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The Lecture 

o MODULE	
  1:	
  Background	
  
•  Gene/c	
  factors	
  influence	
  pharmacokine/cs	
  
•  Gene/c	
  factors	
  influencing	
  pharmacodynamics	
  

o MODULE	
  2:	
  What	
  pharmacogenomic	
  tests	
  
are	
  available?	
  

o MODULE	
  3:	
  Is	
  my	
  pa/ent	
  a	
  candidate	
  for	
  
pharmacogenomic	
  tes/ng?	
  

o MODULE	
  4:	
  Where	
  to	
  get	
  tes/ng	
  done	
  and	
  
how	
  to	
  interpret	
  the	
  results	
  



MODULE 1:  Background — Genetic 
factors affecting pharmacokinetics 

and pharmacodynamics 



Drug Efficacy 

o Drug	
  response	
  rates	
  range	
  from	
  ~25-­‐80%	
  
o Characterized	
  by	
  inter-­‐individual	
  variability	
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Adapted	
  from:	
  Spear	
  BB,	
  Heath-­‐Chiozzi	
  M,	
  Huff	
  J.	
  Clinical	
  applica>on	
  of	
  
pharmacogene>cs.	
  Trends	
  Mol	
  Med	
  2001;	
  7:201–204.	
  



Adverse Drug Reactions 

o  ADR:	
  unintented	
  and	
  noxious	
  
o  ADRs,	
  although	
  individually	
  
rare,	
  are	
  collec/vely	
  
common	
  

Incidence	
  of	
  ADRs	
  

Outpa/ents	
   2%	
  (1.2-­‐3.2%)	
  

Inpa/ents	
   1.6%	
  (0.1-­‐51%)	
  

(Hakkarainen	
  KM,	
  et.	
  al.	
  PLoS	
  ONE,	
  2012;7(3):e33236)	
  



Pharmacogenomics 

o  Using	
  a	
  pa/ent’s	
  genomic	
  informa/on	
  to	
  
improve	
  the	
  efficacy	
  and/or	
  reduce	
  the	
  
side	
  effects	
  of	
  drugs	
  



Pharmacokinetics 

o How	
  the	
  drug	
  concentra/on	
  changes	
  as	
  it	
  moves	
  
through	
  the	
  body	
  

DRUG	
  

Distribu/on	
  

Metabolism	
  

Elimina/on	
  

How	
  drug	
  gets	
  into	
  body:	
  
•  Orally	
  
•  Intravenously	
  
•  Inhaled	
  

How	
  drug	
  is	
  excreted	
  from	
  
body:	
  
•  Urine	
  (renal/kidney)	
  
•  Feces	
  
•  Breath	
  

How	
  drug	
  gets	
  into	
  /ssues	
  and	
  
fluids:	
  
•  Circulatory	
  system	
  
•  Transporters	
  (e.g.	
  SLCO1B1)	
  

How	
  drug	
  is	
  biotransformed:	
  
•  Enzymes	
  (e.g.	
  CYP450s)	
  



Many dr ugs are  metabol ized by the  
polymor phic  Cytochrome P450 enzymes 

Propor/on	
  of	
  all	
  drugs	
  metabolized	
  by	
  different	
  CYP450s	
  

Enzyme	
  ac.vity	
  

UM	
   Ultrarapid	
  
metabolizer	
  

EM	
   Extensive	
  
(normal)	
  
metabolizer	
  

IM	
   Intermediate	
  
metabolizer	
  

PM	
   Poor	
  metabolizer	
  



Variable  act iv i ty  of  CYP2D6 by ethnici ty  

Ac/vity	
  of	
  CYP450	
  enzymes	
  varies	
  by	
  race	
  

Sistonen	
  J	
  et	
  al.	
  	
  Pharmacogenet	
  Genomics.	
  2007	
  Feb;17(2):93-­‐101.	
  

PMs	
  are	
  mainly	
  
found	
  in	
  European	
  

popula/ons	
  
	
  

UMs	
  are	
  mainly	
  
found	
  in	
  North	
  

Africa	
  



Polymor phic  e f fect  of  CYP2D6 var iants  

Dozens	
  of	
  gene/c	
  variants	
  can	
  lead	
  to	
  reduced	
  or	
  complete	
  loss	
  
of	
  gene	
  func/on	
  

hWp://www.cypalleles.ki.se	
  

Underlying	
  gene.cs	
  

UM	
   Extra	
  copy(s)	
  of	
  gene	
  

EM	
   Normal	
  func/oning	
  genes	
  (most	
  
people)	
  

IM	
   One	
  non-­‐func/oning	
  and	
  one	
  
reduced	
  func/oning	
  allele	
  

PM	
   Two	
  non-­‐func/oning	
  alleles	
  

or	
  Reduced	
  func/on	
  
e.g.	
  non-­‐synonymous	
  

Loss	
  of	
  func/on	
  
e.g.	
  gene	
  dele/on	
  or	
  
frameshie	
  	
  



Phar macogenomics  — Codeine metabol ism 

Normal	
  metabolism	
  

	
  

TARGET	
  

signaling	
  

Morphine	
  

Ac/ve	
  
metabolite	
  

Codeine	
  
(pro-­‐drug)	
  

CYP2D6	
  

CYP2D6	
  poor	
  metabolizers	
  don’t	
  have	
  
enough	
  ac/ve	
  drug	
  

Ac/ve	
  
metabolite	
  

Codeine	
  (pro-­‐
drug)	
   CYP2D6	
  

Poor	
  
metabolizer	
  

Pa/ent	
  requires	
  higher	
  dose	
  to	
  
achieve	
  efficacy	
  



Phar macogenomics  — Warfar in  metabol ism 

Normal	
  metabolism	
  

Inert	
  
metabolite	
  

CYP2C9	
  

	
  
Warfarin	
  

Inert	
  
metabolite	
  

CYP2C9	
  

CYP2C9	
  poor	
  metabolizers	
  have	
  too	
  
much	
  drug	
  (toxicity)	
  

Poor	
  
metabolizer	
  

Elimina/on	
  

	
  

TARGET	
  

Altered	
  clohng	
  

Therapeu/c	
  
amount	
  

Toxic	
  amount	
  
Elimina/on	
  

Warfarin	
  

Warfarin	
  

Pa/ent	
  requires	
  lower	
  dose	
  to	
  prevent	
  
toxic	
  side	
  effects	
  

Ac/ve	
  
compound	
  



Pharmacodynamics 

How	
  the	
  drug	
  exerts	
  its	
  effect	
  on	
  the	
  body	
  
(potency)	
  

	
  

TARGET	
  

signaling	
  
www.cancer.gov	
  



Phar macodynamics  — Warfar in  target  

VKORC1,	
  target	
  of	
  courmarin	
  deriva/ves	
  (e.g.	
  Warfarin)	
  
Variant	
  upstream	
  of	
  VKORC1	
  leads	
  to	
  
reduced	
  expression	
  

hWps://www.pharmgkb.org/
pathway/PA145011114	
  

VKORC1	
  gene	
  

More	
  sensi/ve	
  to	
  inhibi/on	
  by	
  
Warfarin;	
  lower	
  dose	
  required	
  

Wildtype 	
   	
  Variant	
  

VKORC1	
  
protein	
  

variant	
  



Of f  target  e f fects  — Abacavir  
hypersensi t iv i ty  

	
  

HIV	
  reverse	
  
transcriptase	
  

HIV	
  replica/on	
  

Drug	
  affects	
  target,	
  but	
  also	
  interacts	
  with	
  unintended	
  target	
  

	
  

Host	
  HLA-­‐B	
  
(*5701)	
  

	
  

Host	
  HLA-­‐B	
  
(*other)	
  

Hypersensi/vity	
  reac/on,	
  
poten/ally	
  life-­‐threatening	
  

Pa/ents	
  should	
  avoid	
  drug	
  

Abacavir	
  binds	
  to	
  host	
  HLA-­‐B	
  in	
  pa/ents	
  with	
  
the	
  HLA-­‐B*5701	
  genotype	
  

No	
  reac/on	
  

Pa/ent	
  is	
  fine	
  



Question 

Gene/c	
  varia/on	
  in	
  cytochrome	
  P450	
  genes	
  can	
  
impact	
  a	
  drug’s:	
  
	
  
A.  Efficacy	
  
B.  Toxicity	
  
C.  Both	
  



Answer 

	
  
	
  
C.	
  BOTH	
  
	
  
We	
  saw	
  examples	
  of	
  CYP450	
  polymorphisms	
  
affec/ng	
  efficacy	
  (codeine)	
  and	
  toxicity	
  
(warfarin)	
  



MODULE 2: What pharmacogenic 
tests are available? 



hWp://www.fda.gov/drugs/scienceresearch/
researchareas/pharmacogene>cs/ucm083378.htm	
  

o  2006	
  –	
  PGx	
  in	
  drug	
  
label	
  

o  158	
  drug-­‐biomarker	
  
pairs	
  

o  12%	
  of	
  385	
  drugs	
  
approved	
  1998-­‐2012	
  

o  Not	
  all	
  PGx	
  markers	
  
in	
  drug	
  label	
  are	
  
clinically	
  valid	
  

o  Commercial	
  test	
  may	
  
not	
  even	
  be	
  available	
  



FDA table  of  phar macogenomic biomarkers  
in  dr ug label ing 

o  Most	
  in	
  therapeu/c	
  area	
  of	
  oncology	
  (tumor	
  markers)	
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hWp://www.fda.gov/drugs/scienceresearch/
researchareas/pharmacogene>cs/ucm083378.htm	
  



FDA table  of  phar macogenomic biomarkers  
in  dr ug label ing (cont ’d)  

Over	
  half	
  of	
  non-­‐cancer	
  
biomarkers	
  are	
  in	
  three	
  
CYP450	
  enzymes	
  

•  CYP2C9	
  
•  CYP2C19	
  
•  CYP2D6	
  

Safety-­‐related	
  

Tumor 
markers"

34%"

CYP450s"
34%"

Other"
29%"

HLA"
3%"

Varia/on	
  in	
  HLA	
  
genes	
  increasingly	
  
associated	
  with	
  

severe	
  adverse	
  events	
  

hWp://www.fda.gov/drugs/scienceresearch/researchareas/
pharmacogene>cs/ucm083378.htm	
  



Phar mGKB – PGx biomarker levels 

Adapted	
  from	
  PharmGKB	
  website:	
  hWp://www.pharmgkb.org/
page/drugLabelLegend	
  

o  Tes/ng	
  required	
  
•  Label	
  states	
  or	
  implies	
  that	
  some	
  sort	
  of	
  gene,	
  protein	
  or	
  chromosomal	
  tes/ng	
  

’should	
  be	
  performed’	
  before	
  using	
  drug.	
  	
  This	
  includes	
  labels	
  that	
  state	
  that	
  the	
  
variant	
  is	
  an	
  indica/on	
  for	
  the	
  drug.	
  

	
  
o  Tes/ng	
  recommended	
  

•  Label	
  states	
  or	
  implies	
  that	
  some	
  sort	
  of	
  gene,	
  protein	
  or	
  chromosomal	
  tes/ng	
  is	
  
recommended	
  or	
  ’should	
  be	
  considered’	
  before	
  using	
  drug.	
  

	
  
o  Ac/onable	
  

•  Label	
  contains	
  informa/on	
  about	
  changes	
  in	
  efficacy,	
  dosage	
  or	
  toxicity	
  due	
  to	
  
such	
  variants,	
  but	
  does	
  not	
  discuss	
  gene/c	
  tes/ng	
  

	
  
o  Informa/onal	
  

•  Label	
  men/ons	
  a	
  gene	
  or	
  protein	
  is	
  involved	
  in	
  the	
  metabolism	
  or	
  
pharmacodynamics	
  of	
  the	
  drug,	
  but	
  there	
  is	
  no	
  informa/on	
  to	
  suggest	
  that	
  
varia/on	
  in	
  these	
  genes/proteins	
  leads	
  to	
  different	
  response	
  



Smal l  number  of  non-cancer  biomarker s  are  
‘ required’  or  ‘ recommended’  

RECOMMENDED	
  
o  HLA	
  –	
  Abacavir	
  	
  
o  TPMT	
  –	
  Azathioprine	
  	
  
o  CYP2C19	
  –	
  Clopidogrel	
  	
  
o  CYP2D6	
  –	
  
Dextromethorphan/quinidine	
  

REQUIRED	
  
o  HLA-­‐	
  Carbamazapine	
  
o  CFTR	
  –	
  Ivacaeor	
  	
  
o  CYP2D6	
  –	
  Tetrabenazine	
  
o OTC,	
  POLG	
  –	
  Valproic	
  acid	
  	
  
o  CYP2D6	
  –	
  Pimozide	
  
	
  



Highlights from the drug label 



Placement  of  phar macogenomic infor mation 
in  the  dr ug label  i s  inconsis tent  

Label	
  Sec.on	
   Number	
  of	
  Drugs	
  

Clinical	
  Pharmacology	
   79	
  

Indica/ons	
  &	
  Usage	
   39	
  

Clinical	
  Studies	
   38	
  

Drug	
  Interac/ons	
   34	
  

Warnings	
  and	
  Precau/ons	
   34	
  

Dosage	
  &	
  Administra/on	
   23	
  

Adverse	
  Reac/ons	
   19	
  

Precau/ons	
   15	
  

Warnings	
   14	
  

Boxed	
  Warning	
   8	
  



Required tests  — usual ly  in  Boxed War ning 
or  Indicat ions  sect ion……. 

Indica.ons	
  
Targeted	
  therapies,	
  efficacious	
  for	
  specific	
  biomarker-­‐defined	
  pa/ent	
  popula/on	
  
e.g.	
  Ivacaeor	
  
	
  

Boxed	
  Warning	
  
Biomakers	
  predic/ve	
  of	
  serious	
  adverse	
  events	
  
e.g.	
  Carbamazapine	
  
	
  



… but not always 

o Required	
  tests	
  not	
  always	
  found	
  in	
  boxed	
  
warning	
  or	
  indica/ons	
  sec/on	
  of	
  label	
  

Tetrabenazine	
  

o  Some/mes	
  found	
  in	
  
Warnings,	
  Dosing	
  and	
  
Administra/on,	
  
Precau/ons,	
  etc.	
  



Recommended tests-  can a lso  be  found in  
Boxed War nings sect ion 

Clinician	
  discre/on	
  whether	
  to	
  test	
  or	
  not	
  

Clopidigrel	
  Boxed	
  Warning	
  –	
  efficacy	
  

Abacavir	
  Boxed	
  
Warning	
  –	
  SAE	
  



Not al l  PGx markers are in drug label 

Simvasta.n	
  –	
  SLCO1B1	
  typing	
  for	
  myopathy	
  

Allopurinol	
  –	
  HLA-­‐B	
  typing	
  for	
  severe	
  cutaneous	
  
adverse	
  reac/ons	
  (drug	
  hypersensi/vity	
  syndrome,	
  
Stevens-­‐Johnson	
  sydrome	
  and	
  toxic	
  epidermal	
  
necrolysis)	
  	
  	
  



POC medical apps 



POC Medical Apps mir ror FDA label 



Question 

Presence	
  of	
  pharmacogenomic	
  marker	
  
informa/on	
  in	
  an	
  FDA	
  drug	
  label	
  implies	
  that	
  the	
  
marker	
  is	
  clinically	
  validated	
  
	
  
	
  A.  True	
  
B.  False	
  



Answer 

B.	
  False	
  
	
  

Pharmacogenomic	
  markers	
  in	
  the	
  drug	
  label	
  can	
  
appear	
  for	
  informa/onal	
  purposes	
  only,	
  without	
  
clinical	
  valida/on.	
  



W hat  the  FDA label  does  NOT te l l  you 

o How	
  clinically	
  valid	
  or	
  useful	
  the	
  PGx	
  
biomarker	
  is	
  

o Whether	
  your	
  pa/ent	
  is	
  a	
  candidate	
  for	
  
tes/ng	
  

o Whether	
  a	
  test	
  for	
  the	
  biomarker	
  is	
  even	
  
available	
  

o How	
  to	
  interpret	
  results	
  of	
  tes/ng	
  



MODULE 3: Is my patient a candidate 
for pharmacogenomic testing? 



Consider  phar macogenomic test ing i f… 

It	
  is	
  required	
  for	
  efficacy	
  

It	
  can	
  help	
  avoid	
  a	
  severe	
  
adverse	
  reac/on	
  

It	
  can	
  help	
  dose	
  a	
  drug	
  
with	
  a	
  narrow	
  therapeu/c	
  

index	
  



CFTR genotype-dependent  e f f icacy of  
Ivacaf tor  

Ivacaeor	
  

Epthelial	
  cell	
  

CFTR	
  –	
  	
  
chloride	
  channel	
  

Health	
  individual	
  

Normal	
  ion	
  
transport	
  

>1000	
  muta/ons	
  lead	
  to	
  Cys/c	
  Fibrosis,	
  each	
  affec/ng	
  CFTR	
  
protein	
  in	
  different	
  ways	
  

Δ508F	
  affects	
  folding;	
  
channel	
  doesn’t	
  reach	
  
surface	
  (85%	
  of	
  pa/ents)	
  

W1282X	
  results	
  in	
  
truncated	
  protein	
  

G551D	
  affects	
  
func/on	
  (ga/ng)	
  
of	
  channel	
  (4%	
  of	
  
pa/ents)	
  

Drug	
  effec/ve	
  
only	
  in	
  pa/ents	
  
with	
  G551D	
  
muta/on	
  

Just	
  approved	
  for	
  8	
  
more	
  muta/ons!	
  



Consider  phar macogenomic test ing i f… 

It	
  is	
  required	
  for	
  efficacy	
  

It	
  can	
  help	
  avoid	
  a	
  severe	
  
adverse	
  reac/on	
  

It	
  can	
  help	
  dose	
  a	
  drug	
  
with	
  a	
  narrow	
  therapeu/c	
  

index	
  



Consequence of  ADR? 

Importance	
  of	
  tes/ng	
  

Low	
   High	
  

X	
  	
  	
  X	
  

Depression	
  

(Tetrabenazine)	
  

Liver	
  failure/death	
  	
  

(Valproic	
  Acid)	
  

Myopathy	
  

(Simvasta/n)	
  

Stevens-­‐Johnson’s	
  syndrome	
  
Myelosuppression	
  

Toxic	
  epidermic	
  necrolysis	
  
long	
  QT	
  syndrome	
  



Consider  phar macogenomic test ing… 

It	
  is	
  required	
  for	
  efficacy	
  

It	
  can	
  help	
  avoid	
  a	
  severe	
  
adverse	
  reac/on	
  

It	
  can	
  help	
  dose	
  a	
  drug	
  with	
  
a	
  narrow	
  therapeu/c	
  index	
  



Cor rection for multiple testing 

Blood	
  
clots	
  

Drug	
  dose	
  

Th
er
ap
eu

/c
	
  e
ffe

ct
	
  

Desired	
  effect	
  

Toxic	
  effect	
  

TI	
  
No	
  effect	
  

Therapeu/c	
  index	
  

An/-­‐thrombo/c	
  

Pharmacogenomics	
  may	
  help	
  with	
  dosing	
  

Brain	
  
hemorrhage	
  



Are alter native therapies available? 

Wallen>n	
  L	
  et	
  al.	
  Lancet	
  2010:	
  376	
  
(9749):	
  1320-­‐1328.	
  

Brunham	
  L,	
  et	
  al	
  Pharmacogenomics	
  J	
  
2012;	
  12:233-­‐237.	
  

OR	
  for	
  myopathy	
  

Consider	
  using	
  alterna/ve	
  therapy	
  

o  Clopidogrel	
  vs	
  /cagrelor	
   o  Simvasta/n	
  vs	
  atorvasta/n	
  



Is the ADR dose-dependent? 

11	
  

0	
  
0	
  

2	
  

4	
  

6	
  

8	
  

10	
  

12	
  

80	
  mg	
   20	
  mg	
  

#	
  
of
	
  e
ve
nt
s	
  

Dose	
  of	
  simvasta.n	
  

Rhabdomyolysis	
  among	
  ~6000	
  pa/ents	
  taking	
  
simvasta/n	
  in	
  the	
  SEARCH	
  trial	
  

Conserva/ve	
  dosing	
  may	
  mi/gate	
  risk	
  of	
  ADR	
  



Before  order ing a  test ,  have a  sense of  the  
c l in ica l  va l id i ty  and ut i l i ty  

•  Where	
  to	
  find	
  informa.on	
  on	
  clinical	
  validity	
  and	
  
u.lity	
  

•  PLoS	
  Currents:	
  Evidence	
  on	
  Genomic	
  Tests	
  

•  Professional	
  guidelines,	
  literature	
  
•  Evalua/ng	
  PPV	
  and	
  NPV	
  of	
  test	
  
•  Considering	
  other	
  factors	
  
•  Is	
  the	
  test	
  appropriate	
  in	
  all	
  ethnici/es?	
  



PLoS Currents 

o  CLINICAL	
  SCENARIO	
  

o  TEST	
  DESCRIPTION	
  

o  PUBLIC	
  HEALTH	
  
IMPORTANCE	
  

o  PUBLISHED	
  
RECOMMENDATIONS	
  
AND	
  GUIDELINES	
  

o  EVIDENCE	
  OVERVIEW	
  

•  Analy/c	
  validity	
  

•  Clinical	
  validity	
  

•  Clinical	
  u/lity	
  

Eight	
  non-­‐cancer*	
  PGx	
  reviews	
  available	
  
interferon-­‐alpha	
  
simvasta/n	
  	
  
tamoxifen	
  	
  	
  	
  
sta/ns	
  	
  	
  

clopidogrel	
  	
  
warfarin	
  	
  	
  
thiopurines	
  	
  
abacavir	
  

*Non-­‐tumor-­‐based	
  



PLoS Cur rents  example :  HLA-B*5701  
test ing for  abacavir  hypersensi t iv i ty  

Ma	
  JD,	
  et	
  al.	
  PLoS	
  Currents	
  Evidence	
  on	
  Genomic	
  Tests.	
  2010	
  Dec	
  7.	
  	
  



Professional guidelines,  l i terature 

hWp://64.29.163.162:8080/GAPPKB/evidencerStartPage.do	
  



Before  order ing a  test ,  have a  sense of  the  
c l in ica l  va l id i ty  and ut i l i ty  

o  Where	
  to	
  find	
  informa/on	
  on	
  clinical	
  validity	
  and	
  
u/lity	
  

•  PLoS	
  Currents:	
  Evidence	
  on	
  Genomic	
  Tests	
  

•  Professional	
  guidelines,	
  literature	
  

o  Evalua.ng	
  PPV	
  and	
  NPV	
  of	
  test	
  
o  Considering	
  other	
  factors	
  
o  Is	
  the	
  test	
  appropriate	
  in	
  all	
  ethnici/es?	
  



Evaluating PPV and NPV 

Rare	
  outcomes	
  can	
  
never	
  lead	
  to	
  high	
  
PPV,	
  no	
  maver	
  
how	
  good	
  the	
  
sensi/vity/	
  

specificity	
  of	
  the	
  
test	
  

	
  
	
  

HLA-­‐B*5801	
  –	
  
Allopurinol	
  –	
  
related	
  SCAR	
  

IFNL3	
  –	
  
PegIFNα	
  
efficacy	
  

Incidence	
   0.4%	
  (ADR)	
   50%	
  (efficacy)	
  
PPV	
   2.6%	
   90.7%	
  
NPV	
   100%	
   58.8%	
  

Rule	
  out	
  ADR	
  
•  100%	
  of	
  SCAR	
  pa/ents	
  have	
  *5801	
  

•  20%	
  of	
  pop.	
  carries	
  *5801,	
  most	
  
will	
  not	
  have	
  SCAR	
  

Iden/fy	
  likely	
  responders	
  
•  Variant	
  –	
  high	
  likelihood	
  of	
  

responding	
  	
  

•  improved	
  adherence	
  to	
  drug?	
  



Before  order ing a  test ,  have a  sense of  the  
c l in ica l  va l id i ty  and ut i l i ty  

o  Where	
  to	
  find	
  informa/on	
  on	
  clinical	
  validity	
  and	
  
u/lity	
  

•  PLoS	
  Currents:	
  Evidence	
  on	
  Genomic	
  Tests	
  

•  Professional	
  guidelines,	
  literature	
  

o  Evalua/ng	
  PPV	
  and	
  NPV	
  of	
  test	
  
o  Considering	
  other	
  factors	
  
o  Is	
  the	
  test	
  appropriate	
  in	
  all	
  ethnici/es?	
  



Factor s  a f fect ing inter- indiv idual  
var iabi l i ty  in  dr ug response 

Factors	
  affec/ng	
  Warfarin	
  
dosing	
  

o  Gene/cs	
  

o  Sex	
  

o  Age	
  

o  Race	
  

o  Concomitant	
  drugs	
  

o  Underlying	
  disease	
  

Consider	
  other	
  ways	
  to	
  measure	
  a	
  pa/ent’s	
  response	
  

Consider	
  other	
  factors	
  simultaneously	
  

iWarfarin	
  App	
  



Before  order ing a  test ,  have a  sense of  the  
c l in ica l  va l id i ty  and ut i l i ty  

o  Where	
  to	
  find	
  informa/on	
  on	
  clinical	
  validity	
  and	
  
u/lity	
  

•  PLoS	
  Currents:	
  Evidence	
  on	
  Genomic	
  Tests	
  

•  Professional	
  guidelines,	
  literature	
  

o  Evalua/ng	
  PPV	
  and	
  NPV	
  of	
  test	
  
o  Considering	
  other	
  factors	
  
o  Is	
  the	
  test	
  appropriate	
  in	
  all	
  ethnici.es?	
  



Is  test  appropr iate  in  pat ient ’s  e thnic  
g roup? 

Fernando	
  S	
  L	
  ,	
  and	
  Broadfoot	
  A	
  J	
  CMAJ	
  2010;182:476-­‐480	
  

Approximate	
  prevalence	
  of	
  
the	
  human	
  leukocyte	
  
an/gen	
  (HLA)	
  alleles	
  HLA-­‐
B*1502	
  (Carbamazepine)	
  
and	
  HLA-­‐B*5801	
  
(Allopurinol)	
  in	
  various	
  
geographic	
  regions	
  of	
  the	
  
world.	
  	
  



Other practical considerations 

o Turn	
  around	
  .me	
  
o Economics	
  –	
  is	
  it	
  covered	
  by	
  insurance	
  



Turn-around time 
 
Standard	
  

Point	
  of	
  care	
  

Pre-­‐emp/ve	
  



Other practical considerations 

o Turn	
  around	
  /me	
  
o Economics	
  –	
  is	
  it	
  covered	
  by	
  insurance	
  



Medicare coverage decisions 

o  TPMT	
  for	
  treatment	
  of	
  IBD	
  with	
  thiopurines	
  —	
  yes	
  

o  VKORC1	
  and	
  CYP2C9	
  for	
  Warfarin	
  treatment	
  —	
  NO	
  

In	
  order	
  to	
  be	
  eligible,	
  all	
  services	
  must	
  be	
  medically	
  
necessary	
  and	
  otherwise	
  defined	
  in	
  the	
  member's	
  
benefits	
  contract	
  	
  



Insurance coverage (U.S.) 
 

Adapted	
  from	
  Hresko	
  and	
  Haga.	
  J.	
  Pers.	
  Med.	
  2012;	
  2:	
  201-­‐216.	
  	
  

Coverage	
  policies	
  for	
  pharmacogenomic	
  tests	
  by	
  insurer	
  
(Aug	
  2012)	
  

Drug	
   Gene	
   Aetna	
   Indep	
  BCBS	
   Cigna	
   Humana	
  

Clopidogrel	
   CYP2C19	
   Yes	
   Yes	
   No	
   No	
  

Warfarin	
   CYP2C9/VKORC1	
   No	
   No	
   No	
   No	
  

Thiopurines	
   TPMT	
   Yes	
   Yes	
   Yes	
   Yes	
  

Abacavir	
   HLA-­‐B	
   Yes	
   -­‐	
   Yes	
   Yes	
  

Carbamazepine	
   HLA-­‐B	
   Yes	
   -­‐	
   -­‐	
   Yes	
  

o  Many	
  private	
  insurance	
  companies	
  
follow	
  Medicare	
  decisions	
  



Question 

Pharmacogenomic	
  tests	
  are	
  most	
  appropriate	
  
for	
  drugs	
  with:	
  
	
  
	
  
A.  a	
  wide	
  therapeu/c	
  index	
  
B.  dose-­‐dependent	
  ADRs	
  
C.  genotype-­‐dependent	
  efficacy	
  



C.	
  genotype-­‐dependent	
  efficacy	
  
	
  
	
  
	
  
A.  a	
  wide	
  therapeu/c	
  index	
  

	
  
B.	
  dose	
  dependent	
  ADRs	
  	
  
	
  

narrow	
  

independent	
  

Answer 



MODULE 4: Where to get testing done 
and how to interpret the results? 



Selecting a lab and test 

o  Where	
  to	
  find	
  a	
  CLIA-­‐cer.fied	
  tes.ng	
  lab	
  
•  PharmGKB	
  and	
  GTR	
  

o  Tes/ng	
  method	
  and	
  limita/ons	
  
•  Single	
  gene	
  vs	
  gene	
  panel	
  

•  Targeted	
  analysis	
  vs	
  muta/on	
  screening	
  

•  Dele/on/duplica/on	
  analysis	
  



PharmGKB 

o  Manually	
  curated	
  pharmacogenomics	
  knowledge	
  base	
  including	
  
informa/on	
  from	
  drug	
  label,	
  clinical	
  tes/ng	
  labs	
  and	
  dosing	
  
guidelines	
  (hvp://www.pharmgkb.org)	
  



PharmGKB — genetic tests 

Lists	
  tes/ng	
  
labs	
  and	
  test	
  
manufacturers	
  

GTR	
  



Genetic Testing Registry (GTR) 

Search	
  for	
  CYP2D6	
  gene	
  tests	
  
	
  
Can	
  filter	
  on	
  different	
  aspects	
  

hWps://www.ncbi.nlm.nih.gov/gtr/	
  



Many dif ferent vendors 

Private	
  companies	
  

Commercial	
  labs	
  
(ARUP,	
  Quest,	
  
LabCorp)	
  

Hospital/academic	
  
labs	
  



Clinical versus Research test 

Run	
  in	
  a	
  CLIA-­‐cer/fied	
  lab	
  



Selecting a lab and test 

o  Where	
  to	
  find	
  a	
  CLIA-­‐cer/fied	
  tes/ng	
  lab	
  
•  PharmGKB	
  and	
  GTR	
  

o  Tes.ng	
  method	
  and	
  limita.ons	
  
•  Single	
  gene	
  vs	
  gene	
  panel	
  

•  Targeted	
  analysis	
  vs	
  muta.on	
  screening	
  

•  Dele.on/duplica.on	
  analysis	
  



GTR results for CYP2D6 

Targeted	
  vs	
  
muta/on	
  
screening	
  

Single	
  gene	
  
vs	
  gene	
  
panel	
  

Other	
  
methods?	
  



Recognize  l imitat ions  of  tests  

o Known,	
  common	
  alleles	
  (func/onal	
  or	
  not)	
  
o Known	
  rare	
  alleles	
  

Some	
  only	
  test	
  for	
  most	
  
common	
  alleles	
  

CYP2D6	
   African	
   Caucasian	
   East	
  Asian	
  
*1	
   39%	
   54%	
   34%	
  
*2	
   20%	
   27%	
   13%	
  
*4	
   3%	
   19%	
   <1%	
  
*5	
   6%	
   3%	
   6%	
  
*10	
   7%	
   3%	
   42%	
  
*17	
   20%	
   18%	
   <1%	
  
*41	
   11%	
   9%	
   2%	
  
*3	
   <1%	
   <1%	
   <1%	
  
*6	
   3%	
   <1%	
   <1%	
  
*7	
   <1%	
   <1%	
   <1%	
  
*8	
   <1%	
   <1%	
   <1%	
  
*9	
   <1%	
   2%	
   <1%	
  
*14	
   <1%	
   <1%	
   <1%	
  
*36	
   <1%	
   <1%	
   2%	
  

Duplica/ons	
   5%	
   4%	
   <1%	
  

Some	
  assay	
  may	
  not	
  be	
  able	
  
to	
  detect	
  duplica/ons	
  



o  Missing	
  rare	
  alleles	
  

o  Missing	
  gene	
  
duplica/ons	
  

o  Poten/al	
  for	
  
misclassifica/on	
  



Interpreting test results 
 
o CPIC	
  
o PharmGKB	
  dosing	
  guidelines	
  



CPIC 

o  Clinical	
  Pharmacogenomics	
  Implementa/on	
  Consor/um	
  
o  Purpose:	
  to	
  provide	
  ac/onable	
  prescribing	
  decisions	
  

when	
  genotype	
  is	
  already	
  available	
  in	
  the	
  clinical	
  
environment.	
  	
  

o  Focus	
  on	
  HOW	
  available	
  gene/c	
  test	
  results	
  should	
  be	
  
used	
  to	
  op/mize	
  drug	
  therapy,	
  rather	
  than	
  WHETHER	
  
tests	
  should	
  be	
  ordered.	
  

Eleven	
  non-­‐cancer	
  (tumor-­‐based)*	
  PGx	
  reviews	
  available	
  
interferon-­‐alpha	
  
simvasta/n	
  
codeine	
  	
  
carbamazapine	
  

clopidogrel	
  	
  
warfarin	
  	
  	
  
thiopurines	
  	
  
abacavir	
  

Allopurinol	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
5-­‐fu,	
  capecetabine	
  	
  	
  	
  
TCAs	
  



Example CPIC guideline 



Phar mGKB – dosing/action guideline 

hWps://www.pharmgkb.org/gene/PA356	
  

Individual	
  tes/ng	
  laboratories	
  should	
  also	
  provide	
  test	
  
interpreta/on	
  and	
  treatment	
  guidance	
  



The End 


