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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 Agundez, Tilo Grosser

Clinical Pharmacogenetics Implementation
Consortium Guideline for CYP2D6, OPRM1,
and COMT Genotypes and Select Opioid
Therapy

www.cpicpgx.org/guidelines

Today's session will cover 4
genes and 2 CPIC guidelines

Nonsteroidal anti-inflammatory drugs (NSAIDs)

Background
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Aspirin Bayer Aspirin® oTC
Celecoxib Celebrex® Rx
Many NSAIDs Diclofenac Zipsor® Rx
are 'readlly lbuprofen Advil® OTC/Rx
available over | dol®
the counter Ketorolac Torado 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

7 8
There are many factors to consider when Genetic variations in CYP2C9 can increase drug
initiating an NSAID exposure and the risk for toxicities
. . . Genetic PK Adverse
e Mu'tlple paFIent SpeCIflc
: &4 factors caninfluence
NSAID pharmacokinetics,
efficacy, and toxicity
inhibitor Age ’ Y
Active - Cieacs
enotype -@
s Inactive metabolite
9 10
CYP2C9 genetic variation can decrease NSAID metabolism Increased drug exposure increases risk for
and increase plasma concentrations adverse effects =
P e
variation variability effects Genetic PK Adverse
variation variability effects
P
P N e  NSAID adverse effects are on-target downstream
CYP2C9 *2 @ ﬁ effECtS
CYP2C9 *3 @G ﬁﬁ
11 12
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Adverse effects of NSAIDs are concentration
dependent

Gastrointestinal Inhibition of mucosal cell protection
Bleeding
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

e

) e®

Clinical Pharmacogenetics Implementation Consortium Guideline
(CPIC) for CYP2C9 and Nonsteroidal Anti-Inflammatory Drugs

E Klein, José A G Aguindez, Tilo Grosser

Katherine N Theken, Craig R Lee, Li Gong, Kelly E Caudle, Christine M Formea, Andrea Gaedigk, Teri

CYP2C9 and NSAIDs: CPIC Guideline

020 g 1082119120

13 14
CYP2(C9 and NSAID CPIC Guideline
Clinical Pharmacogenetics Implementation Consortium Guideline * Provides evidence review and therapeutic recommendations for
(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 Aglindez, Tilo Grosser
T o e Short-acting Intermediate- Long-acting
e NSAIDs acting NSAID NSAID
rhiprofen, ibuprofen, i
pi . pirosicam - e celecoxib * meloxicam ® piroxicam
an ). Evdence Evidence for 12 5
s NSAIDS extensively o flurbiprofen
reviewed * ibuprofen
15 16
The 2020 CPIC guideline assigns activity values to s e e ey —
CYP2C9 alleles - e
Lenes covered
Normal function 1 il el v
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
17 18
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The 2020 CPIC guideline includes a new process for
phenotype assignment based on activity score

Phenotype Example Genotypes

Normal Metabolizer 2 Two normal function alleles (*1/*1)
Intermediate 1.5 One normal function and one decreased function allele (*1/*2)
Metabolizer

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)

| Priorto 2020, function alleles Poor Metabolizer phenotype

CYP2(9 updates in the CPIC guideline

* Normal function

Allele
function

* Decreased function
* No function

R .« Gncertain function

Allele ¢ 1 (Normal function)
activity 0.5 (Decreased function)
values * 0 (No function)

*0
Genotype  |KNEY
activity o1
scores 15
°2

* Poor metabolizer

Phenotype
Assignment

A fmmatony s, i Pl e, 200 A 10831 191100

* Normal metabolizer

19

20

* Intermediate metabolizer

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 Therapeutic Recommendations

C. 15

D. 2

21 22
Short-acting NSAIDs Alternative Therapy Considerations
Celecoxb, Indication Duration of therapy
Medications flurbiprofen,

ibuprofen

Intermedi Intermediate
metal metabolizer
(As=1.5) (As=1)

Poor
metabolizer

CYP2C9 Phenotype

Initiate Initiate Choose an
Initiate Initiate therapy therapy alternative
q therapy therapy with lowest with 25- therapy
Therapeutic with with recommend 50% of the

aspirin
lowest ketorolac
recommend naproxen
-ed starting sulindac

dose

recommend recommend
-ed starting. -ed starting
dose dose

. -ed starting
Recommendation Gty

shortest
duration

diclofenac

* NSAIDs are not
therapeutically equivalent

e Ketorolac treatment
duration should not
exceed 5 days

Age Formulary

e Aspirin should not be
used in pediatric patients
recovering from a viral
illness (Reye syndrome)

o Alternative agents may
not be readily available or
on formulary

23

24
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Intermediate-acting NSAID

Medication

CYP2C9 Phenotype i

metabolizer

Initiate rocem o
- therapy alternative Choose an
- Initiate therapy alternative
Therapeutic sy i ey [0 W e
- I ib
Recommendation | recommend (Y ecomme [l vl
i -edstarting |8 "€COTINE ketorolac

dose. naproxen
sulindac

diclofenac

starting
dose

Long-acting NSAID

ty/,= 30-86 hrs
in NMs

Medications

Intermediate Intermediate

CYP2C9 Phenotype e metabolizer metabolizer

(As=15) (As=1) metabolizer

Choose an
alternative Choose an
therapy alternative
q Initiate therapy Initiate therapy. aspirin therapy
Therapeutic with with ot i
: recommended recommended s I
Recommendation starting dose starting dose Iatoretar xctoroae

naproxen
sulindac
diclofenac

naproxen
sulindac
diclofenac

cP forcvac 2020 g 108193 20

25 26
Dose Titration Considerations Intermediate metabolizer with a CYP2C9
] o ) activity score of 1: Recommendations
* Time to steady state is increased in
poor and intermediate metabolizers ~ T"»=2pZe Consider using
compared to normal metabolizers « piroxicam o mclefEm i
 ibuprofen
 flurbiprofen
e so0% L
Poor Metabolizer Ibuprofen: 5 days dose reduction * ketorolac
Celecoxib: 8 days e sulindac
27 28
CYP2C9 Poor Metabolizer Recommendations Takeaway Points for Pharmacogenomic
Considerations for NSAID Use
Consider using Genetic variations in CYP2C9 can increase drug
E exposure and the risk for toxicities of certain
* meloxicam o celecoxib ® aspirin . NSAIDs
® piroxicam e ibuprofen ® naproxen
o flurbiprofen e diclofenac
50-75% * ketorolac ‘“ Toxicities include hypertension, gastrointestinal
o reslucitem e sulindac bleeding, and myocardial infarction
29 30
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Clinical Pharmacogenetics Implementation
Consortium Guideline for CYP2D6, OPRM1,
and COMT Genotypes and Select Opioid
Therapy

Kristine R. Crews'**, Andrew A. Monte?, Rachel Huddart®, Kelly E. Caudle', Evan D. Kharasch?®,
Andrea Gaedigk™*, Henry M. Dunnenberger’, J. Steven Leeder™, John T. Callaghan®,

Caroline Flora Samer’, Teri E. Klein®, Cyrine E. Haidar', Sara L. Van Driest'”, Gualberto Ruano”,

Katrin Sangknhp, Larisa H. Cavallari'?, Daniel i Miiller'?, Cynthia A. Prows'", Mohamed .\'ag)'“,
Andrew A. Somogyi'® and Todd C. Skaar®

Crews e,

Clinical Pharmacogenetics
Consortium Guideline for C

Therapy
Ko R Coo
Andrea Gaedigh'*,

and COMT Genotypes and Select Opioid

Implementation
YP2D6, OPRM1,

Kuein Sangha
Andrew A Somogy

Crews K, e,

T Genepinal |
‘ _
Actionable in Mominsted by CC | [ PhammGKB Mentioned in
othr professianal memberor "
sodety =) recommended by 118240128 saciety guidelines
exterral group. But not actionble

Evluate atematives, evidence |

{e.g. DA EMA)

Evaluate atematives, evidence, degree of esting

CPIC lowe O

HC el Aor B Chcimel
,
ovdencs

o
common or gene i CPIC level A or
© for cther drugs

ncleas ar evidence s
weak testing s rare

31
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The genes COMT and OPRM1 have made their way
onto some multigene panels for pain therapy

Catechol-O-

. . . . Gveccal
personalization. Do they pull their weight, though? methyltransferase mTw
- gene - S
o O e B i e e "‘fm,n,?,,,,‘ij“" (Gl
e + COMT protein- catalyzes the Mulph?ﬂ?]- Mw:an.-e. Normorphine (NM)
roteln h
% con o dde C  rewl neurotransmitters and catechol R |
drugs which affect pain : s
modulation { ancay ((Apcez ) ascea Y sicoiey
= = — + 84 variants reported —L
# 1 MG~ ~
_ + The CPIC evidence review e s (orma1 mea
. examined 122 articles = Braincel
comT
an ¢ a3
-
e
it " . > o aoen © .

The most widely studied
COMT allele is rs4680

es covered

e

THE TEST ANALYZES MORE T

Gena Abetes

HAN 100 ALLELES IN 27 GENES

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

35
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N "
SIGNALS

Original Paper

Neurosignals 20182611-21

R e e

Association between COMT Polymorphism
Val158Met and Opioid Consumption in

Patients with Postoperative Pai
A Meta-Analysis

BoHu' Xiaomin Zhang® GuangtaoXu' Qinmei Zhang Ping Qian*
Shengbing Liu® Jia Zhu*

Ruilin Shen®

“Department

of Traditional Chinese:

Medicine, Jiaxing University, Jiaxing, Zhejiang; "Department of Physiology, Kunming Medical University,
Kunming, Yunnan, PR China

Key Words

pain - COMT -

Opioid

[ Hu'8, et al. Neurosignals. 2018;26(1):11-21. | Several factors influencing postoperatve pain and the effet of opicid
Snalgesics have been investigated on an individual level. The aim of this study was to clarify

in
o
Mean 50 Total Mean S0 Teal Wisiaht
o 2013 CTECEE T ElE
Baber 2015 o o 3 [ERRT
G 14 sa @ N owe ms s wrw
CeGugr20i  2a @3 B W e W e
Keoariton 2011 181 % 71owe 2 oew
Tan 2016 30 RIS 4 1m0 o0 B8 j0wn
fang 008 o8 oM 2 0 4@ & 4w
e 2015 Wo7s BoTE 61 1 o
Do 2015 W1 st w9 18 u s
Yoot o5t ) 0% 81180381

s o
Taut =008 O 2095, = 8P 00T} e BTN
Touto ool e 2083 (7= 041)

 opicid consumption in postoperative patients after 48h

Maan Gifeence
Foembor 2014 407 084,03
T 2008 010(087.108
Wen 2015 oo vr2(o48.071)
Zaazrs ™2 72 s owosT 0 oma  twiosom
Tt ey 000 oorgazs e

10 5
T 2000 G =037 a3 (P= 098} W 0%

Tostlor ol e 2+ 4 43P +0.07)

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

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

Pain perception and opioid response are complex
traits likely to be moderated by several genetic

factors and gene-gene interactions

[ HuB, et al. Neurosignals. 2018,26(1)11-21.
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154680 A No effect for opioid
adverse events.
Insufficient evidence for
an association between
COMT rs4680 genotype,
analgesia and opioid

dose requirements.

No recommendation

Many factors contribute to
recommendation  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.

CPIC evidence review found no consensus on
COMT and opioids

Recommendations Classification of | Considerations
recommendation®
No

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

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

39
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COMT has a CPIC Level of C (Not actionable).

e R - W wonme S TR (naor TSROV ugucanons
e ' o DOBENCT (eaio)

0 [ woe © a3 o o

r ot cadane Gadure © ol -

- cour aior ¢ w3 —

41

42




3/18/2022

Liver Cell

Morphine
@Dv.a‘uwmnmﬁ%zmmw\
_UGTIA9, UGT2B7 . OYP: /

* The OPRM1 gene
encodes the mu-opioid
receptor mu 1

Morphine-3- Morphine-6- | Normorphine (NM)
glucuronide (M36) | glucuronide (M6G) Blood Brain Barrier
ABCBI, ABCC?,
ABCC, S1cotel

* The CPIC evidence review
examined 278 articles

Excretion

The most widely studied
OPRM1 allele is rs1799971.

43
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es covered

OneOme reports OPRM1 allele

rs1799971
THE TEST ANALYZES MORE THAN 100 ALLELES IN 27 GENE

https://oneome.com

[rightmed-test/

OPRM1 A118G Gene Variant and Postoperative
Opioid Requirement

A Systematic Review and Meta-analysis

In Cheol Hwang, M.D., Ph.D., Ji-Young Park, M.D., Ph.D., Seung-Kwon Myung, M.D., Ph.D.,
Hong Yup Ahn, Ph.D., Ken-ichi Fukuda, M.D., Ph.D., Qin Liao, M.D., Ph.D.

ABSTRACT

Background: Although iguted th
response, a consensus has not yet been reached.

Methods: The authors scarched PubMed, EMBASE, and the Cochrane Library to identify genc-association studics that
explored the impact of the OPRM A118G polymorphism on postoperative opioid requirements through July 2013. Two
evaluators independently reviewed and sclected articles on the basis of prespecified selection criteri. The authors primarily
investigated the standardized mean difference (SMD) of required i A d Geallele
carriers. The authors also performed subgroup analyses for race, opioid use, and type of surgery. Porential bias was assessed
using the Egger’ test with a wim and fillprocedure.

of the OPRM1 A118G pais

Results: Three hundred forty-six artiles were retrieved from databases, and 18 suudics involving 4,607 participants were
included in the final analyses. In a random-<ffect meta-analyss, Gralele carriers required a higher mean opioid dosc than AA
homorygotes (SMD, ~0.18; P=0.003). Although ‘publication bias,

studics (7= 66.8%). In I bust

morphine users (SMD, -0.29; P<0.001), and patients who received surgery for a viscus (SMD,
Conclusions: The OPRM A118G polymorphism was associated with interindividual variabilty in postoperative response
o opioids. In a subpopulation, identifying OPRM A118G polymorphism may provide valuable information regarding the
i ic d q i pain control. 2014; 121:825-34)

e pres
s (SMD, -0.21; P= 0.001),
20; P - 0.008).

Hwang IC, et al. Anesthesiology. 2014 Oct;121(4):825-34.
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Meta-analysis found a small effect of the OPRM1 rs1799971 (G variant)
polymorphism for a higher requirement for postoperative opioids

Study SMD (95% CI) Weight (%)
2006 Chou et al. (26) — 044(088,001) 421
2006 Chou et al. (27) 028065009 512
2006 Coubaut o al. (41) —— — 017(071,037) 32
2006 Janicki et . (39) 078(122,035) 430
2005 Sia et a. (36) 029(046,-013) 838
2009 Fukuda ot al. 21) 0.17(042,009) 687
2008 Tan ot al. 37) - -044(057,.031) 890
2010 Fukuda et al. (22) 031(073,011) 450
2010 Zhang et al. (33) — 026(056,004) 616
2011 Kolesnikov et al. (42) 012(037.061) 376
2011 Znang et al (3¢) +— 023(008,050) 602
2012 Zwister et a. (43) e 009(022,041) 590
2013 De Gregori ot al. (44) 011(031,050) 442
2013 Henker et al. (40) 004(051,059) 324
2013 Kim et al. (45) —— 007(022.03) 628
2013 Znang etal. (23) - 016(019.052) 537
2013 Sia ot a. (38) & 019032006 887
2013 Zhang et al. (35) _— 074(116,031) 439
Overall (= 66.8%) <> 018(:030,-006) 100,00
T T T T
15 -5 o 5 1
AA-homozygotes. Gariers —>Required higher opioid dose

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

e Gno TG

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

S
recommendation®
(STEEENA The 151799971 G allele i No i Most publications focus on

associated with small but morphine for postoperative pain.

statistically significant Many factors contribute to
decreases in analgesia and/or variability in postoperative
increases in morphine morphine response including age,
requirements in some studies. psychological status, tolerance,
However, this does not appear surgery type and duration,
to translate into clinically genetics and presurgical pain and
actionable dose alterations. 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.”

47
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OPRM1 has a CPIC Level of C (Not actionable).

o s 0% eum DU seonon Lo

hitps://cpicpgx.org

_—) -

oS

ot A

ize79880 £

niessszzcC

©® 60 0 ®

N

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

51
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CYP2D6 Activity Score can be used to

assign phenotype

+ Each allele is assigned an activity value:

CYP2D6 Alleles Type of Allele

1 *1, %2, *2A Wild-type
[ 025 *10 Decreased Function
05 T, *17, ¥29, 41 Decreased function
*3, ¥4, %5, %6, 7, *8, *11, ¥12, *14, *14A, *14B, *15, *18, *19,
*20, *¥21, *38, *40, *42, *44, *56, *56A, *56B
* 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

0 No function

Gaedigk, A. et al. Clin Pharmacol Ther 83: 234-42, 2008

Phenotype Activity score
CYP206 ultrarapid >2.25
Imetabolizer

CYP206 normal 1.25:%2225
metabolizer

CvP206 0<x<125
lintermediate

metabolizer

CYP2D6 poor o
cvP206 n/a

indeterminate

n/a, not applicable.

Implications
Increased formation of
morphine leading to higher
risk of toxicity
Expected morphine
formation

Reduced morphine
formation

Greatly reduced morphine
formation Ileading to
diminished analgesia.

n/a

*Rating scheme described in the Supplomentary Material,

[Table 2 Codeine therapy recommendations based on CYP2DG phenotype

Recommendations

‘Avoid codeine use because of potential for
serious toxicity. If opioid use is warranted
consider a non-tramadal opioid.

Use codeine label recommended age-specific
or weight.specific dosing
Use codeine label recommended age-specific

or weight-specific dosing. If no response and

opioid use is warranted: consider a non-

Tramadol opio.

Avoid cedeine use because of possibility
of diminished analgesia. If opioid use is
warranted, consider 2 non-tramadol opioid.

No recommendation

Classification of
recommendation®

Strong

Strong.

Moderate

Strong

No
recommendation

53
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Table 3 Tramadol therapy recommendations based on CYP2D6 phenoatype
Classification of
Phenotype Activity score Implications
CYP2D6 ultrarapid >2.25 Increased Avoid tramadol use because of potential Strong.
metabolizer formation of for toxicity. If opioid use is warrante
O-desmethyltramadol consider a non-codeine opioid.
(active metabolite)
leading to higher risk
of toxicity
CYP2D6 normal metabolizer  1.25 < x < 2.25 Expected Use tramadol label recommended age- Strong
O-desmethyltramadol specific or weight-specific dosing.
(active metabolite)
formation
CYP2D6 intermediate 0<x<1.25 Reduced Use tramadol label recommended age- Optional
metabolizer O-desmethyltramadol  specific or weight-specific dosing. |f no
(active metabolite) response and opioid use is warranted,
formation ‘consider non-codeine opioid.
CYP2D8 poor metabolizer 0 Greatly reduced Avoid tramadol use because of Strong
O-desmethyltramadol | possibility of diminished analgesia. If
(active metabolite) | opioid use is warranted, consider a non-
formation leading to codeine opioid,
ished analgesia.
CYP2D8 indeterminate n/a n/a No No
/2, not applicable,
“Rating scheme descrived in the Supplemontary Material,

Updated recommendations for hydrocodone for IMs and PMs are to switch
from hydrocodone if no response is obtained (minimal evidence; Level B)
Table 4 Hydrocodone therapy recommendations based on CYP2D6 phenotype
Classiication of
Fhenatype Activity score Implications Recommendatiens recommendation®
CYP206 >2.26 for for No
ultrarapid pharmacokinetic or clinical effect, therapy because of minimal evidence recommendation
metabolizer regarding adverse events or analgesia.
CYP2D6 125sx52.26 Normal hydromorphone farmation Use hydrocedone label recommended Strong.
rormal age speciic or weight spectfic dosing.
metabotzer
crpans bexe1zs Minimat ovidence for Use hycocodons label recommended Gptionai
Intermediate phammacoKineti or cinical stfect,  age-specife or welghtapecifc dosing. I
metabolizer nio respanse and opioid use is warranted.
ool
CYP206 poor o Decreased metabolism of Use hydrocedone label recommended Optianal
metabolizer ags speclc or weight specifc dosing_11_
1 re8ponss and opuid Use it wareantes
I8 Insufflclent ovidence ta I e T [T s
determine if these effects on opioid.
pharmocokinatics transiats nto
decreased anaigesia o side
aftecis
Gvpane o recommendation o
indeterminate recommendation
pr
“Rating schome déscribed n the Supplementary Material,

55
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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)

CPIC Level C )
CPIC Level C )

 oxycodone
" methadone

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.

57

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 Agundez, Tilo Grosser

Clinical Pharmacogenetics Implementation
Consortium Guideline for CYP2D6, OPRM1,
and COMT Genotypes and Select Opioid
Therapy

WWW.CDiCPEX.Orf

Crews .
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