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Allogeneic	
  Hematopoie2c	
  Stem	
  Cell	
  Transplanta2on	
  (Allo-­‐HSCT)	
  represents	
  the	
  most	
  
successful	
  and	
  widely	
  available	
  form	
  of	
  adop&ve	
  immunotherapy	
  for	
  leukemia	
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Background:	
  Molecular	
  Mechanism	
  and	
  
Immunological	
  Consequences	
  of	
  HLA	
  Loss	
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Background:	
  Clinical	
  Implica&ons	
  	
  
of	
  HLA	
  Loss	
  Relapses	
  

-­‐  Reduced	
  therapeu2c	
  poten2al	
  of	
  DLIs	
  from	
  the	
  original	
  donor	
  

-­‐  Specific	
  ra2onale	
  for	
  immunotherapy	
  with	
  bispecific	
  an2bodies	
  or	
  CAR	
  T	
  cells	
  

-­‐  Criterion	
  for	
  selec2on	
  of	
  a	
  second	
  haploiden2cal	
  donor	
  

Vago	
  and	
  Ciceri,	
  BBMT,	
  2017	
  



Frequency	
  of	
  HLA	
  loss	
  in	
  Different	
  HSCT	
  SeVngs	
  

Haploiden&cal	
  HSCT	
  

Several	
   rela2vely	
   small	
   studies	
   in	
  
different	
   seGngs	
   and	
   with	
   different	
  
plaHorms,	
   all	
   confirming	
   high	
   frequency	
  
of	
  HLA	
  loss	
  
	
  

Villalobos,	
  Blood,	
  2010	
  
Peccatori,	
  Leukemia,	
  2014	
  
McCurdy,	
  Leukemia,	
  2016	
  

Grosso,	
  Bone	
  Marrow	
  Transplant,	
  2017	
  

OSR	
  2002-­‐2012	
  
69	
  relapses	
  	
  
23	
  cases	
  of	
  HLA	
  loss	
  (33%)	
  

	
  

CruciS,	
  Leukemia,	
  2015	
  

Unrelated	
  Donor	
  HSCT	
  

Even	
  smaller	
  series,	
  demonstra2ng	
  that	
  HLA	
  loss	
  relapses	
  can	
  occur	
  in	
  UD-­‐HSCT,	
  but	
  the	
  
actual	
  incidence	
  (possibly	
  lower)	
  s2ll	
  remain	
  to	
  be	
  assessed	
  
	
  

Waterhouse,	
  Biol	
  Blood	
  Marrow	
  Transplant,	
  2011	
  
Toffalori,	
  Blood,	
  2012	
  

Hamdi,	
  Bone	
  Marrow	
  Transplant,	
  2015	
  



Hypothesis	
  and	
  Objec&ves	
  of	
  the	
  Project	
  

Developing	
   innova2ve	
   tools	
   for	
   the	
   detec2on	
   of	
   HLA	
   loss	
   relapses	
  
may	
   improve	
   current	
   knowledge	
   on	
   the	
   immunobiology	
   of	
   relapse,	
  
allow	
   informed	
   choice	
   of	
   treatment,	
   and	
   ul2mately	
   improve	
   the	
  
clinical	
  outcome	
  of	
  allo-­‐HSCT	
  
	
  

Hypothesis 

-­‐  Setup	
  and	
  valida2on	
  of	
  molecular	
  assays	
  for	
  the	
  detec2on	
  of	
  HLA	
  
loss	
  variants	
  (Partners	
  1	
  and	
  5)	
  

-­‐  Analysis	
  of	
  the	
  frequency	
  and	
  risk	
  factors	
  for	
  these	
  variants	
  in	
  a	
  
large	
  mul2-­‐centric	
  trial	
  (All	
  Partners)	
  

-­‐  Dissemina2on	
   of	
   know-­‐how	
   to	
   implement	
   HLA	
   loss	
   analysis	
   in	
  
rou2ne	
  post-­‐transplanta2on	
  diagnos2cs	
  (All	
  Partners)	
  

Objectives 



Selec2on	
  of	
  2	
  pa&ent	
  specific	
  markers	
  
for	
  each	
  HSCT	
  donor-­‐recipient	
  pair	
  

HLA-­‐KMR:	
  A	
  rapid	
  and	
  sensi&ve	
  qPCR-­‐based	
  assay	
  

“Outside	
  HLA”	
  host	
  chimerism	
  (%)	
  

KMRtrackTM	
  Chimerism	
  Assay	
  
29	
  indels	
  across	
  the	
  
whole	
  genome	
  

Inser&on	
  

Dele&on	
  

“Inside	
  HLA”	
  host	
  chimerism	
  (%)	
  

HLA-­‐A,	
  -­‐C,	
  -­‐DPB1	
  

SNPs	
  

SNPs	
  

Sponsored	
  R&D	
  Project	
  

“Classical”	
  relapse	
   HLA	
  loss	
  relapse	
  

Ahci	
  and	
  Toffalori,	
  Blood,	
  2017	
  



Selec2on	
  of	
  2	
  pa&ent	
  specific	
  markers	
  
for	
  each	
  HSCT	
  donor-­‐recipient	
  pair	
  

10	
  reac2ons	
  validated	
  for	
  prototype	
  kit:	
  
-­‐  5	
  reac2ons	
  for	
  HLA-­‐A	
  alleles	
  
-­‐  2	
  reac2ons	
  for	
  HLA-­‐C	
  alleles	
  
-­‐  3	
  reac2ons	
  for	
  HLA-­‐DPB1	
  alleles	
  

Informa2ve	
  in:	
  
71.6%	
  of	
  454	
  Haploiden2cal	
  HSCTs	
  (OSR)	
  
66.4%	
  of	
  113	
  UD	
  HSCTs	
  (UK-­‐Essen)	
  

“Classical”	
  	
  
relapse	
  

HLA	
  loss	
  	
  
relapse	
  

HLA-­‐KMR:	
  A	
  rapid	
  and	
  sensi&ve	
  qPCR-­‐based	
  assay	
  

Ahci	
  and	
  Toffalori,	
  Blood,	
  2017	
  

personalizing diagnostics

HLA-KMR® ASSAYS 
DETECTION OF HLA
LOSS BY QPCR 

• Fast and sensitive qPCR assay
• 10 unique markers
• Most frequent allele groups of HLA-A, -C and -DPB1
• Applicable with KMRtrack protocol
• Fully integrated with KMRengine



HLA	
  Sequencing	
  to	
  Detect	
  HLA	
  Loss	
  Relapses	
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In	
  collabora-on	
  with	
  

HLAseq Workflow 

-­‐  Informa2ve	
   in	
   the	
   totality	
   of	
  
par2ally	
  HLA-­‐incompa2ble	
  HSCTs	
  

-­‐  Allows	
   to	
  analyse	
  a	
   large	
  number	
  
of	
  relapses	
  in	
  a	
  single	
  MiSeq	
  run	
  

Advantages 

-­‐  Technology	
  not	
  currently	
  in	
  use	
  in	
  
most	
  HSCT	
  diagnos2c	
  labs	
  

Disadvantages 



Expansion	
  of	
  the	
  HLALOSS	
  Transcan	
  Consor&um	
  

Twenty-seven transplant centers from across the globe:  
•  Europe n=22  
•  North America n=4 
•  Asia n=1 



	
  	
   Total	
  
Relapses	
   AML	
   ALL	
   MDS	
   MPN	
   CML	
   CMML	
   10/10	
  

MUD	
   MMUD	
   UCB	
   Haplo	
  

Milano	
   35	
  (+84)	
   34	
  (+75)	
   0	
  (+2)	
   1	
  (+4)	
   0	
  (+1)	
   0	
  (+2)	
   0	
   6	
  (+8)	
   3	
  (+4)	
   2	
  (+3)	
   24	
  (+69)	
  
Essen	
   91	
   72	
   9	
   3	
   4	
   0	
   3	
   75	
   16	
   0	
   0	
  
Paris	
   12	
   6	
   4	
   1	
   1	
   0	
   0	
   6	
   4	
   0	
   2	
  

Marseille	
   9	
   9	
   0	
   0	
   0	
   0	
   0	
   0	
   0	
   4	
   5	
  
Dresden	
   101	
   na	
   na	
   na	
   na	
   na	
   na	
   27	
   52	
   3	
   19	
  

Tel	
  Hashomer	
   10	
   5	
   2	
   1	
   0	
   1	
   1	
   0	
   6	
   2	
   2	
  
Torino	
   39	
   na	
   na	
   na	
   na	
   na	
   na	
   na	
   na	
   na	
   na	
  

Valencia	
   37	
   19	
   18	
   0	
   0	
   0	
   0	
   0	
   0	
   34	
   3	
  
Hamburg	
   40	
   40	
   0	
   0	
   0	
   0	
   0	
   37	
   0	
   0	
   3	
  
Freiburg	
   34	
   na	
   na	
   na	
   na	
   na	
   na	
   21	
   13	
   0	
   0	
  

Roma	
   24	
   16	
   6	
   1	
   0	
   1	
   0	
   4	
   10	
   0	
   10	
  
Duarte	
   24	
   16	
   4	
   4	
   0	
   0	
   0	
   11	
   0	
   0	
   13	
  

Sapporo	
   14	
   8	
   5	
   1	
   0	
   0	
   0	
   2	
   0	
   0	
   12	
  
Others	
   11	
   6	
   2	
   0	
   0	
   0	
   0	
   3	
   2	
   1	
   5	
  
Total	
   565	
   197	
   50	
   11	
   5	
   2	
   4	
   200	
   110	
   49	
   167	
  

Current	
  Status	
  of	
  Sample	
  Accrual	
  



Preliminary	
  Study	
  Results	
  

	
  	
   Total	
  Relapses	
   AML	
   ALL	
   MDS	
   MPN	
   CML	
   CMML	
   10/10	
  
MUD	
   MMUD	
   UCB	
   Haplo	
   HLA	
  Loss	
  

Milano	
   35	
  (+84)	
   34	
  (+75)	
   0	
  (+2)	
   1	
  (+4)	
   0	
  (+1)	
   0	
  (+2)	
   0	
   6	
  (+8)	
   3	
  (+4)	
   2	
  (+3)	
   24	
  (+69)	
   ✔	
  
Essen	
   38	
   0	
   0	
   0	
   0	
   0	
   0	
   24	
   14	
   0	
   0	
   ✔	
  
Paris	
   10	
   4	
   4	
   1	
   1	
   0	
   0	
   4	
   4	
   0	
   2	
   ✔	
  

Marseille	
   9	
   7	
   0	
   0	
   0	
   0	
   0	
   0	
   0	
   4	
   5	
   ✔	
  
Dresden	
   77	
   NA	
   NA	
   NA	
   NA	
   NA	
   NA	
   11	
   51	
   2	
   13	
   ✔	
  

Tel	
  Hashomer	
   5	
   2	
   2	
   1	
   0	
   0	
   0	
   1	
   2	
   1	
   1	
   ✘	
  
Valencia	
   16	
   5	
   9	
   0	
   0	
   0	
   0	
   0	
   0	
   15	
   1	
   ✘	
  
Freiburg	
   26	
   0	
   0	
   0	
   0	
   0	
   0	
   14	
   12	
   0	
   0	
   ✘	
  
Duarte	
   20	
   14	
   3	
   3	
   0	
   0	
   0	
   9	
   0	
   0	
   11	
   ✔	
  
Sapporo	
   9	
   7	
   2	
   0	
   0	
   0	
   0	
   1	
   0	
   0	
   8	
   ✘	
  
Others	
   11	
   6	
   2	
   0	
   0	
   0	
   0	
   3	
   2	
   1	
   5	
   ✔	
  
Total	
   340	
   154	
   24	
   10	
   2	
   2	
   0	
   81	
   92	
   28	
   139	
  
	
  	
   	
  	
   	
  	
   	
  	
   	
  	
   	
  	
   	
  	
   	
  	
   	
  	
   	
  	
   	
  	
  



Immunogene&c	
  Differences	
  Between	
  Haplo	
  and	
  Cord	
  

HLA	
  loss	
  

Haplo	
   Cord	
  

HLA	
  loss	
  



Outline	
  of	
  the	
  Talk	
  

1.   HLA	
  loss:	
  going	
  back	
  and	
  forth	
  from	
  bedside	
  to	
  bench	
  

2.   Beyond	
  HLA	
  loss:	
  deciphering	
  novel	
  mechanisms	
  of	
  
leukemia	
  immunoedi2ng	
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Diagnosis	
   Relapse	
  a9er	
  allo-­‐HSCT	
  Relapse	
  a9er	
  CT	
  

Chemotherapy	
   Allogeneic	
  
HCST	
  

AML	
  blast	
  FACS-­‐purifica&on	
  (LAIP	
  markers)	
  

High	
  Throughput	
  Profiling	
  
	
  

SNP	
  array,	
  Targeted	
  Sequencing,	
  Whole	
  Exome	
  
Sequencing,	
  Microarray,	
  RNA-­‐Seq	
  

Seeking	
  New	
  Mechanisms	
  of	
  AML	
  Immune	
  Evasion	
  
Experimental	
  Layout	
  



Seeking	
  New	
  Mechanisms	
  of	
  AML	
  Immune	
  Evasion	
  
Whole	
  Exome	
  Sequencing	
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preTx:	
  	
  average	
  n=14,	
  range	
  8-­‐17	
  
postTx:	
  	
  average	
  n=16,	
  range	
  7-­‐24	
  

Wilcoxon	
  matched-­‐pairs	
  	
  
Test	
  p=	
  0.0225	
  	
  

+	
  other	
  30	
  SNV	
  unclassified	
  

Recurrence	
  of	
  mutated	
  genes	
  in	
  postTx	
  

Average	
  coverage	
  for	
  tumor	
  sample:	
  120X	
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Raising	
  the	
  Bar:	
  Combining	
  Whole	
  Exome	
  Sequencing	
  and	
  
Rna-­‐Seq	
  to	
  Profile	
  Sorted	
  Leukemic	
  blasts	
  

•  Analysis	
   of	
   relapse-­‐specific	
   muta2ons,	
   signatures,	
   and	
   clonal	
  
dynamics 	
  	
  

•  Development	
   of	
   pipelines	
   for	
   predic2on	
   of	
   leukemia-­‐expressed	
  
neoan2gens	
  and	
  minor	
  histocompa2bility	
  an2gens	
  	
  

•  Analysis	
  of	
  HLA	
  soma2c	
  muta2ons	
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