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Abstract

Neurodevelopmental disorders, including autism spectrum disorder (ASD) and attention-deficit/
hyper-activity disorder (ADHD), represent a group of conditions that manifest early in child
development and produce impairments across multiple domains of functioning. Although a
number of pharmacological and psychosocial treatments exist to improve the symptoms associated
with these syndromes, treatment advances have lagged. The Precision Medicine Initiative was
launched with the goal of revolutionizing medicine by progressing beyond the historical one-size-
fits-all approach. In this review, we evaluate current research efforts to personalize treatments for
ASD and ADHD. Most pharmacogenetic testing has focused on the cytochrome P450 enzyme
family with a particular focus on CYP2D6 and CYP2C19, which are genes that produce an
enzyme that acts as a key metabolizer of many prescribed medications. This article provides an
update on the state of the field of pharmacogenetics and “therapy-genetics” in the context of
ASD and ADHD, and it also encourages clinicians to follow US Food and Drug Administration
recommendations regarding pharmacogenetic testing.

Neurodevelopmental disorders, including attention-deficit/hyperactivity disorder (ADHD)
and autism spectrum disorder (ASD), have an early onset in life and produce pervasive
impairments in personal, social, and academic functioning. ADHD is typified by inattention,
hyperactivity, and impulsivity, whereas the hallmark features of ASD include difficulties in
social communication and restricted or repetitive behaviors and interests. Current estimates
indicate a prevalence of 9% for ADHD and 1.74% for ASD for children age 3 to 17 years,
with boys being at substantially greater risk for both disorders. (1) Unfortunately, advances
in the development of new treatments and the improvement of existing treatments have been
slow.

The Precision Medicine (PM) initiative was introduced as an innovative approach to reform
how human diseases are treated. Historically, pharmacological and psychosocial treatments
have been based on a nomothetic, or “group” mean perspective. Under this one-size-fits-all
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approach, treatments may be successful for some patients but not for others. PM was
introduced as an approach to be used by all medical and psychosocial interventions with the
goal of considering individual differences in a person’s genes and environments. As such,
efforts to develop methods for individualizing evidence-based treatments have increased in
recent years.

With the completion of the Human Genome Project, the scientific community learned that
the genetic architecture of humans was largely identical, with a small (0.9%) interindividual
genetic variability accounting for the substantial diversity exhibited by humans. (2) The
entrance of a vast array of new technologies has made PM a greater reality and provided
clinical researchers an opportunity to connect a person’s personal genetic and environmental
circumstances with their clinical profiles. (3) The introduction of two critical scientific
innovations allowed for substantial progress within the field of PM: (1) single nucleotide
polymorphism (SNP) genotyping and (2) microarray technologies. (4) The identification

of polymorphisms is key given that allelic variation has been associated with human
liability to disease states and pharmacological responsiveness. In this review, we evaluate
current research efforts to personalize treatment of ASD and ADHD. We conclude

with recommendations central to advancing personalized intervention science and provide
reference resources for clinicians.

Genetic Tests for Diagnosis and Prognosis of ADHD and ASD

Most neurodevelopmental conditions do not have specific diagnostic genetic testing options
available. Even still, genetic testing may provide substantial benefits and is a critical

part of PM. People with neurodevelopmental disorders are more likely to have copy
number variants, and identifying these genomic alterations may inform clinical management,
elucidate the need for additional specialists, aid medication and dosing decisions, and
identify incidental medically actionable findings. (5,6) The chromosomal microarray (CMA)
is a first-tier clinical genetic test for children presenting with congenital abnormalities,
intellectual disabilities, global and/or pervasive developmental delays, and ASD. CMAs are
frontline tests because they perform genome-wide assessments of copy number variation
and may detect regions of homozygosity and mosaicism. Even though many children

with ASD have unique genomic profiles, clinicians can compare genomic profiles across
patients to help predict symptom trajectory (Figure 1). The diagnostic success rate (here
defined as identifying either pathogenic or probable pathogenic genomic variants related to
testing indication among a mixed patient population with ASD, congenital abnormalities,
developmental delays, and/or intellectual disability) for CMAs is approximately 15% to
20% for simple ASD cases and approximately 30% for complex ASD cases that include
additional physical indications (eg, microcephaly). The only genetic testing option with a
greater diagnostic success rate for ASD is whole-genome and whole-exome sequencing
(28%-68%). (5) As the cost of sequencing continues to fall, whole-genome and whole-
exome sequencing may replace CMAs as frontline tests because they provide greater
resolution of genetic variation relevant to health and drug metabolism.
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Pharmacogenetic Testing

The purpose of pharmacogenetic testing is to predict which medications and dosages will
work optimally for people based on the estimated efficiency of biological pathways salient
to drug metabolism. Both genetic and environmental factors influence drug metabolism
efficiency. Most of the over-the-counter and clinical pharmacogenetic testing options to
estimate drug metabolism efficiency focus on genetic variations in cytochrome P450 enzyme
family members. The most popular enzyme to study is CYP2D6, which acts as a major
metabolizer of a substantial number of antidepressant medications and stimulants. (7)
Multiple studies have reported that adjustments in medication selection and dose based

on a person’s predicted CYP2D6 metabolism efficiency category have improved drug
tolerability. (7) Unfortunately, categorizing a person’s CYP2D6 drug metabolism activity
can be challenging (Figure 2). Each person inherits two copies of CYP2D6, and each

copy may contain common, rare, and copy number variants. As a result, geneticists must
categorize the CYP2D6 activity level of each inherited copy and then predict their average
combined activity. Predicting CYP2D6 activity level can be further complicated by diet and
other medications. Some molecules found in common foods (eg, grapefruit and broccoli)
and medications (eg, fluoxetine, fluvoxamine, and paroxetine) can interfere with CYP2D6
drug metabolism. (7)

Overall, more testing is needed to understand the complex interplay between genetic
background, drug metabolism, and treatment responsiveness. The US Food and Drug
Administration (FDA) has recommended against the routine use of genomic testing to
select medications to treat psychiatric disorders (8) and has issued pointed warning letters to
genomic testing laboratories for advertising that these genetic panels provide “actionable:
information, as this may mislead health care workers, patients, and their families and
contribute to “inappropriate treatment decisions based on these test results, including
inappropriate dosing adjustments, prescribing an ineffective therapy, and not prescribing

a therapy that could benefit the patient.” (9) It is possible that as pharmacogenetic research
progresses, FDA approval of pharmacogenetic testing for medications to treat the symptoms
of psychiatric disorders may increase comparably to FDA-approved genetic testing to select
chemotherapy treatments for cancer. In particular, more testing must be done in pediatric
populations. Most of the safety and efficacy data for pharmacogenetic testing have come
from studies of adults despite multiple lines of evidence that support the notion that children
metabolize drugs so differently than adults that simply treating children as “small adults” is
inappropriate.

Pharmacological Treatments ADHD

The research summarized in the ADHD and ASD sections of this article varies because the
pharmacogenetics studies of ADHD are more advanced compared to those for ASD. For
this reason, the ADHD section of this article focuses on studies with replicated findings,
whereas the ASD section will present emerging research findings that should be considered
preliminary. Stimulants and other attention-enhancing drugs
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Methylphenidate.

Methylphenidate (MPH) is a stimulant frequently used to treat the symptoms of ADHD.
MPH has undergone substantial pharmacogenetic research, and several genetic variants have
been implicated in positive and negative responses to MPH. A recent meta-analysis found
five genes associated with positive response to MPH treatment, including improvement

of ADHD symptoms (10) (Table 1). Specifically, the genes with significant meta-analytic
findings were DRD4 (48-bp VNTR), COMT (rs4680), ADRA4 (rs1800544), SL6A3 (40-bp
VNTR), and SLC6A2 (rs28386840 and rs5569). Emerging evidence also suggests that
specific genes (such as DRD4, SLC6A4, LPHN3, CES1, SNAP25) may be implicated

in negative side effects observed in patients treated with MPH, such as sadness, appetite
reduction, skin picking, nail biting, tics, and irritability. (11) However, the evidence for
genetic variants associated with increased side effects is not as well established as evidence
for positive treatment response.

Amphetamine.

The FDA-approved amphetamine medications used in the treatment of ADHD include
dextroamphetamine/amphetamine and lisdexamfetamine. Amphetamines are partially
metabolized by the enzyme CYP2D6, although no genetic variants in the CYP2D6 gene
have yet been associated with treatment response. Research is also lacking on the relevant
effects of concomitant use of CYP2D6 inhibitors, although similar research on other classes
of drugs metabolized by CYP2D6 indicate a strong possibility that CYP2D6 inhibitors,
such as paroxetine or fluoxetine, may inhibit amphetamine metabolism, thereby increasing a
patient’s blood levels of amphetamine. (12) In addition to the potential impact of CYP2D6
on drug metabolism, there is some evidence that COMT (rs4680) is associated with
improved executive functioning, memory, and selective attention in patients with ADHD
treated with amphetamine. (13)

Atomoxetine.

Atomoxetine is a selective norepinephrine reuptake inhibitor used to treat symptoms of
ADHD. Atomoxetine was the first nonstimulant drug approved to treat ADHD. Atomoxetine
is primarily metabolized by CYP2D6, and variations in the gene for this enzyme are
associated with variations in therapeutic response. Brown et al. (14) reviewed the evidence
for CYP2D6 variations impacting atomoxetine response. They found that people classified
as “poor metabolizers” (PRMs) by genetic testing were more likely to experience improved
symptoms, but they also were more likely to have cardiovascular side effects such as rapid
heart rate and hypertension. Conversely, those classified as “ultra-rapid metabolizers” (UMs)
were less likely to experience both symptom improvement and side effects. These responses
are likely due to the metabolic profile of patients either increasing the exposure to the active
compound (as in PRMSs) or decreasing exposure (in UMs). The FDA-approved drug label
for atomoxetine includes dosage adjustment recommendations for people who are PRMs for
CYP2De6 or for children taking concomitant CYP2D6 inhibitors.
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Alpha-2 agonists.

Imipramine.

Lithium.

Two alpha-2 agonist medications frequently used as adjunctive treatments in children with
ADHD are clonidine and guanfacine. No studies have investigated the pharmacogenetic
outcomes of clonidine or guanfacine in children with ADHD. However, guanfacine is
metabolized primarily by CYP3A4, so it is possible that variation in this gene may impact
drug metabolism. The FDA-approved drug label for guanfacine includes dosage adjustment
recommendations for patients taking concomitant CYP3A4 inhibitors and inducers.

Imipramine is a tricyclic antidepressant used primarily to treat depression in adults.
However, it also may be used as an adjunctive treatment for enuresis. In the past, like
several other tricyclic antidepressants, it was occasionally used as a second-line treatment
for the ADHD. (15) Imipramine is primarily metabolized by CYP2D6. Dean (16) reviewed
the evidence for CYP2D6 variation impacting treatment response to imipramine and found
that those who are classified as PRMs require lower doses to reduce negative side effects
such as sedation, blurred vision, dry mouth, and orthostatic hypotension. Although those
classified as UMs technically need higher doses for adequate treatment response, this is not
suggested due to increased risk for cardiotoxicity. Therefore, it is generally recommended
that patients who are UMs are prescribed an alternative treatment.

Lithium is approved by the FDA to treat pediatric bipolar disorder and may be prescribed
off-label for the treatment of conduct disorder that is oftentimes associated with ADHD.
(17) No studies have investigated the pharmacogenetic properties of lithium use in children
with aggression. However, there is some evidence (although not adequately replicated) that
variants in genes such as SLC6A4 and BDNF may influence treatment response in those
with bipolar disorder. (18)

Autism Spectrum Disorder

To date, there are no FDA-approved treatments for the core features of ASD. Psychiatric
treatment focuses, instead, on the amelioration of associated features including irritability,
repetitive behaviors, anxiety, and attention. In the following text we review promising
pharmacogenetic studies of FDA-approved medications for irritability associated with ASD,
anxiety, and attention/hyperactivity that have been examined in samples of people with
ASD.

Risperidone.

Risperidone is an atypical antipsychotic that is FDA-approved for the management of
irritability in children and adolescents with ASD (age 5-16 years). Risperidone is the
most extensively studied pharmacologic treatment for ASD, and it has received the most
pharmacogenetic research of any treatment for ASD. Much research has focused on drug
metabolism and the CYP2D6 genetic variability, and although there have been studies in
people with and without ASD showing differences in drug metabolism based on genotype
(PRMs and UMs), the effects are small and the FDA does not currently recommend
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adjustment of dosage based on CYP2D6 or any other genotype. Other genes have been
studied in people with ASD taking risperidone to determine differences in treatment
response, including ABCB1, DRD3, HTR2A, and HTR®, yet inconsistent findings and
small effect sizes call into question the clinical value of these genes. Additional studies
have examined the genetic effect on side effects associated with risperidone in children
with ASD, including weight gain (CYP2D6, HTR2C, FTO, MC4R, LEP, CNR1, FAAH),
prolactin elevation (CYP2D6, DRD2, BDNF, UGT1A1), and insulin-resistance (ABCBL1,
LEP, GHRL, DRD2, CYP2D6, BDNF). (19?721)

Aripiprazole.

Metformin.

Avripiprazole is another atypical antipsychotic that is FDA-approved for the management
of irritability in youth with ASD, and the metabolism of this medication has been shown
to be significantly impacted by CYP2D6 genotype, although these studies have not been
conducted in patients with ASD. FDA-approved dosage recommendations based on the
CYP2D6 genotype are included in the package insert and they recommend starting with
one-half the usual dose for patients who are PRMs and one-quarter of the usual dose for
those taking concomitant CYP3A4 inhibitors.

Insulin resistance and weight gain are common side effects of antipsychotic medications.
Metformin has been shown to be effective in mitigating medication-induced weight gain
and insulin resistance in children with ASD taking antipsychotic medications, and the genes
ATM (C allele) and OCT1 (carriers of one or more variant alleles) were found to be
predictors of response to metformin. (22)

Fluvoxamine.

Fluvoxamine, an FDA-approved treatment for obsessions and compulsions associated with
obsessive-compulsive disorder in children age 8 years and older, has been examined in
one genetic study of people with ASD. In this study, treatment response was significantly
reduced in carriers of the S/S genotype. (19)

Escitalopram.

Escitalopram is FDA-approved to treat depression in children age 12 years and older as well
as anxiety and depression in adults. The pharmacogenetic effects of escitalopram have been
investigated in a few studies of people with ASD and have resulted in discrepant findings.
Although general population studies have found pharmacogenetic effects of serotonin
transporter (SLC6A4) and serotonin-2A receptor (HTR2A) genes, others have failed to find
significant effects in a sample of patients with ASD. (19) Owley et al. (23) found a small
effect for SLC6AA4 in a forced-titration study of children with ASD in which patients with
low 5-HT expression (ie, carriers of the S/S genotype who did not have the TT diplotype

in intron 1 of the gene) had the smallest treatment response. A study of CYP2C19 found

no difference in treatment response to escitalopram; however, people who are URMs had
reduced tolerability to a fixed titration schedule. (19)
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Methylphenidate.

One study has examined the pharmacogenomic effects of methylphenidate in patients
with ASD. Several genes were nominally associated with treatment response, including
DRD1, DRD3, DRD4, ADRA2A, SLC6A3, SLC6A4 STin2, and COMT, although none
were significant after correction for multiple testing. DRD2 and DRD3 were significantly
associated with tolerability, and these effects survived correction for multiple testing. (19)

Atomoxetine.

The FDA-approved drug label for atomoxetine includes dosage recommendations based on
extensive research on the effects of CYP2D6 metabolism of the drug, treatment response,
and tolerability or adverse reactions. It is worth noting that atomoxetine can be used in
combination with stimulants for patients with both ADHD and ASD. For patients with
only ASD, joint use of atomoxetine and stimulants constitutes an off-label treatment of
attentional symptoms. The only study to examine the pharmacogenomics of atomoxetine
in patients with ASD failed to find a significant effect of CYP2D6 metabolizer status on
compliance and ADHD symptoms; however, effects on dosage or adverse events were not
reported. (24)

Nonpharmacological Treatments

Although a number of medications exist to treat neurodevelopmental conditions, a number
of parents/legal guardians are hesitant to use one or more medications to treat their child’s
ADHD or ASD symptoms. For this reason, evidence-based psychosocial treatments may be
preferred by some. Parent- and child-based behavioral therapies and behavior modification
are evidence-based psychosocial treatments for ADHD and ASD. By their nature, behavioral
therapies are highly personalized to the individual child to target specific deficits and/or
difficulties. Similar to pharmacogenetics, “therapy-genetics” is an emerging field of research
focusing on genetic markers as predictors of psychological therapy response. (25) For
ADHD and ASD, there are no well-designed therapy-genetic studies. The phenotypic
heterogeneity of these two disorders presents both challenges and opportunities for future
gene-informed precision medicine given that treatment targets and markers of treatment
response may be obscured by the presence of multiple subgroups. (26) To date, the

state of the science is insufficient to make specific treatment recommendations based on
specific genetic profiles; however, emerging evidence suggests there may be value in genetic
testing to identify whether specific genetic syndromes such as copy number variants or
chromosomal aneuploidies are present. For example, carriers of copy number variants of
large effect may benefit less from psychosocial/behavior treatments (eg, social skills group
treatment) compared to cases with milder phenotypic presentations or polygenic causes. (27)

A number of candidate gene association studies of ADHD and ASD have examined

genetic variation in a preselected gene(s) of interest and their association with treatment
response (eg, van den Hoofdakker et al. (28). In 2017, the National Advisory Mental Health
Council Workgroup on Genomics (29) maintained that candidate gene studies should not
be conducted given that candidate gene(s) are selected based on biological theories. As
such, the Workgroup recommended that only genes stemming from well-powered genome-
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wide association studies be considered in association with phenotypes. Moreover, candidate
gene-environment studies were deemed to be inadequately powered and plagued by poor
operational definitions of environmental variables. (30) Thus, although the inclusion of
genotype may enhance the clinician’s ability to personalize psychosocial treatments, only
genes derived from genome-wide association studies should be considered.

Conclusions

The goal of the current review was to evaluate the current state of science with regard to
the PM effort to improve treatments for ASD and ADHD. What this review highlights is
that although there is significant interest amongst clinicians to use genetics to personalize
pharmacological and psychosocial treatments, the field is currently in its infancy. At
present, the only FDA-approved Kits are those designed to test the drug metabolizing
enzymes CYP2D6 and CYP2C19. A complete list of cleared or approved tests can be
found on the FDA’s website (Table 2). Beyond these drug metabolizing enzymes, the

FDA warns clinicians that, for most medications, the relationship between genetic variants
and a medication’s effects have not been established. Clinicians are urged to read the FDA-
approved drug label or the label of the FDA-cleared or approved genetic test for information
regarding whether genetic information should be used to determine therapeutic treatment.

The PM initiative will face enormous challenges given the sheer complexity of genetic
variation, including additive, gene-environment interaction, gene-gene interactions, (31) and
genetic pleiotrophy. (32) Moreover, the developing child’s diverse genetic architecture alone
is not sufficient to prescribe an individualized treatment plan. Indeed, the contribution

of environmental factors to disease etiology and health must be considered. Synthesizing
genetic variation with other genomic processes also may lead to the development of
enhanced therapeutics tailored to individual patients.

In summary, although PM is a promising approach to determine individualized
pharmacological and psychosocial treatments for child and adolescent mental illness, a deep
understanding of genetics, biology, environment, and clinical heterogeneity is of paramount
importance. The promise to deliver “the right treatment at the right time, every time, to

the right person” is a substantial challenge to the field, but this effort has the potential to
transform child and adolescent psychiatry.
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Figurel.

Utility of comparing chromosomal microarray results across patients. Even though patients
often have unique genomic profiles of copy number changes, chromosomal microarray
(CMA) results may still be informative.This figure shows four unique genomic profiles for a
single chromosome.The top profile (A) is from a young child.The bottom three profiles (B,
C, D) are results from a clinical database that pairs CMA results with medical records.The
clinical team can use this data to assess the need to perform additional testing, to pursue
symptom monitoring, or to consult with specialists such as a nephrologist. ADHD, attention-

deficit/hyperactivity disorder.
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Figure 2.
Workflow for precision medicine.(1) A DNA sample is obtained, most commonly from

a blood draw or cheek swab. (2) A subset of cytochrome P450 genes are sequenced.
Additional genetic variants at key genomic regulation sequences also may be sequenced. (3)
The drug metabolism efficiency of each sequenced gene is estimated for both the maternally
and paternally inherited alleles. Next, the combined drug metabolism efficacy is estimated.
(4) Patient medical records must be checked to determine if and how any medications or
vitamins they are taking inhibit cytochrome P450 activity. (5) Self-report information about
patient diet must be collected to assess the impact of certain foods in the diet that may
inhibit cytochrome P450 activity. (6) Key physical attributes must be assessed, including
weight, age, organ health, and sex, when considering medication and dosage selection. (7)
Initial medication and dose are prescribed. (8) Additional monitoring is still necessary to
assess treatment responsiveness and drug tolerability.Changes in dosage and/or medication
may be necessary because drug metabolism efficacy is not a good predictor of treatment
responsiveness.
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Table 1:

Summary of Pharmacogenetic Findings

Drug (symptoms/
pediatric disorders
treated) Gene Findings
Antipsychotics
In patients with ASD (19)
* Conflicting results for metabolism
Risperidone * Reduced weight gain in UMs vs EMs
(irritability associated * Conflicting results for effect on prolactin levels
with ASD) CYP2D6 * No association with insulin resistance
In patients with ASD, treatment response associated with T allele of rs1128503 polymorphism.
ABCB1 (19) No significant effect on insulin resistance (rs2032582 and rs1045642) (19)
In patients with ASD, the GA and AA genotypes are significantly associated with increased
BDNF insulin-resistance(rs6265) (33) and prolactin increase (20)
In patients with ASD, increased weight gain associated with T allele of rs806378 and the G
CNR1 allele of rs1049353 (19)
In patients with ASD, conflicting results for effect on prolactin levels. (17) No significant effect
DRD2 on insulin resistance (rs4436578, rs1800497) (19)
In patients with ASD, treatment response associated with the C allele of DRD3 Ser9Gly
DRD3 (rs6280) polymorphism (19)
GHRL No significant effect on insulin resistance (rs27647) (19)
HTR2A In patients with ASD, treatment response associated with A allele (rs6311) (19)
In patients with ASD, risperidone-induced weight gain associated with CC genotype
HTR2C (rs3813929) (19)
In patients with ASD, trend for insulin-resistance associated with AG and GG genotype
LEP (rs7799039), (31) weight gain significantly associated with the G allele (19)
In patients with ASD, the AG genotype (rs10929302, in complete linkage disequilibrium with
rs887829 and rs111741722) was significantly associated with hyperprolactinemia but did not
UGT1A1l survive correction for multiple testing (21)
Aripiprazole
(irritability associated Not studied in ASD; however, FDA-approved dosage guidelines recommend reduced dosage for
with ASD) CYP2D6 CYP2D6 PRMs and those taking concomitant CYP3A4 inhibitors (19)

Stimulants and other atte

ntion-enhancing drugs

Methylphenidate
(attention, impulsivity,
hyperactivity,
oppositional behavior,
conduct problems,
aggression/ADHD)

SLC6A2

Meta-analysis of 3 studies shows rs28386840 T allele (compared to A/A) associated with
improved response to MPH (10) Meta-analysis of 7 studies shows rs5569 G/G allele (compared
to A) associated with improved response to MPH (10)

SLC6A3

Meta-analysis of 16 studies shows 40-base pair VNTR 10-repeat variant (compared to others)
associated with reduced efficacy of MPH (10) In patients with ASD, VNTR 9 allele carriers
were associated with treatment response but the effect was not significant after multiple
correction (19)

SLC6A4
STin2

In patients with ASD, VNTR 10 allele carriers were associated with treatment response
compared to VNTR 12 allele carriers but effect was not significant after correction for multiple
testing (19)

ADRA2A

In patients with ASD, rs1800544 CC allele carriers wereassociated with treatment response but
not after correction for multiple testing (19)

ADRA4

Meta-analysis of 4 studies shows rs1800544 G allele (compared to C) associated with improved
response to MPH (10) In patients with ASD, rs1800544 was not statistically associated with
treatment response after correction for multiple testing (19)

COMT

Meta-analysis of 7 studies shows rs4680 val/val allele (compared to met) is associated with
improved treatment response to MPH (10) In patients with ASD, rs4680 met was associated
with treatment response but not after correction for multiple testing (19)
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Drug (symptoms/
pediatric disorders

treated) Gene Findings
In patients with ASD, the rs5326 effects of CT and TT genotypes on treatment response were
not significant after correction for multiple testing, (19) and the rs4867798 effects of CC and CT
DRD1 genotypes on treatment response were not significant after correction for multiple testing (19)
In patients with ASD, those homozygous for the common allele had significantly increased
DRD2 intolerability (19)
In patients with ASD, carriers of the CT and TT genotypes (rs6280) may have reduced
tolerability compared to the CC genotype; effect of TT genotype on treatmentresponse was
DRD3 not significant after correction for multiple testing (19)
Meta-analysis of 4 studies shows 48-base pair VNTR 4-repeat variant (compared to others)
associated with improved response (10) In patients with ASD, rs11246226 was not associated
DRD4 with treatment response after correction for multiple testing (19)
Amphetamine
(attention, impulsivity,
hyperactivity,
oppositional behavior,
conduct problems, Improved executive function/working memory/selective attention with val/val variant of rs4680
aggression/ADHD) COMT (13)
Atomoxetine
(attention, impulsivity,
hyperactivity, PRMs are more likely to have the treatment be effective, butare also more likely to have side
oppositional behavior/ effects. Intermediate effects for IMs and EMs. Opposite effects for UMs (14) In patients with
ADHD) CYP2D6 ASD, no significant effect of metabolizer status on treatment response (24)

Antidepressants and mood stabilizers

Imipramine
(hyperactivity,

PRMs require lower dosage. Higher doses would be required for efficacy in UMs but this
is contraindicated due to high plasma concentration potentially leading to cardiotoxicity (try

impulsivity/ADHD) CYP2D6 another drug) (16)
SLC6A4 S/Sassociated with better response (symptom decrease) in bipolar patients (not tested with
Lithium (aggression) (BHTTLPR) aggressive symptoms) (18)
val/met associated with better response in patients who are bipolar (not tested with aggressive
BDNF symptoms) (18)
Escitalopram In patients with ASD, rs25531 S/S genotype was nota significant predictor of treatment
(depression, 12+ SLC6A4 response. (19) Small but significant effect of rs2020936-rs2020937 haplotype: reduced treatment
years) (5HTTLPR) effect of rs2020936 S/S only in absence of rs2020937 TT/TT diplotype (23)
HTR2A In patients with ASD, rs7997012 AA genotype not associated with treatment response (19)
In patients with ASD, no difference in treatment response. UMs had reduced tolerability to a
CYP2C19 fixed titration schedule (19)
Fluvoxamine
(obsessions and SLC6A4 In patients with ASD, treatment response significantly reduced in patients with S/S genotype
compulsions) (SHTTLPR) (19)
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Table 2:

Internet-Based Resources for Clinicians About Precision Medicine

Public Health Genomics and Precision Health Knowledge Base

https://phgkb.cdc.gov

US Food and Drug Administration

https://www.fda.gov/medical-devices/vitro-diagnostics/nucleic-acid-based-tests

https://www.fda.gov/medical-devices/safety-communications/fda-warns-against-use-many-genetic-tests-unapproved-claims-predict-patient-
response-specific

Clinical Phar macogenetics |mplementation Consortium

https://cpicpgx.org

National Center for Biotechnology | nfor mation Phar macogenetics Resourcesfor Clinical Care

https://youtu.be/4Mhzv8LQTa0
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