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Learning Objectives
• Determine the impact of genetic variation on drug 

pharmacokinetics, pharmacodynamics, and drug response 
• Interpret pharmacogenomic test results by identifying clinically 

actionable drug-gene pairs using high-quality, evidence-based 
pharmacogenomic databases and guidelines to formulate 
therapeutic recommendations 

• Describe the benefits, limitations, and risks of pharmacogenomic 
information for individuals, family members and communities, 
and recognize when to refer the patient to a genetic counselor

Today’s session on The Pharmacogenomics of 
Pain Management 

• In addition to this lecture, this week’s 1-hour home study session also includes reading 2 CPIC guidelines

Clinical Pharmacogenetics Implementation Consortium Guideline 
(CPIC) for CYP2C9 and Nonsteroidal Anti-Inflammatory Drugs
Katherine N Theken, Craig R Lee, Li Gong, Kelly E Caudle, Christine M Formea, Andrea Gaedigk, Teri 
E Klein, José A G Agúndez, Tilo Grosser 

Theken KN, et al. Clinical Pharmacogenetics Implementation Consortium Guideline (CPIC) for CYP2C9 and Nonsteroidal Anti-Inflammatory Drugs. Clin Pharmacol Ther. 2020 Aug;108(2):191-200. 

Crews KR, et al. Clinical Pharmacogenetics Implementation Consortium Guideline for CYP2D6, OPRM1, and COMT Genotypes and Select Opioid Therapy. Clin Pharmacol Ther. 2021 Oct;110(4):888-896. 

www.cpicpgx.org/guidelines

CYP2C9

2

NSAIDs

Today’s session will cover 4 
genes and 2 CPIC guidelinesCYP2D6

COMT

OPRM1

Opioids

Theken KN et al. Clinical Pharmacogenetics Implementation Consortium Guideline (CPIC) for CYP2C9 and Nonsteroidal Anti-Inflammatory Drugs. Clin Pharmacol Ther. 2020 Aug;108(2):191-200. 

Crews KR, et al. Clinical Pharmacogenetics Implementation Consortium Guideline for CYP2D6, OPRM1, and COMT Genotypes and Select Opioid Therapy. Clin Pharmacol Ther. 2021 Oct;110(4):888-896. 

Nonsteroidal anti-inflammatory drugs (NSAIDs) 
Background
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Many NSAIDs 
are readily 
available over 
the counter

Generic Brand OTC/Rx

Aspirin Bayer Aspirin® OTC

Celecoxib Celebrex® Rx

Diclofenac Zipsor® Rx

Ibuprofen Advil® OTC/Rx

Ketorolac Toradol® Rx

Meloxicam Mobic® Rx

Naproxen Aleve® OTC/Rx

NSAIDs are among the most commonly used 
analgesics 

• 43.6 million U.S. adults take aspirin regularly 
• 29.4 million U.S adults take other NSAIDs regularly

• Regular use defined as at least 3xweekly for at least 3 months

Zhou Y, et al. Trends in the use of aspirin and nonsteroidal anti-inflammatory drugs in the general U.S. population. Pharmacoepidemiol Drug Saf. 2014;23(1):43-50. 

There are many factors to consider when 
initiating an NSAID

• Multiple patient specific 
factors can influence 
NSAID pharmacokinetics, 
efficacy, and toxicity 

Theken KN et al. Clinical Pharmacogenetics Implementation Consortium Guideline (CPIC) for CYP2C9 and Nonsteroidal Anti-Inflammatory Drugs. Clin Pharmacol Ther. 2020 Aug;108(2):191-200. 

Genetic 
variation

PK 
variability

Adverse 
effects

Genetic variations in CYP2C9 can increase drug 
exposure and the risk for toxicities

Celecoxib pharmacokinetic pathway

Li G, et al. Celecoxib pathways: pharmacokinetics and pharmacodynamics. Pharmacogenetics and genomics. 2012. 

Celecoxib
Active 

Inactive metabolite

CYP2C9

Hydroxy celecoxib 

CYP2C9

Allele NSAID metabolism NSAID plasma concentrations

CYP2C9 *1

CYP2C9 *2

CYP2C9 *3

CYP2C9 genetic variation can decrease NSAID metabolism 
and increase plasma concentrations

Genetic 
variation

PK 
variability

Adverse 
effects

Theken KN et al. Clinical Pharmacogenetics Implementation Consortium Guideline (CPIC) for CYP2C9 and Nonsteroidal Anti-Inflammatory Drugs. Clin Pharmacol Ther. 2020 Aug;108(2):191-200. 

Increased drug exposure increases risk for 
adverse effects

• NSAID adverse effects are on-target downstream 
effects

Genetic 
variation

PK 
variability

Adverse 
effects

Mazaleuskaya LL, et al. PharmGKB summary: ibuprofen pathways. Pharmacogenetics and genomics. 2015.
Theken KN et al. Clinical Pharmacogenetics Implementation Consortium Guideline (CPIC) for CYP2C9 and Nonsteroidal Anti-Inflammatory Drugs. Clin Pharmacol Ther. 2020 Aug;108(2):191-200. 
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Adverse effects of NSAIDs are concentration 
dependent

Hawboldt, J. Adverse Events Associated with NSAIDs. US Pharm. 2008;33(12):HS5-HS13. 
Green GA. Understanding NSAIDs: from aspirin to COX-2. Clin Cornerstone. 2001;3(5):50-60.
Theken KN et al. Clinical Pharmacogenetics Implementation Consortium Guideline (CPIC) for CYP2C9 and Nonsteroidal Anti-Inflammatory Drugs. Clin Pharmacol Ther. 2020 Aug;108(2):191-200. 

Adverse Effect Proposed Mechanism
Gastrointestinal 
Bleeding

Inhibition of mucosal cell protection

Renal damage Inhibition of vasoconstriction causes decreased renal 
blood flow 

Hypertension Increased sodium and water retention
Myocardial infarction Hypertension

Drug interaction: NSAID blocking antiplatelet effects of 
aspirin

CYP2C9 and NSAIDs: CPIC Guideline

Clinical Pharmacogenetics Implementation Consortium Guideline 
(CPIC) for CYP2C9 and Nonsteroidal Anti-Inflammatory Drugs
Katherine N Theken, Craig R Lee, Li Gong, Kelly E Caudle, Christine M Formea, Andrea Gaedigk, Teri 
E Klein, José A G Agúndez, Tilo Grosser 

Theken KN et al. Clinical Pharmacogenetics Implementation Consortium Guideline (CPIC) for CYP2C9 and Nonsteroidal Anti-Inflammatory Drugs. Clin Pharmacol Ther. 2020 Aug;108(2):191-200. 

Clinical Pharmacogenetics Implementation Consortium Guideline 
(CPIC) for CYP2C9 and Nonsteroidal Anti-Inflammatory Drugs
Katherine N Theken, Craig R Lee, Li Gong, Kelly E Caudle, Christine M Formea, Andrea Gaedigk, Teri 
E Klein, José A G Agúndez, Tilo Grosser 

Theken KN et al. Clinical Pharmacogenetics Implementation Consortium Guideline (CPIC) for CYP2C9 and Nonsteroidal Anti-Inflammatory Drugs. Clin Pharmacol Ther. 2020 Aug;108(2):191-200. 

Evidence for 12 
NSAIDS extensively 
reviewed

CYP2C9 and NSAID CPIC Guideline
• Provides evidence review and therapeutic recommendations for

Short-acting 
NSAIDs

• celecoxib
• flurbiprofen
• ibuprofen

Intermediate-
acting NSAID

• meloxicam

Long-acting 
NSAID

• piroxicam

Theken KN et al. Clinical Pharmacogenetics Implementation Consortium Guideline (CPIC) for CYP2C9 and Nonsteroidal Anti-Inflammatory Drugs. Clin Pharmacol Ther. 2020 Aug;108(2):191-200. 

The 2020 CPIC guideline assigns activity values to 
CYP2C9 alleles

Allele Function Allele Activity Value Example CYP2C9 alleles

Normal function 1 *1

Decreased function 0.5 *2, *5, *8, *11

No function 0 *3, *6

• CYP2C9 allele activity scores are added to 
determine a genotype activity score

Theken KN et al. Clinical Pharmacogenetics Implementation Consortium Guideline (CPIC) for CYP2C9 and Nonsteroidal Anti-Inflammatory Drugs. Clin Pharmacol Ther. 2020 Aug;108(2):191-200. 

OneOme reports 6 CYP2C9
alleles

https://oneome.com
/rightmed-test/

13 14

15 16

17 18



3/18/2022

4

The 2020 CPIC guideline includes a new process for 
phenotype assignment based on activity score

Phenotype Activity Score Example Genotypes

Normal Metabolizer 2 Two normal function alleles (*1/*1)

Intermediate 
Metabolizer

1.5 One normal function and one decreased function allele (*1/*2)

1 One normal function and one no function allele (*1/*3)
Two decreased function alleles (*2/*2)

Poor Metabolizer 0.5 One decreased function and one no function allele (*2/*3)

0 Two no function alleles (*3/*3)

Indeterminate N/A One or more uncertain function alleles (*1/*7)

Prior to 2020, two decreased function alleles were assigned a Poor Metabolizer phenotype

Theken KN et al. Clinical Pharmacogenetics Implementation Consortium Guideline (CPIC) for CYP2C9 and Nonsteroidal Anti-Inflammatory Drugs. Clin Pharmacol Ther. 2020 Aug;108(2):191-200. 

CYP2C9 updates in the CPIC guideline
Allele 

function 
assignment

• Normal function
• Decreased function
• No function
• Uncertain function

Allele 
activity 
values

• 1 (Normal function)
• 0.5 (Decreased function)
• 0 (No function)

Genotype 
activity 
scores

• 0
• 0.5
• 1
• 1.5
• 2

Phenotype 
Assignment

• Poor metabolizer
• Intermediate metabolizer
• Normal metabolizerTheken KN et al. Clinical Pharmacogenetics Implementation Consortium Guideline (CPIC) for CYP2C9 and Nonsteroidal 

Anti-Inflammatory Drugs. Clin Pharmacol Ther. 2020 Aug;108(2):191-200. 

Self-Assessment
If the activity value for CYP2C9 *1 is 1 and the 
activity value for *2 is 0.5, what is the activity 
score for the genotype *1/*2?
A. 0
B. 1
C. 1.5
D. 2

Therapeutic Recommendations

Short-acting NSAIDs

Therapeutic 
Recommendation

CYP2C9 Phenotype

Medications
Celecoxib, 

flurbiprofen, 
ibuprofen

Normal 
metabolizer

Initiate 
therapy 

with 
recommend
-ed starting 

dose

Intermediate 
metabolizer 

(AS= 1.5)

Initiate 
therapy 

with 
recommend
-ed starting 

dose

Intermediate 
metabolizer 

(AS=1)

Initiate 
therapy 

with lowest 
recommend
-ed starting 

dose for 
shortest 
duration

Poor 
metabolizer

Initiate 
therapy 
with 25-

50% of the 
lowest 

recommend
-ed starting 

dose

Choose an 
alternative 

therapy
aspirin 

ketorolac 
naproxen 
sulindac

diclofenac

Theken KN et al. Clinical Pharmacogenetics Implementation Consortium Guideline (CPIC) for CYP2C9 and Nonsteroidal Anti-Inflammatory Drugs. Clin Pharmacol Ther. 2020 Aug;108(2):191-200. 

Alternative Therapy Considerations
Indication
• NSAIDs are not 

therapeutically equivalent

Duration of therapy
• Ketorolac treatment 

duration should not 
exceed 5 days

Age
• Aspirin should not be 

used in pediatric patients 
recovering from a viral 
illness (Reye syndrome)

Formulary
• Alternative agents may 

not be readily available or 
on formulary

19 20
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Intermediate-acting NSAID

Therapeutic 
Recommendation

CYP2C9 Phenotype

Medication Meloxicam

Normal 
metabolizer

Initiate 
therapy with 
recommend-
ed starting 

dose

Intermediate 
metabolizer 

(AS= 1.5)

Initiate 
therapy 

with 
recommend
-ed starting 

dose

Intermediate 
metabolizer 

(AS=1)

Initiate 
therapy 

at 50% of 
the 

lowest 
recomme

nded 
starting 

dose

Choose an 
alternative 

therapy

aspirin 
celecoxib 
ibuprofen 
ketorolac 
naproxen 
sulindac

diclofenac

Poor 
metabolizer

Choose an 
alternative 

therapy

aspirin 
ketorolac 
naproxen 
sulindac

diclofenac

t1/2= 15-20 hrs
in NMs 

Theken KN et al. Clinical Pharmacogenetics Implementation Consortium Guideline (CPIC) for CYP2C9 and Nonsteroidal Anti-Inflammatory Drugs. Clin Pharmacol Ther. 2020 Aug;108(2):191-200. 

Long-acting NSAID

Therapeutic 
Recommendation

CYP2C9 Phenotype

Medications Piroxicam

Normal 
metabolizer

Initiate therapy 
with 

recommended 
starting dose

Intermediate 
metabolizer 

(AS= 1.5)

Initiate therapy 
with 

recommended 
starting dose

Intermediate 
metabolizer 

(AS=1)

Choose an 
alternative 

therapy
aspirin 

celecoxib 
ibuprofen 
ketorolac 
naproxen 
sulindac

diclofenac

Poor 
metabolizer

Choose an 
alternative 

therapy
aspirin 

ketorolac 
naproxen 
sulindac

diclofenac

t1/2= 30-86 hrs
in NMs 

Theken KN et al. Clinical Pharmacogenetics Implementation Consortium Guideline (CPIC) for CYP2C9 and Nonsteroidal Anti-Inflammatory Drugs. Clin Pharmacol Ther. 2020 Aug;108(2):191-200. 

Dose Titration Considerations

• Time to steady state is increased in 
poor and intermediate metabolizers 
compared to normal metabolizers

Phenotype Minimum time before dose titration

Intermediate Metabolizer
with an activity score of 1

Meloxicam: 7 days

Poor Metabolizer Ibuprofen: 5 days
Celecoxib: 8 days

t 1/2 = 0.693•Vd
CL

Theken KN et al. Clinical Pharmacogenetics Implementation Consortium Guideline (CPIC) for CYP2C9 and Nonsteroidal Anti-Inflammatory Drugs. Clin Pharmacol Ther. 2020 Aug;108(2):191-200. 

Intermediate metabolizer with a CYP2C9 
activity score of 1: Recommendations

Avoid

• piroxicam

Reduce dose

• meloxicam

Consider using

• aspirin
• celecoxib
• ibuprofen
• flurbiprofen
• naproxen
• diclofenac
• ketorolac
• sulindac

50% 
dose reduction

Theken KN et al. Clinical Pharmacogenetics Implementation Consortium Guideline (CPIC) for CYP2C9 and Nonsteroidal Anti-Inflammatory Drugs. Clin Pharmacol Ther. 2020 Aug;108(2):191-200. 

CYP2C9 Poor Metabolizer Recommendations

Avoid

• meloxicam
• piroxicam

Reduce dose

• celecoxib
• ibuprofen
• flurbiprofen

Consider using

• aspirin
• naproxen
• diclofenac
• ketorolac
• sulindac

50-75% 
dose reduction

Theken KN et al. Clinical Pharmacogenetics Implementation Consortium Guideline (CPIC) for CYP2C9 and Nonsteroidal Anti-Inflammatory Drugs. Clin Pharmacol Ther. 2020 Aug;108(2):191-200. 

Takeaway Points for Pharmacogenomic 
Considerations for NSAID Use

Genetic variations in CYP2C9 can increase drug 
exposure and the risk for toxicities of certain 
NSAIDs

Toxicities include hypertension, gastrointestinal 
bleeding, and myocardial infarction
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Crews KR, et al. Clinical Pharmacogenetics Implementation Consortium Guideline for CYP2D6, OPRM1, and COMT Genotypes and Select Opioid Therapy. Clin Pharmacol Ther. 2021 Oct;110(4):888-896. Crews KR, et al. Clinical Pharmacogenetics Implementation Consortium Guideline for CYP2D6, OPRM1, and COMT Genotypes and Select Opioid Therapy. Clin Pharmacol Ther. 2021 Oct;110(4):888-896. 

The genes COMT and OPRM1 have made their way 
onto some multigene panels for pain therapy 
personalization. Do they pull their weight, though?

Text

https://cpicpgx.org

Catechol-O-
methyltransferase
gene

• COMT protein- catalyzes the 
metabolism of catecholamine 
neurotransmitters and catechol 
drugs which affect pain 
modulation

• 84 variants reported

• The CPIC evidence review 
examined 122 articles

The most widely studied 
COMT allele is rs4680

OneOme reports COMT allele 
rs4680

https://oneome.com
/rightmed-test/
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Hu B, et al. Neurosignals. 2018;26(1):11-21. 

Patients with rs4680 GG did not consume less 
opioids post-op vs patients with AA genotype.

No conclusion can be made about post-op pain 
control and rs4680

No dose requirement difference can be calculated 
from these 10 studies

Pain perception and opioid response are complex 
traits likely to be moderated by several genetic 
factors and gene-gene interactions

Hu B, et al. Neurosignals. 2018;26(1):11-21. 

CPIC evidence review found no consensus on 
COMT and opioids

Genotype Implications Recommendations Classification of 

recommendationa

Considerations 

rs4680 A No effect for opioid 

adverse events. 

Insufficient evidence for 

an association between  

COMT rs4680 genotype, 

analgesia and opioid 

dose requirements.

No recommendation No 

recommendation

Many factors contribute to 

variability in opioid response 

including other gene 

variants, age, psychological 

status, indication and 

duration of opioid use. 

Mixed evidence indicates 

both supporting and non-

supporting evidence for an 

association with neither 

direction dominating.

Does COMT pull its weight on multigene 
panels for pain therapy personalization?

No- CPIC evidence review found no 
clinical actionability for COMT rs4680

Crews KR, et al. Clinical Pharmacogenetics Implementation Consortium Guideline for CYP2D6, OPRM1, and COMT Genotypes and Select Opioid Therapy. Clin Pharmacol Ther. 2021 Oct;110(4):888-896. 

https://oneome.com
/rightmed-test/

COMT has a CPIC Level of C (Not actionable).

Text

https://cpicpgx.org
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OPRM1
• The OPRM1 gene 

encodes the mu-opioid 
receptor mu 1

• The CPIC evidence review 
examined 278 articles

The most widely studied 
OPRM1 allele is rs1799971.

OneOme reports OPRM1 allele 
rs1799971

https://oneome.com
/rightmed-test/

Hwang IC, et al. Anesthesiology. 2014 Oct;121(4):825-34. 

Hwang IC, et al. Anesthesiology. 2014 Oct;121(4):825-34. 

Meta-analysis found a small effect of the OPRM1 rs1799971 (G variant) 
polymorphism for a higher requirement for postoperative opioids

→Required higher opioid dose

CPIC evidence review found a small (~10%) 
increase in morphine dose requirements with 
OPRM1 rs1799971 variant

Genotype Implications Recommendations Classification of 

recommendationa

Considerations 

rs1799971 G The rs1799971 G allele is 

associated with small but 

statistically significant 

decreases in analgesia and/or 

increases in morphine 

requirements in some studies. 

However, this does not appear 

to translate into clinically 

actionable dose alterations. 

No recommendation No recommendation Most publications focus on  

morphine for postoperative pain. 

Many factors contribute to 

variability in postoperative 

morphine response including age, 

psychological status, tolerance, 

surgery type and duration, 

genetics and presurgical pain and 

opioid use. Due to the marginal 

difference in dose between 

genotypes and numerous other 

factors affecting this outcome, the 

safest recommendation is to “start 

low and go slow.” 
Crews KR, et al. Clinical Pharmacogenetics Implementation Consortium Guideline for CYP2D6, OPRM1, and COMT Genotypes and Select Opioid Therapy. Clin Pharmacol Ther. 2021 Oct;110(4):888-896. 
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OPRM1 has a CPIC Level of C (Not actionable).

Text

https://cpicpgx.org
https://oneome.com
/rightmed-test/

Takeaway Points of Pharmacogenomic 
Considerations for COMT and OPRM1 and Opioids

COMT and OPRM1 are pharmacodynamic genes 
which may affect a patient’s response to pain or 
to opioid therapy.

After extensive evidence review, both have a 
CPIC Level C (not actionable).  

Highlights of the CPIC 
recommendations for CYP2D6

and opioids

CYP2D6 Activity Score can be used to 
assign phenotype

• Each allele is assigned an activity value:
Activity value CYP2D6 Alleles Type of Allele

1 *1, *2, *2A Wild-type

0.25 *10 Decreased Function

0.5 *9, *17, *29, *41 Decreased function

0 *3, *4, *5, *6, *7, *8, *11, *12, *14, *14A, *14B, *15, *18, *19, 
*20, *21, *38, *40, *42, *44, *56, *56A, *56B No function

• CYP2D6 activity score is calculated by adding up the activity 
value for each allele as follows:
Activity score for CYP2D6 (*1/*2A)2N = 1 + 1 = 2
Activity score for CYP2D6 (*2/*10)2N = 1 + 0.25 = 1.25
Activity score for CYP2D6 (*4/*4)2N = 0 + 0 = 0
Activity score for CYP2D6 (*3/*9)2N = 0 + 0.5 = 0.5

Gaedigk, A. et al. Clin Pharmacol Ther 83: 234-42, 2008 Crews KR, et al. Clinical Pharmacogenetics Implementation Consortium Guideline for CYP2D6, OPRM1, and COMT Genotypes and Select Opioid Therapy. Clin Pharmacol Ther. 2021 Oct;110(4):888-896. 
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Crews KR, et al. Clinical Pharmacogenetics Implementation Consortium Guideline for CYP2D6, OPRM1, and COMT Genotypes and Select Opioid Therapy. Clin Pharmacol Ther. 2021 Oct;110(4):888-896. 

Updated recommendations for hydrocodone for IMs and PMs are to switch 
from hydrocodone if no response is obtained (minimal evidence; Level B)

Crews KR, et al. Clinical Pharmacogenetics Implementation Consortium Guideline for CYP2D6, OPRM1, and COMT Genotypes and Select Opioid Therapy. Clin Pharmacol Ther. 2021 Oct;110(4):888-896. 

New to the 2021 CPIC guideline update for 
opioids: limited and/or weak data for 
CYP2D6 and: 
hydrocodone CPIC Level B (for IMs 

and PMs)
oxycodone CPIC Level C
methadone CPIC Level C

Crews KR, et al. Clinical Pharmacogenetics Implementation Consortium Guideline for CYP2D6, OPRM1, and COMT Genotypes and Select Opioid Therapy. Clin Pharmacol Ther. 2021 Oct;110(4):888-896. 

Takeaway Points of Pharmacogenomic 
Considerations for Pain Management

Many genetic and non-genetic factors affect a 
patient’s response to pain management.

Pharmacogenomics can be used to provide 
evidence-based recommendations to personalize 
a patient’s pain management.

See you for our Live Discussion

• In addition to this lecture, this week’s 1-hour home study session also includes reading 2 CPIC guidelines

Clinical Pharmacogenetics Implementation Consortium Guideline 
(CPIC) for CYP2C9 and Nonsteroidal Anti-Inflammatory Drugs
Katherine N Theken, Craig R Lee, Li Gong, Kelly E Caudle, Christine M Formea, Andrea Gaedigk, Teri 
E Klein, José A G Agúndez, Tilo Grosser 

Theken KN, et al. Clinical Pharmacogenetics Implementation Consortium Guideline (CPIC) for CYP2C9 and Nonsteroidal Anti-Inflammatory Drugs. Clin Pharmacol Ther. 2020 Aug;108(2):191-200. 
Crews KR, et al. Clinical Pharmacogenetics Implementation Consortium Guideline for CYP2D6, OPRM1, and COMT Genotypes and Select Opioid Therapy. Clin Pharmacol Ther. 2021 Oct;110(4):888-896. 

www.cpicpgx.org/guidelines
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