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VariaQon	
  in	
  Drug	
  Response	
  
PaQents	
  with	
  diagnosis	
  X	
  
all	
  get	
  the	
  same	
  treatment	
   Some	
  respond	
  well	
  

Some	
  experience	
  adverse	
  reacQons	
  

Some	
  have	
  poor	
  or	
  no	
  response	
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Factors	
  AffecQng	
  Drug	
  Response	
  

GeneQcs	
  
The image cannot be displayed. 
Your computer may not have 
enough memory to open the 
image, or the image may have 
been corrupted. Restart your 
computer, and then open the 
file again. If the red x still 
appears, you may have to delete 
the image and then insert it 
again.

Environment	
  
diet	
  

concomitant	
  drugs	
  
herbal	
  supplements	
  

Clinical	
  
Factors	
  

age	
  

weight	
  

disease	
  

gender	
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Clinical	
  ApplicaQons	
  of	
  PGx	
  

•  Focus	
  treatment	
  by	
  idenQfying	
  paQents	
  with	
  
geneQc	
  backgrounds	
  likely	
  to	
  respond	
  

•  Reduce	
  adverse	
  events	
  by	
  predicQng	
  who	
  is	
  at	
  
risk	
  

•  PotenQal	
  to	
  save	
  drugs	
  in	
  the	
  pipeline	
  that	
  are	
  
effecQve	
  in	
  subpopulaQons	
  

•  BeKer	
  understanding	
  of	
  drug	
  interacQons	
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DefiniQons	
  

•  PharmacogeneQcs:	
  study	
  of	
  individual	
  gene-­‐
drug	
  interacQons,	
  usually	
  one	
  or	
  two	
  genes	
  
that	
  have	
  dominant	
  effect	
  on	
  a	
  drug	
  response	
  
(SIMPLE	
  relaQonship)	
  

•  Pharmacogenomics:	
  study	
  of	
  genomic	
  
influence	
  on	
  drug	
  response,	
  o`en	
  using	
  high-­‐
throughput	
  data	
  (sequencing,	
  SNP	
  chip,	
  
expression,	
  proteomics)	
  (COMPLEX	
  
interacQons)	
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Clinical	
  Promises	
  of	
  PGx	
  

•  Personalized	
  Medicine:	
  SelecQng	
  the	
  right	
  dose	
  of	
  
the	
  right	
  drug	
  to	
  the	
  right	
  paQent	
  at	
  the	
  right	
  Qme	
  	
  

	
  

Drug A 
Drug B 

Drug C 

Test 

Drug A 

Drug A 
Drug B 

½ dose 

Today:	
  	
  	
  	
  
	
  	
  -­‐	
  empirical	
  selecQon	
  of	
  drug	
  

Future:	
  	
  	
  	
  
	
  	
  -­‐	
  GeneQcally	
  guided	
  drug	
  and	
  

dose	
  selecQon	
  

• 	
  	
  Efficacy	
  may	
  vary	
  widely	
  
• 	
  	
  Adverse	
  effects	
  are	
  common	
  &	
  unpredictable	
  

• 	
  	
  Avoid	
  adverse	
  drug	
  reacQons	
  
• 	
  	
  Maximize	
  drug	
  efficacy	
  
• 	
  	
  Select	
  responsive	
  paQents	
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PharmGKB	
  Content	
  &	
  AcQviQes	
  
•  Mission	
  

–  Collect,	
  encode	
  and	
  disseminate	
  knowledge	
  about	
  the	
  
impact	
  of	
  human	
  geneQc	
  variaQon	
  on	
  drug	
  response	
  

•  Research	
  	
  
– Manual	
  curaQon	
  of	
  PGx	
  literature	
  
–  Drug-­‐centered	
  pathways	
  
–  Important	
  PGx	
  gene	
  summaries	
  

•  Implementa;on	
  
–  Clinical	
  summaries	
  of	
  PGx	
  variants	
  
–  Drug	
  label	
  annotaQons	
  
–  CPIC	
  guidelines	
  
–  PGx	
  data	
  consorQa	
  (IWPC,	
  ITPC,	
  etc.)	
  
–  Genome	
  annotaQons	
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Drug	
  Targets	
  

Pharmacogene;cs	
  Informa;on	
  Flow	
  

Metabolizing	
  
Enzymes	
  

Transporters	
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PharmGKB	
  Knowledge	
  Pyramid	
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www.pharmgkb.org	
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The	
  following	
  icons	
  indicate	
  that	
  data	
  of	
  a	
  certain	
  type	
  is	
  available:	
  
	
  

	
  Variant	
  AnnotaQon	
  
	
  

	
  Clinical	
  AnnotaQon	
  
	
  

	
  Pathway	
  
	
  

	
  VIP	
  Summary	
  
	
  

	
  Annotated	
  Drug	
  Label	
  
	
  

	
  Dosing	
  Guideline	
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Click	
  for	
  FDA	
  drug	
  label	
  Click	
  for	
  clinical	
  annotaQons	
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Clinical	
  annotaQon	
  is	
  a	
  summary	
  of	
  the	
  clinical	
  impact	
  
of	
  a	
  genomic	
  variant	
  on	
  drug	
  response	
  phenotype.	
  	
  

Strength	
  based	
  on:	
  
•  ImplementaQon	
  
•  StaQsQcs	
  
•  ReplicaQons	
  
•  PopulaQon	
  size	
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Variant	
  annotaQon	
  lists	
  impact	
  of	
  a	
  genomic	
  variant	
  
on	
  drug	
  response	
  phenotype	
  	
  based	
  on	
  individual	
  
publicaQon	
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Click	
  for	
  pathway	
  (PK,	
  PD)	
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126	
  PK	
  and	
  PD	
  pathways	
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50	
  VIPs	
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Downloadable	
  index	
  tables	
  map	
  SNPs/variants	
  
to	
  *	
  allele	
  nomenclature	
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AddiQonal	
  Resources	
  in	
  PGx	
  
•  Genes	
  and	
  variants:	
  

–  NCBI	
  dbSNP	
  (hGp://www.ncbi.nlm.nih.gov/projects/SNP/)	
  
–  Entrez	
  GENE	
  (hGp://www.ncbi.nlm.nih.gov/sites/entrez)	
  
–  UCSC	
  genome	
  browser	
  (hGp://genome.ucsc.edu/cgi-­‐bin/hgGateway)	
  
–  CYP	
  allele	
  nomenclature	
  commiGee	
  (hGp://www.cypalleles.ki.se/)	
  
–  HuGE	
  Navigator	
  (hGp://hugenavigator.org/)	
  
	
  

•  Drugs:	
  
–  DrugBank	
  (hGp://www.drugbank.ca/)	
  
–  NCBI	
  PubChem	
  (hGp://pubchem.ncbi.nlm.nih.gov/)	
  
–  KEGG	
  (hGp://www.genome.jp/kegg/ligand.html)	
  
–  Drug	
  interac;on	
  table	
  (hGp://www.medicine.iupui.edu/flockhart/table.htm)	
  
	
  

•  Pharmacogenomics	
  Biomarkers	
  for	
  approved	
  drugs	
  at	
  FDA	
  
–  hGp://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogene;cs/

ucm083378.htm	
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Summary:	
  	
  PharmGKB	
  and	
  resources	
  for	
  PGx	
  
	
  

•  PGx	
  -­‐	
  variaQon	
  in	
  geneQcs	
  impacts	
  drug	
  response	
  
•  Drug	
  efficacy	
  and	
  safety	
  can	
  be	
  improved	
  via	
  
genome-­‐informed	
  drug	
  use	
  

•  Non-­‐geneQc	
  factors	
  (environment,	
  life	
  style)	
  are	
  
also	
  important	
  

•  PharmGKB	
  curates	
  knowledge	
  about	
  the	
  impact	
  
of	
  human	
  geneQc	
  variaQon	
  on	
  drug	
  response	
  and	
  
its	
  clinical	
  implementaQon	
  

•  Long	
  term	
  goal:	
  	
  genome-­‐informed	
  drug	
  use	
  	
  that	
  
increases	
  efficacy	
  and	
  decreases	
  side	
  effects	
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Overview:	
  	
  	
  
PGx	
  Knowledge	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ImplementaQon	
  	
  	
  	
  	
  	
  	
  	
  Impact	
  

1.  PharmGKB	
  and	
  resources	
  for	
  PGx	
  

2.  Clinical	
  PGx	
  ImplementaQon	
  (Moving	
  from	
  
PharmGKB	
  to	
  the	
  Clinic)	
  

3.  Does	
  PGx	
  truly	
  have	
  a	
  role	
  in	
  personalized	
  
medicine?	
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Moving	
  from	
  PharmGKB	
  to	
  the	
  Clinic	
  

•  Clinical	
  applicaQons	
  of	
  the	
  pharmacogenomics	
  data	
  
and	
  knowledge	
  in	
  the	
  PharmGKB	
  include:	
  
– Data-­‐centric	
  ConsorQa	
  (PharmGKB-­‐PGRN	
  iniQated)	
  
– Knowledge-­‐centric	
  ConsorQa	
  

• PracQcal	
  guidelines	
  for	
  pharmacogenomics	
  in	
  
the	
  clinic	
  

•  Clinical	
  AnnotaQon	
  of	
  Human	
  Genomes	
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Data-­‐centric	
  ConsorQa	
  
PharmGKB	
  is	
  a	
  broker	
  of	
  pharmacogenomic	
  data	
  for	
  
data	
  sharing	
  consor;a	
  

–  InternaQonal	
  Warfarin	
  PharmacogeneQcs	
  ConsorQum	
  
(IWPC)	
  and	
  the	
  InternaQonal	
  Warfarin	
  
PharmacogeneQcs	
  ConsorQum	
  -­‐	
  Genome	
  Wide	
  
AssociaQon	
  Studies	
  (IWPC-­‐GWAS)	
  
•  devoted	
  to	
  pooling	
  genotype	
  and	
  phenotype	
  data	
  
relevant	
  to	
  the	
  anQcoagulant	
  warfarin	
  

–  InternaQonal	
  Tamoxifen	
  Pharmacogenomics	
  
ConsorQum	
  (ITPC)	
  
•  gather	
  geneQc	
  and	
  clinical	
  data	
  on	
  the	
  efficacy	
  and	
  
toxicity	
  of	
  tamoxifen	
  from	
  around	
  the	
  world	
  to	
  test	
  
for	
  specific	
  associaQons	
  between	
  geneQc	
  variants	
  
and	
  clinical	
  effects	
  

bpineda
Typewritten Text
© PharmGKB 2014



–  InternaQonal	
  SSRI	
  Pharmacogenomics	
  ConsorQum	
  
(ISPC)	
  

•  Discover	
  new	
  geneQc	
  variants	
  that	
  are	
  important	
  for	
  predicQng	
  
response	
  of	
  depression	
  to	
  SSRIs	
  using	
  genome	
  wide	
  
associaQon	
  studies	
  (GWAS)	
  

–  InternaQonal	
  Clopidogrel	
  Pharmacogenomics	
  
ConsorQum	
  (ICPC)	
  

•  Discover	
  addiQonal	
  common	
  and	
  rare	
  gene	
  variants	
  associated	
  
with	
  clopidogrel	
  response	
  through	
  GWAS	
  and	
  other	
  genome-­‐
wide	
  approaches	
  

–  InternaQonal	
  ConsorQum	
  for	
  AnQhypertensives	
  
Pharmacogenomics	
  Studies	
  (ICAPs)	
  

•  Advance	
  the	
  pharmacogenomics	
  of	
  anQhypertensive	
  drugs	
  by	
  
facilitaQng	
  collaboraQon	
  between	
  research	
  groups,	
  and	
  by	
  
amassing	
  large	
  samples	
  sizes	
  for	
  GWAS	
  meta-­‐analyses	
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Success	
  of	
  the	
  IWPC	
  &	
  ITPC	
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Knowledge-­‐centric	
  ConsorQa:	
  	
  
Moving	
  To	
  The	
  Clinic	
  

Create,	
  curate,	
  review,	
  and	
  update	
  wriKen	
  
summaries	
  and	
  recommendaQons	
  for	
  
implemenQng	
  specific	
  pharmacogenomic	
  tests	
  

– Clinical	
  PharmacogeneQcs	
  ImplementaQon	
  
ConsorQum	
  (CPIC)	
  

•  Use	
  well-­‐defined	
  evidence	
  criteria	
  and	
  evaluaQon	
  
•  Published	
  on	
  the	
  PharmGKB	
  website	
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Clinical	
  Pharmacogenomics	
  
ImplementaQon	
  ConsorQum	
  (CPIC)	
  

•  Established	
  by	
  the	
  Pharmacogenomics	
  Research	
  
Network	
  and	
  PharmGKB	
  

•  GOAL:	
  	
  Address	
  some	
  of	
  the	
  barriers	
  to	
  
implementaQon	
  of	
  PGx	
  tests	
  in	
  clinical	
  pracQce	
  

•  HOW	
  available	
  geneQc	
  test	
  results	
  should	
  be	
  
used	
  to	
  opQmize	
  drug	
  therapy,	
  not	
  WHETHER	
  
tests	
  should	
  be	
  ordered	
  

•  Guidelines	
  peer-­‐reviewed	
  and	
  published	
  in	
  
Clinical	
  Pharmacology	
  and	
  Therapeu:cs	
  

•  simultaneous	
  posQng	
  on	
  PharmGKB	
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Heart	
  of	
  the	
  CPIC	
  Guideline	
  
•  There	
  must	
  be	
  a	
  diplotype	
  that	
  is	
  so	
  “high	
  risk”	
  for	
  
the	
  gene	
  that	
  if	
  you	
  knew	
  the	
  paQent	
  had	
  that	
  
diplotype,	
  you	
  would	
  take	
  it	
  into	
  account	
  in	
  	
  
•  choosing	
  which	
  drug	
  or	
  	
  
•  choosing	
  a	
  dose	
  

•  If	
  there	
  are	
  no	
  recommendaQons	
  that	
  you	
  are	
  willing	
  
to	
  make	
  based	
  on	
  at	
  least	
  one	
  high-­‐risk	
  diplotype,	
  
then	
  it	
  is	
  probably	
  not	
  worth	
  wriQng	
  the	
  CPIC	
  
guideline	
  

•  A	
  knowledgeable	
  clinician	
  needs	
  to	
  buy	
  into	
  at	
  least	
  
ONE	
  recommendaQon	
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Clinical	
  Pharmacogenomics	
  
ImplementaQon	
  ConsorQum	
  (CPIC)	
  
–  Thiopurines/TPMT	
  
– Warfarin/CYP2C9	
  &	
  VKORC1	
  
–  Codeine/CYP2D6	
  
–  Clopidogrel/CYP2C19	
  
–  Carbamazepine/HLA-­‐B*1502	
  
–  Abacavir/HLA-­‐B*5701	
  
–  Allopurinol/HLA-­‐B*1501	
  
–  SimvastaQn/SLCO1B1	
  
–  Tricyclic	
  Acids/CYP2D6/CYP2C19	
  
–  Capecitabine	
  &	
  Fluorouracil/DPYD	
  
–  PegIntron/ILFN3	
  (IL28B)	
  
–  others	
  in	
  the	
  pipeline	
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Clinical	
  AnnotaQons	
  Level	
  of	
  Evidence	
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Grading	
  SupporQng	
  Evidence	
  
•  High:	
  Evidence	
  includes	
  consistent	
  results	
  from	
  well-­‐
designed,	
  well-­‐conducted	
  studies.	
  

•  Moderate:	
  Evidence	
  is	
  sufficient	
  to	
  determine	
  
effects,	
  but	
  the	
  strength	
  of	
  the	
  evidence	
  is	
  limited	
  by	
  
the	
  number,	
  quality,	
  or	
  consistency	
  of	
  the	
  individual	
  
studies;	
  generalizability	
  to	
  rouQne	
  pracQce;	
  or	
  
indirect	
  nature	
  of	
  the	
  evidence.	
  

•  Weak:	
  Evidence	
  is	
  insufficient	
  to	
  assess	
  the	
  effects	
  
on	
  health	
  outcomes	
  because	
  of	
  limited	
  number	
  or	
  
power	
  of	
  studies,	
  important	
  flaws	
  in	
  their	
  design	
  or	
  
conduct,	
  gaps	
  in	
  the	
  chain	
  of	
  evidence,	
  or	
  lack	
  of	
  
informaQon.	
  

bpineda
Typewritten Text
© PharmGKB 2014



Grading	
  SupporQng	
  Evidence	
  
•  High:	
  Evidence	
  includes	
  consistent	
  results	
  from	
  well-­‐
designed,	
  well-­‐conducted	
  studies.	
  

•  Moderate:	
  Evidence	
  is	
  sufficient	
  to	
  determine	
  
effects,	
  but	
  the	
  strength	
  of	
  the	
  evidence	
  is	
  limited	
  by	
  
the	
  number,	
  quality,	
  or	
  consistency	
  of	
  the	
  individual	
  
studies;	
  generalizability	
  to	
  rouQne	
  pracQce;	
  or	
  
indirect	
  nature	
  of	
  the	
  evidence.	
  

•  Weak:	
  Evidence	
  is	
  insufficient	
  to	
  assess	
  the	
  effects	
  
on	
  health	
  outcomes	
  because	
  of	
  limited	
  number	
  or	
  
power	
  of	
  studies,	
  important	
  flaws	
  in	
  their	
  design	
  or	
  
conduct,	
  gaps	
  in	
  the	
  chain	
  of	
  evidence,	
  or	
  lack	
  of	
  
informaQon.	
  

Note: randomized, controlled trials comparing 
outcomes with genotype-guided dosing vs not will 
be RARE 
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FDA	
  Drug	
  Labeling	
  for	
  Azathioprine	
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CPIC	
  Guidelines	
  for	
  Azathioprine	
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Clinical	
  AnnotaQon	
  of	
  Human	
  Genomes	
  
PredicQon	
  of	
  geneQc	
  risk	
  of	
  variants	
  associated	
  
with	
  recognized	
  drug	
  responses	
  and	
  for	
  novel	
  
variants	
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PharmGKB	
  AnnotaQon	
  Method	
  

•  Evaluated	
  2500	
  SNP	
  annotaQons	
  for	
  direct	
  
drug	
  relevance	
  to	
  “paQent	
  0”	
  

•  Evaluated	
  CNVs	
  in	
  known	
  important	
  genes	
  
(VIP,	
  PK,	
  PD)	
  

•  Evaluated	
  novel	
  SNPs	
  in	
  known	
  important	
  
genes	
  	
  (VIP,	
  PK,	
  PD)	
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A	
  Family	
  Quartet	
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Take	
  Home	
  from	
  Clinical	
  AnnotaQons	
  
of	
  Human	
  Genome	
  Projects	
  

•  Pharmacogenomics	
  is	
  a	
  good	
  test	
  bed	
  for	
  
whole	
  genome	
  applicaQons	
  
– strong	
  effects,	
  environment	
  controlled	
  mostly	
  

•  PharmGKB	
  has	
  informaQon	
  for	
  individual	
  
advice	
  for	
  >100	
  drugs/individual	
  

•  The	
  value	
  for	
  each	
  individual	
  is	
  knowledge	
  
about	
  a	
  few	
  key	
  drug	
  response	
  predicQons	
  

•  Rare	
  variants	
  are	
  important	
  and	
  challenging	
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Overview:	
  	
  	
  
PGx	
  Knowledge	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ImplementaQon	
  	
  	
  	
  	
  	
  	
  	
  Impact	
  

1.  PharmGKB	
  and	
  resources	
  for	
  PGx	
  

2.  Clinical	
  PGx	
  ImplementaQon	
  
–  AnnotaQon	
  of	
  Human	
  Genomes	
  
–  Dosing	
  Guidelines	
  (CPIC)	
  

3.  Does	
  PGx	
  truly	
  have	
  a	
  role	
  in	
  personalized	
  
medicine?	
  	
  

–  Warfarin	
  Dosing	
  
–  NarcoQcs	
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Case	
  1:	
  	
  Warfarin	
  GeneQcs	
  

•  Three	
  genes	
  known	
  to	
  affect	
  warfarin	
  dose:	
  	
  
CYP2C9,	
  VKORC1	
  and	
  CYP4F2	
  

•  Know	
  variaQon	
  in	
  CYP2C9	
  affects	
  PK	
  
•  But	
  only	
  accounted	
  for	
  	
  <	
  15%	
  of	
  variaQon	
  
•  Vitamin	
  K	
  epoxide	
  reductase	
  (VKORC1)	
  affects	
  PD	
  
•  Found	
  in	
  rat-­‐poison-­‐resistant	
  rats	
  
•  Non-­‐coding	
  SNP	
  explains	
  35%	
  of	
  variaQon	
  
•  VKORC1:	
  	
  -­‐1639	
  G>A	
  allele	
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Warfarin	
  PK	
  &	
  PD	
  Pathways	
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Warfarin	
  Response	
  

•  Clinical	
  and	
  environmental	
  factors	
  
– Age,	
  gender,	
  ethnicity,	
  BMI	
  
– Co-­‐administered	
  drugs	
  
– Co-­‐morbidity	
  
– Food	
  (Vitamin	
  K	
  intake)	
  
– Smoking	
  

•  GeneQc	
  factors	
  
– CYP2C9	
  and	
  VKORC1	
  

CYP2C9 
(up to 
15%)

VKORC1 
(up to 
25%)

Other 
factors 
(up to 
40%)

Age, 
sex, 

weight 
(10-
20%)
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Warfarin	
  ConsorQum	
  and	
  Recent	
  
Results	
  

•  IWPC	
  retrospecQve	
  study	
  –	
  beKer	
  dose	
  
predicQon	
  with	
  PGx	
  

•  COAG	
  trial	
  –	
  no	
  increase	
  of	
  Qme	
  in	
  therapeuQc	
  
range	
  with	
  PGx	
  dosing	
  

•  EU-­‐PACT	
  Warfarin	
  trial	
  –	
  PGx	
  group	
  had	
  higher	
  
mean	
  percentage	
  of	
  Qme	
  in	
  therapeuQc	
  range	
  

•  EU-­‐PACT	
  Acenocoumarol	
  and	
  Phenprocoumon	
  
trial	
  –	
  no	
  increase	
  of	
  Qme	
  in	
  therapeuQc	
  range	
  
with	
  PGx	
  dosing	
  

•  GIFT	
  trial	
  will	
  focus	
  on	
  clinical	
  outcomes	
  with	
  PGx	
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Warfarin	
  Label	
  Changes	
  for	
  PGx	
  

•  In	
  2007	
  and	
  2010,	
  FDA	
  updated	
  label	
  
– a	
  “paQent’s	
  CYP2C9	
  and	
  VKORC1	
  genotype	
  
informaQon,	
  when	
  available,	
  can	
  assist	
  in	
  
selecQon	
  of	
  the	
  starQng	
  dose.”	
  	
  

– provides	
  iniQal	
  dosage	
  recommendaQons	
  for	
  
different	
  variant	
  combinaQons	
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Warfarin	
  Dosing	
  Calculator	
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Case	
  2:	
  	
  An	
  Odyssey	
  With	
  Pain	
  
•  Phil	
  Pizzo,	
  former	
  Dean	
  SOM,	
  Stanford	
  
•  Chair,	
  IOM	
  panel	
  on	
  pain	
  
•  Marathon	
  runner,	
  boundless	
  energy	
  
•  Developed	
  chronic	
  pain,	
  4	
  negaQve	
  MRIs	
  
•  Compression	
  of	
  a	
  nerve	
  
•  Surgery	
  
•  Relief	
  from	
  nerve	
  entrapment	
  	
  
within	
  days	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

BUT….	
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Adverse	
  Events	
  

•  Highly	
  sensiQve	
  to	
  opiates	
  
•  Two	
  episodes	
  of	
  respiratory	
  depression	
  within	
  
days	
  of	
  surgery	
  requiring	
  naloxone	
  reversal	
  
and	
  ICU	
  

•  PGx	
  an	
  important	
  factor	
  …..	
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PGx	
  ObjecQves	
  

•  IdenQfy	
  the	
  variaQon	
  in	
  drug	
  response	
  and	
  
associate	
  it	
  with	
  geneQc	
  variaQon	
  

•  Evaluate	
  clinical	
  significance	
  (not	
  so	
  easy)	
  
– AnalyQc	
  validity,	
  clinical	
  validity,	
  clinical	
  uQlity	
  

•  Develop	
  screening	
  tests	
  
•  Individualize	
  drug	
  therapy	
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Challenges	
  of	
  TranslaQonal	
  PGx	
  

•  Many	
  published	
  studies	
  but	
  few	
  replicaQons	
  
•  StaQsQcal	
  significance	
  ≠	
  clinical	
  significance	
  
•  RCTs	
  are	
  used	
  to	
  show	
  clinical	
  uQlity	
  but	
  
difficult	
  for	
  PGx	
  

•  Difficulty	
  controlling	
  for	
  gene-­‐environment,	
  
gene-­‐disease	
  and	
  dietary	
  factors	
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PGx	
  is	
  NOT	
  RouQnely	
  Used...	
  

•  AnalyQc	
  validity,	
  clinical	
  validity/uQlity	
  
•  PracQcal	
  concerns	
  

– Costs	
  for	
  genotyping	
  and	
  who	
  pays	
  
– Availability	
  of	
  genotypes/Qme	
  delay	
  

•  Clinician	
  adopQon	
  
– EducaQon	
  
– Clear,	
  specific	
  guidelines	
  
–  InformaQon	
  delivery	
  mechanisms	
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…Yet	
  PGx	
  Is	
  Moving	
  Into	
  PracQce	
  
•  Addressing	
  pracQcal	
  concerns	
  

–  Rapidly	
  decreasing	
  costs	
  and	
  readily	
  available	
  genotyping/
sequencing	
  services	
  

–  PreempQve	
  genotyping	
  results	
  in	
  electronic	
  medical	
  health	
  
records	
  

•  Addressing	
  clinician	
  adopQon	
  
–  IntegraQon	
  into	
  medical	
  training	
  
–  FDA	
  drug	
  labeling	
  
–  Published	
  dosing	
  guidelines	
  

•  Clinical	
  PharmacogeneQcs	
  ImplementaQon	
  ConsorQum	
  
(CPIC)	
  

•  “PharmacogeneQcs:	
  from	
  bench	
  to	
  byte-­‐	
  an	
  update	
  of	
  
guidelines.”	
  	
  Swen	
  JJ,	
  et	
  al.	
  	
  Clin	
  Pharmacol	
  Ther.	
  2011	
  May;
89(5):662-­‐73.	
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We	
  MUST	
  be	
  advocates	
  

A	
  fabulous	
  example	
  ….	
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Thank	
  You	
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