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Serotonin reuptake inhibitor antidepressants, including selective serotonin reuptake inhibitors (SSRIls; i.e., citalopram,
escitalopram, fluoxetine, fluvoxamine, paroxetine, and sertraline), serotonin and norepinephrine reuptake inhibitors (i.e.,
desvenlafaxine, duloxetine, levomilnacipran, milnacipran, and venlafaxine), and serotonin modulators with SSRI-like
properties (i.e., vilazodone and vortioxetine) are primary pharmacologic treatments for major depressive and anxiety
disorders. Genetic variation in CYP2D6, CYP2C19, and CYP2B6 influences the metabolism of many of these antidepressants,
which may potentially affect dosing, efficacy, and tolerability. In addition, the pharmacodynamic genes SLC6A4 (serotonin
transporter) and HTR2A (serotonin-2A receptor) have been examined in relation to efficacy and side effect profiles of these
drugs. This guideline updates and expands the 2015 Clinical Pharmacogenetics Implementation Consortium (CPIC) guideline
for CYP2D6 and CYP2C19 genotypes and SSRI dosing and summarizes the impact of CYP2D6, CYP2C19, CYP2B6, SLC6A4,
and HTR2A genotypes on antidepressant dosing, efficacy, and tolerability. We provide recommendations for using CYP2D6,
CYP2C19, and CYP2B6 genotype results to help inform prescribing these antidepressants and describe the existing data for
SLC6A4 and HTR2A, which do not support their clinical use in antidepressant prescribing.

This document updates and expands the 2015 Clinical reuptake inhibitor (SSRI) antidcprcssants.l The current guideline
Pharmacogenetics Implementation Consortium (CPIC) guide-  includes updated evidence reviews for SSRIs, as well as evidence
line for CYP2D6 and CYP2C19 genotypes and selective serotonin  reviews for serotonin and norepinephrine reuptake inhibitors
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CPIC UPDATE

(SNRIs; i.e., desvenlafaxine, duloxetine, levomilnacipran, mil-
nacipran, and venlafaxine), and serotonin modulators with SSRI-
like properties (i.c., vilazodone and vortioxetine). New evidence
reviews were conducted for these antidepressants and variants in
the CYP2B6, serotonin transporter (SLC6A4), and serotonin-2A
receptor (HTR2A) genes. This guideline informs the interpreta-
tion of existing genotype test results and provides recommenda-
tions to guide antidepressant dosing or selection. Other clinical
variables that may influence antidepressant therapy, as well as which
patients to test, test selection, and genotyping cost-effectiveness,
are beyond the scope of this document and discussed elsewhere.”?

CPIC guidelines are periodically updated at cpicpgx.org.

FOCUSED LITERATURE REVIEW

A systematic literature review focusing on CYP2Dé6, CYP2CI9,
CYP2B6, SLC6A4, and HTR2A genotypes and their influence
on antidepressant (citalopram, escitalopram, desvenlafaxine, du-
loxetine, fluoxetine, fluvoxamine, levomilnacipran, milnacipran,
paroxetine, sertraline, venlafaxine, vilazodone, and vortioxetine)
therapy was conducted (Supplementary Material S1). The evi-
dence is summarized in Tables S1-S4.

GENES: CYP2D6, CYP2C19, CYP2B6, SLC6A4, AND HTR2A
Background

CYP2D6. To date, over 170 haplotypes (or star (*) alleles) have
been defined by the Pharmacogene Variation (PharmVar)
Consortium* (CYP2D6 Allele Definition Table>®). CYP2D6
alleles have been extensively studied across ancestrally diverse
populations, and significant differences in allele frequencies have
been observed (CYP2D6 Allele Functionality and Frequency
Tables’®). The most commonly interrogated alleles are
categorized into functional groups as follows: normal function
(e.g., CYP2D6*1 and *2), decreased function (e.g., CYP2D6*9,
*10,and *41), and no function (e.g., CYP2D6*3—*6).6 Given that
CYP2DG6 is also prone to structural variation, including gene
deletions, duplications, multiplications, and rearrangements
with CYP2D7, many clinical laboratories also report CYP2D6
copy number variants. Notably, CYP2D6"S represents a gene
deletion, whereas gene duplications and multiplications are
denoted as xN (e.g., CYP2D6*1x2, indicating two gene copies
of the *1 allele).

CYP2C19. The CYP2CI9 gene has more than 35 star alleles
defined by PharmVar,” including rare gene deletions (cypr2c19
Allele Definition Table>®). The frequencies of these alleles differ
considerably across ancestrally diverse populations (CYP2CI19
Allele Frequency Table™®). Alleles are categorized into functional
groups as follows: normal function (e.g., CYP2C19*1), decreased
function (e.g, CYP2CI9*9), no function (e.g., CYP2CI9*2 and
*3), and increased function (e.g, CYP2CI9*17) (CYP2CI19
Allele Functionality Tables‘é). Emerging data suggest that some
individuals with CYP2C19*] alleles have a CYP2C:TG haplotype
(rs2860840 and rs11188059) associated with increased CYP2C19
enzyme activity.8 However, this haplotype resides in CYP2CI8 (~25
kilobase (kb) upstream of CYP2C19) andis not currentlyinterrogated
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by clinical genotyping platforms; additional information is provided
as Supplementary Material S1.

CYP2B6. CYP2B6 is also highly polymorphic with over 45
star alleles currently defined by PharmVar’ (CYP2B6 Allele
Definition Table®). Substantial differences in allele frequencies
occur across ancestrally diverse groups (CYP2B6 Frequency
Table>®). Alleles are categorized into functional groups as
follows: normal function (e.g., CYP2B6*1), decreased function
(e.g., CYP2B6*6 and *9), no function (e.g., CYP2B6*18), and
increased function (c.g., CYP2B6*4). Additional information is
provided as Supplementary Material S1.

SLC6A4. The SLC6A44 gene encodes the serotonin transporter
(5-HT'T) that terminates the action of serotonin via reuptake of
the neurotransmitter from the synaptic spaces into presynaptic
neurons. Serotonin reuptake inhibitor antidepressants (e.g,,
SSRIs, SNRIs, vortioxetine, and vilazodone) directly bind to
the serotonin transporter, blocking serotonin reuptake. The
most studied variant is (rs4795541/5-HTTLPR) in the SLC6A44
promoter region, with the most common alleles referred to as
“long” (16 repeats) and “short” (14 repeats). The long (L) allele has
been associated with 1.9-fold to 2.2-fold greater serotonin reuptake
activity compared with the short allele."® An additional promoter
variant in SLC6A44 (rs25531A>G) is often used to subdivide the
long allele into long-A (L,) or long-G (L) alleles, where some
evidence suggests that L, carriers retain the expected long-allele
reuptake activity, and L, carriers have decreased activity similar
to those with the short (S) allele;'® however, consensus on the
function of this promoter variant is lacking.10 While SLC6.A44
genotype has been commonly studied for associations with
antidepressants, epigenetic patterns have also been investigated
and shown to contribute to 5-HTT expression and brain activity.11

HTR2A. The HTR2A gene encodes the postsynaptic serotonin-2A
receptor (S—HTZA), which is involved in postsynaptic serotonin
signaling. Two of the most widely studied HTR2.A4 variants are
in the promoter region and are in strong linkage disequilibrium
(rs6311A>G, rs6313C>T). Both variants have been associated
withaltered S-HT, , expression in human prefrontal and temporal
cortices.'”"® Another variant in intron 2 (rs7997012A>G) with
unknown function has also been extensively investigated in

. . 12-14
l‘ClathH to antldepressant treatment outcomes.

Genetic test interpretation
CYP2D6, CYP2C19, and CYP2B6. Clinical laboratories typically

CYP2D6, CYP2C19, and CYP2B6 variants

with known functional consequences that are of appreciable

interrogate

frequencies in the general population and assign genotype using
star (*) allele nomenclature.*”” Each star (*) allele (or haplotype)
represents a specific combination of variants identified by the
test for each gene. The CYP2D6, CYP2C19, and CYP2B6
Allele Functionality Tables provide lists of alleles and their
functional status determined based on reported iz vitro and/or
in vivo data when available.>® Genetic test results are commonly
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reported as the combination of the inherited maternal and
paternal star (*) alleles, which is referred to as a diglotype
(e.g, CYP2D6*1/*2, CYP2C19*1/*3, CYP2B6*1/*6).*” The
predicted phenotype (Table 1) is influenced by the expected
function of each reported allele in the diplotype. An activity
scoring (AS) system is commonly used to assign the functional
capacity of CYP2D6 alleles (the AS represents the sum of the
activity values assigned to cach allele) and is used to assign poor
metabolizers (PMs) (AS=0), intermediate metabolizers (IMs)
(AS=0.25-1), normal metabolizers (NMs) (AS 1.25-2.25),
or ultrarapid metabolizers (UMs) (AS >2.25)" (Table 1). The
Supplementary Material S1 (Genetic Test Interpretation
Section) contains additional information regarding CYP2DG6,
CYP2C19, and CYP2B6 genetic test interpretation and
phenotype assignment, includinga discussion regarding activity
scores for CYP2D6.

SLC6A4 and HTR2A. Clinical testing of SLC6.44 is available;
however, mostlaboratories only test for the long/short 5-HTTLPR
promoter variant (rs4795541), and a minority also test for the
additional promoter variant rs25531. Not testing or testing for
1525531 can result in SLC6A4 phenotype discrepancies for 4-23%
of long/long and 4-16% of long/short individuals, depending on
race and cthnicity.l6 Clinical testing of HTR2A is also available;
however, most laboratories only test for rs6311, rs6313, and/
or 1s7997012. To date, no standardized genotype to phenotype
categories have been proposed for SLC644 or HTR2A. As such,
laboratory test results for these two genes, and their implications
for antidepressant response, vary across commercially available

1
tests. 7

Available genetic test options

See Supplementary Material $1 and www.ncbi.nlm.nih.gov/gtr/
for more information on commercially available clinical testing
options.

Incidental findings

Some studies have reported associations between genetic vari-
ants in CYP2D6, CYP2C19, CYP2B6, SLC6A4, and HTR2A
and psychiatric or medical conditions. However, none of these
variants are considered clinically useful predictors of any com-
mon conditions, nor are they implicated in any Mendelian
genetic disorders. See Supplementary Material S1 for more
information.

Other considerations

CYP2D6, CYP2C19, and CYP2B6 are the primary enzymes re-
sponsible for the metabolism of many other commonly used medi-
cations. Itisimportant to note that CPIC guidelines exist for other

drugs metabolized by CYP2D6, CYP2C19, and CYP2B6."®

Modification of the predicted phenotype by drug-drug interactions.
Phenoconversion refers to the mismatch between an individual’s
genetically predicted phenotype and observed phenotype due to
the presence of an inducer or inhibitor of an enzyme’s activity.19

The degree of phenoconversion may depend on the individual’s
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innate metabolizer phenotype as well as the strength and duration
of the inducer or inhibitor.?® A list of CYP2D6, CYP2C19, and
CYP2B6 inducers and strong, moderate, or weak inhibitors is
maintained by the US Food and Drug Administration (FDA).”
Consensus approaches for adjusting CYP2D6, CYP2C19, or
CYP2B6 predicted phenotypes in the presence of inhibitors or
inducers have not been established (see Supplementary Material
S1 for further discussion).

DRUGS: SEROTONIN REUPTAKE INHIBITORS
Background
Approximately one-half of adults with major depressive dis-
order have inadequate response to initial pharmacothcral.)y.22
Furthermore, an estimated 25,000 patients per year in the United
States present to emergency departments due to antidepressant-
related adverse events.”? Utilizing pharmacogenetic test results
to guide antidepressant therapy may help improve treatment re-
sponse and decrease adverse events.”* SSRIs and SNRIs are first-
line pharmacotherapy options for major depressive and anxiety
disorders and may be used to treat other psychiatric conditions.
Serotonin modulators with SSRI-like properties (e.g., vilazodone
and vortioxetine) are newer antidepressants for treating major
depressive disorder. Although pharmacokinetic properties vary
among these agents, they are all serotonin reuptake inhibitors
that increase serotonergic activity by decreasing presynaptic sero-
tonin reuptake. The most common adverse effects of these drugs
include central nervous system effects (c.g., insomnia, headache),
gastrointestinal dysfunction, and sexual dysfunction; however,
the incidence of specific side effects may differ with each drugand
condition being treated. Serious adverse events, such as serotonin
syndrome and arrhythmias caused by QT prolongation, have been
associated with some SSRIs.?>%¢

Patients may be predisposed to poor therapeutic outcomes due
to having CYP2D6, CYP2C19, or CYP2B6 allelic variants that
alter antidepressant biotransformation. CYP2D6 extensively me-
tabolizes fluvoxamine, paroxetine, venlafaxine, and vortioxetine
into less active metabolites, or in the case of venlafaxine, an active
metabolite that has SNRI activity (Table S5). Altered CYP2D6
activity may result in lower or greater exposure to these drugs. For
other antidepressants that are major or minor CYP2D6 substrates
(i.e., citalopram, sertraline, duloxetine, fluoxetine, levomilnacip-
ran, venlafaxine, vilazodone, and vortioxetine), multiple drug
metabolism pathways and/or active metabolites result in complex
and unclear relationships between genotype-defined metabolizer
groups and drug exposure or outcomes (Table $5).%” Because cit-
alopram, escitalopram, and sertraline are extensively metabolized
by CYP2C19, variants impacting CYP2C19 activity may alter
drug exposure. CYP2C19 extensively metabolizes citalopram
and escitalopram to much less potent metabolites (Table $5).%8
Sertraline is metabolized by CYP2D6, CYP2C19, CYP2B6,
and other CYP enzymes, with pharmacokinetic studies suggest-
ing that CYP2C19 is the major metabolic pathway (Table $5).7
There is evidence that CYP2B6 genetic variation is associated
with sertraline exposurc,8 but studies have found little to no ef-
fect of CYP2DG genetic variation on sertraline exposure and dose

(Table S1).
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Table 1 Assignment of predicted phenotypes based on diplotypes

Phenotype Activity score range Activity score/diplotypes Examples of CYP2D6 diplotypes®

Assignment of predicted CYP2D6 phenotypes based on diplotypes

CYP2D6 ultrarapid >2.25 >2.25 *1/*1xN, *1/*2xN, *2/*2xN
metabolizer
CYP2D6 normal 1.25<x<2.25 1.25 *1/*10, *1/*9, *1/*41
metabolizer 1.5 *1/*17, *1/%29

1.75 *1/*10x3

2.0 *1/*1, *1/*%2

2.25 *2x2/*10
CYP2D6 intermediate 0<x<1.25 0.25 *4/%10, *4/%41
metabolizer 0.5 *10/*10, *10/*41

0.75 *10/*29, *9/*14, *17/%41

1 *1/%5, *1/*4, *1/*5

CYP2D6 poor 0 0 *3/*4, *4/*4, *5/*5, *5/*6
metabolizer
CYP2D6 indeterminate n/a An individual carrying one or two uncertain and/or *1/*%22, *1/*25, *22/*25

unknown function alleles

Assignment of predicted CYP2C19 phenotypes based on diplotypes

CYP2C19 ultrarapid n/a An individual carrying two increased function alleles *17/*17
metabolizer
CYP2C19 rapid n/a An individual carrying one normal function allele and *1/*17
metabolizer one increased function allele
CYP2C19 normal n/a An individual carrying two normal function alleles *1/%1
metabolizer
CYP2C109 likely n/a An individual carrying one normal function allele and *1/*9, *9/*17, *9/*9
intermediate one decreased® function allele or one increased
metabolizer function allele and one decreased” function allele or

two decreased® function alleles
CYP2C19 intermediate n/a An individual carrying one normal function allele *1/*2, *1/*3, *2/*17, *3/*17
metabolizer and one no function allele or one increased function

allele and one no function allele
CYP2C109 likely poor n/a An individual carrying one decreased® function allele *2/*%9, *3/*9
metabolizer and one no function allele
CYP2C19 poor n/a An individual carrying two no function alleles *2/%2, *3/*3, *2/*3
metabolizer
CYP2C19 indeterminate n/a An individual carrying one or two uncertain function *1/*%12, *2/%12, *12/*14

alleles

Assignment of predicted CYP2B6 phenotypes based on diplotypes

CYP2B6 ultrarapid n/a An individual carrying two increased function alleles *4/*4
metabolizer

CYP2B6 rapid n/a An individual carrying one normal function allele and *1/*4
metabolizer one increased function allele

CYP2B6 normal n/a An individual carrying two normal function alleles *1/*1
metabolizer

CYP2B6 intermediate n/a An individual carrying one normal function allele *1/*6, *1/*18, *4/%6, *4/*18
metabolizer and one decreased function allele OR one normal

function allele and one no function allele OR one
increased function allele and one decreased
function allele OR one increased function allele and
one no function allele

CYP2B6 poor n/a An individual carrying two decreased function *6/*6, *18/*18, *6/*18
metabolizer alleles OR two no function alleles OR one decreased
function allele and one no function allele

CYP2B6 indeterminate n/a An individual carrying one or two uncertain and/or *3/%6, *3/*10
unknown function alleles

CYP, cytochrome P450; n/a, not applicable.
®Please refer to the Diplotype-Phenotype Table online for a complete list.>® *There are limited data to characterize the function of decreased function alleles.
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Linking genetic variability to variability in drug-related
phenotypes

CYP2D6, CYP2C19, and CYP2B6. There is substantial evidence
linking CYP2D6 or CYP2C19 genotype to phenotypic variability
in pharmacokinetic parameters or treatment outcomes for some,
but not all, of the antidepressants evaluated in this guideline
(Supplementary Material S1). CYP2B6 genotype has been
associated with pharmacokinetic parameters of sertraline. The
application of a grading system to the evidence linking CYP2DG6,
CYP2Cl19, or CYP2B6 genotypes to pharmacokinetic variability,
dose, and clinical outcomes indicates a moderate to high quality of
evidence for the majority of data (Tables S1 and $2). This body of
evidence, which includes retrospective pharmacogenetic analyses
of prospective trials, as well as large population studies identifying
relationships across genotype, drug exposure associations, and
treatment discontinuation or switching, provides the basis for the
recommendations in Tables 2-5.

HTR2A and SLC6A4. Variants in HTR2A4 and SLC6A44 have been
independently associated with response variability, remission,
and side effects of many antidepressants (Tables S3 and S4).
However, the evidence supporting these associations is currently
mixed and insufficient to support clinical utility. Some meta-
analyses revealed statistically significant antidepressant class
associations (for HTR2A) or SSRI class associations (SLC6.A44)
with response, remission, or side effects, but individual studies
often did not account for differences in medications, dose,
exposure, or genetic variants that affect the pharmacokinetics of
these medications.'*?*** While there are statistical associations
and biological plausibility given the pharmacodynamic properties
of antidepressants, how to translate these relationships to clinical
action is currently unclear. Contextual factors influencing this
assessment include an unclear relationship of pharmacodynamic
antidepressant—gene associations with drug dose requirement,
incomplete evidence regarding alternative treatments, lack of
consensus on genotype to phenotype translation, inconsistent
SLC6A44 L/S stratification by subvariants (e.g, L,/L), and
differences in the magnitude and direction of associations
observed across biogeographic groups.

Therapeutic recommendations

Tables 2—4 describe recommended clinical actions based on ge-
netic information. Drug interactions and other clinical factors can
substantially influence prescribing decisions for antidepressants
and should be considered before initiating drug therapy. Based
on the current literature, CYP2D6-guided recommendations are
made for paroxetine, fluvoxamine, venlafaxine, and vortioxetine;
CYP2CI19-guided recommendations are made for citalopram,
escitalopram, and sertraline; and CYP2B6-guided recommen-
dations are made for sertraline. Considerations regarding other
antidepressants included in the evidence review are also discussed
below.

CYP2D6-paroxetine, fluvoxamine, venlafaxine, and vortioxetine
dosing recommendations. Table 2 summarizes the dosing

CLINICAL PHARMACOLOGY & THERAPEUTICS | VOLUME 114 NUMBER 1 | July 2023

recommendations for paroxetine (Table 2a), fluvoxamine (Table
2b), venlafaxine (Table 2c), and vortioxetine (Table 2d) based
on CYP2D6 phenotype. In multiple studies, CYP2D6 UMs
had low or undetectable plasma concentrations of paroxctincm_34
when compared with NMs.' % Those

with undetectable or low plasma concentrations had a lower

and vortioxetine”

probability of clinical benefit, although the minimal effective
paroxetine therapeutic concentration is not well defined.*®
Because of the decreased probability of clinical benefit due
to lower drug exposure for paroxetine and vortioxetine, an
alternative antidepressant not predominantly metabolized by
CYP2D6 should be considered. Regarding venlafaxine, increased
metabolism to the active metabolite (O-desmethylvenlafaxine) is
seen in UMs; however, there is minimal evidence to suggest that
this is clinically significant. In addition, there are insufficient
data to assess whether there is a meaningful impact of CYP2D6
ultrarapid metabolism on fluvoxamine exposure or clinical
outcomes. Therefore, no dosing recommendations are provided
for venlafaxine or fluvoxamine for CYP2D6 UMs.

Due to the increased risk of side effects, a lower paroxetine start-
ing dose and slower titration may be considered for CYP2D6 IMs
(Table 2a and Table S1). Autoinhibition of CYP2D6 and poten-
tial phenoconversion were considered in the interpretation of these
data, resulting in an optional designation for this recommendation.
Adjustments to fluvoxamine, venlafaxine, or vortioxetine therapy
are not warranted for CYP2D6 IMs.

When administered similar doses, CYP2D6 PMs had signifi-
cantly greater drug exposure or parent to metabolite ratios for
paroxetine, fluvoxamine, venlafaxine, and vortioxetine when com-
pared with NMs (Table S1). Increased drug exposure increases the
risk for dose-dependent or concentration-dependent side effects.”’
To potentially prevent adverse effects, dose extrapolations based
on differences in pharmacokinetic parameters between phenotype
groups suggest a 50% dose reduction of paroxetine (Table 2a) and
vortioxetine (Table 2d) and a 30% dose reduction of fluvoxamine
is warranted.”” However, reducing the fluvoxamine dose by 30%
may not be feasible, given the currently available formulations.
Therefore, 2 25-50% reduction may help prevent adverse events by
limiting high drug exposures (Table 2b). Data for venlafaxine sug-
gest increased concentration-dependent side effects in CYP2D6
PMs (Table S2). The paucity of prospective studies, uncommon
clinical use of therapeutic drug monitoring for antideprcssants,38
and the potential that decreasing the dose may compromise med-
ication efficacy was the basis for the optional recommendation to
consider alternatives to venlafaxine in CYP2D6 PMs (Table 2c).
Moreover, the FDA Table of Pharmacogenetic Associations lists
venlafaxine and vortioxetine as drugs warranting dose adjustments
in CYP2D6 PMs. In addition, the FDA notes paroxetine and flu-
voxamine as drugs for which CYP2D6 PMs may have altered sys-
temic concentrations.
CYP2C19-citalopram, sertraline
recommendations.

escitalopram, and
Table 3
recommendations for citalopram, escitalopram, and sertraline
based on CYP2C19 phenotype. CYP2C19 UMs had significantly

lower citalopram and escitalopram exposure compared with NMs

dosing

dosing

summarizes the

55

95U8017 SUOWILUOD SAITe8.D 3|qeatdde sy Aq pausenob afe sopie YO 9Sh J0 S9|N. 10} Akl 8U1JUO A8]1/ UO (SUOTIPUOD-PpUe-SWLB)AL0D" A8 | 1M Ale.d 1jeu1|Uoy/:Sdy) SuonIpuoD pue swie 1 8y 38s *[£202/90/92] Uo Akiqiaulluo (1M ‘€062 1d9/200T 0T/I0p/wod A8 im Alelq i jpuljuoidase//:sdny woJj pspeojumod ‘T ‘€202 ‘GES9ZEST



15326535, 2023, 1, Downloaded from https://ascpt.onlinelibrary.wiley.com/doi/10.1002/cpt.2903, Wiley Online Library on [26/06/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

CPIC UPDATE

91eI9POIN

asop
3uiliels papuswiwo9al
yum Adessyy ereniu

$108448 8pIs Jo AYjigeqold ayy
asealoul Aew suoneuaouoo ewseld JaysiH ‘siazijogelaw
|ewlou 9azdAD Yim paiedwod usym spunodwod
SAI10B SS3| 0] SUILBXOAN|) JO WISIj0geIaW Paonpay

Jazijogelsw
alelpawisiul 9dcdAd

Suons

asop
BunJels papuswwoossl
Yyum Adessyy eieniu

wisijogelaw [ewIoN

J8z1j00e18W |[eWIou 9AZdAD

UoIBPUBWIWOD3) ON

90UBPIAS JO Yoe| 0] anp
uolepUBWIWOa) ON

slazijogelaw pideieln 9agdAD 4o} a|qe|ieae eiep oN

Jazijogelaw
pidesesyin 9dcdAd

adAlouayd 9gzdAD UO paseq aulWeXoAN|) 10} SUollepuawwooal suisoq (q)

uonEepuUBWIWO09al ON

uonepusWWOo9al ON

e/u

dleulua1spul 9acdAd

Adelayy anijeusale
ue 3u1109]9s Jo asop gunsnipe
UBYM paJapIsuod ag p|noys
(uonouny JaAll ‘uonouny jeual
‘o8e “"3-9) sonsualoeleyd uaned

J8Y10 pue suonoesayul Snip-3niQ 91eI9pPOIN

sJazijogelaw |ewlou
UUM pasedwod se asop

aoueUdlUIBW JOMO|
%0G e pue ‘s|npayos
uolleJll} Jomols ‘asop
3ulels papuswwodal

ul uononpal
%0G € 19pIsuo)

sJozijogelaw Jood ul
jewiuiw st 9AQZdAD 0 uonigiyuioyne pajeloosse-auloxoled
10 10edw! ay] "S10944d apIs Jo AYljigqeqoid ay) asealoul
Aew suonesjuasuod ewse|d JaygiH "s1azijogelaw [ewJlou
9d2dAD UHM pasedwod usym wsijogeldow paonpal Ajjealn

Jaz|jogeraw Jood 9ATdAD

Adelayy anijeusale
ue 3ul109]9s Jo asop gunsnipe
UdYM paJapIsuod ag p|noys
(uonouny JaAll ‘uonouny jeual
‘o8e “"3-9) sonsualoeleyd uaned

J8Y10 pue suonoesaiul Snip-3niQ jeuondo

sJozijogelaw |ewlou
yum pasedwod se

9|NPayYds uoljel}l} JOMO|S
pue asop guinels
JaMO| e JapIsuo)

SUOI1BIIUSOUO0D 9)e)S-Apea]s e Jaleald pue
1udpuadap-asop S| pue Ind20 Aew UoIqIYuloINe 9AZdAD
0} 9Np sJ9z1|0ge1dw Jood 0} S19z1|0ge1daw d1eIpawlalul Jo

uolsJaAuOd0UBYyd pal1eID0SSE-aUulleX0ied "S109)40 apIS 4O
Alligeqoud ayy asealoul Aew suonesiuaouod ewse|d Joy3iH
*S9SOP JOMO] 1B JO JudWieal] ulliels usym siazijoqelow
|ewIou 9QzZdAD Yum paledwod uaym spunodwod
9AI}OB SS9| 0} duljdxoJed JO wWSI|ogeldw paodnpay

Jazijoqe1aw
a1elpawiaiul 9dcdAd

Suons

asop
3uilJels papuswiwooal
yum Adessyy sreniu

SUOI12J11US0U0D 31e]S Apea)s 1e Ja1eals pue Juspuadap
-9S0p S| pue IN000 ABW UONIGIYUIOINE 9AZJAD O1 8np
slazjjogelaw Jood 1o 91eIpswIalul 01 S19Z]|0geIaW [BWIoU
10 UoIsIaAuoo0UBYyd paleIo0SSE-auaxoled “spunodwoo
3AIN0E $S3| 0] duNexoJed JO WSI0ge1aW [BWION

J8z1j00e18W |[BWIOU 9AZdAD

Adeiayl anneulale ue 3unos|as
Usym paiapisuod aq p|noys
(uonouny JaAll ‘uolouny [eual

‘age *3-9) sonsualoeleyd sned

JaY10 pue suonoesayul Snip-sniq 91eI9pOIA

9AazdAd Aq pazijogelow
Alueuiwopaid jou
3nup aAlleUIBY R 109]9S

Jesjoun sl 9dcdAd
JO uonigIyuloine aunexoled 0} anp siazijogelow Jood
10 ‘a1eIpawialul ‘[ewlou 01 1aAU0d0UaYd SIazi|ogelaw
pidesesyin yoiym 0} JU81Xa ay] "Hpouaq [edlul|o Jo Ayjigeqold
9] 9SL9109p SUOIILIIUSOU0D ewse|d JomoT “siazijogelow
|ewIou 9QZdAD YUMm pasedwod uaym spunodwod
9AI}0E SS9| 0} dulldxoJed JO wsI|oge}dw pasealou|

J9zijogelaw
pideJesin 9azdAd

adAjouayd 9QzdAD U0 paseq aulnaxoled 1o} suonepuawwodal guisoq (e)

suoljelapisuo) LUOIEPUBWIIO0I3I

10 uoneaisse|)

uollepuawiwo9al
onnadesay)

uonesidw|

adAjouayd

adAjouayd 9azdAd uo paseq sjuessaidapijue suojjepuawiwodas uisoq ¢ 3jqel

VOLUME 114 NUMBER 1 | July 2023 | www.cpt-journal.com

56



15326535, 2023, 1, Downloaded from https://ascpt.onlinelibrary.wiley.com/doi/10.1002/cpt.2903, Wiley Online Library on [26/06/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

- b
<
a
w (penunuoy)
(4 uolEpUBWIWO023a) ON uonepuUBWWOo2al ON e/u 91eUlWId18pUl 9AZdAD
N S1094J9 9SJ9APE YlIM Pale|oosse uaaq sey adAlousl
o INd 9d2dAD Ing ‘Jesjoun s| siazijogeldsw 10od 9azdAD Ul
Adelsayy aAneulale ol1kJ duIxeje|UBAIBUIXBIR|UBAIAYIBWISOP-O PasSealdap pue
ue 3unoalas Jo asop unsnipe 9dzZdAD Aq pazijogelsw aulxeje|uaA pasealoul Jo 1oedwl [eo1UlD 8Y] *S49zi|ogelaw
UBYM palapIsSuod aqg p|noys Ajpueulwopald jou aleIpawIaiul pue [ewiou 9dzdAD UHm paledwod se onel
(uonouny Jaal| ‘uonouny jeual 1uessaidapiue aulxeje|uaAiauIXee|UBAIAYIBWSAP-0 pasealdap Aj1ead
‘o8e 3'9) sonsualoeieyd usned oAlleulalje ajendoidde pue (suixeje|uaAsap) aulxeje|uaAlAylowWSap-Q diljogeraw
JBY10 pue suonoelaiul nip—-3niqg leuondo Al|eajul|o e Japisuo) 9AI10E 8} 0} dUIXeJR|USA JO WSI|0geIaW pasealdaq Jazjjogerow J100od 9AzdAD
SJ9zI|0ge1aW d1eIpaWIalul
$109}49 9pIS 10 Aoedly4e 9dZdAD Ul 011BJ dulxeje|uaA:duIxeje|uanjAiylawsap-0
uo joedwl ay3 guipiegal pasealoap ay} Jo 10edwl [eolul|d ayl uilioddns aouapine
90UdPIAG |ewUIW JO 1U3101}4NSUl S| 818y "SI9ZI|0ge1dW [BWIOU 9QZdAD YIm
9snedaq aulxeje|uan pajedwo) Se 0l1eJ aulxeje|uaA:auIXe e UBAIAYIBWSaP-0
104 8dA10usd uo paseq Pasealdap pue (dUIXeJB|UBASAP) BulXeie|UdA|AYIBWSap-0 Jazijogelaw
uolepuBWWOodal ON papuawwodal uoljoe oN 9}1|0ge19W dAI0E 0} dUIXEJR|UDA JO WISI|0gRIdW Pasealdaq 91eIpawIdlul 9AZdAD
asop
3ulels papuswiwodal
3uons yum Adeisyy arenu) wisijogelsw [ewioN 19z1|0ge19W |BWIOU 9AZdAD
siazijogelaw pideteyin 9AgdAD
$1094J9 9pIs 40 Aoeoly)o Ul Ol1eJ dulXeje|udA:duIXee|UBAIAYIBWISOP-O pasealoul
uo 10edwi ayy uipiegal 40 10edw |eoluld 8y} Suilioddns 82UdPIAS JUBIIINSUI
90U3PIAG |ewUIW JO S| 9J9y] "SJ49zI|ogeldw [ewiou 9dzdAD UM paltedwod
9sNeda(q auixeje|uan Se ol1el aulxeje|udAiauIxXeje|udAlAylawsap-0 pasealoul
10} 8dA10Ud3 U0 paseq pue (suixeje|uaAsap) aulxeje|uaA|Aylawsap-O a1ljogelaw Jazijogelaw
uolepuswWWodal ON papuswwodal uonoe oN BA1}0E 9} 0} SUIXeJe|UDA JO WISI|0gRIdW Pasealou| pidesesyin 9azdAd

adAlouayd 9QzdAD UO paseq auIxeje|uaA Jo) Suollepuswwoosal guisoq (9)

uolepusWWO9al ON uolepusSWWO93al ON e/u aleulwislspul 9A¢dAd

9AazdAd Aq pazijogelow
Ajueujwopaid jou
juessaldapnue
oAlleulayje ajendoidde

Adelsayy anneusalle Al|e21ul|O B JBpISu0d 1o
ue gunoajas Jo asop gunsnlpe sJaz||ogelaw |ewiou
uaym palapisuod aqg pjnoys yim paledwod se $108}40 apIs Jo Aljigeqold ayy

(uonouny JaAl| ‘uonouny [eual 3|NPaYIs UoNRIYL JIOMO|S  9SEaloul Aew suoleIIUSoU0D ewse|d Jay3IH "siazijogelaw
‘age “*3'9) sonsueloeieyd aed pue asop gullels Jamo| |ewlou 9azdAD YHm pasedwod uaym spunodwod aAljoe
Jay10 pue suonoelaiul gnip-3nig jeuondo %0G—Gg € Japisuo) SS9| 0} SUIWEXOAN|} JO WSI|OgRIdW padnpal Ajjeasn Jazijogeraw Jood 9QzdAD

suoljeIapIsuo) LuonepuswWooal uolepPUAWIWO023 uonesijdwy adAjousayd
10 uonesyyisse|n annadesay)

(poanunuo)) g 9jqel

CLINICAL PHARMACOLOGY & THERAPEUTICS | VOLUME 114 NUMBER 1 | July 2023



15326535, 2023, 1, Downloaded from https://ascpt.onlinelibrary.wiley.com/doi/10.1002/cpt.2903, Wiley Online Library on [26/06/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

CPIC UPDATE

‘TS leuadjeq Arejuawsajddng Ul paqlosep swayos suney,
*g|geolidde Jou ‘e/u {0Gd dWo4Yyd014d ‘dAD

uonEepUBWIWO09a) ON

uolepusWWOo9al ON

e/u djeulualspul 9acdAd

Adelayy anneusale ue
3uno9|as 1o asop Junsnlpe uaym
paJapIsuod ag pjnoys (uonouny
JaAI ‘uonouny jeual ‘age “g-9)
solsialoeleyd usned Jaylo pue

9AazdAd Aq pazijogelrow
Alueuiwopalid jou
juessaidapiue
oAleusayje aleudoidde
A|[eo1ul|0 e JapISu0d
J0 3w QT J0 asop
papusawwodal
wnuwixew ay} 0} ajeJi}
pue (Bwg ““8'9) asop
Suiniels Jo %06 aeniu|

S10944 apIs jo ANjiqeqoid ay}
asealoul Aew suollesuaouod ewse|d JoysiH “sJazijogeldw
|euWIOU 9QZdAD YUM paledwod usym spunodwod

9AI10BUI 0] BUIIOXOI1IOA JO WSI|0geIaW paonpal Ajjealn Jazijoqe1sw Jood 9azZdAD

asop
BunJe1s papuswwoossl
Yyum Adessyy ereniy

100440 apIs Jo A)jigeqold ayy
asealoul Aew suoneuaouoo ewseld JaygiH ‘siazijogelow
|ewIou 9azdAD Yim paiedwod usym spunodwod
9AI1OB SS9| 01 SUIIOXO0ILIOA JO WISI|0geIaW Paonpay

Jazjjogelpw
alelpsulisiul 9dcdAd

asop
Suiliels pepuswiwooal
yum Adessyy sreniu

wisijogelaW [ewIoN J8z1j00e18W [BWIOU 9AZdAD

uoneolpul ‘suonoelaiul gnip-3nia 9)eJI9PON
91eJopOIA
Suons
AdeJayy aaneulalje ue 3unos|es
Uaym palapisuod aqg p|noys
(uonouny Jaall ‘uonouny jeual
‘age *3-a) sonsualoeleyd usned
JaY10 pue suonoelaiul 3nip-3nig jeuondo

Koeolyso
10} popaau aq Aew
alow 10 %0G Aq asop
aoueuslulew 193ie} ay)
Buisealou| "s109)40 apIs
pue Aoeoly}d uo paseq
9S0p douBUdUIEW 0
9)eJlll pue asop 3ulnels
piepueis 1e Adesayy
oleliul ‘pajueriem
S| 9SN 9UI}19XOI1IOA §|
'9d¢dAD Aq pazijogelsw
Apueuiwopald jou
3nip aAieuId)E 109]9S

1148U8(q |BO1UlID JO AYjIgeqoid
3U1 9SB2109p SUOIILIUBOUO0D Bwse|d J8MOT ‘Siazijogelaw
|ewlou 9azdAD Yim paiedwod usym spunodwod
SAI10BUI O] BUINSXO0I1I0A JO WSI|0geIaW Pasealou|

Jazijogelaw
pidesesyin 9dcdAd

adAjouayd 9QzdAD UO paseq aulldXx0I1IoA 10} Suollepuswwodal guisoq (p)

suoljeIapIsuo) LUOIEPUBWIWIO0I3I

Jo uoneayisse|n

uojjepuswWwodal
onnadesayl

uonesydw| adAyouayd

(panunuo)) g sjqey

VOLUME 114 NUMBER 1 | July 2023 | www.cpt-journal.com

58



15326535, 2023, 1, Downloaded from https://ascpt.onlinelibrary.wiley.com/doi/10.1002/cpt.2903, Wiley Online Library on [26/06/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

CPIC UPDATE

(panunuoy)

a8e Jo sieakQ9 ueyl Je1eald syusined
pue ‘101g1yul 6TIZTJAD € Bupiel asoyy
“quauiedwi oneday yum sjuaiied ul
Aep/8w Oz 01 pauwi| 8 p|noys asop
weJdo|e1ld 1eyl suonneo Ajjeuonippe
gunjaqe| 10npoud yqg4 "uoneguojoid
10 10 ¥Sl 8y} 01 anp siazijogelsw
J00od BTIZAD Ul 9SOP papuUaWIWIO0Dal
wnwixew ayl si Aep/8wog

sJazi|ogelaw |ewiou

yum paledwod se 9sop adueuauliew
pJepuels 8y} JO uolonpal %0G pue

‘9INpayos uol1eIl} JOMOIS ‘DSOop
gunJels Jamo| e Japisuod ‘ejelsdoidde
Alleoiulo aie welido|elosa o

weido|end 4| ‘6TITAD Ad pazijogeraw

Ajueuiwopald jou Juessaidapiue

$108448 8pIs 4o AMjiqeqoid
2y} 9sealoul AW SUOIRIIUSIUOD
ewse|d JaygiH "sJazijogqelaw
alelpawlislul pue [ewiou 6TICdAD
Uim pasedwod uaym spunodwod
SAI10B SS9| 01 Weudo|eloss pue

weJido|eyd ‘Buiuiem ya4 ayl Jad 3uons ajelidosdde Ajjealullo e Japisuo) weldo|elo Jo wsjjogelow paonpay Jazijogerow Jood Aj1o)Il 6TIZdAD
sJ9zI|0geIaW $1094J9 apIs Jo Ayjigeqoid
asop unsnlpe usym paiapIsuod ag |ewsou ueyl 9sop adueuslulew 2yl 9sealoul Aew suoI1LIUDIU0D
pINoYs (Uo11duNy JaAI| ‘Uoilouny [eual JOMO| pue 9|NPayds uoielin ewse|d Jay3IH "sJazijogelaw
‘o8e *3'9) soljsualoeleyd uaned J9MO|S B JapISu0) *asop gulnels [ewiou 6TIZdAD UM pasedw oo Jazijoqeyow
Jay10 pue suonoesaiul nip-3niqg 91eJ9POIN papuawwodal Yyim Adesayy areniuj UayM Ws|jogelaw paonpay aleipawialul AldMI| 6TOZAAD
sJazijogelaw $1094J9 apIs Jo Alljigeqoid
9sop 3unsnipe uaym paiapisuod aqg |ewsou ueyl 8sop adueualulew 2y} 8sealoul Aew suU01BIIUDIUOD
pInoys (uonouny JaAl| ‘uollouny [eual JOMO| pue 8|NpPayds uonesi ewse|d Jay8IH "sJazijogelaw
‘o8e *3'9) solsualoeleyo ualed J9MOIS B JBpISu0) "9sop Zulnels |ewJlou 6TIZdAD UHm pasedwod Jazijogelaw
J8Y10 pue suolnoesaiul nip-3niqg 91eJOpPON papuswwodal Yyim Adesayy ayeniul UayM wWisijogelow paonpay aleIpawalul 6TIZAAD
asop guinels
3uons papuawwodal Yyim Adesayy areniuj wsijogelaw [ewJon 1971|0ge19W |BWIOU GTOZdAD
6TOCdAD Aq pazijogeisw Ajpueuiwopaid
10U Juessaidapiiue aAleulale 11Jauaq
alelidoidde Ajjeolul|o e 01 3ulyolMs |eo1ul|o Jo Ayljiqeqold ayy asealdap
Adeiayy aalleusalje ue 3unoales 10 9sop doueusUleW Jay3Ily e 01 SUOI1RIIUSOUO0D ewse|d JOMOT
10 9sop 3unsnfpe uaym palapisuod aq uneJsin Jopisuod ‘guisop adueuajulew ‘slazijogelaw [ewlou 6TOZdAD
pInoys (uonouny JaAll ‘uonouny |eual papuswwodal 0} puodsal Ajorenbape Uum pasedwod usym spunodwod
‘oge *3'9) solsualoeleyo ualed 10U so0p judled J| *osop 3uliels 9AI}oe SS9| 0} Weldoleyoss pue
J8y10 pue suonoesaul nip-3niqg jeuondo papuswwodal yim Adesayy aieniu| weJldo|e1ld Jo wWsijogeldw Ul asealou| J9zijogelaw pides 6TIZAAD
9S0p 9oueUdUIBW JBYSIY B 01
3uneJsiy Japisuod ‘guisop adueuaulew 1j2uUaq [eolulld Jo Ayjiqeqoid
pJepuels 1e paAsiyoe Jou si Aoeolys 9y} 9SBaJ09p SUOIIBIIUSIUO0D
Adelsayy anneusalje ue gunos|es a1enbape pue ‘eyendoidde Ajjeoluljo ewse|d Jamo "siazijogelaw
10 9sop 3unisnfpe uaym palapisuod aq aJe weJldo|e}10ss 10 weidojeno 4| |Jewou pue pides 6TIZdAD UHm
p|noys (uonouny JaAll ‘uonouny |eual *6T0CdAD Aq pazijogelaw Ajpueuiwopald paJjedwod uaym spunodwod
‘oge *3'9) solisualoeleyo uaned J0U Juessaidapliue aAlleulId)e aA1}0E SS9| 0} Weidojejose pue
JBY10 pue suoloelalul gnip—3niqg guons alendoidde Ajjealuljo e Japisuo) weido|elld Jo wsijogelow pasealou| Jazijogelaw pidesen|n 6TIZAAD

adAjouayd TOZdAD UO paseq weidojelloss pue weldojelld 1o} suonepuawwodal guisoq (e)

Suol}eIapisuo

uoljepusWwWoday
J0 uonedyyissen

e

uopepusWWO02ay dinadessy ]

uonealdwy adAjouayd

adAjousyd gTIZdAD Uo paseq sjuessaidapijue 10j suonepuswiwiodal suisoq € sjqel

59

CLINICAL PHARMACOLOGY & THERAPEUTICS | VOLUME 114 NUMBER 1 | July 2023



15326535, 2023, 1, Downloaded from https://ascpt.onlinelibrary.wiley.com/doi/10.1002/cpt.2903, Wiley Online Library on [26/06/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

CPIC UPDATE

paJlapisuod
2Q 0s|e pjnoys (uonouny JaAl| ‘uonouny
|jeuals ‘aoge ‘"3 9) sonsiieloeIRYD
juaned Jaylo pue ‘suonoeiaiul Snip
—3nJip ‘smeis JazijogeiaW 992dAD

91BJSPOIA

slozi|ogelow |ewiou
B6TOZdAD UBY] 9SOp 8dueUSUIRW
JBMO| pue 8|Npayos uonen
JAMO|S B JapISuo) *asop guinuels
papuawiwogal Ylim Adesayy areniu|

slazijogelsw

[ewiou 6TOZdAD Ylm paledwod
usym spunodwod aAIlo. SS8| 01
aUul|BJ1I9S JO WISI|0geIaW paonpay

Jazijogelsw
s1eipawisiul A|dMIl 6TOTIAD

paJapIsuod
90 0S|e pP|NoYSs (UoIdUNY JBAI| ‘UoOUNY
|eual ‘age “"3'9) sonsv10eIEYD
juaned Jayio pue ‘suonoelaiul Snip
—8np ‘snie1s Jazijoqelsw 99ZdAD

91eIopPOIA

$1971]00BI8W |2WIOoU
6TOZdAD Uyl 9sop aoueusiulew
JaMO| pue 3|npayos uonein
JBMO[S B JBPISU0) 8sop Buliiels
papuswwodal yim Adelayl a1eniu)

slozijogelaw

[ewIou 6TOZdAD Ylm pasedwoo
usym spunodwod aAIlo. SSa| 01
aul|eJ1I9S JO WSI|ogeIaW paonpay

Jazijogelsw
91eIpaWIBUIGTICdAD

paJapISuod
2Q 0s|e p|noys (uonouny JaAll ‘uonouny
|leual ‘age “*3 o) sonsiie10RIRYD
1uaned Jaylo pue ‘suonoesalul Snip
—8nJp ‘smeis Jazijogeisw 99z dAD

3uons

asop 3uiuels
papuawwosal Yum Adesayy areniu|

wisi|oge1aW |ewioN

197110qe19W [BULIOU TOZTAD

paJapISuod
8 0S|e p|noYs (UonouUNy JBAI ‘UoiouUNy
|eual ‘age *3'9) sonsuvloeIeyd
juaned Jayjo pue ‘suonoelaiul Snip
—8nJp ‘smeis Jazjjogeidw 99ZdAD

Suons

asop guinels
papuswwodal yim Adesayl areniu|

sJazijogelaw
jewsou yiim pasedwod usym

SpunNodwos aAI0. SS9| 0] BUI|RI1I8S

1O WSI|0gBIaW Ul 8SB840U]

19z1100E19W pidel BTOZTJAD

paJapisuod
9q 0S|e p|noys (uonouny JaAll ‘uonouny
leuas ‘oge “3'9) sonslLvloRIRYD
1ualied Jaylo pue ‘suonoelaiul 3nip
—3nJp ‘sniels Jazijogelow 9g2dAD

Suons

asop 3uluels
papuawwosal Yum Adesayy areniu|

slozi|ogelow |ewiou
6TOCdAD UlM paledwiod uaym

SpuNodwos aA0. SS9| 0] dUI|RI1I8S
10 WSI|0QeIaW Ul 9SBaJoUl [[eWS

19z1100e18W pidelenn 6TOZdAD

adAjouayd 6TOZJAD UO paseq auljei1ias 1o} suoliepuswwosal guisoq (q)

uoljepuswwoodal
ON

uonepuBWWOo9al ON

e/u

djeuluisispul 6TOCdAD

o3k Jo sieak9< sjuaned
pue “JoHqIyul 6TITAD € Bunjel 8soyy
“quauwredwi oneday yum siuaned ul
Aep/3w Qg 01 paywi| 8q p|noys asop
weJido|eld 1eyy suolines Ajjeuonippe
3ullage| 1onpoud yq4 ‘uoneguojoid
10 10 ¥SH 8y} 01 anp siazjjogelow
100d BTOTJAD Ul 9SOP papusWIW0ddl
wnwixew sy si Aep/3wog
weJido|eyd ‘guluiem ya4 ayy Jad

3uons

$J9z||0ge1aW |ewiou
yum pasedwod se asop adoueuaulew
pJepuels ayl Jo uoildnpal %0G pue
‘9INPayos UoI1eI}} JOMO|S ‘DSOop
Fuiniels Jomo| e Japisuod ‘erendoidde
A||ealul|o aie welado|e}osa 1o
welido|end §| ‘6TITAD Ad pazijogelaw
Alueuiwopald jou Juessaidapiue
o1elidoidde Ajjeolul|o e Japisuo)

10984J9 apIs Jo Aujiqeqoad
2y} 9sealoul Aew suOI1BIIUDIUOD
ewse|d Jay8IH "sJazijogeldw
jelpawiaiul pue [ewliou 6TICdAD
Uum pasedwod uaym spunodwod
9AIloe SS9| 0} Weldoleyosa pue
weJldo|elld Jo wsijogelaw paosnpay

Jazijoqelaw lood 6TOZdAD

Suol3eIapisuo

LUolEepuUaWWO09aY
J0 uonedyyissen

uonepuswWWo9ay dinadessy ]

uoneaydwy

adAyouayd

(panunuo) € sjqeL

VOLUME 114 NUMBER 1 | July 2023 | www.cpt-journal.com

60



15326535, 2023, 1, Downloaded from https://ascpt.onlinelibrary.wiley.com/doi/10.1002/cpt.2903, Wiley Online Library on [26/06/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

CPIC UPDATE

‘TS leuajeq Aiejuawsajddng Ul paglLIosep sawayos guney,
‘g|qeolidde jou ‘e/u ‘uonensiuiwpy 8nig pue poo4 SN ‘Yad ‘0Sd dwoiyd01ho ‘dAD

Adeiayy aAljeulalje ue 3unooles
10 @sop dunsnlpe uaym palapisuod
aq p|nOYS (uonouny JaAl ‘uonouny
|euas ‘oge “8'9) sonslLvloRIRYD
1uaied Jaylo pue ‘suonoelaiul 3nip

uonepPUBWILIOIS)

—3nJp ‘sniels Jazijogelow 9g2dAD ON uolepusWWo9al ON e/u aleulwlalepul 6TIZdAD
6TJ3CdAD
Aq pazijogelaw Ajpueuiwopaid j0u
Adeiayy aAlleusalje ue 3un09|as 1uessaldapiiue aAeussle ayelidoidde S1004J0 apIs Jo Ayjiqeqoid
J0 9sop 3unsnfpe uaym pasapisuod Al|eo1ul|o B 109]8S U0 sJazijogelaw 8yl 9sealoul Aew sUOIBIIUSIUOD
8q p|NOYS (uonouny JaAl ‘uonouny |ewIou 6TIZdAD UNM pasedwod ewse|d JaygdiH "sJazijogeiaw |ewlou
|eual ‘oge “g'9) sonsueloeIeyd Se 9S0p doueUSUIEW piEpUR)S JO 6TOZdAD UHM paiedwod uaym
1uaied Jaylo pue ‘suonoelaiul 3nip uollonpal %0G pue ‘e|Npayds uolielill spunodwod aA1oe SS9| 0} duUl|eI1IaS
—3nJp ‘snieis Jazijogeirdw 992dAD 91eJopoN JOMOIS ‘9SOp BUllIe}S JOMO| B JapISU0) JO wisijogelaw paonpal Ajjealn Jazijoqeldaw 10od TIZdAD
6TJ3CdAD
Aq pazijogelaw Ajpueuiwopaid 10U
Adeiayy aAlleusalje ue 3u109|as 1uessaldapiiue aAeussle ayelidoidde S1004J0 apIs Jo Ayjiqeqoid
10 9sop 3unsnfpe uaym pasapisuod Al|ed1ul|o B 109]8S U0 sJazijogelaw 2yl 9sealoul Aew sUOI1BJIUBIUOD
aq p|NOYS (uonouny JaAl ‘uonouny |ewIou 6TOZdAD UHm pasedwod ewse|d JoydiH "sJ4azijogelaw |ewlou
|eual ‘oge “g'9) sonsueloeleyd Se 9S0p ddueUSUIEW piEpUR)S JO 6TIOZdAD UHM pasedwod uaym
1uaned Jaylo pue ‘suoioelaiul 3nip uollonpal %0G pue ‘e|Npayds uolieliil spunodwod aA1o. SS9| 0} duUljeI1IaS
—3nJp ‘snieis Jazijogeiow 992dAD 91eJopOoN JOMOIS ‘9SOp BUIlIE}S JOMO| B JaPISU0) JO wisijogelaw paonpal Ajjealn Jazijogerow 100d AjoMI| 6TOZdAD

Suol}eIapISuo

LUolEpUBWIWO09aY

uonepuswiwooay dnadesay ]

uoneaydwy adAyouayd

(panunuo) ¢ sjqeL

61

CLINICAL PHARMACOLOGY & THERAPEUTICS | VOLUME 114 NUMBER 1 | July 2023



CPIC UPDATE

and may experience less symptomatic improvement (Table S1).
There are insufficient data to calculate an initial citalopram or
escitalopram dose for CYP2C19 UMs, and UMs had greater
discontinuation or medication switching compared with NMs
(Table S1). Therefore, an alternative clinically appropriate
antidepressant not extensively metabolized by CYP2C19 is
recommended for CYP2C19 UMs (Table 3a). If citalopram or
escitalopram is clinically warranted and adequate efficacy is not
achieved at standard maintenance dosing, consider titrating to
a higher maintenance dose. Although some data suggest small
increases in sertraline metabolism in CYP2C19 UMS,40 the
small effect sizes and a lack of clinical outcomes in relation to this
genotype group were the basis for no recommendation to alter
sertraline dosing in UMs.

CYP2C19 rapid metabolizers (RMs) may have increased me-
tabolism of citalopram and escitalopram (Table S1); however,
these pharmacokinetic effects and clinical associations are less
pronounced than in UMs. This was the basis for an optional rec-
ommendation to initiate citalopram or escitalopram with a stan-
dard starting dose but to consider dose increases or alternatives if
patients do not adequately respond to usual maintenance doses
(Table 3a). Adjustments to sertraline dosing are not warranted for
RMs (Table 3b). CYP2C19 IMs may have reduced metabolism
and elevated plasma concentrations of citalopram, escitalopram,
and sertraline. Existing data do not support adjusting starting doses
for IMs, but reduced metabolism may warrant a slower titration
and a lower maintenance dose than NM:s.

Elevated concentrations of citalopram, escitalopram, and ser-
traline have been observed in CYP2C19 PMs, which may increase
the risk of adverse drug reactions (Table S1). A growing body of
literature also demonstrates that CYP2C19 PMs have worse clini-
cal outcomes, including increased drug discontinuation or switch-
ing and increased side effects (Table S1). To minimize unfavorable
clinical outcomes with citalopram, escitalopram, or sertraline, a
clinically appropriate alternative antidepressant not extensively
metabolized by CYP2C19 is recommended in CYP2C19 PMs, or
dose adjustments can be considered. If citalopram, escitalopram,
or sertraline is clinically indicated in CYP2C19 PMs, a lower
starting dose, slower titration, and a 50% reduction of standard
maintenance doses should be considered.”” For citalopram, the
FDA recommends a 50% dose reduction (or a maximum dose of
20mg/day in adults) for CYP2C19 PMs duc to the risk of QT
prolongation.26 While the FDA labeling does not include a similar
recommendation for escitalopram, it may also have a risk for QT
prolongation.%’41 Although limited data are available describing
the relationship between SSRI concentrations and therapeutic ef-
fect and tolerability, this is a strong recommendation due to the
apparent risk for arrhythmias combined with the FDA providing
specific dose recommendations.

Considerations for other drugs evaluated in relation to CYP2D6
and CYP2C19. CYP2D6 converts fluoxetine to S-norfluoxetine,
while CYP2D6 and CYP2C9 convert fluoxetine to R-
norfluoxetine (Table S5). Fluoxetine and S-norfluoxetine
modulate serotonin reuptake with similar activity, while R-
norfluoxetine is less pharmacologically active.*> CYP2D6

62

UMs or PMs have been demonstrated to possess significantly
different parent to metabolite ratios (Table S1), but the sum
total of fluoxetine plus norfluoxetine plasma concentrations
may not vary significantly by CYP2D6 metabolizer groups.43
Little data are available describing how CYP2D6 phenotype
status influences the sum total of fluoxetine plus norfluoxetine
concentrations over time or if an imbalance between fluoxetine
CYP2D6

phenotype status affects patient outcomes or safety. Therefore,

concentrations caused by

and norfluoxetine

no gene-based dosing recommendations are provided for
fluoxetine (CPIC level C, Table S6).

Duloxetine is a substrate of CYP1A2 and CYP2D6; however,
existing data do not support a clinically meaningful impact of
CYP2D6 on duloxetine and thus was assigned CPIC level C (no
recommendation, Table S11). Because other SNRIs such as des-
venlafaxine (SNRI metabolized by CYP3A4), levomilnacipran
(SNRI predominantly metabolized by CYP3A4 with minor con-
tributions by CYP2C8, CYP2C19, and CYP2D6), milnacipran
(SNRI eliminated primarily by renal excretion), and vilazodone
(serotonin-modulator metabolized primarily by CYP3A4 with
minor contributions from CYP2C19 and CYP2D6) are not sig-
nificantly impacted by altered CYP2D6 and/or CYP2C19 me-
tabolism, recommendations and CPIC levels were not assigned
(Table S5).

CYP2B6-sertraline  dosing recommendations. Table 4
summarizes the dosing recommendations for sertraline based
on CYP2B6 phenotype. Because of the small increase in
metabolism in CYP2B6 UMs and RMs, no pre-emptive dose
increase is recommended. CYP2B6 IMs may have reduced
metabolism and slightly elevated plasma concentrations of
sertraline. Existing data do not support adjusting starting
doses for CYP2B6 IMs, but reduced metabolism may warrant
a slower titration and a lower maintenance dose than NMs.
CYP2B6 PMs have greatly reduced metabolism and higher
elevated plasma concentrations; thus, a lower starting dose,
slower titration, and a 25% reduction of standard maintenance
doses should be considered. Because these data supporting
decreased metabolism in CYP2B6 IMs and PMs are derived
from two pharmacokinetic studies and there is a lack of clinical
outcome data (i.c., toxicity) (Table S1), these reccommendations
are optional.

CYP2B6 and CYP2C19-sertraline dosing recommendations.
Because CPIC recommendations are provided with the
assumption that the test results are available prior to prescribing,
we have provided recommendations when only CYP2C19 (Table
3b) or only CYP2B6 (Table 4) arc available, or when both
CYP2C19 and CYP2B6 genotype results are available (Table
5). Although a change in dosc or therapy may not be warranted
based on results for a single gene, treatment modification may
be warranted given the combination of a non-normal CYP2C19
and CYP2B6 phenotype (Table 5). Dosing recommendations for
CYPC19/CYP2B6 and sertraline are based on Braten ez /. and
are based on the reported or calculated percentage differences in
exposure from normal metabolizers.
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HTR2A and SLC6A4. Clinical recommendations are not provided
for serotonin reuptake inhibitor antidepressants based on
HTR2A (Tables S7 and S8) and SLC6.44 (Table S9) genotypes
because the evidence supporting an association is mixed and/or
insufficient to support clinical validity and utility at this time
(CPIC level C: no recommendation).

Pediatrics. Citalopram, escitalopram, and sertraline had the
most pharmacogenetic data supporting potential genotype-
guided prescribing changes in children (Table SI). Based
on this evidence, the recommendations for these drugs are
relevant to pediatric patients and are consistent with smaller
pharmacokinetic studies available for this population. Children
and adolescents were underrepresented in pharmacogenetic
studies of the other drugs included in this guideline. Therefore,
the generalizability of other recommendations to pediatric
patients needs to be established. As such, clinicians treating
children and adolescents should determine their applicability
to younger patients while considering the unique and more
limited evidence base for these medications in youth, as well as
pediatric-specific differences in tolerability (e.g., activation)44
and disorder-specific response trajc:ctory.45 Because CYP2DG6,
CYP2C19, and CYP2B6 activity reach adult levels by carly
childhood,%_48 it may be appropriate to extrapolate genotype-
guided recommendations for antidepressants related to
CYP2D6, CYP2CI19, and CYP2B6 to adolescents or possibly
younger children with close monitoring. Ultimately, additional
research and clinical trials in pediatric patients investigating
the association between CYP2D6, CYP2CI19, or CYP2B6
and antidepressant systemic exposure, treatment response and
tolerability are needed.

Biogeographic groups. The recommendations provided herein are
largely derived from studies that primarily included individuals
with European or East Asian ancestry as defined elsewhere.?’
Although studies including individuals from other ancestry
groups are needed, there is no reason to suspect that the effects of
CYP2C19, CYP2D6, and/or CYP2BG6 genetic variation on SSRI
or SNRI exposure or treatment outcomes will not apply across
biogeographic groups. Differential effects of HTR2A or SLC6.A4
variants on SSRI or SNRI treatment outcomes between European
and East Asian ancestry groups have been dcscribed,llk‘29 but
further research is required before firm conclusions can be made
as differences in pharmacokinetics (that may be related to allele
frequencies of CYP enzymes) were not accounted for in these
studies.

Recommendations for incidental findings
Not applicable.

Other considerations

Drug—druginteractions and other patient characteristics (e.g., age,
renal function, liver function, diet, substance use, and a patient’s
past history of medication response and tolerability) should be
considered when adjusting dose or selecting alternative therapies.
See the Supplementary Material S1 for additional information.
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Paroxetine and fluoxetine are potent inhibitors of CYP2D6, al-
beit involving different mechanisms.”® Several studies suggest that
CYP2D6 UMs may not undergo phenoconversion by paroxetine.
However, some of these studies were brief, and patients may not
have been at steady state. 1734 Further, most research studies and
clinically available tests for CYP2D6 do not determine the exact
number of gene copies, which may include duplications and mul-
tiplications; the impact of these subtypes of UMs on susceptibility
to phenoconversion is unclear. CYP2D6 NMs and IMs may be
more susceptible to paroxetine-induced phenoconversion (from
NM/IM to IM/PM due to autoinhibition) than UMs. The evi-
dence presented in Table S1 demonstrates that in CYP2D6 PMs,
paroxetine pharmacokinetics are significantly different compared
with NMs. However, some of these studies are limited by relatively
short study periods (see Supplementary Material S1 for more
information).

Many of the antidepressants evaluated herein are substrates for
other enzymes such as CYP1A2, CYP2C9, and CYP3A4 (Table
S$5). Currently, there is limited evidence supporting gene-based
dosing recommendations for these CYPs for the drugs reviewed
here.

Some commercially available tests targeting antidepressants use
proprietary combinatorial algorithms to generate clinical decision
support based on genotypes for the genes included in this evidence
review and other gcnotypes.51 Clinical trial data are accumulating
for these approaches with collectively positive but modest results.””
However, the opaque nature of these proprietary combinatorial ap-
proaches place this evidence beyond the scope of evaluation using
the standardized CPIC Guideline development process.

POTENTIAL BENEFITS AND RISKS FOR THE PATIENT
Existing CYP2D6, CYP2CIY, and/or CYP2B6 genotype results
may provide the potential benefit of identifying patients who are
at an increased risk of experiencing adverse drug reactions or in-
adequate response to serotonin reuptake inhibitor antidepressant
therapy. A potential risk is the missed identification of rare or
novel variants that are typically not interrogated on clinically used
testing platforms (e.g., CYP2C:TG). If an individual carries a rare
variant, the actual phenotype may differ from the predicted phe-
notype. An individual’s CYP2D6, CYP2C19, and/or CYP2B6
metabolizer status may also depend on other factors, including
epigenetic variation, age, diet, comorbidities, smoking, pregnancy,
or concomitant medications."” Although CYP2D6, CYP2ClY,
and/or CYP2B6 genotype results are reliable when performed in
qualified laboratories, there is a possibility for rare human and/or
laboratory errors. Another limitation is that different laboratory
tests may interrogate different sets of variants, which could result
in different predicted phenotypes. As antidepressant medications
are often prescribed to patients with liver or hematopoietic stem
cell transplants, caution should be used to ensure that the tissue
used for genotyping is representative of the enzymes in the liver.

CAVEATS: APPROPRIATE USE AND/OR POTENTIAL MISUSE
OF GENETIC TESTS

Patients on stable and effective antidepressant medication doses
without significant tolerability concerns may not benefit from
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dose modifications based on CYP2Dé6, CYP2C19, and/or
CYP2BG6 genotype results. Pharmacogenetic test results are one of
many pieces of clinical information to be considered when opti-
mizing antidepressant drug therapy.

SUPPORTING INFORMATION
Supplementary information accompanies this paper on the Clinical
Pharmacology & Therapeutics website (www.cpt-journal.com).
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