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Humanized	
  Mouse	
  Avatars	
  for	
  Cancer	
  Therapy	
  
	
  



Mission	
  &	
  Opportunity	
  
•  ~95	
  percent	
  of	
  all	
  invesOgaOons	
  of	
  new	
  drugs	
  for	
  cancer	
  fail	
  

•  This	
  contributes	
  to	
  the	
  incredible	
  expense	
  of	
  treaOng	
  cancer	
  and	
  
incredibly	
  slow	
  progress	
  

•  We	
  need	
  beSer	
  tumor	
  models	
  &	
  the	
  biomedical	
  research	
  
community	
  needs	
  a	
  common,	
  readily	
  accessible	
  tumor	
  resource	
  
to	
  support	
  cancer	
  drug	
  development	
  efforts	
  

•  ParOcipate	
  in	
  something	
  that	
  may	
  be	
  a	
  game-­‐changer,	
  improve	
  
cancer	
  research	
  and	
  cancer	
  care	
  

	
  
	
  



Cell	
  line–based	
  models	
  have	
  been	
  criOcized	
  for	
  their	
  poor	
  ability	
  to	
  
predict	
  outcomes	
  for	
  advanced	
  paOents	
  with	
  cancer	
  

Kopetz S et al. Clin Cancer Res 2012;18:5160-5162 



TransiOon	
  from	
  Empiric	
  to	
  RaOonally	
  Selected	
  &	
  
Personalized	
  Cancer	
  Therapy	
  

Molecular-­‐Based	
  &	
  	
  
Personalized	
  Therapy	
  

Empiric	
  Therapy	
  
	
  

Tumor	
  Molecular	
  Profiling	
  
for	
  every	
  paAent	
  (adequate	
  Assue)	
  

	
  
Drugs	
  against	
  the	
  	
  
Molecular	
  Targets	
  

	
  
	
  	
  	
  PredicAve	
  Biomarkers	
  

for	
  the	
  drugs	
  
	
  

Biomarker-­‐driven	
  Clinical	
  Trials	
  

PaAent	
  CharacterisAcs	
  
Available	
  Literature	
  
Physician	
  Experience	
  

Gandara	
  et	
  al:	
  Clin	
  Lung	
  Cancer,	
  2012	
  



Magnitude	
  of	
  Genomic	
  Derangement	
  Cancer	
  

The	
  Cancer	
  Genome	
  Atlas	
  Project:	
  	
  Govindan	
  R.	
  J	
  Clin	
  Oncol.	
  2012	
  (Proc	
  ASCO	
  Annual	
  MeeOng);30	
  (suppl):	
  abstr	
  7006.	
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PaOent	
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versus	
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View	
  

Inter-­‐paAent	
  
Tumor	
  Heterogeneity	
  

	
  Models	
  for	
  Inter-­‐	
  and	
  Intra-­‐PaOent	
  Tumor	
  Heterogeneity	
  
&	
  EvoluOon	
  Over	
  Time	
  

Intra-­‐paAent	
  
Tumor	
  Heterogeneity	
  

EvoluOon	
  
	
  

over	
  Ome	
  

or	
  

	
  from	
  Gandara	
  et	
  al:	
  Clin	
  Lung	
  Cancer,	
  2012	
  

ALK	
  	
  
Fusion+	
   ALK-­‐	
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  MutaOon	
  
	
  	
  L1196M	
  



EvoluOonary	
  Biology	
  &	
  Tumor	
  Resistance	
  

•  Intra-­‐tumor	
  heterogeneity	
  is	
  
present	
  at	
  baseline	
  

•  Reducing	
  sensiAve	
  clones	
  by	
  
therapy	
  permits	
  unopposed	
  
growth	
  of	
  less	
  fit	
  resistant	
  clones	
  

	
  	
  	
  	
  or	
  emergence	
  of	
  a	
  new	
  clone	
  	
  	
  	
  
	
  (“Tumor	
  Darwinism”)	
  

•  SeparaAng	
  new	
  “drivers”	
  from	
  
emergent	
  “passengers”	
  is	
  
becoming	
  increasingly	
  complex	
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The	
  New	
  Yorker	
  
"Here's	
  my	
  sequence”	
  

Cancer	
  Treatment	
  in	
  2020?	
  



PDX	
  Plasorm	
  Algorithm	
  

(F1)	
  
(F2)	
  

Adapted	
  from:	
  Tentler,	
  et	
  al.	
  (2012)	
  Nat.	
  Rev.	
  Clin.	
  Oncol	
  



Key	
  PDX	
  Features:	
  Maintained	
  Histology	
  

13 
Julien	
  S	
  et	
  al.	
  Clin	
  Cancer	
  Res	
  2012;18:5314-­‐5328	
  



Key	
  PDX	
  Features:	
  Preserved	
  Stroma	
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Julien	
  S	
  et	
  al.	
  Clin	
  Cancer	
  Res	
  
2012;18:5314-­‐5328	
  

Maykel	
  J	
  et	
  al.	
  Dig	
  Dis	
  Sci,	
  
2014;59(6):1169-­‐1179	
  



Key	
  PDX	
  Features:	
  GeneOc	
  Fidelity	
  

Ding	
  Nature	
  ‘10	
  

Julien	
  Clin	
  Cancer	
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Tentler	
  J	
  et	
  al.	
  Nat	
  Rev	
  Clin	
  Oncol.	
  2012;	
  9(6):338-­‐50	
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Key	
  PDX	
  Features:	
  Tumor	
  Diversity	
  and	
  
Heterogeneity	
  

17 
Chiron M et al. Mol Cancer Ther 2014;13:1636-1644 



Key	
  Features:	
  CorrelaOon	
  with	
  PaOents	
  Outcomes	
  
PDX	
  Clinical	
  Trial	
  SimulaHon	
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  2012;18:5314-­‐5328	
  

KRAS	
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   KRAS	
  Mutant	
  

PD
X	
  
Tr
ia
l	
  

CO
-­‐1
7	
  
Cl
in
ic
al
	
  T
ria

l	
  

Julien	
  S	
  et	
  al.	
  Clin	
  
Cancer	
  Res	
  
2012;18:5314-­‐	
  
5328	
  

KarapeOs	
  et	
  
al.	
  NEJM	
  
2008,	
  359	
  
(17):	
  1757	
  	
  



CorrelaOon	
  Between	
  EngraJability	
  and	
  PaOent	
  Clinical	
  Outcome	
  
Non-­‐Small	
  Cell	
  Lung	
  Cancer	
  

Ilie	
  et	
  al.	
  Cancer	
  Med.	
  2015	
  Feb;4(2):201-­‐11	
  



PDX	
  Predict	
  for	
  Clinical	
  Response	
  in	
  Ovarian	
  Cancer	
  

Weroha	
  et	
  al.	
  Clin	
  Cancer	
  Res	
  2014;20:1288-­‐1297	
  
Lodiha	
  et	
  al.	
  Ann	
  Oncol.	
  2015	
  Mar;26	
  Suppl	
  2:ii31	
  

•  PDX	
  recapitulated	
  molecular	
  characterisOcs	
  of	
  tumor	
  
•  Accurately	
  predicted	
  plaOnum	
  sensiOvity	
  (>90%)	
  
•  Exhibited	
  gene	
  signatures	
  consistent	
  with	
  plaOnum	
  resistance	
  
•  328	
  models	
  established	
  across	
  most	
  subtypes	
  
•  148	
  models	
  BROC-­‐HA	
  sequenced	
  

•  BRCA1	
  (8%),	
  6	
  BRCA2	
  (4%),	
  and	
  4	
  PIK3CA	
  (3%)	
  
•  ATM,	
  RAD51C,	
  FANCM,	
  FANCD2,	
  FANCA,	
  CHEK2,	
  PALB2,	
  MHS6,	
  CDK12	
  and	
  GEN1	
  loss	
  of	
  

funcOon	
  mutaOons	
  



PDX	
  Predict	
  for	
  Clinical	
  Response	
  in	
  Sarcoma	
  

Results	
  
•  22/29	
  (76%)	
  tumors	
  successfully	
  engraVed	
  
•  PDX:	
  Clinical	
  response	
  correlaOon	
  accurate	
  in	
  13/16	
  (81%)	
  
•  No	
  paOents	
  progressed	
  during	
  the	
  PDX-­‐predicted	
  therapy	
  
	
  

Conclusion:	
  	
  
•  PDX	
  allowed	
  for	
  the	
  tesOng	
  of	
  tradiOonal	
  and	
  non-­‐tradiOonal	
  therapies	
  	
  
•  Accurately	
  predicted	
  for	
  clinical	
  benefit	
  (81%)	
  

	
  

Stebbing	
  et	
  al.	
  Cancer.	
  2014	
  July	
  1;	
  120(13):2006-­‐15.	
  
	
  



Ewing	
  Sarcoma	
  with	
  Pulmonary	
  Metastases	
  
PDX-­‐Directed	
  Therapy	
  Response	
  

Stebbing	
  et	
  al.	
  Cancer.	
  2014	
  Jul	
  1;120(13):2006-­‐15	
  



PDX	
  Predict	
  for	
  Clinical	
  Response	
  in	
  Sarcoma	
  

23 

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Garralda,	
  et	
  al.	
  Clin	
  Cancer	
  Res	
  May	
  1,	
  2014	
  20:2476-­‐2484	
  
	
  
RESULTS:	
  
•  Exome	
  sequencing	
  analyses	
  obtained	
  for	
  23	
  paOents.	
  

•  Tumor-­‐specific	
  mutaOons	
  and	
  copy-­‐number	
  variaOons	
  were	
  idenOfied.	
  
•  All	
  samples	
  profiled	
  contained	
  relevant	
  genomic	
  alteraOons.	
  

•  Tumor	
  was	
  implanted	
  to	
  create	
  Avatar	
  models	
  
•  13	
  paOents	
  have	
  received	
  a	
  personalized	
  treatment	
  
•  6	
  achieved	
  durable	
  parOal	
  remissions.	
  	
  
•  Drug	
  candidate	
  treatments	
   in	
  Avatar	
  models	
  correlated	
  with	
  clinical	
  response	
  and	
  helped	
  

to	
  select	
  empirical	
  treatments	
  in	
  some	
  paOents	
  with	
  no	
  acOonable	
  mutaOons.	
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PDX	
  Predicts	
  for	
  Response	
  in	
  MetastaOc	
  CRC	
  

Corcoran	
  et	
  al.	
  J	
  Clin	
  Oncol	
  32:5s,	
  2014	
  (suppl;	
  abstr	
  3517)	
  



Clinical Lung Cancer DOI: (10.1016/j.cllc.2015.03.001)  

PDX	
  Predict	
  for	
  Clinical	
  Response	
  in	
  Non-­‐Small	
  Cell	
  Lung	
  Cancer	
  

Gandara	
  et	
  al.	
  Clin	
  Lung	
  Cancer.	
  2015	
  Mar	
  18	
  

Preliminary	
  data	
  for	
  SWOG	
  Phase	
  II/III	
  S1403	
  



Zhu	
  et	
  al.	
  2015.	
  Human	
  Genome	
  VariaOon	
  2,	
  ArOcle	
  number:	
  15009	
  

PDX	
  Future:	
  AnalyOcal	
  Approach	
  for	
  PredicOng	
  PaOents’	
  
Drug	
  SensiOvity	
  

•  Predicted	
  cetuximab	
  sensiOvity	
  in	
  a	
  set	
  of	
  transcriptomic	
  data	
  obtained	
  from	
  CRC	
  PDX	
  
models.	
  

•  Forecasted	
  the	
  clinical	
  outcome	
  in	
  paOents	
  with	
  mCRC.	
  	
  
•  Predicted	
  clinical	
  outcome	
  for	
  cetuximab	
  in	
  a	
  cohort	
  of	
  mCRC	
  paOents	
  using	
  a	
  pathway	
  

acOvaOon	
  strength	
  (PAS)	
  profile	
  derived	
  from	
  microarray	
  gene	
  expression	
  data.	
  	
  
•  Ability	
  of	
  PAS	
  to	
  predict	
  cetuximab	
  sensiOvity	
  in	
  cancer	
  paOents	
  as	
  good	
  as	
  or	
  even	
  

beSer	
  than	
  the	
  predicOve	
  value	
  of	
  the	
  K-­‐ras	
  mutaOon	
  status.	
  



27
Tentler	
  J	
  et	
  al.	
  Nat	
  Rev	
  Clin	
  Oncol.	
  2012;	
  9(6):338-­‐50	
  

PDX	
  Clinical	
  Trial	
  Schema:	
  Biomarker	
  Directed	
  PaOent	
  SelecOon	
  



IntegraOng	
  PDX	
  Models	
  Into	
  Clinical	
  Drug	
  Development	
  
	
  

Hidalgo,	
  M.	
  et	
  al.	
  Canc.	
  Disc.	
  2014.	
  4(9):	
  p.998	
  



The	
  Breast	
  Cancer	
  Genome	
  Guided	
  Therapy	
  Study	
  (BEAUTY)	
  
	
  PDX	
  Program	
  

•  PDX	
  in	
  the	
  neoadjuvant	
  se|ng	
  before	
  and	
  aVer	
  
chemotherapy	
  
o  Peripheral	
  node	
  biopsies	
  from	
  83	
  paOents	
  implanted	
  in	
  mice	
  	
  
o  31.3%	
  PDX	
  take	
  rate	
  (26/83)	
  

•  51.9%	
  TN	
  
•  41.7%	
  ER+/Her2+	
  41.7%	
  	
  
•  27.3%	
  ER-­‐/Her2+	
  	
  
•  17.4%	
  Luminal	
  B;	
  ER	
  expression	
  was	
  lost	
  in	
  PDXs	
  from	
  Luminal	
  B	
  
tumors	
  (2/2)	
  

•  0%	
  Luminal	
  A	
  	
  
o  Residual	
  tumor	
  at	
  surgery	
  from	
  17	
  pts	
  was	
  injected	
  into	
  mice	
  

•  17%	
  take	
  rate	
  (all	
  TN	
  grade	
  III	
  tumor)	
  

29 
Boughey	
  et	
  al.	
  J	
  Clin	
  Oncol	
  32:5s,	
  2014	
  (suppl;	
  abstr	
  11130)	
  



PDX	
  Future:	
  Humanized	
  Mice	
  PredicOng	
  Immunotherapy	
  SensiOvity	
  
CD34+	
  HSC	
  NOG	
  Mice	
  



Key	
  Leukocyte	
  Surface	
  Markers	
  	
  
in	
  huNOG	
  mice	
  

Baia	
  et	
  al.	
  AACR	
  2015 	
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NSLC	
  Growth	
  in	
  huNOG	
  Mice	
  
CTG	
  –	
  0852;	
  HLA-­‐A2	
  matched	
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Baia	
  et	
  al.	
  AACR	
  2015 	
  	
  

•  An	
  allogeneic	
  response?	
  

•  Tumor	
  regression	
  in	
  Ipilimumab	
  treated	
  mice	
  InducOon	
  of	
  T-­‐Cell	
  proliferaOon	
  
and	
  expansion	
  overall	
  observed	
  in	
  peripheral	
  blood	
  
o  ↑CD8+	
  cytotoxic	
  T-­‐Cells	
  



T-­‐Cell	
  ProliferaOon	
  

Non-­‐parametric	
  Mann-­‐Whitney:	
  	
  
**	
  p	
  <0.05,	
  n.s	
  non-­‐significant	
  	
  

Baia	
  et	
  al.	
  AACR	
  2015 	
  	
  



Shultz	
  et	
  al.	
  Nat	
  Rev	
  Immunol.	
  2012	
  Nov;	
  12(11):	
  786–798	
  
M.	
  Ito	
  manuscript	
  in	
  preparaOon	
  2015	
  
Suzuki	
  et	
  al.	
  Int	
  Immunol.	
  2012	
  Apr;24(4):243-­‐52	
  
	
  

PDX	
  Future:	
  Humanized	
  Mice	
  PredicOng	
  Immunotherapy	
  SensiOvity	
  
Transgenically	
  Expressed	
  Cytokines	
  and	
  HLA	
  to	
  enhance	
  HSC	
  EngraVment	
  

•  NOG/HLA-DR4/I-Aβ-/- 	
  mice	
  
•  T-­‐cell	
  homeostasis	
  differenOally	
  regulated	
  
•  	
  AnOgen	
  inducible	
  anObody	
  class	
  switching	
  

•  NOG/HLA-­‐A2	
  
•  NOG/HLA-­‐A2/DR4/GM-­‐IL-­‐3	
  Tg	
  

•  T-­‐cell	
  homeostasis	
  differenOally	
  regulated	
  
•  	
  AnOgen	
  inducible	
  anObody	
  class	
  switching	
  
•  Myeloid	
  tumor	
  suppressive	
  cells	




Tumor cells	


HSC	


Immature myeloid 
progenitor cells	


Monocyte	

Macrophage	


Tumor associated 
macrophages (TAM)	


Myeloid-derived 
suppressor cell 

(MDSC)	


•  Non-specific suppression of 
immune system 

•  Produce cytokines and 
soluble factors that support 
tumor angiogenesis	


IL-6 
VEGF 

M-CSF etc.	


Immflamatory 
myeloides 

Immune suppressive 
myeloides 

PDX	
  Future:	
  Enhanced	
  Humanized	
  Mice	
  for	
  Tumor	
  
Microenvironment	
  Effector	
  Studies	


M.	
  Ito	
  et	
  al	
  CIEA,	
  2015,	
  manuscript	
  in	
  preparaOon	
  



AML	
  is	
  a	
  geneOcally	
  heterogeneous	
  disease	
  

36 
Roboz	
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  (2011)	
  Hematology	
  	
  



Methods	
  

37 

1)  Source	
  material:	
  Apheresis	
  from	
  	
  consented	
  paOent	
  
a)  Apheresis	
  typically	
  yields	
  1019	
  cells	
  
b)  Bank	
  for	
  ~10K	
  P1	
  mice	
  

2)  ImplantaOon	
  into	
  myeloablated	
  NOG	
  mice	
  
3)  Time	
  coursed-­‐flow	
  cytometry	
  phenotyping	
  of	
  huCD45+/

huCD33+/huCD3+	
  cells	
  at	
  12	
  &	
  16	
  weeks	
  post	
  injecOon	
  
4)  Efficacy	
  studies	
  



Complexity	
  of	
  Drug	
  Development:	
  Novel	
  Therapies	
  and	
  Targets	
  in	
  
PancreaOc	
  Cancer	
  

Garrido-­‐Laguna,	
  I.	
  &	
  Hidalgo,	
  M	
  Nat	
  Rev	
  Clin	
  Oncol.	
  2015	
  Mar	
  31	
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