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ABSTRACT

Objective: This study compared the efficacy of guanfacine extended release (GXR), a selective apa-adrenoceptor
agonist, with placebo in children and adolescents with attention-deficit’/hyperactivity disorder (ADHD). Method: This
double-blind, 9-week, dose-ranging, parallel-design, multicenter trial randomized 6- to 17-year-olds with ADHD to once-
daily oral GXRin 1-, 2-, 3-, and 4-mg doses or placebo. Primary outcome was change in total ADHD Rating Scale-IV score
from baseline to endpoint. Secondary outcomes included changes in scores of hyperactive/impulsive and inattentive
subscales; clinician and parent ratings; duration of clinical effect; and safety measures. Results: Statistically significant
reductions in ADHD Rating Scale-IV scores were observed from baseline to endpoint at all doses of GXR, with effect sizes
ranging from 0.43 to 0.62. In subjects receiving GXR, mean heart rate and systolic and diastolic blood pressure decreased
as the dose of GXR increased and then returned toward baseline during the dose-maintenance and dose-tapering phases
of the trial. Most frequent treatment-emergent adverse events (>5%) were somnolence, headache, fatigue, sedation,
dizziness, irritability, upper abdominal pain, and nausea. Somnolence, sedation, and fatigue adverse events emerged
within the first 2 weeks of dosing and generally resolved by study end. Conclusions: Guanfacine extended-release was
effective in reducing symptoms of ADHD. Adverse events were mild to moderate, did not interfere with improvements in
attention, and rarely led to discontinuation. J. Am. Acad. Child Adolesc. Psychiatry, 2009;48(2):155-165. Key Words: o,-
adrenoceptor agonist, attention-deficit/hyperactivity disorder, ADHD, guanfacine, nonstimulant. Clinical trial registration
information—Safety and Efficacy of SPD503 in Treating ADHD in Children and Adolescents Aged 6-17. URL: http:/
clinicaltrials.gov. Unique identifier: NCT00150618.
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etiology remains unknown, although it is clear that most
effective therapies for the disease facilitate catecholamine
neurotransmission.”” Although stimulants remain the
mainstay of ADHD therapy, many patients do not re-
spond to or cannot tolerate treatment with psychostim-
ulants.*> This state of affairs calls for the development
of alternative effective and safe nonstimulant ADHD
therapies.

The a,-adrenoceptor agonists clonidine and guanfa-
cine have been used off label as alternative therapies for
ADHD. Clonidine’s short duration of action, marked
sedation, and hypotension have historically limited
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its use.® Guanfacine has emerged as a selective ;-
adrenoceptor agonist that acts preferentially on post-
synaptic 0a-adrenoceptors, which are believed to play
a role in attentional and organizational functions in
the prefrontal cortex.”® Wang et al.,” Li et al.,'* and
Arnsten'" have suggested that 0,4 stimulation increases
delay-related firing of prefrontal cortex neurons, a cel-
lular measure of underlying working memory and be-
havioral inhibition. In nonhuman primates, guanfacine
has been shown to specifically improve delay-related
firing,> perhaps explaining improvement in some
ADHD symptoms found in open-label studies'*"*
and small controlled trials.*">

Immediate-release guanfacine has a short duration
of action, therefore requiring multiple daily doses for
ADHD treatment.>'® The absorption characteristics
of immediate-release guanfacine are not ideal because
peak plasma concentration is achieved rapidly and de-
clines precipitously with considerable interindividual
variation.'”'® These characteristics have prompted de-
velopment of a new formulation, guanfacine extended
release (GXR), to achieve a broader and flatter plasma
concentration profile so that therapeutic concentrations
can be sustained over longer periods with reduced peak-
to-trough fluctuation.”

This is the second of two similarly designed short-
term pivotal phase III studies of GXR as monotherapy
in children and adolescents with ADHD.*® A distin-
guishing feature of the present study relative to the first
phase III study was the inclusion of a weight-restricted
1-mg dose group so that once-daily oral doses of GXR 1,
2, 3, and 4 mg could be compared with placebo in 6- to
17-year-olds diagnosed with ADHD.

METHOD

Study Design

This study was conducted at 51 sites in the United States from
March to October 2004. It was conducted in accordance with the
Declaration of Helsinki (2000). Each subject’s legal guardian
provided written informed consent, and each patient provided as-
sent, with procedures approved by each participating institution’s
institutional review board.

The study was divided into screening, washout, double-blind
treatment, and follow-up periods during 16 weeks (Fig. 1). The
double-blind period lasted 9 weeks: dose escalation (3 weeks), a

stable dose evaluation period (3 weeks), then dose tapering (3 weeks).

Male and female subjects ages 6 to 17 years with a DSM-IV-TR
diagnosis of ADHD and a minimum baseline score of 24 on the
ADHD Rating Scale-IV (ADHD-RS-IV)?! were enrolled. At screen-
ing, investigators conducted a psychiatric evaluation with the DSM-
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IV-TR criteria for ADHD and the Kiddie Schedule for Affective
Disorders and Schizophrenia-Present and Lifetime diagnostic inter-
view” and performed a complete medical history and physical
examination. Subjects were excluded for any current severe Axis I or
Axis II disorders or any other current uncontrolled comorbid
psychiatric diagnosis (excluding oppositional defiant disorder),
weight of less than 55 Ib (25 kg), morbid obesity (body mass index
>35), current use of medications that affect blood pressure (BP) or
heart rate (except for ADHD therapies, which were discontinued
during the washout period), hypertension or orthostatic hypotension,
abnormal electrocardiogram or vital signs, previous treatment of
ADHD with GXR, or intolerance of guanfacine.

After screening, eligible patients underwent a washout period
during which all ADHD and other psychoactive medications were
discontinued for 1 week or at least 5 times the half-life of the med-
ication before the subject began the treatment period. The subjects
were randomized to placebo or GXR 1, 2, 3, or 4 mg/day at the end
of the baseline visit (visit 0). Randomization was stratified by base-
line weight: less than 75 Ib, 75 b or greater to but less than 110 Ib,
and 110 Ib or greater. The GXR 1-mg group was limited to subjects
weighing less than 110 Ib (<50 kg). Each patient was given prepre-
pared weekly drug kits containing four tablet bottles, each repre-
senting one of four GXR doses or matching placebo. Because the
true identity of each pill depended on the randomization regimen
and remained unknown to clinicians and the subjects, the subjects
were required to take one tablet from each bottle daily in the morn-
ing. At the end-of-study visit, eligible subjects had the option to
enroll in a 25-month open-label extension study. Those who en-
rolled completed end-of-study assessments for the present study,
which doubled as the baseline visit for the extension study. Subjects
who did not enroll in the open-label extension study were required
to return to the clinic for a final follow-up visit (visit 10) 2 to 4 days
immediately after drug discontinuation for collection of BP and
body weight measurements and to assess adverse events (AEs) and
concomitant medication use. Overall, the subjects were followed for
30 (+2) days after their last dose of study drug. A telephone contact
(visit 11) was initiated by the research site to collect any new serious
AEs (SAEs), and to follow up on any unresolved AEs.

Assessment Measures

The primary outcome was change in ADHD-RS-IV total score
from baseline to endpoint. Endpoint was defined as the last post-
randomization treatment week of the double-blind treatment period
for which a valid ADHD-RS-IV score was obtained. The ADHD-
RS-1V was administered to parents or caregivers by clinicians with
scoring based on 18 items of behavior symptoms grouped into sub-
scales of hyperactivity/impulsivity and inattentiveness, each with a
value of 0 (no symptoms) to 3 (severe symptoms); the total score
ranged from 0 to 54.%' The ADHD-RS-IV Hyperactivity/Impulsivity

and Inattentiveness subscale scores were also examined.
Secondary outcomes were as follows:

1. The Conners’ Parent Rating Scale-Revised: Short Form
(CPRS-R), completed by the subjects’ parents/caregivers be-
fore dosing at approximately 6 AM. and after dosing at ap-
proximately 10 AM., 2 PM., 6 PM, and 8 PM,, on the last
washout day and the days preceding visits 4 to 6

2. The Clinical Global Impressions-Improvement (CGI-I) ad-
ministered by the clinicians at visits 1 to 6

3. The Parent Global Assessment (PGA) collected at baseline
and visits 4 through 6
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Fig. 1 Study design: subjects were randomized to receive guanfacine extended release started at the dosage of 1 mg/day, and the dosage was escalated to match the
subject’s randomized dose during a 3-week period. At the end of week 3 (day 22), all of the subjects started receiving the appropriate randomized dose, then continued

at that dose through the maintenance period (weeks 4-6) until the start of week 7, when dosages were tapered downward by 1 mg/day weekly through week 9.

The CPRS-R scale contains 27 questions relating to the child’s
behavior. The respondents were asked to base their ratings on
behaviors immediately preceding the assessment time, such that the
6 p.M. assessment reflected behavior during the after-school period
and the 8 P.M. assessment reflected behavior from dinnertime
through bedtime. The 6 AM. assessment was used to determine
whether the effects of GXR extended for the 24 hours until the next
dose was given.

The CGI-S assesses the severity of a subject’s condition, whereas
the CGI-I assesses clinical change. At screening and baseline, the
investigator rated the severity of the subject’s ADHD symptoms on a
7-point scale ranging from 1 (no symptoms) to 7 (very severe symp-
toms). At visits 1 to 6, the investigator assessed the subject’s change
in clinical status relative to the symptoms at baseline using the CGI-I
scale, a 7-point scale ranging from 1 (very much improved) to 7 (very
much worse). The PGA is an analog of the CGI-S and CGI-I de-
signed to capture the parent’s/caregiver’s opinions of their child’s
disease severity and improvement from baseline.

Analyses by randomized dose group, actual dose group, weight-
adjusted actual dose group, and age group were performed; however,
the study was only powered to test hypotheses based on the entire
age group rather than age subgroups. Actual dose refers to the dose
of medication a subject was taking at the time of the assessment.
A subject’s weight-adjusted actual dose at any time was the actual
dose (in milligrams) divided by the subject’s baseline weight
(in kilograms) or screening weight (if baseline unavailable) and is
grouped in ranges: placebo and GXR—0.01 to 0.04, 0.05 to 0.08,
0.09 to 0.12, and 0.13 to 0.16 mg/kg.

Safety profile assessments at every visit included vital signs (BP,
pulse, breathing rate, and body weight). Orthostatic BP was mea-
sured at screening and visits 4 and 6; and temperature at screening
and visit 9. Clinical laboratory tests consisted of complete blood
count with differential, chemistry, and urinalysis. They were admin-
istered at screening (and repeated at baseline if screening had not
occurred within the previous 3 weeks) and at the completion of the
double-blind period (visit 9). Twelve-lead ECGs were administered
at screening, baseline (a minimum of three ECGs were performed at
the beginning, middle, and end of baseline visit to ensure appropriate
baseline values), visits 3 and 6, and end of study. The ECG findings
included QT interval, QT interval for heart rate according to Bazett
factor and Fridericia factor (QT.B), the latter preferred in pediatric
evaluations.”> Additional safety assessments included Pediatric
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Daytime Sleepiness Scale®* at screening, baseline, and through the
end of study. Assessments of AEs using the Medical Dictionary
for Regulatory Activities, version 5.1 (MedDRA: Maintenance and
Support Service Organization, Reston, VA) and collection of data on
use of concomitant medication were done at each visit. An AE was
defined as treatment emergent if it started or worsened during the
period between a subject’s randomization and the third day
(inclusive) after treatment was stopped. AEs with missing start
dates were assumed to be treatment emergent unless the stop date
occurred before the first dose date.

Data Analysis

Randomizing 60 subjects to each group was determined necessary
to allow detection of an effect size of 0.60 between a single active
group and the placebo group at 90% power and a significance level
of .05 (two-sided) using a two-sample # test.

Analysis of the primary efficacy outcome was performed on the
intent-to-treat population, defined as all subjects who are random-
ized to treatment and have a baseline and at least 1 postrandomiza-
tion primary efficacy measurement recorded during dose escalation
or dose maintenance.

For continuous efficacy parameters, hypothesis testing was per-
formed using analysis of covariance (ANCOVA). The results from
any modeling were presented in terms of least squares (LS) means
for all treatment groups, the difference in LS means between active
groups and placebo, two-sided 95% confidence intervals for the
difference between active groups and placebo, and p values for the
differences between active groups and placebo. The primary analysis
was performed using endpoint values (last on-treatment value before
dose tapering captured for each patient), which is analogous to the
last observation carried forward method. Analyses of covariance were
also performed for observed data at each visit, and the assumptions of
all models were checked and verified. The ANCOVA model
included treatment group (the effect of interest) and the corres-
ponding baseline score (i.e., the covariate). Site was not included as a
factor in the ANCOVA models because the randomization was not
stratified by site. The interpretation of results from the ANCOVA
modeling was based on type III sums of squares.

The null hypothesis stated that there were no differences among
the five groups of the subjects who received different dosages (GXR
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1, 2, 3, and 4 mg/day), including placebo, with the alternative of
nonzero differences among them. For the ANCOVA, the type I
error for rejecting a null hypothesis was set at .05. Effect sizes were
calculated by dividing the changes in LS mean scores by the square
root of the mean square error, as determined by the ANCOVA
model.

Using the ANCOVA model, ADHD-RS-1V (total, subscale, sub-
group) and CPRS-R data were evaluated using a hierarchical testing
procedure. Starting with the dosage of 4 mg/day, if the difference,
compared with placebo, was significant, the analysis continued with
a test of significance at the next lowest dose; if not significant, no
further comparisons were considered significant. Furthermore, for
the CPRS-R data, the duration of effect for each active dose group
was determined as the time point after the 2 P.M. dose at which the
last significant result was observed. Furthermore, the duration of
effect for a lower active dose group could not exceed that observed
for a higher active dose group.

The CGI-I and PGA results were evaluated by means of the
nonparametric Cochran-Mantel-Haenszel test performed separately
for placebo and each GXR dose. The seven scores were dichotomized
into “clinical improvement” (“very much improved” or “much
improved”) and “no improvement” (remaining categories).

RESULTS

Subject Demographics and Disposition

The safety population, which included all of the sub-
jects who received at least 1 dose of study drug, included
241 subjects ages 6 to 12 years (75%), 80 subjects ages
13 to 17 years (25%), and 1 subject who was enrolled
3 days before his sixth birthday. The mean age was
11 (SD 3) years. There were 233 male subjects (72%)

and 89 female subjects (28%). The ethnic origin of the
safety population was 67% white (7 = 214), 17% black
(n = 56), 9% Hispanic (z = 28), 2.8% Asian or Pacific
Islander (2 = 9), 0.3% Native American (z = 1), and
4.3% other (7 = 14). The mean weight was 44 (SD 16)
kg and ranged from 25 to 108 kg. The GXR 1-mg/day
treatment group, however, was limited to the subjects
weighing less than 50 kg (110 Ib). The numbers of
subjects in the safety population grouped by ADHD
subtype were 82 (26%) for inattentive, 6 (2%) for
hyperactive/impulsive, and 234 (73%) for combined.
A total of 18 subjects (5.6%) in the safety population
had comorbid oppositional defiant disorder. The mean
baseline ADHD-RS-IV score for the intent-to-treat
population was 40.1 (SD 8.65).

Of the 329 enrolled subjects, 324 were randomized
to treatment, with early terminations and dispositions
by treatment group listed in Figure 2. Reasons for early
termination were similar between the placebo and
treated groups.

Efficacy: ADHD-RS-IV

There were no notable differences in baseline scores
for ADHD-RS-1V, the primary outcome, across all
groups. All GXR dose groups showed statistically and
clinically significant decreases in ADHD-RS-IV total

score from baseline to endpoint, which was defined as
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Fig. 2 Subject disposition.
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the last postrandomization treatment week of the dose-
escalation or dose-maintenance phase for which a valid
ADHD-RS-1IV score was obtained. The placebo-adjusted
LS mean (SD) endpoint changes from baseline in the
GXR 1-, 2-, 3-, and 4-mg/day randomized dosage
groups were —6.75 (p = .0041), —5.41 (p = .0176),
—7.34 (p = .0016), and —7.88 (p = .0006), respec-
tively. The mean reduction in ADHD-RS-IV total
scores from baseline to endpoint across all GXR ran-
domized dosage groups was —19.6 (SD 13.9) com-
pared with —12.2 (SD 13.0) for placebo. There were
consistent statistically significant changes in LS means
from baseline to endpoint for GXR at all randomized
dose levels compared with placebo (Fig. 3A). For the
entire sample examined by weight-adjusted actual dose,
a dose-response effect was suggested by the placebo-
adjusted LS mean endpoint improvements from base-
line for each GXR dose range (Fig. 3B). The differences
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between LS mean ADHD-RS-IV score for GXR ran-
domized doses compared with placebo were significant
at most follow-up visits and endpoint (Fig. 4). At visit 1
and at all time points thereafter, the mean ADHD-RS-
IV total score decreased, indicating improvement in
symptoms with prompt onset of effect for all random-
ized dose groups compared with the placebo group.
When examined by age group, younger subjects (ages
6—12 years, mean weight 84.6 Ib) who received GXR
demonstrated significant improvement from baseline to
endpoint when compared with placebo for all GXR
randomized dose groups. The placebo-adjusted LS
mean endpoint changes from baseline for the GXR 1-,
2-, 3-, and 4-mg/day randomized dosage groups were
~9.08 (p = .0007), ~5.44 (p = .45),-10.29 (p = .0003),
and —10.77 (p < .0001), respectively. In contrast, for
older subjects (ages 13—17 years, mean weight 130.1 Ib,
n = 80), there was no significant improvement from

3 mg GXR 4 mg GXR

-18.0
*% -19.4
Kk -20.9
*kkk
GXR 0.05- GXR 0.09- GXR 0.13-
0.08 mg/kg 0.12 mg/kg 0.17 mg/kg

A —24.8

+H++

Fig. 3 The ADHD Rating Scale-IV total score mean changes from baseline by randomized dose (A) and weight-adjusted actual dose (B; intent-to-treat population;
N =300). Endpoint obtained from last postrandomization treatment week of dose-escalation and dose-maintenance phases for which a valid ADHD-Rating

Scale-IV score was obtained. For subjects not dispensed a dose at a visit, assessment is presented under last reported dose. p values are pairwise comparisons of
placebo-adjusted least squares mean changes from baseline to endpoint between the dose groups and placebo based on analysis of variance model for baseline
value with treatment as a fixed effect. (A) Placebo (# = 63), guanfacine extended release (GXR) 1 mg/day (weight-restricted group) (7 = 57), 2 mg/day (n =
63), 3 mg/day (z = 60), and 4 mg/day (z = 63). *p = .004; **p = .018; ***p = .0016; ****p = .0006. (B) Placebo (» = 63), GXR 0.01 to 0.04 mg/kg
(n = 112), 0.05 to 0.08 mg/kg (7 = 84), 0.09 to 0.12 mg/kg (7 = 33), 0.13 to 0.16 mg/kg (n = 14). *p = .01; "p = .0004; *""p = .001; *"""p = .003.
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Fig. 4 Mean ADHD Rating Scale-IV total score by randomized dose and visit (intent-to-treat population; V = 306). Endpoint obtained from the last week of dose-
escalation or dose-maintenance phases for which a valid ADHD Rating Scale-IV score was obtained. Placebo (7 = 63), guanfacine extended release (GXR) 1 mg
(n=57),2 mg (n=63), 3 mg (n=60), and 4 mg (7 = 63). *p < .05 versus placebo for visit 1 (1 and 4 mg/day), visit 2 (2, 3, and 4 mg/day), visit 3 (all doses), visit
4 (all doses), visit 5 (3 and 4 mg/day), visit 6 (2, 3, and 4 mg/day), and endpoint (all doses). During the dose-escalation phase of the study (visits 1-3), the subjects

were not necessarily receiving their randomized dose. All of the subjects were receiving their randomized doses starting at week 4.

baseline to endpoint in any GXR randomized treat-
ment group when compared with placebo. The placebo-
adjusted LS mean endpoint changes from baseline in
the GXR 1-, 2-, 3-, and 4-mg/day randomized dosage
groups were 1.06 (p=.8),—5.43 (p=.2),-0.24 (p =.95),
and 0.26 (p = .95), respectively.

Post hoc analysis of the ADHD-RS-IV treatment
effect size by randomized dosage was 0.53 for the 1-mg/day
(weight-restricted) group, 0.43 for the 2-mg/day
group, 0.58 for the 3-mg/day group, and 0.62 for
the 4-mg/day group. For weight-adjusted actual dose
(milligrams/kilogram), the effect size was 0.41 for the
0.01- to 0.04-mg/kg group, 0.60 for the 0.05- to
0.08-mg/kg group, 0.71 for the 0.09- to 0.12-mg/kg
group, and 0.89 for the 0.13- to 0.16-mg/kg group.

Reductions in ADHD-RS-IV Inattentiveness and
Hyperactivity/Impulsivity subscale scores were also sig-
nificant at all GXR randomized doses compared with
placebo. Placebo-adjusted mean baseline-to-endpoint
changes for symptoms of inattentiveness were signifi-
cant: —4.2 for 1 mg/day (weight-restricted group, p =
.002), —3.0 for 2 mg/day (p = .02), 3.5 for 3 mg/day
(p =.007), and —4.0 for 4 mg/day (p = .002). Similarly,
hyperactivity/impulsivity symptoms improved for all of
the subjects at each GXR randomized dosage; placebo-
adjusted mean baseline to endpoint changes were —2.7
for 1 mg/day (p = .028), —2.5 for 2 mg/day (p = .03),
—3.9 for 3 mg/day (p = .001), and —4.0 for 4 mg/day
(» = .0008).
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Efficacy: Secondary Outcomes

The parent/caregiver completed the CPRS-R five
times each day on the last day of the washout period
and the days immediately preceding visits 4 through 6.
Using placebo-adjusted LS mean differences in change
from baseline at endpoint in CPRS-R total scores, the
4-mg/day GXR dose demonstrated significant efficacy
at 8 hours (—10.2; p = .004) and 12 hours (=7.5; p =
.04) postdose but not at 14 hours (—6.1; p = .1200).
Although the 3-mg/day GXR dosage group demon-
strated significant improvements in CPRS-R results at
8 (—11.8; p =.002), 12 (=9.6; p = .01), and 14 hours
(—9.8; p=.0156) postdose, given the hierarchical testing
procedure previously described, the 3-mg GXR dose was
considered to have a duration of 12 hours. The 2-mg/day
GXR dosage group demonstrated significant efficacy as
measured by improvements in CPRS-R scores at 8 hours
(—9.0; p = .01) postdose but not at 12 hours (—5.5; p =
.13). For the weight-restricted GXR 1-mg/day group,
the placebo-adjusted LS mean differences in CPRS-R at
8,12, 14, and 24 hours were —12.8 (p =.0004), —11.4
(p = .002), =104 (p = .0077), and —8.9 (p = .02),
respectively. Given the hierarchical testing method used,
the duration of the 1-mg/day GXR dosage could not
exceed the duration of the 2-mg/day GXR dosage and
was therefore assessed to be 8 hours. It should be noted,
however, that all comparisons for the 1-mg/day dosage
could be significant because a weight restriction was used
in assigning subjects to receive that dose.
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Based on CGI-I scores completed by the investi-
gators at visits 1 through 6, percentages of the subjects
showing clinical improvement were 30% (placebo),
54% (GXR 1 mg/day, weight-restricted group), 43%
(GXR 2 mg/day), 55% (GXR 3 mg/day), and 56%
(GXR 4 mg/day). Placebo-GXR differences were
significant for GXR 1 (p = .007), 3 (p = .006), and
4 mg/day (p = .004), but not for 2 mg/day (not
significant; p = .1404). Improvements in PGA scores
were 30% (placebo), 51% (GXR 1 mg/day), 36%
(GXR 2 mg/day), 62% (GXR 3 mg/day), and 57%
(GXR 4 mg/day). The PGA differences were signifi-
cant for GXR 1 (p = .030), 3 (p = .002), and 4 mg/day
(p = .0063), but not for 2 mg/day (not significant,
p = .4982).

Safety Profile: AEs

The overall frequency of treatment-emergent AEs
(TEAEs) with GXR (74%) was similar to that with
placebo (76%; Table 1). The rate of all severe TEAEs
was similar between the placebo group (4.5%; 3 of
66 subjects) and all the active randomized groups
(3.9%; 10 of 256 subjects), and was low overall. Mild
to moderate TEAEs occurring in 5% or greater in the
subjects taking GXR were somnolence, headache, fa-
tigue, sedation, dizziness, irritability, upper abdominal
pain, and nausea. The discontinuation rate for any
given TEAE was similar for placebo (7.6%) and all
GXR groups (7.4%). Few TEAEs occurred in 5% or

TABLE 1
Treatment-Emergent Adverse Events in 5% or Greater of All of

the Subjects (Safety Population)

Placebo All Active Randomized

Characteristic (n = 66), n (%) GXR Doses (7 = 256), 7 (%)
Total subjects” (%) 50 (76) 189 (74)

Somnolence 8 (12) 69 (27)

Headache 7 (11) 53 (21)

Fatigue 2 (3) 24 (9)

Upper abdominal 6 (9) 16 (6)

pain

Dizziness 4 (6) 15 (6)

Sedation 3 (5) 15 (6)

Irritability 3 (5) 14 (6)

Nausea 1) 13 (5)

Vomiting 4 (6) 7 (3)

Nasopharyngitis 4 (6) 5()

“ Subjects may have experienced more than one treatment-
emergent adverse event. GXR = guanfacine extended release.
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greater of the subjects by weight-adjusted actual dose.
The most common reason for discontinuation (the
“other” category) included inability to swallow pills and
nonadherence (Fig. 2).

Somnolence, sedation, and fatigue (SSF; Table 1)
were reported within 2 weeks of dosing initiation
and typically resolved by study end. More subjects
receiving the highest weight-adjusted GXR dose
(0.13-0.16 mg/kg) experienced fatigue but not som-
nolence or sedation, compared with placebo. The rate
of fatigue in subjects receiving 0.13 to 0.16 mg/kg of
GXR was 6.3% (3.0% for placebo), the rate of
somnolence was 6.3% (12.1% for placebo), and the
rate of sedation was 0% (4.5% for placebo). Som-
nolence and fatigue were the most common TEAEs
leading to discontinuation (7 = 8 and 7 = 5, respectively),
although the likelihood of early discontinuation for
SSF was low in the study population (5.9% for all,
3.1% for somnolence, 0.8% for sedation, and 2.0%
for fatigue). Pediatric Daytime Sleepiness Scale mea-
surements showed no significant differences in re-
ported sleepiness between the subjects taking placebo
and the GXR groups (dosage versus placebo: p = .05
[1 mg/day]; p = .66 [2 mg/day]; p = .17 [3 mg/day]; p =
.24 [4 mg/day]).

Safety Profile: Laboratory Results, Vital Signs, Pulse Rate,
ECG Findings, and Height and Weight

No clinically meaningful changes in laboratory as-
sessments were observed for any of the study subjects.
Guanfacine extended release was not associated with
abnormal changes in height or weight. Vital signs are
reported based on actual GXR doses received. In the
subjects who received GXR, systolic BP (SBP), dia-
stolic BP (DBP), and pulse rate (PR) decreased as the
actual dose increased (weeks 0—3) and then increased
(returning toward baseline) during dose maintenance
and tapering (weeks 4-9).

At weeks 4-06, all of the subjects reached their full
target randomized dose. At these time points, the range
of mean changes from baseline for seated SBP for the
placebo group was —1.30 to —0.48 mmHg and —7.38
to 0.54 mmHg for the GXR randomized dose groups,
with the —7.38 mmHg average change corresponding
to the 4-mg/day group and the 0.54 mmHg average
change corresponding to the 1-mg/day group. The
range of mean changes from baseline at weeks 4 to 6

for seated DBP for the placebo group was —0.69 to

WWW.JAACAP.COM 161

Copyright © 2009 American Academy of Child and Adolescent Psychiatry. Unauthorized reproduction of this article is prohibited.



SALLEE ET AL.

0.79 mmHg and —5.43 to 1.24 mmHg for the GXR
randomized dosage groups, with the average change of
—5.43 mmHg corresponding to the 4-mg/day group
and the average change of 1.24 mmHg corresponding to
the 1-mg/day group. In general, SBP and DBP returned
to levels above baseline at the end of the dose-tapering
period (week 9). At weeks 4 to 6, the range of mean
changes from baseline for seated PR was —1.61 to 1.48
beats per minute (bpm) for the placebo group
and —9.51 to —1.29 bpm for the GXR randomized
dosage groups, with the average change of —9.51 bpm
corresponding to the 4-mg/day group and the average
change of —1.29 bpm corresponding to the 2-mg/day
group. These fluctuations from baseline to endpoint
were modest and not considered clinically meaningful.

Outliers were defined using pediatric criteria derived
from normal data in the 95th percentiles of the child
and adolescent populations—specifying the lower and
upper limits of PR and of normal SBP and DBP. In 6-
to 12-year-olds at the end of the double-blind treatment
phase (week 6), 10% of the placebo subjects had SBP of
less than 90 mmHg compared with 24% for all of the
GXR doses. None of the placebo subjects had DBP of
less than 50 mmHg, whereas 9% of the GXR subjects
had DBP of less than 50 mmHg. Three weeks after
the double-blind treatment phase ended, outlying BP
was similar between the placebo and the GXR-treated
subjects.

By the end of the double-blind treatment phase
(visit 6), PR of 100 bpm or greater was higher in the
placebo group (9%) compared with subjects treated
with GXR 2 mg/day (4%), 3 mg/day (5%), and
4 mg/day (7%), but not for the 1-mg/day group (15%).
At end of taper (week 9), PR of 100 bpm or greater
was 2% with placebo, 5% with GXR 1 mg/day, 0%
with 2 mg/day, 14% with 3 mg/day, and 0% with
4 mg/day. Mean PRs at week 6 (pretaper) were
75.0 bpm in the placebo group, and 75.5, 68.1, 68.4,
and 64.7 bpm for the GXR 1-, 2-, 3-, and 4-mg/day
treatment groups, respectively. None of these findings
were considered clinically significant. No abnormality
of PR or BP was reported as an SAE.

When all of the subjects were receiving their maximal
dose (visit 6), mean change in QTcF interval (milli-
seconds) from baseline was —0.3 (SD 16.3) for placebo,
4.3 (SD 12.7) for GXR 1 mg/day, 2.4 (SD 12.3) for
GXR 2 mg/day, 7.1 (SD 12.8) for GXR 3 mg/day, and
9.7 (SD 15.9) for GXR 4 mg/day. No subject had an
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outlier of prolonged QRS interval of 120 milliseconds
or greater, QT interval of 480 milliseconds or greater,
QTcF interval of 500 milliseconds or greater, or QTcF
increase from baseline of 60 milliseconds or greater
during the study. No ECG abnormality was reported as
an SAE or cited as a reason for GXR discontinuation.
For all tracings throughout the study, no subject in the
placebo group had a heart rate of 50 bpm or less,
whereas one subject each in the 1-mg/day (0.5%)
and 2-mg/day (1.0%) GXR dosage groups, seven
subjects (6.9%) and three subjects (6.7%) who received
the 3-mg/day and 4-mg/day GXR dosages experienced
a heart rate of 50 bpm or less. The ECG abnormalities
considered clinically significant and related or possi-
bly related to GXR were first-degree atrioventricular
block (PR interval = 266 milliseconds at visit 6) and
symptomatic sinus bradycardia (PR = 64 bpm, dizziness
with standing), each occurring in one subject.

There were two subjects who experienced three SAEs:
one in the 3-mg/day GXR group experienced a concus-
sion and convulsions (both considered unrelated to
study drug); and one in the placebo group experienced a
lower limb fracture considered unrelated to study drug.

DISCUSSION

This phase III randomized controlled trial of GXR
conducted in children and adolescents with ADHD
found that all GXR dosages (1, 2, 3, and 4 mg/day) were
significantly more efficacious than placebo on the pri-
mary endpoint, change in ADHD-RS-IV score from
baseline to endpoint. These results support previously
reported data on the efficacy and safety of GXR in
pediatric patients with ADHD.?® Guanfacine extended
release was effective in reducing both inattentive and
hyperactive/impulsive symptoms of ADHD as reflected
by reductions in ADHD-RS-IV subscale scores. These
data are also consistent with previous studies of GXR
and suggest that symptom improvement was not due to
sedative or hypotensive effects of guanfacine as once
postulated® but instead stemmed from attentional
enhancement as a selective a,5-adrenoceptor agonist.

The improvements in mean ADHD-RS-IV score
in the subjects receiving GXR were similar to other
nonstimulant medications used to treat ADHD. Studies
of atomoxetine have demonstrated an effect size of
0.6 to 0.8 when the medication was dosed at 1 to
2 mg/kg.%*28 However, it is noteworthy that at
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0.13 mg/kg and higher, the effect size for GXR
approximates that found for stimulants in similarly
designed large-scale clinical trials.”**° Moreover, at
0.13 mg/kg and higher, the effect size of GXR ex-
ceeds those found for other nonstimulant treatments
including bupropion,31 modafinil,>> and clonidine, a
less selective a,-adrenoceptor agonist.>

Post hoc analyses of data from the present study
indicated a dose-response relation, with the most sig-
nificant improvements in ADHD-RS-IV scores seen
at higher milligram per kilogram doses. In addition,
subjects given GXR showed improvements in ADHD
symptoms compared with patients in the placebo group,
as measured by mean total ADHD-RS-1IV score, begin-
ning at week 1 when all of the subjects were receiving
1 mg/day GXR as part of the dose-escalation phase.

As observed in the previous study,” changes in
ADHD-RS-IV mean total score from baseline to
endpoint were significant for all GXR doses in the
younger age group (6—12 years) but not for the older age
group (13—17 years). However, the study was not
designed or powered to test for significant differences by
age. It is possible that the lack of efficacy in this
population, which has a heavier weight, may have been
related to a lower weight-corrected dosing distribution.
The low number of subjects (i.e., 76 of 306) and the
higher placebo response for the older age group may also
have contributed to the lack of significant findings.
More work is needed to evaluate the safety and efficacy
of higher doses of GXR in adolescent patients.

Results of the present study support an 8-hour du-
ration of effect for the 1- and 2-mg/day dosages and
a 12-hour duration for the 3- and 4-mg/day dosage
groups as measured by parental assessments on the
CPRS-R. Although future studies are required to fur-
ther elucidate the duration of GXR effect, once-daily
dosing of GXR seems efficacious throughout the day.

AEs were generally mild to moderate, although GXR
was associated with a greater rate of SSF events
compared with placebo. The highest frequency of SSF
occurred within the first 2 weeks of treatment, and most
events resolved by the end of dose escalation. Fur-
thermore, the concurrent improvement of ADHD-RS-
IV Inattentive subscale scores suggests that GXR efficacy
was maintained regardless of SSF. Examination of AEs
by weight-adjusted GXR dose did not consistently sup-
port a dose-dependent increased rate of SSF. In general,
SSF events resolved by end of study, were mostly mild
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to moderate in severity, and most did not result in dis-
continuation of study drug,.

In the subjects receiving GXR, heart rate, SBP, and
DBP decreased as the dose of GXR increased and then
returned to baseline during dose-maintenance and
dose-tapering phases. These modest decreases were
most apparent in the 6- to 12-year-old group, where a
greater proportion of GXR—compared with placebo
subjects—had SBP and DBP readings lower than the
95th percentile for age. There were two cases of hypo-
tension that led to study discontinuation and two
cases of ECG abnormalities that were clinically signifi-
cant (first-degree atrioventricular block and sinus brady-
cardia), but otherwise, there were no other cardiac
findings that were characterized as clinically significant.
Neither of the ECG abnormalities led to study dis-
continuation, and no ECG abnormality was reported as
an SAE.

Limitations of the present study include a narrow
treatment period (9 weeks) and a rigid dose-escalation
period that, except for the 1-mg dose group, was per-
formed without consideration of the patient’s weight.
Data regarding the severity of ADHD symptoms were
not collected during the dose-tapering period of the
study (the last 3 weeks of the double-blind period),
although AEs were assessed throughout the study. The
relatively small number of adolescents in the present
study limited the evaluation of the efficacy of GXR by
age group. Furthermore, teacher ratings were not ob-
tained, preventing the evaluation of the effects of GXR
on classroom behavior and comparison of the present
study with some studies on the efficacy of stimulants.
This study used the 27-item CPRS-R administered five
times in a day as a measure of duration of clinical effect
and as a secondary measure of efficacy. Although this
scale has not been validated to measure symptom change
throughout the day, it has been used in such a manner
in other studies.>**’

The present study used a fixed-dose design, thereby
limiting the recommendations that can be made regard-
ing dosing. Available clinical data suggest that GXR
treatment in children with ADHD should be initiated at
a dosage of 1 mg daily. The dose can be adjusted in
increments of 1 mg/week to a maximum of 4 mg daily.

Despite limitations, the present study adds to an in-
creasing clinical database that supports the use of GXR,

a selective 05-adrenergic receptor agonist, in the treat-
ment of children and adolescents with ADHD. The
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nonstimulant GXR, given once daily in the present
study, improved all core symptoms of ADHD through-
out the day, eliminating the need for redosing and/or
dosing during school time. These findings warrant ad-
ditional studies to establish the long-term efficacy and
tolerability of GXR in children and adolescents with
ADHD.

Disclosure: Dr. Sallee is a grant awardee of Shire Development and
Bristol-Myers Squibb Company and a consultant for Otsuka America
Pharmaceutical and Shire Development. He serves on the speakers’
bureaus of Takeda Pharmaceuticals North America and Pfizer. He is on
the board of directors for P2D and is founder and principal in Satiety
Solutions. Dr. McGough has received research support and served as a
consultant to Shire Development, McNeil Pharmaceutical, Eli Lilly,
and Novartis Pharmaceuticals Corporation. Dr. Wigal has or has had
research support from, andlor has been on the speakers’ bureaus or
advisory boards of Celltech Pharmaceuticals/'UCB, Cephalon, Eli Lilly,
McNeil Pharmaceutical, Novartis Pharmaceuticals Corporation,
Otsuka, and Shire Development. Ms. Donahue is a full-time
employee of Shire Development. Mr. Lyne is a full-time employee of
Shire Pharmaceutical Development. Dr. Biederman receives/d research
support from, is/has been a speaker for, or is/has been on the advisory
board for the following pharmaceutical companies: Shire, Eli Lilly,
Pfizer, McNeil Pharmaceutical, Abbott Laboratories, Bristol-Myers
Squibb Company, New River Pharmaceuticals, Cephalon, Janssen
Pharmaceutica Products, Novartis Pharmaceuticals, UCB, AstraZe-
neca Pharmaceuticals, Forest Laboratories, GlaxoSmithKline, and
NeuroSearch. Dr. Biederman has also received research support from
the Stanley Medical Research Institute, Eli Lilly, the Heinz C.
Prechter Foundation, National Institute of Mental Health, National
Institute of Child Health and Human Development, and National
Institute on Drug Abuse.

REFERENCES

1. American Academy of Pediatrics. Clinical practice guideline: diagnosis
and evaluation of the child with attention-deficit/hyperactivity disorder.
Pediatrics. 2000;105:1158-1170.

2. Pliszka SR. The neuropsychopharmacology of attention-deficit/
hyperactivity disorder. Biol Psychiatry. 2005;57:1385-1390.

3. Arnsten AF, Li BM. Neurobiology of executive functions: catechola-
mine influences on prefrontal cortical functions. Biol Psychiatry. 2005;57:
1377-1384.

4. Scahill L, Chappell PB, Kim YS et al. A placebo-controlled study of
guanfacine in the treatment of children with tic disorders and attention
deficit hyperactivity disorder. Am J Psychiatry. 2001;158:1067-1074.

5. Olfson M. New options in the pharmacological management of
attention-deficit/hyperactivity disorder. Am [ Manag Care. 2004;
10(Suppl):S117-S124.

6. Hunt RD, Capper L, O’Connell P. Clonidine in child and adolescent
psychiatry. J Child Adolesc Psychopharmacol. 1990;1:87-102.

7. Arnsten AF, Cai JX, Goldman-Rakic PS. The alpha-2 adrenergic agonist
guanfacine improves memory in aged monkeys without sedative or hy-
potensive side effects: evidence for alpha-2 receptor subtypes. J Neurosci.
1988;8:4287—4298.

8. Uhlén S, Wikberg JES. Delineation of rat kidney 02A- and 02B-
adrenoceptors with [3H]RX821002 radioligand binding: computer
modelling reveals that guanfacine is an 02A-selective compound. Eur
J Pharmacol. 1991;202:235-243.

9. Wang M, Ramos BP, Paspalas CD et al. a2A-adrenoceptors strengthen

164  WWW.JAACAP.COM

Copyright © 2009 American Academy of Child and Adolescent Psychiatry. Unauthorized reproduction of this article is prohibited.

20.

21.

22.

23.

24.

25.

26.

27.

28.

working memory networks by inhibiting cAAMP-HCN channel signaling
in prefrontal cortex. Cell. 2007;129:397—410.

. Li BM, Mao ZM, Wang M, Mei ZT. Alpha-2 adrenergic modulation of

prefrontal cortical neuronal activity related to spatial working memory in
monkeys. Neuropsychopharmacology. 1999;21:601-610.

. Arnsten AF. Catecholamine and second messenger influences on

prefrontal cortical networks of “representational knowledge”: a rational
bridge between genetics and the symptoms of mental illness. Cereb
Cortex. 2007;17(Suppl 1):i6-i15.

. Chappell PB, Riddle MA, Scahill L et al. Guanfacine treatment of co-

morbid attention-deficit hyperactivity disorder and Tourette’s syndrome:
preliminary clinical experience. J Am Acad Child Adolesc Psychiatry. 1995;
34:1140-1146.

. Biederman J, Mick E, Surman C et al. A randomized, placebo-controlled

trial of OROS methylphenidate in adults with attention-deficit/
hyperactivity disorder. Biol Psychiatry. 2006;59:829—835.

. Hunt RD, Arnsten AFT, Asbell MD. An open trial of guanfacine in the

treatment of attention-deficit hyperactivity disorder. / Am Acad Child
Adolesc Psychiatry. 1995;34:50-54.

. Taylor FB, Russo J. Comparing guanfacine and dextroamphetamine

for the treatment of adult attention-deficit/hyperactivity disorder. / Clin
Psychopharmacol. 2001;21:223-228.

. Arnsten AF, Scahill L, Findling RL. Alpha-2 adrenergic receptor agonists

for the treatment of attention-deficit/hyperactivity disorder: emerging
concepts from new data. J Child Adolesc Psychopharmacol. 2007;17:
393-406.

. Weiss YA, Lavene DL, Safar ME. Guanfacine kinetics in patients with

hypertension. Clin Pharmacol Ther. 1979;25:283-293.

. Carchman SH, Crowe JT Jr, Wright GJ. The bioavailability and phar-

macokinetics of guanfacine after oral and intravenous administration to

healthy volunteers. / Clin Pharmacol. 1987;27:762-767.

. Swearingen D, Pennick M, Shojaei A, Lyne A, Fiske K. A phase I,

randomized, open-label, crossover study of the single-dose pharmacoki-
netic properties of guanfacine extended-release 1-, 2-, and 4-mg tablets in
healthy adults. Clin Ther. 2007;29:617-625.

Biederman ], Melmed RD, Patel A et al, for the SPD503 Study Group.
A randomized, double-blind, placebo-controlled study of guanfacine
extended release in children and adolescents with attention-deficit/
hyperactivity disorder. Pediatrics. 2008;121:¢73—¢84.

DuPaul GJ, Power TJ, Anastopoulos AD, Reid R. ADHD Rating Scale—IV:
Checklists, Norms, and Clinical Interpretation. New York: Guilford Press;
1998.

Kaufman J, Birmaher B, Brent D et al. Schedule for Affective Disorders
and Schizophrenia for School-Age Children-Present and Lifetime Ver-
sion (K-SADS-PL): initial reliability and validity data. J Am Acad Child
Adolesc Psychiatry. 1997;36:980-988.

US Department of Health and Human Services, Food and Drug Ad-
ministration, Center for Drug Evaluation and Research, Center for
Biologics Evaluation and Research. Guidance for industry: E14 clinical
evaluation of QT/QTc interval prolongation and proarrhythmic poten-
tial for non-antiarrhythmic drugs. ICH El14. hep:/fwww.fda.gov/cder/
guidance/6922fnl.htm. Accessed March 8, 2007.

Drake C, Nickel C, Burduvali E, Roth T, Jefferson C, Pietro B. The
pediatric daytime sleepiness scale (PDSS): sleep habits and school out-
comes in middle-school children. Sleep. 2003;26:455-458.

Kelsey DK, Sumner CR, Casat CD et al. Once-daily atomoxetine treat-
ment for children with attention-deficit/hyperactivity disorder, including
an assessment of evening and morning behavior: a double-blind, placebo-
controlled trial. Pediatrics. 2004;114:e1—¢8.

Michelson D, Allen AJ, Busner ] et al. Once-daily atomoxetine
treatment for children and adolescents with attention deficit hyperac-
tivity disorder: a randomized, placebo-controlled scudy. Am J Psychiatry.
2002;159:1896-1901.

Spencer T, Heiligenstein JH, Biederman J et al. Results from 2 proof-
of-concept, placebo-controlled studies of atomoxetine in children with
attention-deficit/hyperactivity disorder. J Clin Psychiarry. 2002;63:
1140-1147.

Faraone SV, Biederman ], Spencer TJ, Aleardi M. Comparing the

J. AM. ACAD. CHILD ADOLESC. PSYCHIATRY, 48:2, FEBRUARY 2009



29.

30.

32.

J. AM. ACAD. CHILD ADOLESC. PSYCHIATRY, 48:2, FEBRUARY 2009

efficacy of medications for ADHD using meta-analysis. MedGenMed.
2006;8:4.

Faraone SV, Spencer T, Aleardi M, Pagano C, Biederman J. Meta-
analysis of the efficacy of methylphenidate for treating adult attention-
deficit/hyperactivity disorder. J Clin Psychopharmacol. 2004;24:24-29.
Biederman ], Quinn D, Weiss M et al. Efficacy and safety of Ritalin LA,
a new, once daily, extended-release dosage form of methylphenidate, in
children with attention deficit hyperactivity disorder. Paediatr Drugs.
2003;5:833-841.

. Conners CK, Casat CD, Gualtieri CT et al. Bupropion hydrochloride in

attention deficit disorder with hyperactivity. J Am Acad Child Adolesc
Psychiatry. 1996;35:1314-1321.

Greenhill LL, Biederman J, Boellner SW et al. A randomized, double-
blind, placebo-controlled study of modafinil film-coated tablets in chil-

33.

34.

35.

GUANFACINE XR FOR CHILDREN WITH ADHD

dren and adolescents with attention-deficit/hyperactivity disorder. / Am
Acad Child Adolesc Psychiatry. 2006;45:503-511.

Connor DF, Fletcher KE, Swanson JM. A meta-analysis of clonidine for
symptoms of attention-deficit hyperactivity disorder. J Am Acad Child
Adolesc Psychiatry. 1999;38:1551-1559.

McGough JJ, Wigal SB, Abikoff H, Turnbow JM, Posner K, Moon E.
A randomized, double-blind, placebo-controlled, laboratory classroom
assessment of methylphenidate transdermal system in children with
ADHD. J Atten Disord. 2006;9:476—485.

Biederman J, Krishnan S, Zhang Y, McGough JJ, Findling RL. Efficacy
and tolerability of lisdexamfetamine dimesylate (NRP-104) in children
with attention-deficit/hyperactivity disorder: a phase III, multicenter,
randomized, double-blind, forced-dose, parallel-group study. Clin Ther.
2007;29:450-463.

WWW.JAACAP.COM 165

Copyright © 2009 American Academy of Child and Adolescent Psychiatry. Unauthorized reproduction of this article is prohibited.



