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Objectives

• Upon completion of this program, 
the participant will be able to:
– Identify reasons to perform pharmacogenomics 

testing on a patient with chronic pain.
– Describe how pharmacogenomics can help a 

provider treat patients with chronic pain.
– Define the terms: Ultra-rapid metabolizer and 

poor metabolizer.
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Safety

Adverse events

Symptoms

Demands

OverprescribingUnder treatment

Regulatory actionNegative feedback
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• “If it were not for the 
great variability among 
individuals, medicine 
might as well be a 
science and not an art.”
− Sir William Osler, 1892
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Definitions in Clinical Genetics

• Pharmacodynamics
– Drug activity at the target site/receptor

• Pharmacokinetics
– Drug absorption, metabolism, distribution 

and elimination

• Pharmacogenomics
– How variations in the human genome 

affect drug response
– Source: Janetto P and Bratanow N. Expert Opin Drug Metab 2011, 7(6); 745-52
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Benefits of Genomics

• Earlier detection of genetic predispositions
• Gene therapies
• Improved diagnostic/prescribing 

accuracy and speed
– Decrease in healthcare costs
– Personalized treatment plans
– Rational drug design
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How do we know how a patient will 
respond to a certain medication?

Or if they will have an adverse 
affect to that medication?

We don’t…Until now!
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Cytochrome P450

• Super-family of enzymes located in 
the liver and mucosal surface of the 
intestinal tract

• Important roles in the biosynthesis 
and metabolism of endogenous and 
exogenous compounds
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Cytochrome P450
(continued)

• More than 50 CYP450 enzymes 
substrates identified in humans
– 7 metabolize >90% of the clinically most 

important drugs
– CYP2D6 is involved in the metabolism of 

25% to 30% of all prescribed drugs.
– CYP2C19 is involved in metabolizing 15%.
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Why does this matter?

Allelic variations in the CYP2D6 and 
CYP2C19 genes result in markedly 

increased or decreased drug 
metabolism, leading to wide 
variations in clinical effect
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Generic Brand Metabolic route
Alfentanil Alfenta® CYP3A4/CYP3A5
Carisoprodol** Soma® CYP2C19
Celecoxib Celebrex® CYP2C9
Codeine** Various brands CYP2D6
Cyclobenzaprine Flexeril® CYP1A2, 

CYP3A4/CYP3A5
Fentanyl Actiq®, Duragesic® CYP3A4/CYP3A5
Hydrocodone** Lortab®, Vicodin® CYP2D6
Hydromorphone Dilaudid® UGT2B7+ (OPRM1)
Ibuprofen Advil®, Motrin® CYP2C9
**prodrug;  + test not yet available

Common Pain Medications with 
Pharmacogenomic Tests
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Generic Brand Metabolic route
Lidocaine Various brands CYP1A2
Methadone Various brands CYP2C19, CYP2B6+

Morphine Various brands UGT2B7+ (OPRM1)
Naproxen Aleve® CYP2C9
Oxycodone** Oxycontin®, Percocet® CYP2D6, CYP3A4/5
Oxymorphone Opana® UGT2B7+ (OPRM1)
Ropivicaine Various brands CYP1A2
Tizanidine Zanaflex® CYP1A2
Tramadol** Ultram®, various CYP2D6
Zolmipitran Zomig® CYP1A2
**prodrug;  + test not yet available

Common Pain Medications with 
Pharmacogenomic Tests

(continued)
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Explanation of Metabolizers

• Example: Codeine is metabolized
into morphine.
– Poor metabolizers: Would not achieve a 

full therapeutic response
– Ultra-rapid metabolizer: Metabolize 

codeine quickly into morphine, 
potentially leading to a toxic effect
• Very sedating to these individuals

– “I can’t take anything.”
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Explanation of Metabolizers
(continued)

• In 2007, the FDA issued a warning 
on “Codeine Use by Nursing Mothers” 
and noted that nursing infants may 
be at increased risk of morphine 
overdose if their mothers are taking 
codeine and are ultra-rapid 
metabolizers of the drug.
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CODEINE

CYP3A4 CYP2D6

Norcodeine

Morphine

Morphine-6-glucuronide 
Morphine-3-glucuronide

Active opioid 
effects

Renal Excretion

Source: Reynolds KR et al. Clin Lab Med 2008;28:581–598.

CYP2D6 PM: 
Inadequate morphine

CYP2D6 UM: 
Morphine toxicity

8-15-12 and 2-20-13
FDA Drug Safety Advisories

Codeine use in certain children after tonsillectomy 
and/or adenoidectomy can lead to rare, but
life-threatening adverse events or death.

• 3 deaths in children ages (2–5 yo) taking codeine 
after tonsillectomy and/or adenoidectomy for 
obstructive sleep apnea.

• 3 deaths in children who were CYP2D6 UMs.
• All children received typical codeine doses, 
developed toxic levels.

Morphine Overdose from Codeine
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Explanation of Metabolizers
(continued)

• Example: Hydrocodone
– Metabolizes into hydromorphone
– Ultra-rapid metabolizer: Patient can get 

some relief, but UDT can show high levels 
of hydromorphone – and they can have 
significant adverse effects.

– Poor metabolizer: Poor pain relief
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Explanation of Metabolizers
(continued)

• If a patient is complaining about a 
drug not being effective, or about 
adverse effects
– Genomics testing can guide your therapy
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When to Use Genomic Testing
in Pain Management

• When a patient is not getting
appropriate pain relief, on an
appropriate dose of medication

• When a patient is complaining of 
significant adverse effects of a 
medication, and pain is not controlled
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When to Use Genomic Testing
in Pain Management

(continued)

• At the onset of prescribing, if 
patients report…
– “Nothing works for me.”
– “Everything makes me feel horrible.”

• Where ever you see a need in
your prescribing
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CYP Polymorphism and NSAIDs

• Many NSAIDs are metabolized
by CYP2C9. 
– Diclofenac
– Meloxicam
– Indomethacin
– Celecoxib
– Ibuprofen
– Naproxen
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CYP Polymorphism and NSAIDs
(continued)

• Potential encoding variation by the *2 
and *3 alleles 

• Resulting in poor metabolism, and thus 
prolonged action of NSAIDs with 
either allele
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Warfarin and NSAID Bleeding Risk

• CYP2C9 is also important for
warfarin metabolism.

• Patients with the CYP2C9 *2 or *3
genotypes taking both an NSAID and 
warfarin have been shown to have a 
significantly higher risk for an elevated 
prothrombin time, compared to patients 
with the wild-type 2C9 genotype 
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Case Study

• Middle-aged male, chronic pain patient
• 2 pain clinics released him due to 
negative UDT when prescribed 
hydrocodone.

• 3rd pain clinic ordered PGXL testing.
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• 3rd pain clinic ordered pharmacogenomics 
testing (mouth swab)
− 2D6 poor metabolizer

• Pt does not produce hydromorphone= 
Negative UDT and lack of pain relief

− 2C19 extensive metabolizer
• Pt now taking low dose methadone

and pain is controlled
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Case Study
(continued)
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In Conclusion…

• Benefit: Improved diagnostic/ 
prescribing accuracy and speed
– Decrease in healthcare costs
– Personalized treatment plans
– Rational drug design

• Who
– “Nothing works”
– “Everything sedates me.”

• Where ever you see a need
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Questions?
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End of Presentation
Thank you for your time and attention.

Brett Badgley Snodgrass, 
MS, FNP-C, CPE, FAANP

www.fhea.com Brett@fhea.com
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• Images/Illustrations: Unless 
otherwise noted, all images/ 
illustrations are from open sources, 
such as the CDC or Wikipedia or 
property of FHEA or author.

• All websites listed active at the time 
of publication.
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Copyright Notice

Copyright by Fitzgerald Health Education Associates
All rights reserved. No part of this publication may be reproduced or transmitted 

in any form or by any means, electronic or mechanical, including photocopy, 
recording or any information storage and retrieval system, without permission 

from Fitzgerald Health Education Associates.

Requests for permission to make copies of any part of the
work should be mailed to:

Fitzgerald Health Education Associates
85 Flagship Drive

North Andover, MA 01845-6184
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Statement of Liability

• The information in this program has been thoroughly 
researched and checked for accuracy.  However, clinical 
practice and techniques are a dynamic process and new 
information becomes available daily. Prudent practice 
dictates that the clinician consult further sources prior to 
applying information obtained from this program, whether 
in printed, visual or verbal form.

• Fitzgerald Health Education Associates disclaims any 
liability, loss, injury or damage incurred as a consequence, 
directly or indirectly, of the use and application of any of 
the contents of this presentation.
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Fitzgerald Health Education Associates

85 Flagship Drive

North Andover, MA 01845-6154
978.794.8366 Fax-978.794.2455

Website: fhea.com

Learning & Testing Center: fhea.com/npexpert

www.facebook.com/fitzgeraldhealth 

@npcert
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Generic Brand Metabolic route
Alfentanil Alfenta® CYP3A4/CYP3A5
Carisoprodol** Soma® CYP2C19
Celecoxib Celebrex® CYP2C9
Codeine** Various brands CYP2D6
Cyclobenzaprine Flexeril® CYP1A2, 

CYP3A4/CYP3A5
Fentanyl Actiq®, Duragesic® CYP3A4/CYP3A5
Hydrocodone** Lortab®, Vicodin® CYP2D6
Hydromorphone Dilaudid® UGT2B7+ (OPRM1)
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Common Pain Medications with 
Pharmacogenomic Tests
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Generic Brand Metabolic route
Lidocaine Various brands CYP1A2
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Common Pain Medications with 
Pharmacogenomic Tests
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