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Abstract: The broad arsenal of psychotropic medijcations is characterised
by significant interindividual variability in clinical response and adverse

PharmaCOgenomICS effects,  stringent  monitoring  requirements,  potential  drug-drug
. . . interactions,  difficult  long-term  adberence  and ~ high  costs.
m Psy chiatric P/mr;ﬂam(gmomz'gp z'ﬂwmgiex the  correlation bez‘u/eji genetic
Disorders polymorphisms and responsiveness to drugs and could provide a valuable
guide to fulfill the promise of personalized therapy in the context of the
genomic medicine era, by tailoring treatment based on the patient’s specific
genetic markers. The present paper overviews the current advances in the
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outcomes and quality of life in psychiatric patients of the genetic variants
in the neurotransmitter receptors (dopamine and serotonin), metabolic
pathways of drugs (eytochrome CYP450 2D6 and 2C19) and  the
human lenkocyte antigen system. The paper focuses on some of the major
psychotropic drug classes, such as: antipsychotics, antidepressants and
mood stabilizers. V alidation of statistically significant pharmacogenomics
relationships has enabled the development and market approval of some
predictive tests which are already integrated into some psychotropic drugs
label. Results and discussions. Predictive pharmacogenomics tests have
changed the classical approach of prescription  “trial-and error” and “one
dose fits all patients” towards personalized therapy. In addition, in new
therapeutic candidates’ clinical development, pharmacogenomics practically
guides the clinical studies design, by substantially reducing the failure
rates, costs and exposure risks of non-responders patients to new drugs.
Current translation barriers of predictive pharmacogenomic tests from
bench to clinical practice are also discussed. Conclusion. The paper
emphasizes the current progress and future prospects in the field of
pharmacogenomics as a guide to personalized therapy of psychiatric
disorders, by: a) pretreatment selection of the right drug, prescribed in its
optimized dose, to the right patient, according to one’s specific genetic
biomarkers; b) by improved clinical trials design based on genetic
Stratification of patients’ population into responders versus non-
responders, especially in the costly phases III and I/
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Pharmacogenomics: the promise of personalized psychotropic therapy

Clinical, demographic and genetic specific profiles could contribute
in different ratios to significant interpatient variability noticed in both
therapeutic efficacy and adverse drug reactions (ADR) (Moore, Hill &
Panguluri, 2014; Tauser 2012). “Antipsychotic Trials of Intervention
Effectiveness” (CATIE) estimates that over 70% of chronic schizophrenia
patients stopped the antipsychotics because of sub-optimal efficacy or safety
and treatment-resistant schizophrenia (TRS) affects ~30% of patients (Eum,
Lee, & Bishop, 2016). Only 60%—70% TRS cases treated with clozapine, as
the unique evidence-based treatment, are responsive (Lally et al., 2016).
Moreover, both first (FGAs) and second generation antipsychotics (SGAs)
can cause tardive diskinesia (TD) with a prevalence of 32.4%, and 13.1%,
respectively (Zhang & Malhotra, 2011). In addition, “Systematic Treatment
Enhancement Program for Bipolar Disorder” (STEPBD) trial proved that
relapse ocurred to approximately 75% of patients during follow-up (Leucht
et al., 2013). Furthermore, depression is expected to become the most costly
psychiatric disorder in Europe (1% from gross domestic product) and the
second one worldwide, as World Health Organisation estimates. “Sequenced
Treatment Alternatives to Relieve Depression” (STAR*D) trial - the largest
and longest evaluation of antidepressants — has proven that: only 37% of
non-psychotic major depression cases reported remission to a selective
serotonin reuptake inhibitor (SSRI) as first choice drug, and 16.3% of
patients stopped the therapy because of poor tolerance; only 50%
antidepressant-treated patients are responsive and about 55% experience at
least one ADR; at least four antidepressant drugs by classical approach of
prescription “trial-and error” and “one dose fits all patients”, for more than
50 weeks, were necessary to obtain a cumulative remission rate of 67%; the
antidepressant therapy was interrupted after 3 months in 42% of cases, and
only 45% were compliant to longer treatment; a great variability (up to 40%)
in pharmacokinetic plasmatic parameters is noticed for some antidepressants
administered in the same standard therapeutic dose to different patients.
Moreover, genetic polymorphisms could explain up to 42-50% of the
differences in both positive clinical outcomes and ADR of antidepressants
(Bousman et al., 2017; Tauser, 2012).

Personalized or precision medicine uses “genetic or other biomarker
information to improve the safety, effectiveness and health outcomes of
patients via more efficiently targeted risk stratification, prevention, and
tailored medication and treatment management approaches” (Lally et al.,
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20106). Pharmacogenetics has mainly associated monogenic polymorphisms to
the patients’ variability in drugs’ metabolism, with the potential to diminish
the risk of ADR to the carriers (Z.e., persons who do not “average” respond).
Pharmacogenomics investigates in an integrative approach the differences in
genes’ expression caused by the systemic interactions between medications
and the whole genome, exploiting the acquisitions from genomics,
proteomics, transcriptomics, metabolomics and epigenomics in the medical
practice (Tauser, 2012). The two terms are still used interchangeably and will
be here abbreviated by PGx. The present paper overviews the main
correlations with clinical relevance between genetic polymorphisms in major
metabolic pathways (cytochrome CYP450 2D6 and 2C19), targeted
neurotransmitter receptors (dopamine DRD2, DRD?3; serotonin 5SHTR2A,
5HTR2C), catechol-O-methyltransferase (COMT), human leukocyte antigen
system (HLA), and the efficacy and safety of the major psychotropic drug
classes (ze: antipsychotics, antidepressants and mood stabilizers),
emphasizing their predictive clinical implications.

Predictive pharmacokinetics PGx testing: AmpliChip™ CYP450 Test

The metabolizing phenotypes: extensive (EM), ultrarapid (UM),
intermediate (IM) and poor (PM) metabolisers, related to key genetic
mutations in CYP2D6 and CYP2C19 pathways, could be identified by
Affymetrix microarray AmpliChip™ CYP450 Test (2005) - the first
pharmacogenetic test approved by US Food and Drug Administration
(FDA). The test is recommended for the pretreatment dose adjustements in
non-responders or outliers (UM, PM, IM), so as to assure therapeutic
efficacy and to minimise severe ADR. Despite its commercial availability, it
costs over $600/test and requires about 14 days to perform, whilst delaying
initiation of therapy associated with the clinical deterioration could be
ethically inappropriate (Leucht et al., 2013; Tauser, 2012). Genotyping key
alleles of CYP2D6 and CYP2C19 was approved by FDA only as
informational test on labels of drugs mainly metabolized by these enzymes,
for instance: CYP2D6 for atomoxetine, fluoxetine, paroxetine, amitriptyline,
aripiprazole, risperidone. Based on the significant clinical correlations
between CYP2DG6 and CYP2C19 phenotype metaboliser and the drugs’
efficacy and safety, Clinical Pharmacogenetics Implementation Consortium
(CPIC) has developed dosing guidelines for some antipsychotics, SSRI and
tricyclic antidepressants (Bousman et al., 2017).

For instance, patients with PM phenotype (7-10% of Caucasian
population), having null alleles CYP2D6*4, *3, *5 or *6, are susceptible to

59



Pharmacogenomics in Psychiatric Disorders
Roxana-Georgiana TAUSER

43% increased risk of TD at standard doses of antipsychotics than EM
(Zhang & Malhotra, 2011). Therefore, in the drug label for aripiprazole,
brexpiprazole, iloperidone and pimozide, the personalization of doses for
these PM patients means a reduction of the standard doses prescribed to
normal metabolisers, carriers of wild-type, normally functional allele
CYP2D6*1. On the contrary, UM patients (carriers of CYP2D6*Nxn
multiple functional alleles) will require higher doses than those standard
prescribed to “average”/ normal metabolisers (EM), so as to reach the
expected therapeutic efficacy. The magnitude of influence is different in
each medication that is a CYP2DG6 substrate, with AUC increases ranging
from 47% to 641% for the PMs. Halflife displayed an approximate twofold
increase in PMs for aripiprazole, iloperidone, pimozide, and thioridazine,
and a sevenfold increase for risperidone (Eum, Lee & Bishop, 2016). For
instance, comparatively to EM, PM and IM metabolisers for CYP2D6 had
an increased exposure to active moiety to risperidone and aripiprazole, by
approximately 1.6-times and 1.4-times, respectively; therefore, daily doses of
risperidone and aripiprazole administered to PM and IM should be
diminished by 19%, and 15%, respectively (Juki¢ et al., 2018). The product
labels for some antipsychotics (aripiprazole, brexpiprazole, iloperidone,
pimozide) have already included pharmacogenetic testing recommendations,
but specific guidelines of how best to interpret and apply this information
are still lacking (Eum, Lee & Bishop, 2016; Leucht et al, 2013).
Furthermore, FDA and CPIC state that fluvoxamine and paroxetine should
be used cautiously in PM or IM metabolisers, suggesting a dose reduction by
50% for paroxetine and by 30% for fluvoxamine; as well as to patients with
congenital long QT syndrome, or other conditions predisposing to higher
fluoxetine exposure (liver failure, concomitant administration of CYP2D6
inhibitors or other highly protein-bound drugs) (Bousman et al. 2017, Hicks
et al. 2015). Moreover, the practical advantage of CYP2C19 genotyping for
personalization of escitalopram treatment is supported by the substantial
impact of CYP2C19 metaboliser status on the serum concentrations: 3.3-
fold higher for cartiers of inactive allele CYP2C19Null/Null; significantly
decreased in the carriers of gain-of-function allele (CYP2C19*17) by 10%
recorded in IM group cattiers of alleles CYP2C19*1/*17, and 20% in the
UM group with CYP1C19*17/*17 genotype, comparatively to EM
responders (CYP2C19*1/*1 carriers). In compatison to the wild-type
CYP2C19*1/*1 carriers as EM phenotype, switches from escitalopram to
another antidepressant within 1 year were 3.3, 1.6, and 3.0 times more
frequent among the PM CYP2C19Null/Null, IM CYP2C19*1/*17, and UM
CYP1C19*17/*17 groups, trespectively (Juki¢ et al., 2019). FDA and CPIC
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mention only for citalopram a maximum dose of 20 mg/day in adults (or
50% reduction) for PM group because of QT prolongation risk, or to
consider another SSRI not catabolised by CYP2C19; minimal dose
adjustments are warranted for IM CYP2C19 metabolisers treated by

citalopram or escitalopram and no dose adjustment is recommended for UM
(Hicks et al., 2015).

Pharmacodynamics PGx

The most relevant PGx markers associations to main psychiatric
pharmacotherapeutics, replicated by different case-control studies, are
illustrated in Table 1 (Eum, Lee & Bishop, 2016; Lally et al., 2016; Leucht et
al., 2013, Rampino e# al. 2019, Pardinas et al., 2019; Philips et al., 2018;
Tauser, 2012; Zhang & Malhotra, 2011).

Table 1. Main PGx correlations in main psychiatric pharmacotherapeutics

PGx biomarker | Clinical relevance to psychotropic drugs’ responsivity

Dopamine receptor genes biomarkers

-141C Ins/Ins DRD2 The predicted responsivity to antipsychotics is 54%
higher for Ins/Ins cartiers; Del allele carriers had poor
response to clozapine and to chlorpromazine in Han
Chinese, as well as higher latency to olanzapine’s and
risperidone’s efficacy in first episode of schizophrenia

Taq1.A SNP DRD2 AT carriers more responsive to antipsychotics, although
A2/ A2 alleles correlated to greater response to therapy
(smaller scores in PANSS2 and BPRSP);

higher risk of the TD as ADR for .42/.A42 genotype:
one copy of the A2 allele increased the risk of TD with
30%, and A2/A2 genotype with 50%, respectively,
relative to the A7 allele

Ser9Gly SNP DRD3 Altered dopamine binding affinity; Ser allele was
associated with better response to FGA, to clozapine;
most recent trials with risperidone, aripiprazole and other
SGA failed to prove substantial correlation;

Gy allele predictive for higher risk of TD

Catechol-O-methyltransferase (COMT) gene

Val108Met SNP Met/Met genotype has 3-4 times lower enzyme activity
and reduced prefrontal dopamine clearance as compared
to Val/Val carriers; Met/Met carriers have reduced
response to FGA, but better response to clozapine in
cognitive symptoms; 1Va//1al carriers have diminished
response of negative symptoms to olanzapine;

17al/ Val genotype predictive for 51% higher risk of TD
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Serotonin receptor gene biomarkers

A-1438G SHTR2A In G/G genotype, aripiprazole, olanzapine and clozapine
were less effective, especially on negative symptoms;
G/ G genotype increased TD risk

T102C 5SHTR2A C allele carriers mainly non-responders to clozapine; and
higher risk of TD: to 64% more than T/T homozygotes;
C/C genotype: a  significant association and better
response to risperidone, especially for negative symptoms

His452Tyr SHIR2A Tyr/Tyr homozygotes or Tyr allele is significantly
correlated to less responsivity to clozapine, than His allele

C759T SHIR2C C/C genotype: more than 2x higher risk for obesity (more
than 7-10% weight gain) to SGA, especially clozapine,
olanzapine and quetiapine

Serotonin transporter gene: repeat length polymorphism

5-HTTLPR long allele carriers are 2x more responsive to therapy with
(insertion/deletion of | symptoms remission after 1 month, and have reduced
a 44-bp in promoter | ADR risk, than those with short/short genotype; short

region) allele is predictable for poor responsivity to risperidone
and clozapine

5-HTTLPR long allele carriers: better responsivity to citalopram,
paroxetine, fluoxetine

HILA genes

HI.A-B*1502 and | Carbamazepine and oxcarbazepine- hipersensitivity: S]S/ TENe

HI.A-A*3101 FDA labels “Warning and precaution sections” and CPIC
guidance:  prescription should be avoided @ to:
carbamazepine- or oxcarbazepine-naive and HI.A-B*7502
positive carriers, regardless of HI.4-4*3701 genotype

Haplotype: Higher risk of clozapine — induced agranulocytosis;

HI.A-DQOB1(126Q) Recommended predictive pharmacogenetic tests in drug label —

and HIL.A-B (1587T) ,PGxPredict: Clozapine” testing, in parallel with white

blood cell monitoring, in order to avoid prescription to
patients with high granulocytosis risk and to improve

safety

2 Positive and Negative Syndrome Scale; » BPRS Brief Psychiatric Rating Scale;
¢ Stevens—Johnson syndrome/toxic epidermal necrolysis

The FDA labels for carbamazepine and oxcarbazepine have included
a box in the “Warnings and precautions” section about the risk of Stevens—
Johnson  syndrome/toxic  epidermal necrolysis  (SJS/TEN) and
maculopapular exanthema to patients testing positive for HI.A4-B*7502
(estimated positive predictive value of 7.7% for carbamazepine, and 0.73%
for oxcarbamazepine), in order to avoid their prescription, unless the benefit
clearly outweighs the risk, but then with more frequent clinical surveillance
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and treatment discontinuation at the first cutaneous ADR. CPIC guidances
point out to: avoid their prescription to carbamazepine- or oxcarbazepine-
naive and HI.A-B*71502 carriers, as well as to carbamazepine-naive patients
HI.A-B*1502 positive and regardless of HI.A-A*3707 genotype; to
cautiously change to alternative drug (eslicarbazepine, lamotrigine) for
carbamazepine-naive and HI.A-A*3707 positive patients; to cautiously
prescribe carbamazepine to HI.A-A*3707 positive carriers previously
treated for over 3 months in the absence of SJS/TEN, due to the usual
latency development of these ADR within the first 4-28 days of therapy
with regular dosing (Philips et al., 2018).

Published studies on pharmacogenetics of some mood stabilizers
(lithium, wvalproate, lamotrigine and carbamazepine) refer only to the
association with genetic mutations in key enzymes, whose pharmacological
inhibition decreases free inositol, but the results are largely inconclusive
among studies (Leucht et al., 2013).

Validation of statistically significant PGx relationships has enabled
the development and market approval of some predictive tests which are
already integrated into some psychotropic drugs label. For example,
,PGxPredict: Clozapine” is a recommended predictive PGx test in clozapine
label, based on HIL.A-DQBT1(126Q) and HI.A-B(158T) SNP (test’s sensitivity
is 21.5% and specificity 98.4%), whose implementation in parallel with white
blood cell monitoring, could avoid clozapine administration to haplotype-
positive carriers; however, its clinical utility is still controversial and requires
further validations (due to low sensitivity; lack of consistent demonstration
of agranulocytosis’dependency to the dose/ plasma concentrations) (Lally et
al., 2016; Pardinas et al, 2019). Predictive PGx tests have changed the
classical approach of prescription “trial-and error” and “one dose fits all
patients” towards personalized therapy. Although PGx testing in psychiatry
is not yet a standard of practice, its increasing utilization (especially in the
United States and Canada, PGx are 47% of all genetic tests recommended by
0% of psychiatrists, in 6 months) enables the precision-medicine approach in
psychiatric disorders (Bousman et al., 2017, Eum, Lee & Bishop, 2016).
However, PGx cost-effectiveness and improved health outcomes should be
further demonstrated by replicated evidence in randomized clinical studies
with high quality design and increased statistical significance and multiple
predictive PGx biomarkers (Leucht et al., 2013; Rosenblat et al., 2017,
Pardifias et al., 2019).
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Clinical trials design based on PGx

In new therapeutic candidates’ clinical development, PGx practically
guides the clinical studies design, by substantially reducing the failure rates,
costs and exposure risks of non-responders patients to new drugs. Pipeline
PGx means the convertion towards the /g phase from the current /g one,
reducing the attrition rate during the expensive late phase clinical
development, through enrolment in the III-IV clinical studies only of the
patients with highly predictable responsivity to treatment and avoiding the
inclusion of patients with high ADR risk. Pharmacovigilance in the post-
marketing phase guides the introduction of PGx biomarkers into approved
drugs’ labels, with further recommendations for dose optimization, warnings
and contraindication, in order to exclude patients with genotype predictable
for high non-responsivity or risk of severe ADR (Tauser, 2012).

PGx testing’s clinical translation challenges

PGx testing should comprise genetic, demographic and clinical data
to assist personalized therapy and should become cost-effective. PGx’s
translation from laboratory into clinical routine and individualized medicine
should overcome the following hurdles: a) new global evidence for the
clinical wutility and wvalidity of the PGx algorithms; b) requirements’
harmonization regarding clinical studies design, population size, effect size,
reproducibility; ¢) powerful statistical PGx correlations for diverse races; d)
education of medical professionals and patients; e) bioethical and practical
PGx consent guidelines; f) more sustainable legislation framework for the
integration of PGx into medical practice; g) unifying standards for the
multi-national  networks  concerning  biorepository  sharing;  h)
pharmacoeconomic aspects, including incentives for private companies
(Juki€ et al., 2019; Lally et al., 2016; Leucht et al., 2013; Rosenblat et al.,
2017; Tauser, 2012; Zhang et al., 2011).

Conclusion

The current progress in the field of PGx encourages future
personalised therapy of psychiatric disorders by: a) pretreatment selection of
the right drug, prescribed in its optimized dose, to the right patient, ze., to
responders group based on predictive PGx biomarkers identification; b)
improved clinical trials design based on genetic stratification of patients’
population into responders zersus non-responders, by excluding those with
genotype-predicted high risk of severe ADR, especially in the costly late
phases.
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