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Attention-deficit/hyperactivity disorder (ADHD) 
is a common neurobiologic disorder that affects 

an estimated 4 million children aged 3 to 17 years in the 
United States.1 ADHD is characterized by symptoms of 
inattention, hyperactivity, and impulsivity.2 Prominent 
symptoms and dysfunction may persist into adolescence 
in up to 85% of individuals.3 For several decades, oral 
psychostimulants, such as methylphenidate (MPH), 
have been a first-line therapy for ADHD.4 Although 
the mechanism of action of MPH has not been 
fully elucidated, it is thought to block the uptake of 
norepinephrine and dopamine into the presynaptic 
neuron and increase the release of these monoamines 
into the extraneuronal space in regions of the brain 
associated with ADHD.5,6 Because of the short half-
life of MPH (2 to 3 hours), research has focused on 
modifying its delivery to extend the duration of action. 
Since the early 1980s, formulations of MPH have 
evolved from immediate-release tablets that require 
dosing 2 to 3 times daily to long-acting formulations 
that allow for once-daily dosing and continuous efficacy 
without peaks and troughs for 8 to 12 hours.4,7

In April 2006, the US Food and Drug Administration 
approved a methylphenidate transdermal system 
(MTS) form of delivery for children with ADHD 
aged 6 to 12 years. Transdermal delivery of MPH is a 
treatment option for children with ADHD who have 
difficulty tolerating or swallowing oral medications, 
or who would benefit from tailoring the duration of 
effect.8 The efficacy of MTS at doses of 10 mg to 30 
mg, in patch sizes ranging from 12.5 cm2 to 37.5 cm2, 
and a wear time of 9 hours was demonstrated in 2 
randomized, double-blind, placebo-controlled studies 
of children with ADHD.9,10 In addition, a recent study 
has shown that the therapeutic effects of MTS persisted 
for between 2 and 4 hours after patch removal, further 
extending the duration of ADHD symptom control.8

Skin irritation at patch sites is common with 
transdermal delivery systems, and sensitization to the 
pharmacologic agent (eg, clonidine) has been reported 
with some patches.11 For instance, up to 26% of subjects 
in previous clinical trials with MTS have been observed 
to manifest at least moderate skin irritation,8–10,12–15 

Objective: To characterize dermal 
reactions and examine methylphenidate 
(MPH) sensitization in subjects receiving 
methylphenidate transdermal system (MTS). 

Method: This multicenter, open-label, 
dose-optimization study utilized MTS doses 
of 10, 15, 20, and 30 mg in children aged 6 
to 12 years, inclusive (N = 305), with a DSM-
IV-TR primary diagnosis of attention-deficit/
hyperactivity disorder. The study was conducted 
between January 8, 2007, and August 23, 2007. 
Subjects wore MTS on their hips for 9 hours 
per day, alternating sides daily for a total of 7 
weeks. Assessments included the Experience 
of Discomfort scale, Transdermal System 
Adherence scale, and Dermal Response Scale 
(DRS; 0 = no irritation, 7 = strong reaction). 
On-study reevaluations were conducted to 
characterize DRS scores ≥ 4. Epicutaneous allergy 
patch testing was conducted for DRS scores ≥ 6, 
persistent DRS scores ≥ 4, DRS score increase 
following an assessment of ≥ 4, or DRS scores 
of 4 or 5 following elective discontinuation.

Results: Approximately half of subjects 
experienced definite erythema at the patch 
site that generally dissipated within 24 hours. 
Four subjects experienced a DRS score of 4 
(1%): erythema in 1 subject resolved on study 
treatment, 2 cases resolved poststudy and 
subjects tolerated oral MPH, and 1 subject 
discontinued treatment. The latter subject was 
referred for patch testing and was diagnosed 
with allergic contact sensitization to MPH.

Conclusions: Few severe dermal effects were 
seen with MTS treatment. Dermal reactions 
were characterized as contact dermatitis and 
dissipated rapidly. On patch testing, 1 subject 
(0.3%) manifested sensitization to MPH.
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although characterization of the skin irritation and the 
extent of potential sensitization remains unclear. While 
allergic contact sensitization associated with MTS has 
been reported in postmarketing reports,16 previous 
reports of allergic contact sensitization were not evaluated 
with epicutaneous patch testing; therefore, allergic 
contact sensitization was never confirmed. This study 
characterizes dermal reactions in children with ADHD 
treated with MTS and determines the rate of potential 
allergic contact sensitization to MPH from a transdermal 
delivery system in the clinical setting. Secondarily, the 
safety and efficacy of MTS are evaluated. Based on 
results from studies of various transdermal delivery 
systems,11 it was estimated that as many as 97% of subjects 
could manifest skin irritation, and it was hypothesized 
that ≤ 1% of subjects would experience sensitization 
to MPH as defined by subsequent patch testing.

METHOD

Participants
Eligible subjects included boys and girls aged 6 to 

12 years, inclusive, who met Diagnostic and Statistical 
Manual of Mental Disorders, Fourth Edition, Text Revision 
(DSM-IV-TR)2 criteria for a primary diagnosis of ADHD, 
based on a detailed clinical evaluation. At baseline, eligible 
subjects had a total score ≥ 26 on the ADHD Rating Scale-
Version IV (ADHD-RS-IV)17 and no comorbid illnesses 
that could affect safety or tolerability or interfere with 
the subject’s participation in the study. At screening and 
baseline, eligible female subjects of childbearing potential 
had a negative result on a urine pregnancy test, and all 
included subjects’ blood pressure measurements were 
within the 95th percentile for age, gender, and height.

Potential subjects were excluded if they met any of 
the following criteria: comorbid psychiatric diagnosis 
(except oppositional defiant disorder); risk for suicidal 
or violent behavior; history of suicide attempt; structural 
cardiac abnormality, cardiomyopathy, cardiac rhythm 
abnormality, or other serious cardiac problem; history 
of nonresponse to psychostimulants; history of seizures 
during the previous 2 years (except infantile febrile 
seizures); tic disorder; current diagnosis or family history 

of Gilles de la Tourette’s syndrome; conduct disorder; 
history of substance abuse or dependence; abnormal 
thyroid function; concurrent illness; treatment with 
hepatic and/or cytochrome P450 enzyme-altering agents; 
concomitant medications with central nervous system 
effects; skin disease, history of chronic skin disease, or 
sensitive skin syndrome (defined as subjects who often 
develop nonspecific skin irritancy reactions to bland 
materials); or clinical signs or symptoms of skin irritation.

Parents or legal guardians provided written informed 
consent, and subjects provided assent before participating 
in the study. An institutional review board at each study 
site approved all study documentation, including the 
protocol and the informed consent and assent documents.

Study Design
This was a multicenter, open-label, dose-optimization 

study that utilized MTS doses of 10, 15, 20, and 30 mg in 
children with ADHD. The study was conducted between 
January 8, 2007, and August 23, 2007. Subjects wore MTS 
on their hips for 9 hours per day, alternating sides daily. 
If applicable, a washout period of up to 1 week preceded 
initiation of study medication. Subjects then underwent 
stepwise titration to an acceptable dose condition during 
the dose-optimization period, which transpired over 4 
weeks to allow titration to the highest dose, if indicated. 
Following the 4-week dose-optimization period, 
subjects were maintained on their optimized dose for 
3 weeks, for a total of 7 weeks of MTS administration. 
A follow-up visit was scheduled approximately 
30 days after the last dose of study medication to 
assess safety and dermal responses (Figure 1).

Dose optimization. All subjects began treatment with 
the 10-mg MTS dose. Treatment response, evaluated 
weekly, was based on ADHD-RS-IV scores, identification 
of adverse events (AEs), and the clinical judgment of the 
investigator. Treatment responses were categorized by the 
investigator into 1 of 3 conditions with associated actions: 
(1) “intolerable condition,” defined as an unacceptable 
safety profile that required tapering to a lower dose, 
if possible, or discontinuation if not; (2) “ineffective 
condition,” defined as a < 25% change in ADHD-RS-
IV score with an acceptable safety profile that required 

Clinical Points

Irritant contact dermatitis is the most likely diagnosis associated with dermal reactions ◆◆
in subjects receiving methylphenidate transdermal system.

These aggregate findings suggest that mild-to-moderate erythema without pain or ◆◆
pruritus can be managed by alternating application sites.

The rate of allergic contact sensitization to methylphenidate in this study was 0.3%, ◆◆
which was well within the expected ≤ 1%.
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an increase to the next patch size followed by weekly 
evaluation; and (3) “acceptable condition,” defined as a 
reduction (≥ 25%) in ADHD symptoms from baseline 
with minimal adverse effects. Subjects were eligible for an 
increase to the next dose/patch size after a minimum of 7 
days (± 3 days) on the previous dose based on the overall 
response of the subject. Subjects with an acceptable 
condition could be titrated to the next patch size if the 
current dose was well tolerated and, in the investigator’s 
opinion, the subject would have received further symptom 
reduction with an increased MTS dose. The dose could 
be down-titrated once per subject during the study.

Assessments
Dermal evaluations. Visual dermal evaluations 

(ie, Dermal Response Scale [DRS], Experience of 
Discomfort [EOD] scale, Transdermal System Adherence 
[TSA] scale) were performed by trained study staff as 
described in previous MTS trials.8–10,12–15 The same 
evaluator examined each subject at each study visit. 
Dermal evaluations were conducted sequentially, 
beginning with the routine scheduled assessments. 
On-study reevaluations and poststudy evaluations 
were performed for subjects with dermal AEs.

Scheduled evaluations. The DRS was used to assess 
current and prior (previous day’s) application sites for the 
presence or absence of primary skin reactions and other 
signs of skin irritation. Findings of erythema, edema, 
papules, and vesicles were graded on a 7-point scale, for 
which 0 = no irritation and 7 = strong reaction spreading 
beyond the test site. Additional dermal assessments 
were conducted when scores were 4 (definite edema) or 
greater. Study discontinuation was mandatory for subjects 
with a score of 6 (vesicular eruption) or greater, or if a 
score of ≥ 4 did not improve to ≤ 3 within 2 weeks.

The overall level of subject discomfort was 
assessed using the EOD scale. Scores ranged from 0 
(no discomfort) to 3 (severe, intolerable discomfort). 
Discomfort levels of mild, moderate, or severe were 
attributed to symptoms of itching, burning, or other.

The TSA scale was used to estimate the 
percentage of the MTS surface that remained 

adhered to the skin. The scale ranged from 0 
(≥ 90% adhered) to 4 (100% detached).

On-study reevaluations. Dermatologic reevaluations 
(DRS, EOD, TSA) of up to 4 additional visits over a 
period that was not to exceed 2 weeks were conducted 
to characterize the evolution of dermal responses for 
subjects experiencing a DRS score ≥ 4 (indicating the 
presence of definite edema [DRS score = 4]; erythema, 
edema, and papules [DRS score = 5]; vesicular 
eruption [DRS score = 6]; or a strong dermal reaction 
beyond the patch application site [DRS score = 7]).

Poststudy evaluations: allergic contact sensitization 
to MPH. Study-specific dermatologists, all specialists 
in allergic contact dermatitis, were selected to evaluate 
subjects in the event of suspected allergic contact 
sensitization, with the plan to have these dermatologists 
follow up with subjects who were sensitized to MPH.

Allergic contact sensitization to MPH was evaluated 
by epicutaneous patch testing18 in subjects who met 
any of the following: DRS score ≥ 6, persistent DRS 
score ≥ 4, increased DRS score after an assessment ≥ 4, 
or DRS score of 4 or 5 in subjects who were electively 
discontinued by the investigator. Subjects who met any 
1 of these criteria were discontinued from the study and 
referred for 1 or more poststudy dermal evaluations, 
including assessment and epicutaneous patch testing, 
medical supervision for initial dose of oral MPH, follow-
up for an unexplained rash during the first 4 weeks of 
oral MPH treatment, and quarterly follow-up phone 
calls for 1 year after discontinuation of treatment. 
Patch test results were interpreted according to North 
American Contact Dermatitis Group guidelines.19

Safety. Safety was assessed at each clinic visit (baseline, 
at weeks 1 through 5, week 7, and week 11) by evaluating 
AEs reported spontaneously, analyzing changes in 
vital signs, and conducting physical examinations. 
Dermal reactions were classified as an AE when 
pharmacologic treatment for the reaction was required.

Effectiveness. Change from baseline scores derived 
from the clinician-completed ADHD-RS-IV performed 
at weeks 1 through 5 and week 7 was analyzed to assess 
effectiveness in this study. The ADHD-RS-IV consists 
of 18 items that reflect the symptomatology of ADHD 
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Figure 1. Study Design
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based on DSM-IV-TR criteria. Each item is scored 
from 0 (“no symptoms”) to 3 (“severe symptoms”).17 
Total scale scores of all 18 items range from 0 to 54.

The Clinical Global Impressions-Severity of Illness 
and -Improvement scales (CGI-S and CGI-I) assess 
the investigator’s impression of the severity of the 
subject’s illness and the subject’s clinical improvement 
over time.20 The CGI-S was conducted at baseline 
using scores of 1 (“no symptoms”), 2 (“borderline 
symptoms”), 3 (“mild symptoms”), 4 (“moderate 
symptoms”), 5 (“marked symptoms”), 6 (“severe 
symptoms”), and 7 (“extreme symptoms”). Improvement 
relative to the CGI-S score was determined using the 
CGI-I. The CGI-I was completed at weeks 1 through 
7 using scores of 1 (“very much improved”), 2 (“much 
improved”), 3 (“minimally improved”), 4 (“no change”), 
5 (“minimally worse”), 6 (“much worse”), and 7 (“very 
much worse”). Results were dichotomized as either 
“improved” (including “very much improved” and “much 
improved”) or “not improved” (all other categories 
from “minimally improved” to “very much worse”).

Data Analysis
Based on the hypothesis that ≤ 1% of subjects 

risk becoming sensitized to MPH, a sample size 
of 300 subjects was planned, providing a 95% 
probability of detecting allergic contact sensitization 
to MTS. Dermal reactions were summarized by 
descriptive statistics for each MTS patch size and 
the overall population. The number and percentage 
of subjects were tabulated by incidence of dermal 
response levels (ie, “mild,” “moderate,” “severe”).

The paired t test was used to evaluate the mean 
changes in the ADHD-RS-IV score from baseline at 
weeks 1 through 4, 7, and 11. The CGI scores, treatment-
emergent AEs (TEAEs), vital sign data, and physical 
examination findings were summarized using descriptive 
statistics. Continuous variables and categorical values 
were also summarized using descriptive statistics.

RESULTS

Subject Disposition
Three hundred nine subjects were enrolled, 305 

subjects received at least 1 dose of study medication 
(safety population), 303 subjects received at least 1 
dose of study medication and had both a baseline and 
a postbaseline measurement (intent-to-treat [ITT] 
population), and 260 (84.1%) completed the study (Figure 
2). Of the 49 (15.9%) subject withdrawals that occurred, 
most were due to TEAEs or application site reactions 
(7.2%) or subjects who were lost to follow-up (4.5%).

Demographic and Baseline Characteristics
The safety population was made up of 305 subjects 

(Table 1). The mean subject age was 9.1 years. The 
majority of subjects were aged 6 to 9 years (55.1%), 
male (70.5%), and white (77.7%). The mean baseline 
ADHD-RS-IV score was 42.2 and the mean baseline 
CGI-S score was 4.9. The majority of subjects (62.3%) 
had taken or were taking ADHD medications at 
screening, predominantly MPH and amphetamine 
formulations. At baseline, all subjects had healthy, intact 
skin at the MTS application site; minor abnormalities 

Table 1. Subject Demographics and Baseline Characteristics of 
the Safety Population (N = 305)

Characteristic
Methylphenidate  

Transdermal System
Age, mean (± SD), y 9.1 (1.9)
Age, n (%), y

6–9 168 (55.1)
10–12 137 (44.9)

Gender, male, n (%) 215 (70.5)
Ethnicity, n (%)

Hispanic/Latino 73 (23.9)
Not Hispanic/Latino 232 (76.1)

Race/ethnicity, n (%)
White 237 (77.7)
Black/African American 35 (11.5)
Native Hawaiian/Pacific Islander 3 (1.0)
Asian 2 (0.7)
Other 28 (9.2)

Weight, mean (± SD), lb 73.1 (21.2)
Height, mean (± SD), in 53.6 (5.1)
Body mass index, mean (± SD) 17.5 (2.4)
ADHD-RS-IV score, mean (± SD) 42.2 (8.0)
CGI-S score, mean (± SD) 4.9 (0.8)
Abbreviations: ADHD-RS-IV = Attention-Deficit/Hyperactivity Disorder 

Rating Scale-IV, CGI-S = Clinical Global Impressions-Severity of 
Illness scale.

Subjects enrolled
N = 309

Safety population
n = 305 (98.7%)

Completed
n = 260 (84.1%)

Discontinued
n = 45 (14.5%)

49 Withdrawals (15.9%)
Withdrawals due to:
Adverse events: 21 subjects (6.8%)
Protocol violation: 3 subjects (1.0%)
Consent withdrawn: 7 subjects (2.3%)
Lost to follow-up: 14 subjects (4.5%)
Other: 4 subjects (1.3%)

Withdrawn
n = 4 (1.3%)a

Figure 2. Subject Disposition of All Enrolled Subjects

aFour subjects were given open-label methylphenidate transdermal 
system but did not return to the clinic after their baseline visit; these 
subjects were lost to follow-up.

bIncludes 1 subject who discontinued due to an application site reaction.
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(1 mole; 1 small, nearly healed abrasion; and 1 
instance of dry skin) were reported in 3 subjects.

At the end of the treatment period (visit 8), 34 
subjects were receiving MTS 10 mg, 84 were receiving 
MTS 15 mg, 70 were receiving MTS 20 mg, and 78 were 
receiving MTS 30 mg. One subject titrated down from 
20 mg to 15 mg 2 days after visit 8 and is represented 
in both dose groups. Overall, the mean (± SD) MTS 
exposure was 45.7 (10.6) days. Specifically, for the 
10-, 15-, 20-, and 30-mg MTS dose groups, the mean 
(± SD) exposures were 13.5 (13.2) days, 17.9 (14.5) days, 
17.2 (11.5) days, and 23.4 (8.0) days, respectively.

Dermal Evaluations
Scheduled dermal assessments. 
Dermal Response Scale. Evaluation of the maximal 

observed DRS scores measured at the current patch 
application site showed 15.1% of subjects experienced 
no dermal response (DRS score = 0), 31.8% of subjects 
had minimal erythema (DRS score = 1), 49.5% of 
subjects had definite erythema (DRS score = 2), 2.0% 
had erythema and papules (DRS score = 3), and 1.0% 
had definite edema (DRS score = 4). No subject had 
a DRS score of > 4 throughout the study. The DRS 
scores measured at the prior application site were 
comparatively lower than those measured at the current 
patch application site across all study visits. Application 
sites assessed on the day following patch application 
and removal showed that 82% of subjects had no 
dermal response (41%) or minimal erythema (41%).

Mean (± SD) maximal DRS scores at the current patch 
application site were 0.9 (0.78), 1.0 (0.85), 1.2 (0.86), 
and 1.2 (0.86) for the 10-mg, 15-mg, 20-mg, and 30-mg 
MTS doses, respectively, indicating an upward trend in 
the mean (± SD) maximal scores with increasing doses 

and patch sizes  (Table 2). However, across all patch sizes 
the mean (± SD) maximal DRS score indicated minimal 
erythema at the patch site. No upward trend in mean 
(± SD) maximal DRS score was noted with increasing 
MTS patch sizes at prior patch application sites.

Experience of Discomfort scale. Maximal EOD score 
analysis revealed that > 90% of subjects experienced no 
discomfort (49.8%) or mild discomfort (40.7%) at the 
current patch application site (Table 2). At the prior 
application site, 64.6% and 28.5% experienced no or mild 
discomfort, respectively. Moderate discomfort at the 
current and prior application sites was reported in 8.2% 
and 5.9% of subjects, respectively. Less than 1% of subjects 
reported severe discomfort. When discomfort was 
reported at either the current or prior application sites, 
the majority of subjects reported experiencing itching.

Transdermal System Adherence scale. Overall, 
the mean (± SD) maximal TSA score was 0.9 (1.1), 
indicating ≥ 75% to < 90% of the patch was attached 
(Table 2). The mean TSA score ranged from 0.3 to 
0.4 across all study visits, indicating successful system 
adherence on average. Patch detachment rates were 
highest during weeks 1 (2.0%) and 2 (1.7%) and 
declined during weeks 5 (1.0%) and 7 (0.8%).

On-study dermal reevaluations. Per protocol, 
additional on-study dermal reevaluations were conducted 
for the 4 subjects with a DRS score = 4; no subject had a 
DRS score > 4. Two subjects receiving MTS 15 mg or 30 
mg were treated with topical corticosteroids after 4 to 
7 weeks of MTS treatment. Symptoms resolved within 
1 to 3 days, and MTS treatment continued without 
recurrence of skin symptoms. At the week 11 follow-
up visit, a third subject receiving MTS had bilateral 
DRS scores = 4. The subject was switched to oral MPH 
without further incident, and skin symptoms resolved in 

Table 2. Summary of Mean Maximal Dermal Assessment Scores of the Safety Population

Dermal Assessment

Methylphenidate Transdermal System (MTS)

Overall (N = 305)
10 mg/12.5 cm2 

(n = 305)
15 mg/18.75 cm2 

(n = 260)
20 mg/25 cm2 

(n = 174)
30 mg/37.5 cm2 

(n = 93)

Currenta Priorb Current Prior Current Prior Current Prior Current Prior
Dermal Response Scale,  

mean (± SD)c
0.9 (0.8) 0.3 (0.5) 1.0 (0.8) 0.4 (0.7) 1.2 (0.9) 0.4 (0.6) 1.2 (0.9) 0.5 (0.7) 1.4 (0.8) 0.8 (0.8)

n 296 296 260 260 170 170 92 92 303 303
Experience of Discomfort 

Scale, mean (± SD)d
0.2 (0.4) 0.1 (0.4) 0.3 (0.5) 0.2 (0.4) 0.3 (0.6) 0.2 (0.5) 0.5 (0.6) 0.3 (0.5) 0.6 (0.8) 0.4 (0.6)

n 295 295 260 260 170 170 92 92 303 303
Transdermal System Adherence 

Scale, mean (± SD)e
0.5 (0.9) 0.5 (0.9) 0.4 (0.7) 0.5 (0.7) 0.9 (1.1)

n 224 203 130 79 272
aCurrent = MTS patch site at time of assessment. Note: MTS patch was clear, allowing for visual assessment. 
bPrior = previous day’s treatment site.
c0: no evidence of irritation; 1: minimal erythema; 2: definite erythema; 3: erythema and papules; 4: definite edema; 5: erythema, edema, and papules;  

6: vesicular eruption; and 7: strong reaction beyond test site.
d0: no discomfort; 1: mild discomfort; 2: moderate, but tolerable discomfort; and 3: severe, intolerable discomfort.
e0: ≥ 90%, 1: ≥ 75% to < 90%, 2: ≥ 50% to < 75%, 3: < 50%, and 4: patch detached.
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< 7 days. The final incident of a DRS score = 4 occurred 
in a subject receiving MTS 15 mg. The investigator 
electively discontinued this subject from the study. This 
was the only subject who met the protocol-specified 
criteria for patch testing for sensitization to MPH.

Poststudy dermal evaluation for sensitization to 
MPH. The poststudy dermal evaluation of the electively 
discontinued subject with a DRS score = 4 revealed a mild 
reaction to MPH 10% and 0.1% in petroleum, as well 
as MPH 10% and 1% aqueous, which was indicative of 
allergic contact sensitization. The subject was instructed 
not to use MPH without strict medical supervision 
and received follow-up phone calls quarterly for 1 
year. No rechallenge with oral MPH was performed 
and stimulant therapy continued with amphetamine. 
Given that this was the only subject who developed 
allergic contact sensitization to MPH, the rate of 
MPH sensitization in this study was 0.3% (1/305).

Safety Assessments
Adverse events. Overall, 743 AEs were reported 

in 242 (79.3%) subjects during the study period. All 
AEs were classified as TEAEs. The majority (> 99.5%) 
of  TEAEs were mild or moderate in intensity. Two 
severe TEAEs (headache and decreased appetite) in 
2 subjects (0.7%) were considered treatment related. 
No serious TEAEs or deaths were reported.

Twenty-two subjects (7.2%) discontinued the study 
because of a TEAE or an application site reaction. 
Reasons for discontinuation (which may have been 
reported in more than 1 subject) were lack of efficacy 
in 9 subjects, affect lability in 3 subjects, flat affect in 
2 subjects, and aggression, dysphoria, irritability, tic, 
decreased appetite, polydipsia, muscle spasms, pollakiuria, 
application site discomfort, application site pain, and 
urticaria on thighs and abdomen in 1 subject each.

Of the 743 TEAEs, 420 events in 61.0% of subjects 
were considered related to study treatment. The most 
common (≥ 2%) TEAEs related to study treatment 
were decreased appetite (29.8%), insomnia (9.8%), 
headache (8.9%), affect lability (6.9%), irritability 
(5.9%), nausea (5.2%), application site pruritus (4.6%), 
initial insomnia (4.3%), anorexia (3.6%), decreased 
weight (3.3%), upper abdominal pain (3.3%), lack of 
efficacy (2.6%), and application site reactions (2.3%).

Adverse application site reactions. Eighteen 
subjects experienced application site reactions in which 
topical hydrocortisone or triamcinolone acetonide was 
administered; 13 subjects (72%) had unspecified patch 
reaction or itching; the remaining subjects had irritation, 
dermatitis, or itching/dermatitis. The duration of topical 
treatment ranged from 1 day to nearly 7 weeks. The 
majority of subjects were treated for a DRS score of 2 
through 4. Three of the 4 subjects with a DRS score of 
4 were treated with topical corticosteroids and reported 

reductions in DRS scores at the first follow-up visit. No 
subject required treatment with systemic corticosteroids.

Three subjects receiving MTS 10 mg or 15 mg 
discontinued MTS as a result of an application site 
reaction. No association was noted between dose 
and discontinuation. Two of the subjects experienced 
moderate discomfort or pain and itching 4 to 5 days after 
MTS initiation that spontaneously resolved 2 to 3 days 
after discontinuation. The third subject discontinued 
MTS at week 7 at the discretion of the investigator due 
to definite edema (DRS score = 4), moderate itching 
and burning at both current and prior patch application 
sites, and urticaria on the abdomen and thighs. The 
subject received twice-daily treatment with topical 
hydrocortisone 1% cream and oral diphenhydramine 
hydrochloride 25 mg. Within 48 hours, the subject’s 
symptoms resolved to minimal and definite erythema 
(DRS scores of 1 and 2 on prior and current sites, 
respectively). Urticarial lesions resolved about 8 days 
after MTS discontinuation. The investigator judged 
the urticaria to be related to treatment with MTS.

Vital signs and physical examinations. The majority 
of subjects had no clinically significant changes from 
baseline in vital signs or physical examinations. Overall 
mean (± SD) change from baseline to endpoint in pulse 
values was 3.2 (12.91) beats per minute. Changes in 
diastolic blood pressure from baseline to endpoint were 
small, showing a mean (± SD) increase from baseline of 
1.8 mm Hg (8.24). Changes in systolic blood pressure 
from baseline to endpoint overall were similarly modest 
with a mean (± SD) increase from baseline of 1.1 mm 
Hg (10.34). No subject had diastolic blood pressure or 
systolic blood pressure values above the normal range 
at endpoint. Physical examinations for the largest 
proportion (88%) of subjects were within normal limits.

Effectiveness Assessments
ADHD Rating Scale-Version IV. Improvements 

from baseline in mean ADHD-RS-IV total scores were 
consistent and statistically significant from weeks 1 
through 7. Overall mean (± SD) improvements (ie, 
decreased scores from baseline) ranged from −11.0 
(10.40; P < .0001) at week 1 (the first postbaseline 
assessment) to –26.2 (11.48; P < .0001) at endpoint.

Clinical Global Impression-Improvement. 
Improvement from baseline to endpoint was observed 
in 86.4% of subjects on the basis of CGI-I scores. 
The overall proportion of subjects rated as improved 
rose steadily from 37.3% at the first postbaseline 
assessment (week 1) to 93.2% at week 8.

DISCUSSION

In the current study, the majority of subjects across 
MTS dose groups experienced either no dermal irritation 
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or irritant contact dermatitis, which was limited to 
erythema without discernible evidence of edema or 
papules. In addition, most subjects experienced minimal 
discomfort during the study. The greater proportion of 
subjects had minimal or no erythema at the prior patch 
site compared with the current patch site, indicating 
that while erythema may be common with MTS, it 
diminishes rapidly over time. These aggregate findings 
suggest that mild-to-moderate erythema without pain 
or pruritus can be managed by alternating application 
sites. Findings from previous, controlled MTS studies 
were generally similar,8–10 illustrating that irritant 
contact dermatitis is the most likely diagnosis associated 
with dermal reactions in subjects receiving MTS.

Definite edema (DRS score = 4), the most severe 
reaction observed in this study, developed after several 
weeks of treatment in 4 cases. Treatment with topical 
corticosteroids is suggested when erythema does not 
spontaneously resolve, although the potential AEs 
associated with topical corticosteroid use during MTS 
treatment are unknown.16 In the small number of 
subjects who were treated with topical corticosteroids 
for application site reactions in the current study, all 
cases resolved in a timely manner, and no subject 
required systemic corticosteroids for a dermal reaction.

There are 3 types of dermal reactions possible with any 
transdermal delivery system: irritant contact dermatitis, 
allergic contact dermatitis, and allergic contact urticaria.21 
Irritant contact dermatitis is the most common of 
these and has the least serious consequences. Irritant 
contact dermatitis is a nonimmunologic response to 
skin injury that generally resolves spontaneously over 
the course of several days after the irritant has been 
removed. It is associated with the development of red 
patches within the boundary of the patch site, mild 
itching, burning, and pain. Allergic contact dermatitis 
is a T cell–mediated, delayed hypersensitivity reaction 
characterized by edema or vesicles (often extending 
beyond the patch site boundaries) with intense 
itching, and sometimes burning and pain that often 
“crescendos” or worsens, after removal of the allergen. 
It is diagnosed by epicutaneous patch testing over 48 
to 96 hours and can persist for several weeks. Allergic 
contact urticaria, the most serious and least common 
reaction, is a type I immunoglobulin E–mediated 
inflammatory response to an allergen, causing pruritus, 
hives, angioedema, and, in some cases, anaphylaxis 
within 15 minutes of exposure to the antigen. It is most 
commonly confirmed by skin prick testing, whereby a 
positive reaction, or wheal, occurs within 15 minutes.

Before the current study, the rate of allergic contact 
sensitization to MPH associated with MTS had not 
been systematically studied. At the time of this study, 
no cases of MPH allergic contact sensitization had been 
reported in clinical trials of children treated with MTS. 

Because it is difficult to distinguish between irritant and 
allergic contact dermatitis based on clinical grounds 
alone, criteria were developed for follow-up observation 
and patch testing for any subject with erythema and an 
indication of a more serious skin reaction. This allowed 
for a more accurate estimation of the risk of MPH allergic 
contact sensitization in a clinical setting. The hypothesis 
was that ≤ 1% of MTS-treated subjects would develop 
a dermal reaction leading to treatment discontinuation 
and would subsequently test positive for allergic contact 
dermatitis by confirmatory epicutaneous patch testing. 
Of the 4 children who experienced definite edema 
during the study, only 1 met the criteria for patch testing 
and was subsequently found to be sensitized to MPH. 
Therefore, the rate of allergic contact sensitization to 
MPH in this study was 0.3%, which was well within 
the expected ≤ 1%. The subject elected not to undergo 
a rechallenge with oral MPH but continued treatment 
with oral amphetamine without any systemic reaction.

To date, the authors are not aware of any reports 
in the literature regarding confirmed MTS allergic 
contact sensitization with follow-up oral MPH challenge 
definitively leading to systemic MPH sensitivity. 
However, data based on studies of transdermal clonidine 
indicate that approximately 1%–2% of individuals with 
confirmed allergic contact sensitization to a transdermal 
therapeutic system will be unable to tolerate subsequent 
oral administration of the therapeutic agent.22,23 Thus, 
given the low incidence (0.3%) of allergic contact 
sensitization to MTS observed in this study and the 
low incidence (1%–2%) of allergic contact sensitization 
leading to intolerability of oral administration reported 
in the literature, it is likely that the incidence of 
patients with allergic contact sensitization to MTS with 
subsequent intolerability to oral MPH administration 
would be very rare (approximately 0.003%–0.006% 
or 1 in 15,000 to 1 in 30,000). This estimate compares 
favorably with the rare occurrence of allergy to orally 
administered MPH reported in the literature.24

Regarding other safety parameters, MTS was associated 
with few serious or severe TEAEs in the present study. 
The most common TEAEs related to study treatment 
were decreased appetite, insomnia, and headache. The 
majority of TEAEs in the present study were mild or 
moderate in intensity, transient, and resolved with 
continued dosing. These TEAEs were similar to those 
reported in previous studies of MTS,8–10,12–15 as well as 
in studies of oral extended-release MPH in pediatric 
patients with the exception of dermal reactions.25–29

The effectiveness of MTS was secondarily evaluated in 
the current study. The majority of subjects experienced 
consistent improvement in ADHD symptoms over the 
treatment period. At the end of the treatment period, 
clinicians employed the 15-, 20-, and 30-mg doses equally. 
At the endpoint, overall scores for the ADHD-RS-IV 
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were significantly improved (P < .0001), and 86.4% of 
subjects showed improvement in CGI-I scores relative 
to baseline CGI-S scores. These data are similar to those 
reported in previous studies of MTS in children with 
ADHD.8,9,12,13 In both laboratory- and naturalistic-
setting studies, statistically significant improvements in 
ADHD symptoms with MTS compared with placebo 
have been observed in all measures and at all doses.8–13

Limitations
There were a number of methodological limitations 

of the current study. Conclusions about the long‑term 
dermal effects of MTS are limited by the relatively short 
14-week duration of the study. While study investigators 
administering and assessing MTS use at scheduled visits 
underwent training to detect and code dermal reactions, 
the intrareliability and interreliability of their DRS, 
EOD, and TSA ratings were not examined. Also, the 
spontaneous reporting of AEs employed in this study is 
known to underestimate the type and frequency of AEs 
reported over the study duration when compared to 
use of a stimulant-specific structured interview. Lastly, 
because of the nature of uncontrolled, open-label safety 
studies, effectiveness evaluations are limited due to 
potential observer bias. Nonetheless, the effectiveness 
results of the current study are similar to those reported 
in previous well-controlled efficacy studies.10,11

CONCLUSION

The results of this study indicate that dermal reactions 
with MTS use were predominantly mild to moderate. 
Dermal reactions appeared to be of an irritant contact 
dermatitis form; they dissipated rapidly with time and 
most resolved with continued treatment. Overall, less 
than 1% of subjects manifested sensitization to MPH.

Drug names: clonidine (Iopidine, Clorpres, and others), 
diphenhydramine (Benadryl and others), hydrocortisone (Acetasol, 
Vosol, and others), triamcinolone (Mykacet, Azmacort, and others).
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