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Abstract

The study of pharmacogenomics is rapidly growing, particularly in the field of mental health. Understanding
pharmacogenomic principles can be a challenge for many clinicians. Most mental health genomic data
concentrates on variability (response, side effects) with antidepressants and atypical antipsychotics. Current
pharmacogenomic practice and research primarily focuses on two areas: pharmacodynamics and pharmacoki-
netics. Based on the current literature, genetic polymorphisms of pharmacodynamics and pharmacokinetics
parameters likely influence medication efficacy, therefore affecting the therapeutic benefit. Additionally,
certain pharmacodynamic and pharmacokinetic polymorphisms have been linked to an elevated risk of side
effects and adverse events with these medications. In this review, specific pharmacodynamic and
pharmacokinetic polymorphisms related to antidepressants and atypical antipsychotics will be discussed, as
well as the potential clinical effect these genomic abnormalities have within psychiatric care.
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Introduction

Over the past 3 decades, new psychotropic medications
have been developed in hopes of improving outcomes
such as medication adherence, tolerability, safety, and
efficacy. A motivating factor for this has been consistently
low reported remission rates in mood disorders with first-
line treatment options. It has been demonstrated that
approximately 40% of treated patients will experience
complete remission.” In an effort to improve outcomes,
mental health pharmacogenomics may play a role in
improving outcomes by enhancing decision making in
medication selection and treatment strategy. With im-
proved access to genetic testing, future goals within
mental health should include providers maintaining a well-
rounded understanding of pharmacodynamic and phar-
macokinetic properties. With the completion of the

cpnp

Human Genome Project in 2003, these goals are within
sight. Since 2003, pharmacogenomic research has suc-
cessfully shown that medication regimens may be
individualized to allow for the selection of the safest
possible treatment option.*3

Genetic polymorphisms and neurochemical mechanisms
for psychotropic medications have remained the corner-
stone of mental health genomic research.* This review
article will focus on the genomic influence of specific
biomarkers and cytochrome P450 (CYP) enzymes associ-
ated with antidepressants/atypical antipsychotics. The aim
of this review is to help familiarize health care profes-
sionals with common targeted biomarkers in genetic
testing, illustrate common pharmacokinetic anomalies,
and serve as a review for polymorphisms with antidepres-
sants and atypical antipsychotics.

Pharmacodynamic Genes (Targeted
Biomarkers)

Antidepressants and atypical antipsychotics have been
extensively studied for pharmacogenomic abnormalities
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because of their mechanisms of action, that is, modula-
tion of serotonin (5-HT) and dopamine, which makes
them prime targets for polymorphisms. SLC6A4 (also
referred to as SERT or 5-HTT) is a serotonin transporter
gene responsible for encoding the serotonin transporter.
Polymorphisms with SLC6A4 include short (s) and long (1)
variants: s/s, s/l, or I/l.> Some studies suggest that selective
serotonin reuptake inhibitors (SSRIs) promote significantly
improved response and remission rates in patients with
polymorphisms of the long variant (/1) allele of SLC6A4.57
However, consistent results have not been demonstrated.
One large study failed to associate response rates with
SLC6A4 polymorphisms and citalopram use.®

Numerous 5-HT receptors and genes have been thorough-
ly examined for genetic polymorphisms. Most 5-HT
receptor genomic research has been conducted with the
biomarker HTR2A (gene of 5-HT,s receptor). In the
Sequenced Treatment Alternatives for Depression
(STAR*D) study, genetic predictors of treatment out-
comes with citalopram were prospectively examined in
almost 2000 patients. Within STAR*D, a significant
correlation was found between a marker in HTR2A
(homozygous A allele) and treatment response.® This
allele, which was associated with improved outcomes, was
identified 6 times as frequently in whites than blacks.

As mentioned, additional 5-HT receptors have been
targeted for investigation. The receptor 5-HT,¢ is known
to help regulate dopamine/norepinephrine release and
plays a key mechanistic role for atypical antipsychotics.
Polymorphisms with the receptor gene of 5-HT,c (HTR2C)
have been linked to decreased efficacy and increased
adverse effects from atypical antipsychotics (weight gain/
metabolic syndrome).® Polymorphisms with HTR2C (T
allele) have provided the most promising research to date
in the area of antipsychotic-induced weight gain. Most of
the available studies that show a connection between
weight gain and polymorphisms have found it with
clozapine, olanzapine, and risperidone. In addition, a link
has been demonstrated between antipsychotic-induced
weight gain and polymorphisms in the adrenergic
receptors (ADRA2A) as well as leptin, the peptide that is
responsible for mediating food intake and energy
expenditure.*®

Receptor 5-HT,4 (which is involved with antidepressants,
anxiolytics, and atypical antipsychotics) has been linked to
a delayed clinical response with SSRI therapy. Researchers
hypothesize that polymorphisms within this receptor may
contribute to the delay. One single-nucleotide polymor-
phism (SNP) in HTR1A, the receptor gene of 5-HT,4, has
been identified as a possible explanation for the variable
response with SSRIs.* Multiple studies evaluating the
treatment of depressive disorders have shown the
presence of one SNP, rs6295, to be associated with a

reduced response to SSRIs.**** With regard to other 5-HT
receptors (5-HT,, 5-HTe, and 5-HT,), polymorphisms have
been evaluated, yet no consistent correlations have been
found.*

Other recent findings with antidepressants and biomark-
ers are worth discussing. A secondary end point in the
STAR*D cohort found a significant increase in blurred
vision with people who possessed a SNP (EMID2) and
received citalopram.®® EMID2 is a gene responsible for
encoding a protein to assist with corneal fibers. Addition-
ally, a 2012 Japanese study showed a link between sexual
dysfunction with SSRI or serotonin norepinephrine reup-
take inhibitor therapy and a polymorphism present in the
gene MDGA2.** Further research identifying those pa-
tients at risk for sexual side effects would be beneficial in
prescribing antidepressants. Two larger trials, Genome-
based Therapeutic Drugs for Depression (GENDEP) and
Munich Antidepressant Response Signature (MARS), have
examined genetic variation with antidepressants.*>*¢ Only
GENDEP found significant results by showing an associ-
ation with nortriptyline response and 2 unique markers
(UST and rs2500535). See Table 1 for additional comments
regarding targeted biomarkers.

Dopamine receptors and genes have received consider-
able attention in linking genetic polymorphisms with
antipsychotic treatment outcomes and adverse effects.”’
Polymorphisms have been discovered in all 5 dopamine
receptor genes (DRD1 through DRD5). Of the 5, DRD2 has
been translated into clinical application, with atypical
antipsychotics being the best. Most published work has
focused on TagiA polymorphisms, which are believed to
influence the expression of DRD2 and may reduce the
affinity of D, receptor binding.*® These polymorphisms
have been shown to increase the risk of tardive dyskinesia
and weight gain. TagzA polymorphisms have also been
found to be positive predictors for antipsychotic efficacy
in haloperidol and aripiprazole.***° However, results are
not consistent as a recent meta-analysis of 8 studies found
no significant association with treatment response and
Tag1A.>* With regard to other dopamine receptors, limited
positive findings have been found with DRD4 polymor-
phisms and tardive dyskinesia for multiple atypical
antipsychotics.?*?3 Clinical relevance has yet to be
determined for the DRD1 and DRD5 genes.

Other pharmacodynamic-related adverse effects from
atypical antipsychotics include agranulocytosis and QTc
prolongation. Significant results have been shown with
clozapine-induced agranulocytosis and major histocom-
patibility complex (also known as the human leukocyte
antigen, or HLA) polymorphisms, specifically HLA-DQBA1,
in 3 clinical trials.*® With cardiac abnormalities, mutations
in the human ether-a-go-go-related gene (hERG) have
been well documented to cause an increase in the QT
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TABLE 1: Targeted biomarkers in psychiatric pharmacogenomics

Targeted Biomarker Function

Potential Effect on Therapy

Associated Medications

5-HTT variant (SLC6A4) Serotonin transporter

HTR2A, HTR1A, HTR2C Postsynaptic effects of SSRIs;
regulates dopamine and

norepinephrine release

DRD2 Facilitates positive symptoms
of psychosis

CYP1A2 Metabolism of medications

CYP2C1g9 Metabolism of medications

CYP2D6 Metabolism of medications

Poor or slow response to
therapy; poor tolerability

Poor or slow response to
therapy

Poor response or tolerability

Poor response or tolerability
Poor response or tolerability
Poor response or tolerability

SSRI, TCA

SSRI, atypical antipsychotics

Antipsychotics

Clozapine, olanzapine
Amitriptyline, nortriptyline
Multiple medications within

mental health

CYP = cytochrome P,.,; SSRI = selective serotonin reuptake inhibitor; TCA = tricyclic antidepressant.

interval. Unfortunately, limited studies exist that identify
other genetic variants that may mediate antipsychotic-
induced QT prolongation.>*>>

Pharmacokinetic Genes (CYP) With
Antidepressants and Atypical
Antipsychotics

The CYP system is involved in the metabolism of several
classes of mental health medications, including: SSRIs,
serotonin norepinephrine reuptake inhibitors, tricyclic
antidepressants, and atypical antipsychotics. Consequent-
ly, variability of CYP enzyme activity can significantly
differ between individuals and ethnicities.?® The activity of
CYP enzymes may vary among individuals based on their
classification as a poor, intermediate, extensive, or
ultrarapid metabolizer (Table 2).*”

One prominent enzyme, CYP2D6, is involved in the
metabolism of multiple antidepressants/antipsychotics
(Table 3) and in the metabolism of approximately 25%
of all medications metabolized by CYP.?® Although the use
of tricyclic antidepressants for mood disorders has
diminished, the Clinical Pharmacogenetics Implementa-
tion Consortium recently released guidelines for dosing
recommendations with various genotypes of CYP2D6 and
CYP2(19.?° Based on recent pharmacogenomic guide-

lines, recommendations have also been provided on how
to approach a patient who is classified as a poor or
ultrarapid metabolizer of CYP2D6 or CYP2C19.”” Even
though some package inserts may recommend dosing
adjustments based on CYP classification, the US Food and
Drug Administration has not yet provided clear guidance
on this issue.

Individual differences with CYP enzymes may help
determine the relationship between metabolizer status
and inconsistent clinical outcomes. One nonrandomized
cohort provided pharmacogenomic guidance for the
treatment of major depressive disorder based on geno-
typing results for 3 CYP enzymes (CYP2D6, CYP2C19, and
CYP1A2). Guidance reports included recommendations for
more than 20 antidepressants/antipsychotics and listed
the medications to be “use as directed,” “use with
caution,” and “use with caution and more frequent
monitoring” (Table 4).3° After 8 weeks of either guided
or unguided treatment, the pharmacogenomic guided
arm resulted in improved depression scale scores and a
greater reduction in symptoms. In a related study by
Winner et al,3 patients diagnosed with an anxiety or
depressive disorder were prescribed medications from a
panel listed as “use as directed,” “caution,” and “caution/
frequent monitoring” (determined by individual variations
in CYP enzymes, SLC6A4 and 5HTR2A). Regimens that
included a “use with caution/frequent monitoring” agent

TABLE 2: Approximate occurrence rate of variable CYP metabolism by race (%)*”

Mexican North Africa/
Phenotype Whites Blacks Americans East Asians Middle East
CYP2D6 PM 5-10 1-2 3 1 2
CYP2D6 UM 1-10 2 1 0-2 10-29
CYP2C19 PM 2-4 1-5 4 10-25 2
PM for both 0.1-0.4 0.01-0.1 0.12 0.1-0.25 0.04

CYP = cytochrome P450; PM = poor metabolizer; UM = ultrarapid metabolizer.
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TABLE 3: Drug labeling advisory for CYP26 poor metab-
olizers with antidepressants and antipsychotics®

Antidepressants Antipsychotics

TABLE 4: Pharmacogenomic report in a sample patient
(example)3® with genotype CYPiA2, 2D6, 2Cig, 2Cg,
SLC6A4, and 5HTR2A and phenotype metabolizer status
and transporter/receptor activity

Amitriptyline Imipramine Aripiprazole
Citalopram Nefazodone Clozapine
Clomipramine Nortriptyline lloperidone
Desipramine Paroxetine Perphenazine
Doxepin Protriptyline Pimozide
Fluoxetine Venlafaxine Tisperidone
Fluvoxamine Vortioxetine Thioridazine

had an increase in health care visits, medical visits,
medical absence days, and disability claims compared
with those who were prescribed medications from the
other 2 panels.

Along with efficacy data, additional outcomes such as
safety and side effects have been evaluated with CYP
polymorphisms. A 2013 study found that poor metaboliz-
ers of CYP2D6 had significantly increased lengths of stay
in an acute psychiatric unit compared with other groups of
metabolizers.>*> One of the reasons for the cohort’s
prolonged length of stay was increased frequency of side
effects. A separate study found that the use of venlafaxine
in poor metabolizers of CYP2D6 resulted in an increased
incidence of gastrointestinal disturbances and decreased
serum concentrations compared with persons without the
phenotype.®

Consistency in pharmacokinetics research has been
observed with multiple adverse effects of atypical
antipsychotics that could be translated to clinical prac-
tice.>* Even though the risk of tardive dyskinesia and
extrapyramidal symptoms has decreased with the devel-
opment of atypical antipsychotics, drug-induced move-
ment disorders may still occur. Poor metabolizers of
CYP2D6 or CYP1A2 have been shown, as displayed in
multiple significant reports, to have an increased risk of
extrapyramidal symptoms.*® These findings are likely
related to increased accumulation of medication metab-
olites and serum concentrations.

Clinical Application

Clear evidence for determining when pharmacogenomic
testing is appropriate remains unclear in the area of
psychiatric care. To date, no large randomized trials have
demonstrated the utility of testing. Examples of clinical
scenarios that may lead to testing recommendations in a
patient include poor tolerance of typical doses, lack of
response to treatment doses, family history of poor
response, and adverse reactions to medications metabo-
lized by CYP enzymes.”” In addition, the question of cost

Drug Category Instruction Drug Name

Antidepressants May use as directed Citalopram
Desvenlafaxine
Escitalopram
Sertraline
Trazodone
Use with caution Bupropion
Mirtazapine
Increased monitoring
recommended

Amitriptyline
Desipramine
Duloxetine
Fluoxetine
Nortriptyline
Paroxetine
Venlafaxine
Quetiapine
Ziprasidone

Antipsychotics May use as directed

Use with caution Clozapine
Olanzapine
Perphenazine
Risperidone

Increased monitoring
recommended

Aripiprazole
Haloperidol

savings remains uncertain. One pharmacoeconomic study
demonstrated a relative cost savings of approximately
10% (or $562), over a 4-month follow-up period when a
genomic-guided algorithm was used in mental health.3>

Multiple platforms for testing devices are currently
available; however, the AmpliChip® CYP450 Test is the
only system approved by the Food and Drug Administra-
tion.?® AmpliChip will assess the genotype for CYP2D6 and
2C19 only. Additional testing platforms available include
PGxPredict: Clozapine® (Allergan, Parsippany, NJ) (as-
sesses HLA-DQB1), Genecept Assay ™ (Genomind, King of
Prussia, PA) (assesses CYP2D6, 2C19, SLC6A4, and DRD2),
and GeneSightRx® (Assurex Health, Mason, OH) (assess-
es CYP2D6, 2C19, 2C9, 1A2, SLC6A4, and 5HTR2A). With
regards to ethical considerations, before ordering geno-
mic testing, clinicians should obtain appropriate consent,
certify that this is a voluntary procedure, and ensure that
the testing will have an acceptable level of reliability.3®
Lastly, pharmacists could be relied upon to help lead the
way with the implementation of mental health pharma-
cogenomic testing, as this was recently demonstrated in
other clinical arenas.””
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Conclusion

As pharmacokinetic/pharmacodynamic data continue to
build and improve, genomic testing will remain a
flourishing field for the years to come. Continued research
showing clinical and economic worth will add to the value
of pursuing genomic testing in mental health. One clinical
area of focus that remains unanswered is the question of
timing, that is, when to use pharmacogenomic testing.
The mental health community is looking forward to
gaining guidance on this issue and future recommenda-
tions regarding feasibility.
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