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INTRODUCTION	  
	  
Metastatic	  melanoma	  remains	  a	  significant	  medical	  challenge	  
with	  a	  rapidly	  increasing	  incidence	  worldwide	  (1).	  During	  the	  last	  
decade	  an	  increasing	  number	  of	  new	  cases	  have	  been	  reported	  
also	  in	  Denmark	  (1021	  new	  cases	  in	  2001	  to	  1789	  new	  cases	  in	  
2010)	  (2).	  The	  5-‐year	  survival	  rate	  for	  patients	  with	  metatatic	  
melanoma	  is	  10-‐15%	  with	  a	  median	  overall	  survival	  of	  less	  than	  1	  
year	  (3).	  	  
	  
For	  decades,	  metastatic	  melanoma	  has	  been	  one	  of	  the	  solid	  
tumours	  with	  the	  most	  severe	  lack	  of	  therapies	  to	  show	  im-‐
provement	  in	  overall	  survival.	  Available	  treatments	  remain	  insuf-‐
ficient	  although	  new	  drugs	  demonstrating	  prolonged	  survival	  
have	  emerged	  recently.	  The	  standard	  chemotherapeutic	  agent	  
Dacarbazine	  (DTIC)	  was	  approved	  in	  1976	  (4),	  in	  Denmark	  re-‐
placed	  by	  Temozolomide	  (TMZ)	  due	  to	  the	  advantage	  of	  oral	  
administration	  (5).	  In	  1998,	  FDA	  approval	  of	  the	  first	  immuno-‐
therapeutic	  agent	  Interleukin	  2	  (IL2)	  for	  metastatic	  melanoma	  
patients	  emerged	  and	  was	  based	  on	  a	  small	  fraction	  of	  patients	  
(5-‐8%)	  obtaining	  durable	  responses	  (6).	  Randomized	  clinical	  trials	  
combining	  different	  chemotherapy	  regimens	  have	  not	  proven	  
better	  than	  single	  agent	  DTIC/TMZ	  (7).	  Moreover,	  combination	  of	  
chemotherapy	  and	  IL2-‐based	  regimens	  has	  shown	  important	  anti-‐
tumour	  activity	  nevertheless,	  no	  demonstration	  of	  additional	  
survival	  benefit	  when	  compared	  to	  single	  agent	  chemotherapy	  
(8).	  	  	  	  
	  
In	  2010	  advances	  in	  the	  field	  of	  immunotherapy	  lead	  to	  the	  ap-‐
proval	  by	  FDA	  of	  an	  anti-‐CTLA-‐4	  antibody,	  Ipilimumab,	  which	  has	  
demonstrated	  prolonged	  overall	  survival	  in	  metastatic	  melanoma	  
patients	  (9).	  Moreover,	  newly	  progress	  within	  targeted	  therapies	  
have	  resulted	  in	  FDA	  approval	  (in	  2011	  and	  June	  2013	  respective-‐
ly)	  of	  the	  BRAF	  inhibitors	  Vemurafenib	  and	  Dabrafenib	  for	  pa-‐
tients	  harbouring	  a	  V600	  BRAF	  mutation	  (10,11).	  Furthermore,	  as	  
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of	  June	  2013	  the	  first	  MEK	  inhibitor	  Trametinib	  was	  FDA	  approved	  
for	  MM	  patients	  harbouring	  a	  BRAF	  mutation.	  These	  successes	  
have	  paved	  the	  way	  for	  both	  immunotherapy	  and	  targeted	  thera-‐
py	  in	  melanoma	  and	  intense	  research	  for	  further	  improvements	  is	  
ongoing.	  Currently,	  the	  development	  of	  immune	  checkpoint	  
blockade	  such	  as	  antibody	  against	  programmed	  death	  1	  (anti-‐PD-‐
1)	  Nivolumab	  (12)	  and	  its	  ligand	  (anti-‐PD-‐L1)	  (13)	  has	  shown	  
impressing	  overall	  response	  rates	  (RR)	  in	  phase	  I/II	  trials.	  Fur-‐
thermore,	  the	  engineered	  IgG4	  PD-‐1	  antibody	  Lambrolizumab	  has	  
been	  tested	  in	  a	  multicenter	  phase	  1	  study	  demonstrating	  RR	  of	  
38%	  across	  all	  evaluated	  patients	  raising	  to	  RR	  of	  52%	  in	  the	  
subgroup	  of	  patients	  receiving	  the	  highest	  dose	  (10	  mg/kg	  every	  
2nd	  week)	  of	  Lambrolizumab	  (14).	  Moreover,	  the	  combination	  of	  
anti-‐CTLA-‐4	  and	  anti-‐PD1	  antibody	  treatment	  in	  melanoma	  seems	  
promising	  in	  terms	  of	  toxicity	  profiling,	  RR	  and	  durability	  of	  re-‐
sponse	  (15-‐17).	  In	  the	  era	  of	  targeted	  therapies	  combination	  of	  
BRAF	  and	  MEK	  inhibitors	  are	  exciting	  and	  are	  currently	  under	  
clinical	  investigation	  (18).	  Widespread	  mutational	  status	  of	  RAS-‐
RAF-‐MEK-‐MAPK	  and	  CKIT	  pathways	  in	  melanoma	  patients	  ap-‐
pears	  equally	  important	  for	  future	  trials.	  A	  different	  approach	  in	  
treating	  melanoma	  patients	  is	  the	  adoptive	  cell	  therapy	  (ACT)	  
where	  large	  numbers	  of	  autologous	  tumour-‐specific	  T	  cells	  in	  
combination	  with	  non-‐myeloablative	  chemotherapy	  and	  IL2	  are	  
infused	  to	  the	  patients	  (19,20)	  an	  experimental	  design	  in	  which	  
we	  similarly	  at	  CCIT	  have	  gathered	  promising	  clinical	  experience	  
(21).	  	  	  
	  
Immunological	  mechanisms	  are	  of	  importance	  in	  melanoma	  
pathogenesis	  since	  the	  tumour	  expresses	  antigens	  recognized	  by	  
T	  cells.	  Activation	  of	  immune	  cascades	  can	  lead	  to	  spontaneous	  
tumour	  regression	  which	  has	  been	  evidenced	  by	  invasion	  of	  T	  
cells	  into	  tumour	  tissue	  (22).	  New	  insight	  in	  melanoma	  biology	  
within	  the	  last	  few	  years	  has	  lead	  to	  recent	  impressing	  clinical	  
advances	  and	  may	  importantly	  segregate	  the	  treatment	  for	  dif-‐
ferent	  subtypes	  of	  melanoma	  i.e.	  cutaneous,	  	  mucosal	  and	  ocular	  
melanoma.	  However,	  the	  majority	  of	  patients	  will	  eventually	  die	  
of	  metastatic	  disease	  and	  new	  strategies	  to	  defeat	  melanoma	  are	  
therefore	  still	  needed.	  	  	  	  
	  
Non	  small-‐cell	  lung	  cancer	  
Lung	  cancer	  is	  one	  of	  the	  leading	  causes	  of	  cancer	  deaths	  in	  both	  
men	  and	  women	  worldwide,	  with	  non	  small-‐cell	  lung	  cancer	  
(NSCLC)	  accounting	  for	  up	  to	  85%	  of	  the	  cases	  (23).	  At	  time	  of	  
diagnosis,	  most	  patients	  present	  with	  inoperable,	  advanced	  stage	  
III-‐IV	  disease,	  with	  poor	  prognosis	  and	  a	  5-‐year	  survival	  rate	  of	  
less	  than	  5%	  (24,25).	  Furthermore,	  lung	  cancer	  is	  still	  increasing	  
both	  in	  prevalence	  and	  in	  mortality	  worldwide	  (26).	  Chemothera-‐
py	  and/or	  radiation	  are	  effective	  treatments	  in	  most	  NSCLC	  pa-‐
tients	  due	  to	  the	  often	  fast	  growth	  rates	  of	  the	  tumours	  (27).	  
Recently,	  tyrosine-‐kinase	  inhibitors	  (TKI)	  for	  patients	  with	  tu-‐
mours	  harbouring	  either	  activated	  EGFR	  or	  EML4-‐ALK	  transloca-‐
tion	  have	  emerged.	  Despite	  progress	  in	  personalized	  treatment	  
modalities,	  acquired	  resistance	  to	  targeted	  therapy	  is	  a	  huge	  
clinical	  challenge.	  Thus,	  to	  date	  available	  anti-‐neoplastic	  treat-‐
ments	  for	  metastatic	  NSCLC	  offer	  only	  temporary	  disease	  control	  
(28,29).	  	  
	  
Immunotherapy	  has	  set	  a	  new	  paradigm	  for	  the	  treatment	  of	  MM	  
and	  recent	  research	  hold	  the	  promise	  of	  immunotherapy	  to	  show	  
similar	  clinical	  efficacy	  in	  NSCLC	  (30).	  Phase	  III	  studies	  of	  different	  
vaccines	  strategies	  in	  both	  adjuvant	  and	  metastatic	  settings	  are	  
underway	  (31).	  In	  early	  clinical	  trials	  of	  immune	  checkpoint	  block-‐
ade	  with	  Ipilimumab	  (30)	  and	  PD-‐1/PD-‐L1	  antibodies	  have	  shown	  

clinical	  responses	  in	  patients	  with	  advanced	  NSCLC	  both	  squa-‐
mous	  and	  non-‐squamous	  (12,13).	  A	  recent	  update	  on	  Nivolumab	  
treatment	  	  in	  NSCLC	  patients	  has	  shown	  durable	  response	  rates	  
and	  large	  phase	  III	  clinical	  studies	  investigating	  PD1/PDL1	  anti-‐
bodies	  are	  being	  set	  up	  (32,33).	  Furthermore,	  recent	  data	  sug-‐
gests	  that	  tumour	  specific	  CTLs	  are	  crucial	  for	  efficacy	  of	  im-‐
munomodulatory	  antibodies	  in	  patients	  with	  lung	  cancer	  (34).	  
This	  leads	  to	  a	  new	  way	  of	  approaching	  NSCLC	  in	  terms	  of	  re-‐
sponse	  evaluation	  (RECIST	  vs.	  irRC),	  the	  necessity	  of	  implement-‐
ing	  immune	  monitoring	  assays	  and	  management	  of	  toxicity	  pro-‐
files.	  	  	  
	  
The	  immune	  system	  
An	  enormous	  variety	  of	  cells	  and	  molecules	  form	  the	  complex	  
dynamic	  network	  of	  the	  immune	  system.	  In	  general,	  immune	  
responses	  can	  be	  divided	  into	  the	  innate	  and	  the	  adaptive	  re-‐
sponse.	  Innate	  immunity	  serves	  as	  first	  line	  defence	  against	  path-‐
ogens	  and	  is	  mediated	  by	  phagocytic	  cells	  (monocytes,	  macro-‐
phages	  and	  neutrophils),	  natural	  killer	  (NK)	  cells,	  dendritic	  cells	  
(DC)	  and	  cells	  releasing	  inflammatory	  signals	  (basophils,	  mast	  
cells	  and	  eosinophils).	  Adaptive	  immunity	  consists	  of	  a	  humoral	  
branch	  mediated	  by	  B	  cells	  and	  a	  cellular	  branch	  mediated	  by	  T	  
cells	  (35).	  
	  
Antigen	  presentation	  
The	  dendritic	  cell	  (DC)	  is	  the	  most	  powerful	  antigen	  presenting	  
cell	  (APC)	  in	  the	  immune	  system.	  To	  initiate	  an	  adaptive	  immune	  
response	  the	  DC	  process	  and	  present	  the	  antigen	  on	  its	  cell	  sur-‐
face	  combined	  with	  major	  histocompatibility	  complex	  (MHC)	  
molecules,	  known	  as	  human	  leucocyte	  antigen	  (HLA)	  in	  humans.	  
MHC	  molecules	  come	  in	  two	  distinct	  types,	  class	  I	  and	  class	  II.	  The	  
MHC	  I	  present	  short	  peptides	  (8-‐10	  amino	  acids)	  from	  mainly	  
endogenous	  derived	  antigens	  whereas	  the	  MHC	  II	  binds	  longer	  
peptides	  (15-‐24	  amino	  acids)	  from	  mainly	  foreign	  derived	  pep-‐
tides	  (36).	  The	  DCs	  take	  up	  local	  antigens	  and	  migrate	  to	  the	  
lymph	  nodes	  to	  present	  the	  antigen	  to	  the	  naïve	  T	  cells.	  Since	  the	  
DCs	  can	  activate	  both	  CD8+	  T	  cells	  through	  MHC	  class	  I	  expression	  
and	  CD4+	  T	  cells	  through	  MHC	  class	  II	  expression,	  they	  are	  capa-‐
ble	  of	  cross-‐presentation	  (37).	  Both	  co-‐stimulatory	  signals	  (i.e.	  B7,	  
ICOS)	  and	  co-‐inhibitory	  signals	  (i.e.	  CTLA-‐4,	  BTLA,	  LAG-‐3,	  PD-‐1)	  are	  
of	  importance	  to	  balance	  between	  T	  cell	  activation	  and	  toler-‐
ance(38).	  	  
	  
T	  lymphocytes	  
T	  cells	  arise	  in	  the	  bone	  marrow	  and	  migrate	  to	  thymus	  for	  matu-‐
ration	  where	  they	  differentiate	  to	  αβ	  CD4+	  and	  CD8+	  (~95%)	  and	  
to	  γδ	  (~5%)	  T	  cells	  (39).	  T	  cells	  are	  commonly	  divided	  into	  four	  
groups;	  T	  Naïve	  (CCR7+CD45RA+),	  central	  memory	  (TCM)	  
(CCR7+CD45RA-‐),	  effector	  memory	  (TEM)	  (CCR7-‐CD45RA-‐)	  and	  an	  
intermediate	  effector	  memory	  population	  (TEMRA)	  (CCR7-‐
CD45RA+)	  each	  group	  representing	  distinct	  differentiation	  status	  
(40).	  	  
	  
Cytotoxic	  CD8+	  T	  cells	  (CTL)	  are	  able	  of	  killing	  target	  cells	  directly	  
when	  forming	  a	  complex	  comprising	  the	  T	  cell	  receptor	  (TCR)	  and	  
the	  specific	  peptide-‐MHC	  complex.	  As	  a	  consequence,	  lytic	  gran-‐
ules	  containing	  cytotoxic	  compounds	  (perforin	  and	  granzymes)	  
are	  released	  thus	  killing	  the	  target	  cells.	  CTL	  also	  produces	  a	  
number	  of	  cytokines	  including	  tumour	  necrosis	  factor	  α	  (TNFα)	  
and	  interferon	  gamma	  (IFNy)	  triggering	  apoptosis	  and	  leading	  to	  T	  
cell	  mediated	  killing.	  To	  this	  end,	  IFNy	  enhances	  the	  expression	  of	  
cell	  death	  surface	  receptor	  (Fas)	  in	  target	  cells	  resulting	  in	  in-‐
creased	  lysis	  via	  Fas	  -‐	  Fas	  ligand	  interactions	  (35).	  	  
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Natural	  killer	  cells	  
Like	  DCs,	  NK	  cells	  are	  linked	  to	  both	  the	  innate	  and	  the	  adaptive	  
immune	  system.	  NK	  cells	  are	  characterised	  by	  expression	  of	  
CD45+CD3-‐CD19-‐CD56+CD16+	  and	  represent	  a	  unique	  lympho-‐
cyte	  population.	  NK	  cells	  are	  able	  to	  recognize	  tumour	  cells	  (inde-‐
pendent	  of	  MHC	  antigen	  expression)	  and	  kill	  these	  either	  directly	  
or	  by	  IFNy	  release.	  However,	  the	  exact	  role	  of	  NK	  cells	  in	  regard	  of	  
the	  anti-‐neoplastic	  effects	  in	  human	  cancer	  is	  debated	  (41).	  As	  
recently	  described,	  effective	  tumour	  rejection	  is	  dependent	  on	  a	  
two-‐way	  immune	  cross-‐talk	  of	  the	  innate	  and	  the	  adaptive	  im-‐
mune	  system,	  firstly	  by	  direct	  killing	  mediated	  by	  T-‐	  and	  NK	  cells	  
and	  secondary	  by	  other	  immune	  cells,	  i.e.	  DCs,	  macrophages	  and	  
neutrophilic	  granulocytes	  in	  the	  tumour	  microenvironment	  (42).	  	  	  
Tumour	  associated	  antigens	  	  
	  
Tumour	  associated	  antigens	  (TAAs)	  are	  proteins	  expressed	  by	  
tumours	  and	  recognized	  by	  CTLs.	  Malignant	  transformation	  gen-‐
erates	  an	  altered	  protein	  repertoire	  and	  enormous	  effort	  has	  
been	  spent	  on	  identification	  and	  characterization	  of	  TAAs.	  Spon-‐
taneous	  CTL	  responses	  against	  TAAs	  have	  been	  demonstrated	  in	  
both	  peripheral	  blood	  and	  in	  tumour	  lesions	  from	  cancer	  patients	  
(43).	  The	  identification	  of	  TAAs	  has	  led	  to	  development	  of	  several	  
new	  strategies	  for	  immunotherapy	  of	  cancer	  in	  an	  attempt	  to	  
elicit	  or	  boost	  CTL	  responses	  against	  TAAs	  (44).	  TAAs	  are	  divided	  
into	  four	  groups	  (mutation-‐,	  cancer	  testis-‐,	  tissue	  differentiation-‐	  
and	  overexpressed	  antigens)	  based	  on	  their	  expression	  profile	  
and	  origin	  (35).	  	  
	  
Immune	  suppressive	  cells	  
Immunosuppressive	  mechanisms	  are	  important	  to	  evade	  self-‐
destruction	  and	  autoimmune	  diseases.	  A	  complex	  network	  of	  
regulatory	  myeloid-‐	  and	  lymphoid	  derived	  cells	  are	  well-‐
described.	  Regulatory	  cells	  are	  believed	  to	  be	  part	  of	  the	  limited	  
success	  of	  currently	  applied	  immunotherapeutic	  strategies	  due	  to	  
their	  key	  role	  in	  suppression	  of	  anti-‐tumour	  immunity	  (45).	  	  	  
	  
Regulatory	  T	  cells	  	  
Regulatory	  T	  cells	  (Tregs)	  are	  a	  distinct	  population	  of	  CD4+	  T	  cells	  
characterized	  by	  the	  expression	  of	  CD4+CD25highCD127-‐FoxP3+	  
(transcription	  factor	  forkhead	  box	  P3).	  In	  tumour	  settings	  Tregs	  
recognize	  tumour	  antigens	  as	  self-‐antigens	  and	  provide	  immune	  
tolerance	  towards	  the	  cancer	  cells	  (46).	  Anti-‐tumour	  immune	  
responses	  can	  be	  suppressed	  by	  Tregs	  (47)	  and	  the	  impact	  of	  
immune	  suppression	  mediated	  by	  Tregs	  in	  advanced	  melanoma	  
and	  NSCLC	  has	  been	  reported	  previously	  (48,49).	  	  Strategies	  to	  
deplete	  Tregs	  have	  been	  explored	  with	  the	  IL2	  diphtheria	  toxin	  
conjugate	  suggesting	  that	  short	  term	  decreases	  in	  Tregs	  were	  
associated	  with	  increased	  T-‐cell	  responses	  (50).	  Yet	  another	  study	  
using	  diphtheria	  conjugate	  showed	  a	  decrease	  of	  both	  Tregs	  and	  
T	  effector	  cells	  which	  might	  be	  a	  matter	  of	  different	  dosing	  regi-‐
mens	  applied	  (51).	  Furthermore,	  an	  anti-‐IL-‐2R	  monocloncal	  anti-‐
body	  (Daclizumab)	  has	  the	  potential	  of	  Treg	  suppression	  and	  is	  
currently	  tested	  in	  a	  clinical	  set-‐up	  (52).	  	  
	  
Myeloid	  derived	  suppressor	  cells	  	  
Myeloid	  derived	  suppressor	  cells	  (MDSCs)	  are	  a	  heterogeneous	  
population	  of	  immature	  cells	  comprised	  of	  myeloid	  progenitor	  
cells	  and	  immature	  macrophages,	  monocytic	  and	  granulocytic	  
cells.	  Human	  MDSCs	  are	  characterised	  by	  the	  common	  myeloid	  
surface	  marker	  CD33+	  and	  the	  lack	  of	  mature	  markers	  of	  myeloid	  
and	  lymfoid	  cells.	  A	  monocytic	  MDSC	  (Mo-‐MDSC)	  population	  has	  
been	  well	  defined	  and	  can	  be	  distinguished	  by	  expression	  of	  CD3-‐

CD19-‐CD56-‐HLA-‐DRlowCD33+CD11b+CD14+	  (53).	  	  	  Studies	  have	  
demonstrated	  a	  higher	  frequency	  of	  Mo-‐MDSC	  in	  the	  peripheral	  
blood	  of	  metastatic	  melanoma	  patients	  when	  compared	  to	  
healthy	  donors	  (HD)	  (54,55).	  Similarly,	  MDSCs	  are	  also	  found	  
elevated	  in	  NSCLC	  patients	  and	  a	  high	  level	  of	  MDSCs	  are	  associ-‐
ated	  with	  a	  decreased	  number	  of	  CD8+	  T	  cells	  as	  compared	  to	  HD	  
(56).	  As	  a	  strategy	  to	  inhibit	  the	  function	  of	  MDSCs	  in	  vivo	  a	  
blockade	  of	  IL4Ralfa	  signaling	  has	  been	  suggested.	  As	  a	  conse-‐
quence	  cell	  mechanisms	  of	  tumoral	  immune	  escape	  are	  inhibited	  
(57).	  Furthermore,	  some	  anti-‐neoplastic	  drugs	  like	  the	  TKI	  
Sunitinib	  has	  been	  shown	  to	  down-‐regulate	  the	  level	  of	  MDSCs	  in	  
peripheral	  blood	  (58).	  	  
	  
Immune	  escape	  mechanisms	  
Immune	  escape	  is	  one	  of	  the	  hallmarks	  in	  cancer	  progression	  and	  
development	  of	  metastases.	  The	  immune	  escape	  phase	  is	  charac-‐
terized	  by	  the	  lack	  of	  the	  immune	  system	  to	  eliminate	  malignantly	  
transformed	  cells.	  The	  tumour	  cells	  uses	  a	  variety	  of	  strategies	  to	  
avoid	  elimination	  and	  a	  full	  understanding	  of	  this	  complex	  inter-‐
play	  within	  tumour	  and	  the	  host	  immune	  system	  is	  far	  from	  
reached	  (59).	  Within	  the	  tumour	  cell	  down	  regulation	  of	  “self”	  
antigen	  and/or	  MHC	  molecule	  expression	  is	  a	  mechanism	  of	  
defence	  (60,61).	  In	  addition,	  tumour	  cells	  have	  several	  counterat-‐
tack	  methods	  to	  defeat	  immunity	  which	  include	  secretion	  of	  
cytokines	  e.g.	  Interleukin10	  (IL10)	  and	  TGF-‐ß.	  These	  cytokines	  are	  
associated	  with	  poor	  prognosis	  and	  lack	  of	  response	  to	  immune	  
therapy	  partly	  because	  TGF-‐ß	  expression	  is	  known	  to	  facilitate	  
expansion	  of	  Tregs	  (62).	  Moreover,	  tumour	  cells	  are	  able	  to	  up	  
regulate	  Fas	  ligand	  which	  facilitates	  cancer	  cells	  being	  resistant	  to	  
Fas-‐induced	  cell	  death	  mediated	  by	  CTLs	  (63).	  Yet	  another	  mech-‐
anism	  by	  which	  tumour	  cells	  escape	  immunity	  is	  by	  inhibition	  of	  
effector	  cells	  by	  up-‐regulation	  of	  inhibitory	  ligands	  including	  PD-‐
L1,	  CTLA-‐4	  and	  LAG-‐3	  (64,65).	  Finally,	  the	  abundance	  of	  suppres-‐
sive	  factors	  may	  also	  foster	  the	  recruitment	  and	  differentiation	  of	  
various	  immune	  suppressive	  cells.	  Overall,	  better	  understanding	  
of	  immune	  escape	  mechanism	  and	  hence	  limiting	  tumour	  cells	  
development	  of	  cascade	  inhibitory	  signalling	  and	  immune	  sup-‐
pression	  may	  lead	  to	  more	  effective	  immunotherapy	  in	  the	  near	  
future.	  	  
	  
Indoleamine	  2.3	  dioxygenase	  (IDO)	  mediated	  T	  cell	  suppression	  
A	  newly	  discovered	  option	  for	  the	  cancer	  cells	  to	  avoid	  CTL	  medi-‐
ated	  killing	  is	  by	  over-‐expression	  of	  IDO,	  which	  is	  a	  tryptophan	  
(Trp)	  catabolizing	  enzyme.	  Trp	  is	  an	  amino	  acid	  essential	  for	  T	  cell	  
activation	  and	  proliferation.	  Thus	  depletion	  of	  Trp	  by	  up-‐
regulation	  of	  IDO	  in	  the	  local	  tumour	  micro-‐environment	  result	  in	  
T	  cell	  anergy	  and	  apoptosis	  (66).	  Both	  the	  Trp	  depletion	  and	  the	  
development	  of	  kynurenine	  (Kyn)	  metabolites	  have	  direct	  and	  
indirect	  inhibitory	  effects	  on	  T	  cells.	  In	  healthy	  conditions,	  it	  has	  
been	  shown	  that	  IDO	  is	  crucial	  for	  creating	  maternal	  tolerance	  
during	  pregnancy	  and	  in	  maintaining	  tolerance	  towards	  trans-‐
planted	  tissue.	  Furthermore	  IDO	  is	  important	  in	  protection	  
against	  development	  of	  autoimmunity	  and	  allergic	  reactions.	  In	  
contrast,	  IDO	  has	  undesirable	  effects	  in	  the	  context	  of	  metastatic	  
cancer	  by	  suppressing	  T	  cell	  immunity.	  	  It	  has	  been	  demonstrated	  
that	  patients	  with	  different	  tumour	  types	  have	  elevated	  Kyn/Trp	  
ratio	  compared	  to	  HD	  suggesting	  that	  IDO	  activity	  is	  increased	  in	  
cancer	  patients	  (67).	  Moreover,	  the	  ratio	  of	  Kyn/Trp	  in	  serum	  has	  
been	  proposed	  by	  others	  as	  a	  non-‐invasive,	  in	  vivo	  biomarker	  for	  
evaluating	  IDO	  inhibitors	  in	  the	  clinic	  (68).	  	  	  
	  
IDO	  expression	  in	  primary	  tumour	  
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Enhanced	  expression	  of	  IDO	  is	  seen	  in	  primary	  tumour	  lesions	  of	  
different	  cancer	  types.	  IDO	  expression	  can	  be	  detected	  by	  im-‐
munohistochemistry	  in	  both	  the	  cytoplasm	  of	  tumour	  cells	  and	  in	  
the	  tumour	  stromal	  cells.	  At	  the	  site	  of	  primary	  cancers	  IDO	  is	  
believed	  to	  inhibit	  the	  effector	  phase	  of	  the	  immune	  response	  by	  
directly	  suppressing	  the	  T	  cells	  (69)	  since	  tumours	  expressing	  IDO	  
have	  been	  correlated	  with	  impaired	  lymphocyte	  infiltration	  (70).	  
Negative	  correlation	  of	  IDO	  expression	  and	  clinical	  outcome	  has	  
been	  demonstrated	  in	  different	  cancer	  types	  e.g.	  ovarian	  cancer	  
(71),	  glioblastoma	  (72),	  colorectal	  cancer	  (73)	  and	  endometrial	  
cancer	  (74).	  Moreover,	  it	  has	  been	  demonstrated	  that	  IDO	  ex-‐
pressing	  tumours	  had	  an	  elevated	  frequency	  of	  metastases	  (73).	  
Furthermore,	  expression	  of	  IDO	  has	  been	  demonstrated	  in	  both	  
melanoma	  and	  NSCLC	  (69)	  suggesting	  IDO	  as	  a	  relevant	  target	  in	  a	  
broad	  spectrum	  of	  different	  solid	  tumours.	  	  	  
	  
IDO	  expression	  in	  tumour	  draining	  lymph	  nodes	  
Tumour	  draining	  lymph	  nodes	  (TDLN)	  are	  a	  site	  of	  contact	  be-‐
tween	  TAA	  and	  the	  adaptive	  immune	  system,	  since	  APC	  migrate	  
to	  TDLN	  after	  antigen	  uptake.	  In	  melanoma	  as	  well	  as	  other	  solid	  
tumours	  TDLN	  also	  normally	  represents	  the	  initial	  site	  of	  metasta-‐
ses	  (75).	  In	  TDLN	  it	  has	  been	  demonstrated	  that	  IDO	  can	  be	  ex-‐
pressed	  by	  APC.	  IDO	  expression	  by	  regulatory	  cells	  drives	  the	  
TDLN	  towards	  a	  tolerogenic	  microenvironment	  instead	  of	  a	  site	  of	  
active	  immunization	  processes	  (66).	  Furthermore,	  IDO	  expressing	  
APC	  in	  TDLN	  are	  believed	  to	  suppress	  the	  priming	  phase	  of	  the	  
immune	  response	  to	  TAA	  and	  maybe	  even	  create	  systemic	  toler-‐
ance	  (66).	  Accumulation	  of	  IDO	  expressing	  cells	  in	  TDLN	  (76)	  has	  
been	  correlated	  to	  decreased	  long	  term	  survival	  in	  melanoma	  
patients	  (77).	  Of	  importance,	  only	  few	  cells	  constitutively	  express	  
IDO	  in	  normal	  lymphoid	  tissue	  except	  in	  the	  gastrointestinal	  tract	  
where	  IDO	  is	  expressed	  in	  the	  epithelial	  cells	  (78,79).	  	  	  
	  
IDO	  specific	  T	  cell	  response,	  Treg	  and	  NK	  
The	  IDO	  pathway	  is	  linked	  to	  Treg	  biology,	  since	  IDO	  expressing	  
DCs	  induce	  the	  differentiation	  of	  naïve	  CD4+	  cells	  towards	  a	  
FoxP3+	  phenotype	  (80,81)	  Moreover,	  resting	  Tregs	  have	  been	  
shown	  to	  elicit	  suppressive	  behaviour	  (82).	  Previously,	  it	  has	  been	  
demonstrated	  that	  cancer	  patients	  do	  possess	  spontaneous	  IDO	  
peptide	  specific	  T	  cell	  responses,	  which	  are	  able	  to	  recognize	  and	  
kill	  both	  IDO	  positive	  tumour-‐	  and	  DCs	  (83,84).	  In	  addition,	  IDO	  
specific	  CD8	  T	  cells	  were	  shown	  to	  boost	  immunity	  against	  TAAs	  
by	  eliminating	  IDO	  regulatory	  cells,	  which,	  in	  turn,	  lead	  to	  a	  de-‐
crease	  in	  Tregs	  (84).	  The	  boosting	  of	  IDO	  specific	  immunity	  could	  
have	  both	  direct	  and	  indirect	  effects.	  Firstly,	  these	  T	  cells	  may	  
directly	  kill	  IDO	  cancer	  cells.	  In	  addition,	  they	  may	  function	  by	  
eliminating	  suppressive	  immune	  cells.	  Recently,	  it	  has	  been	  sug-‐
gested	  that	  IDO	  as	  part	  of	  an	  immune-‐evasion	  strategy	  induces	  
down-‐regulation	  of	  cell	  surface	  NK	  receptor	  expression	  (41,85).	  
The	  interplay	  of	  various	  cells	  in	  the	  tumour	  microenvironment,	  
i.e.	  IDO	  tumour	  cells,	  IDO	  Tregs,	  stromal	  cells,	  NK	  cells	  and	  the	  
associated	  immune	  responses	  mediated	  by	  CD8+	  and	  CD4+	  T	  cells	  
is	  complex.	  Better	  understanding	  of	  these	  mechanisms	  might	  
facilitate	  therapeutic	  strategies	  of	  targeting	  IDO.	  	  	  	  	  
	  
IDO	  as	  an	  anti-‐neoplastic	  target	  
Clinical	  investigation	  of	  IDO	  inhibition	  in	  phase	  I	  dose-‐escalating	  
trials	  have	  been	  initiated	  for	  patients	  with	  metastatic	  solid	  tu-‐
mours.	  Results	  from	  these	  clinical	  trials	  of	  IDO	  inhibitors	  such	  as	  
1-‐methyl-‐D-‐tryptophan	  (1-‐MDT)	  and	  INCB024360	  are	  still	  awaited	  
(86,87).	  Lately,	  combination	  studies	  of	  1-‐DMT	  and	  Docetaxel	  for	  
patients	  with	  solid	  tumours	  (NCT01191216)	  and	  the	  combination	  
of	  INCB024360	  and	  Ipilimumab	  for	  melanoma	  patients	  

(NCT01604889)	  have	  started	  patient	  recruitment.	  The	  targeting	  of	  
IDO	  through	  small	  molecule	  inhibitors	  versus	  the	  induction	  of	  
CTLs	  naturally	  differs.	  The	  benefit	  of	  a	  vaccine	  strategy	  may	  be	  
the	  induction	  of	  long-‐lasting	  IDO	  specific	  memory	  T	  cells.	  Hence,	  
in	  theory	  these	  specific	  memory	  cells	  might	  possibly	  become	  re-‐
activated	  and	  recruited	  to	  tumour	  site	  when	  needed.	  	  
	  
Therapeutic	  vaccination	  	  
In	  spite	  of	  all	  therapeutic	  advances	  made	  recently	  in	  melanoma	  
and	  NSCLC,	  there	  is	  still	  a	  lack	  of	  adequate	  disease	  control	  using	  
conventional	  therapies	  (88).	  Immunotherapy	  has	  the	  ability	  to	  
activate	  the	  host’s	  cytotoxic	  CD8+	  T	  cells	  and	  these	  immune	  cells	  
might	  infiltrate	  the	  tumour	  and	  mediate	  elimination	  of	  cancer	  
cells.	  Thus,	  therapeutic	  cancer	  vaccines	  have	  the	  potential	  to	  
induce	  long-‐lasting,	  tumour	  specific	  immune	  memory	  although	  in	  
terms	  of	  treating	  metastatic	  cancer	  results	  have	  been	  somewhat	  
disappointing.	  Promising	  pre-‐clinical	  data	  still	  remains	  translated	  
into	  large	  randomized	  vaccine	  trials	  showing	  innovative,	  safe	  and	  
effective	  therapeutic	  gain.	  	  	  
	  
The	  simplest	  vaccine	  strategy	  i.e.	  targeting	  only	  one	  or	  few	  anti-‐
gens	  can	  be	  done	  by	  peptide	  vaccines.	  Effectiveness	  relies	  on	  
sufficient	  antigen	  uptake	  and	  presentation,	  which	  is	  potentially	  
enhanced	  by	  the	  use	  of	  immunogenic	  adjuvants.	  Hence,	  targeting	  
universal	  tumour	  antigens	  combined	  with	  effective	  adjuvants	  and	  
suitable	  agents	  to	  counteract	  regulatory	  mechanisms	  might	  im-‐
prove	  the	  outcome	  of	  peptide	  vaccines	  (89).	  Some	  of	  the	  most	  
frequently	  applied	  adjuvants	  are	  low	  dose	  IL2,	  Thymalfasin,	  Inter-‐
feron,	  Montanide	  and	  GM-‐CSF	  (90).	  Historically,	  the	  use	  of	  chem-‐
otherapy	  in	  combination	  with	  immunotherapy	  was	  avoided	  due	  
to	  the	  risk	  of	  immune	  inhibition.	  However,	  recent	  evidence	  states	  
that	  chemotherapy-‐induced	  mechanisms	  such	  as	  enhanced	  anti-‐
gen	  presentation,	  increased	  sensitivity	  in	  killing	  of	  tumours	  cells	  
and	  the	  depletion	  of	  suppressor	  cells	  appears	  to	  be	  a	  promising	  
method	  of	  enhancing	  therapeutic	  efficacy	  (91,92).	  Recently,	  
Rosenberg	  et	  al.	  have	  shown	  that	  the	  addition	  of	  lymphodeplet-‐
ing	  cytotoxic	  regimens	  in	  adoptive	  T-‐cell	  transfer	  trials	  for	  mela-‐
noma	  patients	  have	  lead	  to	  impressive	  clinical	  responses	  (93)	  
implying	  that	  chemotherapy	  may	  provide	  a	  window	  of	  enhanced	  
responsiveness	  to	  immunotherapy.	  	  

	  
Objectives	  
This	  thesis	  comprises	  two	  studies	  in	  metastatic	  melanoma	  (MM)	  
patients	  in	  which	  blood	  samples	  have	  been	  obtained	  during	  
standard	  treatments;	  Temozolomide	  (TMZ)	  chemotherapy	  and	  
Interferon-‐α2b/Interleukin2	  (IFNα/IL2)	  immune	  therapy.	  	  
	  
Furthermore,	  the	  thesis	  contains	  a	  finalized	  clinical	  study	  of	  pep-‐
tide	  vaccination	  with	  an	  HLA-‐A2	  restricted	  epitope	  derived	  from	  
indoleamine	  2.3	  dioxygenase	  (IDO);	  a	  phase	  I	  trial	  in	  metastatic	  
non	  small-‐cell	  lung	  cancer	  (NSCLC)	  patients	  and	  presentation	  of	  
preliminary	  data	  from	  an	  ongoing	  phase	  II	  trial	  in	  metastatic	  
melanoma	  patients.	  

THE	  AIMS	  OF	  THE	  THESIS	  HAVE	  BEEN	  TO:	  
	  	  	  	  
Investigate	  changes	  in	  immune	  parameters	  during	  standard	  
treatments	  and	  their	  possible	  correlation	  with	  clinical	  efficacy	  by	  
assessing	  changes	  in	  frequency	  and	  absolute	  counts	  of	  different	  
immune	  cells	  before	  and	  after	  treatment	  with	  TMZ	  chemotherapy	  
and	  by	  evaluating	  changes	  in	  different	  immune	  cells	  before	  and	  
after	  treatment	  with	  IFNα/IL2	  immune	  therapy	  and	  by	  correlating	  
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changes	  in	  immune	  cells	  to	  clinical	  benefit	  of	  abovementioned	  
anti-‐neoplastic	  treatments	  
	  
Evaluate	  the	  feasibility	  of	  IDO	  as	  an	  anticancer	  vaccine	  	  target	  in	  
cancer	  patients	  by	  investigating	  the	  targeting	  of	  IDO	  by	  a	  synthet-‐
ic	  peptide	  vaccineand	  assessing	  safety	  and	  tolerability	  of	  an	  IDO	  
derived	  peptide	  vaccine	  and	  evaluating	  clinical	  response	  and	  
immunity	  in	  metastatic	  NSCLC	  and	  MM	  patients	  after	  treatment	  
with	  an	  IDO	  peptide	  vaccine.	  

CONFLICTS	  OF	  INTEREST	  TO	  DECLARE	  
	  
None	  of	  the	  authors	  have	  conflicts	  of	  interests	  to	  declare.	  It	  
should	  however	  be	  noted	  that	  Mads	  Hald	  Andersen	  and	  Per	  thor	  
Straten	  have	  filed	  a	  patent	  application	  based	  on	  the	  use	  of	  IDO	  in	  
peptide	  vaccination.	  The	  rights	  of	  the	  patent	  application	  have	  
been	  transferred	  to	  the	  University	  Hospital	  at	  Herlev	  according	  to	  
Danish	  Law	  of	  Publich	  Inventions	  at	  Public	  Research	  Institutions.	  
	  
Study	  overview	  
In	  this	  section,	  each	  study	  is	  presented	  with	  a	  description	  of	  the	  
patients	  enrolled,	  the	  methods	  used	  for	  evaluation	  of	  endpoints	  
and	  the	  different	  treatments	  applied	  
	  
Study	  I	  –	  TMZ	  treatment	  in	  MM	  patients	  
Evaluable	  patients:	  	  40	  
Treatment:	  150	  mg/m2	  TMZ	  day	  1-‐7	  and	  15-‐21	  in	  a	  28	  day	  cycle	  
Acquisition	  of	  blood	  samples:	  30	  ml	  at	  pre-‐treatment,	  after	  the	  
1st	  and	  the	  2nd	  cycles	  of	  TMZ	  	  
Methods	  used	  for	  access	  of	  clinical	  responses:	  CT	  scan	  (RECIST	  
1.0)	  
Methods	  used	  for	  immunological	  responses:	  Flow	  cytometry	  and	  
MHC	  multimer	  encoding	  
	  
Study	  II	  –	  IFNα/IL2	  treatment	  in	  MM	  patients	  
Evaluable	  patients:	  35	  
Treatment:	  Week	  1:	  300	  µg	  IFNα,	  Week	  2:	  IL2	  (decrescendo	  regi-‐
men)	  Week	  3:	  Recovery	  	  
Acquisition	  of	  blood	  samples:	  100	  ml	  at	  pre-‐treatment,	  after	  the	  
1st	  and	  the	  2nd	  cycles	  of	  IFNα/IL2	  
Methods	  used	  for	  access	  of	  clinical	  responses:	  CT	  scan	  (RECIST	  
1.0)	  
Methods	  used	  for	  immunological	  responses:	  Flow	  cytometry	  and	  
MHC	  multimer	  encoding	  
	  
Study	  III	  –	  IDO	  peptide	  vaccinations	  in	  NSCLC	  patients	  	  
Evaluable	  patients:	  15	  HLA-‐A2	  positive	  	  
Treatment:	  1	  sachet	  Aldara	  and	  vaccines	  containing	  100µg	  IDO	  
peptide	  mixed	  in	  900	  µl	  Montanide	  	  
Acquisition	  of	  blood	  samples:	  100	  ml	  at	  pre-‐treatment	  and	  subse-‐
quently	  every	  3rd	  months	  until	  PD	  
Acquisition	  of	  sera:	  8	  ml	  at	  pre-‐treatment	  and	  subsequently	  every	  
3rd	  months	  until	  PD	  
Methods	  used	  for	  access	  of	  clinical	  responses:	  CT	  scan	  (RECIST	  
1.1)	  
Methods	  used	  for	  immunological	  responses:	  HLA	  tissue	  typing,	  
Flow	  cytometry,	  Elispot,	  T	  cell	  culturing,	  cell	  sorting,	  cytotoxicity	  
assay,	  tetramer	  staining,	  immunohistochemistry	  and	  HPLC.	  	  
	  
Study	  IV	  –	  IDO/Survivin	  peptide	  vaccinations	  combined	  with	  TMZ	  
in	  MM	  patients	  
Ongoing	  patient	  recruitment:	  31	  patients	  have	  been	  screened	  	  

Evaluable	  patients:	  7	  HLA-‐A2	  positive	  out	  of	  30	  planned	  
Treatment:	  1	  sachet	  Aldara,	  75µg	  Leukine	  sc	  and	  vaccines	  con-‐
taining	  250µg	  IDO	  and	  250µg	  survivin	  peptide	  mixed	  in	  500	  µl	  
Montanide,	  alternating	  with	  TMZ	  150	  mg/m2	  every	  2nd	  week	  	  
Acquisition	  of	  blood	  samples:	  100	  ml	  at	  pre-‐treatment	  and	  subse-‐
quently	  every	  3rd	  months	  until	  PD	  
Acquisition	  of	  sera:	  8	  ml	  at	  pre-‐treatment	  and	  subsequently	  every	  
3rd	  months	  until	  PD	  
Methods	  used	  for	  access	  of	  clinical	  responses:	  PET/CT	  scans	  (PER-‐
CIST	  1.0	  /	  RECISIT	  1.1)	  
Methods	  used	  for	  immunological	  responses:	  HLA	  tissue	  typing.	  
No	  other	  immune	  analyses	  have	  been	  performed	  yet.	  	  
	  
HLA	  restriction	  
Tissue	  typing	  was	  performed	  at	  the	  Laboratory	  for	  Tissue	  Typing	  
at	  Copenhagen	  University	  Hospital	  at	  Rigshospitalet	  prior	  to	  
inclusion.	  In	  the	  peptide	  vaccination	  trials	  only	  patients	  harbour-‐
ing	  the	  tissue	  type	  HLA-‐A2	  were	  eligible,	  due	  to	  the	  HLA	  re-‐
striction	  of	  the	  peptide	  sequences	  used	  for	  vaccine	  generation:	  	  
	  
IDO-‐5	  peptide,	  A	  -‐	  9	  –	  L	  	   HLA-‐A2:	  	  	  	  	  	  	  ALLEIASCL	  	  
Sur1M2	  peptide,	  L	  -‐	  9	  -‐	  L	   HLA-‐A2:	  	  	  	  	  	  	  LMLGEFLKL	  
	  	  
The	  clinical	  significance	  of	  HLA	  phenotype	  in	  cancer	  patients	  has	  
been	  widely	  investigated.	  In	  NSCLC	  patients	  (stage	  I),	  it	  was	  re-‐
cently	  described	  that	  expression	  of	  HLA-‐A2	  was	  an	  unfavourable	  
prognostic	  factor	  (N=695)	  (94),	  which	  was	  supported	  in	  another	  
smaller	  NSCLC	  study	  (N=204)	  (95).	  In	  melanoma,	  treatment	  effi-‐
cacy	  is	  thought	  to	  be	  HLA	  independent.	  In	  a	  retrospective	  analysis	  
of	  HLA	  subtyping	  in	  patients	  treated	  with	  Ipilimumab,	  the	  hy-‐
pothesis	  that	  Ipilimumab-‐treated	  patients	  with	  advanced	  mela-‐
noma	  have	  similar	  outcomes	  regardless	  of	  their	  HLA-‐A*0201	  
status	  was	  supported	  (96).	  Similarly,	  in	  a	  recent	  vaccine	  study	  it	  
was	  demonstrated	  that	  clinical	  outcome	  of	  the	  vaccine	  was	  inde-‐
pendent	  of	  HLA-‐A2	  allele	  type	  compared	  to	  a	  control	  group	  
(N=553)	  (97).	  	  More	  knowledge	  and	  better	  standardization	  of	  the	  
methods	  used	  for	  tissue	  typing	  (serological	  typing/genotyping)	  
and	  the	  relation	  of	  specific	  tissue	  types	  and	  clinical	  impact	  in	  
cancer	  patients	  are	  warranted.	  	  

	  
Treatments	  
	  
Temozolomide	  	  
	  
Temozolomide	  (TMZ)	  is	  a	  cytotoxic	  alkylating	  chemotherapy	  used	  
in	  the	  treatment	  of	  metastatic	  MM.	  TMZ	  has	  the	  advantage	  of	  
oral	  administration	  and	  penetration	  of	  the	  blood-‐brain	  barrier	  
with	  comparable	  efficacy	  to	  DTIC	  (5,98).	  TMZ	  monotherapy	  is	  
associated	  with	  an	  objective	  response	  rate	  of	  4-‐20%	  in	  this	  pa-‐
tient	  group	  (7,99-‐101).	  In	  Denmark	  TMZ	  is	  used	  as	  systemic	  ther-‐
apy	  for	  metastatic	  MM	  in	  selected	  patients.	  The	  treatment	  
schedule	  of	  TMZ	  is	  150	  mg/m2	  given	  at	  day	  1-‐7	  and	  day	  15-‐21	  in	  a	  
28	  day	  cycle	  which	  is	  the	  standard	  dosing.	  	  	  
	  
Interferon-‐α/Interleukin2	  	  
Immunotherapy	  with	  Interferon-‐α-‐2b/Interleukin-‐2	  (IFNα/IL2)	  has	  
in	  Denmark,	  among	  other	  countries,	  been	  the	  preferred	  immuno-‐
therapy	  for	  the	  last	  two	  and	  a	  half	  decades.	  The	  objective	  re-‐
sponse	  rate	  of	  IL2	  treatment	  is	  15%	  with	  durable	  complete	  re-‐
sponses	  in	  5-‐8%	  (6,102).	  The	  standard	  treatment	  of	  high	  dose	  IL2	  
(intravenously	  (iv)	  administered)	  and	  interferon	  alfa-‐2b	  (IFNα)	  
(subcutaneously	  (sc)	  administered)	  used	  in	  Denmark	  is	  the	  “de-‐
crescendo”	  regime	  which	  is	  given	  as	  1st	  line	  systemic	  treatment	  
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in	  selected	  stage	  IV	  MM	  patients	  in	  fit	  medical	  condition	  (103).	  
The	  treatment	  consists	  of	  300	  µg	  sc	  administered	  pegylated	  (PEG)	  
IFNα	  on	  day	  1,	  iv	  IL2	  18	  MU/m2	  in	  6,	  12	  and	  24	  hours	  on	  day	  8-‐9	  
respectively,	  and	  with	  iv	  IL2	  4.5	  MU/m2	  in	  24	  hours	  on	  day	  10-‐12	  
respectively.	  	  
	  
Imiquimod	  	  
Imiquimod	  (Aldara®)	  is	  a	  cream	  used	  for	  topical	  treatment	  of	  non-‐
melanoma	  skin	  cancer	  (e.g.	  basal	  cell	  carcinoma)	  where	  it	  induces	  
tumour	  regression.	  Aldara	  is	  widely	  used	  as	  an	  immune	  response	  
modifier	  due	  to	  the	  ability	  of	  activating	  APCs	  through	  binding	  to	  
toll-‐like	  receptor	  7	  (104).	  Since	  Aldara	  is	  known	  to	  cause	  activa-‐
tion	  of	  APCs	  in	  the	  dermal	  layers	  of	  the	  skin	  thus	  trigger	  antigen	  
presentation	  and	  cytokine	  release	  it	  serves	  as	  an	  immunologic	  
adjuvant.	  1	  sachet	  containing	  5%	  Imiquimod	  was	  applied	  and	  
covered	  by	  a	  patch	  in	  8	  hours	  prior	  to	  sc	  vaccine	  administration	  in	  
the	  same	  area	  of	  the	  skin.	  	  
Montanide	  	  
	  
The	  immune	  system	  will	  often	  be	  non-‐responsive	  to	  any	  antigen	  
administered	  in	  a	  soluble	  “naked”	  form.	  Conversely,	  the	  same	  
antigen	  may	  initiate	  a	  strong	  immune	  response	  if	  administered	  
with	  an	  immunostimulating	  agent	  (90).	  An	  adjuvant	  is	  not	  consid-‐
ered	  a	  real	  drug	  but	  is	  important	  for	  activating	  the	  innate	  immune	  
system	  whereas	  the	  peptide	  is	  used	  for	  generating	  an	  antigen	  
specific	  immune	  response	  i.e.	  activating	  the	  adoptive	  immune	  
system.	  A	  common	  adjuvant	  for	  peptide	  vaccines	  has	  been	  Mon-‐
tanide	  (Seppic,	  Inc.,	  Paris,	  France).	  Repeated	  multipeptide	  vac-‐
cination	  mixed	  in	  Montanide	  has	  been	  shown	  to	  induce	  dermal	  
lymphoid	  aggregates	  with	  a	  predominant	  infiltration	  of	  T	  cells	  
(105).	  The	  peptides	  applied	  within	  our	  studies	  were	  formulated	  in	  
Montanide.	  	  	  
	  
IDO5	  peptide	  	  
Preclinical	  toxicology	  analyses	  in	  mice	  were	  performed	  prior	  to	  
the	  use	  of	  IDO5	  peptide	  for	  humans.	  The	  toxicology	  assays	  were	  
designed	  in	  order	  to	  analyse	  potential	  side-‐effects	  of	  a	  peptide	  
given	  as	  repeated	  subcutaneous	  injections.	  The	  toxicology	  report	  
“Preclinical	  study	  of	  vaccination	  with	  human	  peptide	  mixes	  in	  
C57B16/J	  mice”	  is	  attached	  (Appendix	  A).	  	  The	  results	  showed	  no	  
impairment	  of	  health	  observed	  in	  any	  of	  the	  animals	  over	  the	  
experimental	  period	  exceeding	  2	  months.	  At	  injection	  site	  was	  
found	  local	  reactions	  e.g.	  redness	  and	  swelling	  in	  some	  of	  the	  
animals.	  	  
	  
Survivin	  peptide	  	  
Survivin	  antigen	  is	  over-‐expressed	  in	  most	  human	  neoplasms	  but	  
not	  expressed	  in	  normal	  differentiated	  tissues.	  Survivin	  acts	  as	  an	  
inhibitor	  of	  the	  apoptosis	  protein	  family.	  Molecules	  involved	  in	  
apoptosis	  represent	  potential	  diagnostic	  markers	  and	  therapeutic	  
targets.	  Studies	  have	  shown	  that	  cancer	  patients	  elicit	  spontane-‐
ous	  T	  cell	  reactivity	  against	  survivin,	  hence	  survivin	  is	  considered	  
as	  a	  universal	  target	  antigen	  for	  cancer	  immunotherapy	  (106-‐
108).	  Since	  survivin	  is	  over-‐expressed	  in	  most	  human	  tumours	  
including	  70-‐100%	  of	  malignant	  melanomas,	  this	  antigen	  is	  of	  
particular	  interest	  as	  immunotherapeutic	  target	  for	  MM	  patients	  
(109).	  	  	  
	  
Peptide	  deliverance	  	  
The	  IDO5	  peptide	  (HLA-‐A2	  sequence:	  ALLEIASCL)	  and	  survivin	  
peptide	  (Sur1M2)	  (HLA-‐A2	  sequence:	  LMLGEFLKL)	  were	  synthe-‐
sized	  by	  chemical	  synthesis	  (the	  preparation	  involved	  no	  materi-‐
als	  of	  human	  or	  animal	  origin)	  for	  a	  purity	  of	  >97%	  and	  was	  deliv-‐

ered	  in	  dry	  vials	  (Polypeptide	  Laboratories,	  Strasbourg,	  France).	  
The	  proceeding	  manufacturing	  of	  the	  vaccine	  product	  was	  per-‐
formed	  in	  haematological	  laboratory	  according	  to	  §39	  approval	  
from	  the	  National	  Board	  of	  Health	  and	  following	  GMP	  acquire-‐
ments.	  	  The	  mixing	  of	  the	  peptides	  with	  Montanide	  was	  done	  at	  
the	  outpatient	  clinic	  at	  the	  Department	  of	  Oncology	  shortly	  be-‐
fore	  administering	  the	  vaccine	  to	  the	  patients.	  	  
	  
Granulocyte-‐Macraphage	  colony	  stimulating	  factor	  	  
Granulocyte-‐Macrophage	  colony	  stimulating	  factor	  (GM-‐CSF)	  
(Leukine®)	  is	  a	  cytokine	  that	  functions	  as	  a	  growth	  factor	  for	  
white	  blood	  cells.	  GM-‐CSF	  stimulates	  the	  bone-‐marrow	  stem	  cells	  
to	  produce	  granulocytes	  and	  macrophages.	  GM-‐CSF	  is	  approved	  
for	  the	  stimulation	  and	  production	  of	  white	  blood	  cells.	  Simulta-‐
neous	  application	  of	  GM-‐CSF	  as	  an	  adjuvant	  in	  clinical	  oncology	  
studies	  of	  cancer	  vaccines	  have	  shown	  long	  term	  survival	  of	  pa-‐
tients	  with	  solid	  tumours	  correlated	  to	  immune	  responses	  (110-‐
112).	  	  Recently,	  a	  randomized	  phase	  II	  trial	  in	  advanced	  MM	  
patients	  ipilimumab	  +/-‐	  GM-‐CSF	  has	  shown	  improved	  OS	  in	  favour	  
of	  the	  Ipilimumab	  and	  GM-‐CSF	  arm	  with	  no	  significant	  differences	  
in	  toxicity	  among	  the	  two	  arms	  (113).	  Moreover,	  new	  immune	  
therapeutic	  strategies	  might	  evolve	  such	  as	  oncolytic	  virotherapy	  
mediating	  an	  anti-‐neoplastic	  effect	  through	  infecting	  and	  killing	  
cancer	  cells	  while	  stimulating	  tumour	  specific	  immune	  responses	  
(114).	  A	  recent	  phase	  III	  melanoma	  (stage	  IIB/C,	  IV1Ma)	  study	  
(OPTIM	  trial	  NCT00769704)	  has	  exploited	  the	  cancer-‐killing	  virus	  
talimogene	  laherparepvec	  (T-‐VEC)	  engineered	  to	  replicate	  in	  
tumour	  tissue	  when	  injected	  directly	  into	  cutane-‐
ous/subcutaneous	  lesions.	  The	  T-‐VEC	  is	  encoding	  a	  gene	  for	  GM-‐
CSF	  production	  thus	  promoting	  local	  immune	  reactivity	  towards	  
the	  tumour,	  in	  fact,	  responding	  patients	  had	  regression	  in	  both	  
injected	  and	  non-‐injected	  lesions	  opening	  up	  for	  a	  possible	  sec-‐
ondary	  (abscopal)	  immune-‐mediated	  anti-‐tumour	  effect	  
(115,116).	  	  	  	  
	  
Clinical	  evaluation	  
	  
Toxicity	  
	  
Patients	  were	  systematically	  evaluated	  according	  to	  common	  
terminology	  criteria	  adverse	  events	  (CTCAE)	  version	  3.0	  (117).	  
Serious	  adverse	  events	  (SAEs)	  were	  reported	  to	  the	  National	  
Board	  of	  Health	  and	  the	  Ethics	  committee	  at	  the	  Copenhagen	  
Capital	  Region,	  Denmark	  according	  to	  Danish	  law	  requirements.	  
The	  toxicity	  registration	  was	  part	  of	  the	  monitoring	  plan	  assessed	  
in	  collaboration	  with	  the	  GCP	  Unit,	  University	  Hospital	  at	  
Bisbebjerg,	  Denmark.	  	  
	  
Response	  evaluation	  criteria	  in	  solid	  tumours	  	  
Response	  evaluation	  criteria	  in	  solid	  tumours	  (RECIST)	  and	  PET	  
(positron	  emission	  tomography)	  response	  evaluation	  criteria	  in	  
solid	  tumours	  (PERCIST)	  are	  the	  golden	  standards	  for	  evaluation	  
of	  response	  in	  clinical	  trials	  using	  computed	  tomography	  (CT)	  
and/or	  PET/CT.	  Patients	  enrolled	  in	  the	  trials	  were	  scanned	  prior	  
to	  inclusion	  (baseline	  scan)	  and	  succeeding	  every	  3rd	  month.	  
	  
Patients	  included	  in	  study	  III	  were	  monitored	  by	  the	  use	  of	  CT	  
scan	  evaluated	  according	  to	  RECIST	  version	  1.1	  (118).	  The	  pa-‐
tients	  included	  in	  study	  IV	  were	  monitored	  by	  the	  use	  of	  PET-‐CT	  
scans	  evaluated	  according	  to	  PERCIST	  and	  RECIST	  version	  1.0/1.1	  
respectively	  (119).	  In	  study	  IV	  a	  magnetic	  resonance	  (MR)	  scan	  of	  
the	  brain	  was	  performed	  at	  baseline	  in	  order	  to	  diagnose	  brain	  
metastases.	  	  
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Immune	  evaluation	  
	  
Peripheral	  blood	  monocytic	  cell	  	  
	  
Peripheral	  blood	  mononuclear	  cells	  (PBMC)	  were	  obtained	  from	  
peripheral	  blood	  by	  gradient	  centrifugation	  by	  Lymphoprep	  tech-‐
nique.	  Isolated	  cells	  were	  frozen	  immediately	  with	  10%	  DMSO	  
and	  90%	  humanised	  AB-‐serum	  and	  stored	  at	  -‐140º	  Celsius.	  	  
	  
Flow	  cytometri	  
Flow	  cytometry	  analyses	  were	  carried	  out	  on	  a	  FACS	  Canto	  II	  
cytometer	  (BD)	  Biosciences.	  Briefly,	  PBMCs	  were	  thawed	  and	  
then	  labelled	  for	  surface	  staining	  with	  fluorchrome–conjugated	  
antibodies	  and	  the	  relevant	  isotypes	  as	  matched	  control	  antibod-‐
ies.	  Fox-‐P3	  and	  isotype	  controls	  were	  used	  for	  intracellular	  stain-‐
ing	  in	  which	  cells	  were	  fixed	  and	  permeabilized	  using	  a	  fixa-‐
tion/permeabilisation	  kit	  according	  to	  manufacturer’s	  instruction.	  
For	  dead	  cell	  marker	  we	  used	  near	  IR	  fluorescent	  reactive	  dye.	  In	  
general	  100,000	  –	  150,000	  lymphocytes	  were	  collected	  and	  gated	  
on	  forward	  and	  side	  scatter	  profiles	  for	  analyses.	  	  
	  
Elispot	  
PBMCs	  were	  used	  to	  perform	  either	  directly	  Elispot	  analyses	  or	  
in-‐direct	  analyses	  after	  1	  week	  of	  pre-‐stimulation	  with	  the	  pep-‐
tide.	  Nitrocellulose	  bottomed	  96-‐well	  plates	  were	  coated	  over-‐
night	  with	  IFNy	  capture	  mAb.	  The	  wells	  were	  washed,	  blocked	  by	  
X-‐vivo	  medium	  and	  the	  effector	  cells	  were	  added	  in	  duplicates	  at	  
two	  different	  cell	  concentrations,	  with	  or	  without	  the	  peptide.	  
The	  plates	  were	  incubated	  overnight.	  The	  following	  day,	  medium	  
was	  discarded	  and	  the	  wells	  were	  washed	  prior	  to	  addition	  of	  the	  
relevant	  biotinylated	  secondary	  antibody.	  The	  plates	  were	  incu-‐
bated	  at	  room	  temperature,	  washed,	  and	  avidin-‐enzyme	  conju-‐
gate	  was	  added	  to	  each	  well.	  Plates	  were	  incubated	  and	  the	  
enzyme	  substrate	  NBT/BCIP	  was	  added	  to	  each	  well	  and	  incubat-‐
ed	  at	  room	  temperature	  for	  5–10	  min.	  Upon	  the	  emergence	  of	  
dark	  purple	  spots,	  the	  reaction	  was	  terminated	  by	  washing	  with	  
tap	  water.	  The	  spots	  were	  counted	  using	  the	  ImmunoSpot	  Series	  
2.0	  Analyzer	  (CTL	  Analyzers).	  Elispot	  responses	  were	  considered	  
positive	  when	  the	  numbers	  of	  IFN-‐y	  secreting	  cells	  were	  at	  least	  
2-‐fold	  above	  the	  negative	  control	  (medium)	  and	  with	  a	  minimum	  
of	  50	  spots	  detected.	  	  
	  
Combinatorial	  encoding	  with	  MHC	  multimers	  	  
Cells	  were	  thawed	  in	  Pulmozyme	  buffer	  and	  washed	  twice,	  then	  
re-‐suspended	  in	  FACS-‐PBS	  buffer	  and	  distributed	  into	  96-‐well	  
plates	  before	  centrifugation.	  A	  panel	  of	  MHC	  multimers	  (with	  a	  
specific	  two-‐colour	  combination	  for	  each	  antigen-‐peptide	  speci-‐
ficity)	  was	  applied.	  2uL	  per	  specificity	  produced	  were	  mixed	  with	  
cells	  and	  incubated	  for	  10	  min	  at	  37ºC,	  relevant	  fluorochrome–
conjugated	  antibodies	  and	  dead	  cell	  marker	  (Near	  IR)	  we	  added	  
for	  further	  incubation	  in	  30	  min	  at	  4ºC.	  Analyses	  were	  recorded	  
on	  an	  LSRII	  SORP	  flow	  cytometer	  and	  data	  were	  analyzed	  with	  
FACS	  Diva	  Version	  6.1.3,	  BD	  bioscience.	  	  
	  
Immunohistochemistry	  	  
Available	  formalin	  fixed	  paraffin-‐embedded	  samples	  of	  NSCLC	  
tumour	  specimens	  were	  collected	  for	  immunohistochemical	  (IHC)	  
studies.	  IHC	  evaluation,	  on	  3	  µm	  thick	  sections,	  was	  performed	  
using	  the	  IDO	  antibody	  (Anti-‐IDO,	  clone	  1F8.2,	  Millipore)	  follow-‐
ing	  the	  manufacturers	  instructions.	  The	  sections	  were	  counter-‐
stained	  with	  haematoxylin.	  As	  control	  for	  IDO	  staining	  tissue	  

samples	  from	  placenta	  (syncytiotrophoblasts	  cells)	  known	  to	  stain	  
positive	  for	  IDO	  were	  applied.	  	  
	  
Cytotoxicity	  assay	  
Tetramer	  staining	  was	  performed	  in	  PBS	  +2%	  FCS	  for	  15	  minutes	  
at	  37°C,	  followed	  by	  antibody	  staining	  for	  30	  minutes	  on	  ice.	  The	  
tetramers	  were	  prepared	  using	  the	  MHC-‐peptide	  exchange	  tech-‐
nology	  as	  described	  (120).	  Conventional	  51Cr-‐release	  assays	  for	  
CTL-‐mediated	  cytotoxicity	  were	  carried	  out	  as	  described	  (121).	  	  
	  
High	  performance	  liquid	  chromatography	  	  
Sera	  from	  patients	  were	  obtained	  to	  perform	  high	  performance	  
liquid	  chromatography	  (HPLC)	  analyses.	  Nine	  ml	  of	  blood	  were	  
drawn	  in	  a	  dry	  vial	  and	  spun	  down	  at	  3000	  rpm	  in	  10	  minutes.	  
Sera	  were	  aliquoted	  in	  1.8	  ml	  Nunc	  cryo-‐preservation	  vials	  and	  
stored	  at	  -‐80°	  C	  freezer.	  IDO	  activity	  was	  estimated	  by	  quantifying	  
tryptophan	  (Trp)	  and	  its	  metabolite	  kynurenin	  (Kyn)	  in	  patient	  
sera,	  essentially	  as	  previously	  described	  (122,123).	  Briefly,	  100	  µL	  
thawed	  serum	  were	  diluted	  1:2	  with	  0.05M	  KOP4	  buffer	  PH	  6.0,	  
followed	  by	  protein	  precipitation	  with	  TCA	  2M.	  Trp	  and	  Kyn	  were	  
then	  identified	  in	  100	  µL	  supernatant	  by	  high-‐performance	  liquid	  
chromatography	  (HPLC)	  (LC	  10	  AvP	  system,	  Shimadzu,	  Duisberg,	  
Germany)	  using	  a	  C18	  column	  (ReproSil-‐Pur	  Basic®,	  GmbH,	  En-‐
tringen,	  Germany)	  and	  a	  3%	  Acetonitrile	  (ACN)	  0.05%	  trifluoroa-‐
cetic	  acid	  (TFA)	  isocratic	  gradient	  over	  30	  min	  at	  a	  flow	  rate	  of	  
0.25ml/min.	  	  Results	  were	  calculated	  from	  peak	  areas	  and	  ex-‐
pressed	  as	  Kyn	  µM	  /	  Trp	  mM	  ratios	  (mean	  of	  triplicate	  or	  dupli-‐
cate	  measurements)	  (122).	  	  
	  
Logistics	  and	  Contributions	  
Authoring	  and	  legal	  approval	  of	  the	  protocols	  were	  performed	  by	  
Professor,	  MD	  Inge	  Marie	  Svane	  (Study	  I)	  and	  by	  the	  author	  
(Study	  II,	  III	  and	  IV).	  The	  task	  as	  principal	  investigator	  was	  per-‐
formed	  by	  the	  author	  whereas	  the	  task	  as	  sponsor	  was	  performed	  
by	  Professor	  Inge	  Marie	  Svane.	  Clinical	  assessment,	  toxicity	  regis-‐
tration	  and	  vaccine	  treatment	  in	  the	  studies	  III	  and	  IV	  was	  done	  
by	  the	  author	  and	  PhDs,	  MDs	  Lotte	  Engell-‐Noerregaard	  and	  Eva	  
Ellebaek	  plus	  fellow	  PhD	  students,	  MDs	  Rikke	  Andersen	  and	  Per	  
Kongsted.	  The	  case	  report	  forms	  and	  GCP	  requirements	  in	  general	  
were	  performed	  by	  the	  author	  in	  collaboration	  with	  head	  of	  
research	  nurses	  Birgitte	  Christiansen.	  The	  evaluation	  of	  PET/CT	  
scan	  and	  clinical	  assessment	  were	  done	  by	  the	  author	  in	  collabo-‐
ration	  with	  MD,	  PhD	  Helle	  Hendel	  at	  the	  Department	  of	  Nuclear	  
medicine	  and	  the	  Department	  of	  Radiology,	  and	  by	  MDs,	  PhDs	  
Bente	  Holm,	  Anders	  Mellemgaard	  and	  Inge	  Marie	  Svane.	  	  	  
	  
All	  clinical	  trials	  described	  in	  this	  thesis	  were	  accepted	  by	  the	  
Danish	  Legal	  Authorities.	  The	  studies	  have	  been	  conducted	  in	  
accordance	  with	  the	  Helsinki	  declaration	  and	  monitored	  accord-‐
ing	  to	  GCP	  requirements.	  All	  patients	  have	  provided	  written	  in-‐
formed	  consent	  prior	  to	  inclusion.	  The	  studies	  were	  accepted	  by	  
the	  local	  Ethics	  committee	  at	  the	  Capital	  Region	  of	  Denmark	  
(Study	  I:	  H-‐A-‐2007-‐0124	  and	  study	  II:	  H-‐4-‐2010-‐092),	  by	  the	  Dan-‐
ish	  Data	  Protection	  Agency	  and	  by	  the	  National	  Board	  of	  Health.	  
The	  vaccination	  studies	  were	  registered	  at	  www.ClincalTrials.gov	  
(Study	  III:	  NCT01219348	  and	  study	  IV:	  NCT01543464).	  	  
	  
Patients	  enrolled	  in	  study	  I	  were	  treated	  at	  the	  Department	  of	  
Oncology,	  University	  Hospitals	  at	  Herlev	  (supervised	  by	  Professor	  
Inge	  Marie	  Svane)	  and	  at	  Department	  of	  Oncology	  at	  Odense	  
(supervised	  by	  MD	  Lars	  Bastholt).	  Patients	  enrolled	  in	  study	  II	  
were	  treated	  at	  the	  Department	  of	  Oncology,	  University	  Hospitals	  
at	  Herlev	  (supervised	  by	  Professor	  Inge	  Marie	  Svane)	  and	  at	  De-‐
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partment	  of	  Oncology	  at	  Aarhus	  (supervised	  by	  PhD,	  MD	  Henrik	  
Schmidt	  and	  MD	  Kirsten	  Fode).	  	  
	  
Patients	  enrolled	  in	  study	  III	  and	  IV	  were	  treated	  at	  the	  Depart-‐
ment	  of	  Oncology,	  University	  Hospitals	  at	  Herlev	  (supervised	  by	  
Professor	  Inge	  Marie	  Svane,	  MDs,	  PhDs	  Bente	  Holm	  and	  Anders	  
Mellemgaard).	  All	  vaccine	  treatments	  have	  been	  generated	  at	  the	  
GMP	  facilities	  at	  the	  Department	  of	  Haematology,	  Herlev	  super-‐
vised	  by	  head	  technician	  Eva	  Gaarsdal	  and	  the	  technicians	  Char-‐
lotte	  Vajhøj,	  Signe	  Møllebæk	  Larsen	  and	  Zanne	  Henriksen.	  	  
	  
Statistical	  work	  (described	  in	  each	  manuscript	  separately)	  in	  this	  
thesis	  was	  done	  by	  the	  author	  and	  was	  supervised	  by	  the	  statisti-‐
cian	  Tobias	  Wirenfeldt	  Klausen.	  	  
	  
For	  the	  immune	  monitoring	  part	  many	  important	  contributions	  
have	  been	  made.	  The	  PBMC	  harvesting	  was	  done	  by	  technicians	  
at	  the	  Haematological	  Laboratory	  and	  fellow	  PhD	  students	  at	  the	  
CCIT.	  The	  FACS	  analyses	  were	  performed	  by	  the	  author	  in	  collabo-‐
ration	  with	  student	  Maria	  Therese	  Rasmussen,	  PhD	  Marie	  Klinge	  
Brimnes,	  PhD	  student	  Jon	  Bjoern,	  PhD	  Sine	  Reker	  Hadrup	  and	  
Professor	  Inge	  Marie	  Svane.	  	  The	  T	  cell	  culture	  and	  ELIspot	  assays	  
analyses	  were	  performed	  by	  technicians	  Charlotte	  Vajhøj	  and	  
Merete	  Jonassen.	  The	  analyses	  of	  Elispot	  data	  were	  performed	  by	  
the	  author,	  PhD	  student	  Stine	  Kiaer	  Larsen	  and	  Professor	  Mads	  
Hald	  Andersen.	  The	  MHC	  multimer	  assays	  were	  performed	  by	  
technician	  Kirsten	  Nikolajsen,	  PhD	  Rikke	  Sick	  Andersen	  and	  PhD	  
Sine	  Reker	  Hadrup.	  The	  IHC	  staining	  was	  performed	  at	  the	  De-‐
partment	  of	  Pathology,	  University	  Hospital	  at	  Bisbebjerg,	  Den-‐
mark,	  by	  MD	  Inger	  Birte	  Moerck	  Thomsen.	  The	  cytoxicity	  assays	  
were	  performed	  by	  technician	  Merete	  Jonassen,	  PhD	  Stine	  Kiaer	  
Larsen	  and	  Professor	  Mads	  Hald	  Andersen.	  The	  HPLC	  analyses	  
were	  performed	  at	  the	  Interfaculty	  Institute	  of	  Biochemistry	  and	  
Cell	  Biology,	  University	  of	  Tübingen,	  Germany,	  by	  Msc	  Claus	  
Zeyher	  and	  PhD	  Cécile	  Gouttefangeas.	  	  
	  
The	  daily	  work	  at	  the	  laboratory	  and	  in	  the	  clinic	  was	  supervised	  
by	  Professor	  Mads	  Hald	  Andersen	  and	  Professor	  Inge	  Marie	  
Svane,	  whom	  also	  co-‐authored	  all	  manuscripts	  included	  in	  the	  
thesis.	  	  	  	  	  
	  
Ethical	  considerations	  	  
Overall,	  there	  was	  no	  therapeutic	  benefit	  of	  participating	  in	  the	  
study	  I	  and	  II	  for	  the	  individual	  patients.	  In	  these	  studies	  30	  ml	  
and	  100	  ml	  of	  blood	  respectively	  were	  drawn	  at	  different	  time	  
points	  (at	  time	  of	  routine	  blood	  sampling)	  for	  the	  overall	  purpose	  
of	  monitoring	  induced	  immune	  changes.	  	  
Ultimately,	  a	  better	  understanding	  of	  the	  immune	  mechanisms	  
underlying	  TMZ	  and	  IFNα/IL2	  treatment	  is	  essential	  for	  the	  con-‐
tinued	  development	  of	  treatments	  in	  MM	  patients.	  	  
	  
	  
In	  general,	  patients	  with	  metastatic	  cancer	  (NSCLC	  and	  MM)	  have	  
a	  poor	  prognosis.	  Currently,	  very	  few	  treatment	  options	  with	  
curative	  potential	  exist.	  Regarding	  study	  III	  and	  IV	  there	  was	  a	  
potential	  therapeutic	  benefit	  in	  participating.	  In	  these	  studies,	  
100	  ml	  of	  blood	  were	  drawn	  every	  3rd	  month	  (at	  time	  of	  routine	  
blood	  sampling)	  to	  gather	  knowledge	  of	  immune	  changes	  during	  
vaccine	  treatment.	  On	  the	  basis	  of	  current	  know-‐how	  of	  peptide	  
vaccines	  and	  the	  toxicology	  study	  performed	  in	  advance	  of	  the	  
clinical	  studies	  no	  unacceptable	  risks	  were	  associated	  with	  the	  
vaccines.	  Participation	  in	  the	  studies	  is	  voluntary	  and	  the	  treat-‐

ment	  is	  stopped	  if	  unreasonable	  side	  effects	  occur	  or	  according	  to	  
the	  patient’s	  wish.	  	  

RESULTS	  	  
	  
Four	  studies	  are	  presented	  in	  this	  thesis.	  A	  brief	  summary	  describ-‐
ing	  the	  main	  findings	  of	  each	  study	  is	  provided	  below.	  Study	  IV	  is	  
ongoing	  thus	  only	  preliminary	  clinical	  data	  are	  provided	  (no	  man-‐
uscript).	  	  	  
	  
Study	  I	  –	  TMZ	  treatment	  in	  MM	  patients	  
Forty	  patients	  with	  stage	  IV	  melanoma	  were	  prospectively	  en-‐
rolled	  and	  were	  included	  in	  the	  statistical	  analyses.	  All	  patients	  
were	  treated	  with	  a	  minimum	  of	  3	  cycles	  of	  TMZ	  and	  were	  evalu-‐
ated	  for	  clinical	  response.	  Six	  patients	  were	  excluded	  from	  evalu-‐
ation	  of	  immunological	  response	  due	  to	  concomitant	  treatment	  
with	  prednisone.	  The	  median	  age	  was	  67	  years	  (range	  39-‐85),	  
disease	  stage	  distribution;	  M1a	  =	  2,	  M1b	  =	  9	  and	  M1c	  =	  29	  pa-‐
tients	  and	  an	  average	  number	  of	  completed	  TMZ	  cycles	  of	  5.3	  
(range	  3-‐13).	  The	  overall	  response	  rate	  was	  12.5%	  including	  2	  
patients	  with	  a	  complete	  response	  (CR)	  and	  3	  patients	  with	  a	  
partial	  response	  (PR)	  (short	  term).	  Median	  progression	  free	  sur-‐
vival	  (PFS)	  was	  8.7	  months.	  All	  lymphocyte	  count	  (ALC)	  (N=34)	  
were	  assessed	  from	  routine	  sampling	  of	  white	  leucocytes	  before	  
treatment	  and	  after	  each	  TMZ	  cycle.	  Lymphopenia	  (<0.7*109	  
cells/L	  ~	  CTCAE	  grade	  2)	  developed	  in	  71%	  of	  the	  patients	  after	  3	  
TMZ	  cycles	  (~100	  days).	  The	  lymphocyte	  reduction	  was	  highly	  
significant	  (p<0.001).	  Moreover,	  we	  demonstrated	  that	  lympho-‐
penia	  ≥grade	  2	  after	  3	  TMZ	  cycles	  correlated	  with	  treatment	  
response.	  	  
	  
In	  fifteen	  patients	  alterations	  in	  the	  frequency	  of	  different	  T	  cell	  
subsets	  were	  evaluated	  by	  thawed	  PBMCs	  using	  multicolour	  flow	  
cytometry.	  Overall,	  a	  significant	  increase	  in	  the	  frequency	  of	  CD8+	  
T	  cell	  population	  were	  observed	  after	  2	  TMZ	  cycles	  paralleled	  by	  a	  
significant	  decrease	  in	  the	  frequency	  of	  the	  CD4+	  T	  cells.	  The	  
same	  tendencies	  were	  observed	  in	  absolute	  cell	  counts.	  Regard-‐
ing	  the	  Tregs	  no	  significant	  changes	  in	  the	  frequency	  of	  cells	  were	  
observed	  but	  a	  significant	  decrease	  in	  the	  absolute	  count	  of	  Tregs	  
after	  2	  TMZ	  cycles	  was	  demonstrated.	  In	  general	  Treg	  numbers	  
were	  low.	  	  	  	  	  	  
	  
The	  CD8+/CD4+	  T	  cell	  ratio	  before	  and	  after	  2	  completed	  TMZ	  
cycles	  indicated	  a	  weighted	  CD8+	  T	  cell	  profile	  among	  clinical	  
responders	  compared	  to	  the	  non-‐responders.	  Moreover,	  distinct	  
phenotypic	  characterizations	  of	  CD8+	  T	  cells	  including	  memory	  
subsets	  revealed	  a	  significant	  decrease	  in	  the	  frequency	  of	  CD8+	  
naïve	  T	  cells	  counteracted	  by	  an	  increase	  in	  the	  frequency	  of	  
differentiated	  CD8+	  T	  cells.	  In	  7	  patients,	  we	  were	  able	  to	  evalu-‐
ate	  tumour-‐	  and	  viral	  associated	  antigen	  specific	  T	  cell	  responses	  
by	  the	  MHC	  multimer	  encoding	  method.	  In	  5/7	  patients	  we	  
demonstrated	  enhanced	  T	  cell	  responses	  against	  TAAs	  while	  
preserved	  T	  cell	  responses	  against	  selected	  viral	  epitopes	  were	  
observed.	  	  
	  
Study	  II	  –	  IFNα/IL2	  treatment	  in	  MM	  patients	  
Thirty-‐five	  patients	  were	  enrolled	  in	  this	  study	  and	  all	  patients	  
were	  included	  in	  the	  statistical	  analyses.	  All	  patients	  received	  
IFNα/IL2	  as	  1st	  line	  therapy	  and	  were	  evaluable	  for	  clinical	  and	  
immunological	  response.	  Twenty-‐five	  patients	  progressed	  rapidly	  
(PD	  patients)	  whereas	  10	  patients	  (17%)	  had	  clinical	  benefit	  
(PR+SD≥6	  months).	  None	  of	  the	  patients	  had	  a	  complete	  response	  
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to	  treatment	  however,	  3	  patients	  achieved	  ongoing	  “no	  evidence	  
of	  disease”	  (NED)	  after	  post	  therapy	  metastatectomy	  of	  remain-‐
ing	  lesions.	  Patients	  with	  clinical	  benefit	  had	  a	  lower	  tumour	  
burden	  (M1a	  disease)	  and	  received	  more	  treatment	  cycles	  com-‐
pared	  to	  PD	  patients.	  Estimated	  median	  TTP	  was	  3.3	  months	  and	  
median	  OS	  20.3	  months.	  A	  trend	  towards	  longer	  survival	  for	  
PR+SD	  compared	  to	  PD	  patients	  was	  seen.	  Furthermore,	  we	  
demonstrated	  a	  significant	  correlation	  between	  LDH	  >UNL	  at	  pre-‐
treatment	  to	  both	  impaired	  treatment	  response	  and	  inferior	  
survival	  hence	  confirming	  increased	  LDH	  as	  a	  negative	  prognostic	  
factor.	  	  
	  
Highly	  significant	  increases	  in	  ALC	  were	  demonstrated	  during	  
treatment.	  Furthermore,	  we	  found	  a	  positive	  correlation	  between	  
percentage	  increase	  of	  ALC	  and	  achievement	  of	  clinical	  benefit.	  
Levels	  of	  different	  immune	  cells	  were	  further	  scrutinized	  by	  flow	  
cytometry.	  No	  significant	  changes	  during	  therapy	  in	  the	  CD8+	  or	  
CD4+	  T	  cells	  were	  observed,	  however	  preliminary	  data	  suggested	  
a	  decreasing	  tendency	  of	  inhibitory	  receptors	  as	  BTLA,	  CTLA	  and	  
PD-‐1.	  Furthermore,	  within	  the	  lymphocyte	  population	  we	  found	  
an	  increase	  in	  both	  the	  CD8+	  TEM	  as	  well	  as	  the	  Tregs	  during	  
therapy	  in	  both	  clinical	  benefit	  and	  PD	  patients.	  Further	  analyses	  
of	  immune	  cells	  demonstrated	  a	  significant	  increase	  in	  the	  NK	  
cells	  in	  clinical	  benefit	  and	  PD	  patients,	  where	  as	  the	  MDSCs	  
remained	  unchanged	  during	  therapy.	  Surprisingly,	  only	  very	  low-‐
frequent	  TAA	  responses	  was	  demonstrated	  pre-‐	  and	  post	  treat-‐
ment	  in	  a	  small	  fraction	  of	  patients.	  	  
Study	  III	  –	  IDO	  vaccinations	  in	  NSCLC	  patients	  (NCT01219348)	  
	  
Fifteen	  HLA-‐A2	  positive	  patients	  with	  stage	  III/IV	  NSCLC	  and	  SD	  
after	  standard	  chemotherapy	  were	  enrolled.	  Clinical	  trial	  registra-‐
tion	  is	  provided	  (Appendix	  B).	  All	  treated	  patients	  were	  included	  
in	  the	  statistical	  analyses.	  The	  vaccine	  treatment	  was	  initiated	  at	  
least	  28	  days	  after	  last	  dose	  of	  chemotherapy.	  No	  grade	  3-‐4	  
CTCAE	  toxicity	  due	  to	  vaccine	  treatment	  was	  observed	  and	  no	  
serious	  adverse	  events	  (SAEs)	  were	  reported.	  In	  the	  majority	  of	  
patients’	  induction	  of	  grade	  1-‐2,	  short	  term,	  local	  reactions	  (red-‐
ness,	  swelling)	  was	  observed.	  The	  mean	  number	  of	  vaccinations	  
were	  11	  (range	  6-‐29)	  and	  mean	  duration	  of	  vaccine	  treatment	  
was	  7.9	  months.	  Seven	  patients	  had	  clinical	  benefit;	  1	  PR	  and	  6	  
SD.	  The	  estimates	  of	  median	  PFS	  were	  5.2	  months	  and	  median	  OS	  
was	  25.9	  months.	  Vaccinated	  patients	  demonstrated	  longer	  sur-‐
vival	  compared	  to	  the	  vaccine	  untreated	  patients	  (otherwise	  
eligible,	  but	  HLA-‐A2	  negative).	  Furthermore,	  patients	  in	  the	  
PR+SD	  group	  had	  longer	  survival	  compared	  to	  PD	  patients.	  Ex-‐
pression	  of	  IDO	  in	  the	  cytoplasm	  of	  cancer	  cells	  in	  pre-‐treatment	  
tumour	  biopsies	  was	  detected	  in	  9/10	  patients.	  All	  accessible	  
tumours	  expressed	  IDO	  and	  grading	  of	  IHC	  staining	  (negative,	  1+,	  
2+,	  or	  3+	  positive)	  was	  performed.	  No	  correlation	  of	  IDO	  expres-‐
sion	  and	  clinical	  response	  to	  vaccine	  treatment	  was	  found.	  
	  	  	  	  	  
Presence	  of	  IDO	  specific	  CD8+	  T	  cells	  was	  demonstrated	  by	  IFNy	  
Elispot.	  IFNy	  releasing	  cells	  were	  frequently	  detected	  in	  PR+SD	  
and	  PD	  patients.	  At	  pre-‐treatment,	  the	  measurement	  of	  IDO	  
specific	  CD8+	  T	  cells	  was	  significant	  higher	  in	  PR+SD	  compared	  to	  
PD	  patients.	  Low-‐frequency	  responses	  of	  tetramer	  positive	  IDO	  
specific	  T	  cells	  were	  detected	  after	  cell	  culturing	  and	  expansion	  in	  
3	  SD	  patients	  post	  vaccine	  treatment.	  In	  1	  patient,	  the	  tetramer	  
positive	  CTLs	  demonstrated	  effective,	  specific	  killing	  of	  an	  IDO+,	  
HLA-‐A2	  positive	  cancer	  cell	  line	  (SW480).	  	  	  	  	  	  
	  
Flow	  cytometry	  analyses	  were	  performed	  in	  all	  patients.	  In	  gen-‐
eral,	  no	  significant	  changes	  in	  the	  CD8+	  and	  CD4+	  T	  cells	  were	  

seen.	  However,	  the	  PR+SD	  patients	  demonstrated	  a	  trend	  to-‐
wards	  increased	  peripheral	  CD8+	  and	  CD8+	  TEM	  which	  was	  not	  
observed	  in	  the	  PD	  patients.	  Moreover,	  a	  decreased	  level	  of	  Tregs	  
and	  an	  increased	  level	  of	  NK	  cells	  were	  seen	  after	  6	  vaccinations.	  
No	  difference	  in	  Treg-‐	  or	  NK	  cells	  between	  PR+SD	  and	  PD	  patients	  
was	  observed.	  	  	  
	  
Elevated	  Kyn/Trp	  ratio	  has	  been	  suggested	  to	  mirror	  IDO	  activity	  
hence	  HPLC	  measurements	  of	  Kyn	  and	  Trp	  were	  performed.	  In	  
8/11	  patients	  the	  level	  at	  the	  6th	  vaccine	  was	  stable	  compared	  to	  
pre-‐treatment	  with	  no	  difference	  between	  SD+PR	  patients	  (4/5)	  
and	  PD	  patients	  (4/6).	  Two	  patients	  experienced	  an	  augmentation	  
of	  Kyn/Trp	  and	  also	  had	  high	  IDO	  expression	  (grade	  3)	  in	  the	  IHC	  
analyses.	  Measurements	  of	  long	  term	  Kyn/Trp	  ratio	  were	  accessi-‐
ble	  from	  4	  SD	  patients	  showing	  stabilization	  of	  Kyn/Trp	  in	  two	  
clinical	  responders.	  	  Poster	  presentation	  is	  provided	  (Appendix	  C).	  	  
	  
Study	  IV	  –	  IDO/Survivin	  peptide	  vaccine	  combined	  with	  TMZ	  in	  
MM	  patients	  (NCT01543464)	  
Patient	  enrolment	  was	  initiated	  in	  June	  2012.	  Thirty	  HLA-‐A2	  posi-‐
tive	  patients	  with	  stage	  IV	  melanoma	  are	  planned	  for	  inclusion.	  
To	  augment	  immune	  responses	  the	  vaccine	  comprises	  IDO	  and	  
Survivin	  peptides	  plus	  Montanide,	  Imiquimod	  and	  GM-‐CSF	  as	  
adjuvants.	  To	  improve	  clinical	  responses	  the	  vaccine	  is	  combined	  
with	  TMZ	  as	  an	  anti-‐neoplastic	  agent	  with	  immune	  modulator	  
properties	  demonstrated	  in	  study	  I.	  Clinical	  trial	  registration	  is	  
provided	  (Appendix	  D).	  	  
	  
To	  date,	  a	  total	  of	  31	  patients	  have	  been	  screened	  for	  HLA-‐A2	  
tissue	  type	  of	  whom	  15	  patients	  were	  positive.	  Two	  patients	  
progressed	  prior	  to	  inclusion	  thus	  13	  patients	  have	  started	  vac-‐
cine	  treatment.	  Five	  patients	  have	  been	  excluded	  from	  the	  proto-‐
col	  prior	  to	  evaluation	  (thus	  not	  evaluable	  patients)	  due	  to	  pro-‐
gression	  in	  the	  brain	  (known	  CNS	  lesions	  –	  3	  patients),	  grade	  4	  
haematological	  toxicity	  (1	  patient)	  and	  bilateral	  pleural	  effusion	  
(known	  lung	  lesions	  -‐	  1	  patient).	  1	  patient	  is	  ongoing	  in	  trial	  but	  
awaits	  evaluation	  after	  3	  cycles	  of	  treatment.	  Overall,	  7	  patients	  
have	  been	  evaluated	  for	  clinical	  response	  hence	  these	  preliminary	  
data	  are	  presented.	  	  	  	  
	  
Patients	  were	  evaluated	  by	  PET-‐CT	  scan	  at	  baseline	  and	  subse-‐
quently	  every	  3rd	  month.	  Two	  patients	  (pt.#04	  and	  #09)	  have	  
demonstrated	  a	  partial	  response	  with	  57%	  and	  45%	  tumour	  re-‐
duction	  for	  10	  and	  6	  month+	  (PR	  not	  confirmed	  in	  the	  latter	  pa-‐
tient)	  respectively.	  Three	  patients	  had	  SD	  for	  4.5,	  3.0	  and	  4	  
month+	  respectively.	  Two	  patients	  had	  PD	  with	  development	  of	  
new	  lesions.	  Thus	  the	  very	  preliminary	  objective	  response	  rate	  in	  
evaluable	  patients	  is	  29%	  (2	  PR),	  short	  term	  SD	  seen	  in	  42%	  of	  
patients	  (3	  SD)	  and	  rapid	  PD	  observed	  in	  29%	  of	  the	  patients	  (2	  
PD).	  PET-‐CT	  scan	  demonstration	  of	  pt.	  #04	  and	  #09	  is	  provided	  
(Appendix	  E).	  Immune	  analyses	  have	  not	  yet	  been	  initiated.	  
	  
Toxicities	  have	  been	  safe	  and	  manageable.	  Two	  SAEs	  of	  severe	  
dizziness	  (probably	  not	  related	  to	  treatment)	  and	  widespread	  
rash	  (probably	  related)	  respectively,	  have	  been	  reported.	  	  	  	  	  

DISCUSSION	  
	  
In	  the	  studies	  described	  in	  this	  thesis,	  we	  have	  aimed	  to	  treat	  
cancer	  patients	  through	  an	  immunotherapeutic	  approach.	  Mela-‐
noma	  is	  well-‐known	  to	  be	  linked	  to	  the	  immune	  system	  and	  other	  
cancer	  types	  as	  NSCLC	  might	  likewise	  benefit	  from	  immunothera-‐
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py	  (16).	  The	  aim	  of	  immunotherapy	  is	  to	  ameliorate	  the	  anti	  
tumour	  responses	  generated	  by	  the	  immune	  system.	  Immuno-‐
therapy	  has	  the	  ability	  to	  activate	  cytotoxic	  CD8+	  T	  cells	  infiltrat-‐
ing	  the	  tumour	  and	  potentially	  mediate	  elimination	  of	  cancer	  
cells.	  Thus,	  therapeutic	  cancer	  vaccines	  have	  the	  potential	  to	  
induce	  long-‐lasting,	  tumour	  specific	  immune	  memory,	  although	  in	  
terms	  of	  treating	  metastatic	  cancer	  results	  have	  been	  somewhat	  
disappointing.	  Nonetheless,	  therapeutic	  vaccines	  such	  as	  tumour	  
cell-‐	  and	  antigen-‐specific	  vaccines	  have	  shown	  clinical	  efficacy	  in	  
early	  trials	  and	  are	  currently	  under	  clinical	  investigation	  in	  large,	  
phase	  III	  randomized	  trials	  for	  adjuvant	  (MAGRIT	  study,	  
NCT00480025)	  and	  metastatic	  settings	  (START	  study,	  
NCT00676507	  and	  STOP	  study,	  NCT00676507)	  in	  NSCLC	  patients	  
(31).	  Peptide	  vaccines	  can	  play	  a	  role	  when	  combined	  with	  other	  
immunotherapies.	  To	  this	  end,	  a	  clinical	  trial	  combining	  
Nivolumab	  (escalating	  doses	  of	  anti-‐PD1)	  with	  a	  multipeptide	  
vaccine	  targeting	  MART1,	  NY-‐ESO-‐1,	  gp100	  emulsified	  in	  Monta-‐
nide	  for	  metastatic	  solid	  tumours	  (MM	  and	  NSCLC)	  is	  currently	  
being	  conducted	  (NCT01176461).	  This	  trial	  design	  allows	  for	  
facilitating	  and	  optimizing	  T	  cell	  response	  monitoring	  (124).	  Relia-‐
ble	  immune	  biomarkers	  of	  response	  either	  derived	  from	  periph-‐
eral	  blood	  or	  from	  tumour	  lesions	  are	  being	  intensively	  investi-‐
gated	  simultaneously	  with	  the	  implementation	  of	  these	  new	  
checkpoint	  inhibitors	  (125,126).	  This	  thesis	  has	  aimed	  at	  charac-‐
terizing	  potential	  immune	  cell	  changes	  derived	  from	  peripheral	  
blood	  during	  standard	  chemo-‐	  and	  immunotherapy	  treatments.	  
Furthermore,	  we	  have	  investigated	  the	  feasibility	  of	  IDO	  as	  an	  
anticancer	  vaccine	  in	  a	  `First	  in	  man`	  trial	  in	  NSCLC	  patients.	  The	  
IDO	  peptide	  vaccine	  has	  proven	  to	  be	  well-‐tolerated	  and	  long-‐
lasting	  SD+PR	  in	  the	  treated	  patients	  were	  observed.	  Based	  on	  
this,	  we	  recently	  initiated	  a	  phase	  II	  clinical	  trial	  targeting	  IDO	  and	  
Survivin	  cancer	  proteins	  in	  MM	  patients	  aiming	  at	  assessing	  clini-‐
cal	  benefit	  rate.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
Lymphocyte	  count	  as	  immune	  correlate	  
Treatment	  induced	  changes	  in	  immune	  cells	  such	  as	  changes	  in	  
specific	  T	  cell	  populations	  have	  been	  proposed	  as	  immune	  bi-‐
omarkers.	  Recent	  data	  have	  indicated	  a	  prognostic	  value	  of	  pe-‐
ripheral	  blood	  count	  of	  ALC	  in	  MM	  patients	  (127).	  The	  association	  
between	  clinical	  activity	  of	  Ipilimumab	  and	  changes	  in	  ALC	  from	  
baseline	  has	  been	  demonstrated	  (128).	  Likewise,	  two	  recent	  
studies	  in	  MM	  have	  suggested	  that	  an	  increase	  in	  ALC	  is	  correlat-‐
ed	  to	  response	  to	  Ipilimumab	  and	  to	  overall	  survival	  (129,130).	  
Regarding	  immune	  markers,	  we	  demonstrated	  (study	  I)	  that	  CTC	  ≥	  
grade	  2	  lymphopenia	  after	  3	  treatment	  cycles	  of	  TMZ	  was	  corre-‐
lated	  to	  treatment	  response.	  Previously,	  we	  have	  likewise	  
demonstrated	  a	  correlation	  between	  lymphopenia	  and	  treatment	  
response	  to	  TMZ	  and	  Thalidomide	  in	  stage	  IV	  MM	  patients	  (131).	  
No	  correlation	  between	  lymphopenia	  and	  overall	  survival	  was	  
seen.	  The	  individual	  turnover	  of	  TMZ	  was	  not	  measured,	  thus	  
potential	  individual	  differences	  on	  the	  impact	  of	  how	  TMZ	  affect-‐
ed	  the	  bone	  marrow	  function	  is	  unknown,	  however,	  all	  patients	  
were	  treated	  with	  TMZ	  dosage	  according	  to	  body	  surface.	  Thus,	  
we	  do	  not	  fully	  understand	  the	  importance	  of	  the	  changes	  in	  
lymphocyte	  level	  in	  MM	  patients	  e.g.	  lymphopenia	  in	  connection	  
with	  TMZ	  might	  not	  be	  directly	  involved	  in	  the	  clinical	  response	  
but	  merely	  an	  indicator	  of	  high	  TMZ	  sensitivity.	  Hence,	  more	  
knowledge	  is	  necessary	  to	  elicit	  if	  ALC	  count	  can	  be	  used	  in	  this	  
setting	  as	  a	  surrogate	  immune	  marker.	  
	  
In	  contrast	  to	  TMZ-‐induced	  lymphopenia	  we	  demonstrated	  a	  
significantly	  increased	  level	  of	  ALC	  during	  IFNα/IL2	  treatment.	  
Furthermore,	  we	  found	  a	  positive	  correlation	  between	  percent-‐

age	  increase	  of	  ALC	  and	  achievement	  of	  clinical	  benefit	  in	  a	  well	  
described	  patient	  cohort	  (study	  II).	  Consistent	  with	  our	  data,	  it	  
has	  formerly	  been	  demonstrated	  that	  clinical	  responders	  to	  high	  
dose	  IL2	  had	  higher	  maximum	  as	  well	  as	  higher	  change	  in	  ALC	  
after	  therapy	  compared	  to	  non-‐responders	  (132).	  In	  our	  study,	  no	  
correlation	  between	  increased	  ALC	  and	  overall	  survival	  in	  the	  
IFNα/IL2	  treated	  patients	  was	  seen.	  The	  correlation	  between	  ALC	  
rise	  and	  response	  to	  IFNα/IL2	  is	  indicative	  that	  lymphocyte	  level	  
might	  serve	  as	  a	  surrogate	  marker.	  However,	  this	  is	  probably	  not	  
a	  universal	  phenomenon	  in	  that	  MM	  patients	  treated	  with	  the	  
PD-‐1	  antibody	  (Nivolumab)	  did	  not	  have	  increasing	  ALC	  levels	  
during	  therapy.	  Moreover,	  a	  low	  level	  of	  ALC	  was	  not	  precluding	  
response	  to	  Nivolumab.	  Interestingly,	  phenotypic	  changes	  in	  
peripheral	  T	  cell	  subsets	  were	  detected	  during	  Nivolumab	  treat-‐
ment	  included	  an	  increase	  in	  activated	  CD8+	  cells	  expressing	  HLA-‐
DR,	  ICOS	  and/or	  KI67	  (125).	  	  
	  
Peripheral	  immune	  cell	  subsets	  as	  immune	  correlates	  
By	  the	  use	  of	  multicolour	  flow	  cytometry	  thawed	  PBMCs	  revealed	  
a	  selective	  decrease	  in	  CD4+	  T	  cell	  counts	  within	  the	  lymphocyte	  
population	  during	  TMZ	  therapy	  (study	  I).	  Furthermore,	  we	  
demonstrated	  a	  reduction	  in	  peripheral	  Tregs	  during	  TMZ	  howev-‐
er	  in	  general	  Treg	  numbers	  were	  low.	  The	  impact	  of	  the	  lowered	  
Treg	  level	  in	  terms	  of	  clinical	  efficacy	  is	  unclear.	  In	  contrast,	  we	  
demonstrated	  an	  increase	  in	  Treg	  level	  within	  the	  peripheral	  
lymphocyte	  population	  during	  IFNα/IL2.	  The	  bimodal	  role	  of	  IL2	  in	  
stimulating	  both	  clinically	  important	  effector	  T	  cells	  and	  Tregs	  is	  
complex	  and	  the	  clinical	  impact	  of	  Treg	  induction	  in	  this	  setting	  
remains	  unclear.	  Another	  potent	  cell	  type	  with	  immunosuppres-‐
sive	  properties	  is	  the	  MDSCs.	  No	  change	  in	  the	  MDSC	  population	  
during	  treatment	  with	  either	  TMZ	  or	  IFNα/IL2	  was	  demonstrated.	  	  
	  
NK	  cells	  are	  known	  to	  bridge	  innate	  and	  adoptive	  immunity	  how-‐
ever,	  the	  anti-‐tumour	  effects	  of	  NK	  cells	  are	  debated.	  During	  TMZ	  
treatment	  no	  changes	  in	  NK	  cells	  were	  seen.	  In	  contrast,	  during	  
IFNα/IL2	  therapy	  there	  was	  a	  significant	  increase	  in	  the	  NK	  cell	  
subpopulation	  which	  was	  expected,	  since	  IFNα	  is	  a	  well-‐known	  
inducer	  of	  NK	  cells.	  The	  clinical	  efficacy	  of	  IFNα/IL2	  migth	  be	  
partly	  due	  to	  the	  NK	  induction	  although,	  we	  did	  not	  see	  any	  dif-‐
ference	  in	  NK	  induction	  among	  responders	  and	  non-‐responders.	  	  
	  
Since	  CTLs	  are	  believed	  to	  be	  the	  most	  important	  cells	  for	  anti-‐
tumour	  regression	  intense	  assessment	  of	  peripheral	  T	  cells	  was	  
mediated.	  Surprisingly,	  in	  the	  TMZ	  study	  (study	  I),	  an	  increase	  in	  
the	  CD8+	  T	  cell	  population	  was	  demonstrated.	  Moreover,	  the	  
ratio	  of	  CD8+/CD4+	  T	  cells	  relative	  to	  pre-‐treatment	  levels	  indi-‐
cated	  a	  weigthed	  CD8+	  T	  cell	  profile	  in	  clinical	  responders	  to	  TMZ.	  
In	  contrast,	  during	  IFNα/IL2	  treatment	  (study	  II)	  no	  significant	  
changes	  in	  the	  peripheral	  CD8+	  or	  CD4+	  T	  cells	  were	  seen	  despite	  
the	  induced	  lymphocytosis.	  Moreover,	  no	  difference	  were	  found	  
among	  responders	  and	  non-‐responders	  however,	  final	  interpreta-‐
tion	  of	  CD4+,	  CD8+	  and	  CD4+/CD8+	  ratio	  awaits	  completion	  of	  
analyses.	  To	  this	  end,	  we	  also	  performed	  characterization	  of	  
inhibitory	  (BTLA,	  CTLA-‐4	  and	  PD-‐1)	  and	  stimulatory	  (CD3zeta)	  
receptors	  on	  T	  cells	  during	  IFNα/IL2.	  Preliminary	  data	  suggested	  a	  
decreasing	  tendency	  of	  expression	  (decreased	  MFI)	  of	  inhibitory	  
molecules.	  Potentially,	  CD8+	  T	  cells	  with	  less	  inhibitory	  functional-‐
ity	  might	  increase	  clinical	  efficacy,	  however,	  more	  analyses	  will	  
have	  to	  be	  performed.	  For	  further	  characterization	  of	  differentia-‐
tion	  properties	  of	  T	  cells,	  distinct	  populations	  of	  CD8+	  T	  cells	  
including	  naïve	  and	  antigen-‐experienced	  cells	  were	  measured.	  
During	  both	  TMZ	  and	  IFNα/IL2	  treatment	  we	  demonstrated	  a	  
general	  increase	  in	  differentiated	  CD8+	  T	  cells.	  Thus,	  analyses	  of	  
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viral-‐	  and	  TAA	  specific	  T	  cell	  responses	  as	  correlates	  to	  clinical	  
response	  was	  investigated.	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
TAA	  specific	  T	  cell	  responses	  as	  immune	  correlates	  	  
Genetic	  alterations	  in	  tumour	  cells	  results	  in	  antigen	  expression	  
which	  is	  recognized	  by	  the	  TCR	  on	  host	  T	  cells.	  The	  recognition	  is	  
mediated	  by	  peptide-‐HLA	  complexes	  and	  leads	  to	  killing	  of	  cancer	  
cells	  by	  host	  cells.	  To	  identify	  the	  antigen	  recognition	  pattern	  a	  
high-‐throughput	  technique	  was	  applied	  using	  a	  panel	  of	  well-‐
described	  viral-‐	  and	  TAAs	  in	  MM	  patients	  (133).	  In	  study	  I	  we	  
found	  that	  CD8+	  T	  cell	  responses	  against	  TAAs	  were	  enhanced	  
after	  TMZ	  therapy	  whereas	  virus-‐targeting	  CD8+	  T	  cell	  responses	  
remained	  stable.	  This	  suggests	  that	  chemotherapy	  mediated	  
killing	  of	  cancer	  cells	  might	  release	  TAAs	  that	  can	  be	  presented	  by	  
APC	  hence	  eliciting	  T	  cell	  responses.	  Classical	  chemotherapy	  may	  
stimulate	  tumour	  specific	  immune	  responses	  by	  inducing	  immu-‐
nogenic	  cell	  death,	  a	  particular	  form	  of	  apoptosis	  involving	  the	  
release	  of	  ATP	  and	  activating	  numerous	  immune	  effector	  mecha-‐
nisms	  (134).	  Recently,	  it	  was	  shown	  that	  DTIC	  treatment	  prior	  to	  
peptide	  vaccine	  strategy	  in	  melanoma	  enhances	  the	  T	  cell	  reper-‐
toire	  (135).	  The	  increased	  TAA	  responses	  mediated	  by	  TMZ	  
chemotherapy	  indicate	  that	  firstly	  TMZ	  is	  not	  destroying	  the	  
immune	  responses	  and	  secondly	  that	  in	  fact	  TMZ	  seem	  to	  en-‐
hance	  T	  cell	  mediated	  tumour	  regression.	  Accordingly,	  we	  ob-‐
served	  an	  increase	  in	  peripheral	  CD8+	  T	  cells	  corresponding	  to	  the	  
possible	  impact	  of	  enhanced	  TAA	  immune	  responses.	  	  
	  
In	  study	  II,	  we	  focused	  on	  a	  larger	  panel	  of	  peptides	  described	  as	  
targets	  for	  tumour	  infiltrating	  lymphocytes	  (TILs)	  presented	  on	  
HLA-‐A1,	  A2,	  A3	  or	  B7	  alleles.	  Also,	  viral	  epitopes	  was	  monitored	  
pre-‐	  and	  post	  therapy	  as	  a	  general	  status	  of	  the	  immune	  system.	  
Surprisingly,	  only	  very	  low-‐frequent	  TAA	  responses	  in	  a	  small	  
fraction	  of	  patients	  was	  demonstrated	  pre-‐	  and	  post	  treatment	  
and	  with	  no	  correlation	  to	  clinical	  efficacy.	  Previously,	  it	  has	  been	  
demonstrated	  that	  IL2	  administration	  causes	  a	  decline	  in	  anti-‐
tumour	  CTL	  responses	  in	  peripheral	  blood	  due	  to	  migration	  of	  
specific	  T	  cells	  to	  tumour	  site	  (136).	  Also,	  a	  lower	  frequency	  of	  
CTLs	  in	  peripheral	  blood	  may	  still	  elicit	  functional	  antitumour	  
activity	  if	  the	  levels	  of	  inhibitory	  molecules	  on	  the	  T	  cells	  are	  
decreased.	  Furthermore,	  a	  decreased	  frequency	  of	  specific	  CTLs	  
in	  peripheral	  blood	  could	  also	  be	  relative	  due	  to	  the	  demonstrat-‐
ed	  lymphocytosis	  after	  IL2	  therapy	  including	  induction	  in	  Treg	  and	  
NK	  cells.	  	  	  	  	  
	  
Overall,	  we	  have	  demonstrated	  immune	  modulating	  properties	  of	  
chemo-‐immunotherapy	  in	  melanoma	  patients	  which	  may	  con-‐
tribute	  to	  the	  anti-‐neoplastic	  efficacy	  (134).	  A	  drawback	  of	  the	  
studies	  is	  that	  only	  PBMCs	  and	  not	  tumour	  tissue	  have	  been	  
available	  for	  analyses.	  	  	  
	  
Safety	  
Patient	  safety	  is	  the	  most	  important	  issue	  when	  new	  treatment	  
modalities	  are	  being	  tested	  and	  is	  accordingly	  the	  primary	  end-‐
point	  in	  first	  in	  man	  trials.	  We	  have	  implemented	  the	  first	  peptide	  
vaccine	  trials	  for	  cancer	  patients	  in	  Denmark	  (studies	  III	  &	  IV)	  
which	  demanded	  registration	  of	  all	  emerging	  side	  effects	  during	  
the	  study	  periods.	  In	  contrast	  to	  conventional	  anti-‐neoplastic	  
drugs	  the	  toxicities	  of	  the	  vaccine	  is	  related	  directly	  to	  the	  pep-‐
tides	  and	  adjuvants	  applied.	  In	  general,	  toxicities	  reported	  world	  
wide	  from	  peptide	  vaccine	  studies	  are	  modest	  and	  manageable	  
(88,137).	  In	  our	  two	  clinical	  studies	  we	  have	  not	  seen	  any	  unex-‐
pected	  or	  severe	  side	  effects	  in	  patients	  treated	  with	  IDO/Survivin	  
vaccine	  emulsified	  in	  Montanide	  including	  the	  use	  of	  the	  adju-‐

vants	  Imiquimod	  and	  GM-‐CSF.	  The	  use	  of	  TMZ	  has	  resulted	  in	  
nausea,	  fatigue	  and	  mild	  myelosuppression	  as	  expected.	  Topical	  
applied	  steroids	  have	  been	  sufficient	  to	  treat	  indurations	  at	  the	  
vaccine	  site.	  In	  case	  of	  more	  severe	  reactions	  due	  to	  the	  vaccine	  
treatments	  the	  use	  of	  systemic	  steroids	  would	  be	  1st	  choice	  of	  
management.	  Overall,	  the	  IDO/Survivin	  peptide	  vaccines	  have	  
been	  safe	  as	  monotherapy	  as	  well	  as	  in	  combination	  with	  TMZ.	  	  	  
	  
Peptide	  vaccines	  in	  metastatic	  MM	  and	  NSCLC	  
Within	  melanoma	  several	  kinds	  of	  peptide	  vaccines	  have	  been	  
tested	  (138).	  Spontaneous	  CTL	  activity	  against	  selected	  melan-‐
noma	  antigens	  such	  as	  Melan	  A	  /	  MART-‐1	  /	  MAGE,	  tyrosinase	  and	  
Gp100	  are	  seen	  and	  boosting	  of	  tumour	  response	  have	  been	  
demonstrated	  by	  specific	  vaccination	  strategies	  (139-‐141).	  Most	  
peptide	  vaccine	  studies	  have	  been	  conducted	  without	  induction	  
of	  severe	  toxicity	  thus	  peptide	  vaccines	  are	  easily	  applied	  in	  clini-‐
cal	  settings.	  Peptide	  vaccines	  can	  be	  used	  to	  induce	  accurate	  T	  
cell	  responses,	  which	  are	  easily	  reproducible	  in	  comparison	  to	  
more	  complex	  vaccine	  types.	  Cytotoxic	  CTLs	  with	  specificity	  for	  
HLA	  class	  I	  bound	  TAAs	  can	  inhibibit	  tumour	  growth	  thus	  active	  
immunization	  have	  been	  assesed	  to	  activate	  CTL	  responses	  
(90,142).	  In	  MM	  settings,	  a	  promising	  clinical	  efficacy	  was	  demon-‐
strated	  in	  a	  study	  of	  IL2+/-‐	  Gp100	  in	  which	  objective	  RR	  and	  and	  
OS	  was	  improved	  in	  favour	  of	  IL2	  +	  Gp100	  (143).	  In	  NSCLC,	  a	  
peptide	  vaccine	  targeting	  telomerase	  with	  a	  16	  mer	  long	  peptide	  
sequence	  combined	  with	  GM-‐CSF	  as	  adjuvant	  has	  shown	  strong	  
correlation	  between	  induced	  immune	  response	  and	  survival	  
(110).	  In	  an	  updated	  report	  from	  this	  trial	  durable	  responses	  and	  
long	  term	  survival	  were	  correlated	  to	  patients	  with	  induced	  im-‐
mune	  responses	  (111).	  	  	  	  	  
	  
Improvement	  of	  peptides	  and	  adjuvants	  
Formerly,	  it	  has	  been	  demonstrated	  in	  cancer	  patients	  that	  spon-‐
taneous	  T	  cell	  reactivity	  occur	  against	  survivin	  thus	  viewed	  as	  an	  
universal	  target	  antigen	  for	  immunotherapy	  (106,108).	  Experi-‐
ence	  with	  this	  peptide	  in	  particular	  has	  formerly	  been	  obtained	  in	  
DC	  vaccine	  trials	  performed	  in	  MM	  patients	  (144).	  Formerly	  per-‐
formed	  vaccine	  studies	  at	  CCIT	  have	  used	  Survivin	  as	  target	  (145-‐
147).	  To	  this	  end,	  the	  survivin	  peptide	  was	  applied	  in	  study	  IV	  to	  
optimize	  T	  cell	  responses	  and	  improve	  clinical	  efficacy.	  	  
	  
In	  MM,	  candidate	  cancer	  proteins	  recognized	  by	  the	  most	  fre-‐
quent	  HLA	  alleles	  have	  been	  described	  whereas	  in	  NSCLC	  new	  
relevant	  targets	  may	  be	  discovered.	  Another	  approach,	  applying	  
long	  peptide	  sequences	  thus	  aiming	  at	  inducing	  highly	  diverse	  
specific	  T	  cell	  responses	  integrating	  both	  T	  helper	  and	  CTL	  re-‐
sponses	  may	  be	  essential	  for	  tumour	  regression	  and	  generation	  of	  
long	  term	  T	  cell	  memory	  (148).	  	  	  
	  
Recent	  data	  indicate	  that	  administration	  of	  a	  short	  IDO	  peptide	  
formulated	  in	  Montanide	  is	  most	  likely	  not	  optimal	  and	  research	  
into	  the	  generation	  of	  enhanced	  CTL	  stimulation	  needs	  further	  
attention.	  Thus,	  it	  has	  been	  recognized	  that	  persisting	  antigen	  
delivery	  at	  vaccine	  sites	  using	  Montanide	  induced	  dysfunctional	  T	  
cells	  (149),	  and	  has	  lead	  to	  suggesting	  development	  of	  newer	  
rapidly	  degradable	  adjuvants	  (150).	  Thus,	  new	  adjuvants	  based	  on	  
liposome	  technology	  capable	  of	  inducing	  CD8+	  T	  cell	  aggregates	  
at	  vaccine	  site	  are	  under	  current	  investigations	  (151,152)	  and	  may	  
lead	  to	  better	  priming	  of	  immune	  responses.	  Although	  immune	  
responses	  were	  detected	  in	  study	  III	  they	  were	  of	  lower	  magni-‐
tude	  than	  hoped	  for.	  To	  this	  end,	  improvement	  of	  adjuvants	  and	  
peptide	  administration	  are	  being	  tested	  in	  study	  IV.	  Other	  aspects	  
of	  generating	  powerful	  CTLs	  include	  route	  of	  administration,	  
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homing	  of	  T	  cells	  to	  the	  tumor	  site,	  entry	  into	  the	  tumor	  microen-‐
vironment,	  and	  maintenance	  of	  function	  systemically,	  as	  well	  as	  
at	  the	  tumor	  site.	  	  	  	  	  	  	  	  	  
	  
Small	  molecule	  IDO	  inhibitors	  
Metastatic	  cancers	  can	  exploit	  the	  IDO	  pathway	  in	  dampening	  the	  
immune	  response	  thus	  promoting	  increased	  tumour	  growth	  and	  
survival.	  IDO	  pathway	  inhibitors	  may	  be	  seen	  as	  checkpoint	  inhib-‐
itors	  akin	  to	  CTLA-‐4	  and	  PD-‐1	  antibodies.	  Preclinical	  studies	  have	  
found	  that	  Indoximod,	  an	  orally	  administered	  IDO	  inhibitor,	  in-‐
creased	  anti-‐tumour	  T	  cell	  responses	  and	  reduced	  Tregs	  thereby	  
slowing	  down	  tumour	  growth.	  Determining	  the	  importance	  of	  
Treg	  reduction	  in	  terms	  of	  clinical	  efficacy	  is	  crucial.	  Interestingly,	  
we	  also	  demonstrated	  Treg	  reduction	  after	  IDO	  vaccine	  admin-‐
istration	  (study	  III).	  In	  murine	  models	  the	  combination	  of	  Indoxi-‐
mod	  and	  Paclitaxel	  has	  promoted	  30%	  tumour	  regression	  and	  an	  
initial	  phase	  I	  trial	  of	  this	  combination	  has	  shown	  to	  be	  safe	  (86).	  
A	  second	  phase	  I	  trial	  in	  metastatic	  solid	  tumours	  combining	  
Indoximod	  and	  Docetaxel	  report	  encouraging	  clinical	  activity	  with	  
tumour	  regression	  (>30%)	  in	  4/22	  patients	  (18%)	  (153).	  A	  phase	  II	  
trial	  with	  this	  combination	  is	  now	  accruing	  patients	  
(NCT01792050).	  	  
	  
Another	  oral	  inhibitor	  of	  IDO,	  INCB024360	  (Incyte	  Corporation),	  
has	  proven	  to	  be	  generally	  well-‐tolerated	  at	  doses	  up	  to	  700	  mg	  
BID	  (twice	  daily)	  in	  a	  clinical	  phase	  I	  study	  of	  metastatic	  solid	  
tumours	  (87).	  Doses	  of	  ≥300	  mg	  BID	  were	  capable	  of	  >90%	  inhibi-‐
tion	  of	  IDO	  activity	  and	  was	  found	  to	  normalize	  Kyn	  plasma	  con-‐
centrations.	  The	  dosing	  applied	  with	  INCB024360	  in	  a	  phase	  II	  
monotherapy	  study	  in	  ovarian	  cancer	  is	  600	  mg	  BID	  
(NCT01685255).	  INCB024360	  is	  also	  being	  studied	  in	  MM	  patients	  
combined	  with	  Ipilimumab	  (NCT01604889)	  (154).	  The	  ratio	  of	  
Kyn/Trp	  measurements	  in	  sera	  as	  potential	  biomarker	  is	  interest-‐
ing.	  In	  our	  study	  we	  found	  long	  term	  stabilization	  in	  Kyn/tro	  ratio	  
in	  two	  clinical	  responding	  patients.	  	  
	  
The	  targeting	  of	  IDO	  through	  small	  molecule	  inhibitors	  versus	  the	  
induction	  of	  cytotoxic	  T	  cells	  by	  a	  vaccine	  strategy	  differs	  naturally	  
in	  several	  ways.	  One	  difference	  is	  related	  to	  the	  toxicity	  profile	  of	  
systemic	  treatment	  with	  IDO	  inhibitors	  in	  contrast	  to	  IDO	  inhibi-‐
tion	  by	  a	  vaccine	  strategy.	  Moreover,	  the	  benefit	  of	  a	  vaccine	  
strategy	  may	  be	  the	  induction	  of	  long-‐lasting	  IDO	  specific	  memory	  
T	  cells.	  Hence,	  in	  theory	  these	  specific	  memory	  cells	  might	  possi-‐
bly	  become	  re-‐activated	  and	  attracted	  to	  tumour	  site	  when	  need-‐
ed.	  The	  direct	  killing	  of	  IDO-‐expressing	  cells	  may	  diminish	  IDO-‐
mediated	  immune	  suppression	  hence	  boosting	  tumour	  reactivity	  
targeting	  other	  tumour	  antigens.	  Furthermore,	  IDO	  positive	  cells	  
may	  be	  suppressive	  by	  other	  means	  than	  IDO,	  e.g.	  arginase,	  PD-‐L1	  
or	  HLA-‐G.	  Hence,	  IDO-‐specific	  T	  cells	  might	  not	  only	  reduce	  IDO-‐
mediated	  suppression	  but	  also	  additional	  immune	  suppression	  
mediated	  by	  IDO	  positive	  regulatory	  cells.	  
	  
IDO	  combination	  strategies	  
The	  identification	  and	  understanding	  of	  resistance	  mechanism	  in	  
metastatic	  cancer	  settings	  is	  important	  for	  improving	  clinical	  
outcome	  in	  immunotherapy.	  In	  melanoma	  in	  particular,	  clinical	  
vaccine	  trials	  have	  resulted	  in	  induction	  of	  TAA	  specific	  T	  cell	  
responses	  circulating	  in	  the	  blood	  yet	  not	  necessarily	  mimicking	  
the	  clinical	  outcome.	  Within	  the	  tumour	  microenvironment	  inhib-‐
itory	  ligands	  such	  as	  PD-‐L1	  and	  IDO	  may	  contribute	  to	  immune	  
escape	  in	  different	  settings	  (65).	  To	  identify	  resistance	  mecha-‐
nisms	  a	  recent	  murine	  study	  has	  shown	  that	  IDO	  knockout	  mice	  
treated	  with	  either	  anti-‐CTLA4	  antibody	  or	  anti-‐PD-‐1	  antibody	  

demonstrated	  a	  striking	  delay	  in	  tumour	  growth	  and	  increased	  
overall	  survival	  when	  compared	  to	  wild-‐type	  mice	  (155).	  Fur-‐
thermore,	  the	  effect	  was	  demonstrated	  to	  be	  T	  cell	  dependent	  
due	  to	  an	  increase	  effector/Treg	  ratio	  in	  the	  tumours	  (155).	  To	  
this	  end,	  combination	  therapies	  of	  checkpoint	  blockade	  and	  IDO	  
inhibition	  in	  metastatic	  cancer	  settings	  are	  warranted.	  	  	  	  
	  
Limitations	  
Study	  I:	  Although	  blood	  sampling	  was	  processed	  quickly	  by	  skilled	  
laboratory	  employees	  and	  the	  thawing	  procedure	  was	  performed	  
gently	  according	  to	  standard	  operating	  procedures	  low	  viability	  of	  
cells	  in	  some	  of	  the	  frozen	  samples	  were	  evident.	  Transporting	  
the	  frozen	  cells	  from	  Odense	  to	  Herlev	  unfortunately	  led	  to	  cells	  
of	  too	  low	  a	  quality	  for	  immune	  cell	  analyses.	  Thus,	  of	  40	  eligible	  
patients	  only	  thawed	  PBMCs	  from	  15	  patients	  treated	  at	  Herlev	  
were	  used.	  	  
Study	  II:	  Learning	  from	  the	  experience	  of	  study	  I,	  we	  increased	  
the	  amount	  of	  blood	  sampling	  pr	  time	  point	  (from	  30	  ml	  to	  100	  
ml)	  to	  ensure	  enough	  viable	  cells	  for	  immune	  analyses.	  Analyses	  
of	  immune	  cells	  from	  fresh	  material	  may	  possible	  make	  results	  
more	  reliable	  in	  regard	  to	  the	  exact	  numbers	  and	  the	  relation	  
between	  different	  immune	  cell	  subsets.	  However	  such	  a	  setup	  
includes	  a	  number	  of	  logistically	  difficulties.	  Patient	  recruitment	  
has	  been	  slower	  than	  expected.	  Hence,	  for	  the	  time	  being	  we	  
have	  performed	  immune	  analyses	  from	  approximately	  half	  of	  the	  
patients,	  thus	  only	  a	  manuscript	  describing	  data	  from	  this	  study	  is	  
provided.	  	  	  	  	  	  
Study	  III:	  HLA	  tissue	  typing	  was	  initially	  performed	  at	  our	  labora-‐
tory	  at	  the	  Department	  of	  Haematology,	  54P4.	  	  In	  4	  patients	  the	  
tissue	  typing	  was	  not	  performed	  correctly	  due	  to	  a	  failure	  in	  a	  
fluorochrome-‐conjugated	  antibody.	  Subsequently,	  all	  tissue	  typ-‐
ing	  was	  performed	  at	  the	  Laboratory	  of	  Tissue	  Typing	  at	  the	  Co-‐
penhagen	  University	  Hospital	  at	  Rigshospitalet.	  	  
Study	  IV:	  Patient	  recruitment	  is	  ongoing	  thus	  only	  preliminary	  
data	  are	  provided.	  
	  	  	  
Future	  perspectives	  and	  concluding	  remarks	  
The	  objectives	  of	  this	  thesis	  were	  to	  investigate	  changes	  in	  im-‐
mune	  parameters	  during	  chemo-‐immunotherapy	  as	  well	  as	  eval-‐
uating	  the	  feasibility	  of	  IDO	  as	  an	  anticancer	  vaccine	  target.	  Four	  
clinical	  studies	  have	  been	  performed	  (1	  ongoing)	  and	  results	  have	  
been	  analysed	  and	  discussed	  according	  to	  the	  litterature	  in	  the	  
field.	  Immune	  changes	  are	  seen	  during	  chemo-‐immunotherapies	  
hence	  understanding	  these	  treatments	  as	  immune	  modifiers	  
become	  evident.	  Other	  treatment	  modalities	  might	  also	  assist	  
immune	  therapy.	  Thus,	  the	  hypothesis,	  that	  also	  radiation	  thera-‐
py	  (RT)	  induces	  tumour	  antigen	  release	  thus	  potentially	  acts	  
synergistically	  with	  conventional	  immunotherapy	  is	  under	  investi-‐
gation	  (156-‐158).	  In	  a	  phase	  1	  trial	  combining	  high	  dose	  IL2	  and	  
stereotactic	  body	  radiation	  therapy	  (SBRT)	  in	  MM	  patients	  the	  
combination	  seemed	  to	  be	  safe,	  to	  induce	  important	  clinical	  
efficacy	  and	  moreover	  to	  induce	  activated,	  proliferating	  T	  cells	  in	  
peripheral	  blood	  (159,160).	  	  The	  potential	  ascopal	  effect	  of	  RT	  
and	  immunotherapy	  e.g.	  Ipilimumab	  in	  MM	  patients	  has	  been	  
demonstrated	  in	  case	  report	  form	  and	  is	  under	  current	  clinical	  
assessment	  (NCT01449279)	  (161).	  	  	  
	  
Peptide	  vaccine	  strategies	  are	  still	  far	  from	  being	  standard	  thera-‐
pies	  in	  metastatic	  cancer	  settings	  yet	  a	  number	  of	  novel	  epitopes	  
described	  might	  be	  candidates	  for	  a	  second	  generation	  of	  peptide	  
vaccines.	  Furthermore,	  broadening	  and	  in-‐depth	  immunological	  
analyses	  of	  T	  cell	  response	  repertoire	  are	  crucial.	  The	  combina-‐
tion	  of	  long	  peptides	  containing	  several	  epitopes	  and	  improved	  
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adjuvants	  might	  induce	  widespread	  immune	  responses	  leading	  to	  
improved	  clinical	  outcome.	  Recently,	  a	  tumour	  biopsy	  study	  in	  
melanoma	  patients	  before	  and	  after	  treatment	  with	  BRAF	  inhibi-‐
tors	  showed	  an	  increased	  expression	  of	  melanoma	  antigens	  and	  
CD8+	  T	  cell	  infiltrate	  post	  treatment	  revealing	  targeted	  therapies	  
as	  potential	  immune	  modulators	  (162).	  At	  our	  institution	  a	  clinical	  
trial	  for	  stage	  IV	  MM	  patients	  (EudraCT	  nummer:	  2013-‐000365-‐
37)	  combining	  long	  peptide	  sequences	  (see	  below)	  with	  standard	  
treatments	  of	  either	  Ipilimumab	  or	  Vemurafenib	  is	  being	  set	  up.	  
	  
IDO-‐long/IDO(194-‐214)	  peptide	  sequence:	  DTLLKALLEIASCLEKALQVF	  
hTERT(611-‐626)	  peptide	  sequence:	  EARPALLTSRLRFIPK	  
Survivin/Surv(95-‐111)	  peptide	  sequence:	  ELTLGEFLKLDRERAKN	  
MART-‐1(51-‐73)	  peptide	  sequence:	  RNGYRALMDKSLHVGTQCALTRR	  
	  
	  
In	  terms	  of	  both	  melanoma	  and	  NSCLC	  very	  recent	  promising	  data	  
of	  checkpoint	  inhibition	  by	  blocking	  antibodies	  against	  CTLA-‐4,	  
PD-‐1	  and	  PD-‐L1	  including	  combination	  trials	  of	  checkpoint	  block-‐
ade	  are	  now	  emerging	  in	  randomized	  phase	  III	  clinical	  testing	  
(17).	  Enthusiasm,	  that	  combination	  of	  checkpoint	  blockade	  will	  
generate	  highly	  effective	  anti-‐tumour	  responses	  not	  just	  for	  mel-‐
anoma	  but	  also	  for	  NSCLC	  patients	  is	  real,	  thus	  broadening	  im-‐
munotherapy	  more	  widely	  into	  oncology	  settings	  (16).	  Further-‐
more,	  recent	  data	  underscores	  that	  both	  number	  and	  functions	  of	  
tumour-‐specific	  CTLs	  are	  crucial	  for	  efficacy	  of	  immunomodulato-‐
ry	  antibodies	  in	  NSCLC	  patients	  (34).	  	  
	  
Bringing	  melanoma	  immunotherapy	  into	  other	  solid	  tumours	  
such	  as	  NSCLC	  is	  a	  new	  paradigm.	  Exploiting	  the	  knowledge	  gath-‐
ered	  from	  immunotherapy	  in	  melanoma	  is	  crucial	  to	  fastened	  
development	  of	  immune	  therapeutics	  in	  general	  since	  multiple	  
challenges	  still	  exist.	  Firstly,	  determining	  the	  relevant	  endpoints	  
and	  the	  best	  comparison	  treatment	  in	  randomized	  trials	  are	  
important.	  Secondly,	  evaluating	  the	  clinical	  efficacy	  correctly	  by	  
the	  use	  of	  RECIST,	  PERCIST	  or	  irRC	  are	  necessary	  to	  design	  and	  
conduct	  clinical	  trials.	  Thirdly,	  an	  in-‐depth	  understanding	  of	  im-‐
mune	  responses	  demands	  the	  collection	  of	  PBMCs	  and	  multiple	  
tumour	  biopsies	  to	  detect	  immunological	  and	  genetic	  changes	  in	  
the	  peripheral	  blood	  and	  tumour	  microenvironment.	  	  	  	  
	  
Overall,	  this	  thesis	  has	  correlated	  immune	  changes	  to	  clinical	  
efficacy	  during	  standard	  chemo-‐immunotherapy.	  Furthermore,	  
we	  have	  been	  bridging	  the	  translational	  idea	  of	  IDO	  as	  being	  a	  
relevant	  target	  in	  cancer	  thus	  demonstrating	  IDO	  expression	  in	  
NSCLC	  tumours.	  We	  have	  performed	  the	  clinical	  set-‐up	  and	  im-‐
mune	  analyses	  to	  understand	  the	  induced	  changes	  during	  IDO	  
vaccine	  therapy.	  Finally,	  the	  use	  of	  IDO	  peptide	  vaccines	  to	  com-‐
plement	  standard	  cancer	  treatment	  is	  under	  current	  investiga-‐
tion.	  
	  
SUMMARY	  
	  
This	  thesis	  describes	  the	  treatment	  of	  metastatic	  melanoma	  
(MM)	  and	  non	  small-‐cell	  lung	  cancer	  (NSCLC)	  from	  an	  immuno-‐
therapeutic	  approach.	  	  
	  
The	  purpose	  of	  the	  first	  part	  of	  the	  thesis	  was	  to	  assess	  how	  
treatment	  with	  Temozolomide	  (TMZ)	  chemotherapy	  affects	  the	  
immune	  system	  in	  patients	  with	  metastatic	  MM.	  Our	  results	  
showed	  that	  the	  number	  of	  T	  lymphocytes	  was	  significantly	  re-‐
duced	  after	  3	  treatment	  cycles.	  Furthermore,	  the	  induced	  lym-‐
phopenia	  was	  positive	  correlated	  to	  achievement	  of	  clinical	  bene-‐

fit.	  We	  demonstrated	  that	  the	  proportion	  of	  CD4+	  and	  Treg	  lym-‐
phocytes	  decreased	  whereas	  the	  CD8+	  T	  cells	  increased.	  In	  par-‐
ticular,	  we	  demonstrated	  that	  mature	  CD8+	  T	  cells	  increased	  
during	  treatment.	  Analyses	  of	  peripheral	  blood	  before	  and	  after	  
treatment	  showed	  that	  T	  cell	  responses	  against	  common	  viral	  
epitopes	  were	  conserved	  despite	  chemotherapy.	  Surprisingly,	  we	  
found	  a	  significant	  increase	  in	  T	  cell	  responses	  against	  well-‐known	  
MM	  tumour	  specific	  antigens.	  Overall,	  we	  have	  verified	  that	  TMZ	  
in	  addition	  to	  being	  an	  alkylating	  and	  cytotoxic	  chemotherapy,	  
also	  posess	  immune	  modulatory	  effect	  in	  MM	  patients	  treated	  
with	  standard	  dosage	  of	  TMZ.	  	  
	  
In	  the	  second	  part	  of	  the	  thesis	  we	  examined	  how	  treatment	  with	  
Interferon	  alfa-‐2b	  and	  Interleukin	  2	  (IFNα/IL2)	  affects	  the	  immune	  
system.	  We	  demonstrated	  a	  significant	  induced	  lymphocytosis	  
during	  treatment.	  Furthermore,	  we	  showed	  that	  the	  percentage	  
increase	  in	  lymphocytes	  was	  positively	  correlated	  to	  clinical	  out-‐
come.	  Moreover,	  we	  have	  seen	  that	  IFNα/IL2	  leads	  to	  significant	  
increase	  in	  NK	  and	  Treg	  cells	  in	  both	  patients	  with	  and	  without	  
clincal	  effect.	  In	  general,	  T	  cell	  responses	  against	  common	  viral	  
epitopes	  and	  well-‐known	  melanoma	  tumour	  specific	  antigens	  
were	  low.	  Furthermore,	  the	  study	  confirmed	  that	  elevated	  LDH	  is	  
negatively	  correlated	  with	  both	  treatment	  response	  and	  median	  
overall	  survival.	  Overall,	  we	  have	  characterized	  changes	  of	  im-‐
mune	  cells	  and	  correlated	  them	  with	  clinical	  efficacy	  during	  the	  
couse	  of	  IFNα/IL2	  used	  in	  standard	  dosage.	  	  
	  
In	  the	  third	  part	  we	  investigated	  if	  vaccination	  with	  a	  peptide	  
derived	  from	  IDO	  was	  feasible	  in	  patients	  with	  metastatic	  NSCLC.	  
This	  “First	  in	  Man”	  trial	  was	  safe	  and	  showed	  modest	  side	  effects	  
only.	  Since	  IDO	  was	  expressed	  in	  NSCLC	  tissues	  it	  was	  found	  to	  be	  
a	  relevant	  target.	  One	  patient	  achieved	  significant	  regression	  of	  
liver	  metastases	  (confirmed	  partial	  response)	  and	  another	  6/15	  
patients	  achieved	  prolonged	  disease	  stabilization.	  Furthermore,	  
median	  overall	  survival	  was	  25.9	  months	  demonstrating	  a	  better	  
survival	  in	  vaccinated	  compared	  to	  non-‐vaccinated	  comparable	  
NSCLC	  patients.	  The	  presence	  of	  IDO	  specific	  CD8+	  T	  cells	  were	  
detected	  by	  IFNy	  Elispot.	  In	  patients	  with	  clinical	  effect	  of	  the	  
vaccine	  IDO-‐specific	  CD8+	  T	  cells	  at	  pre-‐treatment	  was	  signifi-‐
canctly	  increased.	  Moreover,	  low-‐frequent	  IDO	  positive	  tetramer	  
CD8+	  T	  cells	  were	  detected	  and	  led	  to	  effective	  killing	  of	  an	  IDO+	  
HLA-‐A2	  positive	  cancer	  cell	  line	  (SW480)	  in	  1	  patient.	  Moreover,	  
flow	  cytometry	  was	  performed	  and	  in	  general	  no	  significant	  
changes	  in	  CD8+	  and	  CD4+	  T	  cells	  were	  seen,	  although	  patients	  
with	  clinical	  response	  showed	  a	  trend	  towards	  increased	  mature	  
CD8+	  T	  cells	  during	  treatment.	  In	  addition,	  we	  found	  lower	  levels	  
of	  Tregs	  as	  well	  as	  an	  increased	  level	  of	  NK	  cells	  after	  6	  vaccina-‐
tions.	  	  
	  
Elevated	  Kyn/Trp	  ratio	  is	  suggested	  to	  mirror	  IDO	  activity.	  In	  8/11	  
patients	  the	  level	  after	  the	  6th	  vaccine	  was	  stable	  compared	  to	  
baseline.	  No	  differences	  between	  patients	  with	  clinical	  benefit	  
(4/5)	  and	  patients	  with	  progressive	  disease	  (4/6)	  were	  demon-‐
strated.	  Two	  patients	  had	  an	  increase	  in	  Kyn/Trp	  ration	  mean-‐
while	  demonstrating	  a	  high	  expression	  of	  IDO.	  In	  2	  patients	  with	  
clinical	  response	  long-‐term	  stabilization	  of	  Kyn/Trp	  was	  observed.	  
Overall,	  the	  vaccine	  was	  well	  tolerated	  with	  no	  adverse	  toxicity.	  
Median	  overall	  survival	  was	  25.9	  months	  with	  long	  term	  disease	  
stabilization	  achieved	  in	  47%	  of	  the	  treated	  patients.	  Based	  on	  
the	  promising	  clinical	  results	  achieved	  in	  the	  vaccine	  trial	  for	  
NSCLC	  patients,	  we	  launched	  a	  new	  clinical	  trial	  for	  MM	  patients	  
(ongoing	  patient	  recruitment)	  in	  June	  2012.	  In	  order	  to	  enhance	  
the	  immune	  response	  the	  vaccine	  comprises	  IDO	  plus	  Survivin	  
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peptide	  as	  well	  as	  the	  adjuvants	  Montanide,	  Aldara	  and	  GM-‐CSF.	  
Finally,	  the	  vaccine	  is	  given	  in	  combination	  with	  TMZ.	  Patients	  are	  
evaluated	  every	  3rd	  month	  with	  PET-‐CT	  scan.	  Preliminary	  clinical	  
data	  from	  the	  first	  7/30	  evaluable	  patients	  are	  presented.	  Two	  
patients	  demonstrated	  a	  patial	  response	  with	  57%	  and	  45%	  tu-‐
mour	  regression	  lasting	  for	  10	  months	  and	  6+	  months	  respective-‐
ly,	  corresponding	  to	  a	  preliminary	  objective	  response	  rate	  of	  29%.	  
The	  vaccine	  has	  been	  manageable	  and	  without	  significant	  side	  
effects.	  

LIST	  OF	  ABBREVIATIONS	  
	  
ALK	  =	  Anaplastic	  lymphoma	  
kinase	  

IV	  =	  Intravenously	  

ACT	  	  =	  Adoptive	  cell	  transfer	  	   Kyn	  =	  Kynurenin	  
APC	  =	  Antigen	  presenting	  cells	  	   LAG-‐3	  =	  Lymphocyte	  activation	  gene	  3	  
BID	  =	  Bis-‐In-‐Die	  ~	  two	  times	  daily	  	   MDSC	  =	  Myeloid	  derived	  suppressor	  cells	  
BRAF	  =	  Proto-‐oncogene	  B-‐raf	  	   MEK	  =	  Mitogen-‐activated	  extracellular	  kinase	  	  
BTLA	  =	  B	  and	  T	  lymphocyte	  
attenuator	  	  

MHC	  =	  Major	  histocompatibility	  complex	  	  

CKIT	  =	  Proto-‐oncogene	  c-‐kit	  	   MM	  =	  Malignant	  melanoma	  
CR	  =	  Complete	  remission	  	   NE	  =	  Not	  evaluable	  	  
CTCAE	  =	  Common	  terminology	  
criteria	  adverse	  events	  

NED	  =	  No	  evidence	  of	  disease	  	  

CTL	  =	  Cytotoxic	  CD8+	  T	  cells	  	   NK	  =	  Natural	  killer	  cells	  	  
CTLA4	  =	  Cytotoxic	  T	  lymphocyte	  
antigen	  4	  

NSCLC	  =	  Non	  small-‐cell	  lung	  cancer	  	  

DTIC	  =	  Dacarbacine	  	   PBMC	  =	  Peripheral	  blood	  mononuclear	  cell	  
DC	  =	  Dendritic	  cells	  	   PR	  =	  Partial	  response	  	  
SD	  =	  Disease	  stabilization	  	   PD-‐1=	  Programmed	  death	  1	  	  
EGFR	  =	  Epidermal	  growth	  factor	  
receptor	  

PD-‐L1=	  Programmed	  death	  ligand	  1	  	  

EML4=	  Echinoderm	  microtubule	  
associated	  protein-‐like	  4	  	  

RT	  =	  Radiotherapy	  	  

FAS	  =	  Cell	  death	  surface	  receptor	   RAS-‐RAF-‐MEK-‐MAPK	  =	  Mitogen-‐activated,	  
extracellular	  regulated	  protein	  kinases	  

FoxP3	  =	  Forkhead	  box	  P3	   RCC	  =	  Renal	  cell	  carcinoma	  
GCP	  =	  Good	  clinical	  practice	  	   RR	  =	  Response	  rate	  
GMP	  =	  Good	  manufacturing	  
practice	  	  

SAE	  =	  Serious	  adverse	  event	  

GM-‐CSF	  =	  Granulo-‐
cyt/Macrophage	  colony	  stimulat-‐
ing	  factor	  	  

SC	  =	  Subcutaneously	  

HD	  =	  Healthy	  donors	   SBRT	  =	  Stereotactic	  Body	  Radiotherapy	  
HPLC	  =	  High	  performance	  liquid	  
chromatography	  	  

TAA	  =	  Tumour	  associated	  antigen	  	  

HLA	  =	  Human	  leucocyte	  antigen	  	   TCR	  =	  T	  cell	  receptor	  	  
ICOS	  =	  Inducible	  T	  cell	  co-‐
stimulator	  

TDLN	  =	  Tumour	  draining	  lymph	  nodes	  

IDO	  =	  Indoleamine	  2.3	  dioxygen-‐
ase	  	  

TGF-‐β	  =	  Transforming	  growth	  factor	  beta	  	  

IFNα/IL2	  =	  Interferon-‐
α2b/Interleukin2	  	  

TKI	  =	  Tyrosine	  kinase	  inhibitor
	   	  

IFNy	  =	  Interferon	  gamma	  	   TMZ	  =	  Temozolomide	  	  
IHC	  =	  Immunohistochemistry	  	   Tregs	  =	  Regulatory	  T	  cells	  	  
1-‐MDT	  =	  1-‐methyl-‐D-‐tryptophan	  	   Trp	  =	  Tryptophan	  	  	  
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