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  Come da nuova regolamentazione della Commissione Nazionale per la Formazione Continua del  Ministero della Salute, è richiesta la 
trasparenza delle fonti di finanziamento e dei rapporti con soggetti portatori di interessi commerciali in campo sanitario.  

•   Posizione di dipendente in aziende con interessi commerciali in campo sanitario (NIENTE DA DICHIARARE) 

•   Consulenza ad aziende con interessi commerciali in campo sanitario (NIENTE DA DICHIARARE) 

•   Fondi per la ricerca da aziende con interessi commerciali in campo sanitario (NIENTE DA DICHIARARE) 

•   Partecipazione ad Advisory Board (NIENTE DA DICHIARARE) 

•    Titolarietà di brevetti in compartecipazione ad aziende con interessi commerciali in campo sanitario (NIENTE DA 

DICHIARARE) 

•   Partecipazioni azionarie in aziende con interessi commerciali in campo sanitario (NIENTE DA DICHIARARE) 

•   Altro 



Immune'effects'of'systemic'and'local'RadioTherapy'(RT)'

Total!Body!Irradia2on!
• !Myeloabla2ve!
• !Immunosuppressive 

Low/doses#systemic#RT 

Bleakley&&&Riddell,&Nature&Rev&Canc&2004!

High/doses#local#RT 

Prasanna&et&al,&Journal&of&Thoracic&Disease&2014!

Int&Journal&of&Radiat&Oncol&Biol&Phys&2012!

Hypofrac2onated!highCdoses!local!RT!
• !may!be!immunogenic? 

In&Situ!vaccine 



Tumor'RejecBon'by'the'immune'system'as'the'�5th'R�'of'radiobiology'

The!“4!R’s”!of!radiobiology!
1.  Redestribu2on!of!cells!into!

radiosensi2ve!phases!of!the!
cell!cycle!(G2/M)!

2.  Reoxygena2on!of!hypoxic!
cells!in!a!tumor!core!

3.  Repair!of!sublethal!damage!
4.  accellerated!Repopula2on!of!

cells!due!to!prolifera2on!
+  intrinsic!Radiosensi2vity!

Effects!caused:!
• !directly!with!a!
damage!on!DNA!of!
tumor!cells!
• !indirectly!aXer!the!
induc2on!of!free!
radicals 

Withers&HR,&Adv.&Radiat.&Biol&1975!

Ac2ve!crosstalk!between!
tumor!microenvironment!

and!immune!system!

BurneWe&et&al,&Semin&in&Radiat&Oncol&2013!

Tumor'RejecBon'
by'T'cells'



ImmuneQmodulaBon'induced'by'low'and'high'doses'RT'

Kwilas&et&al,&Fron\ers&in&Oncology&2012!

Stereotac>c#Abla>ve#RT#
(SABR)#immunogenic#
poten>al#>#conven>onal#
RT? 

Immunogenic!
cell!death!(ICD)!
features 



modified&from&Gameiro&et&al,&Oncotarget&2013!
0!!!!!!!!!!!!10!!!!!!!!100!!!!!!!!!MTX! 0!!!!!!!!!!!!10!!!!!!!!100!!!!!!!MTX!

RadiaBon'induces'in#vitro'the'hallmarks'of'immunogenic'cell'death#

Cytotoxic&T&
lymphocytes&
specific&for&a&
BCBassociated&
an\gen&

modified&from&Gameiro&et&al,&Oncotarget&2013!

• !radia2onCinduced!immunogenic!modula2on!
of!tumor!enhances!an2genCprocessing!and!
calre2culin!exposure,!resul2ng!in!enhanced!TC
cell!killing&

Gameiro&et&al,&Oncotarget&2013!

Nude&mice&bearing&
prostate&xenogra`s&

An\genBprocessing&
machinery&
components&

Immunogenic!
cell!death!(ICD)!

features 

Calre2culin!



Immunological'benefits'induced'by'RT'in'tumor'microenvironment#

Foulds&et&al,&Fron\ers&in&Oncology&2013!
ILQ1β,'TNFQα'

Irradiated'
tumor'cell'

Increased!expression!
on!tumor!cells!of!
• NKG2D!
• MHCCmolecules!
• coCs2mulatory!
molecules!
• death!receptors!



TLR4!

RT'immunogenic'sBmulaBon'reflects'in'improved'anBQtumor'
TQcell'responses#

Sologuren&et&al,&Trans&Canc&Res&2014&

AnBQtumor'
CD4+'T'helper'

cell!

AnBQ
tumor'
CD8+'T'
cytotoxic'

cell!

Tumor'rejecBon'
by'T'cells'Irradiated!2ssue!as!an!

immunogenic'hub,!which!serves!
to!the!immune!system!as!a!

source!for!the!iden2fica2on!of!
tumor!cells!

MHC!class!I'

DC!crossCpriming!



The'“vaccine'role”'of'RT'may'induce'the'abscopal'effect'#

Modified&from&Kamrava&et&al,&Molecular&BioSystems&2009&

RadiaBon'''

Bone!metastases!

Abscopal#effect? 

Schema\zed&illustra\on&of&Demaria&et&al,&Int&J&Radiat&Oncol&Biol&Phys&2004&

growth!factor!Flt3C
ligand!s2mulates!the!
produc2on!of!
dendri2c!cells 



PotenBal'immune'contribuBon'to'the'abscopal'effect#

The'delay!of!the!Abscopal!effect!may!reflect!the!development!of:!
• !a!“systemic!cytokine!storm”!(TNF,!ILC4,!ILC18,!ILC2,!GMCCSF)!
• !an2Ctumor!humoral!immune!effects!
• !an2Ctumor!immune!cell!response!mediated!by!T!cells!

Brody&et&al,&J&Clin&Oncol&2010&

CpG!C!!
TLR9!agonist!

• RT+in&situ!vaccina2on!with!a!TLR9!agonist!induce!
systemic!lymphoma!regression!exploi2ng!
cytotoxic!an2Ctumor!T!cellCresponses 

Modified&from&Sologuren&et&
al,&Trans&Canc&Res&2014&

Jiali&et&al,&J&Immunol&2007&

B&cell&lymphoma&mouse&model 

CpG+CTX 



Abscopal'effect'is'associated'with'increased'anBQtumor'TQcell'responses#

• !immunologic!correlates:!
C increased!NYCESOC1Cspecific!an2bodies!
C increased!CD4+!ICOS!high!
Qincreased'IFNQγ'producing'NYQESOQ1'
specific'CD4+'cells!
Cincreased!HLACDRCexpressing!CD14+!
monocytes!
Cdecreased!myeloidCderived!suppressor!
cells&

• Metasta2c!melanoma!with!pleuralCbased!paraspinal!mass,!
hilar!lymphadenopathy,!and!splenic!lesions!
• Dose!RT:!28.5!Gy!in!3!fx!to!pleuralCbased!paraspinal!mass&

Postow&et&al,&NEJM&2012&
Intracellular&cytokine&
analysis&a`er&NY/ESO/1&
s\mula\on&



Increased'humoral'and'cellular'anBQtumor'immunity'before'
the''abscopal'effect#

Stamel&et&al,&Int&J&Radiat&Oncol&Biol&Phys&2013&

Metasta2c!melanoma!
nodal!and!brain!metastases&

Golden&et&al,&Cancer&Immunology&Research&2013&

• !Enhanced!TILs!in!a!abscopal!lesion!
aXer!RT!and!ipilimumab!in!NSCLC&



The'associaBon'RT+Ipilimumab'has'a'synergisBc'effect#

Postow&et&al,&Clinic&Canc&Res&2012&

CTLA/4#

T/cell#
inhibi>on#

block#of#
T/cell#
inhibi>on#

Ipilimumab#

• !Ipilimumab!blocks!cytotoxic!TC
lymphocytes!an2gen!4!(CTLAC4)!
releasing!T!cells!from!this!
immunologic!checkpoint!to!exert!
their!full!an2tumor!effect!

T/cell#
ac>va>on#

TCR&

Pep\de
/MHC&

CD28&

B7&

Demaria&et&al,&Radia\on&Research&2014&

• !The!associa2on!RT+Ipilimumab!
has!a!synergis2c!effect:!
1. !increased!of!immune!responses!
against!tumorCassociated!an2gens!
2. !clinical!response!



Gough&et&al,&J&Immunother&2010&

• !irradia2on!and!anBQOX40'
treatment!synergis2cally!promote!
infiltra2ng!CD8+!T!cells!and!
improve!clinical!responses!in!
mouse!models!

RT+Immunotherapy:'improving'clinical'responses?#

from&www.smw.ch&

• !irradia2on!and!PDQL1'
blockade!synergis2cally!
reduce!tumor!infiltra2on!of!
MDSC!promo2ng!an2C
tumor!immunity!in!mice!

Deng&et&al,&J&Clinic&Invest&2014&

Newcomb&et&al,&Radiat&Res&2010&

• !radiotherapy!enhances!
an2tumor!effects!of!anBQ
CD137!therapy!in!a!mouse!
glioma!model!

• !poten2al!synergis2c!ac2vity!between!
RT!and:!
1. !cytokines!therapy!(GMCCSF,!ILC2)!
2. !infusion'of'autologous'lymphocytes'



PotenBal'predicBve'role'of'immune'biomarkers'in'SABR'treatment?#

Diagnosis 4&months&
a`er&SABR 

24h&a`er&the&
first&frac\on 

1&month&
a`er&SABR 

Immunomonitoring!

• !October!2012CFebruary!2014:!10!evaluable!pa2ents!with!tumor!control!6!months!aXer!SABR!!

• !Phase!II!clinical!trial!employing!SABR!for!oligometastaBc'breast'cancer'paBents!
• !To!evaluate!SABR!effects!on!an2Ctumor!immune!response!

Study'design'

PaBents'enrollment'
• !≤!6!metasta2c!lesions!!

(diagnosis!torugh!FDGCPET/CT)!
• !controlled!locoCregional!

disease!
• !no!brain!metastases 

SABR'treatment!
• !30!Gy!/!each!lesion!
• !3!daily!frac2ons!!
(10!Gy/frac2on)!

Follow'up'
Possible!concurrent!treatments:!
• !hormonal!treatment!and/or!

• !chemotherapy!
• !steroids!

• !Trastuzumab!



Enhanced'survivinQspecific'CD8+'TQcell'responses'1'month'aeer'SABR'

survivin'

CD8+&T&lymphocytes&specific&for&viral&
an\genBderived&epitopes'
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CD8+#T#lymphocytes#specific#for#
survivin/derived#epitopes#

CD8+#T#cell&

MHC'Dextramer®'

Flow&cytometry&
analysis&



InducBon'of'polyfuncBonal'HER2Qspecific'CD8+'T'cell'responses'
aeer'SABR'

• & In& vitro& pres\mula\on&of& pa\ents’& lymphocytes&with&HLABmatched&
epitopes& derived& from& BCBassociated& an\gens& (survivin,&
mammaglobinBA,& HER2)& for& 12& days.& Then,& flow& cytometry&
characteriza\on&of&an\genBspecific&CD8+&T&cells&

Diagnosis& 1&month&a`er&SABR&

SABR9'
HLABA*0201&
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MIPQ1β' C! +! +! C! +! +! C! +! C! C! +!

Her2& EBV&

IFNBγ&
ILB2&

Her2Cderived!

TCR!
!CD8+!T!cell!
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MIPC1β!

CD107a!
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SABR5'
HLABA*2402&

HER2#

Diagnosis& 1&month& 4&months&

CD107a' C! C! +!

TNFQα' +! C! +!
IFNQγ' C! C! C!
ILQ2' C! C! C!

MIPQ1β' +! +! C!
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SABR12'
HLABDRB1*03&

Mammaglobin/A#
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Diagnosis& 1&month&

CD107a' C! C! C! C!

TNFQα' C! +! C! +!
IFNQγ' C! C! C! C!
ILQ2' +! C! C! C!

MIPQ1β' C! +! +! C!

C! C! C! C!

C! +! C! +!
C! C! C! C!
+! C! C! C!

C! +! +! C!

DifferenBal'modulaBon'of'TQcell'responses'aeer'SABR'

Possible'correlaBon'
with'clinical'response?'

• !5/10!pa2ents!showed!the!
enhancement!or!even!the!
appearance!of!an2Ctumor!
polyfunc2onal!T!cells!

SABR1'
HLABDRB1*03&

survivin#
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Diagnosis& 1&month&

CD107a' C! C! C! C!

TNFQα' +! +! +! +!
IFNQγ' C! +! +! +!
ILQ2' +! +! C! C!

MIPQ1β' C! +! +! C!

C! C! C! C!
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+! +! C! C!

C! +! +! C!



ModulaBon'of'other'immune'parameters'aeer'SABR'
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Trastuzumab/mediated#ADCC#
n=3#

n=2#

Healthy&women#

Pa\ents#

** ** 

B#lymphocytes#
n=4#

n=5#

Flow&cytometry&analysis&

* 
* 

IL/8#
n=4#

n=10#

Ciraplex&(SEARCHLIGHT)&technology 

• !SABR!modulates!the!an2Ctumor!immune!response!in!oligometasta2c!BC!pa2ents'



Future'perspecBves'
• !Study!comple2on!
• !To!evaluate!the!predic2ve!role!of!immunololgical!biomarkers!
• !To!purpose!a!combina2on!therapy!between!RT!and!immunotherapy'

Is'it'possible'to'exploit'the'posiBve'effects'of'SABR'
on'the'anBQtumor'immune'response?'

Formen\&et&al,&JNCI&2012&

+'IMMUNOTHERAPY'
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