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Abstract
Background and objective Attention-deficit/hyperactivity disorder is a neurodevelopmental disorder that typically begins in 
childhood and often persists into adulthood. Recent phase III trials have demonstrated the efficacy and safety of viloxazine 
extended-release capsules (viloxazine ER;  Qelbree®) in pediatrics (6–17 years of age). The aim of this study was to evaluate 
the efficacy and safety of viloxazine ER in adults with attention-deficit/hyperactivity disorder.
Methods This was a phase III, randomized, double-blind, placebo-controlled, two-arm trial in adults (18–65 years of 
age) with attention-deficit/hyperactivity disorder. Eligible subjects were randomized 1:1 to viloxazine ER (flexible dose of 
200–600 mg/day) or matched placebo. The primary efficacy endpoint was the change from baseline at end of study (week 
6) in the Adult ADHD Investigator Symptom Rating Scale (AISRS) total score. The key secondary endpoint was the change 
from baseline at end of study in the Clinical Global Impressions-Severity of Illness (CGI-S) score. Additional secondary 
outcome measures included the AISRS Inattention and Hyperactivity/Impulsivity subscales, the Behavior Rating Inven-
tory of Executive Function-Adult (BRIEF-A), the Generalized Anxiety Disorder-7 Item (GAD-7), and the Clinical Global 
Impressions-Improvement (CGI-I); each was analyzed at end of study. Responder rates on CGI scales and the AISRS were 
also assessed.
Results A total of 374 subjects were randomized. At end of study, the mean viloxazine ER dose was 504 mg. The reduction 
in the change from baseline at end of study AISRS total score (least-square means ± standard error) was significantly greater 
in subjects treated with viloxazine ER (−15.5 ± 0.91) compared with placebo (−11.7 ± 0.90), p = 0.0040. The reduction 
in the CGI-S score was also significantly greater in subjects treated with viloxazine ER (−1.4 ± 0.10) compared with pla-
cebo (−1.0 ± 0.10), p = 0.0023. The viloxazine ER group demonstrated significantly greater improvements in the AISRS 
Inattention (p = 0.0015) and Hyperactivity/Impulsivity (p = 0.0380) subscales, the CGI-I (p = 0.0076), and the BRIEF-A 
Global Executive Composite (p = 0.0468) and Metacognition Index (p = 0.0100). Analysis of categorical secondary end-
points revealed that the viloxazine ER group had a significantly higher AISRS 30% response rate compared with placebo 
(p = 0.0395); all other comparisons were not significant. Many treatment effects (including the primary and key secondary 
endpoints) were significant by week 2. The most common treatment-related adverse events that occurred in ≥5% of subjects 
receiving viloxazine ER were insomnia (14.8%), fatigue (11.6%), nausea (10.1%), decreased appetite (10.1%), dry mouth 
(9.0%), and headache (9.0%). Viloxazine ER was well tolerated, with a 9.0% discontinuation rate due to adverse events 
compared with 4.9% in the placebo group.
Conclusions Treatment with viloxazine ER resulted in a statistically significant improvement in primary and key second-
ary endpoints, indicating improvements in attention-deficit/hyperactivity disorder symptomology, executive function, and 
overall clinical illness severity in adults. Viloxazine ER was well tolerated at the tested doses in adults with attention-deficit/
hyperactivity disorder.
Clinical Trial Registration Clinicaltrials.gov identifier: NCT04016779.
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Plain Language Summary
Attention-deficit/hyperactivity disorder (ADHD) is a condition characterized by inattention (difficulty maintaining focus), 
and/or impulsiveness/hyperactivity.  In 2021, a nonstimulant medication called viloxazine ER (brand name:  Qelbree®) 
received US FDA-approval for ADHD in children and adolescents (aged 6 to 17 years), based on efficacy and safety dem-
onstrated in clinical trials.  Here we present results of a phase 3, randomized, double-blind, placebo-controlled, clinical 
trial that enrolled 374 adults with ADHD. In this trial, half the patients received viloxazine ER, and half received placebo 
(identical capsule without active ingredient).  Medication doses ranged from 200–600 mg/day, based on symptom response 
and presence of side effects. To reduce bias, patients and investigators did not know which medication the patient was receiv-
ing. The primary measure of efficacy was the Adult ADHD Investigator Symptom Rating Scale (AISRS), a standardized 
questionnaire rating presence and severity of patient-reported ADHD symptoms. At the end of the 6-week trial, participants 
receiving viloxazine ER showed greater improvement in ADHD symptoms according to AISRS than those receiving pla-
cebo. Improvement was seen in both the Inattentive and Impulsive/Hyperactive components of ADHD and in other study 
measures, including a measure of behaviors called Executive Function. Viloxazine ER was generally safe and well-tolerated 
in the trial. The most common side effects were insomnia (14.8%), fatigue (11.6%), and nausea (10.1%). Overall, 9.0% of 
patients receiving viloxazine and 5% receiving placebo left the trial because of side effects. Due to these positive results, the 
US FDA recently approved viloxazine ER to treat adults with ADHD.

Key Points 

Viloxazine extended release capsules  (Qelbree®) is a 
novel nonstimulant that is US FDA approved for the 
treatment of attention-deficit/hyperactivity disorder 
(ADHD) in patients 6 years of age and older based on 
positive results from three pediatric pivotal phase III tri-
als and one adult phase III trial, which is presented here.

In this phase III trial, adults with ADHD treated with 
viloxazine extended release (200–600 mg/day) exhibited 
a significantly greater improvement in ADHD symptoms 
compared with placebo evaluated using the Adult ADHD 
Investigator Symptom Rating Scale.

Viloxazine extended release was generally safe and well 
tolerated.

1 Introduction

Attention-deficit/hyperactivity disorder (ADHD) is a neu-
rodevelopmental disorder that typically begins in childhood, 
and persists into adulthood [1]; by one estimate, 90% of 
children with ADHD experience symptoms into adulthood 
[2]. The clinical presentation of ADHD core symptoms 
(i.e., inattention, impulsivity, and/or hyperactivity) typi-
cally changes over the lifespan [3–6]. While inattention may 
remain persistent, overt signs of hyperactivity may instead 
manifest as an internal restlessness, difficulty remaining still 
or seated, or an inability to relax [3–6]. Similarly, impul-
sivity may present as impatience, emotional lability, or 

inappropriate risk taking [3–6]. Consequently, diagnostic 
criteria have been updated in the Diagnostic and Statistical 
Manual of Mental Disorders, Fifth Edition (DSM-5) to be 
more inclusive of the symptoms and impairments that char-
acterize ADHD in adulthood [1, 7]. Although ADHD was 
originally thought to remit in adolescence, it is now under-
stood to persist into adulthood, with symptoms fluctuating 
over time. A recent long-term prospective study found that 
64% of children, followed for 2–16 years, experienced peri-
ods of remission and recurrence into young adulthood [2]. 
These data suggest that, even if a patient’s ADHD appears 
to remit, there is a high likelihood of recurrence over time.

The prevalence of ADHD in adults has been estimated 
at 2.5–5.0% [8–10], with a contemporary meta-analysis 
indicating an even higher prevalence of 7% worldwide [11], 
making it among the most common adult psychiatric disor-
ders [12–14]. The burden of illness associated with ADHD 
in adulthood affects multiple areas of a person’s life, and 
may result in lower educational and financial achievements, 
reduced job performance, greater social isolation, and 
overall decreased quality of life [15]. Adults with ADHD 
have shown lower self-esteem [16], greater sleep distur-
bances [17], and an increased risk of mortality [18, 19] and 
comorbidities such as depression, anxiety, and substance 
use disorders compared with non-ADHD adults [20, 21]. 
Accordingly, the cumulative negative consequences of liv-
ing with ADHD in adulthood can substantially impact an 
individual’s social, emotional, educational, professional, and 
economic well-being. Fortunately, adults receiving treatment 
for ADHD experience meaningful improvements across a 
variety of functional measures, including academic, antiso-
cial behavior, obesity, occupation, self-esteem, and social 
function outcomes [22, 23], positive effects that have been 
corroborated in a recent network meta-analytical report [24].
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An extended-release capsule formulation of viloxazine 
(viloxazine ER;  Qelbree®) was approved in April 2021 by 
the US Food and Drug Administration for the treatment of 
ADHD in children and adolescents (ages 6–17 years). The 
therapeutic effects of this novel nonstimulant medication are 
thought to be owing to its action as a norepinephrine reup-
take inhibitor; however, contemporary preclinical studies 
indicate that it may also act on serotonergic signaling in the 
brain, though the translational effect in humans remains to 
be fully elucidated [25, 26]. In three phase III, randomized, 
placebo-controlled clinical trials in children [27, 28] and 
adolescents [29], viloxazine ER statistically significantly and 
clinically meaningfully [30, 31] reduced ADHD symptoms 
and improved functional impairment [32], executive func-
tion [44], and learning/school performance [33]. Addition-
ally, viloxazine ER showed no pharmacokinetic interactions 
with ADHD stimulant treatments (e.g., lisdexamfetamine 
and methylphenidate) [34, 35] nor was the pharmacoki-
netics of viloxazine ER meaningfully affected by strong 
cytochrome P450 (CYP) 2D6 inhibitors such as paroxetine 
or the presence of CYP2D6 genetic polymorphisms [36, 37]. 
The aim of this study was to evaluate the efficacy and safety 
of viloxazine ER in the treatment of ADHD in adults.

2  Methods

2.1  Study Design

This was a phase III, randomized, double-blind, placebo-
controlled, parallel-group, flexible-dose, multicenter clini-
cal trial evaluating the efficacy and safety of viloxazine ER 
200–600 mg/day in adults with ADHD. This study was con-
ducted at 38 research centers in the USA (NCT04016779). 
The study schematic is presented in Fig. 1. After signing 
the informed consent, potential subjects underwent initial 
screening evaluation at visit 1 to confirm eligibility. Eligible 
subjects returned to the center for visit 2 (baseline/randomi-
zation; day 1) within 35 days of screening. At this visit, 
subjects who continued to meet inclusion/exclusion criteria 
and had a negative urine drug screen were randomized 1:1 to 
viloxazine ER flexible-dose or matched-placebo arms using 
a parallel design. Randomization and allocation to study 
treatment occurred centrally via an interactive web response 
system using a randomization schedule to determine treat-
ment assignment. The randomization schedule was gener-
ated using  SAS® PROC PLAN. All study subjects and all 
personnel involved with the conduct and interpretation of the 
study, including care providers, investigators, and outcome 
assessors were blinded to randomization schedule and study 
medication.

Study medication (provided as viloxazine ER 200-mg 
capsules or matching placebo capsules) was administered 

Fig. 1  Study design. Clinical trial design illustrating timing of study 
visits, efficacy assessments, and dose titration. Fixed doses were used 
during weeks 1 and 2; flexible doses of viloxazine extended release 
(ER) were used during weeks 3–6. Efficacy assessments were con-
ducted at screening, baseline, and the end of weeks 1, 2, 3, 4, and 

6. No study visit was scheduled at the end of week 5. AISRS Adult 
ADHD Investigator Symptom Rating Scale, BRIEF-A Behavior Rat-
ing Inventory of Executive Function-Adult Version, CGI Clinical 
Global Impressions scale, CGI-I CGI-Improvement, CGI-S CGI-
Severity, EOS end of study, GAD-7 General Anxiety Disorder-7 scale
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once daily in the morning with or without food for the 
6-week treatment period. During weeks 1 and 2, all sub-
jects took two capsules once daily. Subjects assigned to 
viloxazine ER received viloxazine ER 200 mg (one viloxa-
zine ER capsule and one placebo capsule) once daily dur-
ing week 1 and viloxazine ER 400 mg (two viloxazine ER 
capsules) once daily during week 2. Subjects assigned to 
placebo took two placebo capsules. At study visits from 
week 3 through week 6, at the investigator’s discretion, the 
subject’s dose could be titrated to three capsules (maxi-
mum 600 mg/day) or tapered to one capsule (minimum of 
200 mg/day) in increments of 200 mg/day per week based 
on the subject’s clinical response and tolerability. Study 
medication compliance was assessed at each study visit 
by comparing the number of medication doses returned 
to the number dispensed. If a subject missed doses of the 
study medication, the investigator counseled the subject on 
the importance of compliance. Subjects who consistently 
missed doses could be discontinued from the study at the 
discretion of the site investigator.

At each scheduled post-baseline study visit (weeks 1, 2, 3, 
4, and 6), subjects underwent efficacy and safety evaluations. 
Recent phase III pediatric studies demonstrated that most 
improvement occurred from the start of treatment through 
weeks 3 or 4, and stabilized by week 5 [27–29, 38]; there-
fore, no visit was scheduled at week 5 in the present study in 
order to minimize the burden on subjects and sites.

In order to minimize the placebo/nocebo response in 
this trial [39], site staff and investigator/raters completed 
a didactic tutorial and video training on placebo response 
prior to the initiation of the trial, and subjects viewed a train-
ing video on placebo response prior to any assessments at 
screening (visit 1) and baseline (visit 2) and post-randomi-
zation after week 2 and week 4 of treatment (visits 4 and 
6, respectively). Subjects who completed the study were 
eligible to enroll in a separate open-label extension safety 
study (NCT04143217). Subjects who did not enroll in the 
open-label extension safety study received a phone call 1 
week after completing the double-blind end-of-study (EOS) 
visit for the safety follow-up.

2.2  Subjects

2.2.1  Inclusion criteria

Male and female individuals aged 18–65 years were eligi-
ble to participate if they had a primary diagnosis of ADHD 
per the DSM-5, made at least 6 months prior to screening. 
The ADHD diagnosis was also confirmed with the Struc-
tured Clinical Interview for DSM-5 Clinical Trials version 
at screening. Subjects were required to have an Adult ADHD 
Investigator Symptom Rating Scale (AISRS) total score 
≥26 and a Clinical Global Impressions - Severity of Illness 

(CGI-S) score ≥4 (i.e., moderately ill or worse) at screening 
and baseline (day 1). Subjects were required to have a body 
mass index between 18.0 and 35.0 kg/m2, and be able to 
swallow capsules whole without crushing, chewing, or cut-
ting. Subjects had to be considered medically healthy by the 
study investigator based on a physical examination, medical 
history, clinical laboratory tests, vital signs, and electrocar-
diogram (ECG).

Subjects were also required to refrain from taking other 
ADHD medications for a minimum of 1 week or five half-
lives (whichever was longer) prior to baseline (day 1) and 
for the study duration, and refrain from taking any other 
investigational drugs, prohibited medications, or known 
CYP1A2 substrates (viloxazine ER is a CYP1A2 inhibitor) 
within 30 days or five half-lives prior to baseline (whichever 
was longer). Although caffeine is a CYP1A2 substrate, its 
use was not prohibited during the trial.

2.2.2  Exclusion Criteria

Subjects with treatment-resistant ADHD (i.e., two or more 
approved ADHD medications had failed to adequately 
improve the subject’s symptoms) were excluded, but subjects 
who were naïve to ADHD treatment were eligible. Subjects 
who had a history of autism, schizophrenia, schizoaffective 
disorder, bipolar disorder, post-traumatic stress disorder, 
obsessive-compulsive disorder, personality disorder, or who 
had a current diagnosis of any psychiatric disorder (other 
than ADHD) according to the DSM-5 were excluded. How-
ever, provided ADHD was the primary diagnosis, subjects 
who had a secondary diagnosis of major depressive disor-
der, nicotine dependence, social anxiety disorder, general-
ized anxiety disorder, or phobias were allowed to participate 
if the subject was not receiving pharmacological treatment 
for the comorbidity/secondary diagnoses at the time of 
screening and for the duration of the study. Regardless of 
the presence of any secondary diagnosis, subjects who had a 
Symptoms of Depression Questionnaire mean score >3.0 or 
a Hamilton Anxiety Rating Scale score >21 were excluded 
from study participation, as were subjects with evidence 
of suicidality (defined as more than one lifetime suicide 
attempt, or active suicidal plan or thoughts within the past 
6 months).

Subjects with a major neurological disorder (including 
seizures or a history of seizure disorder within the immedi-
ate family, or a history of seizure-like events), cardiovascular 
disorder, arrhythmia, clinically relevant vital sign abnor-
mality and/or systemic disease that took priority over treat-
ment of ADHD or that would affect study assessments were 
excluded. Subjects were also excluded if they had a positive 
drug screen for drugs of abuse during the screening period, 
were identified as a chronic or habitual cannabis user, or 
had a current diagnosis or history of substance use disorder, 
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including alcohol use disorder (per DSM-5 criteria), within 
the past year or were assessed as having regularly consumed 
excessive alcohol within the past year. Additionally, sub-
jects with a history of intolerance or allergic reaction to 
viloxazine or its excipients were excluded. Finally, subjects 
who were pregnant, breastfeeding, or refused to practice 
abstinence or acceptable birth control throughout the study 
were excluded. A urine pregnancy test (female individuals 
of childbearing potential only), and a rapid point-of-collec-
tion urine drug screen was conducted prior to efficacy and 
safety assessments at baseline and all post-baseline study 
visits. If either test was positive, only safety assessments 
would be performed at the visit, and the subject would be 
discontinued.

2.3  Efficacy Assessments

2.3.1  Investigator‑Rated Scales

The AISRS is an 18-item symptom (presence and sever-
ity) scale for use in adults with ADHD [40]. It is equally 
divided into two subscales for inattention (nine items) and 
hyperactivity/impulsivity (nine items), and conducted as a 
semi-structured interview by a trained clinician investigator 
[40]. Each item is rated on a 4-point scale (0 = none to 3 = 
severe). The sum of the 18 items yields a total score, with 
a range from 0 to 54 (0 to 27 for each subscale). The higher 
the score, the more severe the ADHD symptoms [40]. The 
AISRS was conducted at each study visit from screening to 
EOS (i.e., visit 1 to visit 7).

The CGI scales (CGI-S and CGI-Improvement [CGI-
I]) were conducted by the same clinician who performed 
the AISRS and administered as brief stand-alone global 
assessments of symptom severity or change from the clini-
cian’s perspective [41]. The CGI-S rating reflects a sub-
ject’s ADHD symptom severity relative to the clinician’s 
total experience with patients with ADHD. The CGI-S 
is rated on a 7-point scale, where 1 = normal, not at all 
ill, asymptomatic, 2 = borderline ill, 3 = mildly ill, 4 = 
moderately ill, 5 = markedly ill, 6 = severely ill, and 7 
= among the most extremely ill patients. The CGI-S was 
conducted at each study visit from screening to week 6 
(EOS).

The CGI-I rating represents the clinician’s opinion of 
how much the subject’s condition has changed (improved, 
worsened, or no change) during treatment relative to the 
subject’s condition at baseline before treatment. The CGI-I 
is rated on a 7-point scale where 1 = very much improved, 
2 = much improved, 3 = minimally improved, 4 = no 
change, 5 = minimally worse, 6 = much worse, and 7 = 
very much worse. The baseline CGI-S assessment served 
as a basis for the investigator’s assessment of CGI-I during 

the treatment period. The CGI-I was conducted at each 
post-baseline study visit (week 1 to week 6 [EOS]).

2.3.2  Self‑Reported Scales

The Behavior Rating Inventory of Executive Function - 
Adult Version (BRIEF-A) Self-Report assesses aspects of 
executive function and problems with self-regulation from 
the perspective of the subject [42, 43]. The BRIEF-A is 
a 75-item scale with nine nonoverlapping clinical scales 
that comprise two summary index scales, the Behavio-
ral Regulation Index and the Metacognition Index. The 
Behavioral Regulation Index assesses the individual’s 
ability to control one’s behavior and emotional responses. 
The Metacognition Index assesses the individual’s abil-
ity to initiate activity and generate problem-solving ideas, 
sustain working memory, plan/organize problem-solving 
approaches, monitor success/failure in problem solving, 
and organize materials/environment. The two indices com-
bined provide an overall assessment of executive function, 
termed the Global Executive Composite. The BRIEF-A 
has been used to assess executive function across a vari-
ety of neurological and psychiatric disorders, including 
ADHD [44, 45]. Subjects rate each item on a 3-point scale 
(1 = never, 2 = sometimes, or 3 = often) based on their 
experiences within the last month. BRIEF-A raw scores 
were converted to T-scores, where higher T-scores indicate 
worse executive function. The BRIEF-A was administered 
at baseline and EOS.

The Generalized Anxiety Disorder 7-Item scale (GAD-7) 
measures the severity of generalized anxiety disorder symp-
toms [46]. The subject rates each item on a 4-point scale 
based on the previous 2 weeks, where 0 = not at all, 1 = 
several days, 2 = over half the days, and 3 = nearly every 
day. All seven items are summated to yield a total score 
(range 0–21) with higher scores indicating greater anxiety. 
The GAD-7 was administered every 2 weeks to subjects at 
baseline and weeks 2, 4, and 6 (EOS).

2.4  Endpoints and Statistical Analysis

The safety population included all randomized subjects 
who received at least one dose of study medication; the 
full analysis set (FAS) population for efficacy included all 
randomized subjects who took at least one dose of study 
medication and had a baseline and at least one post-baseline 
AISRS assessment. Sample size calculations indicated that, 
assuming a Cohen’s d effect size of 0.407, 128 subjects per 
treatment group (256 total subjects for two arms) in the FAS 
population would yield 90% power across treatment groups 
at a significance level of 0.05 (two-sided) to reject the null 
hypothesis. The targeted sample size was adjusted to 366 
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subjects (183 per arm) to account for an expected dropout 
rate of 30%. The type I error rate was controlled at the 5% 
significance level by using sequential (hierarchical) testing 
for the primary and key secondary efficacy endpoints. The 
key secondary endpoint would only be tested if treatment 
with viloxazine ER was significantly different for placebo for 
the primary endpoint. No adjustments were made for multi-
ple comparisons for other endpoints. All statistical analyses 
were performed using SAS version 9.4 or higher.

2.4.1  Primary Endpoint

The primary efficacy endpoint was the change from base-
line (CFB) at EOS in the AISRS total score, analyzed using 
a mixed model for repeated measures (MMRM), which 
assumes that missing data are missing at random. The 
MMRM analysis uses all available data, including sub-
jects with partial data (i.e., with missing data) to arrive at 
an estimate of the mean treatment effect without filling in 
the missing values. The MMRM model included CFB in 
the AISRS score as the dependent variable, and fixed-effect 
terms for baseline AISRS total score, treatment, study visit, 
and treatment-by-study visit interaction as independent vari-
ables. The primary comparison was between viloxazine ER 
and placebo at EOS (i.e., week 6).

The model parameters were estimated using the restricted 
maximum likelihood method with an unstructured variance-
covariance matrix and Kenward–Roger approximation to 
estimate denominator degrees of freedom. If the unstruc-
tured covariance model failed to converge, the first (co)

variance structure that did not have a convergence problem 
was used for the analysis from the following ordered list: 
(1) Toeplitz, (2) autoregressive of order 1, and (3) com-
pound symmetry. A sensitivity analysis was performed and 
assumed that missing AISRS total scores were missing not 
at random.

2.4.2  Key Secondary Endpoint

The key secondary efficacy endpoint was the CFB at EOS 
in the CGI-S score, analyzed using MMRM. The model 
included CFB at EOS in CGI-S score as the dependent vari-
able, the baseline CGI-S score as a covariate, and treatment, 
study visit, and treatment-by-study visit interaction as inde-
pendent fixed-effect variables.

2.4.3  Additional Secondary Endpoints

Additional secondary endpoints assessing continuous vari-
ables at EOS included: the CFB AISRS Inattention and 
Hyperactivity/Impulsivity subscale scores (analyzed via 
MMRM); the CFB BRIEF-A T-score for Global Execu-
tive Composite, the Behavioral Regulation Index, and the 
Metacognition Index (analyzed via analysis of covariance 
with baseline T-scores and treatment as fixed independent 
variables); and the CFB GAD-7 total score (analyzed via 
MMRM). The absolute CGI-I score was analyzed using 
MMRM with the CGI-I score as the dependent variable, the 
baseline CGI-S score as a covariate, and treatment, study 

Fig. 2  Disposition of sub-
jects. Asterisk: One patient 
randomized to placebo was 
randomized in error and 
discontinued prior to receiving 
treatment with study medica-
tion; one subject randomized 
to viloxazine extended release 
(ER) had a positive pregnancy 
test and was withdrawn from the 
study prior to receiving treat-
ment with study medication. N 
number of subjects
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visit, and treatment-by-study visit interaction as independent 
fixed-effect factors.

Additional secondary endpoints assessing categorical 
variables at EOS included: the AISRS 30% responder rate 

(the percentage of subjects with a ≥30% reduction in the 
CFB AISRS total score), the AISRS 50% responder rate (the 
percentage of subjects with a ≥50% reduction in the CFB 
AISRS total score), and CGI-S and CGI-I responder rates 

Table 1  Demographic and baseline characteristics

Weight, BMI, and HAM-A are values from screening. SDQ are values from Baseline
ADHD attention-deficit/hyperactivity disorder, BMI body mass index, ER extended release, HAM-A Hamilton Anxiety Rating Scale, max maxi-
mum, min minimum, n number of subjects, N number of subjects in the population, SD standard deviation, SDQ Symptoms of Depression Ques-
tionnaire
a All mean/SD values and percentages are based on the number of subjects in the full analysis set
b All percentages are based on the number of subjects in the safety population
c Secondary psychiatric diagnoses that were active at the screening visit and present in at least 1% of patients in any treatment group
d A total of 5 subjects (1 placebo; 4 viloxazine ER) reported prior atomoxetine use. Patients may have had prior trials of more than 1 ADHD 
medication

Variable/category
 Subcategory/preferred term

Placebo Viloxazine ER Total

Randomized population, N 184 190 374
Safety population, N 183 189 372
Full analysis set, N 179 175 354
Age,  yearsa

 Mean ± SD 35.4 ± 10.0 34.1 ± 10.2 34.8 ± 10.1
 Median (min, max) 34 (18, 60) 33 (18, 58) 34 (18, 60)

Age group, years, n (%)a

 18–24 29 (16.2%) 40 (22.9%) 69 (19.5%)
 25–32 48 (26.8%) 42 (24.0%) 90 (25.4%)
 33–40 52 (29.1%) 46 (26.3%) 98 (27.7%)
 41–65 50 (27.9%) 47 (26.9%) 97 (27.4%)

Sex, n (%)a

 Male 96 (53.6%) 98 (56.0%) 194 (54.8%)
 Female 83 (46.4%) 77 (44.0%) 160 (45.2%)

Ethnicity, n (%)a

 Not Hispanic and not Latino 32 (17.9%) 47 (26.9%) 79 (22.3%)
 Hispanic or Latino 147 (82.1%) 128 (73.1%) 275 (77.7%)

Race, n (%)a

 White 136 (76.0%) 142 (81.1%) 278 (78.5%)
 Non-white 43 (24.0%) 33 (18.9%) 76 (21.5%)
 Black or African American 28 (15.6%) 21 (12.0%) 49 (13.8%)
 Asian 8 (4.5%) 6 (3.4%) 14 (4.0%)
 American Indian or Alaska Native 1 (0.6%) 0 1 (0.3%)
 Other 3 (1.7%) 4 (2.3%) 7 (2.0%)
 More than 1 race 3 (1.7%) 2 (1.1%) 5 (1.4%)

Weight (kg), mean ±  SDa 80.1 ± 16.4 80.5 ± 16.5 80.3 ± 16.4
BMI (kg/m2), mean ±  SDa 26.9 ± 4.6 27.3 ± 4.6 27.1 ± 4.6
HAM-A score, mean ±  SDa 6.8 ± 4.17 6.5 ± 3.85 6.6 ± 4.01
SDQ mean score, mean ±  SDa 2.44 ± 0.44 2.40 ± 0.37 2.42 ± 0.41
Psychiatric disorders, n (%)b,c

 Insomnia 7 (3.8%) 12 (6.3%) 19 (5.1%)
 Anxiety disorder due to a general medical condition 2 (1.1%) 6 (3.2%) 8 (2.2%)
 Depression 2 (1.1%) 3 (1.6%) 5 (1.3%)
 Major depression 0 3 (1.6%) 3 (0.8%)
 Generalized anxiety disorder 2 (1.1%) 0 2 (0.5%)

Prior stimulant or atomoxetine use, n (%)b,d 39 (21.3%) 45 (23.8%) 84 (22.6%)
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(the percentage of subjects with a score ≤2). Between-group 
difference in responder rates was analyzed using a two-sided 
Pearson’s chi-squared test.

2.4.4  Safety Endpoints

Safety and tolerability were assessed by monitoring the 
incidence of treatment-emergent adverse events (TEAEs), 
including assessment of severity, relationship to study med-
ication and seriousness, as well as laboratory tests, vital 
signs, 12-lead ECG, physical examination, and the Colum-
bia-Suicide Severity Rating Scale. In addition, AEs of spe-
cial interest, defined as seizure or AEs that might represent a 
seizure, including, but not limited to, syncope/syncopal epi-
sode, pseudoseizure, myoclonus, and severe muscle spasms 
were evaluated. No inferential statistics were performed on 
safety or tolerability measures.

3  Results

3.1  Demographics and Baseline Characteristics

The trial was conducted between November 2019 and Octo-
ber 2020. A total of 601 subjects were screened (Fig. 2); 
27.6% failed to meet eligibility and were not randomized. 
A total of 374 subjects were randomized (viloxazine ER, 

n = 190; placebo, n = 184), with 372 subjects in the safety 
population (viloxazine ER, n = 189; placebo, n = 183) and 
354 subjects in the FAS population (viloxazine ER, n = 175; 
placebo, n = 179) (Table 1).

Demographics and baseline characteristics in the placebo 
and viloxazine ER treatment groups were similar (Table 1), 
as were the baseline AISRS total and subscale scores 
(Table 2) and CGI-S score (Table 3). Most subjects were 
male (54.8%) and white (78.5%). Stimulant medications or 
atomoxetine had been previously used by approximately 
23% of subjects (~24% viloxazine ER and ~21% placebo). 
Of those subjects with data available at week 6, 60.2% (n = 
80) of subjects in the viloxazine ER group were receiving 
600 mg per day versus 81.2% (n = 121) of subjects in the 
placebo group, 31.6% (n = 42) were receiving 400 mg per 
day versus 17.4% (n = 26) placebo, and 8.3% (n = 11) were 
receiving 200 mg per day versus 1.3% (n = 2) placebo. The 
mean dose at week 6 was viloxazine ER 504 mg.

3.2  Primary Endpoint: Adult ADHD Investigator 
Symptom Rating Scale (AISRS)

At week 6 (EOS), the reduction (improvement) in the 
AISRS total score (CFB; least-squares [LS] mean ± stand-
ard error [SE]) was significantly greater in the viloxazine 
ER group (−15.5 ± 0.91) than in the placebo group (−11.7 
± 0.90), and the difference (−3.7 ± 1.28) was statistically 

Table 2  Summary of primary endpoint and secondary endpoints derived from the AISRS

ADHD attention-deficit/hyperactivity disorder, AISRS Adult ADHD Investigator Symptom Rating Scale, CFB change from baseline, CI confi-
dence interval, EOS end of study, ER extended release, LS least squares, n number of responders, N number of subjects, SD standard deviation, 
SE standard error, *p < 0.05; **p < 0.01 (viloxazine ER vs placebo)
a P value from the Kruskal–Wallis test
b P values were obtained from a mixed model for repeated measures with a change from baseline in AISRS total or respective subscale score as 
the repeated dependent variable and fixed-effect term for baseline AISRS total or respective subscale score, treatment, study visit, and treatment-
by-study visit interaction as independent variables
c Percentage of responders analyzed via a two-sided Pearson’s chi-squared test, with responder defined as any subject with a ≥30% or ≥50% 
reduction from baseline (i.e., improvement) in their AISRS total score

AISRS variable
 Measure; group statistic

Placebo (N = 179) Viloxazine ER (N = 175) Treatment difference 
estimate (95% CI)

P value

Total
 Absolute score at baseline; mean ±  SDa 37.6 ± 6.62 38.5 ± 6.56 - 0.1987
 CFB score at week 6 (EOS); LS mean ±  SEb −11.7 ± 0.90 −15.5 ± 0.91 −3.7 (−6.3, −2.2) 0.0040**

Inattention subscale
 Absolute score at baseline; mean ±  SDa 21.1 ± 3.46 21.5 ± 3.53 - 0.3620
 CFB score at week 6 (EOS); LS mean ±  SEb −6.1 ± 0.53 −8.5 ± 0.55 −2.5 (−4.0, −0.9) 0.0015**

Hyperactivity/impulsivity subscale
 Absolute score at baseline; mean ±  SDa 16.5 ± 5.04 17.0 ± 5.02 - 0.3169
 CFB score at week 6 (EOS); LS mean ±  SEb −5.8 ± 0.46 −7.2 ± 0.48 −1.4 (−2.7, −0.1) 0.0380*

Responder rate
 30% Responder rate at week 6; % (n/N)c 47.6 (68/143) 60.0 (78/130) 12.4 (0.6, 23.8) 0.0395*
 50% Responder rate at week 6; % (n/N)c 32.9 (47/143) 39.2 (51/130) 6.4 (−5.0, 17.5) 0.2736



905Flexible Dose Viloxazine ER for Adults with ADHD

significant (p = 0.0040). Both placebo and viloxazine ER-
treated groups demonstrated a decrease in AISRS total score 
each week (relative to baseline); however, the improvement 
was significantly greater in the viloxazine ER group as early 
as week 2 (p = 0.0397) and at each assessment timepoint 
through EOS (p < 0.01) (Fig. 3a).

3.3  Key Secondary Endpoint: Clinical Global 
Impression‑Severity of Illness (CGI‑S)

At week 6 (EOS), the reduction in the CGI-S score (CFB; LS 
mean ± SE) was significantly greater (improved, relative to 
baseline) in the viloxazine ER group (−1.4 ± 0.10) than the 
placebo group (−1.0 ± 0.10), p = 0.0023 (Table 3, Fig. 4a). 
Although both groups demonstrated a decrease in the CGI-S 
score at each assessment timepoint, the viloxazine ER group 
consistently demonstrated significantly greater improvement 
relative to placebo, starting at week 2 (p = 0.0203), and at 
each subsequent assessment through EOS (p < 0.01).

Table 3  Summary of the key secondary endpoint and additional secondary endpoints

BRIEF-A Behavior Rating Inventory of Executive Function-Adult Version, CFB change from baseline, CGI-I Clinical Global Impressions-
Improvement scale, CGI-S Clinical Global Impressions-Severity of Illness scale, CI confidence interval, EOS end of study, ER extended release, 
GAD-7 Generalized Anxiety Disorder-7 scale, LS least squares, n number of responders, N number of subjects, SD standard deviation, SE stand-
ard error, *p < 0.05; **p < 0.01 (viloxazine ER vs placebo)
a P value from the Kruskal-Wallis test conducted to evaluate between-group differences at baseline for CGI-S only. Between-group differences at 
baseline were not analyzed for the BRIEF-A measures or the GAD-7
b P values were obtained from a mixed model for repeated measures with the scale’s CFB score (CGI-S and GAD-7) or absolute score (CGI-I) as 
the repeated dependent variable and fixed-effect terms for the respective scale’s baseline score (baseline CGI-S score used for analysis of CGI-I), 
treatment, study visit, and treatment-by-study visit interaction as independent variables
c Percentage of responders analyzed via two-sided Pearson’s chi-squared test, with responder defined as any subject with a CGI score of 1 or 2
d BRIEF-A scores analyzed using an analysis of covariance, with CFB in BRIEF-A T-scores as the dependent variable, and treatment and base-
line BRIEF-A T-scores as fixed effects

Scale
 Measure; group statistic

Placebo (N = 179) Viloxazine ER (N = 175) Treatment difference 
estimate (95% CI)

P value

CGI-S
 Absolute score at baseline; mean ±  SDa 4.6 ± 0.60 4.6 ± 0.65 - 0.5970
 CFB score at week 6 (EOS); LS mean ±  SEb −1.0 ± 0.10 −1.4 ± 0.10 −0.4 (−0.7, −0.2) 0.0023**
 Responder rate at week 6; % (n/N)c 25.2 (36/143) 30.8 (40/130) 5.6 (−5.0, 16.1) 0.3030

CGI-I
 Absolute score at week 6 (EOS), LS mean ±  SEb 2.9 ± 0.09 2.6 ± 0.09 −0.3 (−0.6, -0.1) 0.0076**
 Responder rate at week 6; % (n/N)c 37.8 (54/143) 48.5 (63/130) 10.7 (−1.0, 22.1) 0.0744

BRIEF-A
 Global executive composite
  Absolute T-score at baseline; mean ±  SDa 70.9 ± 10.93 71.0 ± 10.09 - -
  CFB T-score at week 6, (EOS); LS mean ±  SEd −6.8 ± 0.85 −9.3 ± 0.87 −2.4 (−4.8, 0.0) 0.0468*

 Behavioral Regulation Index
  Absolute T-score at baseline; mean ±  SDa 63.9 ± 11.28 63.6 ± 10.22 - -
  CFB T-score at week 6 (EOS); LS mean ±  SEd −6.4 ± 0.73 −7.2 ± 0.74 −0.8 (−2,8, 1.3) 0.4462

 Metacognition Index
  Absolute T-score at baseline, mean ±  SDa 73.6 ± 11.44 74.0 ± 10.87 - -
  CFB T-score at week 6 (EOS), LS mean ±  SEd −6.5 ± 0.90 −9.8 ± 0.92 −3.3 (−5.9, −0.8) 0.0100*

 GAD-7
  Absolute total score at baseline; mean ±  SDa 6.4 ± 4.96 6.0 ± 4.63 - -
  CFB total score at week 6 (EOS); LS mean ±  SEb −1.6 ± 0.30 −1.6 ± 0.31 0.0 (−0.9, 0.8) 0.9205
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3.4  Additional Secondary Endpoints; Continuous 
Variables

3.4.1  AISRS Inattention and Hyperactivity/Impulsivity 
Subscales

Both placebo and viloxazine ER groups demonstrated nota-
ble decreases (improvement) in AISRS Inattention and 
Hyperactivity/Impulsivity subscale scores with each week 
of treatment. Viloxazine ER-treated subjects improved more 
than placebo-treated subjects, with a significantly lower LS 
mean score at EOS for the Inattention subscale (p = 0.0015) 
and for the Hyperactivity/Impulsivity subscale (p = 0.0380). 
Significantly greater improvement was observed at every 
timepoint for the Inattention subscale beginning at week 2 (p 

= 0.0113) through EOS (p-values < 0.01) (Table 2, Fig. 3b) 
and for the Hyperactivity/Impulsivity subscale beginning 
at week 3 (p = 0.0073) through to EOS (p-values < 0.05) 
(Table 2, Fig. 3c).

3.4.2  Clinical Global Impressions‑Improvement (CGI‑I)

At week 6 (EOS), the absolute LS mean (± SE) CGI-I 
score was significantly lower (i.e., greater improvement) 
in the viloxazine ER group (2.6 ± 0.09) than in the pla-
cebo group (2.9 ± 0.09), p = 0.0076. Although both 
groups demonstrated a decrease (improvement) in CGI-I 
score at each assessment timepoint, the viloxazine ER 
group demonstrated a significantly greater improvement 
on this measure relative to placebo starting at week 2 (p = 

Fig. 3  Adult ADHD Investi-
gator Symptom Rating Scale 
(AISRS). Results from the 
AISRS demonstrate significant 
symptomatic improvements 
within 2 or 3 weeks follow-
ing initiation of viloxazine 
extended release (ER) treatment 
and continuing through end of 
study (EOS). This was true for 
the changes from baseline in 
the AISRS total score (a), the 
Inattention subscale (b), and 
the Hyperactivity/Impulsivity 
subscale (c) (baseline plotted 
as 0 for reference). Signifi-
cantly more subjects treated 
with viloxazine ER responded 
to treatment as assessed by an 
AISRS reduction of 30% (d) 
and 50% (e) response criteria 
from baseline. No study visit 
was scheduled for week 5. a–c 
Shown as least-squares means ± 
standard error; d, e are percent 
of subjects. *p < 0.05; **p < 
0.01; ***p < 0.001 (relative 
to placebo). ADHD attention-
deficit/hyperactivity disorder
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0.0156) and at each subsequent assessment through EOS 
(p-values <0.05) (Table 3, Fig. 4b).

3.4.3  Behavior Rating Inventory of Executive 
Function‑Adult (BRIEF‑A)

At baseline, mean (± standard deviation [SD]) Global 
Executive Composite T-score on the BRIEF-A was similar 
between placebo (70.9 ± 10.93) and viloxazine ER (71.0 ± 
10.09) groups (Table 3). At EOS, the viloxazine ER-treated 
subjects had lower (i.e., improved) mean (± SD) T-scores 
than placebo-treated subjects (61.4 ± 12.5 vs 63.8 ± 12.8, 
respectively). The reduction (improvement) in Global Exec-
utive Composite T-scores (CFB; LS mean ± SE) at EOS 
was significantly greater in the viloxazine ER group (−9.3 
± 0.87) versus the placebo group (−6.8 ± 0.85), p = 0.0468, 
suggesting that viloxazine ER improved executive function 
more than placebo. Similar analyses of the BRIEF-A indices 
demonstrated a significant treatment effect for the Metacog-
nition Index (viloxazine ER = −9.8 ± 0.92, placebo = −6.5 
± 0.90, p = 0.0100), but not for the Behavioral Regulation 
Index (p = 0.4462).

3.4.4  Generalized Anxiety Disorder 7‑Item Scale

At baseline, 45 of 179 (25.1%) placebo subjects and 35 of 
175 (20.0%) viloxazine ER subjects had a GAD-7 total score 

of 10 or greater (associated with moderate to severe anxi-
ety symptoms [46]). The mean (± SD) GAD-7 total score 
at baseline was similar between the viloxazine ER (6.0 ± 
4.63) and the placebo group (6.4 ± 4.96) (Table 3). At EOS, 
the LS mean (± SE) CFB GAD-7 total score between the 
viloxazine ER group (−1.6 ± 0.31) and the placebo group 
(−1.6 ± 0.30) was not statistically different (p = 0.9205).

3.5  Additional Secondary Endpoints; Categorical 
Variables

3.5.1  AISRS 30% Responder Rate Analysis

The AISRS 30% responder rate was significantly greater in 
the viloxazine ER group (60.0%) compared with placebo 
(47.6%) at EOS (p = 0.0395); it was also greater (p-values 
< 0.05) in the viloxazine ER group compared with placebo 
at every visit starting from week 2 (Table 2, Fig. 3d).

3.5.2  AISRS 50% Responder Rate Analysis

The AISRS 50% responder rate was not statistically differ-
ent between viloxazine ER (39.2%) and placebo (32.9%) 
at EOS (p = 0.2736), although significant differences 
(p-values < 0.05) favoring viloxazine ER were observed 
at weeks 2, 3, and 4 (Table 2, Fig. 3e).

Fig. 4  Clinical Global Impres-
sions (CGI) scales. Results from 
the CGI scales demonstrate 
significant overall improve-
ments beginning within 2 weeks 
of treatment with viloxazine 
extended release (ER) and 
continuing through end of study 
(EOS) on the Clinical Global 
Impressions-Severity of Illness 
scale (CGI-S) change from 
baseline (a) and Clinical Global 
Impressions-Improvement 
(CGI-I) scale raw scores (b). 
Significantly more subjects 
treated with viloxazine ER 
responded to treatment (i.e., 
score of 1 or 2) as assessed 
by CGI-S (c) and CGI-I (d) 
response criteria on weeks 2, 
3, and 4. No study visit was 
scheduled for week 5. a, b 
Shown as least-squares means ± 
standard error; c, d are percent 
of subjects. *p < 0.05; **p < 
0.01; ***p < 0.001; ****p < 
0.0001 (relative to placebo)
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Table 4  Summary of adverse events

Percentages are based on the safety population. Subjects are counted once for each preferred term. The severity of an AE is assessed by the investi-
gator. The severity shown is the greatest severity reported for a particular subject (mild > moderate > severe). Adverse events with a missing sever-
ity were counted as severe. A serious AE is defined as any AE that results in death, is life threatening, requires (or prolongs existing) hospitalization, 
results in persistent or significant disability, results in congenital anomaly or birth defect, or is an otherwise important medical event
AE adverse event, ER extended release, n number of subjects, N number of subjects in the population

Parameter, n (%)
 Preferred term

Placebo (N = 183) Viloxazine 
ER (N = 189)

Subjects reporting ≥1 treatment-emergent AE 91 (49.7%) 114 (60.3%)
 Mild 53 (29.0%) 47 (24.9%)
 Moderate 36 (19.7%) 57 (30.2%)
 Severe 2 (1.1%) 10 (5.3%)

Treatment-emergent AEs reported in ≥5% subjects
 Insomnia 9 (4.9%) 30 (15.9%)
 Fatigue 6 (3.3%) 23 (12.2%)
 Nausea 5 (2.7%) 23 (12.2%)
 Decreased appetite 5 (2.7%) 19 (10.1%)
 Dry mouth 4 (2.2%) 18 (9.5%)
 Headache 12 (6.6%) 23 (12.2%)
 Constipation 2 (1.1%) 11 (5.8%)

Subjects reporting any treatment-related AE 60 (32.8%) 96 (50.8%)
Subjects reporting any serious AE 2 (1.1%) 0
Subjects discontinuing due to ≥1 AE 9 (4.9%) 17 (9.0%)
AEs leading to discontinuation
 Fatigue 0 4 (2.1%)
 Constipation 0 3 (1.6%)
 Insomnia 1 (0.5%) 3 (1.6%)
 Headache 0 2 (1.1%)
 Anxiety 2 (1.1%) 1 (0.5%)
 Abdominal discomfort 0 1 (0.5%)
 Chills 0 1 (0.5%)
 Diarrhea 0 1 (0.5%)
 Dizziness 0 1 (0.5%)
 Dry mouth 0 1 (0.5%)
 Ear congestion 0 1 (0.5%)
 Erectile dysfunction 0 1 (0.5%)
 Hepatic enzyme increased 0 1 (0.5%)
 Initial insomnia 0 1 (0.5%)
 Lethargy 0 1 (0.5%)
 Migraine 0 1 (0.5%)
 Musculoskeletal chest pain 0 1 (0.5%)
 Nausea 0 1 (0.5%)
 Otis media 0 1 (0.5%)
 Panic attack 0 1 (0.5%)
 Pruritus 0 1 (0.5%)
 Rash 0 1 (0.5%)
 Cardiac failure congestive 1 (0.5%) 0
 Confusional state 1 (0.5%) 0
 Dyspepsia 1 (0.5%) 0
 Emotional poverty 1 (0.5%) 0
 Hypertension 1 (0.5%) 0
 Pancreatitis 1 (0.5%) 0
 Stupor 1 (0.5%) 0
 Transaminases increased 1 (0.5%) 0
 Vomiting 1 (0.5%) 0
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3.5.3  Clinical Global Impressions‑Severity of Illness (CGI‑S) 
Responder Rate

The CGI-S responder rate was not statistically different 
between viloxazine ER (30.8%) and placebo (25.2%) 
at EOS (p = 0.3030), although significant differences 
(p-values < 0.01) favoring viloxazine ER were observed 
at weeks 2, 3, and 4 (Table 3, Fig. 4c).

3.5.4  Clinical Global Impressions‑Improvement (CGI‑I) 
Responder Rate

The CGI-I responder rate was also not statistically differ-
ent between the viloxazine ER group (48.5%) compared to 
placebo (37.8%) at EOS (p = 0.0744), although significant 
differences (p-values < 0.05) favoring viloxazine ER were 
observed at weeks 2, 3, and 4 (Table 3, Fig. 4d).

3.6  Safety and Tolerability

3.6.1  Treatment‑Emergent Adverse Events

Overall, 60.3% of subjects randomized to viloxazine ER 
experienced an AE (49.7% placebo). The most common 
TEAEs (occurring in ≥5% of subjects in any group) were 
insomnia (viloxazine ER [%] vs placebo [%]; 15.9% vs 
4.9%), fatigue (12.2% vs 3.3%), nausea (12.2% vs 2.7%), 
decreased appetite (10.1% vs 2.7%), dry mouth (9.5% vs 
2.2%), headache (12.2% vs 6.6%), and constipation (5.8% vs 
1.1%) (Table 4). Most TEAEs were assessed by investigators 
as “mild” or “moderate” in severity; 5.3% receiving viloxa-
zine ER (vs 1.1% placebo) experienced any TEAE assessed 
as “severe”, most commonly headache (n = 3, 1.6%) and 
insomnia (n = 2, 1.1%). Treatment-emergent adverse events 
were considered related to the study medication in 50.8% of 
subjects treated with viloxazine ER compared with 32.8% 
in those treated with placebo. The most common treatment-
related TEAEs (considered related to the study medication 
by the site investigator and occurring in ≥5% of subjects in 
any group) were insomnia (14.8% vs 4.4%), fatigue (11.6% 
vs 2.7%), nausea (10.1% vs 2.2%), decreased appetite (10.1% 
vs 2.2%), dry mouth (9.0% vs 2.2%), and headache (9.0% vs 
4.9%). Serious AEs were reported in only two subjects; both 
received placebo, and each event (congestive heart failure 
and pancreatitis) resulted in discontinuation. No subject tak-
ing viloxazine ER experienced any serious AE. There were 
no deaths in the study.

No subject experienced any AEs of special interest (sei-
zure, seizure-like event, or myoclonus). More subjects in the 
viloxazine ER group had a TEAE that led to study discon-
tinuation (9.0%) compared with the placebo group (4.9%) 
(Table 4). Treatment-emergent adverse events leading to 

study discontinuation in two or more viloxazine ER-treated 
subjects (and greater than placebo) were fatigue (n = 4), 
constipation (n = 3), insomnia (n = 3), and headache (n = 2).

3.6.2  Clinical Laboratory and Hematology Evaluations

Safety evaluation of laboratory test results revealed no 
remarkable changes between baseline and EOS for any 
clinical chemistry, hematology, or urinalysis parameter, and 
no important treatment group differences were observed. 
Likewise, evaluation of individual changes showed similar 
percentages of subjects with shifts from a value within the 
normal range at baseline to a high or low value at week 6, 
with the exception that more subjects in the placebo group 
(n = 12, 6.6%) had high bicarbonate values at EOS than 
the viloxazine ER group (n = 5, 2.6%). Instances of clini-
cal chemistry abnormalities (relative to laboratory reference 
ranges) occurring in ≥5% of viloxazine ER-treated subjects 
included elevations in alanine aminotransferase (ALT; vilox-
azine ER, n = 18, 9.5%; placebo, n = 15, 8.2%), elevations 
in aspartate aminotransferase (AST; viloxazine ER, n = 18, 
9.5%; placebo, n = 7, 3.8%), and observations of low blood 
urea nitrogen (viloxazine ER, n = 14, 7.4%; placebo, n = 
11, 6.0%). For 11 subjects (viloxazine ER, n = 6; placebo, 
n = 5) abnormal laboratory values also represented TEAEs. 
One subject receiving viloxazine ER had TEAEs of positive 
urine leukocyte esterase and increased urine white blood cell 
count (each assessed as mild and not treatment related). Ten 
subjects (five viloxazine ER and five placebo) experienced a 
TEAE for increased transaminases, including ALT (all ten 
subjects) and AST (two viloxazine ER and three placebo). 
None of these elevations exceeded four times the upper limit 
of normal for viloxazine ER. None was considered severe, 
and none met criteria for a serious AE. The transaminase 
elevations were assessed as possibly related to study treat-
ment in four of the five viloxazine ER-treated subjects 
(including the two subjects with both ALT and AST eleva-
tions) and in three of the five placebo-treated subjects (all 
of whom had elevations in both ALT and AST, though for 
one of these subjects, only the AST elevation was assessed 
as possibly related whereas the ALT elevation was judged 
as unlikely related). For two of the five subjects with AST 
and ALT elevations (one receiving viloxazine ER and one 
receiving placebo), the transaminase elevations resulted in 
study discontinuation. Transaminases subsequently returned 
to normal in each subject.

3.6.3  Vital Signs, Physical Examinations, 
Electrocardiograms (ECGs), and Suicidality

Evaluation of vital signs, body weight, ECG, and physical 
examination results did not indicate any safety concerns. 
There were no important between-group changes in vital 
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signs. At any given study visit, no more than 7% of overall 
subjects experienced shifts from normal to high or low vital 
sign measurements. Five subjects had changes in blood pres-
sure recorded as TEAEs (three placebo, two viloxazine ER). 
One subject in the placebo group experienced a TEAE of 
hypertension, which was considered moderate in severity 
and not related to the study medication. Additionally, two 
subjects (1.1%) in the placebo group had increased blood 
pressure reported as a TEAE, as did one subject (0.5%) in 
the viloxazine ER group; all were considered mild in sever-
ity and not related to study medication. One subject (0.5%) 
in the viloxazine ER group had increased diastolic and 
increased systolic blood pressure reported as TEAEs; both 
were assessed as mild and although each was considered 
possibly related to the study medication, both resolved with-
out medication dose changes.

There was no evidence of a treatment effect on physi-
cal examination parameters. Decreased body weight was 
reported as a TEAE for two subjects (1.1%) in the viloxazine 
ER treatment group (none in the placebo group). Increased 
body weight was reported as a TEAE for one subject (0.5%) 
in the placebo group, but not for any subjects in the viloxa-
zine ER treatment group. All weight changes were assessed 
as related to the study medication.

There was no evidence of a treatment effect on ECG 
parameters. At EOS, QT interval corrected for heart rate 
using Fridericia’s method (QTcF) was <450 ms for all par-
ticipants except for three subjects (1.9%) in the placebo 
group and in two subjects (1.3%) in the viloxazine ER group 
who had QTcF intervals >450 ms but ≤480 ms. Likewise 
the CFB in QTcF interval was ≤30 ms for all but two sub-
jects (1.2%) in the placebo group and two subjects (1.3%) 
in the viloxazine ER group who had excursions >30 to ≤60 
ms. There were no excursions >60 ms and no QTcF values 
>480 ms.

According to Columbia-Suicide Severity Rating Scale 
assessments, at the baseline visit one subject (0.5%) in the 
viloxazine ER group reported suicidal ideation, and one sub-
ject (0.5%) in the viloxazine ER group reported non-suicidal 
self-injurious behavior. During the treatment period, three 
subjects (1.6%) in the viloxazine ER group reported suicidal 
ideation. One of these subjects reported suicidal ideation at 
week 1; the subject had no prior history of suicidal ideation, 
suicidal ideation was reported as an AE (mild in severity and 
possibly related to the study medication), and the subject 
was discontinued at week 1 because of an AE of insomnia 
after only taking two doses of the study medication. One 
subject reported suicidal ideation at week 3, week 4, and 
week 6; the subject had a history of suicidal ideation and a 
suicide attempt, but no suicide attempt in past 6 months prior 
to screening. Suicidal ideation was reported as an AE start-
ing at week 3 until week 6 (mild in severity and not related 
to the study medication) and the subject was discontinued 

because of noncompliance (prohibited medication). The last 
subject reported suicidal ideation at week 6 and had no prior 
history of suicidal ideation and/or behavior; suicidal idea-
tion was not reported as an AE. No subject in the placebo 
group reported suicidal ideation in this trial. No subject in 
either treatment group reported suicidal behavior or a sui-
cide attempt or committed suicide during this trial.

4  Discussion

In this phase III trial in adults with ADHD, the primary effi-
cacy endpoint (CFB at EOS in the AISRS total score) was 
met. Specifically, treatment with viloxazine ER resulted in 
a statistically significant improvement on the AISRS, indi-
cating an improvement in ADHD symptoms and associated 
functional impairment after only 2 weeks of treatment, and 
was demonstrable at every timepoint thereafter (Fig. 3a). 
Similar improvement was observed for both AISRS Inat-
tention and Hyperactivity/Impulsivity subscales, in which 
viloxazine ER statistically significantly improved symptoms 
of inattention within 2 weeks of treatment (Fig. 3b), and 
hyperactivity/impulsivity within 3 weeks (Fig. 3c). In addi-
tion, this study also met its key secondary endpoint (CFB 
at EOS in the CGI-S score). Treatment with viloxazine ER 
improved scores on this measure of overall illness severity at 
each clinic visit starting from week 2 through EOS (Fig. 4a). 
Likewise, CGI-I scores also demonstrated statistically sig-
nificant overall improvement relative to placebo starting at 
week 2 (Fig. 4b). Consistent efficacy was thus demonstrated 
by viloxazine ER across various measures of ADHD symp-
tomatology (including both inattention and hyperactivity/
impulsivity) and functional impairment. The significant 
improvement on CGI-S and CGI-I supports the clinical rel-
evance of ADHD symptom reduction noted on the AISRS.

These results are consistent with those published from 
three recent phase III pivotal trials in children and adoles-
cents with ADHD, in which viloxazine ER statistically sig-
nificantly reduced ADHD symptoms and improved overall 
function [27–29]. Specifically, scores on the ADHD Rat-
ing Scale, Fifth Edition began to improve after 1 week 
of treatment with viloxazine ER with continued improve-
ment for several weeks thereafter [27–29]. Improvement 
was seen in both inattention and hyperactivity/impulsivity 
subscales. Similarly, the CGI-I scores at EOS were sig-
nificantly improved relative to placebo in these pediatric 
studies (average score approximately 2.5 at EOS) [27–29, 
38]. In the present study, after 6 weeks of treatment with 
viloxazine ER, subjects averaged a final CGI-I score of 
2.6, suggesting considerable agreement between adult and 
pediatric studies.

In the present analysis, the percentage of responders was 
evaluated by several metrics: AISRS 30% and 50% responder 
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rates and CGI-S and CGI-I responder rates. For the AISRS 
30% responder rate, a significantly greater percentage of 
subjects receiving viloxazine ER versus placebo responded 
to treatment at all timepoints from week 2 to EOS, with 60% 
in the viloxazine ER group vs 48% in the placebo group 
achieving this level of response by EOS (Fig. 3d). These 
data are consistent with a recent post-hoc analysis of the four 
pediatric viloxazine ER pivotal trials (including a negative 
trial [38] with an unusually high placebo response) [31]. 
This post-hoc analysis found that, by EOS, a greater per-
centage of viloxazine ER-treated pediatric subjects (59%) 
responded to treatment (defined as a ≥30% improvement 
on the ADHD Rating Scale, Fifth Edition) versus placebo-
treated subjects (41%) [31]. While the placebo response may 
have been more robust among adult subjects, responder rates 
for the viloxazine ER groups have been consistently around 
60%, across pediatric and adult trials [39].

For the 50% responder rate, a statistically significantly 
greater percentage of subjects in the viloxazine ER group 
compared with the placebo group responded at weeks 2, 
3, and 4, but not at week 6. This was despite a similar 50% 
responder rate for viloxazine ER at week 6 as for prior weeks 
of treatment (Fig. 3e). Similarly, for both CGI-S and CGI-I 
responder rates, while a statistically significantly greater per-
centage of viloxazine ER-treated subjects responded to treat-
ment (Fig. 4c, d) at weeks 2, 3, and 4, this was not the case 
at week 6. This may be explained by the lack of statistical 
power and inherent limitations of responder rate analyses. 
For instance, the responder rate analyses are additional sec-
ondary endpoints that were not considered when powering 
the sample size for this trial. Moreover, unlike the analy-
ses of continuous variables using an MMRM or analysis of 
covariance, responder rates are binary data (e.g., responder 
or non-responder) and missing data points for subjects who 
drop out are not considered. Because subjects discontinue as 
the study progresses, sample sizes for responder rate analy-
ses are smaller at the endpoint relative to the overall FAS 
population, resulting in reduced power to detect a treatment 
difference.

4.1  Measures of Executive Function and Anxiety

This study also assessed executive function via the BRIEF-
A. Viloxazine ER improved scores on the Global Executive 
Composite (the composite of all nine scales) and the Meta-
cognitive Index statistically significantly more than placebo. 
These data are consistent with a recent post-hoc analysis 
in pediatric subjects (6–17 years of age), where subjects 
treated with viloxazine ER demonstrated statistically sig-
nificant improvements in executive function over placebo, 
as assessed by the Conners Third Edition Parent Short Form 
Executive Function content scale [47]. Improvement in the 

BRIEF-A Behavioral Regulation Index was not statistically 
significant in adult subjects in this study.

Although the BRIEF-A is not an ADHD-specific scale, 
executive dysfunction is a central component of ADHD 
impairment [48, 49] and executive function deficits (EFDs) 
are significantly more common among adults with ADHD 
relative to non-ADHD controls [50]. In a comparison 
between adults with ADHD and those without, secondar-
ily stratified by whether they presented with EFDs, ADHD 
and EFDs were independently associated with a range of 
functional impairments, many of which occurred above 
and beyond the ADHD diagnosis alone [50, 51]. Further, 
employment rates have been shown to decrease from 100% 
among non-ADHD adults with EFDs, to 52% in adults with 
ADHD without EFDs, to only 6.7% in adults with ADHD 
and EFDs [51]. Executive function deficits in young adults 
were also highly predictive of academic performance in a 
sample of college students with ADHD and EFDs, even after 
controlling for factors such as ADHD symptom severity and 
baseline academic performance [52]. Not surprisingly, adults 
with ADHD and EFDs had significantly greater impairments 
in academic, occupational, and safety outcomes, relative to 
adults with EFDs but not ADHD, or with ADHD but no 
EFDs [50]. These reports underscore the importance of rec-
ognizing and addressing EFDs among adults with ADHD.

Importantly, subjects in the present study were not pre-
selected for EFDs, nor were they stratified as such during 
the analysis. At baseline, both placebo and viloxazine ER 
groups had a mean BRIEF-A T-score above 65 on the Global 
Executive Composite (70.9 and 71.0, respectively), which is 
generally considered the threshold for clinical impairment 
[53]. This suggests that on average, both groups entered the 
study with clinically significant EFDs. After treatment with 
viloxazine ER in this short-term 6-week trial, both groups 
had a mean Global Executive Composite T-score <65 (63.8 
and 61.4 for placebo and viloxazine ER, respectively), and 
the reduction from baseline was statistically significantly 
greater for viloxazine ER versus placebo. These changes are 
encouraging and continued assessments during long-term 
treatment will provide further support of viloxazine ER 
effects on executive function in adults with ADHD.

In this study, viloxazine ER did not separate from pla-
cebo on the GAD-7, although viloxazine has a long his-
tory of anxiolytic properties, detailed in studies from the 
1970s and 1980s when viloxazine was commonly studied 
as an antidepressant [26, 54–57]. The mechanism of action 
also predicts not only antidepressant, but anxiolytic proper-
ties [26]. There are several plausible explanations for this 
negative finding. Subjects with severe general or social anxi-
ety disorders (Hamilton Anxiety Rating Scale score >21) 
were explicitly excluded from the study at screening. As a 
result, at baseline, few subjects (<23%) had moderate-to-
severe anxiety as assessed by the GAD-7 (where generalized 
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anxiety disorder is associated with scores ≥10 [46]). Not 
surprisingly, placebo and viloxazine ER subjects had low 
mean (± SD) baseline GAD-7 scores of 6.4 ± 4.96 and 6.0 
± 4.63, respectively, which are consistent with only mild 
anxiety (i.e., scores 5–9) [46]. Thus, most subjects had mild, 
minimal, or no anxiety, thereby limiting the potential for 
improvement on this measure (i.e., floor effects) when the 
FAS population was analyzed at EOS. Second, because the 
GAD-7 was a secondary endpoint, this study was neither 
designed nor statistically powered for this assessment. Thus, 
the present sample (N = 354) may be an insufficient sample 
size upon which to draw robust conclusions from the analy-
sis. Additionally, the study was conducted during the coro-
navirus disease 2019 pandemic, which may have affected 
the GAD-7 results.

The results of the trial should be considered in the context 
of limitations. The primary efficacy outcome measure was 
based on an investigator-rated scale. While the investigators 
were required to be qualified and to complete training on 
the scale, no inter-rater reliability data in this trial were col-
lected. Additionally, no ratings of patient satisfaction with 
treatment were obtained in this study. In the same respect, 
there were no patient-reported outcome data collected dur-
ing the trial, indicating the impact of coronavirus disease 
2019 on aspects of the subjects daily living or ADHD symp-
toms before and during the pandemic.

4.2  Safety Profile

Safety data provided in this flexible dosing trial in adults 
with ADHD indicate viloxazine ER was tolerated with no 
reported serious AEs and <10% of viloxazine ER-treated 
subjects discontinuing as a result of an AE. Viloxazine 
ER was generally safe with most reported TEAEs being 
assessed by investigators as “mild” or “moderate” in sever-
ity. The occurrence of “severe” TEAEs was 5.3% in subjects 
receiving viloxazine ER (placebo 1.1%). The only TEAEs 
occurring with an incidence of at least 5% in viloxazine ER-
treated subjects and greater than placebo were insomnia, 
fatigue, nausea, decreased appetite, dry mouth, headache, 
and constipation. Three subjects receiving viloxazine ER 
reported suicidal ideation during the treatment period (one 
of whom had a prior history of suicidality) with no sub-
ject reporting suicidal behavior. There were no remarkable 
mean changes in laboratory test results, vital signs, and body 
weight between screening and EOS. In summary, at doses 
between 200 and 600 mg, viloxazine ER was general safe 
and tolerable.

5  Conclusions

Significant improvements in ADHD symptoms, executive 
function, and overall clinical improvement were seen during 
treatment with viloxazine ER in adults with ADHD. Across 
several measures, significant improvements were seen within 
2 weeks of treatment initiation. These results are consistent 
with those reported in recent phase III studies in children 
and adolescents with ADHD. In the present study, viloxazine 
ER was generally safe and tolerable.
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