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Abstract

Features and properties of dexmethylphenidate

A Dexmethylphenidate comprises only the d-enantio-

mer (the pharmacologically effective isomer) of race- Indication
mic methylphenidate and is indicated for the
treatment of patients aged =6 years with attention def- Attention deficit hyperactivity disorder in patients aged >6 years

icit hyperactivity disorder (ADHD).

A nga I_il}—)week, dfqublel—blind trial in 132 childrenfwith Mechanism of action
, significantly greater improvements from i i
baselingin tge acher—rat%: (FSWanson, e Pelham Thought to block dopamine and noradrenaline
(SNAP)-ADHD scores were seen in dexmethylph-
enidate and methylphenidate recipients, compared
with placebo recipients. In addition, significantly
more dexmethylphenidate and methy Iphenidate Patients not currently Initial dose of 2.5myg titrated to

(norepinephrine) reuptake into the presynaptic neuron

Dosage and administration

recipients, compared with ]ﬂe}cebo recipients, were receiving methylphenidate a maximum dosage of 20
much improved or very much improved according to ma/da
Clinical Global Impression-Improvement of Illness g/day
scale scores. Patients currently receiving Initial dosage of half that of
A In the same study, parent-rated SNAP-ADHD scores methylphenidate racemic methylphenidate
had decreased by asignificantly greater extent in dex- (maximum recommended
methylphenidate recipients at 3pm and 6pm and in dosage of 20 mg/day)
methylphenidate recipients at 3pm, compared with
placebo recipients. Route of administration Oral
A Slgmflca_nt_ly fewer dexmethylphenidate than pla- Frequency of administration ~ Twice daily (doses
cebo recipients failed treatment in a double-blind,

treatment-withdrawal trial in 75 children with ADHD administered 24 hours apart)

(17.1 vs 61.5%).

. . . . Pharmacokinetic profile (dosage not specified)
A In a noncomparative study in 22 children with

ADHD, symptoms of ADHD, as assessed by teachers Time to peak plasma ~1to 1.5 hours
and parents, were controlled during the entire school concentration

day in 68 and 86% of dexmethylphenidate recipients, N

respectively, with a median duration of effect of 6.3 RecaplpesmaElmaten 22 (EUE

and 7.5 hours, respectively. half-life

A Dexmethylphenidate was generally well tolerated in
children with ADHD; adverse events were consistent
with those known to be associated with agents con- e ——, Abdominal pain, headache,
taining methylphenidate.

Adverse events

anorexia, rhinitis
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I-methylphenidate

a-methylphenidate
Dexmethylphenidate

Isomers of racemic methylphenidate

Attention deficit hyperactivity disorder (ADHD)
affects an estimated 4 to 12% of school-age chil-
dren in the US.[! The disorder is characterised by
symptoms of inattention, hyperactivity and im-
pulsivity.?] Methylphenidate is the drug most
commonly used in the treatment of children with
ADHD.B!

The d- and /-enantiomers of racemic methylpheni-
date are present in equal proportions, although the
pharmacological efficacy of the drug is attributed
solely to the d-enantiomer!*! (see section 1). Dex-
methylphenidate comprises only the d-enantiomer
of racemic methylphenidate (d,/-methylpheni-
date); this article focuses on the use of dexmethyl-
phenidate in the treatment of children with ADHD.

1. Pharmacodynamic Profile

The pharmacodynamics of the d-enantiomer of
methylphenidate have been examined in children
with ADHD in a small crossover study./*! Relevant
data concerning the pharmacodynamics of methyl-
phenidate are also included in this section.

e Dexmethylphenidate acts as a CNS stimulant
and is thought to block dopamine and noradrena-
line (norepinephrine) reuptake into the presynaptic
neuron and increase neurotransmitter release into
the extraneuronal space;l! research is ongoing in
this area.

e The pharmacodynamic activity of methylpheni-
date appears to reside entirely with the d-enantiomer.
In a double-blind, randomised, crossover study,
nine children (mean age 11.1 years) with ADHD
received single doses of racemic methylphenidate
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10mg, d-methylphenidate 5Smg, I-methylphenidate
5Smg and placebo on four study days separated by
intervals of 1 week.[*] Mean scanning reaction time
test scores (a measure of continuous performance)
were significantly higher (p < 0.005) with racemic
methylphenidate or d-methylphenidate, compared
with /-methylphenidate or placebo, 1,2 and 3 hours
after drug administration. No significant differ-
ences between d-methylphenidate and racemic
methylphenidate were seen with regards to this out-
come.

e Methylphenidate has been associated with in-
creases in heart rate and blood pressure, in keeping
with its role as a CNS stimulant.!®8] Small in-
creases in heart rate (2 to 5 beats per minute) and
blood pressure (2 to 3mm Hg) have been seen in
patients receiving dexmethylphenidate in placebo-
controlled studies;!®! the clinical significance of
these effects is not known.

e There is concern that methylphenidate therapy
may be associated with growth suppression as re-
ductions in growth velocity and bodyweight have
been seen in some studies; however, ultimate
height and bodyweight do not appear to be com-
promised.[*31 It has also been suggested that ADHD
itself may be related to the observed growth sup-
pression.!'% Data are not available concerning the
effect of long-term dexmethylphenidate therapy on
these parameters.5!

2. Pharmacokinetic Profile

Most of the data in this section were obtained from
the US prescribing information for dexmethyl-
phenidate.l] Information concerning the pharma-
cokinetics of racemic methylphenidate are also re-
ported where relevant. No data are available
concerning the use of dexmethylphenidate in pa-
tients with renal or hepatic impairment, or in chil-
dren aged <6 years.

Absorption

¢ The maximum plasma dexmethylphenidate con-
centration (Cp,x) was reached (tyax) approximately
1 to 1.5 hours after administration of dexmethyl-
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phenidate to patients with ADHD who were in a
fasting state (dosage not stated).’] In addition, no
significant drug accumulation was seen after re-
peated, twice-daily administration of dexmethyl-
phenidate to children with ADHD.

e In children, dose-proportional increases in Cpax
and the area under the plasma concentration-time
curve (AUC..) were seen after administration of
single doses of dexmethylphenidate 2.5, 5 and
10mg.! Moreover, plasma dexmethylphenidate
concentrations achieved after administration of
dexmethylphenidate were similar to those seen af-
ter administration of equimolar doses (i.e. twice
the dose) of racemic methylphenidate.!!

e Comparable Cy,,x values were seen after admin-
istration of single doses of dexmethylphenidate
(dosage not stated) to children aged 6 to 12 years
and healthy adults. However, AUC values tended
to be lower in children than in adults.[>!

e The pharmacokinetics of dexmethylphenidate
were similar in boys and girls who received the
drug (mean age 10 years).[! Similarly, comparable
tmax values were seen in adult female volunteers
and adult male volunteers who received single
doses of dexmethylphenidate 20mg.l>! However,
bodyweight-adjusted AUC., values were 25 to 35%
higher in women, compared with men.

e In adults, administration of a single 20mg dose
of dexmethylphenidate with food did not alter the
Cmax and AUC,., values obtained in the fasting
state.[’ However, ty. was almost doubled when
dexmethylphenidate 20mg was administered with
a high-fat meal compared with in a fasting state
(2.9 vs 1.5 hours).

Metabolism and Elimination

¢ Dexmethylphenidate is metabolised by de-ester-
ification to its primary metabolite, d-o-phenyl-pi-
peridine acetic acid (d-ritalinic acid), which has
negligible pharmacological activity.’! Dexme-
thylphenidate did not have an inhibitory effect on
cytochrome P450 isoenzymes in in vitro studies.!

e Dexmethylphenidate has a mean elimination
half-life (t,) of approximately 2.2 hours.’! No gen-
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der-related differences in ty, were seen in children
or adults who received dexmethylphenidate.[3!

e Following oral administration of radiolabelled
racemic methylphenidate in humans, approxi-
mately 90% of the dose was recovered in urine.
Approximately 80% of the dose comprised ritali-
nic acid, the main urinary metabolite.3]

3. Therapeutic Trials

The clinical efficacy of dexmethylphenidate has
been examined in three studies (available as ab-
stracts and posters) in children with ADHD; two
were double-blind, placebo-controlled studies and
one was a noncomparative flexible-dose study. In
a double-blind randomised study,!''"13] 132 pa-
tients aged 6 to 17 years received dexmethyl-
phenidate (initial dosage of 2.5mg twice daily ti-
trated to a maximum of 10mg twice daily; n = 44),
methylphenidate (initial dosage of Smg twice daily
titrated to a maximum of 20mg twice daily; n=46)
or placebo (n = 42), for 4 weeks (doses were ad-
ministered at 8am and 12pm each day). In a multi-
centre treatment-withdrawal study,/'#! 75 patients
aged 6 to 17 years who had responded to dexme-
thylphenidate during a 6-week nonblind treatment
period received dexmethylphenidate (dosage not
stated; n = 35) or placebo (n =40) in a double-blind
manner during a 2-week withdrawal phase. In a
noncomparative flexible-dose study,l>! 22 pa-
tients (six of whom had previously been treated
with other stimulants and had not achieved a good
response) received dexmethylphenidate 2.5 to
30mg once daily in the morning for 8 weeks (pa-
tients were aged between 6 and 12 years).

The primary endpoint in the larger double-blind
study"! was the reduction from baseline in
teacher-rated Swanson, Nolan and Pelham (SNAP)-
ADHD Rating Scale scores; secondary endpoints
included SNAP-ADHD Rating Scale scores as
rated by parents at 3 and 6pm and Clinical Global
Impression-Improvement of Illness (CGI-I) scale
scores. The SNAP-ADHD Rating Scale is an 18-
item scale, scored from O to 3, that assesses ADHD
symptoms. In the double-blind treatment-with-
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drawal study,!'# the primary endpoint was the pro-
portion of patients who had failed treatment at the
end of the 2-week withdrawal phase. Treatment
failure was defined as a CGI-I score (as rated by
the investigator) of much worse or very much
worse. The math test score at the end of the with-
drawal phase was a secondary endpoint.l'4 In the
noncomparative study,/!3] the primary endpoint
was the reduction from baseline in Teacher and
Parent Conners Rating Scale scores; secondary
endpoints included teacher- and parent-rated Vi-
sual Analogue Scale scores.

e Dexmethylphenidate improved the symptoms of

ADHD by a similar extent to methylphenidate in
the larger double-blind trial.l''l After 4 weeks’
treatment, significantly greater reductions from
baseline in mean teacher-rated SNAP-ADHD
scores were seen in dexmethylphenidate (from 1.4
to 0.8 points; p = 0.0004 vs placebo) and methyl-
phenidate (from 1.8 to 0.9 points; p = 0.0042 vs
placebo) recipients than in placebo recipients
(from 1.6 to 1.4 points).['!] Similarly, according to
last observation carried forward analysis, signifi-
cantly greater mean reductions from baseline in
teacher-rated SNAP-ADHD scores were seen in
dexmethylphenidate (p < 0.0001) and methylphen-
idate (p = 0.0015) recipients, compared with pla-
cebo recipients (figure 1).['21 It is notable that this
improvement was achieved with a maximum al-
lowable dexmethylphenidate dosage that was half
that of methylphenidate.

e In addition, mean parent-rated SNAP-ADHD
scores at 3pm had decreased by a significantly
greater extent in dexmethylphenidate (p < 0.001)
and methylphenidate (p < 0.0073) recipients than
in placebo recipients (figure 1).[':13] However, at
6pm, the reduction in mean parent-rated SNAP-
ADHD scores was significantly greater in dex-
methylphenidate than in placebo recipients (p =
0.003), but not in methylphenidate recipients (fig-
ure 1).1'1.13] These data suggest a potential trend
towards a longer duration of action for dexmeth-
ylphenidate compared with methylphenidate.
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Fig. 1. Changes from baseline in mean teacher- and parent-rated
SNAP-ADHD scores in children (aged 6 to 17 years) with ADHD.
In this double-blind, randomised study, 132 children were
randomised to receive twice-daily dexmethylphenidate (DEX; n =
44), methylphenidate (MET; n = 46) or placebo (PL; n = 42) for 4
weeks.[11'13] Changes in teacher-rated SNAP-ADHD scores are
means (LOCF analysis). Changes in mean parent-rated SNAP-
ADHD scores were assessed at 3pm and 6pm. ADHD = attention
deficit hyperactivity disorder; LOCF = last observation carried for-
ward analysis; SNAP = Swanson, Nolan and Pelham; * p < 0.01,
**p <0.001, *** p < 0.0001 vs PL.

® Moreover, significantly more dexmethylphenid-
ate recipients (p < 0.0001) and methylphenidate
recipients (p = 0.0082), compared with placebo re-
cipients, were much improved or very much im-
proved according to CGI-I scores (65.9 and 46.7 vs
19.5%).111]

¢ Significantly fewer treatment failures were seen
with dexmethylphenidate compared with placebo
therapy in the double-blind treatment-withdrawal
study (17.1 vs 61.5%; p = 0.001).1'4] In addition,
compared with the end of the nonblind phase, mean
math test scores improved in dexmethylphenidate
recipients and worsened in placebo recipients (+1
vs —12; values estimated from graph) [p = 0.024].

e Once-daily administration of dexmethylphenid-
ate was associated with significant improvements
from baseline in ADHD symptoms in the non-
comparative study.['3] Mean Teacher and Parent
Conners Rating Scale scores were significantly re-
duced from baseline (p < 0.0001) by 66 and 52%,
respectively, after 8 weeks’ treatment with dex-
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methylphenidate (figure 2). According to teacher-
and parent-rated Visual Analogue Scale scores, the
symptoms of 68 and 86% of patients, respectively,
were controlled during the entire school day. The
median duration of effect was 6.3 (range 4 to 7.5)
and 7.5 (range 5 to 14) hours as assessed by teach-
ers and parents, respectively. Of the six patients
who had previously been treated unsuccessfully
with stimulants, five responded to dexmethyl-
phenidate therapy (definition of response not
stated). It should be noted that current labelling
states that dexmethylphenidate should be adminis-
tered twice daily with an interval of at least 4 hours
between doses (section 5).

4. Tolerability

¢ Dexmethylphenidate was generally well toler-
ated in children with ADHD;[IL14.15] adverse
events were consistent with those known to be as-
sociated with agents containing methylphenidate.

¢ In a 4-week, double-blind, randomised, placebo-
controlled study in 132 children (aged 6 to 17
years) with ADHD, adverse events tended to occur
more frequently in recipients of active treatment
compared with placebo.l'!l Abdominal pain oc-
curred in 20.5, 4.3 and 11.9% of dexmethylphenid-
ate, methylphenidate and placebo recipients, re-
spectively, headache occurred in 15.9, 21.7 and
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Fig. 2. Mean Teacher and Parent Conners Rating Scale scores in
22 children (aged 6-12 years) with attention deficit hyperactivity
disorder in a noncomparative, flexible-dose study.“S] Children re-
ceived dexmethylphenidate 2.5 to 30mg once daily for 8 weeks.*
p < 0.0001 vs baseline.
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9.5%, respectively, anorexia occurred in 9.1, 10.9
and 0%, respectively, and rhinitis occurred in 15.9,
4.3 and 9.5%, respectively. No serious adverse
events were reported in this study.

e Similarly, no serious treatment-related adverse
events were reported in a double-blind, placebo-
controlled, treatment-withdrawal study in 75 pa-
tients (aged 6 to 17 years) with ADHD.U'4) During
the double-blind phase of the trial, abdominal pain
occurred in 8.6% of dexmethylphenidate recipi-
ents and 0% of placebo recipients, chest painin 5.7
and 0%, headache in 5.7 and 7.5%, insomnia in 0
and 5.0%, increased cough in 5.7 and 0% and rhi-
nitis in 0 and 5.0%.

¢ In a noncomparative study in 21 evaluable pa-
tients (aged 6 to 12 years) with ADHD, the most
commonly occurring adverse events included an-
orexia or weight loss (33%), lability (19%), stom-
achache or nausea (14%), headache (14%) and
sullenness (10%).1'31 Flushed face, sedation, irri-
tability, monotone voice, staring and nightmares
each occurred in 5% of patients. Patients in this
study received dexmethylphenidate 2.5 to 30mg
once daily for 8 weeks.

5. Dosage and Administration

e In patients with ADHD who are not currently
receiving methylphenidate, or are receiving other
stimulants, treatment with dexmethylphenidate
should be started at a dosage of 2.5mg twice daily
and titrated at 2.5 to 5mg increments to a maximum
daily dose of 20mg. In general, dosage adjustments
may occur at intervals of about 1 week.5! In pa-
tients who are currently receiving methylpheni-
date, dexmethylphenidate should be started at a
dosage of half that of methylphenidate; the dosage
can be titrated to a maximum of 20 mg/day. The
two daily doses of dexmethylphenidate should be
administered at least 4 hours apart; the drug may
be administered with or without food. Dexmethyl-
phenidate is available as 2.5, 5 and 10mg tablets.

Drugs 2002; 62 (13)
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6. Dexmethylphenidate: Current Status

Dexmethylphenidate is approved for the treatment
of ADHD in children aged 26 years in the US and
is currently awaiting approval in Canada. It was
associated with significant improvements in ADHD
symptoms in children in a randomised, double-
blind study and in a noncomparative study. In ad-
dition, significantly fewer dexmethylphenidate
than placebo recipients failed treatment in a dou-
ble-blind, multicentre, treatment-withdrawal trial.
Dexmethylphenidate was generally well tolerated
with an adverse event profile similar to that ex-
pected with agents containing methylphenidate.
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