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Purpose: Two phase 2 studies evaluated the efﬁcacy and tolerability of centanafadine
sustained-release (SR) for adults with attention-deﬁcit/hyperactivity disorder (ADHD).
Patients and Methods: In a phase 2a, ﬂexible-dose, single-blind study, 41 male patients
(aged 18‒55 years) with a diagnosis of ADHD (based on Diagnostic and Statistical Manual
of Mental Disorders, Fourth Edition) were titrated with centanafadine-SR 200‒300, 400, or
500 mg/d for 2 weeks, and then were treated with the titrated dose for 2 weeks. In a phase 2b,
randomized, double-blind, placebo-controlled, crossover study, 85 male and female patients
(aged 18‒60 years) with a diagnosis of ADHD (Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition) were titrated to target doses of centanafadine-SR 400, 500, 600, or
800 mg/d over the course of 1 week, and then received their titrated dose for 3 weeks. The
primary outcome in both studies was mean total ADHD Rating Scale-IV (ADHD-RS-IV)
score.
Results: In the phase 2a study, mean ADHD-RS-IV total score decreased by 21.41 (standard
deviation 10.74) from the start of active centanafadine-SR treatment to the end of week 4
(P<0.001). In the phase 2b study, centanafadine-SR treatment resulted in a statistically signiﬁcant
improvement in ADHD-RS-IV from baseline to week 3 compared with placebo (least-squares
mean −16.5 vs −8.4; P<0.001; effect size 0.66), with signiﬁcant efﬁcacy demonstrated as early as
week 1. Centanafadine-SR was generally well tolerated at doses ≤400 mg. Most treatmentemergent adverse events (TEAEs) were mild or moderate; decreased appetite, headache, and
nausea were the most frequently reported. In the 2 studies, 13 of 120 patients discontinued
centanafadine-SR due to TEAEs; however, only 1 patient who received ≤400 mg discontinued
due to a TEAE. No serious TEAEs were reported at any dose.
Conclusion: These results support the continued development of centanafadine-SR at doses
up to 400 mg/d.
Keywords: ADHD Rating Scale-IV, efﬁcacy, norepinephrine-dopamine-serotonin reuptake
inhibitor, tolerability
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Attention-deﬁcit hyperactivity disorder (ADHD) is a neurobehavioral disorder characterized by 3 core symptoms: hyperactivity, inattentiveness, and impulsivity.1 Based
on the efﬁcacy of available ADHD pharmacotherapies currently used in pediatric and
adult patients, the pathophysiology of ADHD is believed to involve abnormalities of
dopaminergic and noradrenergic tone in the prefrontal cortex (PFC). Preclinical
research has shown that administration of methylphenidate at low doses that improve
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cognition in rats preferentially increases norepinephrine and
dopamine efﬂux in the PFC relative to subcortical structures,
further supporting the hypothesis that dopaminergic and
noradrenergic activation in the PFC region is a primary mediator of the therapeutic effects of ADHD medications.2 Other
neurotransmitter systems, including glutamate via α-amino
-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA)
receptors, are thought to be involved.3
Pharmacotherapies available for the treatment of
ADHD comprise 2 major classes of drugs: stimulants
such as methylphenidate and amphetamines, which are
generally ﬁrst-line treatments, and nonstimulants such as
the norepinephrine reuptake inhibitor atomoxetine, and the
α-adrenergic agonists guanfacine and clonidine. In general,
both stimulants and nonstimulants are more effective than
placebo for the short-term treatment of ADHD; however,
they may be less effective and not as well tolerated in
adults as they are in children and adolescents.4
Amphetamines act primarily through dopamine and
norepinephrine release.5 Methylphenidate is believed to
act through dopamine and norepinephrine reuptake inhibition, as well as dopamine transporter inverse agonism.6
These individual agents have a rapid onset of efﬁcacy,
address all 3 core symptom domains, and have each been
associated in clinical trials with response rates of ~70%.7
Their use is, however, limited by concerns about misuse,
which is highly prevalent,8 and adverse reactions, such as
sleep disturbance.7,9
Nonstimulant agents may be an option for patients who
have difﬁculty tolerating stimulants or for whom misuse is
a particular concern. Approved nonstimulants are, however, generally less effective than stimulants and are limited by adverse effects of their own.4 Atomoxetine is
associated with liver toxicity, and increases in blood pressure and heart rate,10 and has a boxed warning in its label
regarding the risk of suicidal ideation in children and
adolescents,11 although this has not been shown to be
a concern in adults.12 The α-adrenergic agonists clonidine
and guanfacine are even less effective than atomoxetine,13
and guanfacine has been associated with high discontinuation rates.14
Centanafadine is a triple monoamine inhibitor of norepinephrine (half-maximal inhibitory concentration [IC50] 6
nM), dopamine (IC50 38 nM), and serotonin (IC50 83 nM)
transporter reuptake. Thus, centanafadine demonstrates the
highest activity for norepinephrine reuptake inhibition, 6
times less for dopamine reuptake inhibition, and 14 times
less for serotonin reuptake inhibition.15 Extracellular

1412

Powered by TCPDF (www.tcpdf.org)

submit your manuscript | www.dovepress.com

DovePress

norepinephrine and dopamine levels are increased in the
PFC, with the greatest increase in extracellular norepinephrine. Dopamine levels also are increased in the striatum.
Preferential afﬁnity for norepinephrine transporters relative
to dopamine transporters suggests that centanafadinesustained-release (SR) may effectively address core features
of ADHD with mixed neurotransmitter effects that are comparable to those achieved with stimulants, but without other
unwanted stimulant effects. Activity at the serotonin receptor
may address associated ADHD symptoms such as anxiety
and depression and mitigate adverse effects of treatment such
as sleep disturbances and changes in appetite. Finally, the
nonstimulant proﬁle of centanafadine-SR appears to be
favorable compared with the stimulant drugs because it is
less likely to cause sleep issues that are a problematic side
effect of stimulants.
Centanafadine was evaluated in the National Institute on
Drug Abuse drug discrimination model as a potential treatment for cocaine abuse in rats and rhesus monkeys. This
study was designed to ascertain if the test drug substituted for
the discriminative stimulus of cocaine. In rats, centanafadine
substituted fully for the discriminative stimulus effects of
cocaine; however, centanafadine substituted only at a dose
that reduced response rates, possibly indicating it was aversive at higher doses. In monkeys, centanafadine dosedependently substituted for cocaine. As demonstrated in
a Phase 1 exploratory human abuse liability study using an
immediate-release
formulation
of
centanafadine
(ClinicalTrials.gov NCT02144415), centanafadine may
have less abuse potential than stimulants commonly prescribed for ADHD. In the human abuse liability study, the
immediate-release (IR) formulation of centanafadine, like
other triple reuptake inhibitors (eg, tesofensine,16 NS235917) and bupropion,18 was initially aversive and believed
to be unlikely to be abused by known stimulant users.
The phase 1 trial program for centanafadine-SR demonstrated that it was safe and well tolerated in healthy subjects
when administered as a bid dose (up to 500 mg/d) for
10 days (unpublished data). Centanafadine-SR has a halflife of just over 4.5 hours, enabling bid administration,
while centanafadine-IR has a plasma half-life of less than
1.5 hours. Thus, the SR formulation has the advantage of
requiring no greater than bid administration, which is likely
to improve patient compliance and/or satisfaction for
chronic oral administration. Results from a pilot phase 2a
study that demonstrated the safety and the pharmacokinetic
parameters of centanafadine-SR versus the IR formulation
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indicate that centanafadine-SR may provide a level of efﬁcacy similar to stimulants with a rapid onset of action.
This article presents results from two phase 2 trials conducted in adults with ADHD: the phase 2a study conducted
to provide initial signals of efﬁcacy at centanafadine doses up
to 500 mg/d (ClinicalTrials.gov NCT01939353) and a phase
2b study conducted to further evaluate the efﬁcacy and
tolerability of centanafadine-SR at the target dose identiﬁed
as best in the phase 2a study (NCT02547428).

Patients and Methods
Patient Population
The phase 2a study enrolled male patients aged of 18 and
55 years who met Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition (DSM-4)19 criteria for
ADHD (combined, predominantly hyperactive-impulsive
types) on the Mini-International Neuropsychiatric
Interview-Plus, Version 6.0.0 (MINI-Plus). Eligible
patients had a baseline score ≥28 on the ADHD Rating
Scale-IV (ADHD-RS-IV) and a Clinical Impression of
Severity (CGI-S) score ≥4, and were deemed by investigators to be functioning at an age-appropriate intellectual level
so that they could be included for rating on psychiatric
scales required by the protocol.
The phase 2b study enrolled male and female patients
aged 18‒60 years, with a DSM-520 primary diagnosis of
ADHD and ≥5 of the 9 DSM-5 subtype criteria met, as
determined using the Conners’ Adult ADHD Diagnostic
Interview for DSM-IV™. As in the phase 2a study, eligible patients had a baseline score ≥28 on the ADHD-RS-IV
and a CGI-S score ≥4, and were considered by investigators to be functioning at an age-appropriate intellectual
level.
Centanafadine was evaluated initially in adults because
relatively few drugs were indicated for adult ADHD, compared to childhood ADHD, at the time of initial
Investigational New Drug Application ﬁling. Given the
increasing rate of ADHD diagnosis in adults, and the fact
that centanafadine is a new chemical entity, it was thought an
initial program in adults offered the highest beneﬁt/risk ratio.
There are slight differences in inclusion criteria between the
phase 2a and phase 2b studies to expand the upper range in
age and BMI, for instance, to enable enhanced recruitment.
In addition, only males were enrolled into the phase 2a study
because the results from the reproductive toxicology studies
enabling inclusion of females were not yet available at the
time the phase 2a study was designed.
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The key exclusion criteria in both studies were major
psychiatric comorbidity, presence or history of suicidality,
current or recent history of substance abuse, and signiﬁcant
medical comorbidities, including history of seizures, cardiovascular disease, elevated blood pressure, bleeding disorders,
cancer, and any chronic or current acute illness or disability
that might confound safety ﬁndings or increase the risk of
adverse events during treatment with centanafadine-SR.
Patients were also excluded if they had a body mass index
<18 or >35 kg/m2 (phase 2b), or <18.5 or ≥40 kg/m2 (phase
2b). Patients would be withdrawn from their study prior to
receiving centanafadine-SR if they showed improvement
≥30% in ADHD symptoms or a score <28 on the ADHDRS-IV after the 1-week, blinded placebo lead-in in the phase
2a study or prior to randomization in the phase 2b study.

Study Design
Phase 2a Study
The phase 2a study was a ﬂexible-dose, single-blind,
exploratory trial conducted at 3 US sites between
October 2013 and February 2014. The study included
a screening phase, a 1-week placebo lead-in phase, and
a 4-week centanafadine-SR treatment phase. During
screening, investigators determined whether patients met
eligibility criteria. Eligible patients tapered and discontinued disallowed medications, which included methylene
blue, drugs metabolized by cytochrome P450 2D6 or
1A2, and any prescription or over-the-counter medication
with central nervous system effects.
Starting on day 1 of the placebo lead-in (baseline-1),
eligible patients received 1 placebo tablet in the morning,
with or without food, for 1 week. At the start of active
treatment (baseline-2), patients received a single centanafadine-SR 100-mg tablet in the morning on days 1 and 2,
then took 1 tablet in the morning and another 5 hours later
on days 3 and 4, and 2 tablets in the morning and 1 tablet
5 hours later on days 5 through 7. During week 2 of
treatment, the dose was twice increased by 100 mg to
a total daily dose (TDD) of 500 mg, after which treatment
continued at the TDD for 2 weeks subject to dose reduction due to adverse events. Dosage groups were deﬁned
based on the ﬁnal dose taken before study conclusion.

Phase 2b Study
The phase 2b study was a randomized, double-blind, 2-period,
2-treatment, crossover trial conducted at 4 US sites between
August 2015 and June 2016. The study included a screening
period (up to 6 weeks), a baseline visit, and a 7-week, double-
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blind, crossover treatment period (Figure 1). During screening,
patients meeting eligibility criteria underwent a 1-week washout of any sedating antihistamine or stimulant therapies for
ADHD. Therapies prohibited during the phase 2a study were
allowed during the phase 2b study; therefore, the population in
the phase 2b study was treated under conditions more consistent with those likely to be encountered in clinical practice.
During the double-blind treatment period, patients
received 3 weeks of centanafadine-SR or placebo, after
which they underwent a 1-week washout before crossing
over to the opposite treatment (centanafadine-SR or placebo)
for an additional 3 weeks of treatment. The original TDD was
centanafadine-SR 500 mg/d, which was amended due to
emerging safety and tolerability data during the study to
a TDD of 400 mg/d. The ﬁnal amended study protocol called
for centanafadine-SR or matching placebo to be initiated at
a dose of 100 mg in the morning on days 1 and 2, after which
patients received 100 mg in the morning (~7 AM) and 5 hours
later (TDD 200 mg/d) on days 3 through 5, and 200 mg in the
morning and 5 hours later (TDD 400 mg/d) on day 6 and
beyond. Because there were some higher TDDs prior to
protocol amendment, however, patients receiving TDDs of
500, 600, and 800 mg were included in the study analyses.

Ethics
The protocols for both studies were approved by the institutional review board/independent ethics committee for each

Centanafadine-SR
TDD 400 mg

Screen
Washout

study site, and all patients provided written informed consent prior to participation. Both studies were conducted in
full compliance with the International Conference on
Harmonization guidelines, including Good Clinical
Practice, and all other applicable local laws and regulations.

Assessments
Efﬁcacy in both studies was based primarily on results of
the ADHD-RS-IV, an 18-item scale based on DSM-IV
criteria for ADHD. The ﬁrst 9 items assess inattentiveness
and the second 9 assess hyperactivity/impulsivity. Scoring
is based on a 4-point Likert-type severity scale: 0=none,
1=mild, 2=moderate, and 3=severe. The potential range
for ADHD-RS-IV total scores is 0‒54 based on the sum
of the individual scores on the 18 items.
In the phase 2a study, the primary efﬁcacy assessment
was change from baseline-2 (start of centanafadine-SR
treatment) to the end of week 4 of treatment in ADHD
symptoms, as assessed by the ADHD-RS-IV. Individual
scores on the ADHD-RS-IV inattentiveness and hyperactivity/impulsivity subscales, as well as results by dosage
group, were also assessed.
In the phase 2b study, assessments were made at baseline and the end of each of two consecutive double-blind
treatment periods. The primary efﬁcacy outcome was
ADHD-RS-IV total score at the end of 3 weeks of doubleblind treatment, both overall and in the subgroup of adults
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follow-up
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R
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Week 1

Week 2
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Figure 1 Phase 2b study design. aWashout length was variable for each patient depending on the day their weekly clinic visit was scheduled.
Abbreviations: ADHD-RS-IV, Attention-Deﬁcit Hyperactivity Disorder Rating Scale-IV; Med, investigational product; R, randomization; SR, sustained-release; TDD, total
daily dose; V, visit.
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with ADHD treated with a target centanafadine-SR dose of
400 mg/d. The ADHD-RS-IV total scores after 1 and
2 weeks of treatment, and scores on the ADHD-RS-IV
inattentiveness and hyperactivity/impulsivity subscales
were also reported.
In the phase 2b study, patients were also assessed using
the Clinical Global Impression of Improvement (CGI-I)
and the Permanent Product Measure of Performance
(PERMP). The CGI-I is a 7-point investigator-rated scale
with scores of 1 (very much improved), 2 (much
improved), 3 (minimally improved), 4 (no change from
baseline), 5 (minimally worse), 6 (much worse), and
7 (very much worse). The CGI-I was administered after
1, 2, and 3 weeks of each treatment, and 2 weeks after the
completion of each treatment period. The PERMP is
a 10-minute, individual performance-adjusted math test
that provides an objective measure of performance over
the course of a single day.21–23 The PERMP was administered on the last day (Saturday) of each double-blind
treatment sequence in a highly controlled setting approximating an adult workplace environment (AWE). The
AWE day is considered a suitable environment for capturing cognitive changes under conditions that simulate
a standard workday in the real world. For this assessment,
groups of patients were given 5 pages with 80 math
problems on each page, and were instructed to work at
their assigned table seats and complete as many problems
as possible in 10 minutes. The PERMP score is the composite of the number of problems attempted and the number completed correctly. The PERMP pretest was
administered at baseline to establish each patient’s pretreatment ability level. PERMP testing to evaluate treatment effects was performed at the end of each 3-week
treatment period ~0.5 hours predose and ~1, 3, 5, 7, 9, 11,
and 13 hours postdose. Between the pretest and end-oftreatment test, additional practice math tests were given at
each clinic visit to ensure that the ﬁnal PERMP test results
reﬂected treatment effects rather than learning or practice
effects during the test days in the AWE setting.
Safety and tolerability assessment in both studies was
based on the occurrence of treatment-emergent adverse
events (TEAEs). Relationship of AEs to study drug and
intensity of AEs were recorded during the course of the
event, including the start and stop dates for each change in
intensity: mild (easily tolerated and does not interfere with
usual activity), moderate (interferes with usual activity, but
patient is still able to function), and severe (incapacitating,
and patient is unable to work or complete usual activity).
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An AE was considered “serious” if, in the view of either
the investigator or sponsor, it was life-threatening,
required inpatient hospitalization or prolongation of existing hospitalization, or resulted in a persistent or signiﬁcant
incapacity or disability).

Statistical Analysis
In the phase 2a study, it was expected that 10% of patients
would drop out during the placebo period due to an early
response and 20% would drop out overall. Approximately
40 adult patients would, therefore, be required to enter the
treatment period, from which the expected sample of
32 completers would be sufﬁcient to determine statistical
signiﬁcance (P<0.05) on t-test comparisons of baseline
and endpoint values with 90% power. Additional patients
were enrolled for evaluation of dose-response and tolerability to inform future, larger, placebo-controlled trials.
In the phase 2b study, it was assumed that for the
primary outcome measure, the between-patient standard
deviation (SD) of ADHD-RS-IV measurements would be
~12.5 points, and that a within-patient minimum difference
between centanafadine-SR and placebo of 5 points would
be clinically relevant (equivalent to a minimum detectable
effect size of 0.4). Approximately 60 patients were to be
randomized to the double-blind crossover phase of the
study (30 patients/treatment sequence) to provide
a minimum 85% power to detect an effect size of 0.4 at
a 2-sided signiﬁcance level of 5% using a paired t-test.
In the phase 2a study, efﬁcacy analyses were performed in the per-protocol population, which included
any patient who met inclusion/exclusion criteria and completed the trial (4 weeks of centanafadine-SR) without
major protocol violations. Safety was evaluated in any
patient who received ≥1 dose of centanafadine-SR.
Inferential statistical tests were performed on efﬁcacy
parameters, which were considered appropriate given the
exploratory design of the study.
In the phase 2b study, efﬁcacy was assessed in the full
analysis set, which consisted of all patients who were
randomized, received ≥1 dose of centanafadine-SR or
placebo, and had ≥1 postdose efﬁcacy assessment. Safety
was assessed in the safety population, which included all
patients who received ≥1 dose of centanafadine-SR or
placebo.
The primary efﬁcacy comparison for the phase 2b study
was performed in patients who completed ADHD-RS-IV
assessments after 3 weeks of double-blind treatment in both
treatment periods. The primary efﬁcacy analysis compared
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the ADHD-RS-IV total score changes from baseline (visits
2 and 7) between centanafadine-SR and placebo at the end
of 3 weeks of double-blind treatment (visits 5 and 10).
A mixed-effects analysis of covariance model was used to
compare the differences in ADHD-RS-IV total score
changes from baseline between centanafadine-SR and placebo. The model included terms for period, sequence, and
treatment as ﬁxed effects, baseline (visit 2) score as
a covariate, and patient-within-sequence as a random effect.
The least-squares (LS) mean within-patient difference, the
associated 95% conﬁdence interval (CI) for the difference,
the effect size, and P-value were calculated. Data captured
at the early termination visit were used in the efﬁcacy
analyses; for example, if a patient attended visit 2 then
discontinued, the efﬁcacy data collected at early termination were used for the next scheduled visit (visit 3).
Incomplete post-dose data within each period were handled
using the last-observation-carried-forward approach. For
example, if a patient had data at visit 3 but not visit 4 or 5,
then the visit 3 value was carried forward to visits 4 and 5.
Data from the ﬁrst period were not carried forward to
the second period. In addition, observations from baseline
(visit 2) and visit 7 (pre-dose) were not carried forward into
the double-blind treatment phase time points for either
period.
Effect size was calculated as the difference in leastsquares (LS) means between treatments and its estimate of
the SD using the following formula in patients providing
values for both treatment periods in this crossover study:
Effect size = LS mean difference between treatments/SD
estimate
The CGI-I scores were dichotomized into 2 categories,
with “very much improved” and “much improved” (scores
1–2) combined into a single “improved” category, and the
remaining scores (3–7) combined into a single “not
improved” category. This dichotomized comparison was
performed using McNemar’s test at the same time points.
The PERMP scores were compared between centanafadine-SR and placebo after a minimum of 3 weeks of doubleblind treatment. At each time point, a mixed-effects analysis
of variance model was used to compare the difference in
scores between centanafadine-SR and placebo. The model
included terms for period, sequence, and treatment as ﬁxed
effects, and patient-within-sequence as a random effect. The
difference in LS means, the associated 95% CI for the
difference, and P-value were calculated.
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All comparisons of centanafadine-SR with placebo were
made at a nominal α level of 0.05. Per the statistical analysis
plan, all efﬁcacy analyses were repeated for the subgroup of
patients treated with a centanafadine-SR TDD of 400 mg/d
and compared with results for the overall population.

Results
Phase 2a Study
Patient Disposition and Characteristics
Forty-ﬁve patients were enrolled at baseline-1 and
received placebo. Of these patients, 4 discontinued treatment (3 withdrew consent and 1 was lost to follow-up),
leaving 41 enrolled at baseline-2 who received ≥1 dose of
centanafadine-SR and were evaluable for safety. Four
patients discontinued treatment for the following reasons:
TEAE (allergic contact dermatitis; n=1), serious TEAE
(cerebrovascular accident; n=1), being lost to follow-up
(n=1), and withdrawn consent (n=1). The patient who
discontinued the study due to a serious TEAE received
the last dose of centanafadine-SR and was, therefore,
included in the per-protocol population. Further, another
patient was missing week 4 data and was, therefore,
excluded from the per-protocol population. No patients
were withdrawn from the study due to achieving improvement ≥30% in ADHD symptoms or a score <28 on the
ADHD-RS-IV. In all, 37 patients completed 4 weeks of
drug treatment with evaluable data after week 4, had no
major protocol violations, and were included in the perprotocol efﬁcacy analysis.
Thirty-three of the 37 per-protocol patients achieved the
intended maximum dose of 500 mg at least once during the
trial period. Dose groups for data analyses were 200‒300 mg
(n=4), 400 mg (n=8), and 500 mg (n=25).
The mean age of the 41 patients who received centanafadine-SR at baseline-2 was 38 years (range 19‒55) and
most were white (n=37). Mean ADHD-RS-IV and CGI-S
scores at baseline-2 were 38.7 (SD 6.19) and 4.68 (SD
0.47), respectively.

Efﬁcacy Outcomes
Centanafadine-SR therapy was associated with signiﬁcant
improvements in ADHD symptoms (Table 1). Mean (SD)
ADHD-RS-IV total score decreased by 21.41 (10.74) from
baseline-2 to week 4 (P<0.001). For inattention symptoms
and hyperactive/impulsive symptoms, mean (SD) scores
decreased by 12.41 (6.66; P<0.001) and 9.00 (5.24;
P<0.001), respectively.
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Table 1 Phase 2a Study: Change in ADHD Symptoms from Baseline-2 to Treatment Week 4 as Assessed by Mean (SD) ADHD-RS-IV
Scores (Per-Protocol Population and Final Dose Group)
Per-Protocol Population
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Visit

Mean Total Score (SD) N=37

Mean Inattention

Mean Hyperactivity/Impulsive

Symptoms (SD) N=37

Symptoms (SD) N=37

Baseline-2

38.7 (6.2)

22.8 (2.6)

15.9 (4.8)

Week 4
Mean

6.9 (5.4)

17.3 (10.4)

10.4 (6.6)

Mean Change from Baseline-2

−21.4 (10.7)

−12.4 (6.7)

−9.00 (5.2)

P value

<0.001

<0.001

<0.001

200–300 mg

400 mg

500 mg

n=4

n=8

n=25

Mean baseline-2 (SD)

36.8 (4.3)

40.5 (7.8)

38.4 (6.0)

Mean week 4 (SD)
Mean change from baseline-2 (SD)

17.8 (9.0)
−19.00 (10.1)

11.5 (7.8)
−29.00 (7.6)

19.1 (10.9)
−19.4 (10.9)

P value

0.03

<0.001

<0.001

Mean baseline-2 (SD)
Mean week 4 (SD)

21.8 (1.5)
10.8 (7.6)

23.4 (3.3)
5.8 (3.2)

22.8 (2.5)
11.8 (6.7)

Mean change from baseline-2 (SD)

−11.0 (6.4)

−17.6 (3.9)

−11.0 (6.7)

P value

0.04

<0.001

<0.001

Mean baseline-2 (SD)
Mean week 4 (SD)

15.0 (3.7)
7.0 (3.4)

17.1 (5.4)
5.8 (5.6)

15.6 (4.8)
7.2 (5.7)

Mean change from baseline-2 (SD)

−8.00 (5.4)

−11.4 (4.6)

−8.4 (5.4)

P value

0.06

<0.001

<0.001

By Dose Group
Final Dose Group

Total score

Inattentive symptoms

Hyperactivity/impulsive symptoms

Abbreviations: ADHD, attention-deﬁcit/hyperactivity disorder; ADHD-RS-IV, ADHD Rating Scale-IV; SD, standard deviation.

When analyzed by ﬁnal dose group, mean (SD)
decreases in ADHD-RS-IV score from baseline-2 to
week 4 were greater for the centanafadine-SR 400-mg
ﬁnal dose group (29.00 [7.60]; n=8) than for the 200‒300mg (19.00 [10.13]; n=4) and 500-mg (19.36 [10.89;
n=25]) groups. Similar results were observed for the inattentive symptoms and hyperactivity/impulsive symptoms
subscale scores.

headache (n=7 [17%]), decreased appetite (6 [15%]), and
dry mouth (n=6 [15%]), none of which led to patient
discontinuation.
No deaths were reported. There were no severe TEAEs and
1 serious TEAE (cerebrovascular accident in a patient with
hypertension and history of headache) not related to treatment.

Phase 2b Study
Patient Disposition and Characteristics

Safety
Thirty-four of 41 patients (83%) who received ≥1 dose of
centanafadine-SR had ≥1 TEAE. More TEAEs occurred in
higher doses of centanafadine-SR, including 23 occurring
in patients on 500 mg at time of onset. Thirty-one patients
(76%) had a total of 69 TEAEs considered as related to
treatment, all of which were mild-moderate. The most
commonly reported TEAEs were diarrhea (n=12 [29%]),

Neuropsychiatric Disease and Treatment 2020:16

In all, 117 patients were screened, and 85 were eligible for
enrollment (Figure 2). No patient experienced an improvement ≥30% in ADHD symptoms or a score <28 on the
ADHD-RS-IV prior to randomization; hence, all 85 patients
were eligible for randomization to 1 of the 2 treatment
sequences. Forty-two patients were randomized to
a centanafadine-SR/placebo sequence and 43 to a placebo/
centanafadine-SR sequence.

submit your manuscript | www.dovepress.com

DovePress

Powered by TCPDF (www.tcpdf.org)

1417

Dovepress

Wigal et al

4 study sites
Patients screened
N=117
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Screen failures (prior to baseline visit): n=32

Baseline/randomization
N=85

Weeks 1–3

Weeks 5–7

Centanafadine-SR
n=42

Placebo
n=43

Discontinued: n=11

Discontinued: n=6

Placebo
n=31

Centanafadine-SR
n=37

Discontinued: n=1

Discontinued: n=7

Completed study: n=30

Completed study: n=30

Figure 2 Phase 2b study: patient disposition.
Abbreviation: SR, sustained-release.

The best total daily dose for each patient was determined by the applicable protocol version at the time of
enrollment. Forty-seven patients (55%) were assigned
a TDD of 400 mg/d, and 20 (24%) and 18 (21%) patients
were assigned TDDs of 600 and 800 mg/d, respectively.
Sixty patients completed the study and 25 discontinued, including 18 who discontinued while receiving centanafadine-SR and 7 while on placebo (Figure 2 and
Table 2). Completion rates by dose were 94% (43/47) at
the 400-mg/d TDD, 75% (15/20) at the 600-mg/d TDD,
and 44% at the 800-mg/d TDD.
The 2 treatment groups were similar with respect to age,
gender, racial and ethnic makeup, and body composition,
both overall and within dosage groups, with the exception
that there were more male patients in the 400-mg/d group
(68%) and more female patients in the 800-mg/d group
(72%; Table 3).

Efﬁcacy Outcomes
Mean baseline ADHD-RS-IV total score for the entire 85patient study population was 37.6 (range 28‒54). Mean
ADHD-RS-IV total scores at week 3 (combined visits
5 and 10) were 21.5 (range 0‒47) for the centanafadine-SR
treatment group (n=79) and 29.7 (range 2‒49) for the placebo
group (n=74). In patients who completed 3-week assessments in both treatment periods (primary efﬁcacy population
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[n=68]), centanafadine-SR met its primary efﬁcacy endpoint
of a signiﬁcant decrease in ADHD-RS-IV total score from
baseline after 3 weeks of treatment compared with adults
who received placebo (Figure 3). A statistically signiﬁcant
improvement (P<0.001) in ADHD-RS-IV total score from
baseline to week 3 was observed for centanafadine-SR (LS
mean −16.5) compared with placebo (LS mean −8.4), resulting in an LS mean difference of −8.1 (standard error [SE]

Table 2 Phase 2b Study: Patient Discontinuationsa
Patients, n (%)

Centanafadine-SR

Placebo n=74

n=79
Discontinued

18 (22.8)

7 (9.5)

Adverse eventb

11 (13.9)

1 (1.4)

Consent withdrawal
Lost to follow-up

2 (2.5)
4 (5.1)

1 (1.4)
1 (1.4)

Investigator discretion

0

1 (1.4)

Other

1 (1.3)

3 (4.1)

Reason

a

Notes: No patients in either arm discontinued due to noncompliance, protocol
violation, lack of efﬁcacy, or trial termination/suspension by sponsor. bAdverse
events resulting in discontinuation, by target dose group, were as follows: centanafadine SR 800 mg/d (n=8) (4 rash, 3 nausea, 1 anxiety); centanafadine SR 600 mg/d
(n=2) (1 rash, 1 acne); centanafadine SR 400 mg/d (n=1) (agitation); placebo mg/d
(n=1) (1 chest tightness).
Abbreviation: SR, sustained-release.
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Parameter

Centanafadine-

Placebo/

Overall

SR/Placebo

Centanafadine-SR

N=85

n=42

n=43

Mean (SD)

34.2 (11.7)

36.5 (11.9)

Median (range)

33.5 (18.0–60.0)

35.0 (19.0–60.0)

35.4 (11.8)
34.0
(18.0–60.0)

Sex, n (%)
Man

24 (57)

24 (56)

48 (56)

Woman

18 (43)

19 (44)

37 (44)

15 (36)

11 (26)

26 (31)

27 (64)

32 (74)

59 (69)

Asian

0

1 (2)

1 (1)

Black/African-

9 (21)

8 (19)

17 (20)

White

28 (67)

31 (72)

59 (69)

Multiple

3 (7)

1 (2)

4 (5)

Other

2 (5)

2 (5)

4 (5)

Ethnicity, n (%)
Hispanic/
Latino
Not Hispanic/
Latino
Race, n (%)a

American

a

Notes: No patients were American Indians/Alaska Natives or Native Hawaiians/
Other Paciﬁc Islanders.
Abbreviations: FAS, full analysis set; SD, standard deviation; SR, sustained-release.

1.48; 95% CI −11.0, −5.1). The effect size for centanafadineSR in the entire population was 0.66.
Similar results were reported for the ADHD-RS-IV
inattention and hyperactivity/impulsivity subscales.
Centanafadine-SR

LS Mean Change in ADHD-RS-IV Total Score (SE)
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Age, y

0

P<0.001

P<0.001

Placebo
P<0.001
n=68
Effect size: –0.66

-2
-4
-6
-8
–7.1
-10

–8.1

–8.4

-12
-14

–12.0

-16
-18

–16.1
Week 1

Week 2
All Patients

–16.5
Week 3

A statistically signiﬁcant improvement (P<0.001) in the
inattention subscale score from baseline to week 3 was
observed for centanafadine-SR (LS mean −9.5) compared
with placebo (LS mean −4.5), for a LS mean difference of
−5.0 (SE 0.94; 95% CI −6.8, +3.1). The LS mean
improvements in the hyperactivity/impulsivity subscale
score from baseline to week 3 in patients receiving the
400-mg TDD were −7.0 and −3.9 for the centanafadine-SR
and placebo groups, respectively, which represents
a signiﬁcant (P=0.001) LS mean difference of −3.1
between treatments (SE 0.74; 95% CI −4.4, −0.8).
Mean baseline ADHD-RS-IV total score for the
47 patients treated with the centanafadine-SR 400-mg/d
TDD was 36.6 (range 28‒51). Mean ADHD-RS-IV total
scores at week 3 (combined visits 5 and 10) were 20.1
(range 0‒47) for the centanafadine-SR treatment group
(n=45) and 28.0 (range 11‒48) for the placebo group
(n=46). In the primary efﬁcacy subpopulation (n=44),
a statistically signiﬁcant difference (P<0.001) in the
improvement of ADHD symptom severity from baseline
was observed with the centanafadine-SR 400-mg/d TDD
(LS mean −15.8; n=44) compared with placebo (LS mean
−8.6; n=44), resulting in an LS mean difference of −7.1
(standard error 1.7; 95% CI −10.7, −3.6; effect size 0.62;
Figure 3). Statistically signiﬁcant LS mean differences
between centanafadine-SR and placebo in the Inattention
(P<0.001) and hyperactivity/impulsivity (P=0.01) subscale
scores were −4.5 (SE 1.05; 95% CI −6.7, −2.4) and −2.6 (SE
0.89; 95% CI −4.4, −0.8), respectively. A post hoc
LS Mean Change in ADHD-RS-IV Total Score (SE)

Table 3 Phase 2b Study: Patient Demographics (Safety/FAS
Population)

Centanafadine-SR 400 mg
0

P=0.01

P<0.001

Placebo
P<0.001
n=44
Effect size: –0.62

-2
-4
-6
-8
-10

–7.8
–8.6

–8.6

-12
-14

–11.9

-16
–15.2

-18
Week 1

Week 2
TDD Dose Cohort

–15.8
Week 3

Figure 3 Phase 2b study: mean Attention-Deﬁcit Hyperactivity Disorder Rating Scale-IV (ADHD-RS-IV) total score changes from baseline (last observation carried forward)
after 1, 2, and 3 weeks of double-blind treatment (full analysis set population).
Abbreviations: LS, least-squares; TDD, total daily dose; SE, standard error; SR, sustained-release.
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sensitivity analysis was conducted in all 85 subjects and the
47 subjects who received a target dose of 400 mg/day. The
mean ADHD-RS-IV total score at Weeks 1, 2, and 3 and the
improvement in severity of ADHD symptoms from baseline
of CTN SR compared to placebo were similar to the primary
efﬁcacy results. There were no carryover effects seen with
the sensitivity analysis results in assessing difference
between treatments in ADHD-RS-IV total score.
For the centanafadine-SR 600-mg/d TDD and centanafadine-SR 800-mg/d TDD groups, LS mean differences in
mean ADHD-RS-IV total score at week 3 were −5.1 (SE
3.4; 95% CI −12.4, 2.3; effect size 0.39) and −16.0 (SE 2.9;
95% CI −22.8, −9.2; effect size −1.85), respectively. No
efﬁcacy differences in dose response were observed among
the 400 mg, 600 mg, and 800 mg target dose groups.
Centanafadine-SR demonstrated a relatively rapid onset
of action for a nonstimulant. Speciﬁcally, it demonstrated
efﬁcacy 1 week after treatment initiation. As assessed by
ADHD-RS-IV total score, by the end of week 1, centanafadine-SR demonstrated signiﬁcant improvement vs placebo
whether grouped by all doses (P<0.001) or by the 400 mg
dose (P=0.01). Effect sizes for centanafadine-SR at weeks
1 and 2 were 0.49 and 0.70, respectively. Signiﬁcant
improvements with centanafadine-SR vs placebo were also
apparent by week 1 for the inattention (P=0.047) and hyperactivity/impulsivity (P=0.01) subscales.
Clinician ratings also favored centanafadine-SR over
placebo, with an early onset of action. Dichotomized CGI-

n=68
80

60

40

50

34

20

0

12

P<0.01
Week 1

16

15

P<0.001
Week 2

P<0.001
Week 3

All Patients

Safety
Sixty-three of the 79 patients (80%) who received centanafadine-SR experienced ≥1 TEAE during treatment, and
of these, 55 (70%) experienced a TEAE that was considered possibly, probably, or deﬁnitely related to treatment
(Table 4). The most frequently experienced TEAEs that
were considered possibly, probably, or deﬁnitely related to
centanafadine-SR treatment were decreased appetite

Placebo

100

49

I analysis results showed that signiﬁcantly more patients
treated with centanafadine-SR vs placebo had improved
(CGI-I score 1–2) ADHD symptoms from baseline at
week 1 (23 [34%] vs 8 [12%] patients; P=0.002), week
2 (33 [49%] vs 11 [16%]; P<0.001) and week 3 (34 [50%]
vs 10 [15%]; P<0.001; Figure 4). Similar CGI-I results were
reported for the subgroup of patients who received the
400 mg/d TDD. In the 400 mg/d TDD subgroup, more
patients had improvement over baseline with centanafadineSR vs placebo at week 2 (21 [48%] vs 7 [16%] patients;
P<0.003) and week 3 (22 [50%] vs 6 [14%]; P=0.001), but
not at week 1 (13 [30%] vs 6 [14]; P=0.052).
In contrast, over the entire study population, there were
no statistically signiﬁcant differences observed between
the centanafadine-SR and placebo groups in the PERMP,
which was used as an assessment of the duration of cognitive effect after each administration (Figure 5). Similar
nonsigniﬁcant results were obtained in patients who
received the centanafadine-SR 400-mg/d TDD as compared with placebo.

Centanafadine-SR 400 mg
Dichotomized CGI-I I (improved or much improved), %

Centanafadine-SR
Dichotomized CGI-I I (improved or much improved), %
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Placebo

100
n=44
80

60
50

48
40
30
20

0

14

16

14

P=0.62
Week 1

P=0.06
Week 2

P<0.03
Week 3

TDD Dose Cohort

Figure 4 Phase 2b study: Clinical Global Impression of Improvement (CGI-I) ratings after 1, 2, and 3 weeks of double-blind treatment (full analysis set population).
Abbreviations: SR, sustained-release; TDD, total daily dose.
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Centanafadine-SR all doses

Placebo

n=54
40

30

20

10

0

0

4

8

12

Hours Postdose
All Patients

50
LS Mean Change in PERMP Total Score (SE)

LS Mean Change in PERMP Total Score (SE)
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50

Centanafadine-SR 400 mg

Placebo

n=40
40

30

20

10

0

0

4

8

12

Hours Postdose
TDD Dose Cohort

Figure 5 Phase 2b study: Permanent Product Measure of Performance (PERMP) total score change from baseline through 13 hours postdose.
Abbreviations: LS, least-squares; SE, standard error; SR, sustained-release; TDD, total daily dose.

(24%), headache (18%), and nausea (20%). In general, the
centanafadine-SR 400-mg TDD was well tolerated, with
TEAE rates that were lower than at higher doses. The most
frequently experienced, treatment-related TEAEs were
decreased appetite (16%), and nausea and headache (each
13%). Of the 19 patients with centanafadine-SR 600-mg/d
TDD, the most frequently experienced treatment-related
TEAEs were diarrhea (26%) and decreased appetite, dry
mouth, dizziness, and headache (each 15.9%). Of the 15
patients with centanafadine-SR 800-mg/d TDD, nausea
and decreased appetite (each 60%) and fatigue, dry
mouth, and headache (each 33.3%) were the most frequently experienced TEAEs.

the severe TEAEs in patients receiving centanafadine-SR
400 mg necessitated treatment discontinuation.
Twelve patients discontinued treatment due to TEAEs
(11, centanafadine-SR; 1, placebo), all of which were considered possibly, probably, or deﬁnitely related to treatment.
Of the 11 patients who discontinued from centanafadine-SR
treatment, 10 were assigned and received TDD ≥600 mg
within 1 day of onset of the AE. One patient receiving the
centanafadine-SR 400 mg TDD discontinued treatment due
to a TEAE— moderate agitation—which was considered
probably treatment related. None of the TEAEs were, however, considered serious and all but one (acne) resolved. No
deaths or serious TEAEs occurred during the study.

Most TEAEs were mild or moderate in severity
(Table 4). Five patients experienced a total of 6 severe
TEAEs (dry mouth, headache, insomnia, pollakiuria, and
2 rashes). Only the rashes led to treatment discontinuation.
All TEAEs resolved within 2 weeks with continued treatment, dose reduction, or discontinuation, with the exceptions of 1 patient who experienced a severe nonserious
rash and 1 who experienced acne. Both of these TEAEs
were ongoing at the end of the study. At the 400-mg dose,
1 patient experienced severe insomnia and 1 experienced
severe pollakiuria while on centanafadine-SR 400 mg;
both TEAEs were considered treatment related. One
patient experienced severe cholelithiasis while taking placebo, which was not considered treatment related. None of

Adverse Events of Special Interest
Potentially abuse-related TEAEs were examined as per US
Food and Drug Administration guidance.24 Events of this
kind included 7 occurrences of dizziness, 2 of somnolence,
and 1 of feeling abnormal. All but 1 occurrence of dizziness
and 1 of somnolence, and the single case of feeling abnormal
were reported during treatment with centanafadine-SR.
Among the 8 potentially abuse-related TEAEs reported during centanafadine-SR, all but 1 occurrence of dizziness and
the single occurrence of somnolence was considered probably, possibly, or potentially treatment related. On review,
however, none of these TEAEs were considered indicative of
misuse. There were no events of drug abuse, dependence,
diversion, or euphoria observed during the study.
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Table 4 Phase 2b Study: Patients with Treatment-Emergent Adverse Eventsa
Patients, n (%)

All Patients

400-mg Target Daily dose
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Centanafadine-SR n=79

Centanafadine-SR n=45

Placebo n=46

Any TEAE

63 (80)

50 (68)

32 (71)

30 (65)

Mild/moderate TEAE
Severe TEAE

63 (80)
5 (6)

49 (62)
2 (3)

32 (71)
2 (4)

29 (63)
1 (2)

TEAE unrelated to treatment

35 (44)

38 (49)

21 (47)

23 (50)

Treatment-related TEAEb

55 (70)

23 (31)

24 (53)

13 (28)

Decreased appetite
Headache

19 (24)
18 (23)

0
6 (8)

7 (16)
9 (20)

0
4 (9)

Nausea

16 (20)

0

6 (13)

0

Diarrhea
Dry mouth

14 (18)
11 (14)

2 (3)
0

5 (11)
3 (7)

2 (4)
0

Fatigue

11 (14)

0

4 (9)

0

Insomnia
Tachycardia

9 (11)
9 (11)

2 (3)
7 (9)

6 (13)
6 (13)

1 (2)
4 (9)

Rash

8 (10)

0

2 (4)

0

URT Infection
Dizziness

8 (10)
6 (8)

7 (9)
1 (1)

7 (16)
2 (4)

5 (11)
1 (2)

Increased orthostatic heart rate response

6 (8)

0

3 (7)

0

Irritability
Upper abdominal pain

4 (5)
4 (5)

3 (4)
1 (1)

1 (2)
0

1 (2)
1 (2)

Initial insomnia
Middle insomnia

0
0

5 (7)
4 (5)

0
0

1 (2)
1 (2)

Individual TEAEs in ≥5% of any treatment group

Notes: aNo patients experienced serious treatment-emergent adverse events (TEAEs). bPossibly, probably, or deﬁnitely treatment-related.
Abbreviations: SR, sustained-release; URT, upper respiratory; AE, adverse event; CTN, centanafadine; SR, sustained-release.

Insomnia was reported in 11% of all patients who
received centanafadine-SR (vs 3% with placebo) and in
13% who received the 400-mg/d TDD (vs 2% with placebo). Poor-quality sleep was reported in 2 patients during
centanafadine-SR treatment, including 1 in the 400-mg/d
TDD group.
Eight patients experienced rash, and of these, 5 were
discontinued from the study. Four of the rashes were in the
centanafadine-SR 600-mg/d TDD group, and two each
were in the 400- and 800-mg/d TDD groups. No patient
in the 400-mg/d TDD group discontinued due to rash.
A review by dermatologists concluded that none of the
rashes exhibited a proﬁle consistent with a rash that may
progress to a serious or otherwise life-threatening adverse
event. The dermatologist review also determined that the 2
rashes in patients assigned to the 400-mg/d TDD were not
representative of rashes observed at higher doses, but were
rather related to underlying dermatologic conditions that
were aggravated by treatment: viral exanthema in 1 patient
and an unidentiﬁed external factor in the other.
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Discussion
Two phase 2 trials provided initial efﬁcacy data and additional safety data to inform the Phase 3 trial program for
centanafadine-SR. In the phase 2a study, centanafadine-SE
administered in split doses of 200‒300, 400, and 500 mg/d
resulted in statistically signiﬁcant decreases in ADHD-RSIV scores; however, mean changes were greatest in the
400-mg group and with fewer TEAEs observed relative to
the 500-mg group. In the phase 2b study, patients administered centanafadine 400, 600, and 800 mg/d experienced signiﬁcant improvements in ADHD symptoms
when on active treatment, as measured by the ADHD-RSIV, compared with placebo. Signiﬁcant improvements with
centanafadine-SR vs placebo were also observed for the
individual ADHD-RS-IV inattention and impulsivity/
hyperactivity subscales. There was no difference in efﬁcacy between the centanafadine-SR 400-mg/d dose and
higher doses. Similar results with ADHD-RS-IV total
and subscale scores were observed at weeks 1 and 2 for
patients in all dose groups, indicating a rapid onset of
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action. The effect sizes for centanafadine-SR in the phase
2b study during 3 weeks of treatment were 0.66 overall
and 0.62 for the 400-mg/d dose, which compare favorably
with other nonstimulants. For example, clinical trials of
atomoxetine have generally shown effect sizes of ~0.50.25
Dichotomized CGI-I analysis results showed that signiﬁcantly more patients treated with centanafadine-SR had
improvement in their baseline ADHD symptoms at weeks
1 (P=0.003), 2 (P<0.001), and 3 (P<0.001) than with
placebo. Signiﬁcantly greater improvements with centanafadine-SR vs placebo were also observed at the 400 mg/d
TDD at weeks 2 and 3, but were not signiﬁcant at week 1
(P=0.052).
Although results on the PERMP as a pilot secondary
outcome measure did not signiﬁcantly favor centanafadine-SR over placebo, the study was not powered for
a statistical comparison. The PERMP has been used to
assess time course effects of the efﬁcacy of stimulants in
children and adults; its usefulness as a measure in adults
requires sufﬁcient preparatory math tests in individual
subjects at all study sites to reduce or eliminate the practice effect.22,23 In the phase 2b study, some sites did not
administer all of the practice PERMPs required by the
protocol, which may have reduced the sensitivity of this
measure and contributed to substantial variability at the
4 study sites that reduced the likelihood of a statistically
signiﬁcant drug effect. Effects of centanafadine-SR on
cognitive outcomes remain to be determined in phase
3 trials designed to evaluate efﬁcacy under tightly controlled conditions over a longer duration of time.
As in the phase 2a study, the centanafadine 400-mg
dose in the phase 2b study was substantially better tolerated than were higher doses. Three of 47 patients assigned
to the 400-mg TDD discontinued treatment and in only
1 patient was the discontinuation due to a TEAE. The most
frequent TEAEs were decreased appetite, headache, and
nausea, each of which was less frequent at the 400-mg/d
dose than at higher doses. There were no treatmentemergent changes in laboratory parameters, vital signs,
or physical examination ﬁndings associated with centanafadine-SR.
Rash was the TEAE most frequently associated with discontinuation; however, no patient discontinued the 400-mg/d
dose and no rash occurring at any dose was considered serious
or likely to progress to a serious condition. The rashes that
occurred in the 2 subjects who received 400 mg TDD were not
considered representative of the drug-induced rash eruptions
seen at higher doses. Rash, therefore, appears unlikely to be

Neuropsychiatric Disease and Treatment 2020:16

Wigal et al

a particular concern at the 400-mg dose selected for evaluation
in phase 3 trials.
Based on these results, centanafadine-SR may offer several advantages compared with other available therapies.
Currently available stimulants are known to be effective,
but are associated with abuse potential and sleep disturbance.
Sleep disturbance is prevalent in 43–80% of patients with
ADHD and in clinical trials of stimulants, insomnia was
reported as a TEAE in 10–45% of patients.26 Although
sleep quality was not formally assessed in the present phase
2 studies, the modiﬁed Pittsburgh Sleep Quality Index was
used to assess the impact of treatment on sleep as an exploratory endpoint. The results showed no differences in sleep
duration or the frequency of sleep disturbance between centanafadine-SR and placebo.27 Further, insomnia was reported
as a TEAE in 11% of patients treated with centanafadine-SR
(vs 3% with placebo), which is at the bottom of the range for
this event in clinical trials of other agents.26
An estimated 30% of individuals prescribed stimulants
misuse them.8 In the phase 2b study, there were 8 TEAEs that
occurred during centanafadine treatment that the US Food
and Drug Administration considers potential warning signs
for misuse.24 On review, however, none of these TEAEs
were considered to be related to misuse, and there were no
instances of abuse, dependence, diversion, or euphoria.
These ﬁndings are consistent with results from an abuse
liability study suggesting that centanafadine-SR at doses as
high as 800 mg/d may have less abuse liability than lisdexamphetamine or d-amphetamine (ClinicalTrials.gov
NCT02144415). In the phase 2b study, however, the short
treatment period precludes drawing conclusions about the
likelihood of abuse in clinical practice.
Centanafadine is a triple reuptake inhibitor with
in vitro activity at the norepinephrine transporter (IC50,
6 nM), dopamine transporter (IC50 38 nM), and serotonin
transporter (IC50 83 nM). Most importantly, the increases
in dopamine efﬂux evoked by centanafadine in microdialysis are relatively slow in onset, reaching a maximum
~60 minutes after intraperitoneal dosing.15 In contrast,
dopamine efﬂuxes associated with amphetamine and
methylphenidate result in sharper peaks that are reached
within 15–30 minutes6 and are thought to result in states in
striatum that are highly rewarding.28 The low and slow
increases in dopamine would be expected to make centanafadine less rewarding, particularly since norepinephrine
is considerably higher in potency than dopamine. Given
this mechanism of action, aversion would more likely be
encountered than euphoria.
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Results of this pair of phase 2 trials provide important information about the dosage to be employed in
phase 3 trials. Because the results for the 400-mg
group in the phase 2a study were in a small number of
patients (n=8), the initial signals of efﬁcacy and safety
obtained during treatment did not allow for deﬁnitive
conclusions about the best centanafadine-SR dose to
evaluate in future trials. The phase 2b study focused,
therefore, on a 400-mg/d TDD, but with additional
patients assigned to receive 600 and 800 mg/d. The
study enrolled a larger patient population than the
phase 2a study, employed a placebo control, and had
a crossover design so that centanafadine-SR and placebo
could be compared within each individual patient.
Results from the phase 2b study conﬁrmed that titration
to a centanafadine-SR dose >400 mg/d offers no clear
advantage with respect to efﬁcacy and would be associated with unnecessary additional TEAEs. As a result,
a 400-mg/d centanafadine-SR TDD has been selected for
evaluation during phase 3 of development.

Will individual participant data
be available (including data

Two phase 2 studies examined the efﬁcacy and tolerability of
centanafadine-SR in adult patients with ADHD. Both studies
demonstrated that centanafadine-SR 400 mg/d was effective,
as assessed using the ADHD-RS-IV and its individual subscale scores and was well tolerated. Treatment with centanafadine-SR 400 mg did not result in sleep disturbances and
there were no signs of abuse or diversion. These results
support the use of a centanafadine-SR 400-mg/d TDD in
phase 3 trials, which are currently underway.
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Yes.

dictionaries)?
What data in particular will be

Individual patient data that underlie

shared?

the results reported in these clinical
studies, after de-identiﬁcation, will be
shared. Small studies with <~25
participants are excluded from data
sharing.

What other documents will

Study protocols, statistical analysis

be available

plans, and clinical study reports.

With whom?

Researchers who provide
a methodologically sound research
proposal.

By what mechanism will data
be made available?

Otsuka data sharing platform with
Python and R capabilities. Research
proposals should be directed to:
clinicaltransparency@otsuka-us.com.

How long will the data be

Data will be shared either after US

available?

Food and Drug Administration
regulatory approval or beginning 3

Conclusion

ADHD, attention-deﬁcit hyperactivity disorder; ADHD-RSIV, Attention-Deﬁcit Hyperactivity Disorder Rating Scale
Version IV; AWE, adult workplace environment; CGI-I,
Clinical Global Impression of Improvement; CGI-S, Clinical
Global Impression of Severity; CI, conﬁdence interval; DSMIV, Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition; DSM-V, Diagnostic and Statistical Manual of
Mental Disorders, Fifth Edition; LS, least squares; PERMP,
Permanent Product Measure of Performance; PFC, prefrontal
cortex; SR, sustained-release; TEAE, treatment-emergent
adverse events; TDD, total daily dose.
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