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Abstract

Objective: The aim of this study was to evaluate the safety and effectiveness of guanfacine extended release (GXR)

administered concomitantly with psychostimulants in children and adolescents with attention-deficit=hyperactivity disorder

(ADHD) and suboptimal response to a psychostimulant alone.

Design and Methods: This was a multicenter, open-label, 9-week, dose-escalation study of 75 subjects with ADHD treated

with methylphenidate (MPH) or amphetamine (AMP) alone for at least 1 month, yet with suboptimal control of ADHD

symptoms. Sixty-three subjects (84.0%) completed the study. Patients received GXR in addition to their psychostimulant.

Starting with 1 mg=day, GXR was increased weekly to the highest tolerated dose (1, 2, 3, or 4 mg=day), which was maintained

through week 6. GXR was then titrated downward in 1-mg weekly decrements from week 7 through week 9. Psychostimulant

treatment regimens were continued until at least week 7.

Main Outcome Measures: Safety assessments included adverse events (AEs), vital signs, physical examination, clinical

laboratory tests, the Pediatric Daytime Sleepiness Scale, and the Pittsburgh Side Effects Rating Scale. Efficacy was assessed

using the ADHD Rating Scale IV (ADHD-RS-IV), the Conners’ Parent Rating Scale–Revised Short Form, Clinical Global

Impressions, Parent Global Assessment, and Child Health Questionnaire–Parent Form.

Results: The most common treatment-related AEs were upper abdominal pain (25.3%), fatigue (24.0%), irritability (22.7%),

headache (20.0%), and somnolence (18.7%). Most AEs were mild to moderate in severity. Investigator-rated AEs due to

blood pressure decreases, heart rate, or electrocardiogram findings were infrequent. Mean changes from baseline (psy-

chostimulant monotherapy just prior to receiving GXR) to end point in ADHD-RS-IV total score were statistically significant

overall:�16.1 ( p< 0.0001). Significant improvement in both subscales of the ADHD-RS-IV was observed. Improvement of

symptoms was observed in a majority of subjects.

Conclusion: Coadministration of GXR and MPH or AMP was generally safe and associated with statistically significant and

clinically meaningful ADHD symptom improvement in children and adolescents.

Introduction

Attention-deficit=hyperactivity disorder (ADHD) is

one of the most common psychiatric disorders of childhood.

An estimated 8–12% of children are affected with the disorder

(Biederman and Faraone 2005). Among available treatment agents,

the psychostimulants amphetamine (AMP) and methylphenidate

(MPH) are a mainstay of ADHD pharmacotherapy (Scahill et al.

2001). However, an estimated 25–30% of patients do not respond

to either MPH or AMP as monotherapy (Cantwell 1996; Scahill

et al. 2001; Greenhill et al. 2002). Furthermore, a landmark 2001

National Institutes of Mental Health (NIMH) study estimated that

only 56% had a complete response to optimal doses of stimulants

(Swanson et al. 2001). For those individuals who do not fully
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respond to stimulants, combination pharmacotherapy is one option

that may provide more effective treatment.

Clinicians commonly prescribe a combination of medications,

despite the lack of U.S. Food and Drug Administration approval

and clinical research to support the use of combination therapy

(Popper 1995; Brown 2004; Adler et al. 2006). Combination

therapy may be prescribed to address a partial response to a med-

ication, dose-limiting adverse events (AEs), treatment-induced or

-exacerbated conditions such as sleep disturbances, or co-morbid-

ities such as tic disorders (Adler et al. 2006). Despite its potential

utility, clinicians must consider the possible risks associated with

combination pharmacotherapy, such as the potential for drug–drug

interactions. For this reason, careful patient monitoring is essential

(Adler et al. 2006).

There is a paucity of data from controlled trials prospectively

designed to assess the clinical benefits and safety of combination

pharmacotherapy. Indeed, the literature is limited to case reports,

anecdotal information, and a relatively small number of clinical

studies, few of which were double blind or placebo controlled.

Studies of combination therapy with the a2-adrenoceptor agonist

clonidine and psychostimulants have generally shown benefits of

combination therapy over monotherapy (Connor et al. 2000; The

Tourette’s Syndrome Study Group 2002; Hazell and Stuart 2003).

The most recent study, a randomized, double-blind, placebo-

controlled trial (n¼ 122) of children with ADHD, did not find a

significant benefit of combination therapy with clonidine and MPH

over MPH alone on the primary outcome measure, the Abbreviated

Symptoms Questionnaire (ASQ)–Teacher Score. Additional ben-

efits of combination therapy were seen, however, on some sec-

ondary measures (Palumbo et al. 2008). In the past, case-level data

have raised safety concerns regarding the combination of MPH

and clonidine (Popper 1995; Swanson et al. 1995). However, in a

separate safety analysis, the authors of the study described previ-

ously concluded that they found no support for harmful interactions

between clonidine and MPH in their study population (Daviss et al.

2008).

The selective a2A-adrenoceptor agonist guanfacine has been

used both in monotherapy and in combination with stimulants in

the treatment of ADHD. Although clonidine and guanfacine are

both a2-adrenoceptor agonists, guanfacine is more selective for

the a2A-adrenoceptor, and this selectivity has been hypothesized

to account for the less sedating and hypotensive profile of guan-

facine compared with clonidine (Uhlén et al. 1991; Arnsten et al.

2007).

In small pilot studies in both children and adults, monotherapy

with immediate-release guanfacine has been shown to be rela-

tively well tolerated and effective (Chappell et al. 1995; Horrigan

and Barnhill 1995; Hunt et al. 1995; Dulcan et al. 1997; Scahill

et al. 2001). The usefulness of immediate-release guanfacine, how-

ever, is limited clinically by its duration of action, which neces-

sitates multiple daily doses (two to four times a day) (Chappell

et al. 1995; Hunt et al. 1995; Boellner et al. 2007; Kisicki et al.

2007).

In contrast with immediate-release guanfacine, the extended-

release formulation of guanfacine (GXR) allows effective

once-daily dosing (Shojaei et al. 2006). In addition to convenience,

once-daily dosing may result in a significant reduction in the peak-

to-trough fluctuations associated with multiple daily dosing.

Maintaining therapeutic levels may also improve both the safety

and efficacy profile (Kisicki et al. 2007; Swearingen et al. 2007). Of

note, the bioavailability of GXR is 58% of that of immediate-

release guanfacine (Shojaei et al. 2006).

The safety and efficacy of GXR (1, 2, 3, or 4 mg=day) as

monotherapy for ADHD was established in two large, randomized,

controlled studies (n¼ 345, 324) (Biederman et al. 2008; Sallee

et al. 2009). GXR was recently approved by the U.S. Food and Drug

Administration for the treatment of ADHD.

Although GXR monotherapy has been studied in controlled

clinical trials, combination therapy with GXR and psychostimu-

lants has not been similarly investigated. This study evaluated the

safety and effectiveness of GXR (1, 2, 3, or 4 mg=day) coadmi-

nistered with a psychostimulant (either MPH or AMP) in children

and adolescents aged 6–17 years with suboptimal control of their

ADHD on a psychostimulant alone.

Methods

Study design and eligibility

This open-label, dose-escalation, coadministration study was

conducted at 17 centers in the United States from August to

December, 2004. The study protocol was approved by Institutional

Review Boards and conducted in accordance with the principles of

the Declaration of Helsinki (2000) and the International Con-

ference on Harmonisation’s Guideline for Good Clinical Practice

(1996).

Eligible subjects were male and female children and adolescents

aged 6–17 years who satisfied the Diagnostic and Statistical

Manual of Mental Disorders, 4th Edition, Text Revision (DSM-IV-

TR) (American Psychiatric Association 2000) criteria for a primary

diagnosis of ADHD (combined, predominantly inattentive, or

predominantly hyperactive=impulsive subtype) and who were

functioning intellectually at an age-appropriate level. Subjects

were required to have been following a stable regimen of either

MPH or AMP, taking at least the minimum dose recommended by

the relevant package insert for at least 1 month with suboptimal

control of ADHD symptoms, as determined by the investigator.

Key exclusion criteria included: Uncontrolled co-morbid psychi-

atric conditions, except for oppositional defiant disorder or mild

anxiety; medical conditions that could confound safety assessments

or prevent study completion; morbid obesity (body mass index

�35); hypertension or orthostatic hypotension; use of concomitant

medication (other than psychostimulants) known to affect blood

pressure, heart rate, or cognitive performance; and previous treat-

ment with guanfacine. Some medications were allowed, such as

antibiotics and over-the-counter medications that did not affect

blood pressure, heart rate, or the central nervous system.

Treatment schedule

At baseline, all subjects were receiving a stable dose of a psy-

chostimulant approved for the treatment of ADHD for at least 1

month with suboptimal control in the opinion of the investigator.

The psychostimulant regimen was maintained at the same dose and

frequency throughout the upward GXR dose-titration and dose-

maintenance phases. During the upward dose-titration phase, GXR

dose was started at 1 mg=day and increased each week by 1 mg to

the highest tolerated GXR dose (1, 2, 3, or 4 mg=day). Downward

GXR dose adjustments were permitted if a given GXR dose was not

tolerated. In such cases, GXR dose was reduced in 1-mg weekly

decrements.

Subjects remained at the highest tolerated GXR dose through

week 6. If GXR dose was adjusted for tolerability, the subject

remained at the highest tolerated GXR dose for at least 3 weeks.

Regardless of whether the GXR dose was adjusted, subjects con-
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tinued their stable psychostimulant regimen through the dose-

maintenance phase. Subjects who terminated before completing the

study were assigned to the treatment group corresponding to the last

dose prior to downward titration.

GXR dose was titrated downward from the highest tolerated

dose in 1-mg weekly decrements from week 7 through week 9.

Until this point in the study, the dose of psychostimulant was not

adjustable; however, during downward GXR dose titration, sub-

jects and their parents were given the option of maintaining or

reducing their current psychostimulant regimen. By week 10, GXR

doses were discontinued, unless the subject had enrolled in a sub-

sequent open-label extension study.

Safety assessment

The primary outcome of this study was to assess the safety of

GXR coadministration with psychostimulants for the treatment of

ADHD in children and adolescents with suboptimal control on a

psychostimulant alone. Safety assessments included AEs, clinical

laboratory tests, physical examination, vital signs, electrocardio-

gram (ECG) readings, the Pediatric Daytime Sleepiness Scale

(PDSS), and the Pittsburgh Side Effects Rating Scale (PSERS).

AEs were defined as clinically significant symptoms, conditions, or

changes from the screening examination. Somnolence, sedation,

and fatigue (SSF) were considered AEs of special interest: Addi-

tional analyses were performed with regard to their prevalence and

intensity. Clinical chemistry (including thyroid function), hema-

tology, and urinalysis were performed at screening, visit 6, and visit

9. Physical examinations, including height and weight measure-

ment, were conducted at screening and at visit 9. Vital sign mea-

surements included seated blood pressure and pulse (taken at

screening, baseline, and visits 1–10), and postural orthostatic blood

pressure (at visits 4, 6, and 9). ECG readings were performed at

screening, visit 6, and visit 9. The end point for safety assessments

was defined as the last nonmissing postbaseline treatment week at

week 9 (end-of-study) or earlier (early termination).

The PDSS is a self-rated assessment of daytime sleepiness that

was completed at screening, baseline, and visits 1–9. The subjects

responded to eight questions related to sleepiness using a Likert

scale rating (never¼ 0; always¼ 4). Higher scores on the PDSS

indicated greater levels of sleepiness.

The PSERS is a clinician-rated scale used to assess the severity

of AEs such as dullness, tiredness, listlessness, headache, stom-

achache, loss of appetite, and trouble sleeping. The PSERS was

completed at screening and visits 1–9. Severity of AEs was rated as

none, mild, moderate, or severe.

Efficacy assessments

The main efficacy measure was change in ADHD-RS-IV total

score from baseline (when patients were receiving psychostimu-

lants alone, just before receiving GXR) to end point, with end point

defined as the last postbaseline treatment week during the upward

dose-titration or dose-maintenance phases for which a valid score

was obtained. The ADHD-RS-IV consists of 18 items regarding

ADHD symptoms, with each item scored on a scale of 0 (no

symptoms) to 3 (severe symptoms).

Additional secondary efficacy outcomes included change in

score from baseline to end point for the following: the Conners’

Parent Rating Scale–Revised Short Form (CPRS-R), the Clinical

Global Impressions–Severity and –Improvement (CGI-S and

CGI-I) scales, the Parent Global Assessment (PGA) scale, and the

Child Health Questionnaire–Parent Form (CHQ-PF50). The CPRS-

R, which was used to assess duration of effect, is a parent-rated

subscale of 27 items related to ADHD symptoms and problem

behaviors. Items are rated on a scale of 0 (not true at all, never,

seldom) to 3 (very much true, very often, very frequent). The

CPRS-R was completed at 6 a.m., 6 p.m., and 8 p.m. during the

baseline visit and visit 6.

For the CGI-S, the clinician rated the severity of ADHD symp-

toms at baseline on a scale of 1 (no symptoms) to 7 (very severe

symptoms). For the CGI-I, the clinician rated the improvement of

ADHD symptoms at visit 6 on a scale of 1 (very much improved) to

7 (very much worse). The PGA, a parent-rated variation of the CGI

in which the parent or caregiver evaluates the subject’s symptom

severity, was assessed between screening and baseline visits

and again at visit 6. Responses from the CGI-I and PGA were

dichotomized into two categories, ‘‘improvement’’ (included the

responses ‘‘very much improved’’ and ‘‘much improved’’) and ‘‘no

improvement’’ (all other responses). The CHQ-PF50 is a validated

quality-of-life measure currently used in pediatric studies. In this

measure, the parent answered questions that assessed 14 core

health concepts, and resulted in two summary scores: One for the

subject’s physical well-being and another for the subject’s psy-

chosocial well-being. The transformed scores ranged from 0 to 100,

with higher scores indicative of improved health.

Data analysis

Determination of sample size by formal calculation was not

applicable to this open-label study. All safety and efficacy analyses

were conducted for the overall study population and by psychos-

timulant group. The safety population, which was used for analy-

ses of safety, comprised all subjects who received at least one

dose of study medication. Safety results were summarized using

descriptive statistics and one-sample t-tests from baseline to post-

baseline visit where applicable. The full analysis set (FAS), which

was used for integrated analyses of efficacy, was defined as all

subjects with a baseline and at least one postbaseline efficacy

measurement.

Efficacy results were summarized using descriptive statistics and

analyzed using one-sample t-tests to assess whether changes from

baseline to end point differed significantly from zero. For the pri-

mary efficacy measure (ADHD-RS-IV), results were analyzed by

age group (aged 6–12 years and 13–17 years), weight-adjusted dose

group, and weight-adjusted dose group and age group. Subgroup

analyses of ADHD-RS-IV inattentiveness score and ADHD-RS-IV

hyperactivity=impulsivity score were also conducted by age group.

Hypothesis tests were two-sided and were performed at the 5%

significance level. This study was open-label and no comparator

arm was used. It was not designed or powered to evaluate a dif-

ference in safety or efficacy between psychostimulant groups or

other subgroups.

Results

Subject demographics

Subject demographics and ADHD diagnoses are presented in

Table 1. Of the 75 subjects enrolled in the study, 42 received GXR

and MPH (GXRþMPH) and 33 received GXR and AMP

(GXRþAMP). The overall mean age of the subjects was 11.4

years, with subjects in the 6- to 12-year age group constituting

72.0% of the overall population of the study. Mean age was similar

in both groups (11.1 years in the GXRþMPH group, 11.6 years in
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the GXRþAMP group). However, age groupings differed slightly

between the two psychostimulant groups: 6- to 12-year-old subjects

constituted 78.6% of subjects in the GXRþMPH group, compared

with 63.6% of subjects in the GXRþAMP group.

The mean weight� standard deviation (SD) of subjects in the

study was 103.24� 33.0 pounds. For the GXRþMPH group,

the mean weight� SD was 101.69� 32.1 pounds, and, for the

GXRþAMP group, the mean weight� SD was 105.21� 34.4)

pounds. Weight spanned a wide range in both groups: 65–180

pounds in the GXRþMPH group and 61–197 pounds in the

GXRþAMP group.

Most subjects in both psychostimulant groups were of the

combined ADHD subtype (78.6% and 69.7% in the GXRþMPH

and GXRþAMP groups, respectively). On average, subjects had

been diagnosed with ADHD 3.3 years before the study in the

GXRþMPH group and 4.2 years before the study in the

GXRþAMP group. The time since diagnosis varied widely in both

groups, ranging from 0 to 10 years in the GXRþMPH group and 0

to 11 years in the GXRþAMP group.

Baseline values for the main efficacy variable, ADHD-RS-IV

total score, were 27.9 for the overall group, 29.1 for the

GXRþMPH subgroup, and 26.3 for the GXRþAMP subgroup.

CGI-S scores indicated that the subjects were moderately impaired

at the start of the study (4.0, 4.2, and 3.9 at baseline for the over-

all group, GXRþMPH subgroup, and GXRþAMP subgroup,

respectively), despite having followed their respective psychosti-

mulant regimens for 1 month or longer prior to baseline.

This was a dose-optimized study in which dose was titrated up to

4 mg=day to optimal effect or to the highest tolerated dose. Mean

dose of GXR at end point (the last postbaseline treatment week

during the upward dose-titration or dose-maintenance phases for

which a valid score was obtained) was 3.1 mg=day. The mean

weight-adjusted dose at end point was 0.07 mg=kg.

Safety

Overall, 69 of 75 subjects (92.0%) experienced a treatment-

emergent adverse event (TEAE): 41 of 42 subjects (97.6%) in the

MPH group and 28 of 33 subjects (84.8%) in the AMP group. The

most common TEAEs were fatigue (34.7%), headache (33.3%),

upper abdominal pain (32.0%), irritability (32.0%), somnolence

(18.7%), and insomnia (16.0%). TEAEs judged possibly related

or related to GXR that occurred in �5% of subjects are shown in

Table 2. These TEAEs were experienced by a similar proportion

of subjects in both psychostimulant groups (78.6% of subjects in

the GXRþMPH group and 75.8% of subjects in the GXRþAMP

group). The most common possibly related or related TEAEs

were upper abdominal pain (25.3%), fatigue (24.0%), irritability

(22.7%), headache (20.0%), and somnolence (18.7%). The inci-

dences of the TEAEs were comparable between both psychosti-

mulant subgroups except for fatigue (28.6% in the GXRþMPH

subgroup vs. 18.2% in the GXRþAMP subgroup) and irrita-

bility (14.3% in the GXRþMPH subgroup vs. 33.3% in the

GXRþAMP subgroup).

TEAEs with at least a possible relationship to GXR were mild or

moderate in intensity in all subjects except for one, a 10-year-old

male in the GXRþMPH group who received GXR 4 mg=day and

reported four severe TEAEs (fatigue, fecal incontinence, distorted

equilibrium, and dizziness), all of which resolved without treatment

and upon discontinuation of GXR. One subject experienced facial

Table 1. Demographics and ADHD Diagnosis by Psychostimulant Group

Psychostimulant Group

Characteristics Methylphenidate (n¼ 42) Amphetamine (n¼ 33) Overall (n¼ 75)

Age (years)
Mean (SD) 11.1 (1.8) 11.6 (2.6) 11.4 (2.2)
Age category (years), n (%)

6–12 33 (78.6) 21 (63.6) 54 (72.0)
13–17 9 (21.4) 12 (36.4) 21 (28.0)

Gender, n (%)
Male 29 (69.0) 26 (78.8) 55 (73.3)
Female 13 (31.0) 7 (21.2) 20 (26.7)

Ethnic origin, n (%)
White 27 (64.3) 27 (81.8) 54 (72.0)
Black 8 (19.0) 3 (9.1) 11 (14.7)
Hispanic 6 (14.3) 2 (6.1) 8 (10.7)
Asian or Pacific Islander 0 1 (3.0) 1 (1.3)
Other 1 (2.4) 0 1 (1.3)

Weight (pounds)
Mean (SD) 101.7 (32.1) 105.2 (34.4) 103.2 (33.0)

Height (inches)
Mean (SD) 58.9 (5.0) 60.2 (5.7) 59.5 (5.3)

ADHD subtype, n (%)
Inattentive 7 (16.7) 9 (27.3) 16 (21.3)
Hyperactive=impulsive 2 (4.8) 1 (3.0) 3 (4.0)
Combined 33 (78.6) 23 (69.7) 56 (74.7)

Years since ADHD diagnosis
Mean (SD) 3.3 (2.6) 4.2 (3.0) 3.7 (2.8)
Median 3.0 4.0 4.0
Min, Max 0, 10 0, 11 0, 11

Abbreviations: ADHD¼Attention-deficit=hyperactivity disorder; SD¼ standard deviation; Min¼minimum; Max¼maximum.

504 SPENCER ET AL.



palsy, which was felt by the investigator to be unrelated to GXR.

Five of the total 75 subjects (6.7%) discontinued due to TEAEs: 3

of the 42 subjects (7.1%) in the GXRþMPH group and 2 of the 33

subjects (6.1%) in the GXRþAMP group. There were no serious

AEs or deaths.

When analyzed by age group, the incidence of TEAEs possibly

related or related to GXR was similar between the 6- to 12-year-old

subjects and 13- to 17-year-old subjects (79.6% and 71.4%,

respectively). Severe TEAEs occurred in 3.7% of the 6- to 12-year-

old group, and in 0.0% of the 13- to 17-year-old group. Of the 5

discontinuations that occurred in the study, 4 were in the 6- to 12-

year-old group and 1 in the 13- to 17-year-old group.

SSF events

Overall, 42 of 75 (56.0%) subjects reported one or more SSF

events, with similar proportions reported in the GXRþMPH and

GXRþAMP groups (54.8% and 57.6%, respectively). Incidents of

treatment-emergent SSF occurred in 18.7% (somnolence), 8.0%

(sedation), and 34.7% (fatigue) of subjects, with no clinically

meaningful differences between the psychostimulant combination

subgroups in the incidences of these events. Severity of the SSF

events was mild or moderate for all subjects except the previously

mentioned subject who experienced severe fatigue. One subject

in the GXRþAMP group discontinued due to somnolence. All

sedation and somnolence events and most fatigue events resolved

during the study.

The median time to onset of SSF events was 23.0 days for the

GXRþMPH subgroup and 18.0 days for the GXRþAMP sub-

group, coinciding with dose escalation, which was complete by

visit 3 (day 21). The median duration of SSF events was 13.0 days

for the GXRþMPH subgroup and 10.5 days for the GXRþAMP

subgroup, with duration encompassing the time from the beginning

of the first event to the end of the last event.

Vital signs

The mean on-treatment change from baseline for seated systolic

and diastolic blood pressure as well as pulse are shown in Table 3.

Twenty subjects exhibited decreases in blood pressure judged to be

of clinical interest. Twelve of the 20 subjects were in the

GXRþMPH group (2 subjects at the 3-mg=day GXR dose and 10

subjects at the 4-mg=day GXR dose); the remaining 8 subjects were

in the GXRþAMP group (3 subjects at the 3-mg=day GXR dose

and 5 subjects at the 4-mg=day GXR dose). Twelve subjects

exhibited orthostatic blood pressure decreases. Six of the 12 sub-

jects were in the GXRþMPH group (1 subject at the 3-mg=day

GXR dose and 5 subjects at the 4-mg=day GXR dose), and the other

6 subjects were in the GXRþAMP group (2 subjects at the

3-mg=day GXR dose and 4 subjects at the 4-mg=day GXR dose).

None of the subjects with blood pressure decreases reported syn-

cope or lightheadedness.

Blood pressure decreases, although frequent, were rarely rated

by investigators as AEs: 2 subjects (2.7%) were noted by investi-

gators to have decreased blood pressure and 1 (1.3%) was noted by

investigators to have unspecified hypotension.

There were no evident patterns of clinical importance with

regard to hematology, clinical chemistry (including human growth

hormone and cortisol), urinalysis, or physical examination results.

Electrocardiogram

Changes from screening in QT intervals using the Fridericia

correction factor (QTcF) ranged from 0.01 msec to 5.15 msec with

a mean (SD) of 3.28 (11.1) msec. Overall, no subject had an ECG

Table 2. Summary of TEAEs Considered Possibly Related or Related to GXR Occurring

in �5% of Subjects (Safety Population)

Psychostimulant group

Body system preferred
term (MedDRA�)

Methylphenidate
(n¼ 42)

Amphetamine
(n¼ 33)

Overall
(n¼ 75)

Totala 33 (78.6) 25 (75.8) 58 (77.3)
Gastrointestinal disorders

Upper abdominal pain 10 (23.8) 9 (27.3) 19 (25.3)
Nausea 3 (7.1) 0 3 (4.0)

General disorders and administration-site conditions
Fatigue 12 (28.6) 6 (18.2) 18 (24.0)

Metabolic and nutrition disorders
Anorexia 3 (7.1) 1 (3.0) 4 (5.3)
Appetite increased NOS 0 2 (6.1) 2 (2.7)

Nervous system disorders
Headache 8 (19.0) 7 (21.2) 15 (20.0)
Sedation 4 (9.5) 2 (6.1) 6 (8.0)
Somnolence 6 (14.3) 8 (24.2) 14 (18.7)

Psychiatric disorders
Anxiety 4 (9.5) 3 (9.1) 7 (9.3)
Depressed mood 1 (2.4) 3 (9.1) 4 (5.3)
Initial insomnia 2 (4.8) 2 (6.1) 4 (5.3)
Insomnia 6 (14.3) 4 (12.1) 10 (13.3)
Irritability 6 (14.3) 11 (33.3) 17 (22.7)
Social avoidant behavior 3 (7.1) 0 3 (4.0)

aSubjects may have experienced more than one AE.
Abbreviations: TEAE¼Treatment-emergent adverse event; GXR¼ guanfacine extended release; MedDRA¼Medical Dictionary for Regulatory

Activities; NOS¼ not otherwise specified; AE¼ adverse event.
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finding of clinical interest or that met the ECG outlier criteria

(PR interval �200 msec, QRS interval�120 msec, QT interval

�480 msec, QTcF interval �500 msec, QTcB interval �500 msec,

QTcF change from baseline�60 msec, QTcB change from baseline

�60 msec, or abnormal rhythm).

The proportions of subjects with a heart rate �100 beats per

minute (bpm) were comparable at screening (10.7%) and on

treatment (11.8%). The proportion of subjects with a heart rate

�50 bpm was higher on treatment (10.3%) than at screening

(1.3%), and was also higher in the GXRþMPH subgroup (13.2%)

than in the GXR-AMP subgroup (6.7%). Investigator-rated AEs

due to heart rate or ECG findings were infrequent; none was serious

or led to discontinuation.

Pediatric Daytime Sleepiness Scale

At baseline, the mean PDSS score was 15.0. Decreases were

observed at visit 6 (�4.8) and end point (�3.1).

Pittsburgh Side Effects Rating Scale

During treatment there was an increase from screening in the

number of subjects reporting clinically significant dullness, tired-

ness, and listlessness on the PSERS. There was a decrease in the

number of subjects with clinically significant loss of appetite and

trouble sleeping. The psychostimulant subgroups were generally

comparable and similar to the larger group.

Efficacy

Statistically significant decreases from baseline (psychostimu-

lant only) to end point in ADHD-RS-IV total score were observed

overall and in both psychostimulant combination subgroups, indi-

cating improvement in ADHD symptoms (overall �16.1,

GXRþMPH group�17.8, GXRþAMP group�13.8; p< 0.0001

for all) (Fig. 1). The mean percentage reduction from baseline to

end point in ADHD-RS-IV score overall was 56.0%.
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29.1
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FIG. 1. ADHD-RS-IV mean scores at baseline (psychostimulant alone) and end point (psychostimulantþGXR) (ITT population).
*p< 0.0001. ADHD¼Attention-deficit=hyperactivity disorder; ADHD-RS-IV¼ADHD Rating Scale IV; GXR¼ guanfacine extended
release; MPH¼methylphenidate; AMP¼ amphetamine; ITT, intent to treat.

Table 3. Mean Change in Vital Signs
a

by Actual Dose
b

GXR 1 mg=day GXR 2 mg=day GXR 3 mg=day GXR 4 mg=day Total

Overall
SBP �1.3 mmHg �3.9 mmHg �5.8 mmHg �6.9 mmHg �3.5 mmHg
DBP 0.8 mmHg �1.7 mmHg �3.0 mmHg �4.1 mmHg �1.4 mmHg
Pulse 0.1 bpm �3.9 bpm �6.8 bpm �9.9 bpm �4.4 bpm

MPH
SBP �2.1 mmHg �4.4 mmHg �6.5 mmHg �10.4 mmHg �4.7 mmHg
DBP 1.1 mmHg �1.5 mmHg �1.8 mmHg �5.9 mmHg �1.2 mmHg
Pulse 1.6 bpm �2.2 bpm �4.5 bpm �8.5 bpm �2.8 bpm

AMP
SBP �0.2 mmHg �3.3 mmHg �5.0 mmHg �1.6 mmHg �2.0 mmHg
DBP 0.5 mmHg �2.0 mmHg �4.4 mmHg �1.3 mmHg �1.6 mmHg
Pulse �1.8 bpm �6.3 bpm �9.7 bpm �12.1 bpm �6.4 bpm

aBlood pressure and pulse taken while seated.
bValues summarize all on-treatment values captured at each dose level.
Abbreviations: GXR¼Guanfacine extended release; SBP¼ systolic blood pressure; DBP¼ diastolic blood pressure; MPH¼methylphenidate;

AMP¼ amphetamine; bpm¼ beats per minute.
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A subgroup analysis of the ADHD-RS-IV total score by age

demonstrated statistically significant improvement for both age

groups overall. For 6- to 12-year-old subjects overall, the mean

improvement was �17.3 ( p< 0.0001), and for 13- to 17-year-old

subjects was �13.0 ( p< 0.0001).

Statistically significant decreases from baseline to end point

also were observed in the mean ADHD-RS-IV inattentiveness

subscale score (�9.2, p< 0.0001) and in the mean ADHD-RS-IV

hyperactivity=impulsivity subscale score (�6.9, p< 0.0001).

Duration of effect

At baseline, the mean day CPRS-R total score was 39.7 overall.

Improvement was significant for the mean day CPRS-R total score

(�19.8, p< 0.0001) as well as for all three time points (�23.2 at

6 p.m. [12 hours postdose],�18.5 at 8 p.m. [14 hours postdose], and

�17.8 at 6 a.m. [24 hours postdose]) (all p< 0.0001) (Fig. 2).

Clinical Global Impressions and Parent
Global Assessment

The baseline CGI-S score was 4.0, indicating moderate

impairment at baseline despite treatment with a psychostimulant at

the minimum recommended dose or higher for 1 month or longer.

The percentage of subjects showing improvement at end point

on the dichotomized CGI was 73.0%, with 27.0% showing no

improvement. On the dichotomized PGA, 84.1% of subjects showed

improvement, with 15.9% of subjects showing no improvement.

Child Health Questionnaire–Parent Form

The mean CHQ-PF50 baseline physical summary score was

56.2, and the mean psychosocial score was 37.3, suggesting that

the every day quality of life for the subjects’ families was nega-

tively impacted by the subjects’ ADHD. No statistically significant

improvement occurred at end point in the CHQ-PF50 physical sum-

mary score. Mean improvement for the CHQ-PF50 psychosocial

score was 10.2, which was statistically significant ( p< 0.0001).

Discussion

The use of combination pharmacotherapy necessitates estab-

lishing the safety and efficacy of the proposed therapeutic regimen.

Presently, there is little evidence regarding the safety of combi-

nation pharmacotherapy in the treatment of ADHD. Although

previous case-level data have raised concerns about some combi-

nations of pharmacotherapies for ADHD, there is a lack of sys-

tematically collected data (Popper 1995; Swanson et al. 1995).

Previous studies of GXR have supported its safety and efficacy

as monotherapy in the treatment of ADHD (Biederman et al. 2008;

Sallee et al. 2009). This study was designed to assess the safety and

effectiveness of GXR combined with either MPH or AMP in

children and adolescents aged 6–17 years with ADHD who had a

suboptimal response to psychostimulant alone.

This study found that GXR dosed to maximum tolerability (up to

4 mg=day) was generally safe and effective when used in combi-

nation with MPH or AMP for the treatment of ADHD. Although

77.3% of subjects experienced a TEAE judged to be related to

GXR, most of these events were mild or moderate and did not lead

to discontinuation. Similarly, although 56.0% of subjects experi-

enced SSF events, most of these events were mild or moderate and

did not lead to discontinuation.

Coadministration of GXR with either MPH or AMP did not

produce a unique pattern of AEs apart from what has been observed

during monotherapy with either psychostimulant or GXR alone. Of

the most common TEAEs reported in this study, irritability,

headache, abdominal pain, and insomnia are known side effects of
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FIG. 2. Mean change in CPRS-R total score from baseline (psychostimulant alone) to end point (psychostimulantþGXR) (FAS). End
point is the last postbaseline treatment week of the dose-titration and dose-maintenance phases (i.e., weeks 1–6 or days 1–42) for which
a valid assessment was obtained. Mean day total scores were determined by averaging the total scores obtained at the three admin-
istrations. *p< 0.0001. CPRS-R¼Conners’ Parent Rating Scale–Revised Short Form; GXR¼ guanfacine extended release; FAS¼ full
analysis set.
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psychostimulant pharmacotherapy, whereas fatigue and somno-

lence have been reported as AEs in previous clinical trials of GXR

(Adderall XR [package insert]; Biederman et al. 2008; Concerta

[package insert]; Sallee et al. 2009). Furthermore, coadministration

of GXR and either psychostimulant did not increase sleepiness, as

noted by the decrease in PDSS scores assessed at visit 6 and at the

end of the study.

In this study, higher doses of GXR were associated with greater

mean decreases in systolic blood pressure, diastolic blood pressure,

and pulse, although this relationship was not seen in the GXRþ
AMP group at the highest actual dose of GXR analyzed. Although

no syncopal events were observed in this trial, clinicians should

monitor blood pressure closely when higher doses of GXR are used.

In this patient population of children and adolescents with

suboptimal control of ADHD symptoms on psychostimulants

alone, there was statistically significant and clinically meaning-

ful improvement in ADHD symptoms when GXR was given in

addition to the psychostimulant. The significant decreases from

baseline to end point in mean ADHD-RS-IV Inattentiveness and

Hyperactivity=Impulsivity subscale scores observed in this study

indicate specific benefits of GXR in the treatment of ADHD

symptoms. This is consistent with data from earlier studies showing

that the beneficial effects of guanfacine in the treatment of ADHD

are dissociable from any sedative or hypotensive actions (Scahill

et al. 2001). Although this was an open-label study, the mean

decrease in ADHD-RS-IV scores was sufficient to bring the chil-

dren to the normal range, a finding that deserves further exploration

with a placebo-controlled study.

Limitations

Several issues should be considered regarding the results of this

study. The exclusion criteria used in the study may have been

selected for a study population that did not reflect the real-world

population of children and adolescents with ADHD. For example,

the subjects in the study were suboptimal responders to psychos-

timulant pharmacotherapy, possibly resulting in greater tolerability

for the combination pharmacotherapy than if psychostimulant-

naı̈ve subjects had been included. Individuals with co-morbid

disorders other than oppositional defiant disorder and mild anxi-

ety—such as major depression and bipolar disorder—were

ineligible for study participation, although they may represent a

large portion of the population of individuals with ADHD (Mil-

berger et al. 1995; Scahill and Schwab-Stone 2000).

Interpretation of subgroup analyses is limited by small sample

sizes in this study as well as the lack of a comparator arm. The

limited number of subjects did not allow detection of rare AEs and

differences in effect between sexes, ages, and ethnic backgrounds in

this diverse study population. The short duration of the study pre-

cludes the availability of information on long-term treatment. Due to

the nature of this nonrandomized study, we could not address whe-

ther differences between the two psychostimulant groups were sig-

nificant. The GXRþMPH subgroup had a higher mean baseline

ADHD-RS-IV score, a higher proportion of 6 to 12 year olds, and a

lower mean baseline weight, compared with the GXRþAMP sub-

group. These differences may explain the differences in effective-

ness results between the psychostimulant subgroups.

Because the primary goal of this trial was to examine the safety

of coadministration of GXR and psychostimulants in children and

adolescents with ADHD, there are many limitations to interpreta-

tion of the effectiveness outcomes. The open-label design of

the study also did not allow for firm conclusions about efficacy,

although it may have suggested possible efficacy. Furthermore, the

design of this study does not provide data on whether combination

therapy was required to achieve efficacy in these subjects. Whether

a patient had suboptimal control of ADHD symptoms, and was

therefore eligible for participation in the study, was determined by

the judgment of the investigator. Although the assessment of sub-

optimal control was made through clinical judgment and corrobo-

rated by baseline assessments of symptom severity on several

subscales, no data were available regarding the length of time that

patients were on their respective psychostimulant medication, and

the extent of dose titration for their psychostimulant. Therefore, it

cannot be determined from these data whether additional benefits

could have been gained by more optimal psychostimulant dosing

or whether the improvements observed were due to an additive

effect of GXR and psychostimulant coadministration. Conversely,

because psychostimulant medication was not discontinued during

this study, it is also unknown whether similar efficacy would have

been maintained with GXR treatment alone.

Nevertheless, the magnitude of the decrease in ADHD-RS-IV, a

validated and commonly used outcome measure, placed the chil-

dren within normal range for that measure of effectiveness in

ADHD studies, a finding that deserves further exploration with a

placebo-controlled study. The results from this study are in line

with findings reported by other investigators (Brown 2004; Adler

et al. 2006) in terms of the safety and efficacy of combination

pharmacotherapy involving coadministration of nonstimulants and

stimulants. The results lend support to the use of GXR in combi-

nation pharmacotherapy with psychostimulants for the treatment of

ADHD. Additional placebo-controlled studies are needed to make

these findings more generalizable to the general population of

individuals with ADHD and to further explore the efficacy of this

treatment regimen.

Conclusions

To date there have been little data supporting the safety and

efficacy of combination therapy for ADHD. Although more

research is needed, the results of the present study support the

safety and effectiveness of coadministration of GXR and AMP or

MPH for the treatment of ADHD in patients with suboptimal

responses to stimulants. The most common types of AEs observed

in this study with combination therapy have been reported in pre-

vious studies of monotherapy with either stimulants or GXR.

Furthermore, although the design of this study cannot directly

address the question of whether coadministration of GXR with a

stimulant augments the effects of the stimulant, the results indicate

a reduction in ADHD symptoms with GXR treatment beyond that

seen with AMP or MPH alone. These reductions brought mean

ADHD-RS-IV scores in subjects who had not responded to stim-

ulants into the normal range, a finding that should be explored

further.
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