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Pharmacogenomic biomarkers are potential individual genetic variations that can affect drug response influencing
both pharmacokinetic parameters by causing variable activity of the systems responsible for the absorption,
distribution, metabolism, and excretion of the drug and pharmacodynamic parameters like the mechanisms of
action of the drug. Here, the term "pharmacogenomic biomarkers in psychiatry" means those related to a variety of

psychiatric disorders, such as depression, ADHD, narcolepsy, schizophrenia, bipolar disorder, and epilepsy.
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| 1. Introduction

The World Health Organization (WHO) estimates that about 25% of the population around the world will suffer from
at least one mental disorder at some time in their lives 22, Depression and anxiety are among the most common
disorders, and these can affect people regardless of age, gender, ethnicity, or background. We do not fully
understand what causes most cases of mental health impairment, but it is known that both genetic and
environmental factors can often contribute to an individual's predisposition to a particular disorder. In other cases,

serious injuries or traumatic events cause psychological symptoms that persist for a long period of time 2.

Medications can be used in order to reduce the intensity of symptoms or treat several psychiatric disorders. A
patient's response to the many medications used to treat various psychiatric disorders can be highly variable 4.
Drug response is dependent on personal health risk factors (e.g., gender, age, liver and renal function, blood
pressure, body fat, alcohol and drugs, and drug—drug interactions). In addition, genetic factors, i.e., individual's
unique genetic makeup, can affect drug response influencing both pharmacokinetic parameters by causing variable
activity of the systems that are responsible for the absorption, distribution, metabolism, and excretion of the drug
and pharmacodynamic parameters, like the mechanisms of action of the drug B Pharmacogenomics (PGx)

refers to the study of drug response as it relates to potential individual genetic variations.

For an increasing number of drugs, pharmacogenomic testing is available and used to pre-screen patients and
help them in selecting drug choice and drug dose accordingly 4. Now, more than 10% of medications that are
approved by the U.S. Food and Drug Administration (FDA) provide pharmacogenomic information (PGx
information) in their drug labeling. This proportion is gradually increasing as more pharmacogenomic biomarkers
(PGx biomarkers) are discovered and validated.
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There are solid reasons for pharmacogenomic testing (PGx testing). Some drugs are only effective for specific
genotypes and the testing can avoid unpredictable, severe, and potentially fatal drug reactions. Furthermore, for
some drugs, a patient's ancestry is the essential consideration. For example, for carbamazepine, a commonly used
antiepileptic drug, the FDA recommends that, if patients are descendants of genetically high-risk populations, they
should take PGx testing for the presence of HLA-B*15:02 before treatment [BIRILY Carriers of this variant, which is
frequently found in Han Chinese descendants, are highly susceptible to the development of Stevens—Johnson
syndrome and toxic epidermal necrolysis, which often lead to serious conditions, during the course of
carbamazepine therapy. The HLA-B variant alleles are just one example of such adverse drug reactions (ADRS). In
fact, there is a plethora of genetic variants that are associated with ADRs. As an evident example, carriers of a
variant of MT-RNR1 (mitochondrially encoded 12S rRNA), an RNA-coding gene, are at high risk of irreversible

hearing loss by a single dose of gentamicin [1112],

For a growing number of drugs, PGx testing provide a means of optimizing the drug choice and drug dose. Drug
labels include not only standard dosing information, but also guidelines for adjusting the drug dose or selecting an
alternative drug, when necessary, based on a patient's genetic makeup if gene-drug interrelationships are well
understood. Dosing adjustment requirements or recommendations are mostly in variants of genes that encode
drug-metabolizing enzymes or drug transporters 3. Thus, PGx biomarkers in genetic variants that are important
for interindividual variations in PK and PD have been very useful in the optimization of pharmacotherapy. Several
independent institutions, including the FDA 4 the European Medicines Agency (EMA), the Clinical
Pharmacogenetics Implementation Consortium (CPIC) 22! the Canadian Pharmacogenomics Network for Drug
Safety (CPNDS) 1817 and the Dutch Pharmacogenetics Working Group (DPWG), have provided instructions on
how PGx testing results can be interpreted in terms of the drug choice and the drug dose [£8119]120],

Accumulated data are then noted to FDA and its Table of Pharmacogenomic Biomarkers in Drug Labeling is widely
used as a standard guideline 14, PGx information is only included on labels when it is useful to inform clinicians of
the impact of genotype on phenotype—gene—drug interrelationships—or to indicate whether a PGx test is available
for a particular medication. As of now, the Table of PGx Biomarkers includes 431 drug-biomarker pairs for 298
drugs across therapeutic areas. In addition, PharmGKB provides a comprehensive resource, in which evidence-
based PGx knowledges are curated and disseminated by scientific team about how our body responds to
medications 2. Pharmacogenomic information is important: it can maximize drug efficacy and reduce/avoid drug
toxicity. Currently, FDA's Table of PGx Biomarkers describes PGx information for 35 psychiatric medications, as in
Table 1. In addition, the Table of PGx Biomarkers includes PGx information for eight antiepileptic drugs (AEDs), as
in Table 2.

Table 1. Food and Drug Administration (FDA) pharmacogenomic biomarkers in drug labeling in psychiatry.

o . FDA Labeling
Drug Type Indication Biomarker FDA ) EMA
Sections
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Antidepressants

Amitriptyline TCA
Amoxapine TCA
Bupropion NDRI
Citalopram SSRI

Clomipramine TCA

Desipramine TCA

Desvenlafaxine  SNRI

Doxepin TCA

Depression

Depression

Depression

Depression

Depression

Depression

Depression

Depression

CYP2D6

CYP2D6

CYP2D6

CYP2C19

CYP2D6

CYP2D6

CYP2D6

CYP2D6

CYP2C19

CYP2D6

Actionable

Actionable

Informative

Actionable

Informative

Actionable

Actionable

Informative

Actionable

Precautions

Precautions

Clinical

Pharmacology

Dosage and

Administration

Warnings

Clinical

Pharmacology

Clinical

Pharmacology

Precautions

Precautions

Clinical

Pharmacology

Clinical

Pharmacology

Clinical

Pharmacology
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Duloxetine

Escitalopram

Fluoxetine

Fluvoxamine

Imipramine

Nefazodone

Nortriptyline

Paroxetine

Protriptyline

Trimipramine

Venlafaxine

SNRI

SSRI

SSRI

SSRI

TCA

SARI

TCA

SSRI

TCA

TCA

SNRI

Depression

Depression

Depression

Depression

Depression

Depression

Depression

Depression

Depression

Depression

Depression

CYP2D6

CYP2C19

CYP2D6

CYP2D6

CYP2D6

CYP2D6

CYP2D6

CYP2D6

CYP2D6

CYP2D6

CYP2D6

CYP2D6

Actionable

Actionable

Informative

Informative

Actionable

Actionable

Informative

Actionable

Informative

Actionable

Actionable

Actionable

Drug Interactions  Actionable

Adverse

Reactions

Drug Interactions

Precautions

Clinical

Pharmacology

Drug Interactions

Precautions

Precautions

Precautions

Drug Interactions

Clinical

Pharmacology

Precautions

Precautions

Drug Interactions

Use in Specific

Populations
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Vortioxetine

SSRI Depression

Stimulants and non-stimulants

Amphetamine

Atomoxetine

Modafinil

Pitolisant

Stimulant ADHD
Non-

_ ADHD
stimulant
WPA Narcolepsy
H3R Narcolepsy
antagonist

CYP2D6

CYP2D6

CYP2D6

CYP2D6

CYP2D6

Actionable

Informative

Actionable

Actionable

Actionable

Clinical

Pharmacology

Dosage and
Administration

Actionable
Clinical

Pharmacology

Clinical

Pharmacology

Dosage and
Administration

Warnings and
Precautions

Adverse

Reactions

Drug Interactions

Use in Specific

Populations
Clinical

Pharmacology

Clinical

Pharmacology

Dosage and

Administration
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Antipsychotics

Aripiprazole Schizophrenia
Atypical Bipolar CYP2D6
disorder
Aripiprazole ) _ _
) Atypical Schizophrenia  CYP2D6
lauroxil

Schizophrenia

Brexpiprazole Atypical CYP2D6
PIp yp Very severe
depression
Cariprazine Atypical Schizophrenia  CYP2D6
Bipolar
disorder

Actionable

Actionable

Actionable

Informative

Use in Specific

Populations

Clinical

Pharmacology

Dosage and

Administration

Use in Specific

Populations
Clinical

Pharmacology

Dosage and

Administration

Use in Specific

Populations
Clinical

Pharmacology

Dosage and

Administration

Use in Specific

Populations

Clinical

Pharmacology

Clinical

Pharmacology

Actionable

Actionable
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Dosage and
Administration

Use in Specific

Clozapine Atypical Schizophrenia  CYP2D6 Actionable )
Populations
Clinical
Pharmacology
Dosage and
Administration
Warnings and
. . . . . Precautions
lloperidone Atypical Schizophrenia  CYP2D6 Actionable
Drug Interactions
Clinical
Pharmacology
o ) . . i Clinical
Paliperidone Atypical Schizophrenia  CYP2D6 Informative
Pharmacology
Precautions
Perphenazine Typical Schizophrenia  CYP2D6 Actionable Clinical
Pharmacology
Dosage and
Tourette Testin Administration
Pimozide Typical CYP2D6 .g
3 3syndrome Required r; SARI =
Precautions - SSRI =
Jromoting
Risperidone Atypical Schizophrenia  CYP2D6 Informative  Clinical
Bipolar Pharmacology
disorder
Drug Type Indication Biomarker FDA FDA Labeling EMA
Sections
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Inhibits
synaptic o
] ) ) ) Clinical )
Brivaracetam vesicle Epilepsy CYP2C19 Actionable Actionable
Pharmacology
SV2A
protein
Enhances
. Boxed Warning
sodium
channel _ Testing .
Epilepsy HLA-B ) Warnings
(rapid Required
Carbamazepine  inactivation) Binolar Precautions
. disorder
Inhibits L-
type calcium
channel HLA-A Actionable Warnings
Dosage and
Administration
GABA, . .
) ) Use in Specific
Clobazam receptor Epilepsy CYP2C19 Actionable ]
) Populations
agonist
Clinical
Pharmacology
GABA, o
) ) ) Clinical
Diazepam receptor Epilepsy CYP2C19 Actionable
) Pharmacology
agonist
Enhances
sodium
. , ) Clinical .
Lacosamide channel Epilepsy CYP2C19 Informative Informative
Pharmacology
(slow
inactivation)
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Enhances
sodium
channel
(rapid

) inactivation
Oxcarbazepine )

Inhibits N/P-
and R-type
calcium

channel

Enhances
Phenytoin sodium
channel
(rapid

inactivation)

Inhibits
voltage-
dependent
sodium and
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Valproic Acid calcium

channels

Enhances
GABA

transmission

Epilepsy
. HLA-B
Bipolar
disorder
CYP2C9
Epileps
Prepsy CYP2C19
HLA-B
POLG
Epilepsy
Nonspecific
(Urea cycle
disorders)

Testing
recommended

Actionable

Testing
Required

Actionable

Warnings and
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Clinical

Pharmacology

Clinical
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Warnings

Boxed Warning

Contraindications

Warnings and
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Contraindications
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disorders: A systematic review. J. Trauma Acute Care Surg. 2017, 82, 794-801.
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Theadreygotthesagey. AB0s. REPs)Veodmpifb ,51rdd Bupdifamily of a variety of enzymes that serve as major
workhorses for metabolizing steroid hormones, lipids, toxins, and xenobiotics. The CYP superfamily genes encode
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