
Week	  6:	  Clinical	  applica.ons	  of	  
genomics	  —	  Pharmacogenomics	  

Genomic and Precision Medicine 

Jeanette McCarthy, 
MPH, PhD 

Robert Nussbaum, MD 
Genomic Medicine 

Jaekyu Shin, PharmD, MS 

Department of  Clinical Pharmacy, School of  Pharmacy 
 



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)	  


