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Abstract
Viloxazine (SPN-812), an age-old antidepressant, has recently been approved by the US FDA for the treatment of attention-
deficit hyperactivity disorder (ADHD) in children aged 6–17 years, at a dose range of 100–400 mg/day. Viloxazine acts 
primarily by norepinephrine reuptake inhibition and may also modulate the serotonergic system. The efficacy of viloxazine 
for the treatment of ADHD in children aged 6–17 years has been demonstrated in a series of short-term clinical trials. The 
most common adverse events include somnolence and gastrointestinal upset, while the FDA has issued a black-box warning 
regarding suicidal ideation or behavior. This article summarizes the information regarding viloxazine based on previously 
published narrative reviews, preclinical studies, and blinded controlled clinical trials.

Key Messages 

Viloxazine (SPN-812) has recently been approved by the 
US FDA for the treatment of attention-deficit hyperactiv-
ity disorder (ADHD) in children aged 6–17 years, at a 
dose range of 100–400 mg/day.

Viloxazine acts primarily by norepinephrine reuptake 
inhibition and may also modulate the serotoninergic 
system.

In several clinical trials, viloxazine has shown efficacy 
relative to placebo for the treatment of ADHD in chil-
dren.

The drug is generally well tolerated and the most com-
mon adverse events include somnolence and gastrointes-
tinal upset.

Introduction

Attention-deficit hyperactivity disorder (ADHD) is a com-
mon childhood disorder with poorly understood etiology, 
defined as persistent inattention and hyperactivity impulsiv-
ity that interferes with normal functioning or development 
[1]. ADHD leads to numerous psychosocial problems in 
children and adolescents, such as substandard school per-
formance, poor relationships with parents and peers, school 
dropout, substance abuse, and more risk of accidental inju-
ries. Adults with ADHD often have less education achieve-
ment, poor job performance, and emotional instability [2]. 
The treatment of ADHD involves both behavioral and phar-
macological interventions. Behavioral therapy focuses on 
decreasing distractions and improving time management 
and organization skills, while pharmacological management 
encompasses two drug categories—stimulants (methylphe-
nidate, amphetamine) and non-stimulants (guanfacine, clo-
nidine, atomoxetine) [3].

When treated with stimulants as monotherapy, the 
response rate in ADHD is usually 70%, and the response 
rate increases up to 90% when two stimulants are concomi-
tantly used [4]; however, the most common adverse effects 
of stimulant drugs include loss of appetite, altered sleep, 
blood pressure and heart rate, suicidal ideation, and emo-
tional liability [4, 5]. In children with ADHD, early morn-
ing functional activities, such as brushing teeth, bathing, 
dressing up, and eating, which require time management, 
task memory, and cooperation with their parents, can be 
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impaired [6]. In an online survey, 77% of parents/caregiv-
ers reported that these activities are impaired among chil-
dren with ADHD despite taking stimulant medications [6]. 
Another problem with using stimulants is that about one in 
five children and adolescents sell or trade their drugs [7].

The alternative treatment approach is the use of a non-
stimulant, however this is usually less effective than stimu-
lant medication [8, 9]. The most common adverse events 
(AEs) associated with the non-stimulants, such as atomox-
etine, include sleep disturbances, gastrointestinal discomfort, 
and loss of appetite [10]. A novel drug with efficacy, toler-
ability, and least abuse potential is still sought after for the 
treatment of ADHD.

Viloxazine was first introduced during the 1970s in sev-
eral European countries; however, during the early 2000s, 
due to its limited commercial success and low profitability, 
the manufacturer withdrew viloxazine from the market. Due 
to its stimulant effect without apparent dependence, few tri-
als have evaluated the efficacy and safety of viloxazine for 
the treatment of ADHD in the past decade. Several placebo-
controlled trials, including NCT02633527, NCT03247530, 
NCT03247543, NCT03247517, and NCT03247556, were 
conducted in a full-fledged manner during 2016–2019 to 
evaluate the efficacy and safety of viloxazine for the treat-
ment of ADHD in children. An open-label extension of a 
double-blind placebo-controlled trial (NCT02736656) is 
ongoing to establish the long-term efficacy and safety of 
viloxazine. The timeline representing the journey of viloxa-
zine from inception to US FDA approval is depicted in Fig. 1 
[11].

In the US, viloxazine is approved for the treatment of 
ADHD in patients aged 6–17 years. For children aged 
6–11  years, the recommended initial dose is 100  mg/
day, which can be titrated up to 400 mg/day by weekly 

increments of 100 mg. For older children between 12 and 
17 years of age, the recommended starting dose is 200 mg/
day, which can be increased up to 400 mg/day. Viloxazine 
capsules may be either swallowed whole or opened and 
sprinkled on applesauce [12].

Mechanism of action

It is essential to understand the basic pathophysiology of 
ADHD in order to understand the mechanism of viloxa-
zine. The prefrontal cortex (PFC) is mainly responsible 
for regulating behavior and attention. A circuit of neu-
rons connecting the PFC, striatum, and cerebellum con-
trol behavior, thoughts, concentration, and movement. 
The neurotransmitters release acts on postsynaptic recep-
tors and systematize attention, focus, and organization of 
thoughts and actions. Norepinephrine activates this neural 
circuit [13].

Viloxazine was sold as a racemic mixture containing the 
(S) and (R) isomers, with the former being five times more 
active. Viloxazine binds to the norepinephrine transporter 
(NET), and the inhibitor constant Ki was 0.63 µM. Viloxa-
zine inhibits the reuptake of norepinephrine, with a minimal 
inhibitory concentration  (IC50) of 0.2 µM [14]. Viloxazine 
has a multimodal mechanism of action involving the norepi-
nephrine and serotonergic systems, which can be a serotonin 
norepinephrine modulating agent (SNMA) (Fig. 2). It acts 
as an agonist at the 5-HT2C receptor and an antagonist at the 
5-HT2B receptor, and increases serotonin and norepineph-
rine levels in the PFC. Viloxazine causes a minimal increase 
in dopamine levels in the nucleus accumbens, making it a 
novel drug for ADHD with the least abuse potential [15].

Fig. 1  Timeline for viloxazine approval for use in the treatment of ADHD. ADHD attention-deficit hyperactivity disorder, CRL complete 
response letter, NDA new drug application
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Pharmacokinetics

Viloxazine achieves steady-state concentration after 2 days 
of administration, and the maximum concentration (Cmax) 
is reached in a median time (Tmax) of 5 h (range 6–9 h). The 
half-life of the drug is ≈ 7 h with 80% plasma protein bind-
ing. The administration of viloxazine with high-fat meals 
decreases the Cmax and area under the curve (AUC) by ≅ 
10%, and increases Tmax by 2 h. Almost 90% of the drug gets 
eliminated by the kidney.

Viloxazine is mainly metabolized by the cytochrome 
P450 (CYP) 2D6, UDP-glucuronosyltransferase (UGT) 1A9, 
and UGT2B15 enzymes, and 5-hydroxy-viloxazine glucu-
ronide is the major metabolite detected in plasma. Modest 
variation in Cmax was detected in poor CYP2D6 metabo-
lizers compared with extensive metabolizers (less than 
twofold), with moderate drug–drug interactions observed 
with a strong CYP2D6 inhibitor (paroxetine). Simultane-
ous administration of viloxazine with methylphenidate or 
lisdexamphetamine does not affect the Cmax or AUC of 
either drug. Viloxazine is a potent inhibitor of CYP1A2 and 

significant drug interactions are expected. Concomitant use 
of a monoamine oxidase inhibitor (MAO-I) may lead to a 
hypertensive crisis.

No data are available regarding the use of viloxazine in 
the elderly population, pediatric population < 6 years of 
age, or patients with hepatic impairment. The drug should 
be discontinued during pregnancy. Furthermore, in patients 
with renal impairment, the starting dose is 100 mg, with 
a weekly increment of 50 mg up to a maximum dose of 
200 mg/day [12].

Clinical trials

The efficacy of viloxazine has been established in sev-
eral different clinical trials, and long-term safety is being 
assessed in ongoing open-label trials. This section discusses 
the five clinical trials that evaluated the efficacy and safety 
of viloxazine in children with ADHD (Table 1).

In an essential, randomized, double-blind, phase II, pla-
cebo-controlled trial, the efficacy and safety of SPN-812 

Fig. 2  Mechanism of action of viloxazine. NET norepinephrine transporter
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(viloxazine extended-release [VLX-ER]) 100, 200, 300, and 
400 mg/day were evaluated in 222 children aged 6–12 years. 
The study consisted of a 3-week titration phase followed by 
a 5-week maintenance phase. The primary efficacy endpoint 
was change from baseline (CFB) to end of study (EOS) in 
the Attention-Deficit Hyperactivity Rating Scale (ADHD-
RS-IV) total score, while the secondary endpoints were CFB 
to EOS in Clinical Global Impression–Severity (CGI-S) and 
Clinical Global Impression–Improvement (CGI-I) scores. 
At the end of the study, relative to placebo, a statistically 
significant (p ≤ 0.03) improvement in the ADHD-RS-IV 
scale was demonstrated in the viloxazine 200, 300, and 400 
mg/day groups (Table 1). A similar trend was observed for 
CGI-S, as a significant (p ≤ 0.03) improvement relative to 
placebo was noted in viloxazine doses of 200, 300, and 400 
mg/day (Table 1). However, in the CGI-I score, significant 
improvement relative to placebo was noted only with viloxa-
zine 300 mg/day (p = 0.01) (Table 1) [16].

Based on the findings from the phase II trial, the efficacy 
and safety of VLX-ER 200 and 400 mg/day were evaluated 
in children aged 12–17 years in a randomized, double-blind, 
placebo-controlled, phase III trial. This study involved 104 
participants in the placebo arm and 197 participants in the 
drug-treated arm. The duration of the study was 6 weeks, 
including a 1-week titration phase and a 5-week mainte-
nance phase. The primary efficacy endpoint was CFB in 
ADHD-RS-5 total score at EOS. As secondary endpoints, 
the responder rate in ADHD-RS-5 and CGI-I was assessed. 
ADHD-RS-5 responders were defined as the proportion of 
participants showing ≥ 50% improvement in the total score, 
while CGI-I responders were defined as the proportion of 
patients who had a score of 1 (very much improved) or 2 
(much improved). Other secondary endpoints were CFB in 
the Conners 3rd Edition–Parent Short Form (C3PS) com-
posite T score and Weiss Functional Impairment Rating 
Scale–Parent Report (WFIRS-P) at EOS.

A significant (p ≤  0.023) CFB was observed in the 
ADHD-RS-5 scale with viloxazine compared with placebo 
(Table 1). The responder rate for ADHD-RS-5 was signifi-
cantly (p ≤ 0.0089) higher with viloxazine 200 and 400 mg/
day than with placebo (45.8% and 44.6% vs. 27%). Simi-
larly, a significantly (p < 0.05) higher CGI-I responder rate 
was observed with viloxazine 200 and 400 mg/day versus 
placebo at week 1 (14.1% and 16.5% vs. 4.8%), with these 
improvements generally remaining significant through EOS. 
A statistically significant difference was not observed in 
other secondary efficacy endpoints (i.e., C3PS and WFIRS-
P) (Table 1) [17].

In another 6-week, randomized, double-blind, placebo-
controlled, phase III trial, the efficacy and safety of VLX-
ER (100 and 200 mg/day) were evaluated in 460 children 
aged 6–11 years. The study duration was 6 weeks, including 
an initial 1-week titration phase followed by a maintenance Ta
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phase of 5 weeks. The endpoints were similar to the pre-
vious trial: CFB in ADHD-RS-5 total score, C3PS, and 
WFIRS-P at EOS, and responders’ rate in ADHD-RS-5 and 
CGI-I. A significant (p ≤ 0.004) CFB was observed in the 
ADHD-RS-5 scale in the viloxazine arm compared with 
the placebo arm (Table 1). The responder rate for ADHD-
RS-5 and CGI-I was significantly (p ≤ 0.0244) higher with 
viloxazine 100 and 200 mg/day versus placebo (34.2% and 
41.2% vs. 19.8%, and 44.9% and 50.6% vs. 27.9%, respec-
tively). Similarly, a statistically significant difference was 
also observed in other secondary efficacy endpoints, i.e., 
C3PS and WFIRS-P, in both doses compared with placebo 
(Table 1) [18].

Another phase III, randomized, double-blind, pivotal trial 
evaluated the efficacy and safety of VLX-ER (200 and 400 
mg/day) in children aged 6–11 years. The study involved 97 
participants in the placebo arm and 204 participants in the 
drug-treated arm. The duration of the study was 8 weeks, 
the initial 2 weeks of which were designated as the titra-
tion phase. The endpoints were similar to the previous tri-
als. A statistically significant (p ≤ 0.006) CFB relative to 
placebo was noted in the ADHD-RS-5 score at EOS in both 
the 200 and 400 mg groups (Table 1). The response rate for 
ADHD-RS-5 and CGI-I was also significantly (p ≤ 0.0099) 
higher in the viloxazine 200 and 400 mg/day groups than in 
the placebo group (36% and 41.2% vs. 25%, and 47.6% and 
47.4% vs. 36.1%, respectively). The CFB in the C3PS score 
was statistically significant versus placebo for the 200 mg/
day dose (p = 0.006) but not for the 400 mg/day dose [19].

A similar randomized, double-blind, placebo-controlled, 
phase III clinical trial also assessed the efficacy and safety 
of VLX-ER (400 and 600 mg/day) in adolescents. The trial 
duration was 7 weeks, the initial 2 weeks of which were des-
ignated as the titration phase. The endpoints were similar to 
the previous trials. A statistically significant CFB was noted 
in the ADHD-RS-5 score at EOS in the viloxazine 400 mg/
day group but not in the 600 mg/day group (Table 1). The 
responder rate for ADHD-RS-5 and CGI-I was numerically 
higher with viloxazine 400 and 600 mg/day versus placebo 
(48.2% and 46% vs. 32.9%, and 60.6% and 48.5% vs. 34.3%, 
respectively). The CFB in the C3PS score and WFIRS-P 
was not statistically significant from placebo for either dose 
(Table 1) [20].

Adverse effects

For safety analysis, AEs or treatment-emergent AEs 
(TEAEs) were recorded throughout the study periods 
(Table 1). The most common AEs noted with the use of 
viloxazine were either neurological or gastrointestinal. The 
neurological AEs included somnolence, headache, and 

insomnia, while the gastrointestinal AEs included nausea 
and decreased appetite.

In five randomized, double-blind, placebo-controlled, 
phase II or III trials, TEAEs were observed in 47.9–68.4% 
and 29.6–45.8% of viloxazine and placebo recipients, 
respectively [16–20].

Upon pooling the data from the clinical trials, the over-
all incidence of TEAEs was 37.5% and 59.2% in the pla-
cebo and VLX-ER groups, respectively. The incidence of 
somnolence (14.1% vs. 3%), headache (8.0% vs. 4.5%), and 
decreased appetite (7.6% vs. 0.8%) was numerically higher 
in the VLX-ER group than in the placebo group. Very few 
serious AEs were reported in both groups (0% vs. 0.89%); 
the reported serious AEs included syncope, suicidal idea-
tion, suicidal attempt, suicidal behavior, and conduct disor-
der. Accordingly, the US FDA issued a black-box warning 
for suicidal thoughts and behaviors [16–20]. Hence, parents/
caretakers should be made aware of this alarming AE and all 
patients treated with viloxazine should be monitored closely 
for the emergence or worsening of suicidal thoughts and 
behaviors, especially during the first few months of viloxa-
zine treatment and at times of dosage adjustment. Heart rate 
and blood pressure monitoring should be performed periodi-
cally throughout the treatment (Table 1) [10].

Place of viloxazine therapy

As discussed earlier, the pharmacotherapy of ADHD 
includes stimulant and non-stimulant drugs [4]. In a sys-
tematic review and meta-analysis, the comparative efficacy 
and tolerability of oral medications for ADHD in children, 
adolescents, and adults were analyzed [21]. In studies using 
ADHD core symptoms rated by clinicians in children and 
adolescents, interventional drugs such as amphetamines, 
methylphenidate, and atomoxetine were found to be more 
efficacious than placebo. For scores rated by teachers, only 
methylphenidate and modafinil were found to be more effica-
cious than placebo. In terms of tolerability, amphetamines 
were found to be inferior to placebo in both children and 
adolescents, and guanfacine was also found to be inferior to 
placebo in children and adolescents [21]. As stimulants are 
often associated with undesirable AEs, a new non-stimulant 
medication may benefit children with ADHD. The US FDA 
approved viloxazine, a non-stimulant drug, for the treatment 
of ADHD in pediatric patients aged 6–17 years [11], at dose 
ranges of 100–400 mg/day depending on the efficacy and 
tolerability [11].

The significant advantage of viloxazine is devoid of car-
diovascular AEs/sudden cardiac death and abuse liability 
compared with already-approved drugs [22]. Viloxazine has 
shown efficacy relative to placebo in numerous endpoints 
such as the ADHD-RS-IV, ADHD-RS-5, CGI-I, C3PS, and 
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WFIRS-P with mostly tolerable adverse effects [16–20]. 
Very few serious AEs were reported, making viloxazine a 
well-tolerated alternative. On the flip side, a black-box warn-
ing has been issued for suicidal ideation or behavior. An 
ongoing open-label extension study (NCT02736656) will 
further determine the efficacy and safety of viloxazine in 
children with ADHD.

A systematic review and meta-analysis by Faraone et al. 
noted that although ADHD medications showed superior 
efficacy compared with placebo, heterogeneous placebo 
effects have been found for all efficacy outcomes [23]. Fur-
ther clinical trials comparing viloxazine with other agents, 
along with real-world studies, would be of interest to estab-
lish the effectiveness of viloxazine for the treatment of 
ADHD.

Declarations 

Funding No sources of funding were used to assist in the preparation 
of this article.

Conflicts of interest Mahesh Kumar Balasundaram and Alok Singh 
have no conflicts of interest to declare.

Ethical approval Not applicable.

Consent to participate Not applicable.

Consent for publication Not applicable.

Availability of data and materials Not applicable.

Code availability Not applicable.

Author contributions All authors contributed equally to this work.

References

 1. Substance Abuse and Mental Health Services Administration. 
DSM-5 changes: implications for child serious emotional distur-
bance. Rockville: Substance Abuse and Mental Health Services 
Administration (US); 2016.

 2. Caye A, Swanson JM, Coghill D, et al. Treatment strategies for 
ADHD: an evidence-based guide to select optimal treatment. Mol 
Psychiatry. 2019;24(3):390–408.

 3. Cortese S. Pharmacologic treatment of attention deficit-hyperac-
tivity disorder. N Engl J Med. 2020;383(11):1050–6.

 4. Budur K, Mathews M, Adetunji B, et al. Non-stimulant treatment 
for attention deficit hyperactivity disorder. Psychiatry (Edgmont). 
2005;2(7):44–8.

 5. Pozzi M, Carnovale C, Peeters GGAM, et al. Adverse drug events 
related to mood and emotion in paediatric patients treated for 
ADHD: a meta-analysis. J Affect Disord. 2018;238:161–78.

 6. Faraone SV, Schachar RJ, Barkley RA, et  al. Early morn-
ing functional impairments in stimulant-treated children with 

attention-deficit/hyperactivity disorder versus controls: impact on 
the family. J Child Adolesc Psychopharmacol. 2017;27(8):715–22.

 7. Kollins SH. Abuse liability of medications used to treat atten-
tion-deficit/hyperactivity disorder (ADHD). Am J Addict. 
2007;16(Suppl 1):35–42 (quiz 43-4).

 8. Faraone SV, Glatt SJ. A comparison of the efficacy of medica-
tions for adult attention-deficit/hyperactivity disorder using meta-
analysis of effect sizes. J Clin Psychiatry. 2010;71(6):754–63.

 9. Padilha SCOS, Virtuoso S, Tonin FS, Borba HHL, Pontarolo R. 
Efficacy and safety of drugs for attention deficit hyperactivity dis-
order in children and adolescents: a network meta-analysis. Eur 
Child Adolesc Psychiatry. 2018;27(10):1335–45.

 10. Garnock-Jones KP, Keating GM. Atomoxetine: a review of its use 
in attention-deficit hyperactivity disorder in children and adoles-
cents. Paediatr Drugs. 2009;11(3):203–26.

 11. Lamb YN. Viloxazine: pediatric first approval. Pediatr Drugs. 
2021;23(4):403–9.

 12. Viloxazine FDA prescribing information [cited 4 Oct 2021]. 
https:// www. fda. gov/ media/ 148484/ downl oad.

 13. Arnsten AF. Fundamentals of attention-deficit/hyperactivity dis-
order: circuits and pathways. J Clin Psychiatry. 2006;67(Suppl 
8):7–12.

 14. Danchev ND, Rozhanets VV, Zhmurenko LA, Glozman OM, 
Zagorevskiĭ VA. Povedencheskiĭ i radioprotektornyĭ ana-
liz stereoizomerov viloksazina [Behavioral and radioreceptor 
analysis of viloxazine stereoisomers]. Biull Eksp Biol Med. 
1984;97(5):576–8.

 15. Yu C, Garcia-Olivares J, Candler S, et al. New insights into the 
mechanism of action of viloxazine: serotonin and norepinephrine 
modulating properties. J Exp Pharmacol. 2020;12:285–300.

 16. Johnson JK, Liriano T, Saylor K, et  al. A phase II double-
blind, placebo-controlled, efficacy and safety study of SPN-812 
(extended-release viloxazine) in children with ADHD. J Atten 
Disord. 2020;24(2):348–58.

 17. Nasser A, Liriano T, Adewole T, et al. a phase 3, placebo-con-
trolled trial of once-daily viloxazine extended-release capsules in 
adolescents with attention-deficit/hyperactivity disorder. J Clin 
Psychopharmacol. 2021;41(4):370–80.

 18. Nasser A, Liriano T, Adewole T, et al. A phase III, randomized, 
placebo-controlled trial to assess the efficacy and safety of once-
daily SPN-812 (viloxazine extended-release) in the treatment of 
attention-deficit/hyperactivity disorder in school-age children. 
Clin Ther. 2020;42(8):1452–66.

 19. Nasser A, Liriano T, Adewole T, et al. Once-daily SPN-812 
200 and 400 mg in the treatment of ADHD in school-aged 
children: a phase III randomized, controlled trial. Clin Ther. 
2021;43(4):684–700.

 20. Nasser A, Liriano T, Adewole T, et al. A phase 3 placebo-con-
trolled trial of once-daily 400-mg and 600-mg SPN-812 (viloxa-
zine extended-release) in adolescents with ADHD. Psychophar-
macol Bull. 2021;51(2):43–64.

 21. Cortese S, Adamo N, Del Giovane C, et al. Comparative efficacy 
and tolerability of medications for attention-deficit hyperactivity 
disorder in children, adolescents, and adults: a systematic review 
and network meta-analysis. Lancet Psychiatry. 2018;5(9):727–38.

 22. Findling RL, Candler SA, Nasser AF, et al. Viloxazine in the 
management of CNS disorders: a historical overview and current 
status. CNS Drugs. 2021;35(6):643–53. https:// doi. org/ 10. 1007/ 
s40263- 021- 00825-w.

 23. Faraone SV, Newcorn JH, Cipriani A, et al. Placebo and nocebo 
responses in randomised, controlled trials of medications for 
ADHD: a systematic review and meta-analysis. Mol Psychiatry. 
2021. https:// doi. org/ 10. 1038/ s41380- 021- 01134-w.

https://www.fda.gov/media/148484/download
https://doi.org/10.1007/s40263-021-00825-w
https://doi.org/10.1007/s40263-021-00825-w
https://doi.org/10.1038/s41380-021-01134-w

	Viloxazine for attention-deficit hyperactivity disorder: a new formulation for a new indication
	Abstract
	Introduction
	Mechanism of action
	Pharmacokinetics
	Clinical trials
	Adverse effects
	Place of viloxazine therapy
	References




