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MHC I 

Basic immunology “The anti-
tumor immune response” 

Tumor	  cell	  

All nucleated cells process 
“endogenous” antigen 
(fragment the antigen into 
small peptides) for 
presentation through the 
“Major Histocompatibility 
Complex” class I 

MHC 

Peptide 

Full antigen 

Peptide 

Antigen presenting cells 
(e.g. Dendritic Cell) 
internalize and process 
“exogenous” antigen for 
presentation in the MHC II 
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MHCI 
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ACTIVATED	  	  

MHCII 
Peptide 

If “danger signals” are 
present, APC becomes 
activated (↑ MHC, ↑ co-
stimulatory molecules, 
cytokines secretion) 

Peptide 
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MHCI 
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ACTIVATED	  	  

APC presents 
the antigenic 
peptide (via 
MHC II) to CD4+ 
T helper 

TCR MHC II 
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APC APC T helper 
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T cell activation  
APC presents antigen to CD4+ T helper 
and gives co-stimulatory signals 

Cytokines 
(e.g. IL-2) 

CD4 

Nucleo4de	  
synthesis	  

Ac4vated	  
APC	  

T	  cell	  



MHCI 

MHCII 

CD4 

Th 

CTL 

CD8 
Cytokines 

APC	  
ACTIVATED	  	  

Activated CD4 T helper, 
providing cytokines, 
activate CD8 T cell  

Some DC are also capable 
to present antigen in MHC 
class I to CD8 T cell 
(cross-priming) thus 
enhancing CD8 T cell 
activation 



MHCII 

CD4 

APC	  

Th 

CTL 

MHCI 

CD8 

Tumor	  cell	  
CTL 

Cytokines 

Granzyme, 
perforins, cytokines, 

Fas/FasL 

MHCI 
TCR 

APC	  
ACTIVATED	  	  

MHCII 
Peptide 

The concept of “immuno-
surveillance” 
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.	  The	  “cancer	  immunoedi4ng”	  hypothesis	  (tumor-‐

host	  immune	  system	  relaLonship)	  

Elimination 
Immune 

surveillance 

Equilibrium Escape 

Tumor cells can decrease their 
intrinsic immunogenicity  

  and 

Tumor can induce tolerance through 
interactions with the immune system 
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Cancer	  immunotherapy	  
A	  cancer	  treatment	  that	  boosts	  the	  paLent’s	  own	  

immune	  system	  and/or	  uses	  “man-‐made”	  versions	  
of	  the	  components	  of	  the	  immune	  system	  	  	  

Over	  the	  past	  two	  decades,	  
scienLfic	  and	  technological	  
advances	  in	  immunotherapy	  have	  
contributed	  to	  its	  role	  as	  one	  of	  
the	  more	  promising	  cancer	  
treatments	  



  Monoclonal	  anLbodies	  targe4ng	  tumor	  cells	  (alone,	  
conjugated)	  

  Cytokines	  (to	  increase	  the	  immune	  response)	  
  Vaccine-‐based	  strategies	  →	  indirectly	  amplify	  the	  

effector	  component	  of	  immunity	  (anLgen,	  APC)	  
  Delivering	  effector	  cells	  →	  directly	  contributes	  an	  

effector	  populaLon	  (also	  “engineered”	  cells)	  
  ManipulaLon	  of	  “co-‐s4mulatory	  –	  checkpoints”	  signals	  

Cancer	  immunotherapy	  strategies	  (alone	  or	  in	  
combina4on):	  	  



Mellman	  et	  al.	  Nature	  480,	  480-‐489	  (2011)	  doi:10.1038/nature10673	  

ManipulaLon	  of	  “co-‐sLmulatory	  –	  checkpoints”	  signals	  

T cell 
stimulation 
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ManipulaLon	  of	  co-‐sLmulatory	  signals	  
The	  	  CTLA-‐4	  pathway	  



Nature Biotechnology 28, 763–764 (2010)  

Ipilimumab	  (Yervoy®)	  :	  fully	  human	  
monoclonal	  anLbody	  against	  CTLA4	  	  



ManipulaLon	  of	  co-‐sLmulatory	  –	  
checkpoints	  (future	  perspecLves	  →	  
mul4ple	  checkpoints	  blockade)	  
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Isolated	  effects	  of	  irradia4on	  

Detrimental	  effects	  

Immunomodulatory	  proper4es	  of	  RT	  
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Abscopal	  effect,	  from	  the	  laLn	  ab	  (away	  from)	  and	  
the	  greek	  skopos	  (target)	  describe	  a	  rare	  
phenomenon	  in	  which	  the	  effects	  of	  RT	  are	  seen	  
outside	  of	  the	  treated	  area.	  



In	  2012,	  two	  case	  reports	  highlighted	  the	  
immunoadjuvant	  effect	  of	  RT	  in	  melanoma…	  

  preexisLng	  tumor-‐specific	  anLbody	  levels	  rose	  
  T	  cell	  acLvaLon	  markers	  were	  enriched	  
  new	  anLtumor	  anLbodies	  were	  idenLfied	  



  AnLtumor	  response	  to	  vaccines	  
correlates	  with	  the	  number	  of	  
anLgens	  to	  which	  the	  immune	  
system	  mounts	  a	  response	  
(variety)	  

  Tumor	  can	  lose	  the	  ability	  to	  
process	  anLgens	  intracellularly	  
(quanLty)	  

How	  RT	  counters	  immune	  evasion	  ?	  

IrradiaLon	  is	  capable	  to	  generate	  new	  pepLdes	  and	  
increase	  the	  pool	  of	  intracellular	  pepLdes	  
presented	  



Tumors	  evade	  anLgen	  
presentaLon	  (↓	  MHC-‐I	  
molecules	  =	  ↓	  	  anLgen	  
recogniLon	  by	  CD8+	  CTLs)	  

RadiaLon	  augments	  MHC-‐I	  expression	  

+	  up-‐regulaLon	  on	  tumor	  cells	  of	  other	  surface	  
molecules	  such	  as	  :	  
  co-‐s4mulatory	  molecules	  
  adhesion	  molecules	  (e.g.	  ICAM-‐1)	  

Kuby Immunology: 7th Edition (International Edition) by Judy Owen, Jenni Punt, Sharon Stranford 



A	  form	  of	  cell	  death	  capable	  to	  
induce	  an	  anL-‐tumor	  immune	  
response	  through	  acLvaLon	  of	  
DCs	  and	  consequent	  priming	  of	  
cytotoxic	  T	  cells.	  

The	  Immunogenic	  Cell	  Death	  

ICD	  is	  characterized	  by	  the	  
release	  “Damage-‐
associated	  Molecular	  
PaYerns”	  (DAMPs)	  that	  act	  
as	  endogenous	  adjuvants.	  	  

T cell 

Adapted from: Kepp O, et al. Consensus guidelines for the detection of immunogenic cell death. Oncoimmunology. 2014 Dec 13;3(9):e955691. 



Immunogenic	  Cell	  Death	  

RT	  causes	  dying	  tumor	  cells	  to	  release	  “high	  
mobility	  group	  box	  1”	  (HMGB-‐1),	  a	  “danger	  
signal”	  that	  binds	  TLR4.	  

Inflamma4on	  and	  Cancer:	  A	  Double-‐Edged	  Sword	  	  Cancer	  Cell	  12,	  October	  2007	  

→	  DC	  matura4on	  (increase	  in	  
efficiency	  of	  an4gen	  processing	  

and	  presenta4on)	  



Immunogenic	  Cell	  Death	  

RT	  causes	  calre4culin	  translocaLon	  to	  the	  surface	  
of	  tumor	  cells	  →	  “eat	  me”	  signal	  (+	  reducLon	  of	  
CD47	  expression	  -‐	  DC	  “do	  not-‐eat-‐me”	  signal)	  =	  
enhancing	  anLgens	  processing	  and	  presentaLon.	  

Adapted	  from:	  FronLersinOncology	  |	  TumorImmunity	  February2015|Volume5|ArLcle35	  |	  2	  

CD91 



Immunogenic	  Cell	  Death	  

ATP	  released	  by	  dying	  cells	  binds	  to	  
purinergic	  receptor	  (P2RX7)	  on	  DCs	  leading	  
to	  inflammatory	  cytokines	  producLon	  (e.g.	  
IL-‐1β,	  TNFα,	  IL-‐18).	  

Adapted	  from:	  Idzko	  M,	  Ferrari	  D,	  Eltzschig	  HK.	  NucleoLde	  signalling	  during	  inflammaLon.	  Nature.	  2014	  May	  15;509(7500):310-‐7	  	  

P2RX7 

Inflammatory 
cytokines  



Immunogenic	  Cell	  Death	  

Other	  important	  DAMPs	  translocated	  to	  the	  
plasma	  membrane	  are	  heat-‐shock	  proteins	  
(HSPs)	  which	  interact	  with	  different	  APC	  
receptors.	  	  

Calderwood	  SK,	  Murshid	  A,	  Gong	  J.	  Heat	  shock	  proteins:	  condiLonal	  mediators	  of	  inflammaLon	  in	  tumor	  immunity.	  Front	  Immunol.	  2012	  Apr	  9;3:75.	  



RT:	  helps	  the	  T	  cell	  response	  

Irradiated	  tumor	  site	  
release	  of	  chemokines	  
(such	  as	  CXCL16)	  that	  
recruit	  cytotoxic	  T	  cells	  

The	  Journal	  of	  Immunology,	  2008,	  181:	  3099-‐3107	  

Irradiated	  tumors	  
upregulate	  death	  receptors	  
(e.g.	  FAS),	  promoLng	  the	  
cytotoxic	  effect	  of	  T	  cells	  at	  
the	  tumor	  site	  



Radia4on	  Therapy	  vascular	  effects	  
Excessive	  producLon	  of	  pro-‐angiogenic	  factors	  →	  
abnormal	  vascular	  structure	  →	  hypoxic	  
microenvironment	  :	  

Mol.	  BioSyst.,	  2009,	  5,	  1262-‐1270	  
InternaLonal	  Journal	  of	  RadiaLon	  Biology,	  April	  2015;	  91(4):	  299–305	  

  Hinders	  immune	  cells	  at	  effecLvely	  entering	  into	  
tumor	  Lssue	  

  Recruitment	  of	  immunosuppressive	  cells	  
RT	  induce	  normaliza4on	  of	  tumor	  vasculature	  



The	  combined	  effects	  of	  radiaLon	  provide	  an4gens	  
along	  with	  adjuvant	  ac4va4ng	  signals	  →	  “in	  situ	  

an4-‐tumor	  vaccine”	  
www.fronLersin.org	  November2012	  |	  Volume2	  |	  ArLcle	  169	  |	  	  



Why	  are	  abscopal	  effects	  so	  rare?	  
Immunosuppression	  dominates	  in	  established	  tumors	  

Elimina4on	  

Equilibrium	  

Escape	  

Immunotherapy	  alone	  

Radiotherapy	  alone	  

Immunotherapy	  +	  Radiotherapy	  ?	  

→	  strong	  ra4onale	  for	  combining	  RT	  with	  
immunotherapy	  
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EFFICACY	  

 Survival	  data	  non	  available	  (phase	  I/II	  trials)	  
 Current	  imaging	  modaliLes	  may	  be	  unable	  to	  
disLnguish	  between	  inflammaLon	  (induced	  by	  RT	  
and/or	  immunotherapy)	  and	  persistent	  disease	  :	  

  “indirect	  evidences”	  →	  peripheral	  blood	  examinaLon	  
for	  cytokine	  levels,	  anLgen-‐specific	  T	  cell	  responses,	  
phenotypes	  of	  immune	  cells…	  

  “direct	  evidences”	  →	  pathologic	  evidence	  of	  
anLtumor	  immunity	  (essenLal)	  

RT-‐immunotherapy	  combina4on	  trials	  (preliminary	  
results)	  



RT-‐immunotherapy	  combina4on	  	  trials	  (preliminary	  
results)	  

SAFETY	  

 PaLents	  reported	  a	  variety	  of	  issues	  but	  the	  majority	  were	  
relaLvely	  minor.	  
 ToxiciLes	  were	  dependent	  on	  the	  agent	  given	  and	  dosage	  
(e.g.	  high	  dose	  IL-‐2).	  	  

Most	  common	  problems	  were:	  
  InjecLon	  site	  reacLons	  (pain,	  swelling	  and/or	  local	  

erythema)	  	  
  Flu-‐like	  symptoms	  (fever,	  faLgue,	  myalgia,	  chills	  or	  

arthralgia)	  
→	  The	  combinaLon	  of	  RT	  and	  immunotherapy	  has	  proven	  to	  
be	  safe	  in	  a	  controlled	  sexng.	  



RT-‐immunotherapy	  combina4on	  trials	  (ongoing)	  

(NON	  exhaus4ve	  lis4ng)	  
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Logis4cal	  challenges	  →	  4ming	  of	  RT	  with	  respect	  to	  
immunotherapy	  
  RT	  →	  adopLve	  T	  cell	  transfer	  ?	  
In	  order	  to	  avoid	  disrupLon	  of	  the	  T	  cell	  response	  at	  the	  

tumor	  site.	  
  Targeted	  agents	  and	  vaccines	  →	  RT	  ?	  
Immunotherapy	  could	  “prepare”	  the	  tumor	  to	  the	  immune-‐

sLmulatory	  effects	  of	  RT;	  however,	  the	  cytotoxic	  effect	  of	  
RT	  may	  disrupt	  the	  cellular	  immune	  response.	  

‒   αOX40	  (agonist	  of	  an	  acLvaLng	  molecule)	  shortly	  azer	  RT	  	  
‒   αCTLA4	  (antagonist	  of	  an	  inhibiLng	  molecule)	  pre-‐treatment	  provides	  

the	  best	  environment	  for	  enhanced	  radiaLon	  efficacy	  

→	  Ideal	  4ming	  may	  differ	  by	  immunotherapy	  
and	  its	  mechanism	  of	  ac4on	  	  



→	  4ming	  of	  RT	  with	  respect	  to	  immunotherapy	  
Ongoing	  Ipilimumab	  +	  RT	  clinical	  trials	  

(non	  exhausLve	  lisLng)	  



Timing	  of	  RT	  with	  respect	  to	  immunotherapy	  

RT	  in	  MAINTENANCE	  phase	  (>	  16	  weeks	  aher	  ipilimumab)	  

RT	  in	  ipilimumab	  INDUCTION	  phase	  

39-‐month	  median	  
overall	  survival	  

9-‐month	  median	  
overall	  survival	  



Logis4cal	  challenges	  →	  frac4ona4on	  and	  dosing	  

Is	  it	  be<er	  to	  use:	  
 convenLonal	  versus	  hypo-‐	  versus	  hyper-‐	  
fracLonated	  regimens	  ?	  
 total	  dose	  ?	  

Current	  data	  are	  not	  
conclusive…	  

RT	  should	  be	  «re-‐invented»	  as	  an	  
immunologic	  tool	  instead	  of	  a	  cytotoxic	  

treatment	  



Logis4cal	  challenges	  →	  choosing	  a	  site	  for	  RT	  

Immune	  response	  to	  RT	  may	  depend	  on	  the	  site	  of	  
irradiaLon	  →	  different	  immune	  phenomenon	  at	  each	  
site.	  
 skin,	  gut	  and	  lung	  (“great	  acLvity”	  of	  the	  immune	  
system	  because	  of	  the	  exposure	  to	  external	  
pathogens).	  
 liver	  immunology	  is	  different	  due	  to	  its	  chronic	  and	  
persistent	  exposure	  to	  toxic	  metabolites	  and	  anLgens	  
from	  the	  GI	  tract.	  	  

Op4mal	  site	  to	  irradiate	  in	  metasta4c	  disease	  ?	  



Combining	  RT	  and	  immunotherapy:	  infinite	  
possibili4es…	  

  Unspecific	  sLmulaLon	  
  Vaccine-‐based	  therapy	  
  Effector	  cell	  transfer	  
  Immune	  checkpoint	  

blockade	  
  Targeted	  

immunotherapeuLcs	  

  External	  beam	  
radiotherapy	  (EBRT)	  

  StereotacLc	  body	  
radiaLon	  therapy	  (SBRT)	  

  Brachytherapy	  	  
  Bone-‐seeking	  

radionuclides	  
(153Samarium…)	  

  Radiolabeled	  anLbodies	  
  Proton	  therapy	  



Take-‐home	  messages	  
 RT	  is	  able	  to	  induce	  local	  and	  systemic	  immune	  
responses	  (in	  situ	  vaccinaLon)	  

 Radiotherapy	  may	  improve	  efficacy	  of	  
immunotherapy	  and	  vice	  versa	  

 Strong	  preclinical	  data	  and	  early	  clinical	  
observaLons	  report	  safety	  and	  efficacy	  from	  
combined	  RT	  +	  IT	  treatments	  

 LogisLcal	  aspects	  (Lming,	  dose/fracLonaLon,	  
site…)	  of	  RT/IT	  combinaLon	  sLll	  need	  to	  be	  fully	  
elucidated	  
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