
© 2016 Huss et al. This work is published by Dove Medical Press Limited, and licensed under Creative Commons Attribution – Non Commercial (unported, v3.0)  
License. The full terms of the License are available at http://creativecommons.org/licenses/by-nc/3.0/. Non-commercial uses of the work are permitted without any further 

permission from Dove Medical Press Limited, provided the work is properly attributed. Permissions beyond the scope of the License are administered by Dove Medical Press Limited. Information on 
how to request permission may be found at: http://www.dovepress.com/permissions.php

Neuropsychiatric Disease and Treatment 2016:12 1085–1101

Neuropsychiatric Disease and Treatment Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
1085

O r i g i n a l  R e s e a r c h

open access to scientific and medical research

Open Access Full Text Article

http://dx.doi.org/10.2147/NDT.S94158

Guanfacine extended release for children and 
adolescents with attention-deficit/hyperactivity 
disorder: efficacy following prior methylphenidate 
treatment

Michael Huss,1 Vanja Sikirica,2 Amaia 
Hervas,3,4 Jeffrey H Newcorn,5 Valerie 
Harpin,6 Brigitte Robertson7

1Child and Adolescent Psychiatry, Johannes 
Gutenberg University Mainz, Mainz, Germany; 
2Global Health Economics, Outcomes Research 
and Epidemiology, Shire, Wayne, PA, USA; 3Child 
and Adolescent Mental Health Unit, University 
Hospital Mútua de Terressa, Barcelona, Spain; 
4Developmental Disorders Unit (UETD), Hospital 
San Juan de Dios, Barcelona, Spain; 5Department 
of Psychiatry, Icahn School of Medicine at Mount 
Sinai, New York, NY, USA; 6Ryegate Children’s 
Centre, Sheffield Children’s NHS Foundation Trust, 
Sheffield, UK; 7Global Clinical Development, Shire, 
Wayne, PA, USA

Abstract: Guanfacine extended release (GXR) and atomoxetine (ATX) are nonstimulant treatments 

for attention-deficit/hyperactivity disorder (ADHD). As nonstimulant treatments are often used 

after stimulants in ADHD, GXR was assessed relative to prior stimulant treatment in a randomized 

controlled trial (RCT), in which ATX was included as a reference arm, and in the open-label phase 

of a randomized-withdrawal study (RWS). Participants were 6–17 years old with ADHD Rating 

Scale version IV (ADHD-RS-IV) scores $32 and Clinical Global Impressions – Severity scores $4. 

RCT participants received dose-optimized GXR (1–7 mg/day), ATX (10–100 mg/day), or placebo 

for 10–13 weeks. RWS participants received dose-optimized GXR (1–7 mg/day) for 13 weeks. 

Participants’ last stimulant medication prior to enrolment, and reasons for stopping this medication, 

were collected at baseline. Change from baseline ADHD-RS-IV score and the proportion of respond-

ers were assessed by prior stimulant exposure. Of 163 RCT and 296 RWS participants who had 

previously received stimulant treatment, 142 and 224, respectively, had received methylphenidate 

(MPH); due to the low number of participants and the heterogeneity of non-MPH treatments, we 

only report data for prior MPH treatment. The most frequent reasons for stopping MPH were lack of 

effectiveness or side effects. Placebo-adjusted ADHD-RS-IV changes from baseline were significant 

in participants receiving GXR (prior MPH, -9.8, P,0.001, effect size [ES] 0.85; stimulant-naïve, 

-7.6, P,0.001, ES 0.65). In ATX-treated participants, significant placebo-adjusted differences were 

seen in stimulant-naïve (-5.0, P=0.022, ES 0.43) but not prior MPH-treated (-1.8, P.0.05, ES 0.15) 

participants. More participants met responder criteria with GXR versus placebo, regardless of prior 

treatment. GXR response was unaffected by prior stimulant treatment; ATX produced improvement 

only in stimulant-naïve participants relative to placebo. These findings may be relevant to clinical 

decision-making regarding sequencing of ADHD treatments.
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Introduction
Although stimulant medications, such as methylphenidate (MPH), are the first-line treat-

ment for many individuals with attention-deficit/hyperactivity disorder (ADHD),1,2 non-

stimulant medications, such as atomoxetine (ATX)3 and a prolonged-release formulation 

of guanfacine (guanfacine extended release [GXR]),4,5 provide an alternative option for 

some patients with ADHD when stimulant treatments are contraindicated or may not 

otherwise meet their needs. In clinical studies, approximately 30% of participants have 

an inadequate response to treatment with a single stimulant.6 Factors contributing to an 

inadequate response include suboptimal inadequate dosing, dose-limiting side effects, 
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and poor adherence. Also, patients or their physicians may 

have a preference for nonstimulant medication.

Guanfacine is a selective α
2A

-adrenergic receptor agonist7,8 

with documented beneficial effects on prefrontal cortical cog-

nitive functions.9–12 Randomized controlled trials (RCTs) in 

the US have shown GXR to be efficacious and well tolerated 

as monotherapy or adjunctive therapy for ADHD.4,5,13 GXR 

is approved for the treatment of ADHD as monotherapy or 

adjunctive to stimulant therapy for children and adolescents 

(6–17 years) in the US and Canada, and in Europe for children 

and adolescents (6–17 years) for whom stimulants are not 

suitable, not tolerated, or have been shown to be ineffective.14 

ATX is a selective blocker of noradrenaline transporters,15 

and is approved in the US and several European countries 

as monotherapy for treatment of children aged 6 years and 

older, adolescents, and adults with ADHD.16

As nonstimulant treatments are often used after stimulants 

in the treatment of ADHD, it is important to understand how 

these medications perform following exposure to stimulants. 

To date, however, there have been limited available data that 

directly address this question. Findings from a large, placebo-

controlled, double-blind study of ATX versus MPH suggested 

that ATX was less effective in participants previously treated 

with stimulants than those who were stimulant-naïve.17 A 

recent meta-regression analysis supports this finding, in that 

studies with a greater proportion of treatment-naïve patients 

were associated with a greater effect size (ES) for ATX com-

pared with placebo.18 However, it is unknown whether lesser 

response following prior stimulant treatment is specific to ATX 

or would extend to other nonstimulants, such as guanfacine.

Here, we report data from two international Phase III 

trials on the efficacy of GXR, analyzed according to prior 

stimulant treatment (prior stimulant treatment or stimulant-

naïve). These analyses were prespecified as a separate analysis 

plan to the main study outcomes. The first study was an RCT 

that assessed the efficacy and safety of dose-optimized GXR 

compared with placebo in children/adolescents with ADHD 

in Europe, the US, and Canada (NCT01244490).19 An ATX 

active reference arm was included to provide benchmark 

data for an existing nonstimulant treatment. The second 

Phase III study was a randomized-withdrawal study (RWS) 

designed to evaluate the long-term (6-month) maintenance 

of efficacy of GXR in children/adolescents with ADHD in 

Europe, the US, and Canada who had responded to an ini-

tial, short-term (13-week) open-label (OL) treatment phase 

(NCT01081145).20,21 The current analyses utilized data from 

only the OL phase of the RWS, and were included to provide 

cross-validation of the effects of GXR in a larger data set 

than the RCT. The objective of these analyses was to assess 

whether the effects of nonstimulant treatments were influ-

enced by prior treatment with stimulant medication.

Materials and methods
The study protocols, protocol amendments, protocol admin-

istrative changes, final approved informed consent, assent 

documents, relevant supporting information, and all types 

of participant-recruitment information were approved by 

the study centers’ ethics committees and regulatory agen-

cies (as appropriate) prior to study initiation (protocol) or 

implementation (amendments). The studies were conducted 

in accordance with International Conference on Harmonisa-

tion of Good Clinical Practice, the principles of the Declara-

tion of Helsinki, and other applicable local ethical and legal 

requirements. Written informed consent was obtained from 

all participants or their legally authorized representative 

before the performance of any study-specific procedures.

Participants
Children and adolescents (6–17 years old) with a diagnosis 

of ADHD (ADHD Rating Scale version IV [ADHD-RS-IV] 

total score $32) of at least moderate severity (Clinical 

Global Impression – Severity scale [CGI–S] score $4) 

were enrolled in both studies. Full inclusion and exclu-

sion criteria have been reported elsewhere.19–21 Briefly, 

participants with age-appropriate intellectual functioning; 

blood pressure measurements within the 95th percentile 

for age, sex, and height; and the ability to swallow tablets 

were eligible to participate. Girls of childbearing potential 

underwent pregnancy tests at screening and baseline, and 

had to comply with any protocol contraceptive require-

ments. Exclusion criteria included clinically significant 

illness or current, controlled (requiring a prohibited medi-

cation or behavior-modification program) or uncontrolled 

comorbid psychiatric diagnosis (except oppositional 

defiant disorder); history/presence of cardiac abnormali-

ties (conduction or rhythm abnormalities, bradycardia, 

exercise-related cardiac events, syncope); orthostatic 

hypotension or hypertension; seizures; glaucoma; history 

of alcohol or substance abuse; and serious tic disorder, 

including Tourette’s syndrome. Participants who were  

currently considered a suicide risk (investigator opinion), 

had previously made a suicide attempt, or demonstrated 

prior or current active suicidal ideation were excluded.

Study designs
RCT
The RCT was a double-blind, parallel-group, placebo-

controlled study (NCT01244490; EUdraCT 2010-018579-12) 
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conducted at 58 centers in Europe, the US, and Canada between 

January 2011 and May 2013.19 Participants were randomized at 

baseline (1:1:1) to treatment with dose-optimized GXR (chil-

dren [6–12 years], 1–4 mg/day; adolescents [13–17 years], 

1–7 mg/day), ATX (10–100 mg/day), or placebo. The total 

study treatment duration was 10 weeks for children and 

13 weeks for adolescents (Figure S1A).

GXR was administered as tablets (1, 2, 3, and 4 mg) 

and ATX as capsules (10, 18, 25, 40, and 60 mg) in a 

double-dummy design. Titration of the two drugs has been 

previously described.19 Briefly, GXR dosing was initi-

ated at 1 mg/day and increased by 1 mg increments after 

a minimum of 1 week to a maximum dose of 4 mg/day 

in children and 4–7 mg/day in adolescents (optimal GXR 

dose of 0.05–0.12 mg/kg/day). ATX dosing was initiated 

at approximately 0.5 mg/kg/day in children and adoles-

cents weighing less than 70 kg at baseline, and increased 

after a minimum of 1 week to the target of approximately  

1.2 mg/kg/day. If well tolerated, ATX dosing could be 

further increased to a maximum of 1.4 mg/kg/day after at 

least 1 week. ATX dosing in participants weighing 70 kg or 

more at baseline was initiated at 40 mg/day, increased after 

at least a week to 80 mg/day, and after a further week could 

be increased to 100 mg/day, if required; this was the total 

permitted maximum daily dose. ATX was titrated as sup-

ported by the prescribing information/summary of product 

characteristics European label.16

Response was defined as a $30% reduction in ADHD-

RS-IV total score from baseline, and a CGI – Improvement 

(CGI-I) rating of 1 (very much improved) or 2 (much 

improved) in the absence of safety or tolerability issues. 

Investigators could titrate to a higher dose if they believed 

that more beneficial effects could be achieved.

RWS
The RWS was a multicenter, double-blind, placebo-controlled 

study. This study started with an OL 7-week dose-optimiza-

tion period during which participants received GXR (1–7 mg/

day), followed by 6 weeks’ OL maintenance of the optimized 

dose (NCT01081145; EUdraCT 2009-018161-12).20,21 After 

the dose-optimization phase, participants were randomized to 

continue GXR or to placebo for assessment of maintenance of 

efficacy, but data from the randomized phase are not included 

in this analysis. The study was conducted in 67 centers in 

Europe, the US, and Canada between May 2010 and June 

2013 (Figure S1B).

GXR administration and titration during the OL phase 

of the RWS were as described for the RCT. Response 

was defined as a $30% reduction in ADHD-RS-IV total 

score from baseline and a CGI-S rating of 1 (normal) or 2 

(minimally ill) with tolerable side effects.

Prior treatment
For all participants who had previously received stimulant 

medication for ADHD, details of the last stimulant treatment 

(ie, stimulant treatment that occurred prior to the 3- to 35-day 

washout/screening period of study initiation) and reasons  

for stopping were recorded at the baseline visit of both 

studies using a prespecified, standardized questionnaire 

(Prior Stimulant Medication Questionnaire). Duration of 

prior stimulant treatment was not recorded. The responses 

to each question were not mutually exclusive. Reasons for 

stopping the last prior medication were summarized. For 

participants who cited lack of efficacy as the reason for 

stopping, the reported reasons were subsequently reviewed 

by two clinicians to ensure the appropriate categorization 

of the response.

Analysis methodology
The analysis of response to GXR and ATX was conducted 

according to participants’ prior stimulant-treatment status, 

as recorded in the Prior Stimulant Medication Questionnaire. 

Those who had received prior stimulants were grouped by 

the last stimulant received (“prior MPH” included any MPH 

preparation; “prior non-MPH” included any other stimulant 

medication for ADHD). The efficacy analysis was performed 

on the change in ADHD-RS-IV total score from baseline. 

For the RCT, the change at visit 15/end point for each prior 

treatment subgroup was compared for GXR or ATX versus 

placebo. For the OL phase of the RWS, where participants 

only received GXR, the change at visit 13/OL end point was 

summarized for prior treatment subgroups.

A priori, two levels of response were defined: a $50% 

or a $30% reduction from baseline in the ADHD-RS-IV 

total score. For each responder definition, the proportion of 

responders in each prior treatment subgroup was summarized 

for both studies, and for the RCT only the difference in the 

proportion of responders between treatment groups (GXR or 

ATX versus placebo) compared for each responder defini-

tion, with 95% confidence intervals (CIs). Time to response 

(days) was also summarized for each responder definition 

by prior treatment subgroup for both studies, and compared 

between treatment groups for the RCT only.

The CGI-I and CGI-S ratings were collected at visit 15/

end point for the RCT and visit 13/OL endpoint for the RWS. 

For CGI-I, participants were classified as either “improved” 

(scores 1 or 2) or “not improved” (score of 3 or more com-

bined into one category). For CGI-S, participants were 
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classified as either “normal/borderline ill” (scores 1 or 2) or 

“mildly ill or greater” (score of 3 or more combined into one 

category). The percentages of participants meeting response 

criteria were summarized by prior treatment subgroup for 

both studies, and compared between treatment groups (GXR 

or ATX versus placebo) for the RCT only.

Ad hoc analyses (RCT)
Two further levels of response, which combined ADHD-

RS-IV scores and CGI-I,22 were defined in the RCT to explore 

differences between GXR or ATX and placebo responses in 

the full RCT study population: a $50% or $30% change 

from baseline in ADHD-RS-IV total score combined with a 

CGI-I score of 1 or 2.

Statistical analyses
All participants who were randomized and received at least 

one dose of investigational drug were included in the full-

analysis set for each trial. Data from the RCT and RWS 

were analyzed separately. P-values were not adjusted for  

increased type I error, due to multiple end points and multiple 

comparisons, and are presented as descriptive statistics. 

No head-to-head comparison between GXR and ATX was 

made. Results with P,0.05 were regarded as nominally 

significant.

RCT
In the RCT, the efficacy analyses conducted on the change 

in ADHD-RS-IV score from baseline to visit 15/end point 

between GXR or ATX and placebo used an analysis of 

covariance model, which included terms for treatment 

group (effect of interest), the corresponding baseline score 

(covariate), and blocking factors of age-group (6–12 or 

13–17 years) and country. Countries with low recruitment 

in the RCT were pooled into three groups (Italy, Austria, 

France, Sweden, Ireland, and the UK; Poland and Romania; 

the US and Canada); the other countries (Germany, Spain, 

Ukraine) were left unpooled. The least squares (LS) means 

and standard error of the mean for the treatment groups, dif-

ference in LS means between the treatment groups with 95% 

CIs, ES with 95% CIs (calculated as the absolute difference 

in LS means between active treatment and placebo, divided 

by the root-mean-square error), and P-values for differences 

between treatment groups were calculated.

The proportion of responders was compared between 

active treatment groups and placebo using a Cochran–

Mantel–Haenszel test stratified by age-group and country. 

Summary statistics for time to response (in days) and Kaplan–

Meier estimates of the 25th percentile, median, and 75th 

percentile (and corresponding 95% CIs) were calculated for 

each treatment group. CGI-I and CGI-S data were analyzed 

using a Cochran–Mantel–Haenszel test stratified by age-

group and country to examine treatment-group effects at 

visit 15/end point in the RCT. The last observation carried 

forward approach was used to impute missing data for the 

efficacy analyses. Missing data were carried forward for all 

visits except baseline.

RWS
Data from the RWS were tabulated and are presented only 

descriptively.

Results
Participants
The overall participant disposition is shown in Figure 1. Of 

337 participants randomized and treated in the RCT, 163 

(48.4%) reported prior stimulant medication use via the 

Prior Stimulant Medication Questionnaire (placebo, n=56; 

GXR, n=53; ATX, n=54) (Table 1). A total of 142 (42.1%) 

participants reported that their last prior stimulant was a 

formulation of MPH (placebo, n=48; GXR, n=46; ATX, 

n=48). One participant randomized to GXR who reported 

prior MPH use did not provide any post-baseline efficacy 

data, and was therefore excluded from the efficacy analysis. 

Owing to the small number of participants who reported 

receiving a non-MPH stimulant (n=21, 6.2%), and the 

heterogeneity of prior non-MPH treatments received, this 

subgroup was excluded from further reporting. Analysis of 

the ADHD-RS-IV efficacy end point on the full data set 

including these participants showed that their exclusion 

had no overall effect on the results (see “Supplementary 

materials” and Table S1). The remaining 174 (51.6%) par-

ticipants were classified as stimulant-naïve (placebo, n=55; 

GXR, n=61; ATX, n=58). The total number of participants 

reporting prior ATX use (n=40, 11.9%) was considered too 

small for further investigation.

Of 503 participants treated in the OL phase of the 

RWS, 296 (58.8%) participants reported prior stimulant-

medication use (Table 1). Only 72 (14.3%) reported that 

their last prior stimulant was a non-MPH treatment; again, 

data from this subgroup were not reported, leaving 224 

(44.5%) participants who reported that their last prior 

stimulant was an MPH medication and 207 (41.2%) who 

were stimulant-naïve.

Baseline demographics and disease characteristics for the 

RCT (n=337) and the RWS (n=526, with n=503 included in 

the full-analysis set) are shown in Table 2. Details of the full 

trial populations are published in greater detail elsewhere.19–21 
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Mean (standard deviation [SD]) ages between groups/studies 

ranged from 10.1 (2.8) years to 11.5 (2.5) years, the majority 

of participants in both studies were boys, and there tended 

to be more boys in each of the prior MPH subgroups. The 

combined subtype of ADHD was most prevalent in all 

subgroups.

Mean (SD) weight-adjusted dose of GXR at the end of 

the RCT was 0.09 (0.03) mg/kg/day for both prior MPH 

and stimulant-naïve subgroups. For ATX, the final weight-

adjusted doses were 1.0 (0.27) mg/kg/day and 1.0 (0.22)  

mg/kg/day for prior MPH and stimulant-naïve subgroups, 

respectively. At the end of the OL phase in the RWS, 

the mean (SD) weight-adjusted dose of GXR was 0.09 

(0.03) mg/kg/day for the prior MPH subgroup and 0.08 (0.03) 

mg/kg/day for the stimulant-naïve subgroup.

Reasons for stopping MPH treatment
Reasons provided on the Prior Stimulant Medication Ques-

tionnaire for stopping MPH treatment are shown in Table 3. 

In the RCT, reasons included lack of effectiveness (56%), 

side effects (37%), and wanting to switch medication (29%); 

in the RWS, reasons included lack of effectiveness (65%), 

side effects (55%), and wanting to stop taking stimulant 

medication (11%).

Table 1 Summary of prior stimulant medications

Prior ADHD medication used RCT RWS

Placebo (n=111) GXR (n=114) ATX (n=112) Total (n=337) GXR (n=503)

Prior MPH use, n (%) 48 (43.2) 46 (40.4) 48 (42.9) 142 (42.1) 224 (44.5)
MPH, n (%) 45 (40.5) 46 (40.4) 47 (42.0) 138 (40.9) 205 (40.8)
Dexmethylphenidate, n (%) 3 (2.7) 0 1 (0.9) 4 (1.2) 19 (3.8)

Prior non-MPH use, n (%) 8 (7.2) 7 (6.1) 6 (5.4) 21 (6.2) 72 (14.3)
Mixed amphetamine salts, n (%) 3 (2.7) 2 (1.7) 3 (2.6) 8 (2.4) 30 (6.0)
Amphetamine, n (%) 1 (0.9) 0 2 (1.8) 3 (0.9) 1 (0.2)
Dextroamphetamine, n (%) 1 (0.9) 0 0 1 (0.3) 2 (0.4)
Lisdexamfetamine, n (%) 3 (2.7) 5 (4.4) 1 (0.9) 9 (2.7) 39 (7.7)

Note: Prior stimulant medication as named by participants in the Prior Stimulant Medication Questionnaire.
Abbreviations: ADHD, attention-deficit/hyperactivity disorder; ATX, atomoxetine; GXR, guanfacine extended release; MPH, methylphenidate; RCT, randomized controlled 
trial; RWS, randomized-withdrawal study.

Table 2 Participant baseline characteristics and demographic data from the RCT (safety population/full-analysis set) and the RWS 
(safety population), according to prior stimulant-medication status

Characteristic RCT RWS

Placebo (n=111) GXR (n=114) ATX (n=112) n=526a

Prior 
MPH

Stimulant-
naïve

Prior 
MPH

Stimulant-
naïve

Prior 
MPH

Stimulant-
naïve

Prior 
MPH

Stimulant-
naïve

n=48 n=55 n=46 n=61 n=48 n=58 n=227 n=227

Age (years), mean (SD) 11.0 (2.32) 10.7 (3.04) 11.5 (2.52) 10.4 (2.97) 10.8 (2.79) 10.3 (2.86) 10.9 (2.52) 10.1 (2.76)
Male, n (%) 41 (85.4) 42 (76.4) 33 (71.7) 39 (63.9) 42 (87.5) 41 (70.7) 173 (76.2) 163 (71.8)
BMI (kg/m2), mean (SD) 18.29 (2.48) 19.08 (2.85) 18.52 (3.11) 18.81 (2.93) 18.71 (3.12) 18.77 (2.86) 18.38 (2.84) 18.98 (2.85)
ADHD subtype, n (%)

Predominantly inattentive 3 (6.3) 7 (12.7) 10 (21.7) 3 (4.9) 4 (8.3) 6 (10.3) 28 (12.3) 31 (13.7)
Predominantly hyperactive–impulsive 1 (2.1) 4 (7.3) 1 (2.2) 5 (8.2) 0 3 (5.2) 11 (4.8) 7 (3.1)
Combined 44 (91.7) 44 (80.0) 35 (76.1) 53 (86.9) 44 (91.7) 49 (84.5) 188 (82.8) 189 (83.3)

Baseline ADHD-RS-IV score, mean (SD) 43.7 (5.34) 42.7 (5.71) 43.5 (5.44) 42.7 (5.57) 44.7 (5.55) 42.7 (5.98) 45.1 (6.02) 42.7 (6.39)
Baseline CGI-S, n (%)

Moderately ill 11 (22.9) 18 (32.7) 3 (6.5) 17 (27.9) 3 (6.3) 17 (29.3) 35 (15.4) 60 (26.4)
Markedly ill 18 (37.5) 28 (50.9) 21 (45.7) 34 (55.7) 25 (52.1) 28 (48.3) 103 (45.4) 123 (54.2)
Severely ill 18 (37.5) 8 (14.5) 19 (41.3) 10 (16.4) 18 (37.5) 13 (22.4) 66 (29.1) 41 (18.1)
Among the most extremely ill 1 (2.1) 1 (1.8) 3 (6.5) 0 2 (4.2) 0 23 (10.1) 3 (1.3)

Baseline CPRS-R:L oppositional subscale 
score, mean (SD)

15.0 (7.22) 13.3 (6.85) 14.8 (7.92) 13.0 (6.47) 16.3 (7.00) 14.4 (7.20) 16.5 (7.96) 15.5 (7.42)

Notes: aThe safety population for the RWS comprised 526 participants, of whom 503 were included in the full-analysis set. Percentages based on the number of participants 
in each subgroup for each treatment. Participants who received prior non-MPH treatment not included in this table.
Abbreviations: ADHD, attention-deficit/hyperactivity disorder; ADHD-RS-IV, ADHD Rating Scale version IV; ATX, atomoxetine; BMI, body mass index; CGI-S, Clinical 
Global Impression – Severity scale; CPRS-R:L, Conners Parent Rating Scales – revised: long; GXR, guanfacine extended release; MPH, methylphenidate; RCT, randomized 
controlled trial; RWS, randomized-withdrawal study; SD, standard deviation.
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Efficacy analyses by prior treatment 
subgroup
Change from baseline in ADHD-RS-IV
Mean changes from baseline to end point in ADHD-RS-IV 

score for each study are shown in Figure 2. In the RCT, nomi-

nally significant placebo-adjusted differences in LS mean 

change from baseline to end point on the ADHD-RS-IV were 

observed in GXR-treated participants, in both subgroups 

(prior MPH, -9.8 [95% CI -14.6 to -5.1], P,0.001, ES 0.85; 

stimulant-naïve: -7.6 [95% CI -11.8 to -3.3], P,0.001, ES 

0.65). In ATX-treated participants, a nominally significant 

placebo-adjusted difference in LS mean change from baseline 

to end point in ADHD-RS-IV was seen in the stimulant-naïve 

subgroup but not the prior MPH subgroup (prior MPH, -1.8 

Table 3 Summary of reasons for stopping prior MPH treatment, by treatment (full-analysis set)

Reason for stopping prior MPH, n (%)a RCT RWS

Placebo 
(n=111)

GXR 
(n=114)

ATX 
(n=112)

Total 
(n=337)

GXR 
(n=503)

Number of participants (n) 48 46 48 142 224
Not effective 28 (58.3) 25 (54.3) 27 (56.3) 80 (56.3) 145 (64.7)

Did not work 7 (14.6) 6 (13.0) 9 (18.8) 22 (15.5) 28 (12.5)
Effect did not last long enough 7 (14.6) 7 (15.2) 9 (18.8) 23 (16.2) 40 (17.9)
Was not optimal per the participant/parent/caregiver 19 (39.6) 18 (39.1) 18 (37.5) 55 (38.7) 91 (40.6)
Was not optimal per the participant’s physician 8 (16.7) 7 (15.2) 14 (29.2) 29 (20.4) 31 (13.8)
Other 1 (2.1) 2 (4.3) 0 3 (2.1) 13 (5.8)

Because the ADHD medication had side effects 18 (37.5) 18 (39.1) 17 (35.4) 53 (37.3) 122 (54.5)
Wanted to switch to another medication 15 (31.3) 15 (32.6) 11 (22.9) 41 (28.9) 12 (5.4)
Wanted to stop taking MPH 7 (14.6) 8 (17.4) 9 (18.8) 24 (16.9) 25 (11.2)
Could not afford to pay for medication 1 (2.1) 4 (8.7) 1 (2.1) 6 (4.2) 10 (4.5)
Wanted to stop taking any ADHD medication 0 2 (4.3) 2 (4.2) 4 (2.8) 1 (0.4)
Wanted to switch to nonpharmacological interventions to treat ADHD 0 0 0 0 0
Other 1 (2.1) 0 0 1 (0.7) 13 (5.8)

Notes: Reasons for stopping previous MPH treatment were recorded in the Prior Stimulant Medication Questionnaire. aCategories not mutually exclusive; therefore, 
columns may total .100%. Includes participants who took prior MPH, as confirmed by medical review of medication names provided in the questionnaire. Percentages based 
on the number of participants who took prior MPH in the respective subgroups.
Abbreviations: ADHD, attention-deficit/hyperactivity disorder; ATX, atomoxetine; GXR, guanfacine extended release; MPH, methylphenidate; RCT, randomized controlled 
trial; RWS, randomized-withdrawal study.

Figure 2 Mean change from baseline in ADHD-RS-IV total score by treatment for prior MPH or stimulant-naïve subgroups at endpoint (full-analysis set).
Notes: *P,0.05; **P,0.001 versus placebo. Nominal statistical differences based on ANCOVA of placebo-adjusted LS means in the RCT only. Statistics not performed for 
RWS. Not all patients had ADHD-RS-IV total score data available at end point.
Abbreviations: ADHD-RS-IV, ADHD Rating Scale version IV; ANCOVA, analysis of covariance; ATX, atomoxetine; GXR, guanfacine extended release; LOCF, last 
observation carried forward; LS, least squares; MPH, methylphenidate; RCT, randomized controlled trial; RWS, randomized-withdrawal study.
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[95% CI -6.5–2.9], P.0.05, ES 0.15; stimulant-naïve, -5.0 

[95% CI -9.4 to -0.7], P=0.022, ES 0.43).

In the OL phase of the RWS, changes from baseline in 

ADHD-RS-IV total score for GXR-treated participants were 

similar in the prior MPH and stimulant-naïve subgroups 

(Figure 2).

As prior MPH treatment may influence the placebo effect 

indirectly due to patients’ prior experience and expectations of 

the effects of MPH treatment, or by any other neurobiological 

or psychological pathway, we also compared placebo response 

in the subgroups. Placebo response in the RCT (ADHD-RS-IV 

total score change from baseline [95% CI]) was lower for prior 

MPH patients (-13.5 [-17.4 to -9.5]) than stimulant-naïve 

patients (-15.9 [-19.0 to -12.8]), although the overlapping 

CIs indicate that the difference was not significant.

The efficacy analysis by reason for stopping prior treat-

ment is reported in the “Supplementary materials” section 

(Table S2).

Responder analysis
Responder analyses from the RCT are shown in Table 4. 

The difference from placebo in the proportion of participants 

achieving a $50% reduction from baseline in ADHD-

RS-IV total score was nominally significant in GXR-treated 

participants in both the prior MPH-treated and stimulant-

naïve subgroups (difference from placebo [95% CI]: prior 

MPH, 24.2% [4.7–43.6], P=0.011; stimulant-naïve, 25.5% 

[7.8–43.1], P=0.003). In ATX-treated participants, nominally 

significant differences versus placebo were seen only in the 

stimulant-naïve subgroup (difference from placebo [95% CI]: 

prior MPH, 2.1% [-16.3 to 20.4], P=0.911; stimulant-naïve, 

22.4% [4.5–40.3], P=0.010).

A similar pattern of results was noted in the proportion 

of participants achieving a $30% reduction from baseline 

in ADHD-RS-IV total score. A nominally significantly 

higher proportion of GXR-treated participants achieved this 

response regardless of prior treatment status (difference from 

placebo [95% CI]: prior MPH, 27.8% [9.1–46.4], P=0.008; 

stimulant-naïve, 25.2% [9.1–41.2], P,0.001). For ATX-

treated participants, again, only the stimulant-naïve subgroup 

achieved a $30% response (19.4% [2.5–36.3], P=0.008; 

prior MPH, 8.3% [-11.5 to 28.2], P=0.511).

In the OL phase of the RWS, there were 9.1% more 

participants achieving a $50% reduction from baseline in 

ADHD-RS-IV total score with GXR in the stimulant-naïve 

subgroup compared with the prior MPH subgroup (73.8% 

[67.8%–79.8%], 64.7% [58.4%–71.0%]); a $30% reduction 

from baseline ADHD-RS-IV total score was achieved by T
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6.5% more participants in the stimulant-naïve subgroup than 

the prior MPH subgroup (87.9% [83.4%–92.3%], 81.4% 

[76.3%–86.6%]).

The time-to-response analysis is reported in the “Supple-

mentary materials” section (Table S3).

CGI-I and CGI-S
In the RCT, among stimulant-naïve participants, a nominally 

significantly higher proportion of GXR- and ATX-treated 

participants had improved CGI-I (score of 1 or 2) at end 

point compared with placebo (Figure 3; difference [95% 

CI]: GXR, 27.9% [10.6%–45.2%], P,0.001; ATX, 20.1% 

[2.1%–38.0%], P=0.005). However, no nominally signifi-

cant difference versus placebo was seen in the prior MPH 

subgroup (GXR, 16.1% [-4.0% to 36.2%], P=0.090; ATX, 

0 [-19.7% to 19.7%], P=0.857). In the OL RWS, 10.8% more 

participants treated with GXR had improved CGI-I scores 

at end point in the stimulant-naïve subgroup compared with 

the prior MPH subgroup.

Also in the RCT, at end point, there were no significant 

differences in proportion of participants categorized as 

normal/borderline ill (CGI-S score of 1 or 2) from placebo 

among those treated with GXR or ATX in the prior MPH 

(difference [95% CI]: GXR, 16.8% [-1.0% to 34.6%], 

P=0.070; ATX, -4.2% [-19.1% to 10.7%], P=0.516) and 

stimulant-naïve subgroups (difference [95% CI]: GXR, 

12.7% [-4.4% to 29.8%], P=0.073; ATX, 7.2% [-9.8% to 

24.2%], P=0.242) (Table S4).

Ad hoc analyses (RCT only)
Responder analyses showed nominally significant differences 

versus placebo in GXR- and ATX-treated participants at 

both combined response levels (Table S5). For the $30% 

combined response level, differences (95% CI) in the percent-

age of responders from placebo were 21.9% (9.2%–34.7%, 

P,0.001) for GXR-treated participants and 13.0% (0–26.0%, 

P=0.017) for ATX-treated participants. For the $50% com-

bined response level, differences from placebo (95% CI) 

were 23.8% (11.3%–36.4%, P,0.001) for GXR-treated 

participants and 12.2% (-0.2% to 24.7%, P=0.018) for 

ATX-treated participants.

Safety
For the full study population in the RCT, 77.2% of those 

receiving GXR, 67.9% of those receiving ATX, and 65.8% 

of those in the placebo group reported treatment-emergent 

adverse events (TEAEs).19 Serious TEAEs considered 

related to treatment were reported in one participant in 

the placebo group and one in the GXR group, with the 

latter leading to discontinuation. Overall in the RCT, a 

low proportion of participants discontinued due to TEAEs 

(0.9% placebo, 7.9% GXR, 4.5% ATX).19 In the OL phase 

of the RWS, 85.2% of participants reported TEAEs.20,21 

There were five serious adverse events (AEs) considered 

related to treatment, three of which led to discontinuation. 

Overall, in the OL phase of the RWS, 8.0% of participants 

discontinued due to TEAEs.

Discussion
This study examined whether prior treatment with MPH 

affects response to GXR using prespecified analyses 

of data from two international Phase III studies. GXR-

treated participants demonstrated nominally statistically 

significant improvements in all ADHD-symptom measures 

Figure 3 Proportion of participants with improved (%) CGI-I (scores of 1 or 2), at end point, by treatment in prior MPH or stimulant-naïve subgroups (LOCF; full-analysis set).
Notes: *P=0.005; **P,0.001 versus placebo; error bars represent 95% confidence intervals. Improved includes CGI-I categories “very much improved” and “much 
improved”.
Abbreviations: ATX, atomoxetine; CGI-I, Clinical Global Impression – Improvement scale; GXR, guanfacine extended release; LOCF, last observation carried forward; 
MPH, methylphenidate; RCT, randomized controlled trial; RWS, randomized-withdrawal study.
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(ADHD-RS-IV scores, responder analyses, and time to 

response) in both stimulant-naïve and prior MPH-treated 

participants compared with placebo. ADHD-symptom 

improvements in ATX-treated participants separated from 

placebo, but not when ATX was given after prior MPH treat-

ment. The clinical relevance of the analysis of GXR efficacy 

in individuals with ADHD who had previously received MPH 

is highlighted by the approval of GXR in Europe for children 

and adolescents for whom stimulants are not suitable, not 

tolerated, or have been shown to be ineffective.14

The finding of a relatively lower response to ATX in 

participants previously treated with MPH compared with 

stimulant-naïve participants is consistent with previous find-

ings from a randomized, double-blind, placebo-controlled 

study comparing ATX, MPH, and placebo over a 6-week 

period.17 In the acute comparison phase, for participants 

previously treated with a stimulant, the mean (SD) change 

from baseline in ADHD-RS-IV scores was significantly 

different between the MPH-treated group (-15.1 [13.1]) 

and the ATX-treated group (-12.4 [12.2], P=0.04), and the 

proportion of responders (40% decrease in ADHD-RS-IV 

score from baseline to end point) in the ATX group (37%) 

was not significantly different from placebo (23%). A meta-

regression analysis of 25 double-blind RCTs of ATX also 

showed a significant relationship between treatment naïveté 

and degree of response to ATX, with the greater response 

in those naïve to ADHD treatment18 supporting the sugges-

tion of a difference in response to ATX depending on prior 

treatment.

Shared mechanisms between stimulants and ATX may 

explain how a previous inadequate response to MPH may 

predict a poorer outcome to subsequent treatment with ATX 

than it does for GXR. Both MPH and ATX block uptake of 

extracellular catecholamines. Although ATX is selective for 

the noradrenaline transporter, because dopamine reuptake in 

the prefrontal cortex is primarily managed by the noradrena-

line transporter, ATX, such as MPH, increases extracellular 

concentrations of both noradrenaline and dopamine in this 

region.15,23,24 Further, prior treatment with stimulants may 

change susceptibility to subsequent drug treatment at either 

a pharmacological or physiological psychological level; 

striatal dopamine-transporter density has been found to be 

increased in individuals previously treated with stimulants,  

possibly due to adaptation of the brain to continuous 

dopamine-transporter blockade.25,26 In contrast, GXR is a 

direct and selective agonist for α2A-adrenergic receptors and 

does not directly affect transporter function, hence there is 

limited overlap with the mechanism of action of stimulants. 

Reports that genetic variants in the CES1 gene encoding 

the major MPH-metabolizing enzyme and the dopamine-

transporter gene SLC6A3 affect the response or side-effect 

profile of MPH27,28 suggest that genetic biomarkers of 

response to ADHD medications are an important avenue for 

future research. However, this discussion notwithstanding, 

it should be noted that not all participants previously treated 

with MPH in this analysis necessarily had an inadequate 

response, as other reasons for stopping prior MPH treatment 

were also given (although inadequate response was a primary 

reason for stopping MPH).

The RWS was analyzed to provide GXR data from a 

larger data set regarding response to GXR in participants who 

were previously treated with MPH or stimulant-naïve, and 

generally confirmed the findings in direction and magnitude 

of response seen in the RCT. Similarly, the ad hoc analyses 

of combined ADHD-RS-IV and CGI-I responses at two 

thresholds confirmed that both GXR and ATX treatments 

gave robust responses in the RCT compared with placebo.

Responder analyses are widely accepted in the field, 

although there is currently no consensus regarding the most 

appropriate response criteria; previous analyses of ADHD 

treatments have employed specified percentage reductions 

from baseline in ADHD-RS-IV total score, a CGI-I score of 

1 or 2, or a combination of the two.3,29–31 The use of different 

levels of response in the present study provides information 

at different levels of stringency. Response rates decreased 

with increasingly stringent definitions, as would be expected. 

We also found that generally the same trend or outcome was 

found, regardless of the definition used.

Both GXR and ATX significantly improved CGI-I scores 

at RCT end point compared with placebo in the stimulant-

naïve subgroup; however, no statistical improvement relative 

to placebo was seen in the prior MPH subgroup for either 

GXR- or ATX-treated participants. For GXR, this result 

approached but did not reach nominal significance (P=0.09), 

which is in contrast to the ADHD-RS-IV results. There was 

no nominally significant difference between GXR or ATX 

and placebo in either the stimulant-naïve or prior MPH 

subgroups in the proportion of participants at end point with 

CGI-S scores indicating “normal/borderline” severity of 

symptoms, although for GXR this result approached nominal 

significance in the stimulant-naïve (P=0.073) and prior MPH 

(P=0.07) subgroups. The OL phase of the RWS showed a 

much greater degree of improvement in CGI-S to that seen in 

the RCT, possibly as a result of the OL nature of the study. 

It is not entirely clear why the CGI measure was less sensi-

tive than the ADHD-RS-IV to detect medication effects in 
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this study, although the ordinal (CGI-I) versus continuous 

(ADHD-RS) characteristics of these assessments may have 

been a factor. Given this result, and the indirect nature of 

the comparison between GXR and ATX in the current study 

design, more systematic research is required.

Limitations
Our findings should be interpreted in the context of sev-

eral limitations. With regard to study design, the current 

analyses were not originally powered for a head-to-head 

comparison between the active treatments (the study was 

designed to detect differences between active treatment 

arms and placebo based on the ADHD-RS-IV); however, 

these analyses were prespecified in the original study proto-

cols in a separate statistical analysis plan prior to database 

lock. The categorization of participants as prior MPH or 

stimulant-naïve was based on responses to the Prior Stimulant 

Medication Questionnaire. Once analyses were complete, 

a small subset of non-MPH-treated participants in the prior 

stimulant group were excluded, which slightly reduced the 

sample size. However, a sensitivity analysis of the full prior 

stimulant group showed that this exclusion did not affect 

the overall results. Children and adolescents previously 

treated with nonstimulants were likewise excluded from this 

study, because the number of such participants in the present  

studies were too small to permit such analyses. There are 

also a number of considerations related to the recording 

of previous treatment. In the Prior Stimulant Medication 

Questionnaire, the reasons for stopping prior medication 

were not mutually exclusive, as participants could give more 

than one reason. Participants who claimed efficacy failure 

had no clinical measures recorded to indicate the degree of 

inadequate response to prior treatment, nor the number of tri-

als or duration of prior therapies. We also had no information 

on whether the dosing or titration of prior MPH treatment 

was adequate, and thus no stratification for potential prior 

dosage differences was possible at randomization.

It is also acknowledged that although both GXR and ATX 

were dose-optimized in the RCT based on the respective 

prescribing information/summary of product characteristics 

for each product, the clinically recommended dose for ATX 

(1.2 mg/kg) is somewhat higher than the mean end-of-

treatment dose of 1.0 mg/kg in the present study, possibly as 

the result of AEs or other factors that may have limited the 

ability to titrate ATX to the optimal dose rapidly. However, 

the 6-week maintenance-treatment period in the RCT did give 

sufficient time for participants to achieve their fullest poten-

tial response at the optimized dose for both medications.19 

Finally, it should be noted that this study found a numeri-

cally but nominally statistically nonsignificant larger placebo 

response in the stimulant-naïve group than in the prior MPH 

group, supporting other research suggesting that previous 

MPH exposure may influence the placebo response.17,29 

Future research, therefore, should specifically address the 

question of whether prior exposure to MPH changes the 

outcome on subsequent pharmacological exposure.

Conclusion
Although there are no published studies that address the 

sequential efficacy of ADHD medication as their primary 

objective, such studies as the present one can be informative. 

Subgroup analyses in this study highlight the importance 

of considering the medication history of children and ado-

lescents with ADHD to help guide clinical intervention for 

individual patients, and ultimately algorithm development. 

As has been previously reported, secondary analyses of the 

RCT indirectly favored GXR versus ATX in a prespecified 

comparison of the change from baseline in ADHD-RS-IV 

total score at end point.19 Results from the prespecified 

analyses reported here suggest that the efficacy observed in 

participants treated with GXR but not ATX may be some-

what explained by the prior MPH-treated cohort. These 

are the first studies to examine differences in response to 

different nonstimulant medications as a function of prior 

stimulant exposure. However, even though prespecified, the 

present results are exploratory, and further research is needed 

to confirm these findings.
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Figure S1 Study designs for (A) randomized controlled trial and (B) randomized-withdrawal study.
Note: Only data from the open-label phase were used in this analysis.
Abbreviation: GXR, guanfacine extended release.

Supplementary materials
Efficacy analysis including prior non-MPH 
subgroup
A sensitivity analysis of the change in baseline Attention-

Deficit/Hyperactivity Disorder Rating Scale version IV 

(ADHD-RS-IV) total score, including the participants 

who had reported that their last prior stimulant was a 

non-methylphenidate (MPH) treatment, is shown in 

Table S1 for the randomized controlled trial (RCT). As for 

the comparison between the prior MPH and stimulant-naïve 

subgroups, nominally significant placebo-adjusted differ-

ences in least squares (LS) mean change from baseline  

to end point on the ADHD-RS-IV were observed in guan-

facine extended release (GXR)-treated participants, in both 

subgroups (any prior stimulant, -10.0 [95% confidence 

interval [CI] -14.4 to -5.6], P,0.001, effect size {ES} 0.86; 

stimulant-naïve, -7.6 [95% CI -11.8 to -3.3], P,0.001, 

ES 0.66). In atomoxetine (ATX)-treated participants, a 

nominally significant placebo-adjusted difference in LS 

mean change from baseline to end point in ADHD-RS-IV 

was seen in the stimulant-naïve subgroup, but not the prior 

stimulant subgroup (any prior stimulant, -2.0 [95% CI -6.4 

to 2.3], P=0.365, ES 0.17; stimulant-naïve, -5.1 [95% CI 

-9.3 to -0.8], P=0.021, ES 0.44).
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Table S1 ANCOVA analysis of change from baseline to end point in ADHD-RS-IV total score by prior stimulant use in the RCT 
(LOCF; full-analysis set)

Test vs 
comparator

LS mean
(SE)*
test

LS mean
(SE)*
comparator

Difference in LS mean 
treatment – comparator
(95% CI)

Effect size
(95% CI)

P-value

Any prior stimulant†

GXRa vs placebob -23.283
(1.6703)

-13.295
(1.6031)

-9.988
(-14.369 to -5.608)

0.86
(0.47 to 1.26)

,0.001

ATXc vs placebob -15.297
(1.6517)

-13.295
(1.6031)

-2.002
(-6.347 to 2.344)

0.17
(-0.20 to 0.55)

0.365

Stimulant-naïve
GXRd vs placeboe -24.400

(1.5514)
-16.835
(1.6211)

-7.564
(-11.802 to -3.327)

0.66
(0.28 to 1.03)

,0.001

ATXf vs placeboe -21.887
(1.5784)

-16.835
(1.6211)

-5.052
(-9.344 to -0.759)

0.44
(0.06 to 0.81)

0.021

Notes: *A negative difference in LS mean (active treatment – placebo) indicates a positive effect of the active treatment over placebo; †includes both prior MPH and prior 
non-MPH subgroups. Number of observations per group at visit 15: a52, b56, c54, d60, e55, and f58.
Abbreviations: ADHD-RS-IV, Attention-Deficit/Hyperactivity Disorder Rating Scale version IV; ANCOVA, analysis of covariance; ATX, atomoxetine; CI, confidence interval; 
GXR, guanfacine extended release; LOCF, last observation carried forward; LS, least squares; MPH, methylphenidate; SE, standard error; RCT, randomized controlled trial.

Efficacy analysis by reason for stopping 
prior MPH treatment
The efficacy analysis by reason for stopping prior treatment 

is shown in Table S2. The placebo-adjusted differences in 

LS mean change from baseline to end point in ADHD-RS-IV 

total score for those participants who had stopped prior MPH 

for efficacy reasons (n=88) were nominally significantly dif-

ferent in GXR- and placebo-treated participants (-10.8 [95% 

CI -18.5 to -3.2], P=0.006, ES 0.78), but not in ATX- and 

placebo-treated participants (-5.3 [95% CI -12.7 to 2.2], 

P=0.161, ES 0.38). The same pattern and magnitude of 

response was seen for those participants who had stated 

safety or tolerability reasons for stopping prior MPH, or for 

other reasons.

Time to response
Time to response for the $50% reduction from baseline 

in ADHD-RS-IV total score was nominally significantly 

different from placebo in GXR-treated participants in 

both subgroups (median [95% CI] time: prior MPH, 

Table S2 ANCOVA analysis of change from baseline to end point in ADHD-RS-IV total score by reason for stopping prior MPH 
treatment (LOCF; full-analysis set)

Test vs 
comparator

LS mean
(SE)*
test

LS mean
(SE)*
comparator

Difference in LS mean 
treatment – comparator
(95% CI)

Effect size
(95% CI)

P-value

Combined efficacy failure
GXRa vs placebob -22.929

(3.9409)
-12.113
(3.4445)

-10.817
(-18.480 to -3.154)

0.78
(0.22 to 1.35)

0.006

ATXc vs placebob -17.405
(3.7057)

-12.113
(3.4445)

-5.292
(-12.735 to 2.150)

0.38
(-0.15 to 0.92)

0.161

Safety/tolerability
GXRd vs placeboe -23.770

(4.1920)
-12.818
(3.6314)

-10.952
(-21.115 to -0.789)

0.73
(0.05 to 1.42)

0.035

ATXd vs placeboe -18.242
(4.1288)

-12.818
(3.6314)

-5.425
(-15.720 to 4.871)

0.36
(-0.31 to 1.03)

0.295

Other reasons (excluding inability to pay for medication)
GXRe vs placebof -38.148

(4.5166)
-22.345
(4.0536)

-15.803
(-24.870 to -6.735)

1.12
(0.44 to 1.80)

,0.001

ATXg vs placebof -23.179
(4.3409)

-22.345
(4.0536)

-0.834
(-10.158 to 8.491)

0.06
(-0.56 to 0.68)

0.859

Notes: *A negative difference in LS mean (active treatment – placebo) indicates a positive effect of the active treatment over placebo. Number of observations per group at 
visit 15: a24, b28, c27, d17, e18, f21, and g19. Reasons not mutually exclusive.
Abbreviations: ADHD-RS-IV, Attention-Deficit/Hyperactivity Disorder Rating Scale version IV; ANCOVA, analysis of covariance; ATX, atomoxetine; CI, confidence 
interval; GXR, guanfacine extended release; LOCF, last observation carried forward; LS, least squares; MPH, methylphenidate; SE, standard error.
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GXR for ADHD following MPH treatment

34 [22–48] days, P=0.013; stimulant-naïve, 34 [28–67] days, 

P=0.001). However, it was not nominally significant in either 

subgroup among ATX-treated participants (median [95% 

CI] time: prior MPH, 49 [37 to incalculable] days, P=0.629; 

stimulant-naïve, 56 [35–70] days, P=0.061; Table S3). The 

time to response with GXR, as defined by a $30% reduc-

tion from baseline in ADHD-RS-IV total score response, 

followed the same significance pattern (median [95% CI] 

time: prior MPH, 21 [14–27] days, P=0.024; stimulant-

naïve, 25 [20–33] days, P=0.006). However, ATX-treated 

participants differed slightly, as a nominally significantly 

Table S5 Combined responder analyses at end point for the RCT (ad hoc analyses; LOCF, full-analysis set)

Definition of response Response Placebo (n=111) GXR (n=114) ATX (n=112)

$30% reduction from 
baseline in ADHD-RS-IV 
and CGI-I score of 1 or 2

Number of participants
Responders, n (%)
Difference in % responders from placebo 
(95% CI; P-value)

111
47 (42.3)

112
72 (64.3)
21.9 
(9.2–34.7; P,0.001)

112
62 (55.4)
13.0
(0–26.0; P=0.017)

$50% reduction from 
baseline in ADHD-RS-IV 
and CGI-I score of 1 or 2

Number of participants
Responders, n (%)
Difference in % responders from placebo 
(95% CI; P-value)

111
33 (29.7)

112
60 (53.6)
23.8 
(11.3–36.4; P,0.001)

112
47 (42.0)
12.2
(-0.2 to 24.7; P=0.018)

Abbreviations: ADHD-RS-IV, Attention-Deficit/Hyperactivity Disorder Rating Scale version IV; ATX, atomoxetine; CGI-I, Clinical Global Impression – Improvement scale; 
CI, confidence interval; GXR, guanfacine extended release; LOCF, last observation carried forward; RCT, randomized controlled trial.

shorter time to response than placebo was achieved for the 

stimulant-naïve subgroup, but not the prior MPH subgroup 

(median [95% CI] time: prior MPH, 28 [21–33] days, 

P=0.216; stimulant-naïve, 28 [21–35] days, P=0.042). The 

time to response was similar in GXR-treated participants 

in both the prior MPH and stimulant-naïve subgroups in 

the open-label phase of the randomized-withdrawal study 

for both the $50% threshold (median [95% CI] time: prior 

MPH, 36 [35–42] days; stimulant-naïve, 29 [27–35] days) 

and the $30% threshold (median [95% CI] time: prior MPH, 

23 [21–27] days; stimulant-naïve, 20 [15–21] days).
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