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Objectives
• Describe clinical implications of genetic variability in psychiatric
pharmacotherapy.
• Discuss clinical, patient-specific, genetic, and other factors that
inform drug therapy changes in psychiatry.
• Summarize the structure and characteristics of representative
psychiatry pharmacogenetics implementations.
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Antidepressant use is common
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Neuropsychiatric Medications
• Antipsychotics
– Typical/First generation
– Atypical/Second generation
– All block dopamine D2 receptors
• Antidepressants
– Tricyclic Antidepressants (TCAs)
– Selective Serotonin Reuptake
Inhibitors (SSRIs)
– Serotonin-Norepinephrine Reuptake
Inhibitors (SNRIs)
– Others we won’t talk about today
• Antiepileptics

Molecular Psychiatry, Mar 2013, Vol. 18 Issue 3, p273-287

Variability in response to these drugs can
be attributed to many things

Figure courtesy Jeffrey Strawn, MD

Influence of genetics on pharmacokinetics
Substantial variability in each gene’s influence among the medications

Molecular Psychiatry, Mar 2013, Vol. 18 Issue 3, p273-287

Metabolism of SSRIs

CPIC Guideline. Hicks et al. Clin Pharmacol Ther. 2015 Aug;98(2):127-34.

What guidelines are there?

• CPIC
– SSRIs: citalopram, escitalopram, fluvoxamine, paroxetine, sertraline
– TCAs: amitriptyline & nortriptyline (may be applicable to others also)
• DPWG
– SSRIs: citalopram, escitalopram, sertraline
– TCAs: amitriptyline, clomipramine, desipramine, doxepin, imipramine, nortriptyline
– Antipsychotics: aripiprazole & haloperidol
• FDA labeling
– SSRIs: citalopram, escitalopram, fluvoxamine
– TCAs: amitriptyline, clomipramine, desipramine, doxepin, imipramine, nortriptyline,
trimipramine
– Other antidepressants: atomoxetine, vortioxetine
– Antipsychotics: aripiprazole, perphenazine, thioridazine, clozapine, iloperidone
• “The French National Network of Pharmacogenetics (Réseaunational de
pharmacogénétique [RNPGx]) recommends CYP2D6 and CYP2C19 genotyping before
initiating an antidepressant treatment, especially in patients with a high risk of toxicity”^
^Quaranta, Dupouey, Colle & Verstuyft. Therapie. 2017 Jan 30. doi: 10.1016/j.therap.2016.09.018. [Epub ahead of 9print]

CPIC Genotype to Phenotype Translation
Table 1a Assignment of CYP2D6 predicted phenotypes
Likely phenotype

Activity score

Ultrarapid metabolizer
(∼1–2% of patients)

> 2.0

Extensive metabolizer
(∼77–92% of patients)

2.0-1.0

Intermediate metabolizer
(∼2–11% of patients)
Poor metabolizers
(∼5–10% of patients)

0.5
0

Genotypes

Examples of CYP2D6
diplotypes

An individual carrying
duplications of functional
*1/*1xN, *1/*2xN, *2/*2xN
alleles
An individual carrying two
normal function alleles or two
decreased function alleles or *1/*1, *1/*2, *1/*4, *1/*5,
one normal function and one
*1/*9, *1/*41,
no function allele or one
*2/*2,*41/*41
normal function and one
decreased function allele
An individual carrying one
decreased function and one
*4/*10, *4/*41, *5/*9
no function allele
An individual carrying only no
*3/*4, *4/*4, *5/*5, *5/*6
functional alleles

DPWG: CYP2D6 IM, patients carrying two decreased-activity alleles or carrying one active
and one inactive allele, or carrying one decreased-activity allele and one inactive allele
CPIC Guideline. Hicks et al. Clin Pharmacol Ther. 2015 Aug;98(2):127-34.
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CPIC Genotype to Phenotype Translation
Table 1b Assignment of CYP2C19 predicted phenotypes
Genotypes

Examples of CYP2D6
diplotypes

Ultrarapid metabolizer
(∼5-30% of patients)

An individual carrying two increased
function alleles or one normal
function allele and one increased
function allele

*17/*17, *1/*17

Extensive metabolizer
(∼35-50% of patients)

An individual carrying two normal
function alleles

*1/*1

An individual carrying one normal
function allele or increased function
allele and one no function allele

*1/*2, *1/*3, *2/*17

An individual carrying two no
function alleles

*2/*2, *2/*3, *3/*3

Likely phenotype

Intermediate metabolizer
(∼18-45% of patients)
Poor metabolizers
(∼2-15% of patients)
DPWG: CYP2C19 UM *17/*17 only

CPIC Guideline. Hicks et al. Clin Pharmacol Ther. 2015 Aug;98(2):127-34.
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Citalopram & CYP2C19
• Citalopram is approved for treatment of
depression
• Citalopram is mixture of R & S enatiomers,
Escitalopram is only S
• Escitalopram is approved for major depressive
disorder and generalized anxiety disorder
• Metabolized by CYP2C19 and CYP3A4
• CYP2C19 UMs have lower exposure, more
likely to fail therapy
• CYP2C19 PMs have higher exposure, need
reduced doses
• CPIC guidelines:
– UM: consider alternate drug
– NM/IM: usual dose
– PM: 50% dose reduction (also FDA
recommended) or alternative drug

https://www.pharmgkb.org/pathway/PA164713429

CPIC Guideline. Hicks et al. Clin Pharmacol Ther. 2015 Aug;98(2):127-34.

Citalopram & CYP2C19

Molecular Psychiatry, Mar 2013, Vol. 18 Issue 3, p273-287

Chang Clin Pharmacokinet. 2014;53(9):801-811.
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Sertraline & CYP2C19
•
•

For management of major depressive disorder, posttraumatic stress disorder, obsessivecompulsive disorder, panic disorder with or without agoraphobia, premenstrual dysphoric
disorder, social phobia, premature ejaculation, and vascular headaches
Metabolized by CYP2C19 and CYP3A4

CPIC Guideline. Hicks et al. Clin Pharmacol Ther. 2015 Aug;98(2):127-34.

Paroxetine & Fluvoxamine: CYP2D6 PMs
need reduced dose
• Paroxetine approved for major depressive disorder, panic disorder,
OCD, social anxiety disorder, generalized anxiety disorder, posttraumatic stress disorder, and premenstrual dysphoric disorder
• Paroxetine & fluvoxamine CYP2D6 CPIC guideline:
– PMs: reduce dose to 25-50% of recommended starting dose
– No adjustments for IMs
– Not enough evidence for UMs but may want to selected an
alternate SSRI not metabolized by CYP2D6

Molecular Psychiatry, Mar 2013, Vol. 18 Issue 3, p273-287

Fluoxetine: No PGx recommendations
• Indicated for the treatment of major
depressive disorder, obsessive
compulsive disorder, bulimia nervosa,
and panic disorder
• Conflicting & inconclusive data
regarding CYP2D6
• Fluoxetine is a potent inhibitor of
CYP2D6, can make NM resemble PM
• CPIC has no recommendations but
suggests an alternate SSRI for CYP2D6
UMs & PMs
• DPWG also provides no
recommendations
https://www.pharmgkb.org/pathway/PA161749012

Tricyclic Antidepressants
• Mixed serotonin and norepinephrine reuptake
inhibitors
• Used to treat depression but use has declined due
to undesirable side effects
• Main therapeutic use is now pain management
• Plasma concentrations of these drugs relate to
efficacy
• CYP2D6 & CYP2C19 influence plasma concentrations
• Ex: amitriptyline, butriptyline, clomipramine,
desipramine, dosulepin, doxepin, imipramine,
iprindole, lofepramine, nortriptyline, protriptyline,
trimipramine

Less active
Clin Pharmacol Ther. 2013 May;93(5):402-8.

CYP2D6 & CYP2C19 BINGO

Hicks et al. Clin
Pharmacol Ther. 2016
DOI: 10.1002/cpt.597

Carbamazepine CPIC guideline

HLA-B*15:02

• CPIC guideline for carbamazepine, implemented in several hospitals
• Carrier/non-carrier test
• Carrier frequency related to ethnicity, most frequent in East, South, Central Asians,
highest in Han Chinese (12%)
• Very high risk of serious/fatal hypersensitivity reaction in carriers (OR 113)
• Some small studies show association with reactions to phenytoin, oxcarbazepine,
eslicarbazepine, lamotrigine also

Clin Pharmacol Ther. 2013 Sep;94(3):324-8

HLA-A*31:01
• Also associated with carbamazepine hypersensitivity reactions with
OR of 9
• Hypersensitivity reactions are more varied, less serious
• Found in larger number of people, 2-5% of Caucasians
• The Canadian Pharmacogenomics Network for Drug Safety (CPNDS)
clinical recommendation group has published guidelines for the use
of HLA-A*31:01 genotype when prescribing carbamazepine (CBZ).
They recommend that carbamazepine not be prescribed for CBZnaive patients who carry at least one HLA-A*31:01 allele.

CPIC guidelines in practice
• Fluoxetine, citalopram, escitalopram, sertraline, paroxetine,
commonly used
• Fluvoxamine & TCAs used less often
• Strength of recommendations varies by metabolizer status &
medication
– Ex: CYP2C19 PM reduce dose by 50% or select alternative drug
is moderate recommendation for (es)citalopram, optional for
sertraline
• Prevalence of variants (ex: HLA-B*15:02) varies by ethnicity – may
only need to test patients of that ethnicity
21

Other considerations
• Concomitant medications can influence CYP2D6 activity
– Strong CYP2D6 inhibitors: fluoxetine, paroxetine, bupropion
– Moderate/weak CYP2D6 inhibitors: duloxetine, sertraline, escitalopram

• Medications, food & herbal supplements can influence CYP3A4 activity
– CYP3A4 inducers: carbamazepine, phenobarbital, phenytoin, St. John’s wort
– CYP3A4 inhibitors: fluoxetine, fluvoxamine, grapefruit juice

• Medications & smoking can influence CYP1A2 activity
– CYP1A2 inducers: smoking, carbamazepine, phenobarbital
– CYP1A2 inhibitors: amlodipine, cimetidine, ciprofloxacin, fluoxetine

• Disease status, severity, age, adherence, stress influence response to SSRIs
22

CPIC considerations for pediatrics
and other genes
• CYP2D6 activity is fully mature by early childhood, extrapolation of
these recommendations to adolescents or possibly younger children
may be possible with close monitoring
• CYP2C19 activity may be increased in children relative to adults;
therefore, these recommendations should be used with caution in
children and accompanied by close monitoring
• No strong evidence supporting gene-based dosing recommendations
for other CYP enzymes that metabolize SSRIs (1A2, 2C9, and 3A4)
• Increasing evidence that variations in the genes encoding the serotonin
transporter (SLC6A4) and the serotonin 2A receptor (HTR2A) are
associated with SSRI response and adverse effects
CPIC Guideline. Hicks et al. Clin Pharmacol Ther. 2015 Aug;98(2):127-34.

Serotonin transporter SLC6A4
• Pharmacodynamic gene
• 44bp insertion determines long/short
form (L/S)
• SNP rs25531 influences expression
(A/G)
• Expression influenced by both: LA>LG>S
• Meta-analysis showed long allele had
better response, not enough data for
LA vs LG
https://www.pharmgkb.org/pathway/PA161749006

Lack of established concentrationresponse effect

PLoS One. 2014 May 23;9(5):e98099
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Can lack of concentration-response
relationship be explained by PD?
L/L (LA/LA)

Low concentrations of paroxetine not
as effective in L/L vs S/S
Potential therapeutic guidance for S/S carriers:
choose another class of drugs (SNRIs)

S/S

Trends Cogn Sci. 2006 Apr;10(4):182-91.

PharmGKB Levels of Evidence

Evidence can be for efficacy or toxicity/ADR

genes
CYP2D6
CYP2C19
SLC6A4
HTR2A
GRIK4
CYP1A2
CYP2C9
CYP2B6
CYP3A4

# drugs
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MTHFR
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LPHN3

3

GRIA3

3

DRD3

3

CYP3A5

3
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CYP2C9

CYP2B6

CYP1A2

BDNF

ADRA2A

ABCB1

UGT2B15

UGT1A4

HTR2C

HTR2A

GRIK4

EPHX1

COMT

SLC6A4

DRD2

HLA-B*15:02

HLA-A*31:01

Gene
Test
Evidence 1A
CCHMC
●
CNSDose®
●
Genelex YouScript®
●
GeneSight® Psychotropic ●
Genomas® PhyzioType™ ●
Genomind®
●
Millennium PGTSM
●
Neuropharmagen®
●
OneOme®
●
PGXLTM
●
Rxight®
●

CYP2C19

CYP2D6

A variety of PGx testing options
4 NR

● ●

● ●
● ●

●
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Practical use of commercial PGx tests
• Accuracy of variants tested is regulated by CAP/CLIA
• Variants they test for in each gene could be different – how many
CYP2D6 or CYP2C19 alleles are tested for before calling a patient *1?
• Interpretations of genetic variants to metabolizer status is not
regulated and varies
• Interpretations of variants/metabolizer status to effect on
medication varies
• Just because a drug is a substrate for an enzyme doesn’t mean that
genetic variants in that gene influence response/toxicity

29

Differences in CYP2D6 metabolizer status
interpretations
CYP2D6
Activity
CPIC
DPWG
Score Phenotype Phenotype
0
PM
PM
0.5
IM
IM
1
EM
IM
1.5
EM
EM
2
EM
EM
2.5
UM
UM
≥3
UM
UM

Commercial
PGx
Phenotype
PM
PM or IM
IM or EM
IM or EM
EM
EM or UM
UM

Hicks, Swen, Gaedigk Curr Drug Metab.
2014 Feb;15(2):218-32.
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Haloperidol
• Used to treat schizophrenia and other psychoses, treatment for
severe behavioral problems in kids with disruptive behavior disorder
or ADHD
• Metabolized by CYP2D6, CYP3A4, CYP1A2

Swen et al. Clin Pharmacol Ther. 2011 May;89(5):662-73

Aripiprazole
• Used for the treatment of schizophrenia, acute manic and mixed episodes
associated with bipolar disorder.
• Metabolized by CYP2D6, CYP3A4
Swen et al. Clin Pharmacol Ther. 2011 May;89(5):662-73

FDA label

Cincinnati Children’s Hospital Medical Center
• Only children’s hospital in the Cincinnati metropolitan
area (population 2.1 million)
• 628-bed non-profit organization
• Operations totaling $2.1 billion annually, >15,000
employees, 6 million square feet of facilities and eleven
off-site neighborhood facilities
• In 2016, CCHMC had 1.3 million patient encounters,
including 92,000 Emergency Department visits, 33,900
surgical procedures and 35,360 admissions
• Focused on providing care for the population in our
tristate, but in 2016 patients came from 61 countries
and all 50 states

PGx at CCHMC
• Idea in 2001 to reduce medication-related adverse events with genetic
testing
• Started with physicians, pharmacologist, geneticists & nurse
• Support from hospital administration
• Algorithms were developed prior to CPIC
• Began with single gene-drug pairs in 2004
• Faculty wanted panels of drugs that could be prescribed and the genes
that influence their metabolism
• Psychiatry Panel launched in 2005 and was updated in 2013

Launch of GPS in 2004
• Started with 3 CYP2D6 alleles (*3, *4, *5) and one CYP2C19
allele (*2)
• Not comprehensive coverage to balance clinical relevance of
allelic variation, need for results within a 2 day window and
cost to the patient ($300)
• Began testing blood only, added buccal swabs in 2006
• Range of users, from infrequent to routine
• Psychiatric pharmacist joined in 2005, attended inpatient
psychiatry rounds, informed treatment team of existing
pharmacogenetic test results and alerted prescribers to all
PMs & UMs (no longer at CCHMC)

Launch of GPS - Consent
• Because it was being done to help prescribers make decisions about
drug selection or drug dosing for the immediate medical benefit of
pediatric patients, the AAP discussion of informed consent for newborn
screening was used as a guide
• Brief parent / patient education about the purpose and limitations of
the test prior to obtaining the sample
• Staff were encouraged to give the parents / patients a copy of a
handout
• After the blood was obtained, parents also had the opportunity to
cancel the PG test without charge during the two business day period
for testing

Metabolizer status influences efficacy and
tolerability in pediatric psychiatric patients

0 .8

P=0.03

2 .0

P=0.01

0 .6

Num ber of ADRs

•

279 patients age 3-18 who received psychotropic medications metabolized by
CYP2D6 or CYP2C19 during an inpatient stay
Behavioral intervention scores calculated from timeouts, therapeutic holds, & physical
restraints, proxy for aggression & efficacy

B e h a v io r a l In t e r v e n t io n S c o r e

•

0 .4

0 .2

1 .5

1 .0

0 .5

0 .0

0 .0
PM

N= 55

IM

62

NM

145

UM

17

PM

N= 55

IM

62

Prows et al. J Child Adolesc Psychopharmacol. 2009 Aug;19(4):385-94.

NM

145

UM

17

How we implement PGx now
• Psychiatry Panel (19 drugs), Opioid Panel (4 drugs),
single genes (CYP2D6, CYP2C9, CYP2C19, TPMT,
VKORC1)
• Performed onsite in CAP/CLIA Molecular Genetics Lab
with Taqman® array and long-range PCR
• Reported to Results Report tab in Epic
• Report (pdf) contains genotype, phenotype & dosing
recommendations as percentage of normal dose
• When a provider enters an order for a medication with
CDS, they see alert

>22,000 GPS tests performed
• Yearly averages:
•
•
•
•
•

Psych panel: ~1900
Opioid panel: 50–200
TPMT: ~120
CYP2C19: ~120
Warfarin: 10-20

Why Psychiatry?
• The Division of Child and Adolescent Psychiatry at CCHMC
was interested in using pharmacogenetics to improve patient
care
• Many of the drugs used in psychiatry are metabolized by
common polymorphic enzymes
• It’s the largest pediatric inpatient unit in the country
– 92 inpatient beds across two campuses as well as outpatient clinics at 3 CCHMC
satellites
– >46,000 outpatient encounters and >29,000 inpatient encounters per year

• The Division of Child and Adolescent Psychiatry chose to
make the Psychiatry Panel a part of routine care for their
inpatients

Incorporation into EHR
Clinician orders fluoxetine

© 2017 Epic Systems Corporation. Used with permission.

Result Report: Psychiatry Panel
Gene Analyzed: CYP2C19
Genotype Allele 1: *2
Allele 2: *2
Predicted Phenotype – Poor Metabolizer
Gene Analyzed: CYP2D6
Genotype Allele 1: *4
Allele 2: *10
Duplication: No
Predicted Phenotype – Intermediate Metabolizer

Population frequencies
Translated according to CPIC guidelines
CYP2D6
N
Normal
Intermediate
Poor
Ultra-rapid

4255
351
308
116

%

CYP2D6
PM

84.6%
7.0%
6.1%
2.3%

UM

IM

Normal

CYP2C19
CYP2C19
N
Normal
Intermediate
Poor
Ultra-rapid

2147
1075
151
1657

%

42.7%
21.4%
3.0%
32.9%

UM
Normal
PM
IM

CYP2D6
metabolizer
CYP2D6 NM
CYP2D6 NM
CYP2D6 NM
CYP2D6 NM
CYP2D6 IM
CYP2D6 IM
CYP2D6 IM
CYP2D6 IM
CYP2D6 PM
CYP2D6 PM
CYP2D6 PM
CYP2D6 PM
CYP2D6 UM
CYP2D6 UM
CYP2D6 UM
CYP2D6 UM

CYP2C19
metabolizer
CYP2C19 NM
CYP2C19 IM
CYP2C19 PM
CYP2C19 UM
CYP2C19 NM
CYP2C19 IM
CYP2C19 PM
CYP2C19 UM
CYP2C19 NM
CYP2C19 IM
CYP2C19 PM
CYP2C19 UM
CYP2C19 NM
CYP2C19 IM
CYP2C19 PM
CYP2C19 UM

%

N
35.8% 1803
18.4% 925
2.4% 121
28.0% 1406
3.0% 151
1.5% 75
0.4% 19
2.1% 106
2.8% 140
1.1% 55
0.2%
8
2.1% 105
1.1% 53
0.4% 20
0.1%
3
0.8% 40
100.0% 5030

CCHMC PGx implementation
Codeine is being ordered

© 2017 Epic Systems Corporation. Used with permission.

Patient education sheets

What have we learned?
• Having leadership on board was very helpful
• CCHMC psychiatrists want a panel of medications because
they have many options and switch frequently
• CCHMC psychiatrists like the dosing recommendations with
percentage of normal dose rather than red/yellow/green
bins
• Even though report is available on most patients, it’s not
always used (too many clicks to see results)
• Putting results into the EHR as PDFs is not optimal
• Insurance reimburses for tests when they are ordered at an
inpatient encounter

Where do we go from here?
• Improve decision support
– Put results in as discrete data instead of PDF so CDS can be driven
off them and clinicians don’t have to go through so many clicks to
see results
– Work with IS to alert only when actionable results are in report

•
•
•
•
•
•

Implement additional gene-drug pairs
Learn from the patients already tested
Education for clinicians
Add clinic/consult service
Continue research efforts in pain & transplant
Incorporate drug concentration data

A toxic tale
• Genetics - found to be a CYP2D6 poor metabolizer and dosages
adjusted - Side effects greatly reduced
• Drug selection altered but still with ongoing behavioral problems
• Future development of a pharmacokinetic model may improve
chances for best response
2017
2003
2000

Summary of pharmacogenetics at CCHMC
• We have been using pharmacogenetics to provide
dosing recommendations for 12 years as percentage
of normal dose
• Clinicians find it helpful, patients have begun asking
for it
• We have seen every combination of CYP2D6/CYP2C19
• As evidence increases, we add to the test or add new
tests
• We are working on improving clinical decision support

Other psychiatry PGx implementation
(not a comprehensive list)
• Florida, Vanderbilt, Mount Sinai, St. Jude: CPIC guidelines for SSRIs & TCAs
• Centre for Addiction and Mental Health (CAMH)
– started offering CYP2D6 and CYP2C19 genotyping in 2009 on a research
basis
– 2012 started IMPACT study, adding CYP1A2, CYP3A4, CYP2C9
– 2015 started using GeneSight (adding CYP2B6, SLC6A4, HTR2A) and
enrolling in GAPP clinical trial that added some other variants also
• Mayo Clinic RIGHT 10K Project: CYP2C19 & citalopram, escitalopram
CYP2D6 & paroxetine, fluoxetine, fluvoxamine, venlafaxine
• NorthShore: CYP2D6, CYP2C19, SLC6A4, HTR2A (19 genes total) in
Pharmacogenomics Clinic where patient is referred, meets with pharmacist
• https://cpicpgx.org/implementation/ (references included on last slide)
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