
	
  	
  	
  	
  Transla(onal	
  Genomics	
  Research	
  Ins(tute	
  	
  |	
  	
  www.tgen.org	
  

Enabling	
  Precision	
  Medicine	
  for	
  
Companion	
  Dogs	
  with	
  Cancer	
  	
  

June	
  8,	
  2015	
  
Jeffrey	
  Trent,	
  PhD,	
  FACMG.	
  

President	
  and	
  Research	
  Director	
  
Transla(onal	
  Genomics	
  Research	
  Ins(tute	
  (TGen)	
  

a	
  non-­‐profit	
  biomedical	
  research	
  Ins4tute	
  



Deploying	
  Inves.ga.onal	
  Agents,	
  Biomarkers	
  and	
  
Genomics	
  within	
  Canine	
  Clinical	
  Trials:	
  	
  

From	
  IND	
  to	
  Biology	
  

Chand	
  Khanna	
  
D.V.M.Ph.D	
  

Will	
  Hendricks,	
  	
  
Ph.D.	
  

Pat	
  LoRusso,	
  
D.O.	
  



	
  	
  	
  	
  Transla(onal	
  Genomics	
  Research	
  Ins(tute	
  	
  |	
  	
  www.tgen.org	
  

•  Precision	
  Medicine	
  in	
  Human	
  Cancer	
  
•  Canine	
  Cancer	
  Genomic	
  Landscapes	
  
•  Emerging	
  Canine	
  PMed	
  Tools	
  
•  Opportuni(es	
  in	
  Compara(ve	
  Oncology	
  



	
  	
  	
  	
  Transla(onal	
  Genomics	
  Research	
  Ins(tute	
  	
  |	
  	
  www.tgen.org	
  

Clinical	
  
Collabora(on	
  

CLIA	
  
Environment	
  

Dedicated	
  
Technology	
  

HPC	
  
Infrastructure	
  

Validated	
  
Data	
  Pipeline	
  

Report	
  
Genera(on	
  

Tumor	
  Board	
  
and	
  Data	
  
Sharing	
  

Advocates	
  

Clinicians	
  
EMR,	
  LIMS,	
  
CIMS,	
  GIMS	
  

QC/QA	
  
Clinical	
  

Coordinators	
  

Chain	
  of	
  
Custody	
  

HIPAA	
  

Informa(c	
  
Tools	
  

Informa(on	
  
Technology	
  

Sequencing	
  
Pla[orms	
  

Drug	
  Rules	
  

Scien(sts	
  

Pa(ents	
  

Genome	
  
Annota(on	
  

Data	
  
Scien(sts	
  



	
  	
  	
  	
  Transla(onal	
  Genomics	
  Research	
  Ins(tute	
  	
  |	
  	
  www.tgen.org	
  

SU2C/MRA BRAFwt Melanoma 
NCT02094872 

18 Sites 
DNAseq (T/N) + RNAseq 
7 patients enrolledto date 

Enrollment: 96 

NMTRC: Relapsed Pediatric Cancers 
NCT02162732 

3 phases 
>20 Sites 

DNAseq (T/N) + RNAseq 
81 patients enrolled to date 

Current Phase Enrollment: 56 

IVY Adult Glioblastoma 
NCT02060890 

8 Sites 
DNAseq (T/N) + RNAseq 

Enrollment: 15 

IVY/PNOC Pediatric DIPG 
NCT02274987 

8 Sites 
DNAseq (T/N) + RNAseq 

Enrollment: 15 



Integra.ng	
  Genomic	
  Profiling	
  and	
  Therapeu.c	
  
Recommenda.on	
  

•  Deep	
  exome	
  sequencing	
  to	
  iden(fy	
  low	
  level	
  muta(ons	
  in	
  heterogeneous	
  
samples	
  

	
  
•  Long	
  insert	
  whole	
  genome	
  sequencing	
  to	
  iden(fy	
  structural	
  events	
  and	
  to	
  

accurately	
  measure	
  copy	
  number	
  changes	
  

•  Sequencing	
  matched	
  normal	
  DNA	
  from	
  pa(ent	
  can	
  iden(fy	
  important	
  
cancer	
  predisposi(on	
  genes	
  

•  RNA-­‐sequencing	
  	
  
•  Confirm	
  muta(ons	
  
•  Can	
  iden(fy	
  oncogenic	
  fusions	
  
•  Differen(al	
  expression;	
  isoforms,	
  neoan(gens	
  

John	
  Carpten	
   David	
  Craig	
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Illumina HiSeq 2500 – 27 hour run time  

Dell Clinical Cluster 
2000 Cores 
300 TB Lustre File 
system 
54 Gbps Infiniband 
10 Gbps Ethernet 
 

Production pipeline:  2.5 days 
Research pipeline:  1 day 

2011- 1M CPUhrs/yr 
7.2014 1M CPUhrs/mo 

Dell-enabled HPC Infrastructure @ TGen 



CLINICAL DATA INTEGRATION

In Depth Clinical Fields JSON or XML ßà RNA/DNA Genome-wide VCFs/BAMs 


Clinical: XML/JSON Genomic: VCF/BAM 

Somatic: cBioPorta/ICGC, Germline: dbGap




Clinical	
  Collabora.on	
  Applica.ons	
  for	
  Accessing	
  Distributed	
  Data	
  Across	
  Federated	
  Network	
  
All	
  sites	
  use	
  a	
  secure	
  HIPPA	
  compliant,	
  cloud	
  enabled,	
  web	
  accessible	
  dashboard	
  	
  

real-­‐(me	
  display	
  of	
  mul(-­‐media	
  files	
  (PDF,	
  pictures,	
  video,	
  audio).	
  	
  Users	
  experience	
  the	
  same	
  
configura(on	
  of	
  informa(on	
  being	
  presented	
  (before,	
  during,	
  and	
  aaer	
  the	
  mee(ng)	
  



Cancer Genome Atlas Research Network. Watson IR, Chin L, Gershenwald, J et al. (In Press Cell)   

NF1 RAS 

BRAF 

KIT  6% 
(amplification+mutation) 

14% 28% 

52% 

(mutation)  (mutation)  

(mutation)  

Treatment of non-BRAFV600E Metastatic Melanoma 

Melanoma
Research Alliance
Melanoma	
  Dream	
  Team	
  	
  

PI’s	
  Jeffrey	
  Trent,	
  Ph.D.	
  	
  and	
  	
  Patricia	
  LoRusso,	
  D.O.	
  
	
  
	
  
	
  



•  Clinical	
  Trial	
  Development	
  (with	
  FDA)	
  
•  Molecular	
  Pla[orm	
  op(miza(on/valida(on	
  
•  FDA	
  mandated	
  Pilot	
  Clinical	
  Trial	
  (n=5)	
  
•  Formal	
  FDA	
  Review	
  
•  Approved	
  IND	
  as	
  a	
  Randomized	
  Clinical	
  Trial	
  
Primary	
  Objec.ve:	
  
•  Best	
  Overall	
  Response	
  Rate	
  (BORR):	
  targeted	
  
treatment	
  vs.	
  physician’s	
  choice	
  of	
  standard	
  
therapy	
  	
  

Project Phases for SU2C  
Genomics Medicine in Melanoma  

(G.E.M.M) Trial 



Investigational New Drug Application 
“Pre-Submission” - alternative to the 
Investigational New Device Exemption 

Number of pages = 1,517 Number of pages = 926 

FDA IND and Pre-Submissions –  
2,443 Pages of Documentation 

 

Project Phases Developed over 3 YEARS!! 



Investigational New Drug Application 
“Pre-Submission” - alternative to the 
Investigational New Device Exemption 

Number of pages = 1,517 Number of pages = 926 

FDA IND and Pre-Submissions –  
2,443 Pages of Documentation 

 

TRIAL IS CURRENTLY OPEN AND ENROLLING! 
Yale, Mayo (3), UMI, IU 



Available	
  Inves(ga(onal	
  Agents	
  with	
  
Phase	
  II	
  dosing:	
  

Company Name: Drug Name: Target: Route 

Millennium MLN8237 Aurora A kinase Oral 
MLN9708 proteasome protease inhibitor Oral 

Pfizer PF-00299804 pan-erbB Oral 
PD-0332991 CDK 4/6 inhibitor Oral 

Plexxikon PLX3397 FMS, Kit and Fit3-ITD Oral 

Exelixis XL184 Mulit-kinase (VEGFR2, Met, 
FLT3, Tie2, Kit and Ret) 

Oral 

Novartis/Array MEK162 MEK 1/2 Oral 
BGJ398 Oral Novartis 

Other Ongoing efforts at securing 
additional agents 

Single	
  and	
  combina(on	
   N/A 



Cancer Genome Atlas Research Network. Watson IR, Chin L, Gershenwald, J et al. TCGA Workshop, 2012 

TRIPLE WILD TYPE 

NF1 RAS 

BRAF 

KIT  6% 
(amplification+mutation) 

14% 27% 

53% 

(mutation)  (mutation)  

(mutation)  

Deep Interrogation of Canine Melanoma as a Comparative Model to  
Improve Cancer Therapeutics for Triple Wild Type Human Melanoma 

Cancer Genome Atlas Research Network. 
Watson IR, Chin L, Gershenwald, J et al. (2014) 

Melanoma TCGA 

• Cutaneous melanomas 
• Non-glabrous skin 
• Mainly regional metastases 
• Total accrual ~300 
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> 123 Studies 
> 30,000 Tumors 
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Type	
   Gene.c	
  basis	
  -­‐	
  
prior	
  studies	
  

#	
  NGS	
  
Studies	
  

PlaPorm	
  and	
  
Samples	
   Notable	
  Findings	
   Reference	
  

Mast	
  cell	
  tumor	
   KIT	
   0	
   n/a	
   n/a	
   n/a	
  

Soa	
  (ssue	
  
sarcoma	
  

Various	
   1	
   7	
  Exomes	
   -­‐	
  16	
  muta(ons/tumor	
  
-­‐	
  Few	
  CNVs	
  
-­‐	
  NF1,	
  MLL3,	
  PTCH1,	
  MDM4,	
  
ATP7B,	
  AIG1	
  

Roberts	
  et	
  al,	
  2014	
  

Lymphoma	
   TP53,	
  MYC,	
  
KIT,	
  RB1,	
  PTEN,	
  
CDKN2A,	
  NRAS	
  

1	
   84	
  NHL	
  
-­‐  5	
  exome	
  
-­‐  14	
  RNAseq	
  
-­‐  71	
  Sanger	
  

44%	
  TRAF3	
   Bushell	
  et	
  al,	
  2015	
  

Osteosarcoma	
   CDKN2A,	
  TP53,	
  
RB,	
  PTEN	
  

0	
   n/a	
   n/a	
   n/a	
  

Mammary	
  
carcinoma	
  

BRCA1/BRCA2	
   2	
   25	
  cases	
  
-­‐  5	
  WGS	
  
-­‐  2	
  ctDNA	
  
-­‐  20	
  ddPCR	
  
12	
  cases	
  
-­‐  3	
  WGS	
  
-­‐  10	
  RNAseq	
  
-­‐  4	
  exome	
  

-­‐	
  MYC,	
  KIT,	
  PFDN5	
  
	
  
	
  
	
  
-­‐	
  0-­‐907	
  SNVs/tumor	
  
-­‐	
  Large	
  CNVs	
  
-­‐	
  PTEN,	
  BRAF,	
  PIM1,	
  CCND3,	
  
ZFAND3-­‐MGAM,	
  POLD1,	
  BRCA1,	
  
IGFR2,	
  FOXC2,	
  DLG2,	
  USH2A	
  

Beck	
  et	
  al,	
  2013	
  
	
  
	
  
	
  
Liu	
  et	
  al	
  ,	
  2014	
  
	
  

TCC	
   Unknown	
   1	
   4	
  RNAseq	
  
62	
  Sanger	
  

80%	
  BRAF	
  V595E	
   Decker	
  et	
  al,	
  2015	
  

CTVT	
   LINE1	
  inser(on	
  
upstream	
  of	
  ,	
  
MYC,	
  TP53	
  

1	
   2	
  WGS,	
  FISH	
   -­‐	
  Clonal,	
  Aneuploid/Diploid	
  
-­‐	
  2118	
  SVs,	
  1.9M	
  SNVs	
  
-­‐	
  MYC,	
  CDKN2A,	
  SETD2,	
  ERG	
  

Murchison	
  et	
  al,	
  
2014	
  

< 10 Studies 
< 50 Tumors 



The Canine Hereditary Cancer Consortium (CHCC) 
An unprecedented alliance of researchers, veterinarians, physicians, and 
owners 

“From Bark to Bedside” 

Establishing a new 
paradigm for tackling 
complex canine 
disease 

UC2	
  CA148149	
  	
  NCI/NIH	
  



Beginning	
  with	
  Canine	
  Genome	
  Sequencing	
  	
  
WGS	
  (Illumina)	
  	
  	
  

•  ~25	
  dogs	
  sequenced	
  at	
  TGen	
  (Maq	
  Huentleman)	
  
–  The	
  database	
  of	
  variants	
  from	
  unaffected	
  dogs	
  can	
  be	
  subtracted	
  in	
  

silico	
  from	
  the	
  variants	
  of	
  the	
  affected	
  dog	
  to	
  iden(fy	
  puta(ve	
  causal	
  
variants	
  under	
  the	
  associa(on	
  peak	
  or	
  poten(ally	
  a	
  soma(c	
  muta(on	
  

Cocker	
  Spaniel	
  with	
  Melanoma	
  



Canine Genome Sequencing Project - Phase I 
MISSOURI	
  
Robert	
  Schnabel	
  
Gary	
  Johnson	
  
Dennis	
  O’Brien	
  
	
  	
  
UCLA	
  
Robert	
  Wayne	
  
John	
  Novembre	
  
	
  	
  
TEXAS	
  A&M	
  
William	
  Murphy	
  
	
  
NHGRI	
  
Elaine	
  Ostrander	
  
Brian	
  David,	
  Post-­‐Doc	
  
	
  
These	
  groups	
  these	
  groups	
  +	
  
ours	
  have	
  been	
  sharing	
  
whole	
  genome	
  data	
  to	
  create	
  
a	
  detailed	
  database	
  of	
  breed	
  
specific	
  variants.	
  



E

D	
  

Canine	
  Tissue	
  Microarrays	
  (Dr.	
  Barb	
  Davis)	
  

•  Primary,	
  invasive	
  
mucosal	
  melanoma	
  is	
  
seen	
  arising	
  from	
  the	
  
epidermis	
  (E)	
  on	
  the	
  
upper	
  lea	
  (arrow)	
  
and	
  filling	
  the	
  dermis	
  
(D)	
  with	
  large	
  
epithelioid	
  melanoma	
  
cells	
  	
  	
  



	
  	
  	
  	
  Transla(onal	
  Genomics	
  Research	
  Ins(tute	
  	
  |	
  	
  www.tgen.org	
  

Human Canine 



Prior targeted analysis: 
-  NRAS mut in 4/43 (9%) 
-  BRAF mut in 0/33 
-  KIT mut in 1/66 

Pathways via Simpson et al IHC: 
-  pAKT in 66% 
-  pERK in 77% 
-  pAKT+pERK in 52% 
-  PTEN low in 48% 

Simpson et al, PCMR, 2014 
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2/3	
  of	
  canine	
  mucosal	
  tumors	
  are	
  “quadruple	
  wild-­‐type”	
  	
  
(BRAFwt,	
  RASwt,	
  KITwt,	
  NF1wt)	
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*adapted from Furney et al. J Pathol 2013; 230:261-269 
**adapted from Berger et al. Nature 2012; 485:502-506 

Canine	
  Mucosal	
  Melanoma	
  Mirrors	
  Human	
  Mucosal	
  
Melanoma	
  with	
  	
  CNV’s	
  >>SNV’s	
  and	
  no	
  UV-­‐Signature	
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Fowles	
  et	
  al,	
  Vet	
  Comp	
  Onc,	
  2014;	
  Vu	
  et	
  al,	
  ACS	
  Med	
  Chem,	
  2013	
  	
  

Therapeu(c	
  Implica(ons	
  of	
  Genomic	
  
Landscapes	
  

MEK	
  and	
  mTOR	
  Inhibi.on	
   MDM2	
  Inhibi.on	
  

24%	
  of	
  cases	
  with	
  amplifica.on,	
  
exclusive	
  with	
  TP53	
  muta.on	
  
	
  
17%	
  of	
  cases	
  posi.ve	
  for	
  MDM2	
  
by	
  IHC	
  (Barb	
  Davis)	
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Continuous Reach-Through to Canine Patients	



���
	



A life comprehensively recorded	


(and somewhat less comprehensively  	


regulated) should more rapidly allow  	



integration of genomic and clinical data	
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Dr.	
  Amy	
  LeBlanc	
  



COTC016 

Bioinforma.cs	
  
analysis	
  output,	
  

submit	
  PMed	
  
report	
  to	
  COTC	
  

sites	
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»	
  CanFam	
  3	
  exomes	
  in	
  development	
  (Roche,	
  Agilent	
  others)	
  
	
  

»	
  Targeted	
  amplicon	
  sequencing	
  developed	
  at	
  TGen	
  via	
  Raindance/Illumina	
  

Canine-­‐Specific	
  Resources	
  

Canine	
  Cancer	
  Panel:	
  51	
  genes,	
  250	
  amplicons	
  
ABL1 BCL6 EGFR FGFR2 HRAS KIT NRAS RB1 STK11
AKT1 BRAF ERBB2 FGFR3 IDH1 KRAS PDGFRA RET TP53
ALK CDH1 ERBB4 FLT3 IDH2 MET PIK3CA SMAD4 VHL
APC CDKN2A EZH2 GNAQ JAK2 MLH1 PTEN SMARCB1
ATM CSF1R FBXW7 GNAS JAK3 NOTCH1 PTPN11 SMO
BCL2 CTNNB1 FGFR1 HNF1A KDR NPM1 PTPRJ SRC

TGen developed drug rule 
database 
-  Literature-derived 
-  Actively curated 
-  Lifted to canine, supplemented 

with canine-specific rules  



	
  	
  	
  	
  Transla(onal	
  Genomics	
  Research	
  Ins(tute	
  	
  |	
  	
  www.tgen.org	
  

Canine	
  Cancer	
  Panel	
   Canine	
  Cancer	
  Panel	
  –	
  Genomic	
  Altera.ons	
  Detail	
  

Canine	
  Cancer	
  Panel	
  –	
  Drug	
  Evidence	
  Detail	
  
Canine	
  Cancer	
  Panel	
  –	
  Clinical	
  Trials	
  Detail	
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Clinical	
  Trials	
  
with	
  Targeted	
  
Agents	
  in	
  Early	
  

Sekngs	
  

Early	
  
Treatment	
  in	
  

Human	
  
Osteosarcoma	
  

Early	
  targeted	
  treatment	
  
and	
  disease	
  evolu.on	
  in	
  

melanoma	
  

Precision	
  medicine	
  in	
  the	
  
course	
  of	
  disease	
  

progression	
  

Early	
  targeted	
  treatment	
  
and	
  disease	
  evolu.on	
  in	
  

osteosarcoma	
  

Pa.ent-­‐	
  
derived	
  	
  

xenograls	
  

Genomics	
  of	
  	
  
response	
  

Genomics	
  of	
  	
  
response	
  

Compare	
  outcomes	
  	
  
based	
  on	
  PMed	
  in	
  PDXs	
  

Compare	
  outcomes	
  
based	
  on	
  PMed	
  in	
  PDXs	
  

§  Pre-­‐treatment	
  &	
  
relapse	
  .ssue	
  

§  Longitudinal	
  liquid	
  
biopsy	
  

§  Pre-­‐treatment	
  &	
  
relapse	
  .ssue	
  

§  Longitudinal	
  liquid	
  
biopsy	
  

Early	
  
Treatment	
  in	
  

Human	
  
Melanoma	
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Canine	
  pa.ent	
  with	
  primary	
  
melanoma	
  or	
  osteosarcoma.	
  
Surgical	
  resec(on	
  to	
  no	
  evidence	
  
of	
  disease	
  at	
  COTC	
  site	
  

Factorial	
  trials	
  of	
  targeted	
  adjuvant	
  treatment,	
  
Tissue	
  from	
  60	
  dogs	
  per	
  tumor	
  type	
  prior	
  to	
  adap.ve	
  step	
  

SOC	
  (15	
  dogs),	
  SOC	
  +	
  A	
  (15	
  dogs),	
  SOC	
  +	
  B	
  (15	
  dogs),	
  SOC	
  +	
  A	
  +	
  B	
  (15	
  dogs)	
  

Core	
  C	
  Genomics	
  
§  LI-­‐WGS	
  
§  Exome-­‐seq	
  
§  mRNA-­‐seq	
  

Projects	
  1	
  and	
  2	
  SA3	
  
§  Longitudinal	
  ctDNA	
  

analysis	
  

Core	
  B	
  COTC	
  
§  Pathology	
  
§  PK/PD	
  

Core	
  B	
  COTC	
  
§  PK/PD	
  

Core	
  B	
  COTC	
  
§  PK/PD	
  

Projects	
  1	
  and	
  2	
  SA3	
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