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Abstract:

Purpose/Background: Centanafadine is an inhibitor of norepinephrine,
dopamine, and serotonin reuptake transporters under investigation for the
treatment of attention-deficit/hyperactivity disorder (ADHD).
Methods/Procedures: Two phase 3 randomized, double-blind, placebo-
controlled, parallel-group studies of 200 mg/d or 400 mg/d centanafadine
sustained-release tablets versus placebo included adults (18-55 years of
age) with a diagnosis of ADHD. The primary and key secondary efficacy
endpoints were the change from baseline at day 42 in the Adult ADHD In-
vestigator Symptom Rating Scale (AISRS) total score and the Clinical
Global Impression—Severity of Illness Scale, respectively.
Findings/Results: Subjects randomized in study 1 (centanafadine 200 mg/d,
n = 149; centanafadine 400 mg/d, n = 149; placebo, n = 148) and study 2
(centanafadine 200 mg/d, n = 145; centanafadine 400 mg/d, n = 143; pla-
cebo, n = 142) had moderate to severe ADHD (mean AISRS total score,
38.7 [SD, 6.8] across both studies). At day 42, statistically significant least-
squares mean differences in AISRS total score were observed in favor
of centanafadine versus placebo in study 1 (200 mg/d: —3.16, P = 0.019;
400 mg/d: —2.74, P = 0.039) and study 2 (200 mg/d: —4.01, P = 0.002;
400 mg/d: —4.47, P = 0.001). Effect sizes versus placebo were —0.28 for
200 mg/d and —0.24 for 400 mg/d in study 1 and —0.37 for 200 mg/d and
—0.40 for 400 mg/d in study 2. The overall rate of treatment-emergent ad-
verse events (TEAEs) was low, but there was a small increase in TEAE oc-
currence with increasing dose. Incidences of serious TEAEs and abuse
potential-related AEs were low.

Implications/Conclusions: These are the first large-scale studies to
demonstrate the efficacy and safety profiles of 200 mg/d and 400 mg/d
centanafadine in adults with ADHD.
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ttention-deficit/hyperactivity disorder (ADHD) is a chronic

neurobehavioral condition that affects an estimated 4.4% of
adults in the United States and is characterized by 3 core symp-
toms: (1) inattentiveness, (2) hyperactivity, and (3) impulsivity."
Attention-deficit/hyperactivity disorder symptoms can be associ-
ated with significant disability and are commonly comorbid with
mood disorders, anxiety disorders, and substance use disorders.'
Attention-deficit/hyperactivity disorder likely results from dysreg-
ulation of the complex interplay of adrenergic and dopaminergic
neurotransmission in multiple regions of the brain.>> This dysreg-
ulation can result in impaired connectivity leading to deficits in
executive function, reward processing, and attention networks.>

Historically, our understanding of the pathophysiology of
ADHD has been based on the efficacy of pharmacotherapies used
to treat both children and adults. The most used pharmacologic in-
terventions for adults with ADHD include stimulants, such as
methylphenidate, which are believed to act in part through reup-
take inhibition of dopamine and norepinephrine, and amphet-
amines, which act primarily through modulating the release of do-
pamine and norepinephrine.>~ Individual stimulants are effective
in rapidly addressing the 3 core symptoms of ADHD in adults.® In
a meta-analysis of 51 double-blind, randomized, controlled trials in
adults, the standardized mean differences in clinician-rated ADHD
symptoms versus placebo were —0.49 (95% confidence interval [CI],
—0.64 to —0.35) for methylphenidate and —0.79 (95% CI, —0.99 to
—0.58) for amphetamines.” Nonstimulants, such as the norepi-
nephrine reuptake inhibitor atomoxetine, are typically less effec-
tive than stimulants.®® Lack of efficacy, adverse reactions, and
abuse liability of the available pharmacotherapies can limit their
usefulness in some patients.”® Adverse effects can vary, depend-
ing on the type of treatment: common adverse effects of stimu-
lants can include insomnia, anorexia, nausea, decreased appetite,
weight loss, headache, increased blood pressure, elevated pulse,
abdominal pain, irritability, and mood lability.”® Common ad-
verse effects of atomoxetine include nausea, decreased appetite,
insomnia, slightly increased diastolic blood pressure and heart
rate, decreased libido, sweating, and dysuria.7’8

Centanafadine is an inhibitor of norepinephrine, dopamine,
and serotonin reuptake transporters that is considered to be a stim-
ulant with nonstimulant characteristics.” Centanafadine is expected
to effectively address the core symptoms of ADHD, have a favor-
able tolerability profile, and have a short titration curve in patients
receiving an appropriate therapeutic dose within 2 weeks of treatment
initiation or sooner.'® In a phase 2b study of safety and efficacy in
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adult subjects with ADHD, centanafadine sustained-release (SR)
tablets administered twice daily resulted in a statistically significant
improvement in the mean total ADHD Rating Scale IV (ADHD-
RS-IV) score from baseline to week 3 versus placebo (least-squares
[LS] mean, —16.5 vs —8.4; P < 0.001; effect size, 0.66), with signifi-
cant efficacy demonstrated as early as week 1.'° Preclinical studies
and an exploratory human abuse liability study using an immediate-
release (IR) formulation of centanafadine (NCT02144415) sug-
gested that the abuse potential for centanafadine may be less than
for stimulants that are commonly prescribed for ADHD,'%!!

Here, the results of the first large-scale studies of centanafadine
in adults with ADHD are presented. Two phase 3 randomized, double-
blind, placebo-controlled, parallel-group studies evaluated the efficacy,
safety, and tolerability of 200 or 400 mg/d centanafadine tablets. Both
study 1 (NCT03605680) and study 2 (NCT03605836) were conducted
contemporaneously at clinical sites in the United States.

METHODS

Ethics

Both study protocols were approved by institutional review
boards/independent ethics committees at each site; all subjects pro-
vided written informed consent. Both studies were conducted in ac-
cordance with their respective protocols, Food and Drug Adminis-
tration regulations, the International Conference on Harmonization
for Good Clinical Practice Guideline (E6), and the ethical principles
derived from the Declaration of Helsinki and Council for Interna-
tional Organizations of Medical Science guidelines.

Study Design

Studies 1 and 2 were randomized, double-blind, multicenter,
placebo-controlled trials. Study 1 was conducted between January
2019 and April 2020 at 45 clinical sites in the United States; study
2 was conducted between January 2019 and May 2020 at 48 clin-
ical sites in the United States. Whereas the majority of clinical

sites were mutually exclusive between the 2 studies, 2 sites were
used across both studies at different times.

The studies consisted of 4 periods: (1) screening and washout
(up to 28 days); (2) single-blind placebo run-in (1 week); (3)
double-blind treatment (6 weeks); and (4) follow-up after the last
dose of centanafadine (10 days) (Fig. 1). During the single-blind
run-in period, all subjects received matched placebo tablets twice
a day for 7 days (from day —7 to day —1). Subjects were adminis-
tered the Adult ADHD Self-report Symptom Checklist (18-item)
Scale (ASRS) at screening, before the start of the single-blind pla-
cebo run-in period (day —7), and immediately before randomization
(day —1).">""* Those with a 230% improvement in their ASRS score
versus the previous test were not eligible for the study. Eligible sub-
jects were randomized in a 1:1:1 ratio to receive twice-daily
centanafadine-SR (200 or 400 mg total daily dose [TDD]) or
matching placebo during the 6-week double-blind treatment period
(days 1-42). Subjects in the 200 mg/d dose group received 200 mg
TDD from day 1 of the double-blind period. Subjects in the 400 mg/
d dose group initially received 200 mg TDD of centanafadine and
were then escalated to their target TDD of 400 mg on day 8, which
was administered for the duration of the study. Treatment assign-
ments were based on computer-generated randomization codes
that stratified subjects according to each study site. During the
study, access to the treatment codes was restricted to personnel
charged with generating and maintaining randomization files,
packaging study medication, operating electronic case report forms,
and reporting serious adverse events (SAEs) to regulatory agencies.
All subjects and investigators remained blinded to treatment as-
signment. In the final safety period, subjects were followed up
for 7 days after the last dose of centanafadine or placebo by tele-
phone and with in-clinic visits. Subjects who completed these
studies were permitted to enroll in a long-term safety and tolera-
bility study (NCT03605849).

The study protocols were changed to preserve the subjects’
safety during the SARS-CoV-2 (severe acute respiratory syn-
drome coronavirus 2)-induced COVID-19 (coronavirus disease

Screening and Single-blind
Washout Placebo Run-in
Period Period

Double-blind Treatment Period

Safety
Follow-up Period?

Adults aged 18 to Subjects with 230%

55 years with improvement in ASRS f
ADHD confirmed at Baseline will be
by ACDS early terminated

Subjects will be randomly assigned (1:1:1) to
one of the following treatments:

CTN SR 200 mg total daily dose

CTN SR 400 mg total daily dose
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E Day 1
115t dose
N=1,150 ; ‘ N=450
Up to 28 days prior
to Day-7
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FIGURE 1. Study design schematic for study 1 (NCT03605680) and study 2 (NCT03605836). Each trial had 4 periods: (1) screening and
washout, (2) single-blind placebo run-in, (3) double-blind treatment, and (4) safety follow-up period. “All subjects were required to
participate in the 7-day follow-up period (follow-up telephone calls at 1, 3, and 5 days after the last dose of study treatment and in-clinic
follow-up visits at 2 and 7 days after the last dose of study treatment). Subjects who terminated early, decided to not enroll in the long-term
open-label safety and tolerability study, or who were not eligible to enroll were also required to participate in an additional follow-up telephone
call 10 days after the last dose of centanafadine or placebo. ACDS, Adult ADHD Clinical Diagnostic Scale; ET, early termination; P, placebo

administration; R, randomization.

430 | www.psychopharmacology.com

© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.


http://www.psychopharmacology.com

Journal of Clinical Psychopharmacology e Volume 42, Number 5, September/October 2022

Centanafadine for ADHD

2019) pandemic. As of March 23, 2020, study 1 had met its final
completed-subject targets to fulfill its scientific goals. Those subjects
who were still on treatment were withdrawn and continued to the
safety follow-up period as specified in the protocol unless superseded
by local health authority guidance. For study 2, which had not met its
completed-subject targets by March 23, 2020, all subjects in the
screening or single-blind run-in phases of the study were screen-
failed/discontinued from the study. Subjects who had been random-
ized continued to completion or early termination where it was safe
to do so and did not conflict with local requirements. Subjects were
closely monitored for clinical signs and symptoms of COVID-19.
Subjects who developed clinical signs and symptoms of COVID-19
were referred or tested per local requirements, and subjects with con-
firmed COVID-19 infection were discontinued from the study. All
subjects who were withdrawn because of the COVID-19 pandemic
were followed up per the safety protocol. Because of COVID-19 re-
strictions, as of March 25, 2020, interim monitoring visits and site
close-out visits were completed virtually at some sites. Changes in
raters for efficacy assessments were limited as much as possible,
and responses were transcribed verbatim at virtual visits.

Full inclusion criteria (see Table, Supplemental Digital Con-
tent 1, http://links.Iww.com/JCP/A818) and exclusion criteria (see
Table, Supplemental Digital Content 2, http://links.lww.com/JCP/
A818) are provided. In brief, subjects were 18 to 55 years of age
and met the Diagnostic and Statistical Manual of Mental Disor-
ders, Fifth Edition criteria for ADHD (including predominantly
inattentive, hyperactive, or combined presentations) as confirmed
by the Adult ADHD Clinical Diagnostic Scale version 1.2.'*

Outcome Measures

The primary efficacy endpoint of both studies was the change
from baseline at day 42 in the Adult ADHD Investigator Symptom
Rating Scale (AISRS) total score. The AISRS is a modified version
of the ADHD-RS that assesses Diagnostic and Statistical Manual of
Mental Disorders, Fifth Edition symptoms of adult ADHD using a
semistructured interview methodology to measure 9 inattentive items
and 9 hyperactive-impulsive items using a Likert scale (0 = none,
1 = mild, 2 = moderate, and 3 = severe); maximum total score is 54
points, 27 points for each subscale.'® Baseline measures were taken
at randomization after the 1-week run-in period. The key secondary ef-
ficacy endpoint was change from baseline at day 42 on the Clinical
Global Impression—Severity of Illness Scale (CGI-S).'® Additional effi-
cacy assessments included the ADHD Impact Module for Adults and
the Adult ADHD Self-report Scale (ASRS) version 1.1.1271%!7 The
AISRS, CGI-S, and Clinical Global Impression of change from
baseline were administered using anchors established in the liter-
ature and carried out by trained and experienced clinicians. !>

Safety assessments included adverse events (AEs; including
abuse potential-related AEs and AEs involving medication han-
dling irregularities), clinical laboratory tests (hematology, serum
chemistry, and urinalysis), physical examinations, vital sign mea-
surements, electrocardiograms, assessments of withdrawal (Study
Medication Withdrawal Questionnaire [SMWQ)]), and suicidal
ideation and behavior (Columbia-Suicide Severity Rating Scale).'3!°
Thirty-three unique terms were identified a priori as abuse potential—
related AEs as an additional means to assess the abuse potential of
centanafadine in the subject population. Adverse events of special
interest were newly acquired skin eruptions that were nontraumatic
and included, but were not limited to, skin rashes, irritations, and re-
actions, or acneiform lesions. Safety assessments were conducted
once during screening and run-in period as well as every week dur-
ing the double-blind treatment phase. During the 7-day follow-up
period after the last dose of centanafadine or placebo, all safety
assessments were made at in-clinic visits (follow-up days 2 and 7),

© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.

whereas only AE and SMWQ results were recorded during follow-up
telephone calls (follow-up days 1, 3, and 5).

Statistical Analysis

For each study, the planned sample size of 450 subjects (150
in each treatment arm, assuming a 10% dropout rate) would yield
at least 90% power to detect change from baseline to day 42 on
AISRS total score in either the centanafadine 200 or 400 mg/d
arm at a 2-tailed significance level of 0.05. The sample for all ef-
ficacy analyses included all randomized subjects who received at
least 1 dose of centanafadine or placebo and had both a baseline
and at least 1 postrandomization efficacy evaluation in the double-
blind treatment period (efficacy sample). The primary comparison
between centanafadine (400 mg TDD group or 200 mg TDD
group) and placebo at day 42 (treatment x visit day interaction)
was estimated utilizing the computing software SAS (SAS Insti-
tute Inc, Cary, NC) procedure PROC MIXED. Efficacy endpoints
were analyzed using a mixed-effects model for repeated measure
(MMRM) analysis with an unstructured variance-covariance struc-
ture based on the observed-cases (OC) data set. The model was a
maximum likelihood method and included fixed class-effect
terms for treatment, trial center, visit day, an interaction term of
treatment-by-visit day, and the interaction term of baseline AISRS
total score by visit day as covariates. Primary and secondary end-
point comparisons were estimated as the difference between LS
means and tested at a significance level of 0.05 (2-sided) in the order
of (1) centanafadine 400 mg/d versus placebo and (2) centanafadine
200 mg/d versus placebo. Missing data were handled by analysis of
MMRM methodology based on OC data under the assumption of
missing at random. The OC data set comprised actual observations
recorded at each visit during the double-blind treatment period, and
no missing data were imputed. Mixed-effects model for repeated
measure assumes data are missing at random, which is a reasonable
assumption in longitudinal clinical trials. The AISRS Inattentive sub-
scale score and hyperactive-impulsive subscale score, as well as the
AISRS total score, are set to be “missing” if more than 1 item of
a subscale is missing for the inattentive subscale or hyperactive-
impulsive subscale, separately. If 1 item is missing for a given sub-
scale, then the subscale score is derived as the mean of scores from
the 8 nonmissing items multiplied by 9. The percentage of responders
at each postbaseline visit was determined for each study: responders
were defined as subjects with a CGI change from baseline score of 1
or 2 or a 230% improvement from baseline in ADHD symptoms as
measured by the AISRS total score. Standard safety variables were
analyzed for any subject who was randomized and received at least
1 dose of centanafadine or placebo during the double-blind treatment
period (safety sample) and included AEs, clinical laboratory tests,
vital signs, electrocardiograms, body weight, waist circumference,
and body mass index (BMI). In addition, data from the Columbia-
Suicide Severity Rating Scale and SMWQ were evaluated.

RESULTS

Subject Disposition

Differences in subject disposition between study 1
(NCT03605680) and study 2 (NCT03605836) were not observed.
In study 1, a total of 584 subjects were treated during the placebo
run-in period. A total of 466 subjects (79.8%) were randomized
(centanafadine 200 mg/d, n = 154; centanafadine 400 mg/d,
n = 156; placebo, n = 156), and 446 subjects were treated during
the double-blind period (Fig. 2A). A total of 348 subjects (74.7%)
completed the trial. The most commonly reported reasons for dis-
continuation from the double-blind treatment period of study 1 were
protocol deviation (5.6%), AEs (4.1%), and withdrawal by subject
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A. Subjects Screened
(N =1108)
Screen Failures
(N =504)
Enrollment Enrolled to receive pla;:'?‘b:ég\‘iﬂgle—blmd run-in period)
Not Randomized
| (N = 138) i — —
Baseline/Randomized (in double-blind trial)
(N = 466)
. Centanafadine SR 200 mg TDD Centanafadine SR 400 mg TDD Placebo
Allocation ‘ (N = 154) ‘ ‘ (N = 156)° ‘ ‘ (N = 156)°
Discontinued (n = 39) Discontinued (n = 32) Discontinued (n = 27)
Adverse Events (n = 8) Adverse Events (n = 8) Adverse Events (n = 3)
Lack of Efficacy (n = 0) Lack of Efficacy (n = 0) Lack of Efficacy (n=1)
Lost to follow-up (n = 3) Lost to follow-up (n = 4) Lost to follow-up (n = 3)
Non-compliance with Study Drug (n = 3) Non-compliance with Study Drug (n=1) { | Non-compliance with Study Drug (n = 2)
Protocol Deviation (n = 14) Protocol Deviation (n = 7) Protocol Deviation (n = 5)
Withdrawal by Subject (n = 4) Withdrawal by Subject (n = 4) Withdrawal by Subject (n = 7)
Physician Decision (n = 1) Physician Decision (n = 2) Physician Decision (n = 0)
Other (not related to COVID-19) (n = 5) Other (not related to COVID-19) (n = 4) Other (not related to COVID-19) (n = 3)
COVID-19 Related’ (n = 1) COVID-19 Related’ (n = 2) COVID-19 Related’ (n = 3)
Follow-up Completed (n = 110, 71.4%) Completed (n = 117, 75.0%) Completed (n = 121, 77.6%)
. * Analyzed for efficacy (n=147)9 + Analyzed for efficacy (n=147)9 « Analyzed for efficacy (n=144)3
AnaIyS|s « Analyzed for safety (n=149)" « Analyzed for safety (n=149)" « Analyzed for safety (n=148)"
B. Subjects Screened
(N =1125)
Screen Failures
(N = 535)
Enrollment Enrolled to receive pla?sbfs(goiﬂgle-blmd run-in period)
Not Randomized T
(N =150) - - - ——
Baseline/Randomized (in double-blind trial)
(N = 440)
. Centanafadine SR 200 mg TDD Centanafadine SR 400 mg TDD Placebo
Allocation (N = 147)c< (N = 147) e (N = 146) cd
Discontinued (n = 34)¢ ‘ Discontinued (n = 41) Discontinued (n = 19)
Adverse Events (n = 5) Adverse Events (n = 8) Adverse Events (n = 0)
Lack of Efficacy (n = 0) Lack of Efficacy (n = 2) Lack of Efficacy (n = 1)
Lost to follow-up (n = 3) Lost to follow-up (n = 5) Lost to follow-up (n = 1)
Non-compliance with Study Drug (n = 1) 7‘ Non-compliance with Study Drug (n = 0) Non-compliance with Study Drug 1 (n = 4)
Pregnancy (n = 1) Pregnancy (n = 0) Pregnancy (n = 0)
Protocol Deviation (n = 5) Protocol Deviation (n = 1) Protocol Deviation (n = 1)
Withdrawal by Subject (n = 10) Withdrawal by Subject (n = 6) Withdrawal by Subject (n = 4)
Physician Decision (n = 3) Physician Decision (n = 1) Physician Decision 3 (n = 0)
Other (not related to COVID-19) (n = 6) Other (not related to COVID-19) (n = 16) Other (not related to COVID-19) (n = 7)
COVID-19 Related (n = 0)f COVID-19 Related (n = 2)f COVID-19 Related (n = 1)f
Follow-up Completed (n = 111, 75.5%)° Completed (n = 102, 69.4% Completed (n = 123, 84.2%
p! p! P
A I . + Analyzed for efficacy (n=140)9 « Analyzed for efficacy (n=140)9 « Analyzed for efficacy (n=141)9
nalysis * Analyzed for safety (n=145)" + Analyzed for safety (n=143)h « Analyzed for safety (n=142)"

FIGURE 2. CONSORT (Consolidated Standards of Reporting Trials) flow diagram for (A) study 1 (NCT03605680) and (B) study 2 (NCT03605836).
Subjects receiving at least 1 dose of study medication in single-blind placebo period/double-blind period. ®Subjects who signed an informed
consent form for the trial and enrolled into the single-blind placebo run-in period. “Subjects who were randomized and received study medication in
double-blind period or were not randomized and received study medication in single-blind placebo period. “One subject who was enrolled in the
trial did not receive study medication in the placebo run-in period. “One subject in the CTN-SR 200 mg/d group was included in the discontinued
subject count in error but completed all trial visits to be considered a completer. ‘Does not include AEs of COVID-19. 9Randomized subjects who
received at least 1 dose of double-blind study medication and had a baseline and postbaseline value for AISRS total score. "Subjects who received at
least 1 dose of study medication in the double-blind treatment period were included in the safety analysis.

(3.2%). In study 2, a total of 579 subjects were treated during the
placebo run-in period, 440 subjects (77.0%) were randomized
(centanafadine 200 mg/d, n =
n = 147; placebo, n = 146), and 430 subjects were treated during
the double-blind period (Fig. 2B). A total of 336 subjects (76.4%)
completed the trial. The most commonly reported reasons for dis-
continuation from the double-blind treatment period of study 2 were
“other,” which did not include COVID-19-related reasons (6.6%),
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147; centanafadine 400 mg/d,

withdrawal by subject (4.5%), and AEs (3.0%). In both studies,
9 subjects withdrew because of reasons related to COVID-19; no
subjects discontinued because of COVID-19 as an AE.

In both studies, approximately half of the subjects were male
(51.3% for study 1 and 53.0% for study 2), and the majority were
White (81.3% for study 1 and 78.6% for study 2), followed by Black
or African American (13.5% for study 1 and 13.0% for study 2)
(Tables 1 and 2). In study 1, the mean age of subjects was 35.6

© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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TABLE 1. Demographics and Baseline Characteristics for the Randomized Sample of Study 1 (NCT03605680)

CTN SR 200 mg/d (n=154) CTN SR 400 mg/d (n =156) Placebo (n =156) Total (N =466)

Mean age (SD), y

Gender, n (%)

Female

Male

Race, n (%)

White

Black or African American

Asian

American Indian or Alaska Native

Native Hawaiian or other
Pacific Islander

Other

Ethnicity, n (%)

Hispanic or Latino

Mean weight (SD), kg

Mean BMI (SD), kg/m?

Mean AISRS total score (SD)

Mean AISRS inattentive
subscale score (SD)

Mean AISRS hyperactive-impulsive
subscale score (SD)

Mean ASRS total score of 18 items (SD)

Mean CGI-S score (SD)

36.6 (9.8)

76 (49.4)
78 (50.6)

126 (87.8)
19 (12.3)
4(2.6)
0 (0.0)
1(0.6)

4(2.6)

34 (22.1)
82.6 (17.9)
28.1(5.2)
39.7 (6.7)
22.0 3.3)

17.6 (4.8)

52.5(9.3)
4.5(0.6)

353 (10.4)

75 (48.1)
81(51.9)

123 (78.8)
23 (14.7)
2(1.3)
3(1.9)
1(0.6)

4(2.6)

28 (24.4)
81.8 (16.1)
27.8(5.0)
39.4(6.8)
21.6 (4.0)

17.8 (4.5)

51.7 (10.7)
4.5(0.6)

35.0 (9.9) 35.6 (10.0)
76 (48.7) 227 (48.7)
80 (51.3) 239 (51.3)

130 (83.3) 379 (81.3)
21 (11.5) 63 (13.5)
4(2.6) 10 2.1)
0(0.0) 3(0.6)

0 (0.0) 2(0.4)
1(0.6) 9(1.9)
29 (18.6) 101 (21.7)

81.4 (18.7) 81.9 (19.8)

27.9(5.3) 27.9(5.2)

39.4(7.1) 39.5(6.8)

22.0 (3.4) 21.9 3.6)

17.4 (5.0) 17.6 (4.7)

51.9.(10.3) 52.0 (10.1)

45(0.6) 45(0.6)

(SD, 10.0) years and the mean BMI was 27.9 (SD, 5.2) kg/m>.
Similarly, in study 2, the mean age of subjects was 35.0 (SD, 9.9)
years, and the mean BMI was 27.8 (SD, 5.3) kg/m?. Subjects most
commonly had an initial diagnosis of ADHD in childhood (48.3%

for study 1 and 46.1% for study 2) or more than 1 year before the
start of the study (25.3% for study 1 and 28.6% for study 2). In
both studies, the baseline AISRS total scores suggested that most
subjects reported moderate to severe ADHD symptoms: the mean

TABLE 2. Demographics and Baseline Characteristics for the Randomized Sample of Study 2 (NCT03605836)

CTN SR 200 mg/d (n = 147) CTN SR 400 mg/d (n = 147) Placebo (n = 146) Total (N = 440)

Mean age (SD), y
Gender, n (%)
Female
Male
Race, n (%)
White
Black or African American
Asian
American Indian or Alaska Native

Native Hawaiian or other
Pacific Islander

Other
Ethnicity, n (%)
Hispanic or Latino
Mean weight (SD), kg
Mean BMI (SD), kg/m?
Mean AISRS total score (SD)

Mean AISRS inattentive
subscale score (SD)

Mean AISRS hyperactive-impulsive
subscale score (SD)

Mean ASRS total score of 18 items (SD)

Mean CGI-S score (SD)

34.5(9.7)

71 (48.3)
76 (51.7)

112 (76.2)
17 (11.9)
10 (6.8)

0(0.0)
1(0.7)

7(4.8)

27 (18.4)
82.7 (18.2)
28.0 (5.4)
37.6 (6.7)
20.8 (3.8)

16.7 (4.6)

18.9 (10.7)
4.6 (0.6)

35.2(10.4)

70 (47.6)
77 (52.4)

120 (81.6)
19 (12.9)
2(1.4)
2(1.4)
0(0.0)

42.7)

23 (15.6)
84.2 (20.4)
283 (5.4)
38.6 (7.0)
212 (3.6)

17.4 (5.0)

19.4 (9.6)
46(0.5)

35.2(9.6) 35.0 (9.9)
66 (45.2) 207 (47.0)
80 (54.8) 233 (53.0)

114 (78.1) 346 (78.6)
21 (11.4) 57 (13.0)
6(4.1) 18 (4.1)
2(14) 4(0.9)
0(0.0) 1(0.2)
32.0) 14 3.2)
29 (19.9) 79 (18.0)

80.6 (17.1) 82.5 (18.7)

27.1 (5.0) 27.8(5.3)

37.8(6.5) 38.0 (6.7)

214(32) 212 (3.5)

16.3 (4.9) 16.8 (4.9)

50.0 (10.6) 19.5 (10.3)

45 (0.6) 4.6 (0.6)

© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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baseline score was 39.5 (SD, 6.8) for study 1 and 38.0 (SD, 6.7) for
study 2, with no significant difference between groups in either study.'

Efficacy

With regard to the primary endpoint, statistically significant
improvement in AISRS total score at day 42 was achieved for both
200 and 400 mg/d centanafadine compared with placebo in both
studies (Fig. 3). In study 1, the LS mean difference versus placebo
was —3.15 (95% CI, —5.79 to —0.51) for centanafadine 200 mg/d
(P =0.019) and —2.74 (95% CI, —5.35 to —0.14) for centanafadine
400 mg/d (P = 0.039). The AISRS total scores at day 42 were re-
duced by 25.5% for subjects who were treated with centanafadine
200 mg/d, 24.6% for subjects who were treated with centanafadine
400 mg/d, and 17.7% for subjects who received placebo. Statistically signif-
icant differences in AISRS total scores were seen as soon as day 28 and
were maintained until the end of treatment. Cohen d effect sizes ver-
sus placebo for AISRS scores in study 1 were —0.28 for the 200 mg/
d dose and —0.24 for the 400 mg/d dose. In study 2, the LS mean
difference versus placebo was —4.01 (95% CI, —6.55 to —1.46)
for centanafadine 200 mg/d (P = 0.002) and —4.42 (95% CI,
—7.02 to —1.82) for centanafadine 400 mg/d (P < 0.001). The
AISRS total scores at day 42 were reduced by 32.2% for subjects
in the centanafadine 200 mg/d and the centanafadine 400 mg/d
dose groups and 21.4% for subjects in the placebo group. In study
2, statistically significant differences in AISRS scores were seen
as soon as day 7 and were maintained to the end of treatment. In
study 2, Cohen d effect sizes versus placebo for AISRS scores
were —0.37 for the 200 mg/d dose and —0.40 for the 400 mg/d
dose. In both studies, reductions in symptoms were seen in both
the inattentiveness subscale (see Table, Supplemental Digital
Content 3 [http://links.lww.com/JCP/A818] for study 1, and Ta-
ble, Supplemental Digital Content 4 [http:/links.lww.com/JCP/
A818] for study 2) and hyperactive-impulsive subscale (see Table,
Supplemental Digital Content 5 [http:/links.lww.com/JCP/A818]
for study 1, and Table, Supplemental Digital Content 6 [http:/links.
Iww.com/JCP/A818] for study 2) of the AISRS. The treatment effects
in both studies were maintained across all gender and race subgroups.

In both studies, centanafadine 200 and 400 mg/d achieved
the key secondary endpoint of statistically significant improvements
in CGI-S score versus placebo (Fig. 4). In study 1, the LS mean dif-
ference in CGI-S score at day 42 versus placebo was —0.27 (95% CI,
—0.50 to —0.04) for centanafadine 200 mg/d (P = 0.023) and —0.28
(95% CI, —0.51 to —0.05) for centanafadine 400 mg/d (P = 0.016).
In study 2, the LS mean difference in CGI-S scores at day 42 versus
placebo was —0.33 (95% CI, —0.57 to —0.09) for centanafadine
200 mg/d (P = 0.007) and —0.28 (95% CI, —0.53 to —0.04) for
centanafadine 400 mg/d (P = 0.025).

The prespecified analysis of responders, defined as the percent-
age of subjects who had a CGI change from baseline score of 1 or 2
or a 230% improvement in AISRS score, is shown in Figure, Supple-
mental Digital Content 7 (http:/links.lww.com/JCP/A818) (study 1),
and Figure, Supplemental Digital Content 8 (http://links.lww.com/
JCP/A818) (study 2). In both studies, similar reductions in ADHD
symptoms were observed using the ADHD Impact Module for
Adults (see Table, Supplemental Digital Content 9 [http://links.lww.
com/JCP/A818] for study 1, and Table, Supplemental Digital Con-
tent 10 [http:/links.lww.com/JCP/A818] for study 2) and the ASRS
(see Table, Supplemental Digital Content 11 [http://links.lww.
com/JCP/A818] for study 1, and Table, Supplemental Digital
Content 12 [http://links.lww.com/JCP/A818] for study 2) scores.

Safety and Tolerability

During the double-blind portion of both studies, a total of
738 treatment-emergent AEs (TEAESs) were experienced by 360
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(41.1%) of the 876 subjects who received at least 1 dose of
centanafadine or placebo in the double-blind treatment period. In-
cidence of TEAEs of at least 2% in any centanafadine group and
greater than placebo is presented in Table 3. The most common
TEAEs reported by subjects who received centanafadine were
headache and decreased appetite. Most TEAEs were considered
mild or moderate. The most commonly reported TEAEs consid-
ered potentially related to the study medication increased slightly
in frequency with increasing dose and were decreased appetite
(5.1% for centanafadine 200 mg/d, 6.5% for centanafadine 400 mg/d,
and 1.7% for placebo), headache (2.0% for centanafadine 200 mg/d,
4.5% for centanafadine 400 mg/d, and 2.4% for placebo), dry mouth
(2.7% for centanafadine 200 mg/d, 5.5% for centanafadine 400 mg/d,
and 0.3% for placebo), and nausea (1.7% for centanafadine 200 mg/d,
5.5% for centanafadine 400 mg/d, and 1.4% for placebo).

Three subjects reported SAEs, and no SAE was considered by in-
vestigators to be related to the study drug. During study 1, both subjects
reporting SAEs were in the centanafadine 200 mg/d group. One subject
experienced moderate pneumonia, which resulted in hospitalization. The
subject was withdrawn because of this SAE, which resolved. One subject
experienced severe viral gastroenteritis and moderate influenza, which
led to hospitalization. During study 2, 1 subject in the centanafadine
200 mg/d group was hospitalized with moderate bronchitis. All
SAEs resolved, and no changes were made with regard to
centanafadine. No deaths were reported during either study.

Abuse potential-related TEAEs were reported by 6 subjects
(2.0%) in the centanafadine 200 mg/d group, 11 subjects (3.8%)
in the centanafadine 400 mg/d group, and 10 subjects (3.4%) in
the placebo group. Abuse potential-related TEAEs included dizzi-
ness, somnolence, altered mood, feeling abnormal, and confusion.
Illicit drug use (illicit use of anabolic steroids and testosterone)
was also reported by 1 subject in the centanafadine 400 mg/d group
in study 1. Treatment compliance for this subject was 97.7% ac-
cording to the Investigational Medicinal Product Log, suggesting
that the subject was not abusing/misusing centanafadine.

A total of 30 subjects (3.4%) experienced an AE of special
interest, which included impetigo, pustule, atopic dermatitis, con-
tact dermatitis, psoriasis, rash, erythematous rash, maculopapular
rash, morbilliform rash, pruritic rash, papular rash, skin lesion,
somnolence, and irritability (see Table, Supplemental Digital Content
13 [http:/links.lww.com/JCP/A818], which displays the incidence of
TEAES of special interest for both studies). Only 2 AEs of special
interest were considered severe in intensity: a rash that occurred in
the centanafadine 400 mg/d dose group and a maculopapular
rash that occurred in the centanafadine 200 mg/d dose group. Nei-
ther event was considered to be serious.

Opverall, 36 subjects (4.1%) discontinued the study medication
due to TEAEs: 14 subjects (4.8%) in the centanafadine 200 mg/d
group, 18 subjects (6.2%) in the centanafadine 400 mg/d group,
and 4 subjects (1.4%) in the placebo group. Twelve (1.4%) of these
subjects withdrew because of psychiatric disorders, and 11 (1.3%)
of these subjects withdrew because of skin and subcutaneous disor-
ders (10 [1.1%)] subjects because of rash and 1 [0.1%] subject be-
cause of erythematous rash). All occurrences of rash and erythema-
tous rash that resulted in discontinuation were mild to moderate in se-
verity except one: a rash that occurred in the 400 mg/d centanafadine
group, which was described previously. In 7 subjects who discontin-
ued because of rash, the rash resolved with treatment; 4 subjects who
discontinued because of rash were not treated for rash.

DISCUSSION

These 2 phase 3 randomized, placebo-controlled studies are
the first large-scale studies to demonstrate the safety and efficacy
profiles of centanafadine in adults with ADHD. In both studies 1 and

© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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FIGURE 3. Least-squares mean change from Baseline to day 42 in AISRS total score (primary endpoint) for (A) study 1 (NCT03605680) and (B)
study 2 (NCT03605836). *P value <0.05 versus placebo; **Pvalue <0.01 versus placebo; ***Pvalue <0.001 versus placebo. Note: Error bars

are LS mean + 1 SE. Data are based on an MMRM analysis for AISRS total score. Treatment differences were calculated based on the difference
in LS mean changes versus placebo for MMRM.

2, adults with ADHD who were treated with centanafadine 200
and 400 mg/d showed statistically significant symptom improvement
(P <0.05) compared with placebo in the primary and key second-
ary endpoints, AISRS total score, and CGI-S score, respectively.

© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.

Improvements in inattentiveness and hyperactivity-impulsivity
symptoms of ADHD were seen for both centanafadine doses
as measured by subscales of the AISRS. Centanafadine 200
and 400 mg/d were generally safe and well tolerated in both
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FIGURE 4. Least-squares mean change from baseline to day 42 in CGI-S score (secondary endpoint) for (A) study 1 (NCT03605680) and (B)
study 2 (NCT03605836). *P < 0.05 versus placebo, **P < 0.01 versus placebo. Note: Error bars are LS mean + 1 SE. Data are based on an
MMRM analysis for CGI-S score. Treatment differences were calculated based on the difference in LS mean changes versus placebo for MMRM.

studies. Although the overall rate of reported TEAEs was low,
occurrence increased with increasing dose. Rates of reported
AEs of special interest and abuse potential-related AEs re-
mained low throughout the double-blind treatment period.

To limit placebo effect, both studies were designed with a
single-blind matched placebo run-in period in which subjects who
experienced a 230% improvement in the self-reported ASRS score
while receiving placebo for 1 week were not eligible to proceed to
the double-blind treatment period. At day 42 in both studies, sub-
jects receiving placebo reported a 17.7% improvement in AISRS
total scores in study 1 and a 21.4% improvement in AISRS total
scores in study 2. Direct comparison of placebo arms across stud-
ies of different medications is not possible because of population
differences between studies. However, in randomized controlled
trials that did not include a run-in period, subjects assigned to pla-
cebo arms had 20.8% to 25.7% improvements in ADHD-RS scores
in trials of lisdexamfetamine; 24.8% to 26.9% improvements in
ADHD-RS scores and 21.5% to 28.5% improvements in Conners'
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Adult ADHD Rating Scale scores in trials of methylphenidate;
and a 26.3% improvement in AISRS scores and 18.1% to 19.6% im-
provements in Conners’ Adult ADHD Rating Scale-Investigator
Rated scores in a trial of atomoxetine.”> 2 Across both centanafadine
trials, 24.1% of subjects who entered single-blind run-in periods were
not included in double-blind treatment periods. Although it is likely
that the single-blind placebo run-in period might affect the overall ef-
ficacy results by discontinuing subjects who might respond rapidly to
study medication, the data described here suggest that centanafadine
will likely provide a rapid clinical response in adults with ADHD.

Statistically significant reductions in ADHD symptoms ob-
served in the first week of study 2 are similar to those seen in
the phase 2 centanafadine studies,'® suggesting that centanafadine
provides a relatively rapid clinical effect. Available nonstimulant
therapies such as atomoxetine can require 2 to 3 weeks or more to
have their maximal effect after a dosage adjustment.?” Stimulant
medications (amphetamine and methylphenidate formulations) may
have effects noted within the first several days of administration but

© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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TABLE 3. Incidence of TEAEs During the Double-blind Treatment Period of at Least 2% in Any Centanafadine Group and Greater
Than Placebo in Study 1 (NCT03605680) and Study 2 (NCT03605836)

CTN SR 200 mg/d (n =294) CTN SR 400 mg/d (n =292) Placebo (n =290) Total (N = 876)

Subject with any TEAE*" 74 (25.2)
Gastrointestinal disorders 23 (7.8)
Constipation 6 (2.0)
Diarrhea 5(1.7)
Dry mouth 9@3.1)
Nausea 6(2.0)
Infections and infestations 15(5.1)
Upper respiratory tract infection 15(5.1)
Metabolism and nutrition disorders 15(5.1)
Decreased appetite 15(5.1)
Nervous system disorders 12 (4.1)
Headache 12 4.1)
Psychiatric disorders 30 (10.2)
Abnormal dreams 2(0.7)
Anxiety 724
Depressed mood 8(2.7)
Insomnia 8(2.7)
Irritability 10 (3.4)
Skin and subcutaneous tissue disorders 4(1.4)
Rash 4(14)

93 (31.8) 51 (17.6) 218 (24.9)
45 (15.4) 10 3.4) 78 (8.9)
2(0.7) 3(1.0) 11(1.3)
15 (5.1) 2(0.7) 22(2.5)
17 (5.8) 1(03) 273.1)
19 (6.5) 6(2.1) 31 (3.5)
5(1.7) 7(2.4) 273.1)
5(1.7) 7(2.4) 273.1)
20 (6.8) 5(1.7) 40 (4.6)
20 (6.8) 5(1.7) 40 (4.6)
19 (6.5) 16 (5.5) 47 (5.4)
19 (6.5) 16 (5.5) 47 (5.4)
35 (12.0) 18 (6.2) 83 (9.5)
7(2.4) 2(0.7) 11(1.3)
5(1.7) 3(1.0) 15 (1.7)
2(0.7) 1(03) 11(1.3)
13 (4.5) 7(2.4) 28(3.2)
12 (4.1) 5(1.7) 27 (3.1)
11(3.8) 2(0.7) 17 (1.9)
11 (3.8) 2(0.7) 17 (1.9)

*All AEs that started after start of trial drug treatment; or if the event was continuous from baseline and was serious or study-drug related or resulted in

death, discontinuation, interruption, or reduction of study therapy.

Subjects were counted once, per term, for the most severe of multiple occurrences of a specific MedDRA preferred term.

MedDRA, Medical Dictionary for Regulatory Activities.

still require several weeks to achieve maximal therapeutic effect.?®3°

Although head-to-head clinical trials are required to directly compare
the efficacy of separate medications, in previous studies stimulants
have demonstrated statistically significant symptom improvement
versus placebo after 1 to 3 weeks of therapy and atomoxetine has
demonstrated statistically significant improvements versus placebo
after 1 to 4 weeks of therapy.2%?22425:31-34 1) these studies, sub-
jects received 200 mg/d from the first dose, and subjects random-
ized to receive 400 mg/d were titrated to the TDD over 1 week.
When dose titration is taken into consideration, onset of efficacy
for centanafadine is likely to be shorter than that for nonstimulant
therapies. Future studies will be necessary to confirm this hypoth-
esis.

The efficacy of psychostimulants in reducing ADHD symp-
toms via short-term treatment has been shown in numerous clini-
cal trials of adults with ADHD. In a recent meta-analysis of 12-
week data from 51 clinical trials of adults (N = 8131), reported
standardized mean differences based on clinician ratings of ADHD
core symptoms were —0.79 (95% CI, —0.99 to —0.58) for amphet-
amines, —0.49 (95% CI, —0.64 to —0.35) for methylphenidate,
—0.46 (95% CI, —0.85 to —0.07) for bupropion, and —0.45 (95%
CI, —0.58 to —0.32) for atomoxetine (all better than placebo).” In
these large-scale studies of centanafadine, Cohen d effect sizes
versus placebo for AISRS scores were —0.28 for the 200 mg/d
dose and —0.24 for the 400 mg/d dose in study 1 and —0.37 for
the 200 mg/d dose and —0.40 for the 400 mg/d dose in study 2.
These findings are numerically lower than the effect sizes in the
phase 2B study of centanafadine, which were —0.66 overall and
—0.62 for the 400 mg/d dose during the 3 weeks of treatment.'®
The smaller effect sizes seen for centanafadine in these trials as
compared with the phase 2B study are to be expected given the

© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.

smaller number of sites and raters in the latter, which inherently
would reduce rating variability and results in a larger effect size.
The reduced effect sizes between smaller phase 2B studies to larger
phase 3 clinical trials have been noted previously in adult ADHD
trials.>>3¢ However, the effect size of centanafadine across clinical
trials is within a 95% CI of nonstimulant medications for ADHD
and may be a favorable treatment when the safety and tolerability
profiles are taken into consideration.

The SMWQ was administered to subjects on day 35, before
medication withdrawal, and on day 42, the end of the double-blind
treatment period. This timing may have affected safety and effi-
cacy results by leading subjects to believe they were no longer re-
ceiving study medication. Improvements in ADHD symptoms in
these studies were maintained but were not numerically improved
from day 35 to day 42. This “hook,” which has been seen in other
trials of psychotropics,®’ is unpredictable and may be related not
only to the administration of the SMWQ, but also to the transition
to open-label extension studies. The results presented here dem-
onstrate that efficacy was maintained to the end of the study. A
long-term study of the safety profile of centanafadine is ongoing
(NCT03605849).

As mentioned previously, adverse reactions and abuse liabil-
ity can limit the usefulness of available pharmacotherapies.®™
Centanafadine seemed to be well tolerated in both studies. There
were a small number of treatment-related AEs of special interest.
Incidence of decreased appetite and insomnia, which have been
reported for amphetamine and atomoxetine therapies, remained
low in both studies of centanafadine.*'-** The occurrences of
abuse potential-related TEAEs were low. Although dizziness
was the most commonly reported abuse potential-related TEAE,
occurrences were nonspecific. Dizziness was included as an abuse
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potential-related TEAE per agreement with the Food and Drug
Administration, but it is not typically considered a reinforcing
symptom that might lead to abuse. Notably, no events of euphoric
mood were reported during either study. One incidence of illicit
drug use (illicit use of anabolic steroids and testosterone) reported
by 1 subject in the centanafadine 400 mg/d group was categorized
as not likely to be associated with abuse/misuse of centanafadine.
A phase 1 exploratory human abuse liability study using an IR
formulation of centanafadine (NCT02144415) demonstrated that
centanafadine may have less abuse potential than stimulants com-
monly prescribed for ADHD. The centanafadine IR formulation,
like other triple reuptake inhibitors (eg, tesofensine, NS-2359)
and bupropion, was initially aversive and believed to be unlikely
to be abused by known stimulant users.***® The findings in these
phase 3 trials are consistent with results from the abuse liability
study and the phase 2B study and suggest that centanafadine at
doses as high as 400 mg/d may have less abuse liability than
lisdexamfetamine or D-amphetamine. '°

During phase 2 studies in patients with ADHD, there were no
centanafadine dose-dependent treatment increases in blood pres-
sure, heart rate, or orthostatic blood pressure.'® Average changes
in blood pressure and heart rate were minimal and asymptomatic;
however, hypertension, tachycardia, and orthostasis have occurred
in previous phases 1 and 2 studies (Otsuka data on file). Both of
these phase 3 studies suggest a low cardiovascular risk in subjects
treated with centanafadine. Hypertension was reported for one
subject in the 400 mg/d dose group, and hypotension was reported
for one subject in the centanafadine 200 mg/d dose group and one
subject in the 400 mg/d dose group. Only one incidence apiece of
tachycardia and orthostasis by vital sign criteria was reported.
Most of these abnormalities were transient in nature.

Study Limitations

This study was limited by lack of an active control to provide
a direct head-to-head comparison with other available therapies.
As with any clinical trial that is reliant on select inclusion criteria,
the subject population in these trials may not reflect the entire pop-
ulation of adults with ADHD with respect to incidence of comor-
bidities, symptom severity, treatment history, and so on. For exam-
ple, the exclusion of adults with certain comorbidities might limit
the generalizability of these data to real-world clinical practice.
Although gender balance was achieved across both trials, non-
White racial and ethnic representation was slightly lower than na-
tional averages. This limits the interpretation of these results, and
broad conclusions regarding the entire population of ADHD pa-
tients cannot be drawn. Finally, the single-blind placebo run-in
may have contributed to a lower treatment difference overall.

CONCLUSION

By inhibiting norepinephrine, dopamine, and serotonin reup-
take transporters, centanafadine has a unique mechanism of action
that affects 3 major neurotransmitter systems involved in behavioral
and mood disorders. For adults with ADHD in these 2 phase 3 ran-
domized controlled trials, centanafadine has demonstrated efficacy
in relieving symptoms in as little as 1 week. The relatively quick on-
set of efficacy should make centanafadine a valuable nonstimulant
tool for the treatment of ADHD. Centanafadine has been shown to
be safe and well tolerated, with a limited abuse potential across the
clinical trial program, including in these 2 phase 3 randomized
controlled trials. Future studies should determine the long-term
safety profile of centanafadine and define the efficacy profile of
centanafadine as compared with other available therapies in ADHD.
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