȬCFRǰȱcFMSȱorȱCDŗŗśǼǱȱMȬCSFȱǻorȱCSFȬŗǼȱandȱinterleukinȱǻILǼȬřŚȱǽŚŗ, ŚŘ].

TAMsȱareȱtheȱpredominantȱleukocytesȱinęltratingȱsolidȱtumoursȱandȱcanȱrepresentȱupȱtoȱśŖƖȱ
ofȱ theȱtumourȱmassǯȱTheseȱcellsȱplayȱaȱpivotalȱroleȱ inȱ tumourȱbehaviourȱ illustratedȱbyȱtheȱ
signięcantȱlinkȱbetweenȱTAMȱnumberȱandȱdensityȱandȱtheȱprognosisȱǽŗŞ, 43, 44ǾǯȱWhereasȱ
TAMsȱcanȱexertȱantiȬtumourȱactivitiesǰȱtheȱambiguousȱroleȱofȱmacrophagesȱinȱtumourȱpro-

gressionȱ isȱ reĚectedȱ inȱ theȱęndingȱ thatȱTAMsȱcanȱalsoȱactivelyȱcontributeȱ toȱeachȱstageȱofȱ
cancerȱdevelopmentȱandȱprogressionȱǽ45ǾǯȱMacrophageȱsubtypesȱareȱconventionallyȱclassięedȱ
inȱMŗȱconsideredȱasȱtheȱclassicalȱpopulationȱandȱMŘȱidentięedȱasȱanȱalternativeȱsubpopula-

tionȱinȱlinkȱtoȱtheirȱdiěerentiationȦactivationȱstateǯȱHoweverǰȱifȱtheȱparallelȱbetweenȱMŗȱandȱ
MŘȱcanȱbeȱdrawnȱwithȱ theȱThŗȱandȱThŘȱTȱ lymphocyteȱclassięcationǰȱThŗȦThŘȱcellsȱdoȱnotȱ
regulateȱmacrophageȱpolarisationǯȱOnȱtheȱcontraryǰȱmacrophageȱsubtypesȱareȱversatileǰȱareȱ
nonȬpermanentȱcellȱpopulationsǰȱinitiateȱandȱinĚuenceȱTȱlymphocyteȱpolarisationȱresultingȱ
inȱdiěerentialȱimmuneȱresponseȱǻeǯgǯȱThŗȱresponseȱagainstȱvirusȱandȱbacteriaǰȱThŘȱresponseȱ
againstȱparasitesǼȱǽ46ǾǯȱIndeedǰȱMŗȱandȱMŘȱmacrophagesȱareȱcharacterisedȱbyȱspecięcȱproęlesȱ
ofȱcytokineȱsecretionǯȱMŗȱmacrophagesȱareȱcharacterisedȱbyȱtheȱsecretionȱofȱILȬŗŘǰȱILȬŗǰȱILȬŜǰȱ
TNFȱorȱROSǰȱconsideredȱasȱproȬinĚammatoryȱmediatorsȱandȱdirectlyȱinvolvedȱinȱtheȱcontrolȱ
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ofȱinfectionsȱandȱantiȬtumourȱactivitiesǯȱOnȱtheȱoppositeǰȱMŘȱmacrophagesȱconstituteȱaȱhet-
erogeneousȱpopulationȱǻMŘaǰȱbȱandȱcǼȱinducingȱaȱThŘȱimmuneȱresponseȱandȱsecretingȱILȬŚǰȱ
ILȬŗŖȱandȱILȬŗřǯȱMŘȱmacrophagesȱareȱproȬangiogenicǰȱproȬębroticȱandȱproȬtumorigenicǯ

Theȱexactȱ roleȱofȱmacrophagesȱ inȱOSȱ isȱ stillȱunclearȱ andȱ controversialǯȱ Someȱ studiesȱhaveȱ
deęnedȱTAMsȱasȱantiȬtumourȱeěectorsǯȱBuddinghȱetȱalǯȱthusȱdemonstratedȱthatȱhigherȱTAMȱ
inęltrationȱwasȱassociatedȱwithȱbeĴerȱoverallȱsurvivalȱinȱhighȬgradeȱosteosarcomaǯȱHoweverǰȱ
theȱauthorsȱdidȱnotȱobserveȱanyȱdiěerencesȱbetweenȱmetastaticȱandȱnonȬmetastaticȱosteosar-
comasǰȱandȱTAMsȱexhibitedȱbothȱMŗȱandȱMŘȱcharacteristicsȱǽ47ǾǯȱOnȱtheȱcontraryǰȱtheȱimpactȱ
ofȱmacrophagesȱinȱtumourȱdevelopmentȱhasȱbeenȱalsoȱsuspectedǯȱLewisȱandȱPollardȱdistin-

guishedȱtheȱantiȬtumourȱMŗȬmacrophagesȱfromȱMŘȬmacrophagesȱleadingȱtoȱtumourȱgrowthȱ
andȱinvasionǰȱangiogenesisǰȱmetastasisȱandȱimmuneȬsuppressionȱǽŗŞǾǯȱOSȱdevelopmentȱmayȱ
thusȱbeȱaccompaniedȱbyȱaȱswitchȱinȱtheȱphenotypeȱofȱinęltratingȱTAMsǰȱfromȱantiȬmetastaticȱ
MŗȬmacrophagesȱtoȱproȬmetastaticȱMŘȬmacrophagesǯȱThisȱhypothesisȱisȱinȱagreementȱwithȱ
the in vivoȱworkȱdescribedȱ byȱXiaoȱ etȱ alǯȱwhoȱ showedȱ aȱ switchȱ inȱmacrophageȱ subpopu-

lationsȱ inȱ aȱmouseȱmodelȱ ofȱ humanȱ osteosarcomaȱ fromȱMŗȬmacrophagesȱ duringȱ theȱ ęrstȱ
weekȱofȱ tumourȱgrowthǰȱ toȱMŘȬmacrophagesȱ afterȱ ŘȮřȱweeksȱ ǽ48Ǿǯȱ Inȱ additionǰȱPahlȱ etȱ alǯȱ
demonstratedȱthatȱhumanȱMŗȬlikeȱmacrophagesȱcanȱbeȱinducedȱtoȱexertȱdirectȱantiȬtumourȱ
activityȱagainstȱosteosarcomaȱcellsǰȱmediatedȱbyȱTNFȬ΅ȱandȱILȬŗΆȱǽ49ǾǯȱInȱtheȱsameȱmannerǰȱ
SégalinyȱetȱalǯȱdemonstratedȱthatȱosteosarcomaȱcellsȱexpressedȱILȬřŚǰȱincreasingȱtheȱrecruit-
mentȱ ofȱMŘȬpolarisedȱmacrophagesȱ intoȱ theȱ tumourȱ tissueǰȱwhichȱ correlatesȱwithȱ tumourȱ
vascularizationȱandȱtheȱmetastaticȱprocessȱǽśŖǾǯȱTAMsȱaccumulateȱinȱtumourȱmicroenviron-

mentȱandȱaccordingȱtoȱtheirȱMŘȱorȱMŗȱphenotypeȱcontributeȱtoȱtumourȱgrowthǰȱangiogenesisȱ
andȱmetastasisȱǽśŗǾǯȱRANKȱisȱpresentȱatȱtheȱcellȱmembraneȱofȱmonocytesȦmacrophagesȱandȱ
RANKLȱactsȱasȱchemoaĴractantȱfactorȱforȱtheseȱcellsȱǽśŘǾǯȱMŘȱsubtypeȱisȱstronglyȱassociatedȱ
withȱtheȱangiogenicȱprocessȱandȱinterestinglyȱRANKȱisȱmainlyȱexpressedȱbyȱMŘȱmacrophageȱ
subtypeȱǽ53ǾǯȱRANKȦRANKLȱsignallingȱinȱMŘȱsubtypeȱmodulatesȱtheȱproductionȱofȱchemo-

kinesȱpromotingȱtheȱproliferationȱofȱTregȱlymphocytesȱinȱfavourȱofȱanȱimmunosuppressiveȱ
environmentȱ ǽ54Ǿǯȱ InȱbreastȱcarcinomaǰȱRANKLȱisȱmainlyȱproducedȱbyȱCDŚ+CDŘś+ T lym-

phocytesȱexpressingȱFoxpřȱandȱcorrespondingȱtoȱTregȱlymphocytesǯȱInȱthisȱcontextǰȱaȱviciousȱ
cycleȱisȱestablishedȱbetweenȱTAMsǰȱTregȱandȱtumourȱcellsȱresultingȱinȱtheȱtumourȱgrowthǰȱtheȱ
spreadingȱofȱcancerȱcellsȱandȱtheȱamplięcationȱofȱtheȱmetastaticȱprocessȱǽ55].

ŘǯřǯȱRecentȱtherapeuticȱdevelopmentsȱbasedȱonȱtheȱregulationȱofȱtheȱimmuneȱsystemȱofȱ
osteosarcomaǱȱimmunomodulatingȱdrugs

TheȱtherapeuticȱprotocolȱcurrentlyȱusedȱforȱosteosarcomaȱwasȱestablishedȱbyȱRosenȱetȱalǯȱatȱ
theȱendȱofȱtheȱŗşŝŖsȱǽ56ǾǯȱItȱcomprisesȱpreoperativeȱǻneoadjuvantǼȱchemotherapyȱassociatingȱ
mainlyȱfourȱdrugsȱǻdoxorubicinǰȱcisplatinǰȱmethotrexateȱandȱifosfamideǼȱǽ57Ǿǰȱandȱfollowedȱbyȱ
surgicalȱremovalȱofȱallȱdetectableȱdiseaseȱǻincludingȱmetastasesǼǰȱandȱpostoperativeȱǻadjuvantǼȱ
chemotherapyǰȱpreferablyȱwithinȱtheȱseĴingȱofȱclinicalȱtrialsȱǽ58ǾǯȱOSȱisȱconsideredȱresistantȱtoȱ
applicableȱdosesȱofȱradiationȱǽ59, ŜŖǾǯȱSupplementalȱtherapeuticȱapproachesȱsuchȱasȱchemoem-

bolisationȱorȱangioembolisationǰȱthermalȱablationǰȱradiofrequencyȱablationȱandȱcryotherapyȱ
areȱ experimentalȱorȱpalliativeȱ ǽ59ǾǯȱUnfortunatelyǰȱpatientsǰȱwhoȱareȱdiagnosedȱwithȱmeta-

staticȱdiseaseȱorȱwhoȱrelapseȱpostȬtherapyȱhaveȱanȱextremelyȱpoorȱprognosisǰȱwithȱliĴleȱtoȱnoȱ
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improvementsȱinȱsurvivalȱseenȱoverȱtheȱpastȱřŖȱyearsȱǽŜŗǾǯȱSeveralȱreportsȱhaveȱunderlinedȱ
theȱtherapeuticȱvalueȱofȱusingȱimmunotherapiesȱorȱimmunomodulatoryȬbasedȱtherapiesȱforȱ
osteosarcomaȱǽŗś, ŜŘ�64Ǿǯȱ Inȱthisȱcontextǰȱ theȱnumberȱofȱnewȱdrugsȱactivatingȱtheȱ immuneȱ
systemȱhasȱexplodedȱinȱtheȱ lastȱŗŖȱyearsȱandȱnumerousȱphaseȱIȱandȱIIȱclinicalȱ trialsȱareȱ inȱ
progressȱ inȱosteosarcomaȱ ǻFigure 1Ǽǯȱ Inȱ thisȱ chapterǰȱ theȱmostȱ recentȱ therapeuticȱdevelop-

mentsȱtargetingȱtheȱregulationȱofȱTȱlymphocytesȱandȱmacrophagesȱwillȱbeȱexposedǯ

2.3.1. T-cell therapies

Detectionȱ ofȱ specięcȱ Tȱ lymphocyteȱ populationsȱ inȱ theȱ tumourȱ microenvironmentȱ andȱ inȱ
humanȱtumourȱtissuesȱdeęnesȱanȱimmunoscoreȱandȱleadsȱtoȱpatientȱstratięcationȱbasedȱonȱ
thisȱ immunophenotypingǯȱ Theseȱ analysesȱ haveȱ identięedȱ newȱ predictiveȱ biomarkersȱ andȱ
newȱtherapeuticȱtargetsǰȱwhichȱhaveȱstimulatedȱtheȱdevelopmentȱofȱimmunotherapiesȱǽ65].

2.3.1.1. Disialoganglioside (GD2)

Monoclonalȱ antibodiesȱ targetedȱ againstȱ cellȱ surfaceȱ antigensȱ specięcȱ toȱ tumourȱ cellsȱ haveȱ
beenȱprovenȱ toȱ beȱ eěectiveȱ inȱ patientsȱwithȱ breastȱ cancerǰȱ lymphomaȱ andȱneuroblastomaȱ
ǽ66�68ǾǯȱUsuallyȱtheseȱbispecięcȱantibodiesȱareȱengineeredȱantibodiesȱlinkingȱaȱtumourȱanti-
genȱrecognitionȱdomainȱtoȱaȱsecondȱdomainȱthatȱactivatesȱaȱreceptorȱonȱimmuneȱeěectorȱcellsǰȱ
typicallyȱTȱcellsǯȱTheȱexpressionȱofȱtheȱglycosphingolipidȱGDŘȱisȱrestrictedȱtoȱtheȱcentralȱandȱ
peripheralȱnervousȱsystemǰȱskinȱǻmelanocyteǼȱandȱmesenchymalȱcellsȱlocatedȱinȱtheȱstromaȱ
ǽ69�ŝŗǾǯȱ Inȱ additionȱ toȱ theȱ healthyȱ tissuesǰȱGDŘȱwasȱdetectedȱ inȱ neuroblastomasǰȱmelano-

masǰȱ sarcomasǰȱ lungȱ andȱ centralȱ nervousȱ systemȱ tumoursǰȱ inȱwhichȱ aȱ variableȱnumberȱ ofȱ
cancerȱcellsȱexpressȱthisȱantigenȱǽŝŘ�75ǾǯȱBasedȱonȱthisȱrelativeȱrestrictedȱdistributionǰȱGDŘȬ
targetingȱappearedȱveryȱquicklyȱasȱanȱ interestingȱ immunotherapyǰȱespeciallyȱ forȱhighȬriskȱ
neuroblastomasǰȱforȱwhichȱantiȬGDŘȱantibodiesȱimprovedȱsignięcantlyȱpatientȱsurvivalȱǽ68, 

76ǾǯȱInȱpatientsȱwithȱstageȱIVȱneuroblastomaǰȱantiȬGDŘȱantibodyȱchŗŚǯŗŞȱhasȱbeenȱshownȱtoȱ
improveȱEFSȱeěectivelyȱwhenȱgivenȱinȱtheȱseĴingȱofȱminimalȱresidualȱdiseaseǯȱTheȱrationaleȱ
forȱusingȱthisȱantibodyȱinȱpatientsȱwithȱOSȱliesȱinȱthatȱşśƖȱofȱosteosarcomaȱexpressȱGDŘȱǽ77]. 

ConsequentlyǰȱgivenȱtheȱsuccessȱofȱantiȬGDŘȱmAbȱtherapyȱinȱneuroblastomaǰȱstudiesȱexplor-
ingȱ theȱuseȱofȱ theseȱmAbsȱ inȱOSȱareȱunderwayȱ ǽ78ǾǯȱCurrentȱ trialsȱ includeȱ theȱGDŘmAbsȱ
humanizedřFŞȱǻNCTŖŗŚŗşŞřŚȱandȱNCTŖŗŜŜŘŞŖŚǼȱandȱhuŗŚǯŗŞKřŘŘAȱǻNCTŖŖŝŚřŚşŜǼȱǽŜŗ].

2.3.1.2. Nivolumab

Nivolumabȱ isȱ anȱ immunomodulatorǰȱ whichȱ actsȱ byȱ blockingȱ theȱ activationȱ ofȱ theȱ pro-

grammedȱcellȱdeathȬŗȱǻPDȬŗǼȱreceptorǰȱinducedȱbyȱoneȱofȱitsȱtwoȱligandsȱǻPDȬLŗǼȱonȱactivatedȱ
Tȱ cellsȱ ǽ79ǾǯȱNumerousȱpreclinicalȱ investigationsȱ haveȱdemonstratedȱ thatȱ inhibitionȱ ofȱ theȱ
interactionȱbetweenȱPDȬŗȱandȱPDȬLŗȱenhancesȱtheȱTȬcellȱresponseǰȱresultingȱinȱincreasedȱantiȬ
tumourȱactivityǯȱPDȬLŗȱorȱPDȬŗȱblockadeȱwithȱmonoclonalȱantibodiesȱresultsȱinȱstrongȱandȱ
oftenȱrapidȱantiȬtumourȱeěectsȱinȱseveralȱmouseȱmodelsǯȱAȱhighȱPDȬLŗȱexpressionȱhasȱbeenȱ
identięedȱinȱOSȱcellȱlinesȱǽŞŖǾǰȱandȱPDȬŗȱexpressionȱonȱCDŚȱandȱCDŞȱTȬcellsȱwasȱfoundȱhigherȱ
inȱOSȱpatientsȱ thanȱ inȱ healthyȱ controlsȱ andȱ inȱpatientsȱwithȱmetastasisȱ atȱ diagnosisǰȱ highȱ
tumourȱstageȱorȱboneȱfractureȱǽŞŗǾǯȱAȱphaseȱIȦIIȱtrialȱwillȱbeȱconcludeȱinȱŘŖŗŜȱonȱrefractoryȱ
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solidȱtumoursȱandȱsarcomasȱincludingȱosteosarcomaǯȱAȱtotalȱofȱŘŚŘȱpatientsȱwillȱbeȱenrolledȱ
andȱtreatedȱwithȱNivolumabȱIVȱoverȱŜŖȱminutesȱtwiceȱaȱmonthǯȱCoursesȱrepeatȱeveryȱŘŞȱdaysȱ
inȱtheȱabsenceȱofȱdiseaseȱprogressionȱorȱunacceptableȱtoxicityǯ

2.3.2. Immune and dendritic cell vaccine

Dendriticȱcellsȱhaveȱ theȱspecięcȱabilityȱ toȱ initiateȱandȱmodulateȱadaptiveȱ immuneȱresponsesȱ
ǽŞŘǾǯȱThisȱspecięcityǰȱassociatedȱwithȱtheirȱroleȱinȱantigenȱpresentationǰȱhasȱledȱtoȱtheirȱuseȱinȱ
vaccineȱapproachesȱinȱcancerǯȱMaturedȱautologousȱdendriticȱcellsȱloadedȱwithȱtumourȱlysatesȱ
derivedȱfromȱtumourȱtissueȱwereȱusedȱasȱtheȱvaccineȱproductǯȱInȱaȱpreȬclinicalȱmodelȱofȱosteo-

sarcomaǰȱitȱhasȱbeenȱdemonstratedȱthatȱkillerȱdendriticȱcellsȱwereȱableȱtoȱinduceȱanȱadaptiveȱ
antiȬtumourȱimmuneȱresponseȱwithȱaȱdecreaseȱinȱtumourȱdevelopmentȱafterȱcrossȬpresentationȱ
ofȱtheȱtumourȱcellȬderivedȱantigenȱǽ83ǾǯȱAȱphaseȱIȱclinicalȱtrialȱdemonstratedȱtheȱfeasibilityȱandȱ
goodȱtoleranceȱofȱdendriticȱcellsȱpulsedȱwithȱMAGEȬAŗǰȱMAGEȬAřȱandȱNYESOȬŗȱfullȱlengthȱ
peptidesȱinȱcombinationȱwithȱdecitabineǯȱAntiȬtumourȱactivityȱwasȱobservedȱinȱsomeȱpatientsȱ
ǽ84Ǿǯȱ InȱŘŖŗŘǰȱŗŘȱosteosarcomaȱpatientsȱwereȱvaccinatedȱwithȱ tumourȱ lysateȱpulsedȱdendriticȱ
cellsǰȱbutȱevidenceȱofȱaȱclinicalȱbeneętȱwasȱobservedȱinȱonlyȱtwoȱofȱtheseȱpatientsȱǽ85]. These 

authorsȱconcludedȱthatȱosteosarcomaȱpatientsȱmayȱbeȱrelativelyȱinsensitiveȱtoȱDCȬbasedȱvac-
cineȱtreatmentsǯȱAȱnewȱclinicalȱtrialȱwasȱinitiatedǰȱenrollingȱśŜȱpatientsȱǻǁŗȱyearǼȱwithȱconęrmedȱ
sarcomaǰȱeitherȱrelapsedȱorȱwithoutȱknownȱcurativeȱtherapiesǰȱandȱtreatedȱwithȱautologousȱden-

driticȱcellsȱpulsedȱwithȱtumourȱlysateǯȱNCTŖŘŚŖşśŝŜȱisȱaȱpilotȱtrialȱǻȃPilotȱStudyȱofȱExpandedǰȱ
ActivatedȱHaploidenticalȱNaturalȱKillerȱCellȱInfusionsȱforȱSarcomasȱǻNKEXPSARCǼȄǼȱanalys-
ingȱtheȱeěectȱofȱdonorȱNKȱcellsȱonȱclinicalȱresponseȱdeterminedȱbyȱimagingǯȱAboutȱŘŖȱpatientsȱ
ǻagedȱŜȱmonthsȮŞŖȱyearsǼȱwillȱbeȱincludedȱbetweenȱŘŖŗśȱandȱŘŖŗŜǯȱTheȱpatientsȱwillȱreceiveȱlym-

phodepletingȱchemotherapyȱwithȱcyclophosphamideȱǻŗȱdayǼȱfollowedȱbyȱĚudarabineȱǻśȱdaysǼȱ
andȱeachȱpatientȱwillȱreceiveȱILȬŘȱŗȱdayȱbeforeȱinfusionȱofȱtheȱNKȱcellȱǻtotalȱsixȱdosesǼǯ

2.3.3. Mifamurtide (liposomal-muramyl tripeptide phosphatidyl-ethanolamine L-MTP-PE)

AsȱitȱhasȱbeenȱdiscussedȱaboveǰȱtheȱdensityȱofȱTAMȱisȱlinkedȱtoȱaȱpoorȱdiagnosisǯȱInȱosteosar-
comaǰȱBuddinghȱetȱalǯȱshowedȱthatȱmacrophagesȱexhibitȱMŗȱandȱMŘȱphenotypesȱandȱdemon-

stratedȱaȱlinkȱbetweenȱMŘȱmacrophagesȱandȱangiogenesisǯȱSimilarlyǰȱinȱpreclinicalȱmodelsȱofȱ
osteosarcomaǰȱtheȱrecruitmentȱofȱtheȱMŘȱsubtypeȱisȱcorrelatedȱwithȱtumourȱangiogenesisȱandȱ
lungȱmetastasisȱǽ47, śŖ].

LȬMTPȬPEȱisȱaȱsyntheticȱanalogueȱofȱmuramylȱdipeptideȱofȱtheȱbacterialȱcellȱwallsǰȱwhichȱ
wasȱidentięedȱasȱaȱpowerfulȱactivatorȱorȱmonocyteȦmacrophageȱlineageǯȱIndeedǰȱLȬMTPȬPEȱ
inducesȱ theȱ expressionȱ ofȱ proȬinĚammatoryȱmediatorsȱ suchȱTNFȬ΅ǰȱ ILȬŗǰȱ ILȬŜǰȱ lympho-

cyteȱfunctionȬassociatedȱantigenȱŗȱǻLFAȬŗǼȱandȱintercellularȱadhesionȱmoleculeȱŗȱǻICAMŗǼȱ
leadingȱtoȱanȱMŗȱmacrophageȱresponseǯȱTheȱtherapeuticȱinterestȱofȱLȬMTPȬPEȱwasȱwidelyȱ
studiedȱinȱosteosarcomaȱǽ86, 87ǾǯȱTheȱlargestȱclinicalȱexperienceȱwithȱcombinationȱchemo-

therapyȱandȱLȬMTPȱderivesȱfromȱtheȱIntergroupȱŖŗřřȱosteosarcomaȱstudyǯȱNoȱdiěerenceȱ
inȱ survivalȱwasȱ foundȱ forȱpatientsȱwhoȱ receivedȱ ifosfamideȱ inȱ additionȱ toȱ theȱ standardȱ
threeȬdrugȱchemotherapyȱǻdoxorubicinǰȱcisplatinȱandȱmethotrexateǼǯȱButȱthisȱstudyȱdidȱsug-

gestȱthatȱLȬMTPȱhadȱaȱbeneęcialȱ impactȱonȱsurvivalǰȱ improvingȱtheȱśȬyearȱoverallȱsurvivalȱ
rateȱfromȱŝŖȱtoȱŝŞƖȱǻpȱƽȱŖǯŖřǼȱǽ88ǾǯȱHoweverǰȱnoȱsignięcantȱdiěerenceȱinȱsurvivalȱwasȱobservedȱ
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betweenȱtheȱtwoȱgroupsȱofȱtreatmentȱconcerningȱtheȱpatientsȱwithȱmetastaticȱdiseaseȱǻŚŖƖȱwith-

outȱLȬMTPȱversusȱśřƖȱwithȱLȬMTPǰȱpȱƽȱŖǯŘŝǼǯȱBasedȱonȱtheseȱresultsǰȱtheȱEuropeanȱMedicinesȱ
AgencyȱgrantedȱLȬMTPȱanȱindicationȱforȱtheȱtreatmentȱofȱnonȬmetastaticȱosteosarcomaȱinȱŘŖŖşǲȱ
theȱAmericanȱFoodȱandȱDrugȱAdministrationȱǻFDAǼȱdidȱnotǯȱLȬMTPȱisȱalsoȱapprovedȱforȱuseȱ
inȱTurkeyǰȱMexicoȱandȱ IsraelǯȱRecentlyǰȱBiteauȱetȱalǯȱhaveȱprovedȱ theȱeĜcacyȱofȱassociationȱ
ofȱzoledronateȱandȱLȬmifamurtideȱcombinationȱinȱosteosarcomaǯȱThisȱassociationȱinducedȱanȱ
additionalȱandȱinȱsomeȱcasesȱsynergisticȱinhibitionȱofȱprimaryȱtumourȱprogressionȱǽ89].

2.3.4. Inhaled granulocyte-macrophage colony stimulating factor (GM-CSF)

GMȬCSFȱisȱoneȱofȱtheȱmasterȱregulatorsȱofȱmyeloidȱcellȱ lineageȱbyȱcontrollingȱtheirȱdiěeren-

tiationǰȱproliferationȱandȱactivitiesǯȱIndeedǰȱthisȱgrowthȱfactorȱexertsȱimmunomodulatoryȱandȱ
immunostimulatoryȱactivitiesȱbyȱstimulatingȱtheȱfunctionalȱactivitiesȱofȱneutrophilȱgranulocytesȱ
butȱalsoȱofȱmacrophagesȱandȱDCǯȱMoreȱspecięcallyǰȱGMȬCSFȱpromotesȱtheȱrecruitmentȱandȱcyto-

toxicȱfunctionsȱofȱmacrophagesǰȱstimulatesȱnaturalȱkillerȱandȱdendriticȱcellsǰȱandȱconsequentlyǰȱ
upmodulatesȱtheȱnumberȱofȱCDŚȱTȱlymphocytesȱǽşŖǾǯȱArndtȱetȱalǯȱhaveȱrecentlyȱperformedȱaȱ
phaseȱIȱclinicalȱtrialȱusingȱinhaledȱGMȬCSFȱinȱpatientsȱwithȱęrstȱisolatedȱpulmonaryȱrecurrenceȱ
ofȱOSǯȱUnfortunatelyǰȱevenȱthoughȱtheȱclinicalȱstudiesȱdemonstratedȱtheȱsafetyȱofȱadministeredȱ
GMȬCSFȱǻeǯgǯȱaerosolizedȱdeliveryǼǰȱnoȱbiologicalȱbeneętȱǻeǯgǯȱlocalȱimmunomodulationȱinȱlungȱ
metastasesǼȱorȱimprovedȱclinicalȱoutcomeȱwasȱdemonstratedǯȱAȱfutureȱlargerȱprospectiveȱran-

domisedȱtrialȱmayȱdemonstrateȱimprovedȱoutcomesȱinȱOSȱpatientsȱprobablyȱǽşŗ, şŘ].

řǯȱConclusion

Theȱtherapiesȱfocusedȱonȱtheȱimmuneȱnicheȱpartiallyȱrepresentȱtheȱpotentialȱtherapeuticȱtar-
getsȱavailableȱforȱOSȱnowadaysǯȱBloodȱvesselsǰȱboneȱcellsȱandȱtumourȱcellsȱareȱtargetedȱasȱ
wellȱinȱtheȱcurrentȱclinicalȱtrialsǯȱHoweverǰȱinȱtheȱfutureǰȱtheȱkeyȱtoȱsuccessȱwillȱlieȱinȱbeĴerȱ
understandingȱandȱcharacterisationȱofȱtheȱdiseaseǰȱleadingȱtoȱbeĴerȱpatientȱstratięcationȱandǰȱ
consequentlyǰȱtoȱpersonalisedȱmedicineǯ
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