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Abstract: This case report highlights the importance of pharmacogenetic testing in the
treatment of attention deficit hyperactive disorder (ADHD). A 6-year-old boy diagnosed with
ADHD was prescribed methylphenidate 5 mg twice daily (7 am and noon) and the family was
compliant with administration of this medication. On the first day of treatment, the patient had
an adverse reaction, becoming disobedient, more mischievous, erratic, resistant to discipline,
would not go to sleep until midnight, and had a poor appetite. The All-In-One PGX (All-In-One
Pharmacogenetics for Antipsychotics test for CYP2D6, CYP2C19, and CYP2C9) was performed
using microarray-based and real-time polymerase chain reaction techniques. The genotype of
our patient was identified to be CYP2D6*2/*10, with isoforms of the enzyme consistent with a
predicted cytochrome P450 2D6 intermediate metabolizer phenotype. Consequently, the physi-
cian adjusted the methylphenidate dose to 2.5 mg once daily in the morning. At this dosage,
the patient had a good response without any further adverse reactions. Pharmacogenetic testing
should be included in the management plan for ADHD. In this case, cooperation between the
medical team and the patients’ relatives was key to successful treatment.

Keywords: attention deficit hyperactive disorder, pharmacogenomics, CYP2D6, adverse drug

reactions, dose adjustment, intermediate metabolizer

Background

Attention deficit hyperactivity disorder (ADHD) is a common neurodevelopmental
and behavioral disorder, the symptoms of which include inattention, hyperactiv-
ity, and/or impulsivity in specific areas.'? Stimulants are the most common type of
medication prescribed for ADHD and are part of a total treatment program that may
include counseling or other therapies. Methylphenidate is the main agent used in
children with the disorder.> However, the medications used to treat ADHD come
with side effects and risks. Restlessness, headache, stomach pain, sleeplessness, and
decreased appetite are common adverse reactions with methylphenidate, but are usu-
ally controlled by reducing the dose. Currently, children who are treated without the
benefit of individualized molecular genotyping have only a 60% chance of successful
long-term treatment.®’

Pharmacogenetics is the study of how an individual’s genetic makeup affects the
way they respond to drugs.®'° The most commonly studied genes in this respect are
the cytochrome P450 (CYP) enzymes, 2D6, 2C19, and 2C9, because they are highly
polymorphic. Interestingly, approximately 20%—-50% of all medications, including
antidepressant and antipsychotic medications, are metabolized by CYP2D6 and
CYP2C19.""15 Moreover, CYP2D6 metabolizes many of the psychotropic drugs used
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for ADHD, including haloperidol, risperidone, aripiprazole,
and imipramine. Interindividual variability in the activity
of these enzymes can lead to abnormal metabolism of these
drugs.'¢-1®

Understanding the reduced or increased function of the
CYP isoenzymes has helped us to categorize patients into
four predicted phenotypes according to allele-related enzyme
activity: extensive metabolizers, who have two normal
alleles; intermediate metabolizers, who are heterozygous
for one deficient allele or have two alleles causing reduced
activity; poor or slow metabolizers, who have nonfunctional
alleles leading to no enzyme activity and thus an increased
risk of adverse effects; and ultrarapid metabolizers, who have
more copies of a functional gene, leading to high enzyme
activity and thus limited drug efficacy. Therefore, identifying
genetic variations in drug-metabolizing enzymes is beneficial
for categorizing patients who could experience adverse drug
reactions with standard doses of certain drugs.®%!%13

Pharmacogenetic testing has the potential to identify a
more comprehensive, individualized risk profile, allowing
personalized therapeutics with doses appropriately adjusted
for individual metabolism and advanced screening for pre-
disposition to certain adverse effects. This case report dem-
onstrates the importance of pharmacogenetic testing before
embarking on treatment for ADHD in clinical practice.

Case report
A 6-year-old boy received treatment for ADHD at The
Yuwaprasart Waithayopathum Child and Adolescent Psy-
chiatric Hospital, Department of Mental Health Services,
Ministry of Public Health, Thailand. Written informed
consent was obtained from the patient’s legal guardian for
publication of this case report and accompanying images. The
patient’s medical history was obtained from his grandparents,
aunt, and his class teacher. The teacher reported that the
patient was mischievous, disorderly, ignored people around
him, answered questions incorrectly, created and spoke his
own language, and did not know how to play with peers.
Moreover, he was often absent from class, and was restless
and mischievous. He was able to communicate, but only
answered questions when directly addressed. However, there
was no evidence of congenital disease, convulsion, or brain
injury, or any known drug allergies, and there was no family
history of psychiatric illness in any close relatives.
According to his mental status examination, the patient
was mildly impulsive, mute and not answering the questions,
and nodded his head as a response to communication, but
made eye contact. The WISC-III (Wechsler Intelligence Scale

for Children, 3rd Edition) is used to assess the intelligence
quotient (IQ) in these children, and the patient’s IQ score
was below average at 84. His nonverbal skills were better
than his verbal skills. He was able to screen and analyze
patterns, and follow the form of a pattern well. However, he
lacked the overall ability to analyze images, his concentra-
tion was not sustained, and he would only do what interested
him. Most recessive was his social intelligence (especially
judgment and common sense) which affected his ability to
adapt to daily life.

The psychiatrist diagnosed him as having ADHD with
delayed language development, and recommended that most
child-rearing problems in this patient would be resolved if
he took methylphenidate 5 mg in the morning and at noon.
On the first day of treatment, the patient’s grandfather gave
him methylphenidate 5 mg at 7 am, and asked the patient’s
class teacher to give the boy another dose after lunch. The
patient’s school teacher reported that he became even more
disobedient and mischievous thereafter, did not respond to
discipline, had a poor appetite, and became increasingly
disruptive. He did not go to sleep until midnight (his usual
time of going to sleep being around 8.30 pm). His grandfather
then stopped the methylphenidate, and observed that the boy
went to sleep around 8.30 pm as usual.

Thereafter, the patient’s behavior returned to almost
the same as it was before taking the drug. Two weeks
after commencing treatment, his grandfather took him for
an IQ test with the clinical psychologist, who advised the
grandfather to consult with the pharmacist because he was
concerned about the patient being more impulsive after tak-
ing methylphenidate. The temporal relationship between
methylphenidate and emergence of adverse drug reactions
in the patient (insomnia, hyperactivity, and poor appetite)
indicated that the methylphenidate dose prescribed had been
too high. The pharmacist suggested a new treatment plan to
the patient’s grandfather, involving rechallenge with half
a 10 mg tablet of methylphenidate to be taken once in the
morning. After that, the patient became more mischievous,
had difficulty sleeping, and would not go to sleep until
around 11-12 pm. The patient was then taken to the hospital,
where the physician suggested cessation of methylphenidate,
instead prescribing half a 0.5 mg tablet of haloperidol and
one 10 mg imipramine tablet before bedtime. After taking
this prescription on the first night, the patient’s behavior was
normal. However, on the second night, the patient started to
become restless, sleepless, and impulsive, whereupon his
grandfather stopped giving him the drugs. He then became
better and was more able to communicate. After observing
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the improvement, his grandfather did not give the child any
further haloperidol or imipramine.

An adverse reaction to haloperidol was suspected, with
restlessness and agitation occurring because of a high drug
plasma concentration, so a blood sample was sent to the Lab-
oratory for Pharmacogenomics and Personalized Medicine,
Department of Pathology, Somdech Phra Debaratana Medical
Center, Faculty of Medicine Ramathibodi Hospital, Mahidol
University, for pharmacogenetic testing with the All-In-
One Pharmacogenetics for Antipsychotics test (All-In-One
PGX; CYP2D6, CYP2C19, and CYP2CY9) using microarray-
based and real-time polymerase chain reaction techniques.
Genotyping for CYP2D6 and CYP2C19 was performed using
the AmpliChip® for 29 different alleles of CYP2D6 (including
gene duplications and deletions) and two alleles of CYP2C19
(*2, splicing defect G681A single nucleotide polymorphism
and *3, stop codon G636A single nucleotide polymorphism)
genes. Testing for two single nucleotide polymorphisms for
CYP2C9 (*2, C430T, exon 3 and *3, A1075C, exon 7) was
also performed. Twenty-nine polymorphisms in CYP2D6
were also tested for: —1584C > G, 31G > A, 100C > T,
138 insT, 883G > C,1023C > T, 1039C > T, 1659G > A,
1661G > C, 1707T > del, 1758G > T, 1758G > A,
1846G > A, 1976G > A, *20 cluster, 2539-2542delAACT,
2549 A > del, 2613-2615delAGA, 2850C > T, 2935 A > C,
3183G > A, 3198C > G, 3277T > C, 4042G > A, *36GC,
4180G > C, 1863 repeats, gene deletion (*5) and gene
duplication. In this study, AmpliChip data analysis software
was used to infer the CYP genotype, and to predict the indi-
vidual’s CYP2D6 enzyme activity. The algorithm from the
AmpliChip package insert was used for assignment of the
predicted phenotypes. There are four phenotypic categories
according to allele-related enzyme activity: no enzyme
activity alleles (ie, poor metabolizers), *3, *4, *5, *6, *7, *§,
*11, *14A, *15, *19, *20, *36, *40, and *4XN; decreased
enzyme activity alleles (ie, intermediate metabolizers), *9,
*10, *17, *29, *41,*10XN, *17XN, and *41XN; normal
enzyme activity alleles (extensive metabolizers), *1, *2,
and *35; and increased enzyme activity alleles (ultrarapid
metabolizers), ¥*1 XN, *2XN, and *35XN.

Pharmacogenetic testing showed that the child did not
have CYP2C9 (*1/*1) or CYP2C19 (*1/*1) gene polymor-
phisms, a profile compatible with normal enzyme activity,
indicating an extensive metabolizer phenotype. However,
the patient was found to have a CYP2D6 *2/*10 genotype,
so was an intermediate metabolizer for this enzyme (see
Table 1). This genetic profile may explain the patient’s
reaction to methylphenidate, haloperidol, and imipramine,

Table | Drug metabolizing genetic profile for this patient as
determined by the All-In-One Pharmacogenetics for Antipsychotics
test (CYP2D6, CYP2CI9, and CYP2C9)

Drug metabolizing gene  Genotype Predicted phenotype
CYP2D6 *20%10 Intermediate metabolizer
CYP2CI19 | Extensive metabolizer
CYP2C9 | Extensive metabolizer

given that these antipsychotics are metabolized by
CYP2Deo.

Finally, the patient’s psychiatrist suggested reducing
the patient’s methylphenidate dose from half to one quarter
of a tablet (2.5 mg) per day in the morning, and to monitor
the clinical response. Haloperidol and imipramine were
withdrawn. On the reduced dose of methylphenidate, there
was no indication of adverse drug reactions or sleep disorder,
and the patient could eat normally. The patient is still taking
methylphenidate 2.5 mg/day in the morning. The relatives
have been provided with a list of other drugs that are sub-
strates for CYP2D6 and should be avoided in this patient.

Discussion

Methylphenidate is a psychostimulant commonly used in
the treatment of ADHD, and has an established role in the
management of this childhood disorder in Thailand.'*? The
most common side effects are poor appetite, depression,
headache, and stomach ache.>’ There has been a case
report of a child with ADHD and a CYP2D6 genotype for
ultrarapid metabolism who developed arterial hypertension
upon treatment with methylphenidate which resolved when
the drug was stopped.?!

The child in this case report was treated with meth-
ylphenidate for ADHD at a dose calculated according to
body weight. On this basis, the patient should have tolerated
methylphenidate in a dose range of 6.9—13.8 mg. However,
adverse reactions appeared after taking only a single 5 mg
dose, and the patient’s quality of life decreased.

Pharmacogenetic testing showed that the patient’s
CYP2D6 genotype was CYP2D6*2/*10, and thus he was an
intermediate metabolizer of methylphenidate. Nervousness
and insomnia are the most common adverse reactions
reported with methylphenidate. In this case, we found that
the patient became more disobedient, mischievous, resis-
tant to discipline, erratic, sleep-deprived, and had a poor
appetite.

A previous report showed that CYP2D6 is not involved in
the metabolism of methylphenidate.?> Drugs that are inhibitors
of CYP2D6 when taken concurrently with methylphenidate
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are not involved in the metabolism of methylphenidate and
should not affect its plasma concentration. However, meth-
ylphenidate possesses some structure similarities to amphet-
amine which is CYP2D6 substrates.”? If CYP2D6 plays a
prominent role in the metabolism of methylphenidate, then
polymorphisms of the gene may have a significant influence
in terms of the response to drug treatment in children with
ADHD. Moreover, drug—drug interaction studies indicate that
methylphenidate inhibits certain CYP isoenzymes,* but these
have not been investigated fully. For example, imipramine
is metabolized by different CYP enzymes, but CYP2D6 is
always involved.?*2¢

The physician decreased the dosage of methylpheni-
date to 2.5 mg without re-emergence of the side effects
evident at higher doses, with a good therapeutic response.
There is increasing evidence to suggest that the CYP2D6
genotype might partially affect the response to meth-
ylphenidate and the likelihood of side effects. Therefore,
the patient described here should avoid other drugs that
are substrates for CYP2D6 (eg, atomoxetine, risperidone)
and drugs which inhibit the function of CYP2D6 (eg, flu-
oxetine), because they will decrease his ability to eliminate
methylphenidate.?”

Potential limitations of this case report include its
retrospective nature. As the field moves toward personalized
treatment of ADHD, well designed pharmacogenetic studies
in larger samples are required to determine the utility
of pharmacogenetic information in the treatment of this
disorder. An important factor when initiating treatment
for ADHD is cooperation between the medical team and
the patient’s caregivers to ensure adherence. Upon being
represcribed methylphenidate, the patient’s relatives were
concerned about continuing adverse reactions. Thus, it
was important for the medical team to provide clear and
easy-to-understand information to the family, in order that
all could work towards the same therapeutic goal, ie, the
patient’s behavior improving whilst being safe from inap-
propriate drug use.

Conclusion

Psychostimulants are essential in the treatment of ADHD.
Many studies have clearly acknowledged the efficacy of
methylphenidate in reducing the symptoms of ADHD. Until
now, the existing evidence recommends taking into account
individual variability in response to and side effects of phar-
maceuticals for ADHD.”*'?8 Therefore, reviewing the results
of pharmacogenomic testing prior to prescription provides
clinicians with useful individualized data that can be reviewed

with the patient and family, to inform them about the role
that metabolism may play in the response to treatment, as
well as the possibility of adverse drug reactions.
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