
 

September 16, 2014 

Pharmacogenomics-guided Treatment for 

Improved Patient Care 
Kevin P. Rosenblatt, M.D., Ph.D. 



Objectives 

• Define Pharmacogenomics (PGx) 

• Describe advances in technology and genetics that allow us to 
identify variations in CYP metabolism 

• Identify the different aspects of PGx testing and how they are 
used clinically 

• Describe how PGx information can be conveyed as actionable 
reporting 

• Cover the clinical utility of pharmacogenomics in various 
specialties 

 

 



Paracelsus (1493-1541) 

“All substances are poisonous; there is 
none that is not a poison. The right 
dose differentiates a poison from a 
remedy.” 
 

Paracelsus was a pioneer in the use of chemicals and minerals as medicine. 



What is the definition of Pharacogenomics? 

• The study of how genes affect a persons response to drugs 

• The branch of medicine concerned with the uses, effects and 
modes of action of drugs. 

• The study of genes 

• The study of drugs 

 



The use of genetic 

testing to determine in 

advance which patients 

are most likely to 

benefit from a 

particular therapy 

Personalized Healthcare, Companion Diagnostics, 
Pharmacogenomics…The Future Is Now 



Pharmacogenomics (PGx) History 

Source: Pirmohamed, M. (2011). Pharmacogenetics: past, present and future. Drug Discovery 
Today, 16(19), 853-863. 



DNA is The Key for PGx 

Source: http://publications.nigms.nih.gov/thenewgenetics/chapter1.html 

We will be discussing 
biomarkers at the 
gene/chromosome level and 
not at the level of RNA, 
Proteins or Metabolites. 

http://publications.nigms.nih.gov/thenewgenetics/chapter1.html


Same genome Different proteome 

Proteomics vs. Genomics 



Global Pharmaceutical Spending Statistics 

• Global pharmaceutical sales grew 
year over year by a respectable 5.3% 
to reach $707 billion in 2011.1 

• Roughly $403 billion per year is 
wasted on useless or less effective 
prescriptions and supplements.2  

• Americans see their doctors more 
than 890 million times each year, and 
two-thirds of office visits to physicians 
result in prescription drug therapy.3 

 

1 http://decisionresources.com/News-and-Events/Press-
Releases/Pharmaview-041912 
2 http://blog.hccpharmacysolutions.com/2011_04_01_archive.html 
3 www.ncpa.org/pdfs/bg165.pdf 

 

 
 



Severe Adverse Drug Events Statistics 

• Each year, 2.1 million U.S. hospital patients 
experience adverse drug reactions to 
prescribed medications.1 

• About 100,000 people in the U.S. die every 
year from adverse drug reactions.2  

• Studies have shown that ADRs are under-
reported by about 1:10. 

• Adverse drug reactions are the 5th leading 
cause of death in the U.S.2 

• Individuals with genetic mutations may 
experience an adverse drug reaction even 
with drugs that are safe for others, resulting in 
an estimated $1.5 to $4 billion in direct 
hospital costs each year.3 

1http://www.lef.org/magazine/mag2004/mar2004_awsi_death_02.html 
2 Ross CJ et al. J  Popul Ther Clin Pharmacol 2011;18(1):e134-e151 
3 Milligan, Taylor, Lawless, Murphy & Bailey, 2008 

 



Economic impact of ADEs 

• Gyllensten et al (2014). 

– ADEs were responsible for 15.9% of all 
hospitalizations and 18% of ER visits 

– Direct cost associated with ADEs: 
$445.00 per patient. 

• Author comments: Costs attributed to 
ADEs would have been even higher if 
indirect costs were included in the study. 

– Overall direct cost of USD 21 million 
per 100 000 adult inhabitants per year.  

– Inpatient care accounted for 53.9% of 
all direct costs caused by ADEs. 

Gyllensten, H., Hakkarainen, K. M., Hägg, S., Carlsten, A., Petzold, M., Rehnberg, C. & Jӧnsson, A. K. (2014). Economic Impact of Adverse Drug Events-A Retrospective Population-Based Cohort 
Study of 4970 Adults. PloS one, 9(3), e92061. Public Library of Science. 

 
 



Spear BB, Heath-Chiozzi M, Huff J. Trends Mol Med 2001;7(5):201-204 
SSRIs = selective serotonin reuptake inhibitors 

Patients can respond differently to the same medicine 

Antidepressants (SSRIs)  38% failure 

Asthma drugs 40% failure 

Diabetes drugs 43% failure 

Arthritis drugs 50% failure 

Alzheimer’s drugs 70% failure 

Cancer drugs 75% failure 

90% of drugs work in 30%–50% of individuals 
$770B annual global drug sales in 2008 (IMS Health) 
$350B annually spent on ineffective medicines globally  

The Problem – Drugs Do Not Always Work 



PGx 
testing 

No 
testing 

Consider other  
antipsychotic drugs 

Treat with Clozapine with appropriate dosing 

Better treatment 
outcomes, decrease 

costs 

“Trial and error” 

Current Scenario: Treatment 
Resistant Schizophrenia patients 
Target Drug: Clozapine 

Worse treatment  
outcomes, risk of 
SADR’s, higher  

Costs, hospitalization  

Benefits of Leveraging Pharmacogenomics (PGx) tests 



Terminology 



Example: Psychiatry Related Genes 

• Pharmacokinetic 

• CYP450 1A2, 2C9, 2C19, 3A4, 3A5, 2D6—Drug Metabolism 

• COMT (catechol-O-methyltransferase-S and MB)—O-Methylation of 
Catecholamines 

 

• Pharmacodynamic 

• SLC6A2—Norepinephrine Transport  

• SLC6A3—Dopamine Transport    

• SLC6A4—Serotonin Transport      

• HTR1A—Serotonin 1A Receptor 

• HTR2A—Serotonin 2A Receptor 

• HTR2C—Serotonin 2C Receptor 

• DRD2—Dopamine D2 Receptor 

• DRD3—Dopamine D3 Receptor      

• DRD4—Dopamine D4 Receptor 

 
 
 
 

 
 



CYP450 Super and Sub-Families in the Liver 

Phase I Metabolism Part of ADME--Pharmacokinetics 



Toxic effect of reduced metabolism 

http://ridb.kanazawa-u.ac.jp/file/image_002253.jpg 



Phase II Enzymes and Transporters 

Phase II Metabolism Transporters 



Statin Pharmacogenomics 



CYP450 2D6 Genotyping 



What Do CYP450 Pharmacogenomic Tests Tell Us? 

The CYP450 Test categorizes your patient into one of the four known metabolic 
profiles, called “predicted phenotypes” 

• Too rapid drug 
metabolism 

•No drug response 
at ordinary dosage 
(nonresponders) 

Ultrarapid  
metabolizers1 

• Expected response 
to standard dose 

Extensive metabolizers2 
(normal) 

•May experience 
some or a lesser 
degree of the 
consequences of 
the poor 
metabolizers 

Intermediate 
metabolizers2 

• Too slow or no drug 
metabolism 

• Too high drug levels 
at ordinary dosage 

•High risk for ADRs 

Poor 
metabolizers1 

In the case of pro-drugs, the opposite phenomenon occurs: Ultrarapid metabolizers  
may suffer adverse events and poor metabolizers may not respond.3 

1Ingelman-Sundberg M. Trends in Pharmacol Sci 2004;25(4):193-200 
2Mrazek DA . Curr Psych Online 2004;3(9). Retrieved September 17, 2006 from http://www.currentpsychiatry.com/ 

3Roche Molecular Systems Inc. (Jul 2006). ApliChip CYP450 test FDA package insert.  04591445001-0 
ADRs = adverse drug reactions 



What Do CYP450 Pharmacogenomic Tests Tell Us? 

In the case of pro-drugs, the opposite phenomenon occurs: Ultrarapid metabolizers  
may suffer adverse events and poor metabolizers may not respond. 



CYP450 Substrates 



CYP450 Inhibitors & Inducers 



Antidepressants 
Primarily Metabolized 
by 2D6 

Antidepressants 
Substantially Metabolized 
by 2D6 

Antidepressants 
Minimally Metabolized 
by 2D6 

Desipramine 
Doxepin 
Fluoxetine 
Nortriptyline 
Paroxetine 
Venlafaxine 

Amitriptyline 
Buproprion 
Duloxetine 
Imipramine 
Mirtazapine 
Trazodone 

Citalopram 
Escitalopram 
Fluvoxamine 
Sertraline 

Personalized Psychiatric Diagnostics – Antidepressant Treatment 

Selections Based on 1A2 & 2D6-Sensitivity and Genetic Testing 

Antidepressants 
Primarily Metabolized 
by 1A2 

Antidepressants 
Substantially Metabolized 
by 1A2 

Antidepressants 
Minimally Metabolized 
by 1A2 

Fluvoxamine Duloxetine 
Clomipramine 
Imipramine 

Mirtazapine 
Amitriptyline 
 



Antidepressants 
Primarily Metabolized 
by 2C19 

Antidepressants 
Substantially Metabolized 
by 2C19 

Antidepressants 
Minimally Metabolized 
by 2C19 

Amitriptyline 
Citalopram 
Clomipramine 
Escatalopram 

Doxepin 
Imipramine 
Moclobemide 
Nortriptyline 
Sertraline 

Venlafaxine 
 
 

Personalized Psychiatric Diagnostics – Antidepressant Treatment 

Selections Based on 2C9 & 2C19-Sensitivity and Genetic Testing 

Antidepressants 
Primarily Metabolized 
by 2C9 

Antidepressants 
Substantially Metabolized 
by 2C9 

Antidepressants 
Minimally Metabolized 
by 2C9 

None Amitriptyline 
Fluoxetine 

Sertraline 
 



FDA drugs with PGx in label 

• Amitriptyline ( CYP2D6) 
• Abilify® - Aripirazole (CYP2D6) 
• Strattera® - Atomoxetine (CYP2D6) 
• Soma® - Carisoprodol (CYP2C19) 
• Coreg® - Carvedilol (CYP2D6) 
• Celebrex® - Celecoxib (CYP2C9) 
• Evoxac® - Cevimeline (CYP2D6) 
• Celexa® - Citalopram (CYP2C19/2D6) 
• Onfi® - Clobazam – (CYP2C19) 
• Anafranil® - Clomipramine (CYP2D6) 
• Plavix ® - Clopidogrel (CYP2C19) 
• Clozaril ® - Clozapine(CYP2D6) 
• Neudexta® - Dextromethorphan and quinidine 

(CYP2D6) 
• Codeine – (CYP2D6) 

• Norpramin® - Desipramine (CYP2D6) 
• Dexilant® - Dexlansoprazole  (CYP2C19/1A2) 
• Valium® - Diazepam  (CYP2C19) 
• Silenor® - Doxepin (CYP2D6) 
• Drospirenone and ethinyl estradiol (CYP2C19) 
• Nexium® - Esomeprazole (CYP2C19) 
• Prozac® - Fluoxetine (CYP2D6) 
• Ansaid® - Flubiprofen (CYP2C9) 
• Luvox® - Fluvoxamine (CYP2D6) 
• Razadyne® - Galantamine (CYP2D6) 
• Fanapt® - Iloperidone(CYP2D6) 

 
• And many more….  



Drug Therapeutic Area Biomarker Label Sections

Abacavir Antivirals HLA-B*5701
Boxed Warning, Contraindications, Warnings and Precautions, 

Patient Counseling Information

Aripiprazole Psychiatry CYP2D6 Clinical Pharmacology, Dosage and Administration

Arsenic Trioxide Oncology PML/RARα
Boxed Warning, Clinical Pharmacology, Indications and Usage, 

Warnings

Atomoxetine Psychiatry CYP2D6
Dosage and Administration, Warnings and Precautions, Drug 

Interactions, Clinical Pharmacology

Capecitabine Oncology DPD Contraindications, Precautions, Patient Information

Carbamazepine Neurology HLA-B*1502 Boxed Warning, Warnings and Precautions

Carisoprodol Musculoskeletal CYP2C19 Clinical Pharmacology, Special Populations

Carvedilol Cardiovascular CYP2D6 Drug Interactions, Clinical Pharmacology

Celecoxib Analgesics CYP2C9
Dosage and Administration, Drug Interactions, Use in Specific 

Populations, Clinical Pharmacology

Cetuximab Oncology EGFR
Indications and Usage, Warnings and Precautions, Description, 

Clinical Pharmacology, Clinical Studies

Cetuximab Oncology KRAS Indications and Usage, Clinical Pharmacology, Clinical Studies

Cevimeline Dermatology and Dental CYP2D6 Drug Interactions

Chloroquine Antiinfectives G6PD Precautions

Cisplatin Oncology TPMT Clinical Pharmacology, Warnings, Precautions

Citalopram Psychiatry CYP2C19 Drug Interactions, Warnings

Citalopram Psychiatry CYP2D6 Drug Interactions

Clobazam Neurology CYP2C19
Clinical Pharmacology, Dosage and Administration, Use in Specific 

Populations

Clomipramine Psychiatry CYP2D6 Drug Interactions

Clopidogrel Cardiovascular CYP2C19
Boxed Warning, Dosage and Administration, Warnings and 

Precautions, Drug Interactions, Clinical Pharmacology

Clozapine Psychiatry CYP2D6 Drug Interactions, Clinical Pharmacology

Codeine Analgesics CYP2D6
Warnings and Precautions, Use in Specific Populations, Clinical 

Pharmacology

Crizotinib Oncology ALK
Indications and Usage, Warnings and Precautions, Adverse 

Reactions, Clinical Pharmacology, Clinical Studies

Dapsone Dermatology and Dental G6PD
Indications and Usage, Precautions, Adverse Reactions, Patient 

Counseling Information

P
h

ar
m

ac
o

ge
n

o
m

ic
 R

e
co

m
m

e
n

d
at

io
n

s 
 

o
n

 S
e

le
ct

 F
D

A
 D

ru
g 

La
b

e
ls

  



Excerpts from the Clozapine drug label: 
"A subset (3%-10%) of the population has reduced activity of certain drug metabolizing 
enzymes such as the cytochrome P450 isozyme P450 2D6. Such individuals are referred to 
as "poor metabolizers" of drugs such as debrisoquin, dextromethorphan, the tricyclic 
antidepressants, and clozapine. These individuals may develop higher than expected 
plasma concentrations of clozapine when given usual doses. In addition, certain drugs that 
are metabolized by this isozyme, including many antidepressants (clozapine, selective 
serotonin reuptake inhibitors, and others), may inhibit the activity of this isozyme, and 
thus may make normal metabolizers resemble poor metabolizers with regard to 
concomitant therapy with other drugs metabolized by this enzyme system, leading to drug 
interaction. 
Concomitant use of clozapine with other drugs metabolized by cytochrome P450 2D6 may 
require lower doses than usually prescribed for either clozapine or the other drug. 
Therefore, coadministration of clozapine with other drugs that are metabolized by this 
isozyme, including antidepressants, phenothiazines, carbamazepine, and Type 1C 
antiarrhythmics (e.g., propafenone, flecainide and encainide), or that inhibit this enzyme 
(e.g., quinidine), should be approached with caution." 

Clozapine Product Information 



More Specific Product Information 



Terminology 



Psychiatry Related Genes 

• Pharmacokinetic 

• CYP450 1A2, 2C9, 2C19, 3A4, 3A5, 2D6—Drug Metabolism 

• COMT (catechol-O-methyltransferase-S and MB)—O-Methylation of Catecholamines 

 

• Pharmacodynamic 

• SLC6A2—Norepinephrine Transport  HETs for 1287G>A respond to TCAs and Methylphenidate 

• SLC6A3—Dopamine Transport   MUTs for 10-repeat allele more likely to respond to Methylphenidate?  

• SLC6A4—Serotonin Transport     9-repeat/12-repeat genotype may improve citalopram and 
escitalopram response 

• HTR1A—Serotonin 1A Receptor   MUTs for -1019C>G respond to SSRIs and Serotonin 1A agonists 

• HTR2A—Serotonin 2A Receptor    102T>C and 1354C>T predict tardive dyskinesia 

• HTR2C—Serotonin 2C Receptor     -759C>T consistently associated with weight gain 

• DRD2—Dopamine D2 Receptor     -141 Ins/Del C risk for neuroleptic malignant syndrome 

• DRD3—Dopamine D3 Receptor     27C>T (Ser9Gly) + response to atypical antipsychotic meds but also 
with tardive dyskinesia 

• DRD4—Dopamine D4 Receptor     4-repeat allele I exon 3 of ADHD pts more likely to respond to  

    methylphenidate 
 

 
 
 
 

 
 



PharmacoDynamic Effects 



Histology First—Then Biomarkers for 

Pharmacodynamic Response 



Facts About Cancer and Genetics 



Then Check Metabolism for Pharmacokinetic 

Response 



What Does the CompanionDx Report Look Like? 

FREE SERVICE: Drug Information Center staffed by PharmDs and genetic 
consultants (MD. PHD and PHDs) are available by phone to discuss or take any 
questions from the ordering physician. 



Alternate Drug 
Assessment 
Available for 
Pain and 
Psychiatry  
 

Our PGx Report: ADA 



Personalized NGS Report 



Therapeutic Drug Monitoring 

Parent ions Daughter ions 



SI 

Sample transitions 

Quant SI 

Quant 

Qual SI1 

QualSI2 

Qual 

Qual 

Absolute drug quantification 
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S/SI ratio 

Quant SI 
Qual SI 

Quant  
Qual  = 



  

 

Benefits of Pharmacogenomics and TDM 

Pharmacogenomics helps to transform our view of a homogenous patient population 

phenotypes 

 

Intermediate 
Responders 

 

Poor 
Responders 

 

Extensive 

Responders 
 

Ultra-rapid 

Responders 
 

Traditional Homogenous 

 View 
 



Clinical Trials Design and Management using 3D Imaging  + 
Companion Dx (NGS*+ PGx* + TDM*) tests 

 PGx tests * 
Stratify patients 
Dosage determination 

TDM* TDM* 

NGS* test 

3D image#  

NGS* test 

3D image#  

NGS* test 

3D image#  

Cancer trials: 
Monitor in real 
time the drug 
response on 
tumor by NGS 
and 3D- Imaging 

Measure drug concentration in real time 

TDM* 

Nature Reviews, Drug 
Discovery, Vol 7, Apr 2009 



Personalized Medicine Solution 

Perform NGS  

TDM 

CompanionDx 

CompanionDx 

CompanionDx 

CompanionDx 

3D Imaging 

NGS, 3D imaging and TDM -  
can be performed real time 
during different phases of 
clinical trial.  



Diabetes Medications and Metabolism 

Drug Name Metabolizing Enzyme(s) 

Thiazolidinedione 

Rosiglitazone (Avandia®) CYP2C8, CYP2C9 

Pioglitazone (Actos®) CYP2C8, CYP3A4 

Meglitinide 

Repaglinide (Prandin®) CYP2C8, CYP3A4, SLCO1B11 

Sulfonylurea 

Chlorpropamide (Apo-Chlorpropamide®) CYP2C9 

Glimepiride (Amaryl®) CYP2C9 

Glipizide (Glucotrol®) CYP2C9 

Glyburide (DiaBeta®) CYP2C9 

Nateglinide 

Nateglinide (Starlix®) CYP2C9, CYP3A4, SLCO1B1 

Dopamine Agonist 

Bromocriptine (Cycloset®) CYP3A4, P-gp 

DPP4-Inhibitor 

Linagliptin (Tradjenta®) CYP3A4, P-gp 

Saxagliptin (Onglyza®) CYP3A4, P-gp 

Alogliptin (Nesina®) CYP2D6, CYP3A4 

Sitagliptin (Januvia®) P-gp 

SGLT-2 Inhibitor 

Canagliflozin (Invokana®) CYP3A4, P-gp, UGT1A9, UGT2B4 

Dapagliflozin (Farxiga®) P-gp 



HIV/Diabetes Medications and PGx 



HIV/Diabetes Medications and PGx 



Diabetes Medications and PGx 



Diabetes Medications and PGx 



PGx 
Classification of 

patients 

Better safety/efficacy of trials, 
Better treatment outcomes, 

decrease Costs 

Clinical Trial – 
Drugs/ Biosimilars/ 
Biobetters 

Avoid Worse treatment  
outcomes, risk of SADR’s, higher  

Costs, hospitalization etc.  

Companion Dx PGx tests role in Clinical Trials 

PGx testing for 
markers of 

susceptibility 

Responders at 
risk of toxicity 

Responders  NOT 
at risk of toxicity 

Non-responders 
NOT at risk of 

toxicity 

Non-responders 
at risk of toxicity 



http://www.fda.gov/Drugs/Science
Research/ResearchAreas/Pharmac
ogenetics/ucm083378.htm  

FDA’s take on 

Pharmacogenomics 

FDA Website: 
Pharmacogenomic 

Biomarkers in Drug Labels 

New version of guidelines 
released in January 2013  

http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm083378.htm
http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm083378.htm
http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm083378.htm


Pilot Field Experience Trial 

Only 25 out of  5,311 (0.5%) patients 
had extensive (normal) metabolism for 
all CYP450 genes we tested 

• 99.5% of patients had at least 
one genetic variant amongst the 
CYP450 genes 
 

Based on the results of our PGx test: 
• 47% of clinicians used the report 

to make changes in treatment 
• 39% of clinicians used the report 

to make dosage adjustments 

All 32% IM/PM  
and 29% URM 

Affects: Plavix/PPI 

24% IM/PM 

Affects: Warfarin, NSAIDS 
and Sulfonylureas 

5% PM, 54% IM and 8% 
URM; Only 33% Normal 

Affects: Antidepressants, 
Antipsychotics, 
Medications used in 
Cardiology and Opioid 
Analgesics 



UPGRADE PGx Registry 

Multicenter single-arm trial (registry) that will patients at up to 2,000 clinical sites 

• Primary objective: Assess whether PGx testing leads to clinically-meaningful changes in patient’s medication regimen (one 
drug regimen change) 

• Secondary objectives:  

– Identify Target Drug related Adverse Events (TDAE) 

– Identify if PGx testing decreased ED visits and hospitalizations 

• Registered on clinicaltrials.gov and approved by Copernicus Group IRB (Central IRB approval) 

• For questions please contact:  

– Syntactx UPGRADE Team 212.266.0164 / UPGRADE@syntactx.com 



MDx &  Anatomic/Clinical Pathology 



Field Trial 

Only 25 out of  5,311 (0.5%) patients 
had extensive (normal) metabolism for 
all CYP450 genes we tested 

• 99.5% of patients had at least 
one genetic variant amongst the 
CYP450 genes 
 

Based on the results of our PGx test: 
• 47% of clinicians used the report 

to make changes in treatment 
• 39% of clinicians used the report 

to make dosage adjustments 

All 32% IM/PM  
and 29% URM 

Affects: Plavix/PPI 

24% IM/PM 

Affects: Warfarin, NSAIDS 
and Sulfonylureas 

5% PM, 54% IM and 8% 
URM; Only 33% Normal 

Affects: Antidepressants, 
Antipsychotics, 
Medications used in 
Cardiology and Opioid 
Analgesics 



Upgrade Registry 

Multicenter single-arm trial (registry) that will include up to 279,000 patients at 2,000 clinical sites 

• Primary objective: Assess whether PGx testing leads to clinically-meaningful changes in patient’s medication regimen (one 
drug regimen change) 

• Secondary objectives:  

– Identify Target Drug related Adverse Events (TDAE) 

– Identify if PGx testing decreased ED visits and hospitalizations 

• Registered on clinicaltrials.gov and approved by Copernicus Group IRB (Central IRB approval) 

• For questions please contact:  

– Syntactx UPGRADE Team 212.266.0164 / UPGRADE@syntactx.com 



 

July 7, 2014 

PGx and Diabetes 

Prateesh Varughese PharmD MBA 



Question # 2:  
 Which CYP450 enzyme metabolizes sulfonylureas?  

• CYP2C9 

• CYP2C19 

• CYP2D6 

• CYP1A2 



Diabetes Medications and Metabolism 

Drug Name Metabolizing Enzyme(s) 

Thiazolidinedione 

Rosiglitazone (Avandia®) CYP2C8, CYP2C9 

Pioglitazone (Actos®) CYP2C8, CYP3A4 

Meglitinide 

Repaglinide (Prandin®) CYP2C8, CYP3A4, SLCO1B11 

Sulfonylurea 

Chlorpropamide (Apo-Chlorpropamide®) CYP2C9 

Glimepiride (Amaryl®) CYP2C9 

Glipizide (Glucotrol®) CYP2C9 

Glyburide (DiaBeta®) CYP2C9 

Nateglinide 

Nateglinide (Starlix®) CYP2C9, CYP3A4, SLCO1B1 

Dopamine Agonist 

Bromocriptine (Cycloset®) CYP3A4, P-gp 

DPP4-Inhibitor 

Linagliptin (Tradjenta®) CYP3A4, P-gp 

Saxagliptin (Onglyza®) CYP3A4, P-gp 

Alogliptin (Nesina®) CYP2D6, CYP3A4 

Sitagliptin (Januvia®) P-gp 

SGLT-2 Inhibitor 

Canagliflozin (Invokana®) CYP3A4, P-gp, UGT1A9, UGT2B4 

Dapagliflozin (Farxiga®) P-gp 



CYP2C9 polymorphisms: Sulfonylureas 

• Most sulphonylureas are extensively metabolized in the liver by 
CYP enzymes. 

– CYP2C9*2: mild decrease in enzyme activity vs. CYP2C9*3: 
more severe activity loss.  

– Decreased clearance of tolbutamide, glipizide and glimepiride 
has been reported in CYP2C9*3 carriers. 
• Ranges from 50% in subjects carrying one CYP2C9*3 allele, up to 80% in 

subjects homozygous for this variant compared to subjects homozygous for 
CYP2C9*1. 

• The slow metabolizer genotypes *3/*3 and *2/*3 confer an odds 
ratio of 5.2 for severe hypoglycemic events during treatment with 
sulfonylureas 
– CYP2C9 polymorphisms may serve as useful predictors of hypoglycemic 

events. 
Mannino, G. C., & Sesti, G. (2012). Individualized therapy for type 2 diabetes: clinical implications of pharmacogenetic data. Molecular Diagnosis & Therapy, 16(5), 285–302. doi:10.1007/s40291-012-0002-7 
Kirchheiner, J., Roots, I., Goldammer, M., Rosenkranz, B., & Brockmöller, J. (2005). Effect of genetic polymorphisms in cytochrome p450 (CYP) 2C9 and CYP2C8 on the pharmacokinetics of oral antidiabetic drugs: 
clinical relevance. Clinical Pharmacokinetics, 44(12), 1209–25. doi:10.2165/00003088-200544120-00002 
Gökalp, O., Gunes, A., Cam, H., Cure, E., Aydın, O., Tamer, M. N., … Dahl, M.-L. (2011). Mild hypoglycaemic attacks induced by sulphonylureas related to CYP2C9, CYP2C19 and CYP2C8 polymorphisms in routine 
clinical setting. European Journal of Clinical Pharmacology, 67(12), 1223–9. doi:10.1007/s00228-011-1078-4 
 
 



CYP2C9 polymorphisms: Sulfonylureas 

• Large study conducted by Zhou et al. (n=1,073) 

– 578 patients on sulfonylurea monotherapy and 495 patients on dual 
therapy of metformin and sulfonylurea 

– Carriers of two copies of the CYP2C9*2 or CYP2C9*3 allele were 3.4 
times more likely to achieve an HbA1c level of 7 % or lower in 
comparison with those patient with no or one copy of the 
aforementioned variants.  

• 0.5 % greater reduction in HbA1c level.  

Van Leeuwen, N., Swen, J. J., Guchelaar, H.-J., & ’t Hart, L. M. (2013). The role of pharmacogenetics in drug disposition and response of oral glucose-lowering drugs. Clinical Pharmacokinetics, 52(10), 833–
54. doi:10.1007/s40262-013-0076-3 



Glucophage (metformin) 

• In patients receiving metformin as an initial treatment for T2DM, less than 2/3 achieve 
desired glycemic control or the HbA1c goal of < 7% (< 53 mmol/mol). 

– Identification of genetic factors associated with treatment effectiveness could be 
relevant. 

• Transported into the liver by OCT1 (SLC22A1). Highly polymorphic gene; mutations of 
the SLC22A1 gene have been associated with: 

• Lower effects of metformin in the OGTT.   

• Significantly higher metformin AUC. 

• Higher maximal plasma concentrations. 

• Lower oral volume of distribution.  

• Lower HbA1c (significant association with intronic rs622342 A > C SNP). 

• Potential increase in renal clearance. 

Semiz, S., Dujic, T., & Causevic, A. (2013). Review Pharmacogenetics and personalized treatment of type 2 diabetes, (7), 154–171. 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1857259/ 
 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1857259/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1857259/


Diabetes Co-Morbidities and Complications 

Co-Morbidities 

• Patients who have diabetes are also 
likely to have the following co-morbid 
conditions:  
– Hypertension 

– Dyslipidemia 

– Cardiovascular disease 

– Kidney disease 

– Obesity 

Complications 

• The following are some of the 
problems that can result from 
prolonged and/or uncontrolled 
diabetes: 
– Eye problems: cataracts, glaucoma, 

retinopathy 

– Kidney problems and resultant swelling of 
extremities 

– Diabetic neuropathy 

– Weight gain (from medications, edema) 

– Heart disease 

– Sexual dysfunction 

 
http://www.namcp.org/diabetes/html/info/comorbidities.html 
http://my.clevelandclinic.org/disorders/diabetes_mellitus/hic_long-term_problems_for_people_with_diabetes.aspx 

http://www.namcp.org/diabetes/html/info/comorbidities.html
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Candesartan (Atacand®) 

• Case Report: 89 y.o. man presents with severe HTN and CHF 

– BP: uncontrollable (190/82 mm Hg) despite treatment with 
benidipine, doxazosin mesylate, and furosemide. 

– Candesartan 4 mg/d orally, was added  

– Day 2: patient started to have severe dizziness 

– Day 4: returned to the hospital without taking any of his 
medications. 

– BP 30 hours after the last intake of candesartan: 124/64 mm Hg. 

– Candesartan was withdrawn and the symptoms were rapidly 
alleviated. 

– Polymorphism analysis revealed the CYP2C9 genotype of the 
patient was heterozygous of the wild-type (*1) and Leu359 (*3) 
allele (CYP2C9*1/*3).   

 

Uchida, S., Watanabe, H., Nishio, S., Hashimoto, H., Yamazaki, K., Hayashi, H., & Ohashi, K. (2003). Altered pharmacokinetics and excessive hypotensive effect of candesartan in a 
patient with the CYP2C91/3 genotype. Clinical Pharmacology and Therapeutics, 74(5), 505–8. doi:10.1016/j.clpt.2003.08.001 



Beta Blockers (BB) 

Beta Blockers metabolized by CYP2D6 
• Rau et al. 

– Prospective double-blind trial (n=88) investigated patients for 3 
months and found plasma concentration of metoprolol were 4.9 fold 
higher in CYP2D6 poor metabolizers than in non-poor metabolizers.  

– These patients had a significantly and persistently greater reduction in 
HR, DBP and MAP. 

– No significant correlation could be made for SBP. 

• Bijl et al. 
– Population-based cohort study (n=1,533) found that CYP2D6 PM on 

beta blockers had an increased risk of bradycardia (OR=3.86; 95% 
1.68-8.86; p=0.0014). 

– DBP in CYP2D6 PMs was 5.4 mmHg lower in users of B-blockers 
metabolized by CYP2D6 (p=0.017) and 4.8 mmHg lower in metoprolol 
users (p=0.045) compared to extensive metabolizers.  

 

CYP2D6 metabolized BB 

• Metoprolol (CYP2D6) 

• Carvedilol (CYP2C9, 2D6, 3A4 

and 2C19) 

• Propranolol (CYP2D6 and 1A2) 

• Timolol (CYP2D6)* 

– CYP2D6 PM may experience systemic 
CV/respiratory AE. 

• Nebivolol (CYP2D6) 

– Coadministration with fluoxetine  8 
fold increase in AUC and 3 fold 
increase in Cmax (Bystolic PI) 

 

 

 
 

 

Rau, T., Wuttke, H., Michels, L., Werner, U., Bergmann, K., Kreft, M., Fromm, M., et al. (2008). Impact of the CYP2D6 genotype on the clinical effects of metoprolol: a prospective longitudinal study. Clinical Pharmacology 

\& Therapeutics, 85(3), 269–272. Nature Publishing Group. 

Volotinen, M., Hakkola, J., Pelkonen, O., Vapaatalo, H. and Mäenpää, J. (2011), Metabolism of Ophthalmic Timolol: New Aspects of an Old Drug. Basic & Clinical Pharmacology & Toxicology,  

Bijl MJ, Visser LE, van Schaik RH, Kors JA, Witteman JC, Hofman A, Vulto AG, van Gelder T, Stricker BH. Genetic variation in the CYP2D6 gene is associated with a lower heart rate and blood pressure in beta-blocker 

users. Clin Pharmacol Ther. 2009 Jan;85(1):45-50. doi: 10.1038/clpt.2008.172. Epub 2008 Sep 10. PubMed PMID: 18784654. Bystolic (nebivolol), package insert.  St. Louis, MO: Forest Laboratories, Inc.;  December 200 

http://www.ncbi.nlm.nih.gov/pubmed/18784654
http://www.ncbi.nlm.nih.gov/pubmed/18784654
http://www.ncbi.nlm.nih.gov/pubmed/18784654
http://www.ncbi.nlm.nih.gov/pubmed/18784654
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Statin Pharmacogenomics 



Statins 

• Numerous statins carry warnings in the labeling with regard to myopathy risk increases 
with concomitant CYP3A4 inhibitor use: 

• Simvastatin is a substrate of CYP3A4. 
– The risk of myopathy and rhabdomyolysis is increased by high levels of statin activity in plasma.  

– Simvastatin is metabolized by the cytochrome P450 isoform 3A4. Certain drugs which inhibit this 
metabolic pathway can raise the plasma levels of simvastatin and may increase the risk of myopathy. 

• Atorvastatin is metabolized by cytochrome P450 3A4.  

– Concomitant administration of LIPITOR with strong inhibitors of CYP 3A4 can lead to increases in plasma 
concentrations of atorvastatin.  

• The extent of interaction and potentiation of effects depend on the variability of effect on CYP 3A4. 

– The concomitant use of higher doses of atorvastatin with certain drugs such as cyclosporine and strong 
CYP3A4 inhibitors increases the risk of myopathy/rhabdomyolysis. 

 Zocor [package insert]. Whitehouse Station, NJ: Merck & Co, Inc.; 2014. Available from: http://dailymed.nlm.nih.gov/dailymed/lookup.cfm?setid=fdbfe194-b845-42c5-bb87-a48118bc72e7 
: Lipitor [package insert]. New York, NY: Parke-Davis (Pfizer); 2012. Available from: http://dailymed.nlm.nih.gov/dailymed/lookup.cfm?setid=c6e131fe-e7df-4876-83f7-9156fc4e8228 

http://dailymed.nlm.nih.gov/dailymed/lookup.cfm?setid=fdbfe194-b845-42c5-bb87-a48118bc72e7
http://dailymed.nlm.nih.gov/dailymed/lookup.cfm?setid=fdbfe194-b845-42c5-bb87-a48118bc72e7
http://dailymed.nlm.nih.gov/dailymed/lookup.cfm?setid=fdbfe194-b845-42c5-bb87-a48118bc72e7
http://dailymed.nlm.nih.gov/dailymed/lookup.cfm?setid=fdbfe194-b845-42c5-bb87-a48118bc72e7
http://dailymed.nlm.nih.gov/dailymed/lookup.cfm?setid=fdbfe194-b845-42c5-bb87-a48118bc72e7
http://dailymed.nlm.nih.gov/dailymed/lookup.cfm?setid=fdbfe194-b845-42c5-bb87-a48118bc72e7
http://dailymed.nlm.nih.gov/dailymed/lookup.cfm?setid=fdbfe194-b845-42c5-bb87-a48118bc72e7
http://dailymed.nlm.nih.gov/dailymed/lookup.cfm?setid=fdbfe194-b845-42c5-bb87-a48118bc72e7
http://dailymed.nlm.nih.gov/dailymed/lookup.cfm?setid=fdbfe194-b845-42c5-bb87-a48118bc72e7


Statins and myopathy 

Drug-drug interactions 

• 58% of cases associated with statin 
induced rhabdomyolysis involve 
another medication that altered statin 
metabolism (CYP3A4 system). 

• 64% of patients who progressed to 
rhabdomyolysis required 
hospitalization or had a life-threatening 
reaction with death as the final 
outcome in 7.8% of patients. 

Implicated drugs 

• Gemfibrozil (CYP2C9 inhibitor) 

• Macrolide antibiotics (CYP3A4 
inhibitors) 

• Azole antifungals: 
– Fluconazole (CYP3A4 and CYP2C9 inhibitor) 

– Itraconazole, ketoconazole, posaconazole 
and voriconazole (CYP3A4 inhibitors) 

• Calcium Channel Blockers: 
– Diltiazem/Verapamil (CYP3A4 inhibitors) 

Omar, M. A., Wilson, J. P. & Cox, T. S. (2001). Rhabdomyolysis and HMG-CoA reductase inhibitors. Annals of Pharmacotherapy, 35(9), 1096–1107. SAGE Publications. PL Detail-Document, Clinically Significant Statin Drug Interactions. Pharmacist’s Letter/Prescriber’s Letter. April 2012. 



Factor II and Factor V 

Factor II 

• Pro-thrombin (20210 mutation) 
– Factor II is activated to thrombin and 

responsible for platelet aggregation and 
other steps of the coagulation cascade. 

– Factor II mutation may result in increased 
levels of plasma pro-thrombin, increasing 
the risk for VTE (DVT or PE) or an ischemic 
event.  

Factor V 
• Factor V helps hold clots together. 

• Activated protein C prevents clots from 
growing too large by inactivating factor V. 

• Factor V leiden mutation does not allow 
protein C to inactivate factor V, resulting in 
an increased risk for clots.  
– Factor V mutation + OCP = 35 fold increase in 

risk for DVT/PE 

– Factor V mutation + HRT = 15 fold increase in 
risk for DVT/PE 

– Factor V mutation and pregnancy = 7 fold 
increase in DVT/PE 

 
Ornstein, D. L. & Cushman, M. (2003). Factor V Leiden. Circulation, 107(15), e94–e97. Am Heart Assoc. 

 
 



QUESTION # 3:  
 What are the genes involved in warfarin dosing? 

• CYP2C9 & VKORC1 

• CYP2B6 

• CYP2D6 

• CYP3A4 

• CYP1A2 



Warfarin (Coumadin®) 

• More than 1/3 of patients do not respond to their initial dose 
of warfarin as expected and end up in the emergency room.  

– A study published in JAMA (2006) noted that warfarin was 
implicated in an average of 43,000 ER visits for ADEs. 

• Within the CYP450 family, one gene, CYP2C9, explains about 
10 percent of the variation in warfarin dosing.  

• In 2005, the vitamin K epoxide reductase enzyme, encoded 
by the VKORC1 gene, was found to explain another 30 
percent of dose variations.  

– Together with clinical variables such as gender, age, 
height, and weight, the CYP2C9 and VKORC1 genes 
account for about 54 percent of the variation in how 
individuals respond to warfarin. 

 
Johnson, J. a, Cavallari, L. H., Beitelshees, a L., Lewis, J. P., Shuldiner, a R., & Roden, D. M. (2011). Pharmacogenomics: application to the 
management of cardiovascular disease. Clinical Pharmacology and Therapeutics, 90(4), 519–31. doi:10.1038/clpt.2011.179 



Warfarin (Coumadin®) 

• The table below displays three ranges of expected maintenance COUMADIN 
doses observed in subgroups of patients having different combinations of 
CYP2C9 and VKORC1 gene variants.  
– If the patient’s CYP2C9 and/or VKORC1 genotype are known, consider these ranges in choosing the initial 

dose.  

– Patients with CYP2C9 *1/*3, *2/*2, *2/*3, and *3/*3 may require more prolonged time (>2 to 4 weeks) 
to achieve maximum INR effect for a given dosage regimen than patients without these CYP variants. 

 

Coumadin [package insert]. Princeton, NJ: Bristol-Myers Squibb Company; 2011. Available from: http://dailymed.nlm.nih.gov/dailymed/lookup.cfm?setid=d91934a0-902e-c26c-23ca-d5accc4151b6 

http://dailymed.nlm.nih.gov/dailymed/lookup.cfm?setid=d91934a0-902e-c26c-23ca-d5accc4151b6
http://dailymed.nlm.nih.gov/dailymed/lookup.cfm?setid=d91934a0-902e-c26c-23ca-d5accc4151b6
http://dailymed.nlm.nih.gov/dailymed/lookup.cfm?setid=d91934a0-902e-c26c-23ca-d5accc4151b6
http://dailymed.nlm.nih.gov/dailymed/lookup.cfm?setid=d91934a0-902e-c26c-23ca-d5accc4151b6
http://dailymed.nlm.nih.gov/dailymed/lookup.cfm?setid=d91934a0-902e-c26c-23ca-d5accc4151b6
http://dailymed.nlm.nih.gov/dailymed/lookup.cfm?setid=d91934a0-902e-c26c-23ca-d5accc4151b6
http://dailymed.nlm.nih.gov/dailymed/lookup.cfm?setid=d91934a0-902e-c26c-23ca-d5accc4151b6
http://dailymed.nlm.nih.gov/dailymed/lookup.cfm?setid=d91934a0-902e-c26c-23ca-d5accc4151b6
http://dailymed.nlm.nih.gov/dailymed/lookup.cfm?setid=d91934a0-902e-c26c-23ca-d5accc4151b6


Clinical trials: Warfarin 
• Medco-Mayo Warfarin Effectiveness Study (MM-WES) 

– 900 patients were genotyped and the information was provided to the clinician without any 
further intervention. 

– At 6 month follow-up patients were compared to 2700 historically matched controls. 
– Conclusions: 31% reduction in hospitalizations in the genotyped group and a 28% reduction in 

hospitalizations due to bleeding or thromboembolism.  

• EU-PACT study: 
– Compared standard dose regimen vs. genotype guided dosing. 
– Primary outcome:  

• Percentage of time in therapeutic INR during first 12 weeks after initiation.  

– Results:  
• Genotyped patients had fewer incidences of excessive anticoagulation (INR>4.0) 
• Mean percentage of time in therapeutic range was 67.4% for the genotype-guided group compared to 

60.3% for the control (7%; 95% CI, 3.3 to 10.6; P<0.001). 
• Study found that genotyped patients reached a therapeutic INR in a mean time of 21 days vs. 29 days in 

the control group (P<0.001) 



Clinical Trial: Warfarin 

COAG trial 

• Compared clinical dosing algorithm vs. 
genotype guided dosing.  

• Primary outcome:  
– INR within therapeutic range till day 28. 

• Result:  
– Genotype guided dosing did not improve 

anticoagulation during first 4 weeks of 
therapy.  

 

Possible Study Limitations 

• High percentage (27%) African 
Americans (AA) 
– 76% of AA had no genetic variation in the 

two genes assessed. 

• Lower prevalence of genetic variants in 
COAG trial compared to EU-PACT trial. 

• The control group in COAG was not 
standard practice. 
– Equation for Dose (in mg/day) = exp[0.613 – (0.0075 x age) + (0.156 if black race) + 

(0.108 if smokes) + (0.425 x body surface area) – (0.257 if on amiodarone) + (0.216 x 
target INR) + (0.0784 if indication for warfarin is DVT/PE)] 

• COAG trial was only 4 weeks long 



Clopidogrel Pharmacogenomics 

• Triton-TIMI 38, FAST – MI and AFIJI trials identified (*2) 
allele in ~30% of individuals 
– Patients with the *2 allele experienced decreased effectiveness 

at standard doses.  

• A meta-analysis of 9 clopidogrel studies with 10,000 
patients (mostly PCI) found that carriers of the *2 allele 
experienced: 
– A 57% increase in rates of CV death, MI and stroke. 

– A 3 fold increase in stent thrombosis. 

 
 
Musunuru K, Roden DM, Boineau R, Bristow MR, McCaffrey TA, Newton-Cheh C, Paltoo DN, Rosenberg Y, Wohlgemuth JG, Zineh I, Hasan AA. Cardiovascular pharmacogenomics: current status and future directions-report of a national heart, lung, and blood institute 
working group. J Am Heart Assoc. 2012 Apr;1(2):e000554. doi: 10.1161/JAHA.111.000554. Epub 2012 Apr 24. PubMed PMID: 23130127; PubMed Central PMCID: PMC3487365. 

 

CYP2C19 metabolism explains the interpatient variability 
associated with Plavix. 
 



Clopidogrel Pharmacogenomics 

More studies 
• Mega et al:  

– Carriers of at least one CYP2C19 reduced-function allele 
had a relative reduction of 32.4% in plasma exposure to 
the active metabolite as compared to noncarriers (P < 
0.001) 

– There was a significantly increased risk of the composite 
endpoint (CV death, MI or stroke) in both the carriers of 
one (HR 1.55, 95% CI 1.11-2.27, P=0.01) and two (HR 
1.76, 95% CI 1.24-2.5, P=0.002) CYP2C19 reduced 
function alleles.  

– There was a significantly increased risk of stent 
thrombosis in carriers of on (HR 2.67, 95% CI 1.69-4.22, 
P<0.0001) and two (HR 3.97, 95% CI 1.75-9.02, P=0.001) 
CYP2C19 reduced function alleles.  

• Reese et al: 
– Genotype-guided antiplatelet therapy was more effective and 

less costly than non-genotype guided therapy including Plavix 
and Effient.  

– (ICER -$11,710 [95% CI -$11,480 to -$11,950]) 

 

From the FDA 

Reese, E. S., Daniel Mullins, C., Beitelshees, A. L. & Onukwugha, E. (2012). Cost-Effectiveness of Cytochrome P450 2C19 
Genotype Screening for Selection of Antiplatelet Therapy with Clopidogrel or Prasugrel. Pharmacotherapy: The Journal 
of Human Pharmacology and Drug Therapy. Wiley Online Library. 

Mega, J. L., Simon, T., Collet, J.-P., Anderson, J. L., Antman, E. M., Bliden, K., Cannon, C. P., et al. (2010). Reduced-
function CYP2C19 genotype and risk of adverse clinical outcomes among patients treated with clopidogrel 
predominantly for PCI. JAMA: the journal of the American Medical Association, 304(16), 1821–1830. Am Med Assoc. 
Mega, J. L., Close, S. L., Wiviott, S. D., Shen, L., Hockett, R. D., Brandt, J. T., Walker, J. R., et al. (2009). Cytochrome p-450 
polymorphisms and response to clopidogrel. New England Journal of Medicine, 360(4), 354–362. Mass Medical Soc. 
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Diabetes and depression 

 

 

The presence of diabetes doubles the 
odds of comorbid depression 



Psychiatry 
Drug name Metabolizing enzyme(s) 

Anticonvulsants (misc.) 

Carbamazepine (Tegretol®) CYP3A4 and CYP2C8 

Phenobarbital  CYP2C9, CYP2C19, and CYP2E1 

Phenytoin (Dilantin®) CYP3A4, CYP2C9, and CYP2C19 

Stiripentol (Diacomit®) CYP3A4, CYP2C19, and CYP1A2 

Valproic acid (Depakote®) CYP2C9, CYP2C19, CYP2A6, CYP2B6, and 

CYP2E1 

Zonisamide (Zonegran®) CYP3A4 and CYP2C19 

Drug name Metabolizing enzyme(s) 

Atypical Antipsychotics 

Clozapine (Clozaril®) CYP3A4, CYP2D6, CYP2C9, CYP2C19, 

CYP2A6, and CYP1A2 

Haloperidol (Haldol®) CYP3A4, CYP2D6, and CYP1A2 

Lurasidone (Latuda®) CYP3A4 

Risperidone (Risperdal®)* CYP3A4 and CYP2D6 

Ziprasidone (Geodon®) CYP3A4 and CYP1A2 

Benzodiazepines 

Alprazolam (Xanax®)* CYP3A4 

Clobazam (Onfi®) CYP3A4, CYP2C19, and CYP2B6 

Clonazepam (Klonopin®) CYP3A4 

Diazepam (Valium®)* CYP3A4, CYP2C19, CYP2C9, CYP1A2, and 

CYP2B6 

Norepinephine and Dopamine Reuptake Inhibitors (NDRIs) 

Buproprion 

(Wellbutrin®)* 

CYP3A4, CYP2C9, CYP2D6, CYP1A2, CYP2A6, 

CYP2B6, and CYP2E1 

Selective Serotonin Reuptake Inhibitors (SSRIs) 

Aripiprazole (Abilify®)* CYP3A4 and CYP2D6 

Citalopram (Celexa®)* CYP3A4, CYP2D6, and CYP2C19 

Escitalopram (Lexapro®)* CYP3A4 and CYP2C19 

Fluoxetine (Prozac®)* CYP3A4, CYP1A2, CYP2B6, CYP2C19, CYP2C9, 

CYP2D6, and CYP2E1 

Olanzapine (Zyprexa®)* CYP2D6 and CYP1A2 

Paroxetine (Paxil®)* CYP2D6 

Quetiapine (Seroquel)* CYP3A4 and CYP2D6 

Sertraline (Zoloft®)* CYP3A4, CYP2D6, CYP2C19, CYP2C9, and 

CYP2B6 

Serotonin and Norepinephrine Reuptake Inhibitors (SNRIs) 

Duloxetine (Cymbalta®)* CYP2D6 and CYP1A2 

Desvenlafaxine (Pristiq®)* CYP3A4 

Venlafaxine (Effexor®)* CYP3A4, CYPC19, CYP2C9, and CYP2D6 

Not an all inclusive list 
Lexi-Comp, Inc. (Lexi-DrugsTM). Lexi-Comp, Inc.; January 29, 2011, Available from: http://online.lexi.com/  
 

http://online.lexi.com/


The facts… 

• In depression 
– Approximately 60% of patients treated with antidepressants do not experience a complete 

remission of their symptoms when initially treated with these agents.  

– In those patients who remain depressed, up to 50% are unlikely to experience substantial 
improvement with the use of a different antidepressant or adjunctive supplementation of 
another medication.  

– Adherence with taking antidepressant medications is also problematic and influenced by 
side effects, treatment ineffectiveness, or lack of appropriate follow-up care. 

– Substantial morbidity and interpatient variability is common with current antidepressant 
treatment strategies 

 

Hall-Flavin, D. K., Winner, J. G., Allen, J. D., Carhart, J. M., Proctor, B., Snyder, K. a, … Mrazek, D. a. (2013). Utility of integrated pharmacogenomic testing to support the treatment of major depressive 
disorder in a psychiatric outpatient setting. Pharmacogenetics and Genomics, 23(10), 535–48. doi:10.1097/FPC.0b013e3283649b9a 



Pharmacogenomics and psychiatry 

• Hall-Flavin et al (2011) conducted an open-label study of 227 
patients and found that pharmacogenomic guided 
treatment of MDD was more effective than unguided 
therapy: 44.8% vs. 26.4% using Hamilton rating for 
depression (HAMD-17, P<0.0001; QIDS-C16, P<0.0001; PHQ-
9, P<0.0001).  
 

• JR Rundell et al found that pharmacogenomic guided 
therapy led to fewer psychiatric admissions (0.8 vs. 3.8, 
P=0.04), and required fewer consultations and evaluations 
(4.2 vs. 9.9, P=-0.03). 
 

Hall-Flavin, D. K., Winner, J. G., Allen, J. D., Carhart, J. M., Proctor, B., Snyder, K. A., Drews, M. S., et al. (2013). Utility of integrated pharmacogenomic testing to support the treatment of major 
depressive disorder in a psychiatric outpatient setting. Pharmacogenetics and genomics. 
Mrazek, D. (2010). Psychiatric pharmacogenomics. Oxford University Press. 
Rundell, J., Harmandayan, M. & Staab, J. (2011). Pharmacogenomic testing and outcome among depressed patients in a tertiary care outpatient psychiatric consultation practice. Translational 
psychiatry. Nature Publishing Group. 



Pharmacoeconomics of Pharmacogenomic Testing and 
Depression 

• Major driver of depression costs is treatment-resistant depression (TRD) 

• Common genetic variations account for ~ 40% of the interindividual differences in 
antidepressant response. 

– Genetic variations may compound already elevated costs by increasing the risk for 
intolerable side effects or poor efficacy, which may contribute to non-adherence. 

• Study conducted by Fagerness J. et al. (n=1016) 

– Two groups: 

• Cases whose treating clinicians ordered genetic testing (CYP2D6, CYP2C19, MTHFR, etc.)  

• Set of controls whose treating clinicians did not have access to genetic information  

– Cases who received genetic testing saw relative cost savings of 9.5%, or $562 per patient 
over the control group. 

• Based on increased medication adherence and a resultant fewer hospital visits.  

Scott, R., Gardner, K. R., Koffler, M., Fava, M., Perlis, R. H., Brennan, F. X., & Lombard, J. (2014). CLINICAL Pharmacogenetic-Guided Psychiatric Intervention Associated With Increased Adherence and Cost 
Savings, 20(May), 146–157. 

Stuart BC, Doshi JA, Terza JV. Assessing the impact of drug use on hospital costs. Health Serv Res. 2009;44(1):128-144 



The facts… 

• In schizophrenia 

– In the setting of acute antipsychotic-induced adverse effects, a retrospective 
study has been conducted by Spina et al. to scrutinize the role of genetic 
regulation in the variation of CYP2D6 activity and clinical response.  

• The results showed that adverse effects occurred more often in patients with 
schizophrenia who were classified as poor metabolizers (PMs) for CYP2D6 
than in extensive metabolizers (EMs).  

• Consequently, they concluded that the genetically determined polymorphic 
CYP2D6 plays an important role in the clinical response to treatment with 
antipsychotics that are metabolized by the enzyme. 

Update, A. (1999). Pharmacokinetics of Haloperidol, 37(6), 435–456. 



Antipsychotics 

• First and second generation 
antipsychotics have an increased 
risk of weight gain, diabetes, 
hyperlipidemia, movement 
disorders and cardiovascular 
effects.  

• Patients on CYP1A2 inhibitors like 
fluvoxamine or CYP2D6 inhibitors 
like fluoxetine may increase the 
bioavailability of olanzapine.   

• Reduced metabolizers for CYP1A2 
or CYP2D6 may experience similar 
increases in bioavailability.  
 

• Schizophrenic patients treated 
with olanzapine or clozapine 
with the 5-HT2C mutation were 
at a higher risk for weight gain.  

• Patients with at least one 
mutation had a three fold 
increase in BMI when olanzapine 
concentrations were higher than 
20.6 ng/mL.  

Clozapine-induced weight gain associated with the 5HT2C receptor -759C/T polymorphism.Miller DD, Ellingrod VL, Holman TL, Buckley PF, Arndt S 

Am J Med Genet B Neuropsychiatr Genet. 2005 Feb 5; 133B(1):97-100. 

Weight gain associated with the -759C/T polymorphism of the 5HT2C receptor and olanzapine.Ellingrod VL, Perry PJ, Ringold JC, Lund BC, Bever-Stille K, Fleming F, Holman TL, Miller D 
Am J Med Genet B Neuropsychiatr Genet. 2005 Apr 5; 134B(1):76-8. 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2656342/ 

 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2656342/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2656342/


MTHFR & Neurotransmitter Synthesis 

Stahl, S. M. (2008). L-methylfolate: a vitamin for your monoamines. J Clin Psychiatry, 69(9), 1352–1353. 
 
 



MTHFR, L-methylfolate & Depression 

• Gilbody et al: 
– A large meta-analysis in the American 

Journal of Epidemiology found the 
MTHFR C677T polymorphism 
associated with major depression 
(OR=1.36), schizophrenia (OR=1.44), 
and bipolar (OR=1.82). 

• Papakostas et al: 
– Conducted two multicenter double-

blind sequential trials to investigate the 
effect of L-methylfolate in the 
treatment of depressive disorder. 

– Results: Figure 1 

 

 

 

 

 

 

 

Gilbody, S., Lewis, S. & Lightfoot, T. (2007). Methylenetetrahydrofolate reductase (MTHFR) genetic polymorphisms and psychiatric disorders: a HuGE review. American journal of epidemiology, 165(1), 1–13. Oxford Univ Press. 

Papakostas, G. I., Shelton, R. C., Zajecka, J. M., Etemad, B., Rickels, K., Clain, A., Baer, L., et al. (2012). L-methylfolate as adjunctive therapy for SSRI-resistant major depression: results of two randomized, double-blind, parallel-sequential trials. American Journal of 
Psychiatry, 169(12), 1267–1274. Am Psychiatric Assoc. 
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Prevalence of neuropathy diabetes 

 

Prevalence of painful diabetic peripheral 
neuropathy has been reported to be 

between 28-34% 
 

Feldman, AL (2014) Epidemiology and classification of diabetic neuropathy. In Shefner J.M (Ed.), uptodate. Retrieved from: http://www.uptodate.com/contents/epidemiology-and-classification-of-
diabetic-neuropathy 



Amitriptyline vs. Gabapentin for Neuropathic Pain 

• Amitriptyline: often used at lower dosages for neuropathic 
pain. 

• Dose recommendations difficult for CYP2C19 UMs when 
amitriptyline is prescribed at lower doses for neuropathic pain. 

– CYP2C19 and CYP2D6 UMs are at risk of failing amitriptyline therapy 
for neuropathic pain 

– Alternative agents such as gabapentin should be considered. 

Hicks, J. K., Swen, J. J., Thorn, C. F., Sangkuhl, K., Kharasch, E. D., Ellingrod, V. L., … Stingl, J. C. (2013). Clinical Pharmacogenetics Implementation Consortium guideline for CYP2D6 and CYP2C19 genotypes and 
dosing of tricyclic antidepressants. Clinical Pharmacology and Therapeutics, 93(5), 402–8. doi:10.1038/clpt.2013.2 



CYP2D6: Amitriptyline and Nortriptyline 

• Amitriptyline is metabolized by 
both CYP2D6 and CYP2C19. 

• Nortriptyline is metabolized by 
CYP2D6. 

• Altered metabolism for CYP2D6 and 
CYP2C19 may warrant a change in 
dose or use of an alternate agent. 
– CYP2D6 ultra-rapid metabolizers have a 

higher probability of failing amitriptyline 
or nortriptyline therapy due to sub-
therapeutic plasma concentrations.  

– CYP2D6 poor metabolizers may have a 
higher risk of adverse events due to 
elevated plasma concentrations.  

http://www.scielo.br/scielo.php?pid=S0103-50532008000100007&script=sci_arttext 
https://www.pharmgkb.org/drug/PA450657?previousQuery=%22Nortriptyline%20Hcl%22 
Weinshilboum, R. (2003). Inheritance and drug response. N Engl J Med, 348(6), 529–537. 
 



Pharmacogenomics and Pain 

Discussion: 5 year old patient administered hydrocodone for an 

upper respiratory infection (URI) passed away due to fatal opioid toxicity. 

The concentration of hydrocodone in post-mortem blood was associated 

with fatality; however, no hydromorphone (the active metabolite) was 

detected using mass spectrometry. Genetic analysis revealed this patient 

was a CYP2D6 poor metabolizer. To make matters worse, this patient was 

co-administered clarithromycin (CYP inhibitor) to treat the URI.  

It was determined that the combination of CYP2D6 poor metabolism and co-

administration of clarithromycin caused fatal opioid toxicity that led to 

death in this pediatric case.  

 
 
Madadi, P., Hildebrandt, D., Gong, I. Y., Schwarz, U. I., Ciszkowski, C., Ross, C. J., Sistonen, J., et al. (2010). Fatal hydrocodone overdose in a child: pharmacogenetics and drug interactions. Pediatrics, 126(4), e986–e989. American Academy of Pediatrics. 



Conclusion 

• Pharmacogenomics evaluations can help the physician choose an alternate 

analgesic based on patient specific metabolism.  

• Chronic use of a CYP2D6 substrate in a patient who is a CYP2D6 poor 

metabolizer may eventually result in harmful side effects and toxicity.  

• Identifying potent inhibitors of CYP metabolism is critical in patients with 

altered CYP metabolism. 

• Ultimately, if a pharmacogenomics test was conducted on this patient prior 

to the ordering of hydrocodone, we may have identified the drug-gene and 

drug-drug interactions and prevented this child’s death.  

 
 
Madadi, P., Hildebrandt, D., Gong, I. Y., Schwarz, U. I., Ciszkowski, C., Ross, C. J., Sistonen, J., et al. (2010). Fatal hydrocodone overdose in a child: pharmacogenetics and drug interactions. Pediatrics, 126(4), e986–
e989. American Academy of Pediatrics. 

 
 



Pharmacoeconomics of Pharmacogenomic Testing and 
Opioid Therapy for Noncancer Pain 

• Healthcare expenditure on opioid users is $23,049/yr./enrollee  

– Ambulatory/ER visits, inpatient admissions, pharmacy costs, investigations, etc.  

– More than 4x higher than matched nonopioid users 

 

• Estimated total healthcare costs from abuse: $25B. 

– CYP2D6 responsible for biotransformation of codeine, hydrocodone, oxycodone, 
and tramadol 
• PM carriers: opioids such as codeine and tramadol lack analgesic efficacy and patients may be 

suspected of drug noncompliance and dependence when they report non-alleviation of pain 

• UM carriers are at risk of developing toxic effects from excessive metabolite levels when given a 
therapeutic dose of opioid and are at high risk for potential opioid dependence. 

Xu, Y., & Johnson, A. (2013). Opioid therapy pharmacogenomics for noncancer pain: efficacy, adverse events, and costs. Pain Research and Treatment, 2013, 943014. doi:10.1155/2013/943014 



Codeine 

• Codeine (prodrug) requires metabolism 
to morphine for full analgesic activity.  

• 1 in 7 Caucasians is at risk of failure or 
toxicity of codeine due to a CYP2D6 
polymorphism.  
 
 

FDA released statement:  
 
• Codeine use in certain children after 

tonsillectomy and/or adenoidectomy 
may lead to rare, but life-threatening 
adverse events or death…  

• These children had evidence of being 
ultra-rapid metabolizers of codeine, 
which is an inherited (genetic) ability 
that causes the liver to convert 
codeine into life-threatening or fatal 
amounts of morphine in the body. 
 

 FDA drug safety communication: Safety review update of codeine use in children; new boxed warning and contraindication on use after tonsillectomy and/or adenoidectomy. (n.d.). Retrieved 

from http://www.fda.gov/Drugs/DrugSafety/ucm339112.htm 

 



Clinical Vignette (pain) 

• Discussion: A 64 year old caucasian male patient presented with chronic hip pain, 
uncontrolled by high doses of hydrocodone/APAP (Norco), was found to have a 
large (2.5 cm) cystic structure attached to his iliopsoas muscle. This patient had 
been treated in the past with various analgesics including the most recent script 
of high dose hydrocodone/APAP (Norco) Q4H. Even on this high dose, this patient 
complained of pain.  

• Results: 

 



Vignette Continued 

Conclusion: 

• Utilizing the pharmacogenomic evaluation helped the physician choose an alternate 
analgesic based on patient specific metabolism. Using a drug that does not require activation 
via CYP2D6 resulted in adequate analgesic control.  

• Chronic use of a CYP2D6 substrate in a patient who is a CYP2D6 poor metabolizer may 
eventually result in harmful side effects and toxicity.  

• One case report even reported death in a child who was a CYP2D6 PM taking larger doses of 
hydrocodone.2  

• Ultimately, using a more appropriate analgesic in this patient resulted in adequate analgesic 
control while minimizing the risk of an adverse drug event that might have resulted from the 
patients old regimen - high doses of hydrocodone.  

 



Allows the physician to provide personalized 
medicine by giving the clinician insight into 

patient specific metabolism 

Pharmacogenomics (PGx) Testing 
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Questions? 



Qestion # 1:  
 What is the definition of Pharacogenomics? 

• The study of how genes affect a persons response to drugs 

• The branch of medicine concerned with the uses, effects and 
modes of action of drugs. 

• The study of genes 

• The study of drugs 

 



Question # 2:  
 Which CYP450 enzyme metabolizes sulfonylureas?  

• CYP2C9 

• CYP2C19 

• CYP2D6 

• CYP1A2 



QUESTION # 3:  
 What are the genes involved in warfarin dosing? 

• CYP2C9 & VKORC1 

• CYP2B6 

• CYP2D6 

• CYP3A4 

• CYP1A2 


