
Title:
Long-term safety and efficacy of guanfacine extended release in children and adolescents with attention-
deficit/hyperactivity disorder.

Authors:
Sallee FR et al.

Journal:
J Child Adolesc Psychopharmacol. 2009;19(3):215-26

IMPORTANT COPYRIGHT NOTICE: This electronic article is provided to you by courtesy of Takeda 
Pharmaceuticals. The document is provided for personal usage only. Further reproduction and/or 
distribution of the document is strictly prohibited.



Long-Term Safety and Efficacy of Guanfacine
Extended Release in Children and Adolescents

with Attention-Deficit=Hyperactivity Disorder

Floyd R. Sallee, M.D., Ph.D.,1 Andrew Lyne, M.Sc., C.Stat.,2 Timothy Wigal, Ph.D.,3

and James J. McGough, M.D.4

Abstract

Objective: Short-term, controlled studies of extended-release guanfacine (GXR), a selective a2A-adrenoreceptor
agonist, demonstrate efficacy in treating attention-deficit=hyperactivity disorder (ADHD) symptoms as mono-
therapy. This 2-year open-label study was conducted to further assess the long-term safety and efficacy of GXR.
Methods: Study participants, aged 6–17 years with ADHD, had previously been exposed to GXR therapy alone or in
combination with psychostimulants in one of two antecedent trials. In this study, doses were titrated to 1, 2, 3, or
4 mg=day of GXR alone or in combination with a psychostimulant. Safety and efficacy data collected at clinic visits
over 24 months provided further evidence of the overall safety and efficacy of GXR for treating ADHD.
Results: The majority of adverse events (AEs) were mild to moderate, and few patients discontinued the study
because of an AE. Efficacy measures demonstrated significant improvement beginning in the first month and
lasting through the end of the 24-month treatment period. Throughout the entire 2-year study, 202 subjects (77.1%)
discontinued and 60 (22.9%) completed the study.
Conclusions: Overall, these data support that GXR monotherapy is generally safe and effective for treating
ADHD.

Introduction

Attention-deficit=hyperactivity disorder (ADHD) is
characterized in children by developmentally inappro-

priate behaviors, including inattention, hyperactivity, and
impulsivity. These behaviors may manifest as impairment in
school performance, intellectual functioning, and social skills,
among others (Brown et al. 2001; Biederman and Faraone
2005). In addition, an ADHD diagnosis can predict clinically
meaningful risks for co-morbidity with other psychiatric
disorders and for substance abuse, which can further com-
plicate effective treatment (Brown et al. 2001; Olfson 2004;
Biederman and Faraone 2005).

Stimulants, including methylphenidate and amphet-
amines, have been the primary treatment for ADHD for many
decades (Olfson 2004; Biederman and Faraone 2005). How-
ever, there remains a need for effective nonstimulant treat-
ment options for patients who may need a combined
approach to treatment, who either have a suboptimal re-
sponse to or cannot tolerate stimulant medications, or who

prefer a nonstimulant. Although substantial research sup-
ports the efficacy and overall safety of stimulants in treating
the symptoms of ADHD, approximately 30% of patients ex-
perience inadequate symptom relief and=or the development
of treatment-limiting side effects (Scahill et al. 2001; Biederman
et al. 2008). Nonstimulant medications can be used in place of
stimulants in patients who do not adequately respond to or
cannot tolerate stimulants, or when either the patient or the
parent prefers alternatives to stimulant treatment (Olfson
2004; Biederman and Faraone 2005). Alternatively, non-
stimulant medications may be combined with stimulants
when response is suboptimal, or as a means to achieve and
balance adequate symptom response and the emergence of
dose-limiting side effects, or to treat co-morbid disorders
(Biederman and Faraone 2005; Adler et al. 2006; Pliszka et al.
2006). Current clinical guidelines recommend monotherapy
with stimulants or atomoxetine as first-line pharmacologic
treatments for ADHD (Pliszka et al. 2006; American Academy
of Child and Adolescent Psychiatry 2007). However, despite
limited data from controlled trials and the lack of approval by
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the U.S. Food and Drug Administration (FDA), combination
pharmacotherapy is fairly common in clinical practice in this
population (Adler et al. 2006).

In the past, case-level data have raised safety concerns re-
garding certain combinations, for instance, the combination of
clonidine and methylphenidate (Popper 1995; Swanson et al.
1995), although a later assessment of those cases concluded
that they do not provide substantial support of an adverse
interaction between the two drugs (Fenichel 1995). A more
recent study also found no evidence of differences between
the effects of clonidine and methylphenidate when given to-
gether compared with either agent given alone on electro-
cardiogram (ECG) measures or overall rates of AEs (Daviss
et al. 2008).

Guanfacine is a selective a2A-adrenoreceptor agonist that is
believed to improve cognition via action in the prefrontal
cortex (Arnsten et al. 1988; Uhlén et al. 1991; Arnsten et al.
1996). Recent data have shown that stimulation of the a2A-
adrenoreceptor, in the prefrontal cortex, as occurs with guan-
facine, results in a strengthening of cortical networks (Wang
et al. 2007). Clonidine, another a2-adrenoreceptor agonist, has
been shown to be effective in reducing symptoms of ADHD
when measured by some scales (e.g., the Conners’ Abbre-
viated Symptom Questionnaire for Parents, the Children’s
Global Assessment Scale) but not by others (e.g., the Conners’
Teachers’ Abbreviated Symptom Questionnaire) (Connor et al.
1999; Connor et al. 2000; Hazell et al. 2003; Palumbo et al.
2008). Studies have shown that guanfacine, in comparison
with clonidine, is less likely to produce sedation or hypoten-
sion, possibly due to a greater selectivity for the a2A-
adrenoreceptor subtype (Arnsten et al. 1988; Uhlén et al. 1991;
Newcorn et al. 1998).

Immediate-release guanfacine was shown in small studies
to be effective in reducing ADHD symptoms (Chappell et al.
1995; Hunt et al. 1995; Scahill et al. 2001). An extended-release
formulation of guanfacine (GXR) (SPD503, Shire Develop-
ment Inc., Wayne, PA) is in development, with the goal of
significantly reducing peak-to-trough fluctuations, thus po-
tentially improving the safety profile while maintaining
therapeutic drug levels. Furthermore, the extended-release
formulation permits once-daily dosing. Randomized, double-
blind, placebo-controlled short-term studies have demon-
strated the efficacy of GXR monotherapy for treating
symptoms of ADHD (Biederman et al. 2008; Sallee et al. 2008).

The goal of this study was to further evaluate the long-term
safety and efficacy of GXR as monotherapy or in combination
with psychostimulants in children and adolescents aged 6–17
years with ADHD.

Methods

Study design and eligibility

This multicenter, open-label study (SPD503-305) was con-
ducted in 48 U.S. centers from June, 2004, to December, 2006,
and was designed to assess the safety of GXR treatment for up
to 24 months in children and adolescents aged 6–17 years with
ADHD. All subjects signed informed consent=assent after a
full explanation of study requirements following procedures
approved by each participating site’s respective Institutional
Review Board. Subjects enrolled in this study were previously
exposed to GXR in either of 2 antecedent trials (SPD503-205 or

SPD503-304), as shown in Fig. 1. Clinical study SPD503-205
(study 1) was a phase 2 open-label, uncontrolled 9-week study
to assess the safety of co-administration of GXR with psy-
chostimulants to children and adolescents with ADHD
(Clinical Trial NCT00151996) (Spencer et al. 2008 ). SPD503-
304 (study 2) was a phase 3 multicenter, double-blind, dose-
ranging, forced-dose titration, 16-week pivotal trial to assess
the efficacy and safety of GXR versus placebo for treat-
ment of ADHD in children and adolescents (Clinical Trial
NCT00150618) (Sallee et al. 2008).

Subjects were eligible for the present study if they satisfied
all entry criteria and completed all visits up through visit 9 in
either of the antecedent trials, or had withdrawn from study
2 due to lack of efficacy after visit 4. Furthermore, subjects
could not be experiencing any adverse events (AEs) that
would preclude further exposure to GXR. Subjects from study
1 had to weigh >65 pounds; subjects from study 2 had to
weigh >55 pounds. Nonpregnant subjects of child-bearing
potential agreed to comply with applicable contraceptive
measures. Written, informed consent was obtained from all
subjects’ parents or legally authorized representatives. Doc-
umentation of the subject’s assent was also attained, indicat-
ing that the subject was aware of the investigational nature of
the study and the required procedures and restrictions. Ex-
clusion criteria included uncontrolled co-morbid psychiatric
diagnosis (except oppositional defiant disorder) with signifi-
cant symptoms, a body mass index of �35, a specific cardiac
condition or family history deemed unsafe for continuation in
the study, orthostatic hypotension or hypertension measure-
ments outside the 95th percentile for age, weight, and gender,
or other clinically significant laboratory abnormalities. Fur-
ther exclusion criteria included concurrent use of medications
that would affect blood pressure or heart rate, or a positive
urine drug test with the exception of psychostimulant drug
for those subjects from study 1 who chose to continue re-
ceiving their psychostimulant in the current study.

Dosing

Subjects received GXR once daily at a dosage of 1, 2, 3, or
4 mg. All subjects were tapered off study medication from the
antecedent trial, began the present study at a titration dose of
1 mg=day, and were titrated to their optimal dose by
1 mg=day increments at weekly intervals during the first 4
weeks of the study. Optimal dose was defined as a clinically
significant reduction in ADHD symptoms with minimal side
effects. As a general rule, subjects were considered optimized
if, after having at least a 30% reduction from baseline
in ADHD Rating Scale Version IV (ADHD-RS-IV) total
symptom scores, they were considered to have reached their
optimum dose in the opinion of the clinician. Subjects who
had not achieved at least a 30% reduction in ADHD-RS-IV
total symptom scores were escalated to a higher dose level if
judged appropriate by the investigator based on clinical
experience.

Subjects were maintained at their optimal dose throughout
the remainder of the study (until month 24) when GXR was
tapered off by 1-mg=day decrements at weekly intervals.
Subjects who previously participated in study 1 could receive
GXR as monotherapy or co-administered with their same
psychostimulant medication (amphetamine or methylpheni-
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date). Investigators could adjust the dosage of GXR or psycho-
stimulant for efficacy throughout the 24-month open-label
investigation.

Study populations and evaluations

There were 32 planned clinic visits and a follow-up phone
contact over the 25-month duration of the study. At visit 0,
inclusion and exclusion criteria were reviewed to ensure that
all subjects continued to meet eligibility criteria. Safety anal-
ysis was performed on the safety population, which was
composed of all enrolled subjects (N¼ 262) except 3 subjects,
who did not receive study medication (n¼ 259); of those
3 subjects, 2 withdrew consent and 1 was lost to follow up.
Additional analyses of safety data were performed separately
on the monotherapy subgroup (n¼ 206) and the psychosti-
mulant co-administration subgroup (n¼ 53); however, this
study was neither designed nor powered to evaluate differ-
ences between the subgroups, and these subgroups were not
randomized but rather reflect enrollments from two different
antecedent studies. The main efficacy analysis was conducted
on the full analysis set, which included all subjects with an
efficacy assessment from baseline in the antecedent study and
at least one primary efficacy measurement recorded after the
baseline of the current study (n¼ 257).

Safety

Safety was assessed via AE reports, vital signs, height and
weight measurements, laboratory tests, physical examina-
tions, ECGs, concomitant medications, the Pediatric Daytime
Sleepiness Scale (PDSS), and evaluation of early discontinu-
ation data. Descriptive statistics were used for the PDSS and
clinical laboratory tests. Qualitative analysis for abnormalities
of laboratory tests was performed using the shift-table
method, which analyzed the shift from baseline values of the
antecedent studies to end-of-treatment values in the number
and percentage ofsubjects with normal and abnormal findings.

Diastolic blood pressure (DBP) and systolic blood pressure
(SBP), pulse, and results from physical examinations were
summarized descriptively. Vital sign outlier limits included
pulse measurements of �50 or �100 beats per minute (bpm),
postural orthostatic DBP decrease �15 mmHg or SBP de-
crease of �30 mmHg, seated SBP of <90 or >120 mmHg for
6 to 12 year olds and <100 or >140 mmHg for 13 to 17 year
olds, or a seated DBP of <50 or >80 mmHg for 6 to 12 year
olds and<60 or>90 mmHg for 13 to 17 year olds. ECGs were
conducted at the baseline of the antecedent study, the baseline
of the open-label extension study, and visits 6, 9, 12, 15, 21,
and at follow up (visit 31). ECG outlier criteria were defined
as follows: heart rate �50 bpm or �100 bpm, PR interval

Study 1 (SPD503-205)
Phase 2, open-label, co-administration 

of GXR and psychostimulants; 
54 subjects agreed to roll-over

Study 2 (SPD503-304)
Phase 3, parallel-group, dose-ranging

efficacy study; 
208 subjects agreed to roll-over

N=262
Subjects enrolled

n=3
Did not receive GXR

(2 withdrew consent; 1 was lost to follow-up)

n=259
Safety population

n=2
Did not complete visit 1

(lost to follow-up)

n=257
Full analysis set

n=202
Early termination

Withdrew consent: 73
Lost to follow-up: 37
Protocol violation: 16

Adverse event: 31
Other: 45

n=60
Completed

FIG. 1. Subject disposition. GXR¼ guanfacine extended release.
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�200 msec, QT interval �480 msec, QRS interval �120 msec,
QTcF �500 msec, QTcB �500 msec, and QTcF and QTcB
change from baseline of the antecedent study of �30 msec to
<60 msec or�60 msec. PDSS data were collected at every visit
except for visits 31 and 32. For the safety analyses presented
here, comparisons were made using baseline values from the
antecedent studies.

Efficacy

The main efficacy measure was the ADHD-RS-IV total
score collected at each monthly visit and the main efficacy
outcome was the ADHD-RS-IV total score change from the
baseline of the antecedent study at end point. The ADHD-
RS-IV was developed to measure the behavior of children
with ADHD and consists of 18 items, each scored from 0 (no
symptoms) to 3 (severe symptoms). The total score ranges
from 0 to 54. End point was defined as the last nonmissing
valid assessment after baseline of the open-label extension
study while the subject was on study drug. The analysis of the
end point is thus numerically equivalent to the analysis of the
last observation carried forward. The ADHD-RS-IV actual
score and change from the baseline of the antecedent study in
the full analysis set were evaluated overall, by therapy group
(i.e., monotherapy and psychostimulant coadministration),
by age group (6–12 and 13–17 years of age), and by actual
dose and weight-adjusted actual dose prior to dose tapering
at the end of the study.

Secondary efficacy measures included the investigator-
rated Clinical Global Impressions of Improvement (CGI-I),
the Parent Global Assessment (PGA) scale, the Child Health
Questionnaire–Parent Form 50 (CHQ-PF50), and the Conners’
Parent Rating Scale–Revised (CPRS-R) short form. The CGI
scale is a global evaluation of baseline symptom severity and
improvement over time. At baseline, the investigator used the
CGI–Severity (CGI-S) to rate severity of symptoms on a 7-
point scale ranging from 1 (no symptoms) to 7 (very severe
symptoms). At each visit thereafter, the investigator used the

CGI-I to rate the improvement relative to baseline on a 7-point
scale ranging from 1 (very much improved) to 7 (very much
worse). The PGA is a variant of the CGI scales of severity and
improvement. For the PGA, the parent=caregiver rated their
child’s behavior at baseline of the antecedent study and as-
sessed changes in behavior and symptoms relative to these
baseline ratings. The CHQ-PF50 is designed to measure
physical and psychosocial well being in children aged �5
years. Two summary scores were obtained using 14 Core
Health Concepts, one score for physical well being and the
other for psychosocial well being. GXR duration of effect was
monitored via the CPRS-R short form, which assesses a cross
section of ADHD-related symptoms and problem behaviors.
The CPRS-R was completed by parents and contained four
subscales (i.e., oppositional, cognitive problems, hyperactiv-
ity, ADHD index). The CPRS-R evaluations were designed to
permit an analysis of the duration of effect of GXR throughout
the day by assessing scores at 12, 14, and 24 hours postdose.
Parents answered 27 questions regarding their child’s be-
havior immediately preceding the assessment times. Analyses
of efficacy measures were made relative to baseline of the
antecedent study.

Compliance with the study drug was determined by tablet
counts. Subjects were requested to return unused study drug
at each visit, and those who had taken 80–120% of their pre-
scribed amount were considered compliant. Statistical anal-
ysis was performed using SAS� version 9.1. Because this was
an open-label extension study, a power analysis was not
performed.

Results

Subject disposition and demographics

As shown in Fig. 1, a total of 262 eligible subjects from
the antecedent studies enrolled in the current study: 54
from study 1 (psychostimulant co-administration) and 208
from study 2 (GXR monotherapy). The full analysis com-
prised 257 subjects who received the drug and had at least one
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FIG. 2. Number of patients remaining in study by month.
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primary efficacy measurement after the baseline of the open-
label extension study. Throughout the entire 2-year study, 202
subjects (77.1%) discontinued and 60 (22.9%) completed the
study (Fig. 2). The most common reason for early discontin-
uation was withdrawal of consent (n¼ 73, 27.9%). Over the
24-month treatment period, only 27 subjects (10.3%) termi-
nated early due to lack of efficacy.

Early discontinuation occurred in 171 of 208 (82.2%) sub-
jects in the monotherapy subgroup and 31 of 54 sub-
jects (57.4%) receiving a co-administered psychostimulant.
Withdrawal of consent was the most frequent reason for
discontinuation in both subgroups. Other reasons for early
termination in at least 10% of subjects in the monotherapy
subgroup were lost to follow up (13.5%; 28 of 208 subjects),
AE (13.5%; 28 of 208 subjects), or lack of efficacy (12.5%; 26 of
208 subjects). In the combination therapy subgroup, 16.7% of

subjects (9 of 54) were lost to follow up, 5.6% of subjects
(3 of 54) discontinued due to AEs, and 1.9% of subjects (1 of
54) discontinued due to lack of efficacy.

Subject demographics are shown in Table 1. The majority of
subjects had the ADHD combined subtype (73.0%). Overall
mean (standard deviation [SD]) years since diagnosis was 2.5
(2.9), although the mean time since diagnosis was 4.0 years
(2.6 years) in the group of 53 subjects who received co-
administered psychostimulants. The mean (SD) ADHD-RS-IV
total symptom score at baseline of the antecedent study was
38.3 (10.1). Overall, mean symptom scores were similar across
the 1, 2, 3, and 4 mg=day GXR dose groups. However, al-
though significance testing was not performed, the mean total
symptom score at baseline was numerically higher in the GXR
monotherapy subgroup (40.6, SD 8.5) compared with the
psychostimulant co-therapy subgroup (29.3, SD 10.9).

Table 1. Subject Demographics

Characteristics
Overall

(n¼ 259)
Monotherapy

(n¼ 206)
Co-administered

psychostimulants (n¼ 53)

Age (years)
Mean (SD) 10.7 (2.6) 10.6 (2.7) 11.2 (1.8)
Median 10.0 10.0 11.0
Min, max 6, 17 6, 17 7, 15

Age category, n (%)
6–12 years 191 (73.7) 151 (73.3) 40 (75.5)
�13 years 68 (26.3) 55 (26.7) 13 (24.5)

Gender, n (%)
Male 188 (72.6) 148 (71.8) 40 (75.5)
Female 71 (27.4) 58 (28.2) 13 (24.5)

Ethnic origin, n (%)
White 180 (69.5) 142 (68.9) 38 (71.7)
Black 39 (15.1) 30 (14.6) 9 (17.0)
Hispanic 25 (9.7) 20 (9.7) 5 (9.4)
Asian or Pacific Islander 8 (3.1) 7 (3.4) 1 (1.9)
Other 7 (2.7) 7 (3.4) 0

Weight (pounds)
Mean (SD) 96.6 (33.2) 95.4 (34.0) 101.2 (29.8)
Median 90.0 88.0 95.0
Min, max 55, 237 55, 237 61, 180

Height (inches)
Mean (SD) 57.5 (5.7) 57.1 (5.9) 59.2 (4.4)
Median 58.0 57.40 60.0
Min, max 40.7, 71.3 40.7, 71.3 52, 70.3

ADHD subtype, n (%)
Inattentive 62 (23.9) 51 (24.8) 11 (20.8)
Hyperactive 8 (3.1) 5 (2.4) 3 (5.7)
Combined 189 (73.0) 150 (72.8) 39 (73.6)

Years since ADHD diagnosis
Mean (SD) 2.5 (2.9) 2.2 (2.8) 4.0 (2.6)
Median 1.6 0.8 4.0
Min, max 0, 12.2 0, 12.2 0, 10.1

Mean (SD total symptom score at baseline) 38.3 (10.1) 40.6 (8.5) 29.3 (10.9)

SD¼ Standard deviation; ADHD¼ attention-deficit=hyperactivity disorder.
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Safety: Adverse events

Treatment-emergent AEs (TEAEs) were reported by 87.3%
of subjects overall. TEAEs were reported in 87.4% of subjects
in the monotherapy subgroup and 86.8% of subjects in the
combination therapy subgroup. Over the long-term treatment
period, discontinuations due to TEAEs occurred in 12.0% of
subjects (31 of 259 subjects) in the overall safety population,
13.6% (28 of 206) subjects in the monotherapy subgroup, and
5.7% (3 of 53) subjects in the combined therapy subgroup. The
majority of AEs leading to discontinuations were mild to
moderate in intensity.

According to investigators, 73.4% of overall TEAEs were
considered possibly or probably related to study medication.
The incidence of possibly=probably related TEAEs was 77.2%
in the monotherapy subgroup and 58.5% in the combined
therapy subgroup. Twenty-two treatment-emergent serious
AEs occurred in 16 (6.2%) subjects in the safety population. As
discussed in further detail below, 5 of these subjects reported
syncope. The next most common treatment-emergent serious
AEs were head injury, loss of consciousness, and suicidal ide-
ation, all of which were reported by 2 subjects each. Twenty-
one of the 22 serious AEs resolved and one remains unknown
because the patient was lost to follow up. Thirteen of the seri-
ous AEs were judged not related to study medication by in-
vestigators. Severe TEAEs were reported in 21 of 259 (8.1%)
subjects overall, 9.2% of subjects in the monotherapy subgroup,
and 3.8% of subjects in the combination therapy subgroup.

The most commonly reported TEAEs are shown in Table 2.
Although not among the most common TEAEs, hypotension
was reported in 13 subjects (5.0%), decreased DBP was found in
9 subjects (3.5%), decreased blood pressure in 7 subjects (2.7%),
and decreased SBP in 6 subjects (2.3%) of the safety population.
Three of the subjects who had decreased SBP also had de-
creased DBP. The most common TEAEs were similar in the GXR
monotherapy subgroup relative to the overall group (Table 2).
Decreased appetite (13.2%), irritability (13.2%), and pharyngitis
(11.3%) were among the most common TEAEs that differed in
the subgroup co-administered psychostimulants relative to
monotherapy or the overall safety population (Table 2).

Safety:Syncope

Five subjects (all from the monotherapy subgroup) re-
ported syncope. All syncopal events were deemed serious
adverse events (SAEs) and were considered by the investi-
gators possibly or probably related to study medication. All of
the episodes were brief and resolved. Confounding factors
may have been associated with at least some episodes of
syncope. In one case, a female subject reported a history of
‘‘black-out spells’’ and lightheadedness prior to use of study
drug. At the time of the syncopal event, she had not yet eaten
breakfast or taken her daily dose of GXR. At the time of this
event, the subject also had a mild fever and moderate dehy-
dration. She had also experienced vomiting, diarrhea, and
gastroenteritis the day before the event. In another instance,
the syncopal event occurred while the subject was at church.
Subsequently, there were additional reports of other people
fainting at the church, possibly related to the heat. Another
subject felt dizzy and fainted while playing soccer on a 90-
degree day. The syncopal episode resolved the same day
without medical treatment. The fourth subject who experi-
enced syncope had taken her daily dose of GXR 10 minutes
after awakening and on an empty stomach. The subject fain-
ted a few minutes later during an argument with her father.
The syncope resolved the same day without treatment. In the
remaining case of syncope, the subject fainted after standing
for an extended length of time. The investigator judged that
the event was related to both dehydration and prolonged
standing.

Safety: Somnolence, sedation, or fatigue events

The incidence of somnolence, sedation, or fatigue events is
summarized in Fig. 3. The majority of somnolence, sedation,
or fatigue events were moderate or mild in severity and re-
solved by end of treatment. The median day of onset for a
somnolence, sedation, or fatigue event was within the first 3
weeks of treatment (17 days). Figure 4 depicts the overall
incidence and severity of somnolence, sedation, or fatigue
events over the course of the study. The frequency of som-

Table 2. Most Common Treatment Emergent Adverse Events Occurring in �10% of the Safety Population

of Each Therapy Subgroup

Adverse event
Safety population,
N¼ 259, n (%)

Monotherapy,
n¼ 206, n (%)

Psychostimulant co-therapy,
n¼ 53, n (%)

Somnolence 79 (30.5) 78 (37.9) —

Headache 63 (24.3) 51 (24.8) 12 (22.6)

Upper respiratory tract infection 46 (17.8) 33 (16.0) 13 (24.5)

Nasopharyngitis 37 (14.3) 29 (14.1) 8 (15.1)

Fatigue 36 (13.9) 31 (15.0) —

Upper abdominal pain 33 (12.7) 25 (12.1) 8 (15.1)

Sedation 29 (11.2) 26 (12.6) —

Pharyngitis — — 6 (11.3)

Decreased appetite — — 7 (13.2)

Irritability — — 7 (13.2)
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nolence, sedation, or fatigue events steadily declined during
the first 6 months of treatment from 37.8% to 15.8% and re-
mained below 15.8% for the remainder of the study with the
exceptions of visits 13 (15.9%) and 14 (17.1%).

Safety:Vital signs

There were small changes from baseline to end point in
pulse, DBP, and SBP. Over the long-term treatment period,
there were no overt trends in vital sign measurements over
time or across actual doses at time of assessments. The mean
(SD) change in pulse at the end of treatment in the safety
population was �0.1 (14.7) bpm and the range of mean

changes in the all active treatment group (excluding end
point) varied from �3.5 bpm to �0.2 bpm. In the mono-
therapy subgroup there was a�0.8 (14.7) bpm mean decrease
in pulse rate, whereas in the combination therapy subgroup
there was a 2.6 (14.4) bpm mean increase.

Overall, there was a mean (SD) increase in SBP of 1.2 (12.4)
mmHg at end of treatment, with a range of means in the all
active treatment group (excluding end point) of �3.8 mmHg
to þ4.7 mmHg. At the end of treatment, there was a mean
(SD) increase in DBP of 0.9 (10.0) mmHg (range �2.7 to
þ2.5 mmHg in the all-active group). Mean (SD) changes from
baseline of the antecedent study to end point in SBP and DBP
were 6.6 (11.3) mmHg and 4.6 (9.9) mmHg.
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declined during the first 6 months of treatment and remained near that level throughout most of the study. Visit 25 includes
all data after visit 24.
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Reports of vital sign outliers from the safety population
demonstrated that most pulse outliers were due to pulse in-
creases, and most blood pressure outliers were due to de-
creases in blood pressure. Pulse rates of <50 bpm were
reported in 15 subjects (5.9%) in contrast with 77 subjects
(30.1%) of the safety population who demonstrated pulse
rates of >100 bpm. SBP measures of <90 mmHg were re-
ported in 46.8% of subjects aged 6–12 years and <100 mmHg
in 61.8% of older subjects, aged 13–17 years. In contrast, ele-
vated SBP (>120 mmHg) was reported in 23.9% of the
younger subjects and 13.2% of adolescents (>140 mmHg).
DBP outliers followed a similar pattern. Decreased DBP
(<50 mmHg) was observed in 27.7% of children and in 67.6%
of adolescents (<60 mmHg). Conversely, increased DBP of
>80 mmHg or >90 mmHg was reported in 16% of 6- to 12-
year-old subjects and 5.9% of 13- to 17-year-old subjects, re-
spectively.

Mean weight gain from baseline of the antecedent study to
end point was 15.4 pounds.

Only 2.3% (6 of 259 subjects) of subjects experienced in-
creases in weight deemed possibly related or related to study
medication. Mean height increase from baseline of the ante-
cedent study to end point was 2.7 inches.

Safety: ECG

No ECG abnormality was considered by investigators as a
serious AE. Twenty eight subjects had new, abnormal ECGs at
end point; only 2 were considered clinically significant by the
investigators. In the first subject, advanced atrioventricular
block was initially reported as a serious AE and subsequently
changed to a nonserious conduction disorder not otherwise
specified (NOS) after further tests and evaluation. The sub-
ject’s pulse rate and QRS intervals never met outlier crite-
ria during the study, and QTcF intervals never exceeded
366 msec. This subject had shown intraventricular delay on
ECGs at baseline of the antecedent study and at baseline of the
open-label extension study. This is the only subject to have
discontinued the study due to an ECG abnormality. The sec-
ond subject with a clinically significant ECG displayed sinus
bradycardia in month 3. The subject’s baseline heart rate was
63 bpm but repeat measures in month 3 showed a heart rate
of 45 and 46 bpm, and an end-of-study rate of 76 bpm. The
subject did not report any other symptoms at the time of the
event.

Further analysis of ECG outlier criteria demonstrated that
throughout the duration of the study, no subject had a QRS
interval �120 msec, a QT interval�480 msec, a QTcB or QTcF
interval �500 msec, or a QTcB or QTcF increase from baseline
of�60 msec. Thirty subjects had a QTcF change from baseline
measure between �30 and <60 msec, and the same QTcB
change from baseline criterion was met by 21 subjects. A heart
rate �50 bpm was observed in 15 subjects and an increased
heart rate of �100 bpm was recorded in 9 subjects.

Efficacy: Main efficacy measure; ADHD-RS-IV scores

Overall mean (SD) ADHD-RS-IV total score at baseline of
the antecedent study was 38.3 (10.1). There were no notable
differences in baseline (SD) ADHD-RS-IV total scores be-
tween dose groups (1 mg, 38.6 [7.3]; 2 mg, 35.8 [10.7]; 3 mg,
38.4 [11.1]; and 4 mg, 39.5 [9.1]). At baseline, the mean (SD)
ADHD-RS-IV total score was 29.3 (10.9) for the population of

subjects co-administered psychostimulants and 40.6 (8.5) for
the monotherapy subgroup.

The mean (SD) ADHD-RS-IV score at end point across all
active GXR dose groups was 18.1 (12.4), representing a re-
duction of more than 50% from the mean baseline score. Mean
(SD) changes in ADHD-RS-IV total score from baseline to end
point showed statistically significant improvement: overall,
�20.1 (13.5) ( p < 0.001), and for all GXR dose groups, �23.8
(12.3),�22.5 (12.3),�20.0 (14.0), and�18.4 (13.7) for the 1-, 2-,
3-, and 4-mg dose groups, respectively ( p < 0.001 for each).
GXR monotherapy yielded a significant reduction in ADHD-
RS-IV mean score (overall group final mean [SD] score was
19.4 [12.9], mean score reduction was �21.2 [13.9], p < 0.001),
and significant (SD) score reductions were demonstrated
in each monotherapy dose group: 1 mg¼�24.3 (12.8), 2 mg¼
�24.3 (11.5), 3 mg¼�22.1 (14.2), and 4 mg¼�18.0 (14.6); p <
0.001 for all. Similarly, in the smaller group of subjects who
received psychostimulant co-therapy, the overall ADHD-RS-
IV mean [SD] total score also showed a significant reduction
from baseline to end point (overall group final mean score
was 13.2 [8.5], mean score reduction was �16.1 [11.0], p <
0.001). Statistically significant [SD] improvements were seen
in the co-therapy subgroups receiving 2, 3, and 4 mg of GXR
(�14.4 [12.7], p¼ 0.006; �12.5 [10.2], p < 0.001; �19.7 [10.2], p
< 0.001, respectively). There was a�21.5 (SD 13.4) point mean
score reduction observed in the 1 mg GXR combination ther-
apy subgroup; however, statistical significance was not at-
tained, most likely due to the small sample size (n¼ 2) of this
group.

GXR therapy elicited early improvement based on a mean
(SD) ADHD-RS-IV total score reduction of �15.8 (11.0)
achieved for the overall full analysis set at the first assessment
after baseline of the open-label extension study (visit 1,
week 1) and for each GXR dose group; (1 mg¼�19.3 [9.6],
2 mg¼�17.2 [10.2], 3 mg¼�16.5 [12.1], 4 mg¼�13.9 [10.2]).
Efficacy was sustained throughout the 24-month study as
determined by ADHD-RS-IV scores at each monthly evalua-
tion up to and including end point.

Similar results were obtained when data from the full
analysis set were analyzed based on weight-adjusted actual
doses. Mean (SD) changes in ADHD-RS-IV total score from
baseline to visit 1 were �12.2 (11.8), �16.5 (12.7), and �21.4
(12.4) for the 0.01- to 0.04-mg=kg, 0.05- to 0.08-mg=kg, and
0.09- to 0.12-mg=kg dose groups, respectively. The earliest
time point that included subjects in the 0.13- to 0.17-mg=kg
dose group was not until the month 1 visit, at which point this
dose group demonstrated a �27.7 (9.4) mean (SD) reduc-
tion in ADHD-RS-IV total score. At end point, mean ADHD-
RS-IV total scores were significantly ( p< 0.001) reduced from
baseline in each weight-adjusted dose group. Mean (SD)
changes were �18.9 (12.1) for the 0.01-to 0.04-mg=kg group,
�19.8 (14.7) for the 0.05- to 0.08-mg=kg group,�25.5 (14.3) for
the 0.09- to 0.12-mg=kg group, and�20.8 (15.5) for the 0.13- to
0.17-mg=kg group. Results from this analysis are shown in
Fig. 5.

Efficacy: Additional outcomes (CPRS-R, CGI-I, PGA,
and CHQ-PF50)

CPRS-R mean changes from baseline to end point were
statistically significant in the overall treatment group (�18.2;
p<0.001). Similar results were obtained when analyzing the
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monotherapy and combination therapy subgroups sepa-
rately. The overall mean change from baseline demonstrated
statistically significant ( p < 0.001) improvement in CPRS-R
scores at each postdose assessment. As shown in Fig. 6, mean
improvement from baseline to end point was statistically

significant ( p < 0.001) at each postdose time point in the full
analysis set, the GXR monotherapy subgroup, and the com-
bination therapy subgroup.

The overall baseline mean (SD) CGI-S score was 4.6 (0.8).
Investigator-rated CGI-I scores at end point showed that
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investigators rated the majority of subjects very much im-
proved (29.3%) or much improved (28.8%). Using notes re-
garding their child’s behavior from the last weekend day prior
to visit 0 (the baseline visit for the open-label extension study),
parent-rated scores at end point for the PGA were in close
agreement with the investigator-rated CGI-I. For the PGA, 126
of 211 (59.7%) of subjects were rated as very much or much
improved at end point.

Mean changes in CHQ-PF50 Physical Summary Scores
from baseline to end point were not statistically significant.
On the other hand, CHQ-PF50 Psychosocial Summary Scores
demonstrated statistically significant improvement from
baseline to end point for the overall full analysis set (9.2 [SD
11.9], p < 0.001).

Discussion

Guanfacine is an a2A-adrenoreceptor agonist that is
believed to improve cognition via selective action in the pre-
frontal cortex (Arnsten et al. 1988; Uhlén et al. 1991). Short-
acting immediate-release formulations of guanfacine have
been used to treat symptoms of ADHD (Scahill et al. 2001).
More recently, GXR has been evaluated as monotherapy for
ADHD in short-term, double-blind, controlled clinical trials
(Biederman et al. 2008; Sallee et al. 2008). In each of these
studies, GXR has demonstrated significant improvement in
primary and secondary efficacy outcomes (Biederman et al.
2008; Sallee et al. 2008). The treatment effect sizes in the short-
term controlled trial that served as one of the antecedent
studies for the present study ranged from 0.41 for the 0.01- to
0.04-mg=kg weight-adjusted actual dose group to 0.89 for the
0.13- to 0.16-mg=kg group (Sallee et al. 2008).

This 2-year open-label study assessed the long-term safety
and efficacy of GXR, and the overall results are consistent
with findings from the short-term, blinded studies. The ma-
jority of TEAEs were mild to moderate in severity, including
the majority of events that led to discontinuation. Regarding
the overall dropout rate of approximately 77%, it is important
to note that only 12% of subjects discontinued due to TEAEs
and 10% due to lack of efficacy. Hypotension was an un-
common TEAE and was reported by only 5% of patients
during the 2-year study. Syncope was not reported in either of
the antecedent studies but was reported by 5 patients (1.9%) in
the current study (Biederman et al. 2008; Sallee et al. 2008).
Although judged as possibly or probably related to study
medication, these episodes of syncope were associated with
confounding circumstances, such as hot weather, dehydra-
tion, and prolonged standing. In one case, the subject reported
a history of ‘‘black-out spells’’ and lightheadedness prior to
use of study drug. Mean weight gain from baseline of the
antecedent study to end point was 15.4 pounds, which is ex-
pected for this study population of growing children and
adolescents, followed for up to 24 months, and the mean in-
crease in height over the course of the study was 2.7 inches.

Most somnolence, sedation, or fatigue events were mild or
moderate, occurred in the first few weeks of treatment, did not
lead to premature discontinuation, and resolved during the
study. The median onset was within the first 3 weeks, with a
median duration lasting 44 days. However, the duration of
the event was determined by the total number of days be-
tween the first and last reports of the event, and therefore may
include days during which the event did not occur. Of the 31

subjects who discontinued the study because of a TEAE, 10
were associated with a somnolence, sedation, or fatigue event.
Although this study was not designed to compare mono-
therapy with combination therapy, the rate of somnolence,
sedation, or fatigue events was numerically lower in the
psychostimulant co-therapy group, whereas irritability and
decreased appetite occurred more frequently in the psychos-
timulant co-therapy group. There were no obvious trends in
vital sign changes, with modest overall changes in pulse rate
and blood pressure measures and no serious ECG abnor-
malities reported, although 15 subjects exhibited bradycardia
(heart rate �50 bpm).

As an open-label extension study, this study was not de-
signed to detect differences between GXR monotherapy and
psychostimulant co-therapy. Keeping this caveat in mind, the
incidences of TEAEs in the monotherapy group and combi-
nation therapy group were reasonably similar. As described
previously and shown in Table 2, the lists of the most fre-
quently occurring TEAEs were similar between the overall
group and the monotherapy group. On the basis of the low
rate of discontinuations due to TEAEs and the low incidence
of severe or serious AEs, combination therapy with stimulants
and GXR appeared generally to be safe.

Efficacy measures were secondary outcomes due to the
design of this open-label study. Efficacy outcome measures
included clinician and parent ratings. The main efficacy
measure was the mean change in ADHD-RS-IV total score
from baseline of the antecedent study to end point of the open-
label extension study. Baseline symptom scores and clinician
ratings indicated subjects enrolled in the study had moderate
to severe ADHD. Statistically and clinically significant im-
provements were noted in ADHD-RS-IV total scores overall
for each GXR dose group, whether or not GXR was given
alone or in combination with psychostimulants. The mean
ADHD-RS-IV score at end point was 18.1 for the overall
group, 19.4 in the monotherapy group, and 13.2 in subjects co-
administered psychostimulants, bringing the mean score of
subjects in the combination therapy group below the criterion
that has been suggested as indicating remission (ADHD-RS-
IV score <18), and the mean score in the monotherapy group
close to remission as well (McIntyre et al. 2006; Steele et al.
2006).

The effects of GXR therapy were early and long lasting.
ADHD-RS-IV score improvements were noted at the first
postbaseline evaluation point and were sustained throughout
the study through end point. The results from CPRS-R scores
at multiple times throughout the day demonstrated that GXR
treatment is durable, in most cases lasting up to 24 hours past
the previous dose. Symptom improvement was evaluated
consistently based on clinician- and parent-rated scales. More
than half of the subjects were rated as very much or much
improved at end point by clinician ratings using the CGI-I
scale. Similar results were obtained by parent ratings using
the PGA scale. CHQ-PF50 scores demonstrated significant
improvement in psychosocial functioning during the study.

Interpretation of these findings must consider the open-
label and uncontrolled nature of the study design. While long-
term data are essential to understanding the effect of a
medication, long-term placebo-controlled studies are often
not possible from an ethical perspective. In addition, a sub-
stantial percentage of subjects (27.9%) withdrew consent over
the course of the 2-year study, such that it is unknown if they
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withdrew due to a perceived lack of efficacy or due to other
considerations, given the length of the study. Nonetheless, it is
encouraging that the findings of this study are consistent with
shorter-term controlled studies demonstrating the safety and
efficacy of GXR.

Although the study was not designed to make direct
comparisons between GXR monotherapy and combination
therapy with psychostimulants, a few reasoned thoughts on
the outcomes can be made. The vast majority of the study
subjects received GXR as monotherapy; as such, overall re-
sults reported for the entire study population are indicative of
the safety and efficacy of GXR monotherapy for the treatment
of ADHD. Indeed, most comparisons of data between the
overall group and the GXR monotherapy subgroup show a
high level of similarity. Overall, these data support that GXR
monotherapy is safe and effective for treating ADHD. In the
population of subjects receiving GXR with psychostimulant
co-therapy, statistically and clinically significant efficacy was
observed and no exceptional safety issues were noted over the
course of this 2-year study.

The results from the current study demonstrate the long-
term safety and efficacy of GXR used to treat symptoms of
ADHD in children and adolescents over the course of 24
months. Additional, more rigorously controlled evaluations
comparing GXR monotherapy and co-administration with
stimulants may be warranted.

Disclosures

Dr. Sallee is a grant awardee of Shire Development Inc. and
Bristol-Myers Squibb Company, and is a consultant for
Otsuka America Pharmaceutical, Inc., Merck, P2D Inc., and
Shire Development Inc. He serves on the speakers bureau of
Takeda Pharmaceuticals North America, Inc., Jazz Pharma-
ceuticals, and Pfizer Inc. He is on the board of directors for
P2D, Inc., and is founder and principal in Satiety Solutions,
LLC. Mr. Lyne is a full-time employee of Shire Pharmaceutical
Development Ltd, Basingstoke, UK. Dr. Wigal has or has
had financial relationships with Celltech Pharmaceuticals
Inc=UCB, Cephalon Inc., Eli Lilly and Company, McNeil
Pharmaceutical, Novartis Pharmaceuticals Corporation, and
Shire Development Inc. Dr. McGough has received research
support and has served as consultant for Shire Development
Inc., Janssen Pharmaceutical, Eli Lilly and Company, and
Novartis Pharmaceuticals Corporation.

Acknowledgments

Editorial assistance was provided by Jennifer Steeber,
Ph.D., of Health Learning Systems, part of CommonHealth,
Parsippany, New Jersey.

References

Adler LA, Reingold LS, Morrill MS, Wilens TE: Combination
pharmacotherapy for adult ADHD. Curr Psychiatry Rep
8:409–415, 2006.

American Academy of Child and Adolescent Psychiatry: Prac-
tice parameter for the assessment and treatment of children
and adolescents with attention-deficit=hyperactivity disorder.
J Am Acad Child Adolesc Psychiatry 47:894–921, 2007.

Arnsten AF, Cai JX, Goldman-Rakic PS: The alpha-2 adrenergic
agonist guanfacine improves memory in aged monkeys

without sedative or hypotensive side effects: Evidence for al-
pha-2 receptor subtypes. J Neurosci 8:4287–4298, 1988.

Arnsten AF, Steere JC, Hunt RD: The contribution of a2-
noradrenergic mechanisms to prefrontal cortical cognitive
function. Potential significance for attention-deficit hyperac-
tivity disorder. Arch Gen Psychiatry 53:448–455, 1996.

Biederman J, Faraone SV: Attention-deficit hyperactivity disor-
der. Lancet 366:237–248, 2005.

Biederman J, Melmed RD, Patel A, McBurnett R, Konow J,
Lyne A, Scherer N, for the SPD503 Study Group: A ran-
domized, double-blind, placebo-controlled study of guanfa-
cine extended release in children and adolescents with
attention-deficit=hyperactivity disorder. Pediatrics 121:e73–
e84, 2008.

Brown RT, Freeman WS, Perrin JM, Stein MT, Amler RW,
Feldman HM, Pierce K, Wolraich ML: Prevalence and as-
sessment of attention-deficit=hyperactivity disorder in pri-
mary care settings. Pediatrics 107:E43, 2001.

Chappell PB, Riddle MA, Scahill L, Lynch KA, Schultz R, Arn-
sten A, Leckman JF, Cohen DJ: Guanfacine treatment of co-
morbid attention-deficit hyperactivity disorder and Tourette’s
syndrome: Preliminary clinical experience. J Am Acad Child
Adolesc Psychiatry 34:1140–1146, 1995.

Connor DF, Barkley RA, Davis HT: A pilot study of methyl-
phenidate, clonidine, or the combination in ADHD comorbid
with aggressive oppositional defiant or conduct disorder. Clin
Pediatr (Phila) 39:15–25, 2000.

Connor DF, Fletcher KE, Swanson JM: A meta-analysis of clo-
nidine for symptoms of attention-deficit hyperactivity disor-
der. J Am Acad Child Adolesc Psychiatry 38:1551–1559, 1999.

Daviss WB, Patel NC, Robb AS, McDermott MP, Bukstein OG,
Pelham WE, Jr, Palumbo D, Harris P, Sallee FR: Clonidine for
attention-deficit=hyperactivity disorder: II. ECG changes and
adverse events analysis. J Am Acad Child Adolesc Psychiatry
47:189–198, 2008.

Fenichel RR: Combining methylphenidate and clonidine: The
role of post-marketing surveillance. J Child Adolesc Psycho-
pharmacol 5:155–156, 1995.

Hazell PL, Stuart JE: A randomized controlled trial of clonidine
added to psychostimulant medication for hyperactive and
aggressive children. J Am Acad Child Adolesc Psychiatry
42:886–894, 2003.

Hunt RD, Arnsten AFT, Asbell MD: An open trial of guanfacine
in the treatment of attention-deficit hyperactivity disorder.
J Am Acad Child Adolesc Psychiatry 34:50–54, 1995.

McIntyre RS, Fallu A, Konarski JZ: Measurable outcomes in
psychiatric disorders: Remission as a marker of wellness. Clin
Ther 28:1882–1891, 2006.

Newcorn JH, Schulz K, Harrison M, DeBellis MD, Udarbe JK,
Halperin JM: Alpha 2 adrenergic agonists. Neurochemistry,
efficacy, and clinical guidelines for use in children. Pediatr
Clin North Am 45:1099–1022, viii, 1998.

Olfson M: New options in the pharmacological management of
attention-deficit=hyperactivity disorder. Am J Manag Care
10(Suppl):S117–S124, 2004.

Palumbo DR, Sallee FR, Pelham WE, Jr, Bukstein OG,
Daviss WB, McDermott MP: Clonidine for attention-deficit=
hyperactivity disorder: I. Efficacy and tolerability outcomes.
J Am Acad Child Adolesc Psychiatry 47:180–188, 2008.

Pliszka SR, Crismon ML, Hughes CW, Conners CK, Emslie GJ,
Jensen PS, McCracken JT, Swanson JM, Lopez M, and The
Texas Consensus Conference Panel on Pharmacotherapy of
Childhood Attention-Deficit=Hyperactivity Disorder: The
Texas Children’s Medication Algorithm Project: Revision of

GUANFACINE EXTENDED RELEASE FOR ADHD 225



the algorithm for pharmacotherapy of attention-deficit=
hyperactivity disorder. J Am Acad Child Adolesc Psychiatry
45:642–657, 2006.

Popper CW: Combining methylphenidate and clonidine: Phar-
macologic questions and news reports about sudden death.
J Child Adolesc Psychopharmacol 5:157–166, 1995.

Safety and Efficacy of SPD503 in Treating ADHD in Children
and Adolescents aged 6–17. http:==www.clinicaltrials.gov=
ct2=show=NCT00150618=. Accessed June 2, 2008.

Sallee F, McGough J, Wigal T, Donahue J, Lyne A, Biederman J,
for the SPD503 Study Group: Guanfacine extended release in
children and adolescents with attention deficit hyperactivity
disorder: A placebo-controlled trial. J Am Acad Child Adolesc
Psychiatry 48:155–165, 2009.

Scahill L, Chappell PB, Kim YS, Schultz RT, Katsovich L,
Shepherd E, Arnsten AF, Cohen DJ, Leckman JF: A placebo-
controlled study of guanfacine in the treatment of children
with tic disorders and attention deficit hyperactivity disorder.
Am J Psychiatry 158:1067–1074, 2001.

Spencer T, Greenbaum M, Ginsberg LD, Murphy WR, Farrand
K: Open-label coadministration of guanfacine extended re-
lease and stimulants in children and adolescents with
attention-deficit=hyperactivity disorder. Poster presented at:
American Psychiatric Association’s 161st Annual Meeting,
May 3–8, 2008, Washington, DC.

Steele M, Jensen PS, Quinn DM: Remission versus response as
the goal of therapy in ADHD: A new standard for the field?
Clin Ther 28:1892–1908, 2006.

Swanson JM, Flockhart D, Udrea D, Cantwell DP, Connor D,
Williams L: Clonidine in the treatment of ADHD: Questions
about safety and efficacy. J Child Adolesc Psychopharmacol
5:301–304, 1995.

Uhlén S, Wikberg JES: Delineation of rat kidney a2A- and a2B-
adrenoceptors with [3H]RX821002 radioligand binding: Com-
puter modelling reveals that guanfacine is an a2A-selective
compound. Eur J Pharmacol 202:235–243, 1991.

Wang M, Ramos BP, Paspalas CD, Shu Y, Simen A, Duque A,
Vijayraghavan S, Brennan A, Dudley A, Nou E, Mazer JA,
McCormick DA, Arnsten AF: a2A-adrenoceptors strengthen
working memory networks by inhibiting cAMP-HCN channel
signaling in prefrontal cortex. Cell 129:397–410, 2007.

Address reprint requests to:
Floyd Sallee, M.D., Ph.D.
Department of Psychiatry

University of Cincinnati
260 Stetson, ML 0559
Cincinnati, OH 45219

E-mail: floyd.sallee@uc.edu

226 SALLEE ET AL.



Long-Term Safety and Efficacy of Guanfacine
Extended Release in Children and Adolescents

with Attention-Deficit=Hyperactivity Disorder

Floyd R. Sallee, M.D., Ph.D.,1 Andrew Lyne, M.Sc., C.Stat.,2 Timothy Wigal, Ph.D.,3

and James J. McGough, M.D.4

Abstract

Objective: Short-term, controlled studies of extended-release guanfacine (GXR), a selective a2A-adrenoreceptor
agonist, demonstrate efficacy in treating attention-deficit=hyperactivity disorder (ADHD) symptoms as mono-
therapy. This 2-year open-label study was conducted to further assess the long-term safety and efficacy of GXR.
Methods: Study participants, aged 6–17 years with ADHD, had previously been exposed to GXR therapy alone or in
combination with psychostimulants in one of two antecedent trials. In this study, doses were titrated to 1, 2, 3, or
4 mg=day of GXR alone or in combination with a psychostimulant. Safety and efficacy data collected at clinic visits
over 24 months provided further evidence of the overall safety and efficacy of GXR for treating ADHD.
Results: The majority of adverse events (AEs) were mild to moderate, and few patients discontinued the study
because of an AE. Efficacy measures demonstrated significant improvement beginning in the first month and
lasting through the end of the 24-month treatment period. Throughout the entire 2-year study, 202 subjects (77.1%)
discontinued and 60 (22.9%) completed the study.
Conclusions: Overall, these data support that GXR monotherapy is generally safe and effective for treating
ADHD.

Introduction

Attention-deficit=hyperactivity disorder (ADHD) is
characterized in children by developmentally inappro-

priate behaviors, including inattention, hyperactivity, and
impulsivity. These behaviors may manifest as impairment in
school performance, intellectual functioning, and social skills,
among others (Brown et al. 2001; Biederman and Faraone
2005). In addition, an ADHD diagnosis can predict clinically
meaningful risks for co-morbidity with other psychiatric
disorders and for substance abuse, which can further com-
plicate effective treatment (Brown et al. 2001; Olfson 2004;
Biederman and Faraone 2005).

Stimulants, including methylphenidate and amphet-
amines, have been the primary treatment for ADHD for many
decades (Olfson 2004; Biederman and Faraone 2005). How-
ever, there remains a need for effective nonstimulant treat-
ment options for patients who may need a combined
approach to treatment, who either have a suboptimal re-
sponse to or cannot tolerate stimulant medications, or who

prefer a nonstimulant. Although substantial research sup-
ports the efficacy and overall safety of stimulants in treating
the symptoms of ADHD, approximately 30% of patients ex-
perience inadequate symptom relief and=or the development
of treatment-limiting side effects (Scahill et al. 2001; Biederman
et al. 2008). Nonstimulant medications can be used in place of
stimulants in patients who do not adequately respond to or
cannot tolerate stimulants, or when either the patient or the
parent prefers alternatives to stimulant treatment (Olfson
2004; Biederman and Faraone 2005). Alternatively, non-
stimulant medications may be combined with stimulants
when response is suboptimal, or as a means to achieve and
balance adequate symptom response and the emergence of
dose-limiting side effects, or to treat co-morbid disorders
(Biederman and Faraone 2005; Adler et al. 2006; Pliszka et al.
2006). Current clinical guidelines recommend monotherapy
with stimulants or atomoxetine as first-line pharmacologic
treatments for ADHD (Pliszka et al. 2006; American Academy
of Child and Adolescent Psychiatry 2007). However, despite
limited data from controlled trials and the lack of approval by
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the U.S. Food and Drug Administration (FDA), combination
pharmacotherapy is fairly common in clinical practice in this
population (Adler et al. 2006).

In the past, case-level data have raised safety concerns re-
garding certain combinations, for instance, the combination of
clonidine and methylphenidate (Popper 1995; Swanson et al.
1995), although a later assessment of those cases concluded
that they do not provide substantial support of an adverse
interaction between the two drugs (Fenichel 1995). A more
recent study also found no evidence of differences between
the effects of clonidine and methylphenidate when given to-
gether compared with either agent given alone on electro-
cardiogram (ECG) measures or overall rates of AEs (Daviss
et al. 2008).

Guanfacine is a selective a2A-adrenoreceptor agonist that is
believed to improve cognition via action in the prefrontal
cortex (Arnsten et al. 1988; Uhlén et al. 1991; Arnsten et al.
1996). Recent data have shown that stimulation of the a2A-
adrenoreceptor, in the prefrontal cortex, as occurs with guan-
facine, results in a strengthening of cortical networks (Wang
et al. 2007). Clonidine, another a2-adrenoreceptor agonist, has
been shown to be effective in reducing symptoms of ADHD
when measured by some scales (e.g., the Conners’ Abbre-
viated Symptom Questionnaire for Parents, the Children’s
Global Assessment Scale) but not by others (e.g., the Conners’
Teachers’ Abbreviated Symptom Questionnaire) (Connor et al.
1999; Connor et al. 2000; Hazell et al. 2003; Palumbo et al.
2008). Studies have shown that guanfacine, in comparison
with clonidine, is less likely to produce sedation or hypoten-
sion, possibly due to a greater selectivity for the a2A-
adrenoreceptor subtype (Arnsten et al. 1988; Uhlén et al. 1991;
Newcorn et al. 1998).

Immediate-release guanfacine was shown in small studies
to be effective in reducing ADHD symptoms (Chappell et al.
1995; Hunt et al. 1995; Scahill et al. 2001). An extended-release
formulation of guanfacine (GXR) (SPD503, Shire Develop-
ment Inc., Wayne, PA) is in development, with the goal of
significantly reducing peak-to-trough fluctuations, thus po-
tentially improving the safety profile while maintaining
therapeutic drug levels. Furthermore, the extended-release
formulation permits once-daily dosing. Randomized, double-
blind, placebo-controlled short-term studies have demon-
strated the efficacy of GXR monotherapy for treating
symptoms of ADHD (Biederman et al. 2008; Sallee et al. 2008).

The goal of this study was to further evaluate the long-term
safety and efficacy of GXR as monotherapy or in combination
with psychostimulants in children and adolescents aged 6–17
years with ADHD.

Methods

Study design and eligibility

This multicenter, open-label study (SPD503-305) was con-
ducted in 48 U.S. centers from June, 2004, to December, 2006,
and was designed to assess the safety of GXR treatment for up
to 24 months in children and adolescents aged 6–17 years with
ADHD. All subjects signed informed consent=assent after a
full explanation of study requirements following procedures
approved by each participating site’s respective Institutional
Review Board. Subjects enrolled in this study were previously
exposed to GXR in either of 2 antecedent trials (SPD503-205 or

SPD503-304), as shown in Fig. 1. Clinical study SPD503-205
(study 1) was a phase 2 open-label, uncontrolled 9-week study
to assess the safety of co-administration of GXR with psy-
chostimulants to children and adolescents with ADHD
(Clinical Trial NCT00151996) (Spencer et al. 2008 ). SPD503-
304 (study 2) was a phase 3 multicenter, double-blind, dose-
ranging, forced-dose titration, 16-week pivotal trial to assess
the efficacy and safety of GXR versus placebo for treat-
ment of ADHD in children and adolescents (Clinical Trial
NCT00150618) (Sallee et al. 2008).

Subjects were eligible for the present study if they satisfied
all entry criteria and completed all visits up through visit 9 in
either of the antecedent trials, or had withdrawn from study
2 due to lack of efficacy after visit 4. Furthermore, subjects
could not be experiencing any adverse events (AEs) that
would preclude further exposure to GXR. Subjects from study
1 had to weigh >65 pounds; subjects from study 2 had to
weigh >55 pounds. Nonpregnant subjects of child-bearing
potential agreed to comply with applicable contraceptive
measures. Written, informed consent was obtained from all
subjects’ parents or legally authorized representatives. Doc-
umentation of the subject’s assent was also attained, indicat-
ing that the subject was aware of the investigational nature of
the study and the required procedures and restrictions. Ex-
clusion criteria included uncontrolled co-morbid psychiatric
diagnosis (except oppositional defiant disorder) with signifi-
cant symptoms, a body mass index of �35, a specific cardiac
condition or family history deemed unsafe for continuation in
the study, orthostatic hypotension or hypertension measure-
ments outside the 95th percentile for age, weight, and gender,
or other clinically significant laboratory abnormalities. Fur-
ther exclusion criteria included concurrent use of medications
that would affect blood pressure or heart rate, or a positive
urine drug test with the exception of psychostimulant drug
for those subjects from study 1 who chose to continue re-
ceiving their psychostimulant in the current study.

Dosing

Subjects received GXR once daily at a dosage of 1, 2, 3, or
4 mg. All subjects were tapered off study medication from the
antecedent trial, began the present study at a titration dose of
1 mg=day, and were titrated to their optimal dose by
1 mg=day increments at weekly intervals during the first 4
weeks of the study. Optimal dose was defined as a clinically
significant reduction in ADHD symptoms with minimal side
effects. As a general rule, subjects were considered optimized
if, after having at least a 30% reduction from baseline
in ADHD Rating Scale Version IV (ADHD-RS-IV) total
symptom scores, they were considered to have reached their
optimum dose in the opinion of the clinician. Subjects who
had not achieved at least a 30% reduction in ADHD-RS-IV
total symptom scores were escalated to a higher dose level if
judged appropriate by the investigator based on clinical
experience.

Subjects were maintained at their optimal dose throughout
the remainder of the study (until month 24) when GXR was
tapered off by 1-mg=day decrements at weekly intervals.
Subjects who previously participated in study 1 could receive
GXR as monotherapy or co-administered with their same
psychostimulant medication (amphetamine or methylpheni-
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date). Investigators could adjust the dosage of GXR or psycho-
stimulant for efficacy throughout the 24-month open-label
investigation.

Study populations and evaluations

There were 32 planned clinic visits and a follow-up phone
contact over the 25-month duration of the study. At visit 0,
inclusion and exclusion criteria were reviewed to ensure that
all subjects continued to meet eligibility criteria. Safety anal-
ysis was performed on the safety population, which was
composed of all enrolled subjects (N¼ 262) except 3 subjects,
who did not receive study medication (n¼ 259); of those
3 subjects, 2 withdrew consent and 1 was lost to follow up.
Additional analyses of safety data were performed separately
on the monotherapy subgroup (n¼ 206) and the psychosti-
mulant co-administration subgroup (n¼ 53); however, this
study was neither designed nor powered to evaluate differ-
ences between the subgroups, and these subgroups were not
randomized but rather reflect enrollments from two different
antecedent studies. The main efficacy analysis was conducted
on the full analysis set, which included all subjects with an
efficacy assessment from baseline in the antecedent study and
at least one primary efficacy measurement recorded after the
baseline of the current study (n¼ 257).

Safety

Safety was assessed via AE reports, vital signs, height and
weight measurements, laboratory tests, physical examina-
tions, ECGs, concomitant medications, the Pediatric Daytime
Sleepiness Scale (PDSS), and evaluation of early discontinu-
ation data. Descriptive statistics were used for the PDSS and
clinical laboratory tests. Qualitative analysis for abnormalities
of laboratory tests was performed using the shift-table
method, which analyzed the shift from baseline values of the
antecedent studies to end-of-treatment values in the number
and percentage ofsubjects with normal and abnormal findings.

Diastolic blood pressure (DBP) and systolic blood pressure
(SBP), pulse, and results from physical examinations were
summarized descriptively. Vital sign outlier limits included
pulse measurements of �50 or �100 beats per minute (bpm),
postural orthostatic DBP decrease �15 mmHg or SBP de-
crease of �30 mmHg, seated SBP of <90 or >120 mmHg for
6 to 12 year olds and <100 or >140 mmHg for 13 to 17 year
olds, or a seated DBP of <50 or >80 mmHg for 6 to 12 year
olds and<60 or>90 mmHg for 13 to 17 year olds. ECGs were
conducted at the baseline of the antecedent study, the baseline
of the open-label extension study, and visits 6, 9, 12, 15, 21,
and at follow up (visit 31). ECG outlier criteria were defined
as follows: heart rate �50 bpm or �100 bpm, PR interval

Study 1 (SPD503-205)
Phase 2, open-label, co-administration 

of GXR and psychostimulants; 
54 subjects agreed to roll-over

Study 2 (SPD503-304)
Phase 3, parallel-group, dose-ranging

efficacy study; 
208 subjects agreed to roll-over

N=262
Subjects enrolled

n=3
Did not receive GXR

(2 withdrew consent; 1 was lost to follow-up)

n=259
Safety population

n=2
Did not complete visit 1

(lost to follow-up)

n=257
Full analysis set

n=202
Early termination

Withdrew consent: 73
Lost to follow-up: 37
Protocol violation: 16

Adverse event: 31
Other: 45

n=60
Completed

FIG. 1. Subject disposition. GXR¼ guanfacine extended release.
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�200 msec, QT interval �480 msec, QRS interval �120 msec,
QTcF �500 msec, QTcB �500 msec, and QTcF and QTcB
change from baseline of the antecedent study of �30 msec to
<60 msec or�60 msec. PDSS data were collected at every visit
except for visits 31 and 32. For the safety analyses presented
here, comparisons were made using baseline values from the
antecedent studies.

Efficacy

The main efficacy measure was the ADHD-RS-IV total
score collected at each monthly visit and the main efficacy
outcome was the ADHD-RS-IV total score change from the
baseline of the antecedent study at end point. The ADHD-
RS-IV was developed to measure the behavior of children
with ADHD and consists of 18 items, each scored from 0 (no
symptoms) to 3 (severe symptoms). The total score ranges
from 0 to 54. End point was defined as the last nonmissing
valid assessment after baseline of the open-label extension
study while the subject was on study drug. The analysis of the
end point is thus numerically equivalent to the analysis of the
last observation carried forward. The ADHD-RS-IV actual
score and change from the baseline of the antecedent study in
the full analysis set were evaluated overall, by therapy group
(i.e., monotherapy and psychostimulant coadministration),
by age group (6–12 and 13–17 years of age), and by actual
dose and weight-adjusted actual dose prior to dose tapering
at the end of the study.

Secondary efficacy measures included the investigator-
rated Clinical Global Impressions of Improvement (CGI-I),
the Parent Global Assessment (PGA) scale, the Child Health
Questionnaire–Parent Form 50 (CHQ-PF50), and the Conners’
Parent Rating Scale–Revised (CPRS-R) short form. The CGI
scale is a global evaluation of baseline symptom severity and
improvement over time. At baseline, the investigator used the
CGI–Severity (CGI-S) to rate severity of symptoms on a 7-
point scale ranging from 1 (no symptoms) to 7 (very severe
symptoms). At each visit thereafter, the investigator used the

CGI-I to rate the improvement relative to baseline on a 7-point
scale ranging from 1 (very much improved) to 7 (very much
worse). The PGA is a variant of the CGI scales of severity and
improvement. For the PGA, the parent=caregiver rated their
child’s behavior at baseline of the antecedent study and as-
sessed changes in behavior and symptoms relative to these
baseline ratings. The CHQ-PF50 is designed to measure
physical and psychosocial well being in children aged �5
years. Two summary scores were obtained using 14 Core
Health Concepts, one score for physical well being and the
other for psychosocial well being. GXR duration of effect was
monitored via the CPRS-R short form, which assesses a cross
section of ADHD-related symptoms and problem behaviors.
The CPRS-R was completed by parents and contained four
subscales (i.e., oppositional, cognitive problems, hyperactiv-
ity, ADHD index). The CPRS-R evaluations were designed to
permit an analysis of the duration of effect of GXR throughout
the day by assessing scores at 12, 14, and 24 hours postdose.
Parents answered 27 questions regarding their child’s be-
havior immediately preceding the assessment times. Analyses
of efficacy measures were made relative to baseline of the
antecedent study.

Compliance with the study drug was determined by tablet
counts. Subjects were requested to return unused study drug
at each visit, and those who had taken 80–120% of their pre-
scribed amount were considered compliant. Statistical anal-
ysis was performed using SAS� version 9.1. Because this was
an open-label extension study, a power analysis was not
performed.

Results

Subject disposition and demographics

As shown in Fig. 1, a total of 262 eligible subjects from
the antecedent studies enrolled in the current study: 54
from study 1 (psychostimulant co-administration) and 208
from study 2 (GXR monotherapy). The full analysis com-
prised 257 subjects who received the drug and had at least one
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FIG. 2. Number of patients remaining in study by month.
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primary efficacy measurement after the baseline of the open-
label extension study. Throughout the entire 2-year study, 202
subjects (77.1%) discontinued and 60 (22.9%) completed the
study (Fig. 2). The most common reason for early discontin-
uation was withdrawal of consent (n¼ 73, 27.9%). Over the
24-month treatment period, only 27 subjects (10.3%) termi-
nated early due to lack of efficacy.

Early discontinuation occurred in 171 of 208 (82.2%) sub-
jects in the monotherapy subgroup and 31 of 54 sub-
jects (57.4%) receiving a co-administered psychostimulant.
Withdrawal of consent was the most frequent reason for
discontinuation in both subgroups. Other reasons for early
termination in at least 10% of subjects in the monotherapy
subgroup were lost to follow up (13.5%; 28 of 208 subjects),
AE (13.5%; 28 of 208 subjects), or lack of efficacy (12.5%; 26 of
208 subjects). In the combination therapy subgroup, 16.7% of

subjects (9 of 54) were lost to follow up, 5.6% of subjects
(3 of 54) discontinued due to AEs, and 1.9% of subjects (1 of
54) discontinued due to lack of efficacy.

Subject demographics are shown in Table 1. The majority of
subjects had the ADHD combined subtype (73.0%). Overall
mean (standard deviation [SD]) years since diagnosis was 2.5
(2.9), although the mean time since diagnosis was 4.0 years
(2.6 years) in the group of 53 subjects who received co-
administered psychostimulants. The mean (SD) ADHD-RS-IV
total symptom score at baseline of the antecedent study was
38.3 (10.1). Overall, mean symptom scores were similar across
the 1, 2, 3, and 4 mg=day GXR dose groups. However, al-
though significance testing was not performed, the mean total
symptom score at baseline was numerically higher in the GXR
monotherapy subgroup (40.6, SD 8.5) compared with the
psychostimulant co-therapy subgroup (29.3, SD 10.9).

Table 1. Subject Demographics

Characteristics
Overall

(n¼ 259)
Monotherapy

(n¼ 206)
Co-administered

psychostimulants (n¼ 53)

Age (years)
Mean (SD) 10.7 (2.6) 10.6 (2.7) 11.2 (1.8)
Median 10.0 10.0 11.0
Min, max 6, 17 6, 17 7, 15

Age category, n (%)
6–12 years 191 (73.7) 151 (73.3) 40 (75.5)
�13 years 68 (26.3) 55 (26.7) 13 (24.5)

Gender, n (%)
Male 188 (72.6) 148 (71.8) 40 (75.5)
Female 71 (27.4) 58 (28.2) 13 (24.5)

Ethnic origin, n (%)
White 180 (69.5) 142 (68.9) 38 (71.7)
Black 39 (15.1) 30 (14.6) 9 (17.0)
Hispanic 25 (9.7) 20 (9.7) 5 (9.4)
Asian or Pacific Islander 8 (3.1) 7 (3.4) 1 (1.9)
Other 7 (2.7) 7 (3.4) 0

Weight (pounds)
Mean (SD) 96.6 (33.2) 95.4 (34.0) 101.2 (29.8)
Median 90.0 88.0 95.0
Min, max 55, 237 55, 237 61, 180

Height (inches)
Mean (SD) 57.5 (5.7) 57.1 (5.9) 59.2 (4.4)
Median 58.0 57.40 60.0
Min, max 40.7, 71.3 40.7, 71.3 52, 70.3

ADHD subtype, n (%)
Inattentive 62 (23.9) 51 (24.8) 11 (20.8)
Hyperactive 8 (3.1) 5 (2.4) 3 (5.7)
Combined 189 (73.0) 150 (72.8) 39 (73.6)

Years since ADHD diagnosis
Mean (SD) 2.5 (2.9) 2.2 (2.8) 4.0 (2.6)
Median 1.6 0.8 4.0
Min, max 0, 12.2 0, 12.2 0, 10.1

Mean (SD total symptom score at baseline) 38.3 (10.1) 40.6 (8.5) 29.3 (10.9)

SD¼ Standard deviation; ADHD¼ attention-deficit=hyperactivity disorder.
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Safety: Adverse events

Treatment-emergent AEs (TEAEs) were reported by 87.3%
of subjects overall. TEAEs were reported in 87.4% of subjects
in the monotherapy subgroup and 86.8% of subjects in the
combination therapy subgroup. Over the long-term treatment
period, discontinuations due to TEAEs occurred in 12.0% of
subjects (31 of 259 subjects) in the overall safety population,
13.6% (28 of 206) subjects in the monotherapy subgroup, and
5.7% (3 of 53) subjects in the combined therapy subgroup. The
majority of AEs leading to discontinuations were mild to
moderate in intensity.

According to investigators, 73.4% of overall TEAEs were
considered possibly or probably related to study medication.
The incidence of possibly=probably related TEAEs was 77.2%
in the monotherapy subgroup and 58.5% in the combined
therapy subgroup. Twenty-two treatment-emergent serious
AEs occurred in 16 (6.2%) subjects in the safety population. As
discussed in further detail below, 5 of these subjects reported
syncope. The next most common treatment-emergent serious
AEs were head injury, loss of consciousness, and suicidal ide-
ation, all of which were reported by 2 subjects each. Twenty-
one of the 22 serious AEs resolved and one remains unknown
because the patient was lost to follow up. Thirteen of the seri-
ous AEs were judged not related to study medication by in-
vestigators. Severe TEAEs were reported in 21 of 259 (8.1%)
subjects overall, 9.2% of subjects in the monotherapy subgroup,
and 3.8% of subjects in the combination therapy subgroup.

The most commonly reported TEAEs are shown in Table 2.
Although not among the most common TEAEs, hypotension
was reported in 13 subjects (5.0%), decreased DBP was found in
9 subjects (3.5%), decreased blood pressure in 7 subjects (2.7%),
and decreased SBP in 6 subjects (2.3%) of the safety population.
Three of the subjects who had decreased SBP also had de-
creased DBP. The most common TEAEs were similar in the GXR
monotherapy subgroup relative to the overall group (Table 2).
Decreased appetite (13.2%), irritability (13.2%), and pharyngitis
(11.3%) were among the most common TEAEs that differed in
the subgroup co-administered psychostimulants relative to
monotherapy or the overall safety population (Table 2).

Safety:Syncope

Five subjects (all from the monotherapy subgroup) re-
ported syncope. All syncopal events were deemed serious
adverse events (SAEs) and were considered by the investi-
gators possibly or probably related to study medication. All of
the episodes were brief and resolved. Confounding factors
may have been associated with at least some episodes of
syncope. In one case, a female subject reported a history of
‘‘black-out spells’’ and lightheadedness prior to use of study
drug. At the time of the syncopal event, she had not yet eaten
breakfast or taken her daily dose of GXR. At the time of this
event, the subject also had a mild fever and moderate dehy-
dration. She had also experienced vomiting, diarrhea, and
gastroenteritis the day before the event. In another instance,
the syncopal event occurred while the subject was at church.
Subsequently, there were additional reports of other people
fainting at the church, possibly related to the heat. Another
subject felt dizzy and fainted while playing soccer on a 90-
degree day. The syncopal episode resolved the same day
without medical treatment. The fourth subject who experi-
enced syncope had taken her daily dose of GXR 10 minutes
after awakening and on an empty stomach. The subject fain-
ted a few minutes later during an argument with her father.
The syncope resolved the same day without treatment. In the
remaining case of syncope, the subject fainted after standing
for an extended length of time. The investigator judged that
the event was related to both dehydration and prolonged
standing.

Safety: Somnolence, sedation, or fatigue events

The incidence of somnolence, sedation, or fatigue events is
summarized in Fig. 3. The majority of somnolence, sedation,
or fatigue events were moderate or mild in severity and re-
solved by end of treatment. The median day of onset for a
somnolence, sedation, or fatigue event was within the first 3
weeks of treatment (17 days). Figure 4 depicts the overall
incidence and severity of somnolence, sedation, or fatigue
events over the course of the study. The frequency of som-

Table 2. Most Common Treatment Emergent Adverse Events Occurring in �10% of the Safety Population

of Each Therapy Subgroup

Adverse event
Safety population,
N¼ 259, n (%)

Monotherapy,
n¼ 206, n (%)

Psychostimulant co-therapy,
n¼ 53, n (%)

Somnolence 79 (30.5) 78 (37.9) —

Headache 63 (24.3) 51 (24.8) 12 (22.6)

Upper respiratory tract infection 46 (17.8) 33 (16.0) 13 (24.5)

Nasopharyngitis 37 (14.3) 29 (14.1) 8 (15.1)

Fatigue 36 (13.9) 31 (15.0) —

Upper abdominal pain 33 (12.7) 25 (12.1) 8 (15.1)

Sedation 29 (11.2) 26 (12.6) —

Pharyngitis — — 6 (11.3)

Decreased appetite — — 7 (13.2)

Irritability — — 7 (13.2)
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nolence, sedation, or fatigue events steadily declined during
the first 6 months of treatment from 37.8% to 15.8% and re-
mained below 15.8% for the remainder of the study with the
exceptions of visits 13 (15.9%) and 14 (17.1%).

Safety:Vital signs

There were small changes from baseline to end point in
pulse, DBP, and SBP. Over the long-term treatment period,
there were no overt trends in vital sign measurements over
time or across actual doses at time of assessments. The mean
(SD) change in pulse at the end of treatment in the safety
population was �0.1 (14.7) bpm and the range of mean

changes in the all active treatment group (excluding end
point) varied from �3.5 bpm to �0.2 bpm. In the mono-
therapy subgroup there was a�0.8 (14.7) bpm mean decrease
in pulse rate, whereas in the combination therapy subgroup
there was a 2.6 (14.4) bpm mean increase.

Overall, there was a mean (SD) increase in SBP of 1.2 (12.4)
mmHg at end of treatment, with a range of means in the all
active treatment group (excluding end point) of �3.8 mmHg
to þ4.7 mmHg. At the end of treatment, there was a mean
(SD) increase in DBP of 0.9 (10.0) mmHg (range �2.7 to
þ2.5 mmHg in the all-active group). Mean (SD) changes from
baseline of the antecedent study to end point in SBP and DBP
were 6.6 (11.3) mmHg and 4.6 (9.9) mmHg.
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Reports of vital sign outliers from the safety population
demonstrated that most pulse outliers were due to pulse in-
creases, and most blood pressure outliers were due to de-
creases in blood pressure. Pulse rates of <50 bpm were
reported in 15 subjects (5.9%) in contrast with 77 subjects
(30.1%) of the safety population who demonstrated pulse
rates of >100 bpm. SBP measures of <90 mmHg were re-
ported in 46.8% of subjects aged 6–12 years and <100 mmHg
in 61.8% of older subjects, aged 13–17 years. In contrast, ele-
vated SBP (>120 mmHg) was reported in 23.9% of the
younger subjects and 13.2% of adolescents (>140 mmHg).
DBP outliers followed a similar pattern. Decreased DBP
(<50 mmHg) was observed in 27.7% of children and in 67.6%
of adolescents (<60 mmHg). Conversely, increased DBP of
>80 mmHg or >90 mmHg was reported in 16% of 6- to 12-
year-old subjects and 5.9% of 13- to 17-year-old subjects, re-
spectively.

Mean weight gain from baseline of the antecedent study to
end point was 15.4 pounds.

Only 2.3% (6 of 259 subjects) of subjects experienced in-
creases in weight deemed possibly related or related to study
medication. Mean height increase from baseline of the ante-
cedent study to end point was 2.7 inches.

Safety: ECG

No ECG abnormality was considered by investigators as a
serious AE. Twenty eight subjects had new, abnormal ECGs at
end point; only 2 were considered clinically significant by the
investigators. In the first subject, advanced atrioventricular
block was initially reported as a serious AE and subsequently
changed to a nonserious conduction disorder not otherwise
specified (NOS) after further tests and evaluation. The sub-
ject’s pulse rate and QRS intervals never met outlier crite-
ria during the study, and QTcF intervals never exceeded
366 msec. This subject had shown intraventricular delay on
ECGs at baseline of the antecedent study and at baseline of the
open-label extension study. This is the only subject to have
discontinued the study due to an ECG abnormality. The sec-
ond subject with a clinically significant ECG displayed sinus
bradycardia in month 3. The subject’s baseline heart rate was
63 bpm but repeat measures in month 3 showed a heart rate
of 45 and 46 bpm, and an end-of-study rate of 76 bpm. The
subject did not report any other symptoms at the time of the
event.

Further analysis of ECG outlier criteria demonstrated that
throughout the duration of the study, no subject had a QRS
interval �120 msec, a QT interval�480 msec, a QTcB or QTcF
interval �500 msec, or a QTcB or QTcF increase from baseline
of�60 msec. Thirty subjects had a QTcF change from baseline
measure between �30 and <60 msec, and the same QTcB
change from baseline criterion was met by 21 subjects. A heart
rate �50 bpm was observed in 15 subjects and an increased
heart rate of �100 bpm was recorded in 9 subjects.

Efficacy: Main efficacy measure; ADHD-RS-IV scores

Overall mean (SD) ADHD-RS-IV total score at baseline of
the antecedent study was 38.3 (10.1). There were no notable
differences in baseline (SD) ADHD-RS-IV total scores be-
tween dose groups (1 mg, 38.6 [7.3]; 2 mg, 35.8 [10.7]; 3 mg,
38.4 [11.1]; and 4 mg, 39.5 [9.1]). At baseline, the mean (SD)
ADHD-RS-IV total score was 29.3 (10.9) for the population of

subjects co-administered psychostimulants and 40.6 (8.5) for
the monotherapy subgroup.

The mean (SD) ADHD-RS-IV score at end point across all
active GXR dose groups was 18.1 (12.4), representing a re-
duction of more than 50% from the mean baseline score. Mean
(SD) changes in ADHD-RS-IV total score from baseline to end
point showed statistically significant improvement: overall,
�20.1 (13.5) ( p < 0.001), and for all GXR dose groups, �23.8
(12.3),�22.5 (12.3),�20.0 (14.0), and�18.4 (13.7) for the 1-, 2-,
3-, and 4-mg dose groups, respectively ( p < 0.001 for each).
GXR monotherapy yielded a significant reduction in ADHD-
RS-IV mean score (overall group final mean [SD] score was
19.4 [12.9], mean score reduction was �21.2 [13.9], p < 0.001),
and significant (SD) score reductions were demonstrated
in each monotherapy dose group: 1 mg¼�24.3 (12.8), 2 mg¼
�24.3 (11.5), 3 mg¼�22.1 (14.2), and 4 mg¼�18.0 (14.6); p <
0.001 for all. Similarly, in the smaller group of subjects who
received psychostimulant co-therapy, the overall ADHD-RS-
IV mean [SD] total score also showed a significant reduction
from baseline to end point (overall group final mean score
was 13.2 [8.5], mean score reduction was �16.1 [11.0], p <
0.001). Statistically significant [SD] improvements were seen
in the co-therapy subgroups receiving 2, 3, and 4 mg of GXR
(�14.4 [12.7], p¼ 0.006; �12.5 [10.2], p < 0.001; �19.7 [10.2], p
< 0.001, respectively). There was a�21.5 (SD 13.4) point mean
score reduction observed in the 1 mg GXR combination ther-
apy subgroup; however, statistical significance was not at-
tained, most likely due to the small sample size (n¼ 2) of this
group.

GXR therapy elicited early improvement based on a mean
(SD) ADHD-RS-IV total score reduction of �15.8 (11.0)
achieved for the overall full analysis set at the first assessment
after baseline of the open-label extension study (visit 1,
week 1) and for each GXR dose group; (1 mg¼�19.3 [9.6],
2 mg¼�17.2 [10.2], 3 mg¼�16.5 [12.1], 4 mg¼�13.9 [10.2]).
Efficacy was sustained throughout the 24-month study as
determined by ADHD-RS-IV scores at each monthly evalua-
tion up to and including end point.

Similar results were obtained when data from the full
analysis set were analyzed based on weight-adjusted actual
doses. Mean (SD) changes in ADHD-RS-IV total score from
baseline to visit 1 were �12.2 (11.8), �16.5 (12.7), and �21.4
(12.4) for the 0.01- to 0.04-mg=kg, 0.05- to 0.08-mg=kg, and
0.09- to 0.12-mg=kg dose groups, respectively. The earliest
time point that included subjects in the 0.13- to 0.17-mg=kg
dose group was not until the month 1 visit, at which point this
dose group demonstrated a �27.7 (9.4) mean (SD) reduc-
tion in ADHD-RS-IV total score. At end point, mean ADHD-
RS-IV total scores were significantly ( p< 0.001) reduced from
baseline in each weight-adjusted dose group. Mean (SD)
changes were �18.9 (12.1) for the 0.01-to 0.04-mg=kg group,
�19.8 (14.7) for the 0.05- to 0.08-mg=kg group,�25.5 (14.3) for
the 0.09- to 0.12-mg=kg group, and�20.8 (15.5) for the 0.13- to
0.17-mg=kg group. Results from this analysis are shown in
Fig. 5.

Efficacy: Additional outcomes (CPRS-R, CGI-I, PGA,
and CHQ-PF50)

CPRS-R mean changes from baseline to end point were
statistically significant in the overall treatment group (�18.2;
p<0.001). Similar results were obtained when analyzing the
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monotherapy and combination therapy subgroups sepa-
rately. The overall mean change from baseline demonstrated
statistically significant ( p < 0.001) improvement in CPRS-R
scores at each postdose assessment. As shown in Fig. 6, mean
improvement from baseline to end point was statistically

significant ( p < 0.001) at each postdose time point in the full
analysis set, the GXR monotherapy subgroup, and the com-
bination therapy subgroup.

The overall baseline mean (SD) CGI-S score was 4.6 (0.8).
Investigator-rated CGI-I scores at end point showed that
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investigators rated the majority of subjects very much im-
proved (29.3%) or much improved (28.8%). Using notes re-
garding their child’s behavior from the last weekend day prior
to visit 0 (the baseline visit for the open-label extension study),
parent-rated scores at end point for the PGA were in close
agreement with the investigator-rated CGI-I. For the PGA, 126
of 211 (59.7%) of subjects were rated as very much or much
improved at end point.

Mean changes in CHQ-PF50 Physical Summary Scores
from baseline to end point were not statistically significant.
On the other hand, CHQ-PF50 Psychosocial Summary Scores
demonstrated statistically significant improvement from
baseline to end point for the overall full analysis set (9.2 [SD
11.9], p < 0.001).

Discussion

Guanfacine is an a2A-adrenoreceptor agonist that is
believed to improve cognition via selective action in the pre-
frontal cortex (Arnsten et al. 1988; Uhlén et al. 1991). Short-
acting immediate-release formulations of guanfacine have
been used to treat symptoms of ADHD (Scahill et al. 2001).
More recently, GXR has been evaluated as monotherapy for
ADHD in short-term, double-blind, controlled clinical trials
(Biederman et al. 2008; Sallee et al. 2008). In each of these
studies, GXR has demonstrated significant improvement in
primary and secondary efficacy outcomes (Biederman et al.
2008; Sallee et al. 2008). The treatment effect sizes in the short-
term controlled trial that served as one of the antecedent
studies for the present study ranged from 0.41 for the 0.01- to
0.04-mg=kg weight-adjusted actual dose group to 0.89 for the
0.13- to 0.16-mg=kg group (Sallee et al. 2008).

This 2-year open-label study assessed the long-term safety
and efficacy of GXR, and the overall results are consistent
with findings from the short-term, blinded studies. The ma-
jority of TEAEs were mild to moderate in severity, including
the majority of events that led to discontinuation. Regarding
the overall dropout rate of approximately 77%, it is important
to note that only 12% of subjects discontinued due to TEAEs
and 10% due to lack of efficacy. Hypotension was an un-
common TEAE and was reported by only 5% of patients
during the 2-year study. Syncope was not reported in either of
the antecedent studies but was reported by 5 patients (1.9%) in
the current study (Biederman et al. 2008; Sallee et al. 2008).
Although judged as possibly or probably related to study
medication, these episodes of syncope were associated with
confounding circumstances, such as hot weather, dehydra-
tion, and prolonged standing. In one case, the subject reported
a history of ‘‘black-out spells’’ and lightheadedness prior to
use of study drug. Mean weight gain from baseline of the
antecedent study to end point was 15.4 pounds, which is ex-
pected for this study population of growing children and
adolescents, followed for up to 24 months, and the mean in-
crease in height over the course of the study was 2.7 inches.

Most somnolence, sedation, or fatigue events were mild or
moderate, occurred in the first few weeks of treatment, did not
lead to premature discontinuation, and resolved during the
study. The median onset was within the first 3 weeks, with a
median duration lasting 44 days. However, the duration of
the event was determined by the total number of days be-
tween the first and last reports of the event, and therefore may
include days during which the event did not occur. Of the 31

subjects who discontinued the study because of a TEAE, 10
were associated with a somnolence, sedation, or fatigue event.
Although this study was not designed to compare mono-
therapy with combination therapy, the rate of somnolence,
sedation, or fatigue events was numerically lower in the
psychostimulant co-therapy group, whereas irritability and
decreased appetite occurred more frequently in the psychos-
timulant co-therapy group. There were no obvious trends in
vital sign changes, with modest overall changes in pulse rate
and blood pressure measures and no serious ECG abnor-
malities reported, although 15 subjects exhibited bradycardia
(heart rate �50 bpm).

As an open-label extension study, this study was not de-
signed to detect differences between GXR monotherapy and
psychostimulant co-therapy. Keeping this caveat in mind, the
incidences of TEAEs in the monotherapy group and combi-
nation therapy group were reasonably similar. As described
previously and shown in Table 2, the lists of the most fre-
quently occurring TEAEs were similar between the overall
group and the monotherapy group. On the basis of the low
rate of discontinuations due to TEAEs and the low incidence
of severe or serious AEs, combination therapy with stimulants
and GXR appeared generally to be safe.

Efficacy measures were secondary outcomes due to the
design of this open-label study. Efficacy outcome measures
included clinician and parent ratings. The main efficacy
measure was the mean change in ADHD-RS-IV total score
from baseline of the antecedent study to end point of the open-
label extension study. Baseline symptom scores and clinician
ratings indicated subjects enrolled in the study had moderate
to severe ADHD. Statistically and clinically significant im-
provements were noted in ADHD-RS-IV total scores overall
for each GXR dose group, whether or not GXR was given
alone or in combination with psychostimulants. The mean
ADHD-RS-IV score at end point was 18.1 for the overall
group, 19.4 in the monotherapy group, and 13.2 in subjects co-
administered psychostimulants, bringing the mean score of
subjects in the combination therapy group below the criterion
that has been suggested as indicating remission (ADHD-RS-
IV score <18), and the mean score in the monotherapy group
close to remission as well (McIntyre et al. 2006; Steele et al.
2006).

The effects of GXR therapy were early and long lasting.
ADHD-RS-IV score improvements were noted at the first
postbaseline evaluation point and were sustained throughout
the study through end point. The results from CPRS-R scores
at multiple times throughout the day demonstrated that GXR
treatment is durable, in most cases lasting up to 24 hours past
the previous dose. Symptom improvement was evaluated
consistently based on clinician- and parent-rated scales. More
than half of the subjects were rated as very much or much
improved at end point by clinician ratings using the CGI-I
scale. Similar results were obtained by parent ratings using
the PGA scale. CHQ-PF50 scores demonstrated significant
improvement in psychosocial functioning during the study.

Interpretation of these findings must consider the open-
label and uncontrolled nature of the study design. While long-
term data are essential to understanding the effect of a
medication, long-term placebo-controlled studies are often
not possible from an ethical perspective. In addition, a sub-
stantial percentage of subjects (27.9%) withdrew consent over
the course of the 2-year study, such that it is unknown if they
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withdrew due to a perceived lack of efficacy or due to other
considerations, given the length of the study. Nonetheless, it is
encouraging that the findings of this study are consistent with
shorter-term controlled studies demonstrating the safety and
efficacy of GXR.

Although the study was not designed to make direct
comparisons between GXR monotherapy and combination
therapy with psychostimulants, a few reasoned thoughts on
the outcomes can be made. The vast majority of the study
subjects received GXR as monotherapy; as such, overall re-
sults reported for the entire study population are indicative of
the safety and efficacy of GXR monotherapy for the treatment
of ADHD. Indeed, most comparisons of data between the
overall group and the GXR monotherapy subgroup show a
high level of similarity. Overall, these data support that GXR
monotherapy is safe and effective for treating ADHD. In the
population of subjects receiving GXR with psychostimulant
co-therapy, statistically and clinically significant efficacy was
observed and no exceptional safety issues were noted over the
course of this 2-year study.

The results from the current study demonstrate the long-
term safety and efficacy of GXR used to treat symptoms of
ADHD in children and adolescents over the course of 24
months. Additional, more rigorously controlled evaluations
comparing GXR monotherapy and co-administration with
stimulants may be warranted.
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