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Disclosure



1. Describe clinical implications of genetic variability in pain management

2. Discuss clinical, patient-specific, genetic, and other factors that inform drug 
therapy changes for select opioids

3. Summarize the steps of implementing pain management pharmacogenetics
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Overview



HJ just received a root canal, and her dentist asks for you to recommend 
the best dose of codeine for her. Based on a previous genotype order in her 
EHR, you note that HJ has CYP2D6 *1/*4 genotype. Based on the patient’s 
genetic results, what would you recommend?

A. HJ has an activity score of 5, a CYP2D6 ultra-rapid metabolizer (UM).   
Avoid codeine due to potential for toxicity.

B. HJ has an activity score of 1, a CYP2D6 normal metabolizer (NM).  
Prescribe the label recommended dose of codeine.

C. HJ has an activity score of 0.5, a CYP2D6 intermediate metabolizer (IM). 
Prescribe twice the recommended dose of codeine.

D. HJ has an activity score of 0, a CYP2D6 poor metabolizer.                     
Avoid codeine due to lack of efficacy.
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Before we get started…
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Prevalence of Pain in the US
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AAPM Facts and Figures on Pain. http://www.painmed.org/patientcenter/facts_on_pain.aspx
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Factors When Considering Pain Management

Psychological
Depression, Placebo, 
Pain Catastrophizing

Social
Ethnicity, SES, 

Education,  Cultural

Biological
Genetics, 

Endogenous Opioids, 
Organ function, Sex, 

Age

PAIN



• Cornerstone of clinical pain management1

– Most potent drugs for pain relief
– Commonly prescribed with 259 million prescriptions in 2012

• Important factors for PGx consideration2

– Narrow therapeutic window
– Wide dosage variability
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Opioids

1. Opioid Addiction 2016 Facts and Figures. American Society of Addiction Medicine. Accessed on Feb  27, 2017. [Internet]. 
Available from: http://www.asam.org/docs/default-source/advocacy/opioid-addiction-disease-facts-figures.pdf

2. Somogyi AA, Coller JK, Barratt DT. Pharmacogenetics of Opioid Response. Clin Pharmacol Ther. Feb 2015. 97 (2): 125 - 127 
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WHO Analgesic Ladder

Non-opioid

Weak opioid

Strong opioid

World Health Organization. Geneva, Switz: World Health Organization; 1987.

If pain persists 
or increases

If pain persists 
or increases

Oxycodone

Hydrocodone

Morphine

Codeine

Tramadol
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Pain

Opioid

Feel Better Feel NothingFeel Terrible
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Factors Related to Opioid Response

Sadhasivam, S, et al. Pharmacogenomics of opioids and perioperative pain management."Pharmacogenomics 13(15): 1719-1740.



• A. Ultra-rapid metabolizer
• B. Normal metabolizer
• C. Intermediate Metabolizer
• D. Poor Metabolizer
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If you participated in personal genotyping, 
what is your CYP2D6 phenotype?



• Codes for hepatic enzyme that metabolizes 25% of all drugs
– Metabolizes codeine, tramadol, oxycodone, and hydrocodone 

into more potent metabolites
– High risk for drug interactions

• Wide variability in CYP2D6 enzyme activity
– Highly polymorphic gene (>100 allelic variants)
– Allele frequencies vary among different populations
– Important to test for the appropriate alleles in a given 

race/ethnic group
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Cytochrome P450 2D6 (CYP2D6)
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CYP2D6 Gene

Koch WH. Nat Rev Drug Discov. 2004 Sep;3(9):749-61.

CYP2D6

Point Mutations Insertions Gene rearrangements

CYP2D7PCYP2D8P

Deletions
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CYP2D6

Koch WH. Nat Rev Drug Discov. 2004 Sep;3(9):749-61.

CYP2D6CYP2D7CYP2D8

Duplication

CYP2D6CYP2D7CYP2D8 CYP2D6

CYP2D7CYP2D8

Deletion
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CYP2D6 Variability

Allele Enzyme 
Function African African 

American Caucasian‡ Middle 
Eastern East Asian

South/ 
Central 
Asian

Oceanian

*1 Normal 39.23 40.6 53.63 58.04 34.17 53.7 70.15

*2 Normal† 20.12 14.15 26.91 21.72 12.82 31.9 1.2

*4 None 3.36 6.23 18.5 7.8 0.42 6.56 1.13

*10 Decreased# 6.77 4.18 3.16 3.49 42.31 19.76 1.6

*17 Decreased† 19.98 18.22 0.32 1.58 0.01 0.38 0.05

*41 Decreased† 10.94 9.41 8.56 20.37 1.97 10.5 0

*1xN Increased 1.47 0.44 0.8 3.07 0.28 0.5 11.83

Percentage

>40
20 to 40

5 to 19.99
< 5

†Frequency may vary due to risk of misclassification
#Data linking to phenotype is controversial
‡European + North American Crews KR, et al. Clin Pharmacol Ther. 2014 Apr;95(4):376-82.



• Opioid analgesic indicated for mild to moderate pain
• Analgesic properties stem from metabolites formed via CYP2D6
• Common adverse reactions

– Drowsiness, lightheadedness, dizziness, sedation, shortness of 
breath, nausea, vomiting, sweating

• Serious adverse reactions
– Respiratory depression, circulatory depression, respiratory 

arrest, shock, cardiac arrest
• Antitussive properties
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Codeine
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Codeine Metabolism

Codeine

Codeine-6-glucuronide

MorphineNorcodeine

Morphine-3-glucuronide

Morphine-6-glucuronide

CYP2D6
5-10%

CYP3A4
10-15%

UGT2B7
50-70%

Normorphine

UGT2B7 / UGT1A1
5-10%

UGT2B7 / UGT1A1
60%

Provides analgesia

UM ↑ toxicity

PM ↓ pain control

Crews KR, et al. Clin Pharmacol Ther. 2014 Apr;95(4):376-82.



• UM: Codeine    →  Morphine

• NM: Codeine     →     Morphine

• IM: Codeine     →       Morphine

• PM: Codeine     →               Morphine
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Codeine Morphine via CYP2D6

2D6

2D6

2D6

2D6
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Study Patients Objective Result

Cross-
sectional 
cohort

Healthy Caucasian 
males (n = 26)

Assess pharmacokinetic
differences of codeine between 
UM and EM after a single dose 
of codeine 30 mg

Significant difference in concentrations of 
morphine, M3G, and M6G between UM and 
EM (p = 0.02). Also seen with PM.

p = 0.02



22



Tramadol

• Active metabolite
• 200X binding affinity

Tramadol

O-desmethyltramadol

CYP2D6CYP3A4
CYP2B6

N-desmethyltramadol

N,O-didesmethyltramadol

CYP2D6 CYP3A4
CYP2B6
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Oxycodone

• Active metabolite
• 40X binding affinity
• 8X more potent

Vuilleumier PH, et al. Pharmgenomics Pers Med. 2012;5:73-87

Oxycodone

Oxymorphone

CYP2D6CYP3A4

Noroxycodone

Noroxymorphone

CYP2D6 CYP3A4
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Hydrocodone

Hydrocodone

Hydromorphone

CYP2D6CYP3A4

Norhydrocodone

Norhydrocodone
glucuronides

Hydromorphone
glucuronides

UGT UGT



• Clinical Pharmacogenetics Implementation Consortium (CPIC)
– https://www.pharmgkb.org/guideline/PA166104996

• Royal Dutch Association for the Advancement of Pharmacy ‐ 
Pharmacogenetics Working Group (DPWG)
– https://www.pharmgkb.org/page/dpwg

• The Canadian Pharmacogenomics Network for Drug Safety (CPNDS)
– https://www.pharmgkb.org/pmid/24214521
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PharmGKB Guidelines

https://www.pharmgkb.org/guideline/PA166104996
https://www.pharmgkb.org/page/dpwg
https://www.pharmgkb.org/pmid/24214521
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CYP2D6 genotype 
guided codeine 
therapy
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CY2D6 Activity Score

Functional 
Status

Activity
Value

Alleles

Increased function >1 *1xN, *2xN, *35xN, *45xN

Normal or Increased 
function

1 or >1 *9xN, *10xN, *17xN, *29xN, *41xN

Normal function 1 *1, *2, *27, *33, *34, *35,*39, *45, *46, *48, *53

Decreased function 0.5 *9, *10, *14B,*17, *29, *41, *49, *50, *54, *55, *59, *72

No function 0 *3, *3xN, *4, *4xN, *5, *6, *6xN, *7, *8, *11, *12, *13, *14A, *15, 
*18, *19, *20, *21, *31, *36, *36xN, *38, *40, *42, *44, *47, *51, 
*56, *57, *62,*68, *69, *92, *100, *101

Unknown N/A *22, *23, *24, *25, *26, *28, *30, *32, *37, *43, *43xN, *52, *58, 
*60, *61, *63, *64, *65, *70, *71, *73, *74, *75, *81, *82, *83, *84, 
*85, *86, *87, *88, *89, *90, *91, *93, *94, *95, *96, *97, *98, *102, 
*103, *104, *105



• Add activity score of 2 alleles together to determine phenotype:
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Determining CYP2D6 Phenotype from 
Activity Score

Type of Allele Alleles Activity 
Score

Functional *1, *2 1
Reduced Function *9, *10, *17, *29, *41 0.5
Non-functional *3, *4, *5, *6, *7, *8, 

*11, *15
0

CYP2D6 
Activity Score

Phenotype

>2 UM
1-2 NM
0.5 IM
0 PM

Allele Diplotype Individual Scores Activity Score Phenotype

*1/*2 1+1 2 Normal Metabolizer (NM)

*3/*41 0+0.5 0.5 Intermediate Metabolizer (IM)

*3/*4 0+0 0 Poor Metabolizer

Crews KR, et al. Clin Pharmacol Ther. 2014 Apr;95(4):376-82.
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CPIC Recommendations by 
CYP2D6 Phenotype
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CYP2D6 Phenotypes

Phenotype Population 
Prevalence

Genotype Enzyme 
Activity

Recommendation

PM ~5-10% No functional alleles present Absent Avoid codeine use due to lack of 
efficacy

IM ~2-11%  1 reduced-function AND 
1 nonfunctional allele.

Decreased Use label-recommended doses. If no 
response consider alternative 
analgesic

NM ~77-92% 2 alleles with full or reduced function 
OR 
1 fully functioning allele AND 
1 non/reduced-function allele

Normal Use label-recommended doses. 

UM ~1-2% > 2 functional alleles Increased Avoid codeine use due to potential 
for toxicity

Crews KR, et al. Clin Pharmacol Ther. 2014 Apr;95(4):376-82.



• Modification of the predicted phenotype by drug interactions
• Drug-Drug-Gene Interactions: CYP2D6 Inhibitors
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Phenoconversion

Inhibition PK Effect Examples

Strong ≥ 5-fold increase in AUC 
or > 80% decrease in CL

Bupropion, fluoxetine, paroxetine, quinidine, 
terbinafine

Moderate ≥ 2 but < 5-fold increase in AUC
or 50-80% decrease in CL

Cimetidine, cinacalcet, duloxetine, fluvoxamine, 
mirabegron

Weak
≥ 1.25 but < 2-fold increase in AUC
or 20-50% decrease in CL

Amiodarone, celecoxib, desvenlafaxine, diltiazem, 
diphenhydramine, Echinacea, escitalopram, 
febuxostat, gefitinib, hydralazine, 
hydroxychloroquine, imatinib, methadone, oral 
contraceptives, propafenone, ranitidine, ritonavir, 
sertraline, telithromycin, verapamil

Drug Development and Drug Interactions: Table of Substrates, Inhibitors and Inducers. FDA. Last Updated: Sept 27, 2016. Accessed on Feb 26, 2016. [Internet]. 
Available from: http://www.fda.gov/Drugs/DevelopmentApprovalProcess/DevelopmentResources/DrugInteractionsLabeling/ucm093664.htm



• Strong Inhibitors: 
– CYP2D6 activity score is adjusted to 0
– Predicted phenotype is a poor metabolizer

• Weak or Moderate Inhibitors: 
– CYP2D6 activity score is multiplied by 0.5 
– Convert calculated activity score to the predicted phenotype

• Example:
– CYP2D6 *2/*4  activity score = 1; predicted phenotype is NM
– Patient taking duloxetine (moderate inhibitor) will have activity 

score multiplied by 0.5  1 x 0.5 = 0.5 (modified activity score)
– Activity score of 0.5; predicted phenotype is IM
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CYP2D6 Inhibitors and Activity Score

Crews, KR, et al. Clin Pharmacol Ther. 95: 376-382



Alternative Analgesics

Acetaminophen
NSAIDs
Morphine
Hydromorphone
Oxymorphone
Fentanyl
Methadone
Buprenorphine
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Drugs not Dependent upon CYP2D6



According to the CPIC guideline, which CYP2D6 phenotypes carry a 
strong recommendation to avoid codeine for pain relief?
A. Poor Metabolizer (PM) and Intermediate Metabolizer (IM)
B. Poor Metabolizer (PM) and Ultra-Rapid Metabolizer (UM)
C. Normal Metabolizer (NM) and Ultra-Rapid Metabolizer (UM)
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Pharmacogenetic Checkpoint



• Further guidance on oxycodone and hydrocodone

• Determine if implementing guidelines increases quality of life

• Determine economic value for pre-emptive genotyping
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Future directions



• CYP2D6 genotype is an important factor to help guide pain management

• CYP2D6 enzyme is highly variable and is involved in the metabolic pathway of 
several opioids such as codeine, tramadol, hydrocodone and oxycodone

• Codeine use is not recommended in CYP2D6 ultra-rapid metabolizers and poor 
metabolizers. Tramadol, oxycodone, and hydrocodone may not be good options 
because they are also metabolized via CYP2D6

• Codeine is contraindicated in children post tonsillectomy and/or adenoidectomy

• CYP2D6 genetic testing is currently being utilized in practice to guide pain 
management. 
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Summary



HJ just received a root canal, and her dentist asks for you to recommend 
the best dose of codeine for her. Based on a previous genotype order in her 
EHR, you note that HJ has CYP2D6 *1/*4 genotype. Based on the patient’s 
genetic results, what would you recommend?

A. HJ has an activity score of 5, a CYP2D6 ultra-rapid metabolizer (UM).   
Avoid codeine due to potential for toxicity.

B. HJ has an activity score of 1, a CYP2D6 normal metabolizer (NM).  
Prescribe the label recommended dose of codeine.

C. HJ has an activity score of 0.5, a CYP2D6 intermediate metabolizer (IM). 
Prescribe twice the recommended dose of codeine.

D. HJ has an activity score of 0, a CYP2D6 poor metabolizer.                     
Avoid codeine due to lack of efficacy.
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Now that we have covered the basics…
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