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ABSTRACT ~ Objectives: Three Phase 3 trials have demonstrated the eff icacy and safety 
of SPN-812 in pediatric subjects with ADHD. Here, we report the results of a fourth 
trial. Methods: Eligible adolescent subjects (N = 297) were randomized to SPN-812 
(400- or 600-mg/day) or placebo. The primary eff icacy endpoint was change from base-
line (CFB) at end of study (EOS) in the ADHD Rating Scale-5 (ADHD-RS-5) Total 
score. Statistical analyses included sequential testing for multiple treatment comparisons. 
Key secondary endpoints included: Clinical Global Impression-Improvement (CGI-I) 
score at EOS and CFB at EOS in the Conners 3–Parent Short Form (Conners 3–PS) 
Composite T-score and Weiss Functional Impairment Rating Scale–Parent (WFIRS–P) 
Total average score. Results: The CFB at EOS ADHD-RS-5 Total score (least square 
[LS] means ± SE) for 400-mg/day, 600-mg/day SPN-812, and placebo was −18.3 
± 1.36, −16.7 ± 1.39, and –13.2 ± 1.38, respectively. The difference vs. placebo was 
statistically signif icant only for the 400-mg/day SPN-812 treatment group (600 mg/
day: p = 0.0712; 400 mg/day: p = 0.0082). Neither dose could be considered superior to 
placebo due to the use of statistical method of sequential testing. Significant improvements 
were observed on a number of secondary endpoints. SPN-812 was well tolerated at both 
doses, with <5% discontinuation rate due to adverse events. Conclusions: Treatment with 
400- but not 600-mg/day SPN-812 resulted in statistically significant improvement in 
the primary endpoint. The negative result seen in the 600-mg/day SPN-812 group was 
likely due to an unusually high placebo response. Safety data were consistent across all doses 
in the SPN-812 trials. Psychopharmacology Bulletin. 2021;51(2):43–64.
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Introduction

In the United States, it is estimated that approximately 10.2% of chil-
dren and adolescents1 and 4.4% of adults2 have been diagnosed with 
attention-deficit/hyperactivity disorder (ADHD). Although multiple 
stimulant (various formulations of methylphenidate and amphetamine) 
and nonstimulant (atomoxetine, guanfacine, and clonidine) medications 
have demonstrated efficacy in the treatment of ADHD,3,4 it is esti-
mated that approximately 20% to 40% of patients with ADHD do not 
achieve treatment response or symptomatic remission.5–7

In addition, many of these medications are either contraindicated or 
should be used with caution in certain patient populations; for instance, 
in patients with cardiac abnormalities or cardiovascular problems,8–12 
agitation, Tourette syndrome, tics, sleep disturbances, bipolar disorder,8,9 
sedation, or somnolence.11,12 Common safety and tolerability issues 
that have been associated with stimulant treatment include insomnia, 
irritability, nausea, decreased appetite, and weight decrease.8,9 Issues 
that have been associated with nonstimulant treatment include som-
nolence, sedation, fatigue, hypotension, and bradycardia.10–12 Further, 
stimulants are controlled substances (schedule II drugs [CII]), which 
are also associated with a risk of abuse, misuse, and diversion13–16 and 
have certain restrictions for initial prescriptions and refills.17

All ADHD medications currently approved by the United States 
Food and Drug Administration (FDA) require periods of time for dose 
and/or regimen optimization.18,19 For instance, the duration of action 
of stimulants often does not meet the all-day demands of ADHD 
patients,4,20 while current FDA-approved nonstimulant medications 
have been described as having a slow onset of action and/or requiring 
long titration periods.11,12,19,21,22

Management of ADHD symptoms in adolescents presents additional 
challenges. As young children age into adolescence, cognitive tasks 
become more complex and require more independence. In addition, 
there is a growing importance of peer interactions that can further place 
higher demands on these patients, which may lead to difficulties in 
academic performance, self-perception, family, and peer relations.23–26 
In adolescents, ADHD is associated with higher rates of risky driving 
behavior, obesity, suicidal thoughts, and illicit drug use.23,27–29 In addi-
tion, adolescents and young adults with ADHD are likely to be diag-
nosed with other psychiatric comorbidities, including major depression, 
bipolar disorder, anxiety, antisocial disorders, tics/Tourette’s syndrome, 
and substance use disorders.29,30 Considering the limitations of cur-
rent FDA-approved ADHD medications and the challenges faced in 
effectively managing ADHD symptoms in pediatric and adolescent 
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populations, new effective and well-tolerated treatment options  
are needed. 

SPN-812 (viloxazine extended-release) is a nonstimulant therapy that 
has demonstrated activity at the norepinephrine transporter and has 
been shown to increase serotonin.31 SPN-812 is under investigation as 
a novel therapy for ADHD in pediatric and adult patients. Two Phase 3 
placebo-controlled trials (NCT03247530, NCT03247543) investigated 
the efficacy and safety of 100-, 200-, and 400-mg/day of SPN-812 
in children (6–11 years) with ADHD.32 Another Phase 3 placebo-
controlled trial (NCT03247517) investigated the efficacy and safety of 
200- and 400-mg/day doses of SPN-812 in adolescents (12–17 years) 
with ADHD. In all three trials, SPN-812 significantly reduced ADHD 
symptoms as measured by the ADHD-RS-5, an improvement that was 
determined to be clinically meaningful as measured by the CGI-I scale. 
Further, SPN-812 was well tolerated at the dose levels tested in these 
trials.32–34 Here, we report the results of a fourth pediatric Phase 3 
placebo-controlled trial evaluating the efficacy and safety of 400- and 
600-mg/day doses of SPN-812 in adolescents (12–17 years of age) with 
ADHD.

Materials and Methods

Study Design

A randomized, double-blind, placebo-controlled, three-arm, paral-
lel-group trial was conducted at 27 clinical sites in the United States 
(NCT03247556). Following a screening phase (up to 28 days), 297 
subjects were randomized in a 1:1:1 ratio to placebo, 400-mg/day SPN-
812, or 600-mg/day SPN-812. All subjects, regardless of the treatment 
group assignment, were administered three oral capsules daily in the 
morning with or without food throughout the treatment, with an option 
to sprinkle over soft food (e.g., apple sauce) to facilitate swallowing if 
needed.32 All capsules were identical in appearance. Subjects assigned 
to the placebo group took three placebo capsules daily for 7 weeks; 
subjects in the 400-mg/day SPN-812 treatment group took one 200-
mg capsule of SPN-812 and two placebo capsules daily during Week 1 
followed by two 200-mg capsules of SPN-812 and one placebo capsule 
daily for the remaining 6 weeks; subjects in the 600-mg/day SPN-812 
treatment group took one 200-mg SPN-812 capsule and two placebo 
capsules daily during Week 1, two 200-mg SPN-812 capsules and one 
placebo capsule daily during Week 2, followed by three 200-mg capsules 
daily for the remaining 5 weeks (Figure 1). The parent(s)/guardian(s) 
was asked to accommodate dosing into the family’s morning routine 
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as consistently as possible, though some flexibility in the timing of the 
daily dose was permitted if an adverse event (AE) precluded or delayed 
study medication (SM) administration.32

The study protocol was approved by Advarra Institutional Review 
Board (IRB) and conducted in accordance with the Helsinki Declaration 
and the International Council for Harmonisation (ICH) Good Clinical 
Practice (GCP) Guidelines. Each subject and parent(s)/legally autho-
rized guardian(s) provided written informed consent/assent prior to 
screening. The subject and the parent/guardian were informed about 
the nature and purpose of the study, as well as of its risks and benefits. 
It was explained that the subject could withdraw from the study at any 
time for any reason and that this decision would not affect any future 
medical care. Subjects who completed the 7-week treatment phase and 
continued to meet eligibility criteria were offered the opportunity to 
participate in a long-term, open-label extension trial (NCT02736656).

Subjects

Male and female subjects (12 to 17 years of age, weighing • 35 kg) 
were eligible to participate if they had a primary diagnosis of ADHD 
per the Diagnostic and Statistical Manual of Mental Disorders, 5th edi-
tion (DSM-5),35 confirmed via the Mini International Neuropsychiatric 
Interview for Children and Adolescents (MINI-KID),36 and had an 
ADHD-RS-5 Total score • 28, and a Clinical Global Impression-
Severity of Illness (CGI-S) score • 4 (i.e., overall illness severity of 
moderate or greater) at screening.32 Further, in order to be eligible to 
participate in this study, subjects had to be considered medically healthy 
by the study investigator based on a physical examination, medical his-
tory, clinical laboratory tests, vital signs, and electrocardiogram (ECG). 
Subjects were also required to refrain from taking other ADHD medi-
cations for a minimum of 1 week prior to randomization and for the 
study duration.

Subjects were not eligible to participate in the trial if they had a current 
diagnosis of a major psychiatric disorder, a major neurological disorder 
(including seizures or a history of seizure disorder within the immediate 
family, or a history of seizure-like events), a significant systemic disease, 
evidence of suicidality (defined as active suicidal plan or thoughts, or 
more than one lifetime suicide attempt) within 6 months of screening 
or at screening, and/or a body mass index (BMI) > 95th percentile for 
the appropriate age and gender.32 Subjects with major depressive dis-
order who were free of episodes within the 6 months prior to screening 
were eligible to participate. In addition, subjects were not eligible to 
participate if they had a history of intolerance or allergic reaction to 
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viloxazine or its excipients, received any investigational drug within 30 
days or 5 half-lives prior to first dosing of SM, or in the opinion of the 
site investigator, had any reason that contraindicated participation.

Other exclusion criteria included positive urine drug screen at the 
screening visit (a positive test for amphetamines was allowed for 
subjects receiving a prescription stimulant ADHD medication and 
not responding to treatment—the subject was required to discontinue 
the stimulant at least one week prior to the baseline visit), pregnancy, 
breastfeeding, or refusal to practice abstinence or use an acceptable 
birth control beginning 30 days prior to the first dose and throughout 
the study.32

The safety population included all randomized subjects who received 
at least 1 dose of SM; the intent-to-treat (ITT) population for efficacy 
included all subjects who were randomized, took at least one dose of SM, 
and had a baseline and at least one post-randomization ADHD-RS-5 
assessment. 

Assessments

The primary efficacy assessment, the investigator-rated ADHD-RS-5, 
was conducted at each outpatient study visit from Visit 1 (screening) 
to Visit 9 (EOS) (Figure 1). The investigator-rated CGI-S scale was 
conducted at Visit 1 and Visit 2 (baseline), and the investigator-rated 
CGI-I scale was conducted at weekly, post-baseline study visits (Visit 
3 to Visit 9). Safety assessments (such as vital signs, the Columbia 
Suicide Severity Rating Scale [C-SSRS], review of AEs, and concomi-
tant medications) were performed at all study visits. ECGs, labora-
tory tests, and physical examinations were performed at Visits 1 and 9. 
Parent/guardian- or self-administered ratings (including the Conners 
3–PS, WFIRS–P, Stress Index for Parents of Adolescents [SIPA], and 
Conners 3–Self-Report Short Form [Conners 3–SRS]) were performed 
at Visit 2 (baseline) and Visit 9 (EOS). 

Statistical Analysis 

Sample size calculations indicated that 72 subjects per treatment 
group in the ITT population would yield 90% power across treatment 
groups at a significance level of 0.05 (two-sided) using a two-sample 
t-test, based on an effect size of 0.547 obtained in a previous Phase 
2b trial for ADHD-RS-5 Total score at SPN-812 dose of 200 mg vs. 
placebo.37 Based on this and accounting for an anticipated early discon-
tinuation rate of 27.9%, a total of 300 subjects (100 per treatment arm) 
were projected for the randomized population. 
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The primary efficacy endpoint was CFB at EOS in the ADHD-RS-5 
Total score compared to placebo (Figure 1). The ADHD-RS-5 is an 
ADHD-specific scale that consists of 18 items (corresponding to 18 
DSM-5 symptoms that are further subdivided into two subscales: 
Inattention [9 items] and Hyperactivity/Impulsivity [9 items]).38 The 
key secondary efficacy endpoints included: CGI-I39 score at EOS, CFB 
in the Conners 3–PS40 Composite T-score at EOS, and CFB in the 
WFIRS–P41,42 Total average score at EOS.32 More detailed descrip-
tions of these scales are provided in another report (Nasser et al., 2020, 
submitted).

Additional secondary endpoints included: the proportion of 
ADHD-RS-5 responders (where “responders” are defined as sub-
jects who had a • 50% reduction in the CFB ADHD-RS-5 Total 
score at EOS); the CFB in the SIPA Total score at EOS (this scale 
identifies areas of stress in parent-adolescent interactions across three 
domains [adolescent, parent, and adolescent-parent] and Life Stressors 
Scale); the CFB in each ADHD-RS-5 subscale (Inattention and 
Hyperactivity/Impulsivity) score at EOS; the CFB in the Conners 3–
SRS Composite T-score at EOS; and the proportion of CGI-I respond-
ers (where “responder” is defined as a subject who has a CGI-I score of 1 
or 2). Exploratory endpoints included CFB in the Conners 3–PS/SRS 
T-score for each content scale at EOS, CFB in WFIRS–P average score 
for each domain at EOS and CFB in the SIPA score for each domain 
and the Life Stressors Scale at EOS.41,42

The primary efficacy endpoint, which has been previously described,32 
was analyzed using a mixed model for repeated measures (MMRM). 
MMRM assumes missing data are missing at random (MAR). The 
key secondary measures were analyzed using analysis of covariance 
(ANCOVA).32 The LS means of treatment groups, differences between 
the LS means of treatment groups and placebo, and p values were deter-
mined for all measures. Due to multiple treatment comparisons (400-
mg/day SPN-812 vs. placebo and 600-mg/day SPN-812 vs. placebo), 
the statistical analysis of the primary endpoint included a sequential 
testing procedure43 with a fixed testing method of the null hypotheses 
to control the overall type I error rate at 0.05. This procedure involves 
testing of 600-mg/day SPN-812 vs. placebo first, followed by 400-mg/
day SPN-812 vs. placebo only if the first null hypothesis was rejected. 
If the first null hypothesis was not rejected, the second null hypoth-
esis would not be tested. If both null hypotheses are rejected, then the 
results of the study would be considered positive. Statistical analyses 
were performed using SAS® version 9.2 or higher.

Safety and tolerability were assessed by monitoring the incidence of AEs 
and evaluating clinical laboratory tests, vital signs, physical examinations, 
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ECGs, and suicidal ideation and behavior (C-SSRS44).32 All AEs in this 
study were recorded following the first administration of SM and were, 
thus, considered treatment-emergent (TEAEs, henceforth referred to 
as AEs).32 The relationship to study treatment, seriousness, and severity 
of AEs were evaluated by the site investigator and considered mild if 
the subject easily tolerated the symptom(s), moderate if discomfort was 
enough to interfere with daily activity and may have warranted interven-
tion, and severe if the symptom/event significantly affected the subject’s 
daily activity or clinical status and warranted intervention.32

Results

Demographics and Baseline Characteristics

A total of 417 subjects were screened (Figure 2); 28.8% failed screen-
ing and were not randomized. A total of 297 subjects (12–17 years 
of age) were randomized (600-mg/day SPN-812, n = 100; 400-mg/
day SPN-812, n = 100; placebo, n = 97), with the safety population 
consisting of 296 subjects (600-mg/day, n = 99; 400-mg/day, n = 100; 
placebo, n = 97) and ITT population consisting of 292 subjects (600-
mg/day, n = 97; 400-mg/day, n = 99; placebo, n = 96). The majority 
of subjects were male (67.8%), and either White (66.1%) or African 
American (29.1%). Demographics and baseline characteristics in the 
placebo and either SPN-812 treatment group were similar (Table 1).

ADHD-RS-5

The ADHD-RS-5 Total score at EOS was reduced (improved) from 
baseline in all three arms; the CFB in ADHD-RS-5 Total score at 
EOS (LS mean ± SE) was −16.7 ± 1.39 in the 600-mg/day SPN-812 
group, −18.3 ± 1.36 in the 400-mg/day SPN-812 group, and −13.2 
± 1.38 in the placebo group (Table 2). The placebo-adjusted LS means 
difference in CFBs at EOS in the ADHD-RS-5 Total scores were 
−3.5 ± 1.93 (600-mg/day, p = 0.0712) and −5.1 ± 1.93 (400-mg/
day, p = 0.0082). The null hypothesis for 600-mg/day vs placebo com-
parison (H01) was not rejected. Thus, due to the sequential gatekeeping 
testing procedure for multiplicity adjustment to control the type I error 
rate at a significance level of 5%, neither dose group was considered 
superior to placebo in this study. Hence, all efficacy outcomes reported 
below are only considered informative.

A greater reduction (improvement) in ADHD-RS-5 Total score was 
observed at every week during treatment for both the 600- and 400-mg/
day SPN-812 group compared to placebo (Figure 3). The difference was 
statistically significant between the 600-mg/day and placebo at Week 2 
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(p = 0.0456) and Week 3 (p = 0.0238), but not at EOS. The difference 
was also statistically significant between 400-mg/day SPN-812 and pla-
cebo at Week 2 (p = 0.0063) and was sustained through EOS.

The CFB in the ADHD-RS-5 Inattention and Hyperactivity/
Impulsivity subscale scores were not significantly different from placebo 

TABLE 1

Demographics and Baseline Characteristics—ITT Population 

DEMOGRAPHICS 
AND BASELINE 

CHARACTERISTICS

PLACEBO SPN-812 TOTAL
400-MG/DAY 600-MG/DAY

n 96 99 97 292
Age, years

Mean (SD) 13.8 (1.53) 14.0 (1.74) 13.7 (1.52) 13.8 (1.60)
Median (min, max) 14.0 (12, 17) 14.0 (12, 17) 13.0 (12, 17) 14.0 (12, 17)

Age group, n (%)
12–14 years 63 (65.6) 61 (61.6) 72 (74.2) 196 (67.1)
15–17 years 33 (34.4) 38 (38.4) 25 (25.8) 96 (32.9)

Gender, n (%)
Male 61 (63.5) 66 (66.7) 71 (73.2) 198 (67.8)
Female 35 (36.5) 33 (33.3) 26 (26.8) 94 (32.2)

Ethnicity, n (%)
Not Hispanic and  

not Latino
63 (65.6) 65 (65.7) 66 (68.0) 194 (66.4)

Hispanic or Latino 32 (33.3) 34 (34.3) 31 (32.0) 97 (33.2)
Not allowed to 

ask as per local 
regulations

1 ( 1.0) 0 0 1 ( 0.3)

Race, n (%)
White 64 (66.7) 63 (63.6) 66 (68.0) 193 (66.1)
Black or African 

American
25 (26.0) 33 (33.3) 27 (27.8) 85 (29.1)

Multiple 6 (6.3) 3 (3.0) 2 (2.1) 11 (3.8)
American Indian or 

Alaska Native
1 (1.0) 0 1 (1.0) 2 (0.7)

Native Hawaiian 
or other Pacific 
Islander

0 0 1 (1.0) 1 (0.3)

Weight (kg), mean 
(SD)

56.39 (12.897) 57.19 (11.883) 55.67 (13.253) 56.42 (12.657)

Body mass index  
(kg/m²), mean (SD)

21.07 (3.582) 21.14 (3.512) 20.99 (3.310) 21.07 (3.458)

ADHD-RS-5, mean 
(SD)
Total score 38.8 (8.06) 41.2 (7.80) 39.8 (8.34) 39.9 (8.10)
Inattention 22.4 (3.59) 22.5 (3.70) 22.3 (3.82) 22.4 (3.69)
Hyperactivity/

Impulsivity
16.4 (6.36) 18.7 (5.59) 17.5 (6.49) 17.6 (6.21)

CGI-S, mean (SD) 4.5 (0.66) 4.8 (0.69) 4.6 (0.69) ND
ADHD-RS-5, ADHD Rating Scale-5; CGI-S, Clinical Global Impression-Severity of Illness;  
ITT, intent-to-treat; ND, not determined; SD, standard deviation. 
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in the 600-mg/day SPN-812 group (p = 0.1392 and p = 0.2084, 
respectively). However, differences between the 400-mg/day SPN-
812 group and the placebo group in Inattention and Hyperactivity/
Impulsivity subscale scores were statistically significant (p = 0.0042 and 
p = 0.0484, respectively) (Table 2). 

There were 46.0%, 48.2%, and 32.9% ADHD-RS-5 responders in 
the 600-mg/day SPN-812 (p = 0.0688), 400-mg/day SPN-812 (p = 
0.0340), and placebo group, respectively. The difference in the propor-
tion of ADHD-RS-5 responders between 600-mg/day SPN-812 group 
and the placebo group was not statistically significant. A significantly 
higher percentage of ADHD-RS-5 responders was observed in the 
400-mg/day SPN-812 group compared to the placebo group.

CGI-I

The mean CGI-S score at baseline was similar among treatment 
groups (Table 1). The mean CGI-I score at EOS was lower for the 600- 
and 400-mg/day SPN-812 treatment group compared to the placebo 
group; however, a statistically significant difference was only noted 
in the 400-mg/day SPN-812 treatment group compared to placebo  
(p = 0.0051).

TABLE 2

ADHD-RS-5 Results at EOS by Treatment Group

ADHD-RS-5 MEASURE PLACEBO SPN-812

(n = 96)
400-MG/DAY  

(n = 99)
600-MG/DAY  

(n = 97)

CFB, LS mean ± SEa

Total score –13.2 ± 1.38 –18.3 ± 1.36* –16.7 ± 1.39
Inattention subscale score     –7.1 ± 0.76 –10.1 ± 0.75*     –8.7 ± 0.78
Hyperactivity/Impulsivity  

subscale score
    –6.4 ± 0.69     –8.3 ± 0.68*     –7.6 ± 0.71

ADHD-RS-5 Responders, n (%)b,c 32 (32.9%)  48 (48.2%)* 45 (46.0%)
aADHD-RS-5 total score analyzed using MMRM ANCOVA model with fixed effect terms for baseline 
ADHD-RS-5 Total Score, age group, treatment, visit, and treatment-by-visit interaction, as fixed 
independent variables and Subscales are analyzed using ANCOVA model with baseline, age group, and 
treatment as fixed independent variables from which the LS Means and P-values are obtained.
bp-values for ADHD-RS-5 Responder is derived from Pearson’s Chi-squared Test or Fisher’s Exact Test; 
Fisher’s exact test is used when there are expected cell counts less than 5. Otherwise Pearson’s  
Chi-squared test is used.
cProportion of responders, defined as subjects who achieved a • 50% reduction in ADHD-RS-5 Total 
score, at EOS.
*p < 0.05 vs placebo.
ADHD-RS-5, ADHD Rating Scale-5; ANCOVA, analysis of covariance; CFB, change from baseline; 
EOS, end of study; LS, least squares; SE, standard error.
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There was a higher proportion of CGI-I responders for each week 
of treatment in both the 600- and 400-mg/day SPN-812 treatment 
group compared to the placebo group. This difference was statistically 
significant in the 600-mg/day SPN-812 group at Week 3 and in the 
400-mg/day SPN-812 group at Weeks 2–4 and 6–7 (Figure 4). 

Conners 3

The CFB in Conners 3-PS Composite T-score at EOS was numeri-
cally lower in both SPN-812 arms compared to placebo, but this differ-
ence was not statistically significant (600 mg/day, p = 0.3130; 400-mg/
day, p = 0.1377). However, there was a statistically significant reduction, 
compared to placebo, in the CFB T-score at EOS for the Conners 3-PS 
executive functioning content scale in the 400-mg/day (p = 0.0434) 
(Table 3). There was also a reduction in the CFB in Conners 3-SRS 
Composite T-score at EOS in both SPN-812 arms compared to pla-
cebo, but the difference was only statistically significant in the 600-mg/
day SPN-812 group (p = 0.0432).

FIGURE 3

Profile of the Change from Baseline in ADHD-RS-5 Total Score  
by Treatment Group and Week of Treatment

Placebo (n = 96)
400-mg/day SPN 812 (n = 99)
600-mg/day SPN 812 (n = 97)
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WFIRS–P

The CFB in WFIRS–P Total average score at EOS was also numeri-
cally lower in both SPN-812 groups compared to the placebo group, but 
this difference was not statistically significant for either the 600-mg/
day or 400-mg/day SPN-812 treatment arms (p = 0.9756 and p = 
0.0698, respectively). 

SIPA

The CFB in SIPA Total score at EOS was numerically lower only in 
the 400-mg SPN-812 arm compared to placebo; however, the differ-
ence was not statistically significant (p = 0.1259).

Safety and Tolerability

Overall, SPN 812 was well-tolerated in this trial with a low AE-related 
discontinuation rate of 4.5% (i.e., 9 subjects) and no deaths. The most 
common treatment-related AEs that occurred in • 5% of subjects 
in any SPN-812 treatment group were somnolence (15.1%), fatigue 
(10.6%), headache (8.0%), nausea (6.5%), and decreased appetite (6.0%) 
(Table 4). 

FIGURE 4

Proportion of CGI-I Responders by Treatment Group and Week  
of Treatment

aResponder is defined as a subject who has a CGI-I score of 1 or 2. *p < 0.05.
CGI-I, Clinical Global Impression-lmprovement scale.
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TABLE 3

Conners 3–PS and WFIRS–P Results by Treatment Group  
and Domain

CONNERS 3–PS PLACEBO SPN‑812

n = 96
400-MG/DAY  

n = 99
600-MG/DAY  

n = 97
Composite T-score
Baseline, Mean ± SD 

(absolute value)
73.1 ± 8.91 73.2 ± 8.87 73.9 ± 8.82

CFB at EOS
LS mean ± SE –5.6 ± 0.89 –7.5 ± 0.87 –6.9 ± 0.88
Difference of LS mean  

(± SE) (vs. placebo)
– –1.9 ± 1.26 –1.3 ± 1.25

95% CI of difference – (–4.3, 0.6) (–3.7, 1.2)
p-value (vs. placebo) – 0.1377 0.3130

Content Scale T-score
CFB at EOS, LS mean ± SE

Inattention –6.1 ± 1.27 –9.5 ± 1.24 –9.6 ± 1.28
Hyperactivity –7.1 ± 1.39 –8.9 ± 1.36 –8.5 ± 1.38
Learning Problems –4.4 ± 1.08 –5.8 ± 1.05 –7.0 ± 1.07
Executive Functioning –6.2 ± 1.10 –9.3 ± 1.08* –5.8 ± 1.11
Defiance/Aggression –4.9 ± 1.39 –5.4 ± 1.35 –5.7 ± 1.38
Peer Relations –5.7 ± 1.45 –6.0 ± 1.42 –4.8 ± 1.45

WFIRS–P PLACEBO SPN‑812

n = 96
400-MG/DAY  

n = 99
600-MG/DAY  

n = 97
Total Average Score
Baseline, Mean ± SD 

(absolute value)
0.97 ± 0.480 0.96 ± 0.442 0.99 ± 0.450

CFB at EOS
LS mean ± SE –0.23 ± 0.035 –0.32 ± 0.034 –0.23 ± 0.035
Difference of LS mean  

(± SE) (vs. placebo)
– –0.09 ± 0.049 –0.00 ± 0.050

95% CI of difference – (–0.19, 0.01) (–0.10, 0.10)
P value (vs. placebo) – 0.0698 0.9756

Domain Average Score
CFB at EOS, LS mean ± SE

Family –0.30 ± 0.053 –0.42 ± 0.052 –0.26 ± 0.053
Self-concept –0.26 ± 0.065 –0.33 ± 0.064 –0.13 ± 0.064
School –0.32 ± 0.059 –0.44 ± 0.057 –0.36 ± 0.059
Life Skills –0.23 ± 0.052 –0.31 ± 0.052 –0.24 ± 0.052
Social Activities –0.22 ± 0.049 –0.29 ± 0.048 –0.21 ± 0.048
Risky Activities –0.08 ± 0.025 –0.15 ± 0.025 –0.09 ± 0.025

LS means, 95% CIs and p-values are from ANCOVA model with baseline and treatment as fixed 
independent variables. *p < 0.05.
ANCOVA, analysis of covariance; CFB, change from baseline; CI, confidence interval; Conners 3–PS, 
Conners 3–Parent Short Form; LS, least squares; SD, standard deviation; SE, standard error; WFIRS–P, 
Weiss Functional Impairment Rating Scale–Parent.
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The majority of AEs reported in the SPN-812 treatment groups were 
mild or moderate: • 1 mild AEs occurred in 29.1% of subjects, • 
1 moderate AEs occurred in 26.1% of subjects, and • 1 severe AEs 
occurred in 1.5% of subjects. One subject (400-mg/day SPN-812) expe-
rienced a suicide attempt, which was reported by the Site Investigator as 
a serious AE and possibly related to SM and/or the patient’s psychiatric 
history. The subject was discontinued from the study and subsequently 
admitted to the hospital for observation and treatment. Another sub-
ject (400-mg/day SPN-812) experienced severe abnormal skin odor 
that was considered possibly related to treatment but did not require 
SM interruption. A third subject (600-mg/day SPN-812) experienced 
two severe AEs, postural dizziness (possibly related to treatment) and 
orthostatic hypotension (not related to treatment), as well as tachycar-
dia, somnolence, and depressed mood. This subject was discontinued 
from the study due to the AEs of postural dizziness, depressed mood, 
and tachycardia. 

TABLE 4

Summary of Adverse Events

SAFETY MEASURE, n (%) PLACEBO SPN‑812

(n = 97)
400-MG/DAY 

(n = 100)
600-MG/DAY  

(n = 99)
OVERALL  
(n = 199)

At least one AE 39 (40.2) 58 (58.0) 55 (55.6) 113 (56.8)

Treatment-Related AEs • 5%
Somnolence
Fatigue
Headache
Nausea
Decreased appetite

3 (3.1)
4 (4.1)
3 (3.1)
2 (2.1)
2 (2.1)

13 (13.0)
11 (11.0)
9 (9.0)
5 (5.0)
6 (6.0)

17 (17.2)
10 (10.1)
7 (7.1)
8 (8.1)
6 (6.1)

30 (15.1)
21 (10.6)
16 (8.0)
13 (6.5)
12 (6.0)

AEs leading to discontinuation, n (%)
Totala
Tachycardia
Abdominal pain upper
Nausea
Vomiting
Fatigue
Dizziness postural
Headache
Somnolence
Depressed mood
Suicidal ideation
Suicide attempt
Vitiligo

1 (1.0)
0
0
0
0
0
0
0
0
0

1 (1.0)
0
0

4 (4.0)
0

1 (1.0)
1 (1.0)
1 (1.0)

0
0

1 (1.0)
0
0
0

1 (1.0)
0

5 (5.1)
1 (1.0)

0
0
0

1 (1.0)
1 (1.0)

0
2 (2.0)
1 (1.0)

0
0

1 (1.0)

9 (4.5)
1 (0.5)
1 (0.5)
1 (0.5)
1 (0.5)
1 (0.5)
1 (0.5)
1 (0.5)
2 (1.0)
1 (0.5)

0
1 (0.5)
1 (0.5)

aSubjects who discontinued due to 1 or more AE incidents.
AE, adverse event.
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Overall, AEs leading to study discontinuation in the subjects receiving 
SPN-812 (n = 9, 4.5 %) included tachycardia, upper abdominal pain, 
nausea, vomiting, fatigue, postural dizziness, headache, depressed mood, 
suicide attempt, and vitiligo, each occurring in 1 subject; and somno-
lence, which occurred in 2 subjects (Table 4). In the placebo group, one 
subject experienced post-baseline suicidal ideation, which led to study 
discontinuation. 

One subject (400-mg/day) experienced mild syncope possibly related 
to treatment, which was reported as serious AE; the subject fully recov-
ered on the same day; however, the SM was discontinued at a later time 
point due to an AE of vomiting.

No discontinuations due to AEs reported for abnormal values in labo-
ratory tests occurred during SPN-812 treatment. The most common 
laboratory test abnormalities observed in this trial were: alanine amino-
transferase (ALT) above normal in 0 (0.0%), 9 (10.5%), and 9 (10.2%) 
subjects; glucose below normal in 2 (2.3%), 11 (12.8%), and 6 (6.8%) 
subjects; and neutrophils below normal in 9 (10.5%), 9 (10.2%), and 4 
(4.5%) subjects in the placebo, 400-mg/day SPN-812, and 600-mg/day 
SPN-812 treatment group, respectively. 

Increased ALT and aspartate aminotransferase (AST) were reported 
as AEs in one subject (400-mg/day SPN-812) and considered mild in 
severity and unrelated to SM. In another subject (400-mg/day SPN-
812), mild increase in ALT was reported as an AE and considered 
possibly related to treatment. In both subjects with elevated ALT, bili-
rubin values were normal. An AE of elevated values of hematocrit, red 
blood cell count, and hemoglobin was reported in one subject (400-mg/
day SPN-812), while an AE of decreased white blood cell count was 
reported in another subject (600-mg/day SPN-812); both AEs were 
considered mild in severity and unrelated to the SM.

Changes in the vital signs were generally small and infrequent, with 
the exception of BP below normal (> 10% of subjects) observed at one 
time point in each of the SPN-812 arms. The mean ± SD CFB at 
EOS in systolic and diastolic BP were 1.5 ± 9.92 mmHg and 1.2 ± 
7.77 mmHg in the placebo group, 0.5 ± 9.48 mmHg and 2.9 ± 10.47 
mmHg in the 400-mg/day group, and 2.5 ± 9.78 mmHg and 3.4 ± 9.17 
in the 600-mg/day group, respectively. The mean ± SD CFBs at EOS 
in HR (beats per min, bpm) were 0.5 ± 11.05 (placebo), 4.9 ± 12.07 
bpm (400-mg/day), and 6.3 ± 14.41 bpm (600-mg/day). Mild vital 
signs abnormalities were reported as AEs in 6 subjects receiving SPN-
812, including increased diastolic and systolic BP in 1 subject (400-mg/
day), increased HR in 1 subject (400-mg/day), and diastolic hyperten-
sion in 1 subject (600-mg/day), which occurred during the titration 
period; increased orthostatic hypotension in 2 subjects (600-mg/day) 
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and increased HR in 1 subject (600mg/day), which occurred during 
maintenance period.

The ECG-related AEs during the study were tachycardia reported 
in 0 (0.0%), 3 (3.0%), and 1 (1.0%) subjects in the placebo, 400-
mg/day SPN-812, and 600-mg/day SPN-812 groups, respectively. 
Additionally, two subjects had a QTcF (QT interval corrected for HR 
using Fridericia’s method) of > 450 ms; one subject in the placebo 
group had a QTcF of 454 ms, while one subject in the 400-mg/day 
SPN-812 group had a QTcF of 453 ms. Neither of these events were 
considered clinically significant. No CFB in QTcF of > 60 ms were 
observed. Small ECG changes included a CFB in QTcF of 30 ms to 
60 ms occurring in 3 subjects (3.4%) in the placebo group, 5 subjects 
(5.5%) in the 400-mg/day group, and 1 subject (1.1%) in the 600-mg/
day group.

Weight fluctuation considered unrelated to SM occurred in 1 subject 
in the 600-mg/day SPN-812 group (0.1 kg decrease was observed at 
EOS). Weight decrease was observed in 1 subject in the 400-mg/day 
SPN-812 group (1.5 kg), 1 subject in the 400-mg/day SPN-812 group 
(5.9 kg), and 1 subject in 600-mg/day SPN-812 group (4.3 kg). Poor 
weight gain was reported in 2 subjects in the 400-mg/day SPN-812 
group. All these events were mild or moderate and considered related to 
the SM. No BMI or height changes were reported as AEs.

Discussion

The primary efficacy endpoint (CFB at EOS ADHD-RS-5 Total 
score) was not met in this study. Due to multiple treatment compar-
isons (400-mg/day SPN-812 vs. placebo and 600-mg/day SPN-812 
vs. placebo), the statistical analysis of the primary endpoint included a 
sequential testing procedure43 with a fixed testing method of the null 
hypotheses to control the overall type I error rate at 0.05. In this type 
of analysis, two separate null hypotheses (each SPN-812 dose vs. pla-
cebo) are tested sequentially. If the first null hypothesis (in this study: 
no treatment mean difference between 600-mg/day SPN-812 and pla-
cebo) is not rejected, then the second null hypothesis (in this study: no 
treatment mean difference between 400-mg/day SPN-812 and pla-
cebo) is not tested, and no conclusion can be reached about the efficacy 
of either dose.

Based on this pre-specified approach, even though the CFB in 
ADHD-RS-5 Total score did separate from placebo following treat-
ment with 400-mg/day SPN-812 – starting at Week 2 after the ini-
tiation of treatment and through EOS – it could not be considered 
statistically different from placebo in this study. 
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In three of four Phase 3 clinical trials of SPN-812, the primary end-
point (which was the same in all four trials) was met: 100- to 400-mg/
day doses have demonstrated statistically significant improvements vs. 
placebo in the CFB at EOS in ADHD-RS-5 Total score in children 
and adolescents with ADHD. Although CFB at EOS in ADHD-RS-5 
Total score was similar across doses 100–600 mg, it was rather surprising 
that in this fourth trial (presented here), the highest tested dose of 
SPN-812 (600-mg/day) did not separate from placebo on this mea-
sure. One possible explanation could be a high placebo response in this 
study, which was >44% higher than in the other three trials.45 In fact, 
it has been demonstrated earlier that a number of non-specific factors 
unrelated to the actual study medication can influence the success rate 
of placebo-controlled randomized clinical trials, such as flaws in the 
study design, changes in the patient referral patterns, or early drop-out 
rates.46 High placebo response is one of most common non-specific 
factors that contributes to clinical trial failure, which prevent detection 
of the statistically significant effects of psychiatric medications.47–50 
Other explanations (e.g., flaws in the study design, small sample size, 
high drop-out rates) are rather unlikely to explain the negative find-
ing of this Phase 3 trial of SPN-812 considering that all four of the 
Phase 3 trials of SPN-812 had, functionally, an identical study design 
(barring changes in dose, age of study participants, and drug tapering 
procedures), were sufficiently powered, and had similar drop-out rates 
across the studies.

If high placebo response was a contributing factor to this negative 
trial, it could have impacted the ability to detect statistically significant 
differences on the primary endpoint (CFB at EOS for ADHD-RS-5), 
as well as the various secondary endpoints, for both doses of SPN-812 
versus placebo. Although no statistically significant differences were 
found between 400-mg/day or 600-mg/day SPN-812 and placebo in 
the Conners 3–PS Composite T-score or the WFIRS–P Total average 
score in the present trial, this hypothesis is supported by the fact that 
differences were reported with lower doses of SPN-812 in the other 
Phase 3 studies.32–34

Despite the lack of statistically significant difference vs. placebo in 
the 600-mg/day dose group in the primary efficacy analysis in the 
present study, statistically significant improvements vs. placebo were 
observed for a number of other secondary endpoints: CFBs at EOS in 
the ADHD-RS-5 Inattention and Hyperactivity/Impulsivity subscale 
scores (400-mg/day SPN-812), proportion of ADHD-RS-5 responders 
(400-mg/day SPN-812), the CGI-I score at EOS (400-mg/day SPN-
812), proportion of CGI-I responders at various time points during the 
study (400-mg/day and 600-mg/day SPN-812), CFB at EOS Conners 
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3-PS executive functioning content scale score (400-mg/day SPN-812), 
and CFB in Conners 3-SRS Composite T-score at EOS (600-mg/day 
SPN-812). These results are consistent with the data reported in the 
other Phase 3 trials of SPN-812.32–34

Low incidence of AEs and no clinically relevant trends observed in 
the clinical laboratory tests, vital signs, or ECG in this study are also 
consistent with previously reported Phase 3 data.32–34

A high inter-individual variability of treatment response in 
ADHD18,51,52 suggests that a proportion of individuals with ADHD 
may benefit from a higher dose of a nonstimulant medication, such as 
SPN-812, with a favorable safety and efficacy profile. Future explor-
atory analyses may help identify those patients and guide a personalized 
treatment approach to the management of ADHD.

Conclusion

In this study, one of the two doses of SPN-812 (600-mg/day) did not 
separate from placebo. This was possibly due to high placebo response, 
which may have confounded the treatment effect. The 400-mg/day dose 
of SPN-812 did separate from placebo, however, due to the nature of the 
statistical analysis (600-mg/day dose was tested first), these study results 
can only be interpreted as informative. Although this Phase 3 study of 
SPN-812 did not reach statistical significance for the primary endpoint, 
interpreting these results within the context of all four Phase 3 clinical 
trials of SPN-812 is important. That is, three previous Phase 3 trials 
of SPN-812 have demonstrated that SPN-812 was effective in reduc-
ing the symptoms of ADHD in a pediatric population (6 to17 years of 
age).32–34 Further, all doses of SPN-812 tested in the Phase 3 program 
were well tolerated as evidenced by the low AE-related discontinuation 
rates in these trials.32–34 D
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