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ABSTRACT
BACKGROUND: Head-to-head trials comparing centanafadine, an 
investigational therapy for adults with attention-deficit/hyperactivity 
disorder (ADHD), with other treatment options are lacking.

OBJECTIVE: To compare safety and efficacy outcomes of cen-
tanafadine sustained-release vs lisdexamfetamine dimesylate 
(lisdexamfetamine), atomoxetine hydrochloride (atomoxetine), and 
viloxazine extended-release (viloxazine ER), respectively, using match-
ing-adjusted indirect comparison (MAIC).

METHODS: This MAIC included patient-level data pooled from 2 cen-
tanafadine trials (NCT03605680 and NCT03605836) and published 
aggregate data from comparable trials of 3 comparators—lisdexam-
fetamine (NCT00334880), atomoxetine (NCT00190736), and viloxazine 

ER (NCT04016779)—in adult patients with ADHD. Propensity score 
weighting was used to match characteristics of individual patients from 
the centanafadine trials to aggregate baseline characteristics from the 
respective comparator trials. Safety outcomes were rates of adverse 
events for which information was available in the centanafadine and 
respective comparator trials. Efficacy outcome was mean change 
from baseline in the Adult ADHD Investigator Symptom Rating Scale 
(AISRS) score (ADHD Rating Scale [ADHD-RS] was used as proxy in the 
comparison with lisdexamfetamine). Anchored indirect comparisons 
were conducted across matched populations of the centanafadine and 
respective comparator trials.

RESULTS: After matching, baseline characteristics in the centanafa-
dine trials were the same as those in the respective comparator trials. 
Compared with lisdexamfetamine, centanafadine was associated 
with a significantly lower risk of lack of appetite (risk difference [RD] 

Plain language summary

Centanafadine is an investigational therapy 
for adults with attention-deficit/hyperactiv-
ity disorder (ADHD). No clinical trials have 
directly compared centanafadine with 
other treatments. We performed indirect 
comparisons and found that centanafadine 
had fewer side effects than all 3 compara-
tors. ADHD symptom improvement with 
centanafadine was smaller than with 
lisdexamfetamine dimesylate and nondif-
ferent than with atomoxetine hydrochloride 
and viloxazine extended-release (ER). 
Future studies should aim to understand 
how patients are willing to trade off 
between treatment safety and efficacy.

Implications for  
managed care pharmacy

Knowledge on the relative safety and 
efficacy of ADHD treatment options may 
help inform treatment decisions. This 
matching-adjusted indirect comparison 
found that centanafadine had lower inci-
dence of several adverse events (AEs) than 
comparators. Efficacy was lower than with 
lisdexamfetamine and nondifferent than 
with atomoxetine and viloxazine ER. Given 
the paucity of novel ADHD therapies and 
the association of AEs with costly treatment 
changes, centanafadine may be an option to 
effectively manage ADHD symptoms while 
minimizing AE-related costs.
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Attention-deficit/hyperactivity disorder (ADHD) is a 
neurodevelopmental disorder with an overall prevalence of 
4.4% and a lifetime prevalence of 8.1% among adults in the 
United States.1-3 ADHD is characterized by persistent symp-
toms of inattention and/or hyperactivity-impulsivity that 
interfere with academic, occupational, and social function-
ing.4,5 Compared with adults without ADHD, those with the 
condition have poorer educational attainment, higher rates 
of unemployment, reduced work productivity, increased 
high-risk behaviors such as substance abuse and criminal 
activity, and an overall lower quality of life.6-10

Pharmacological treatment options for ADHD primarily 
include 2 main drug classes: stimulants and nonstimulants.1 
Although both drug classes and individual treatments 
within each class have different attributes, stimulants 
are generally considered more efficacious, whereas non-
stimulants may be used when stimulants are not tolerated, 
when patients present with certain comorbidity profiles, 
or when potential for diversion is a particular concern.11,12 
Among the most commonly used stimulants is lisdexam-
fetamine dimesylate (lisdexamfetamine; Vyvanse), which 
is well established and considered a standard of care for 
adults with ADHD.11,13 Among nonstimulants, atomoxetine 
hydrochloride (atomoxetine; Strattera) is a leading option as 

it is the first medication specifically approved for the treat-
ment of ADHD in adults14,15; and viloxazine extended-release 
(viloxazine ER; Qelbree) is the most recent treatment for 
adults with ADHD on the US market.16,17 Meanwhile, cen-
tanafadine is a novel serotonin-norepinephrine-dopamine 
triple-reuptake inhibitor that is currently being investi-
gated for adult patients with ADHD. In 2 similarly designed 
phase 3 clinical trials, centanafadine resulted in significant 
reductions in ADHD symptoms after 6 weeks compared 
with placebo and appeared to be well tolerated.18

In the absence of head-to-head trials comparing cen-
tanafadine with other common treatment options for 
adults with ADHD, it can be challenging for stakeholders 
to make informed treatment decisions based on timely and 
reliable comparative evidence. It is notable that study out-
comes across clinical trials cannot be compared directly, 
as the results may be confounded by, for example, dif-
ferences in patient characteristics (eg, age, sex, race, and 
disease severity) or other trial characteristics.19 In addition, 
adjustments for confounding using most standard methods 
such as regression analysis typically require individual 
patient data (IPD) for all trials in the comparison, but IPD is 
generally only available for one trial (eg, data provided by 
a trial sponsor).19

Matching-adjusted indirect comparison (MAIC) is a well-
validated method to provide evidence for the comparative 
safety and efficacy of treatments when head-to-head trials 
are not available.19-21 MAIC leverages IPD from one trial and 
published aggregate data from comparator trials to adjust 
for cross-trial differences so that the trials are comparable 
in inclusion and exclusion criteria, population characteris-
tics, and outcome definitions.19 Analyses using MAIC have 
been published in top journals22-24 and accepted by health 
technology assessment and payer organizations globally 
(eg, the National Institute for Health and Care Excellence 
of the United Kingdom,25 the Haute Autorité De Santé of 
France,26 the Institut für Qualität und Wirtschaftlichkeit im 
Gesundheitswesen of Germany,27 and the Canadian Agency 
for Drugs and Technologies in Health of Canada28).

In this context, this MAIC compared the safety and 
efficacy outcomes of centanafadine sustained-release vs 
3 common treatments for adults with ADHD, including 
lisdexamfetamine, atomoxetine, and viloxazine ER, respec-
tively, in balanced populations by leveraging IPD from the 
centanafadine trials and published aggregate data from 
the comparator trials. Given a common comparator arm 
(ie, placebo) is available for all trials, anchored MAICs 
were conducted to account for the difference between 
placebo arms across trials to further reduce cross-trial 
heterogeneity.25

in percentage points: 23.42), dry mouth (19.27), insomnia (15.35), 
anxiety (5.21), nausea (4.90), feeling jittery (3.70), and diarrhea (3.47) 
(all P < 0.05) but a smaller reduction in the AISRS/ADHD-RS score 
(6.58-point difference; P < 0.05). Compared with atomoxetine, cen-
tanafadine was associated with a significantly lower risk of nausea 
(RD in percentage points: 18.64), dry mouth (17.44), fatigue (9.21), 
erectile dysfunction (6.76), lack of appetite (6.71), and urinary hesita-
tion (5.84) (all P < 0.05) and no statistically significant difference in 
the change in AISRS score. Compared with viloxazine ER, centanafa-
dine was associated with a significantly lower risk of fatigue (RD in 
percentage points: 11.07), insomnia (10.67), nausea (7.57), and consti-
pation (4.63) (all P < 0.05) and no statistically significant difference in 
the change in AISRS score.

CONCLUSIONS: In an anchored MAIC, centanafadine showed a sig-
nificantly better short-term safety profile than lisdexamfetamine, 
atomoxetine, and viloxazine ER; efficacy was lower than with lisdex-
amfetamine and comparable (ie, nondifferent) with atomoxetine and 
viloxazine ER. This MAIC provides important insights on the relative 
safety and efficacy of common treatment options to help inform treat-
ment decisions in adults with ADHD. Safety assessment was limited to 
rates of adverse events reported in both trials of a given comparison.

Study registration numbers: NCT03605680, NCT03605836, 
NCT00334880, NCT00190736, and NCT04016779.
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Methods
DATA SOURCES
Data sources for this anchored MAIC of ADHD treatments 
in adults included IPD from 2 phase 3 centanafadine tri-
als (NCT03605680 and NCT0360583618) and published 
aggregate data from 3 comparator trials, including a phase 
3 lisdexamfetamine trial (NCT0033488029), a phase 4 ato-
moxetine trial (NCT0019073630), and a phase 3 viloxazine 
ER trial (NCT0401677931). IPD from the centanafadine trials 
were provided by the trial sponsor (Otsuka Pharmaceutical 
Development & Commercialization, Inc). Given the 2 cen-
tanafadine trials had identical designs and were reported in 
the same publication,18 IPD from these 2 trials were pooled. 
Published aggregate data from comparator trials were 
obtained from public databases, as described in the next 
section.

TRIAL AND SAMPLE SELECTION
Potential comparator trials with published results were iden-
tified through a search of the ClinicalTrials.gov registry on 
January 24, 2022, using the following prespecified criteria: 
(1) condition or disease: ADHD; (2) intervention: lisdexam-
fetamine, atomoxetine, or viloxazine ER; (3) recruitment 
status: completed; (4) eligibility criteria: adult (aged 18-64 
years); and (5) study phase: phase 3 or 4. To supplement the 
search, the PubMed database was also queried using the 
above criteria as keywords with the filter “clinical trials” for 
article type. A manual search of the US prescribing informa-
tion of the respective comparators was also conducted to 
ensure key trials were covered.

The search identified 22 potential comparator trials 
(4 lisdexamfetamine trials, 15 atomoxetine trials, and 3 
viloxazine ER trials) for further assessment for eligibility. 
Cross-study similarities and differences in trial design, study 
populations, interventions, comparators, and outcomes 
were assessed. Specifically, trials were excluded if they used 
a different design than the centanafadine trials (eg, open 
label), focused on a specific subpopulation (eg, only males), 
included other interventions than the comparator drugs (eg, 
atomoxetine + amphetamine/dextroamphetamine), com-
pared the drug with any intervention other than placebo 
(eg, behavioral intervention), or did not include comparable 
safety and efficacy outcomes as the centanafadine trials. 
The assessment yielded 1 trial for each comparator (ie, the 
number of excluded trials was 3 for lisdexamfetamine, 14 for 
atomoxetine, and 2 for viloxazine ER; Supplementary Table 1,  
available in online article); details on reasons for exclusion 
are summarized in Supplementary Table 2.

The characteristics of all trials included in this MAIC are 
presented in Supplementary Table 3. Based on the inclusion 

and exclusion criteria of the centanafadine and comparator 
trials, patients included in this MAIC met the following 
criteria: (1) aged 18-65 years; (2) had confirmed diagnosis of 
ADHD (per the Diagnostic and Statistical Manual of Mental 
Disorders, Fourth/Fifth Edition criteria); (3) had moderate 
to severe ADHD at baseline; (4) had no comorbid psychiatric 
diagnoses; and (5) were not currently taking prohibited 
medication (eg, psychotropic medications and medications 
that affect the central nervous system or blood pressure).

Each of the trials included in this MAIC had 2 ana-
lytical populations: (1) a safety population that comprised 
all randomized patients who received at least 1 dose of 
trial medication or placebo and (2) an efficacy population 
that comprised all patients who had a baseline and at 
least 1 postrandomization efficacy outcome assessment. All 
safety analyses were conducted in the safety population, 
and all efficacy analyses were conducted in the efficacy 
population.

OUTCOME MEASURES
The safety outcomes were rates of adverse events (AEs) for 
which information was available in both trials of a given 
comparison and reported by at least 5% of patients in any 
treatment group with an incidence twice that of placebo. 
Following this rule, the comparison of centanafadine vs 
lisdexamfetamine assessed anxiety, lack of appetite, diar-
rhea, dry mouth, feeling jittery, insomnia, and nausea. The 
comparison vs atomoxetine assessed constipation, lack of 
appetite, dizziness, dry mouth, erectile dysfunction, fatigue, 
irritability, nausea, and urinary hesitation. The comparison 
vs viloxazine ER assessed constipation, lack of appetite, dry 
mouth, fatigue, insomnia, nausea, and headache.

The time points for safety outcome assessments were 
based on the availability of safety data from the respective 
comparator trials (ie, Week 4 for centanafadine vs lisdex-
amfetamine; Week 10 for centanafadine vs atomoxetine, 
and Week 6 for centanafadine vs viloxazine ER). For the 
comparison of centanafadine vs atomoxetine, outcomes 
for centanafadine were forecasted at Week 10 based on the 
polynomial extrapolation of the data observed from Week 
1 to Week 6 (ie, the last time point assessed). A sensitivity 
analysis comparing safety outcomes at Week 6 for centana-
fadine vs at Week 10 for atomoxetine was also conducted.

The efficacy outcome was mean change from baseline 
in the Adult ADHD Investigator Symptom Rating Scale 
(AISRS) score. For the comparison with lisdexamfetamine, 
the ADHD Rating Scale (ADHD-RS) was used as a proxy 
as the AISRS was not reported. Both instruments contain 
the same number of questions (18 items), review the same 
symptoms, and are scored in the same way.18,32 A clinical 
expert confirmed that the 2 instruments are comparable. 

https://www.jmcp.org/doi/suppl/10.18553/jmcp.2024.30.6.528/suppl_file/23-170_supplement.pdf
https://www.jmcp.org/doi/suppl/10.18553/jmcp.2024.30.6.528/suppl_file/23-170_supplement.pdf
https://www.jmcp.org/doi/suppl/10.18553/jmcp.2024.30.6.528/suppl_file/23-170_supplement.pdf
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For the safety analyses, the risk difference (RD) between 
centanafadine and the respective comparators, along with 
the corresponding 95% CIs, was reported for each AE. 
For the efficacy analyses, the difference in change from 
baseline in AISRS (or ADHD-RS for lisdexamfetamine) score 
between centanafadine and the respective comparators 
was reported. Weighted Wald tests (ie, weighted chi-square  
tests for categorical outcomes and weighted z-tests for 
continuous outcomes) were used for comparisons.

Results
CENTANAFADINE VS LISDEXAMFETAMINE

Baseline Characteristics.  The safety analyses of centana-
fadine vs lisdexamfetamine included 876 patients from the 
centanafadine trials (centanafadine: n = 586; placebo: n = 290) 
and 420 patients from the lisdexamfetamine trial (lisdexamfe-
tamine: n = 358; placebo: n = 62). The efficacy analyses included 
859 patients from the centanafadine trials (centanafadine: 
n = 574; placebo: n = 285) and 420 patients from the lisdexamfet-
amine trial (lisdexamfetamine: n = 358; placebo: n = 62) (Table 1).

Before matching, there were no significant differences in 
age, sex, and race across trials. Patients included in the cen-
tanafadine trials generally experienced less severe ADHD 
symptoms than those included in the lisdexamfetamine 
trial, with a lower mean AISRS/ADHD-RS score and a lower 
proportion of patients in the severe category of the CGI-S. 
After matching, baseline characteristics of patients were 
the same in both trials.

Safety and Efficacy.  Overall, centanafadine had a better 
safety profile and lower efficacy compared with lisdexamfe-
tamine (Figure 1). After matching and anchoring, compared 
with lisdexamfetamine at Week 4, centanafadine was associ-
ated with a lower risk of lack of appetite (RD in percentage 
points: 23.42), dry mouth (19.27), insomnia (15.35), anxiety 
(5.21), nausea (4.90), feeling jittery (3.70), and diarrhea (3.47) (all 
P < 0.05). The difference in change in AISRS/ADHD-RS score 
from baseline to Week 4 for patients treated with centanafa-
dine vs lisdexamfetamine was 6.58 points (95% CI = 2.72-10.43; 
P < 0.05), indicating a greater reduction in symptoms severity 
among patients treated with lisdexamfetamine. The arm-by-
arm safety and efficacy outcomes before and after matching 
are presented in Supplementary Figure 1.

CENTANAFADINE VS ATOMOXETINE

Baseline Characteristics.  The safety analyses of cen-
tanafadine vs atomoxetine included 876 patients from the 
centanafadine trials (centanafadine: n = 586; placebo: n = 290) 
and 501 patients from the atomoxetine trial (atomoxetine: 

The time points for efficacy outcome assessments were 
based on the availability of efficacy data from the respective 
comparator trials (ie, from baseline to Week 4 for centana-
fadine vs lisdexamfetamine and from baseline to Week 6 
for centanafadine vs atomoxetine and for centanafadine vs 
viloxazine ER).

STATISTICAL ANALYSES
Baseline characteristics were described and compared 
between the centanafadine and comparator trials to identify 
differences between trial populations. Based on information 
published in the comparator trials and available as IPD in 
the centanafadine trials, the following patient demographic 
and clinical characteristics were included: age, sex, race, 
baseline AISRS (or ADHD-RS for lisdexamfetamine), baseline 
Clinical Global Impression-Severity of Illness Scale (CGI-S), 
and body mass index (BMI; for viloxazine ER only). For each 
comparison, baseline characteristics were reported for both 
active treatment and placebo arms, separately for the safety 
and efficacy populations. Descriptive statistics included 
frequencies and proportions for categorical variables and 
means and SDs for continuous variables. Wald tests (ie, 
chi-square tests for categorical variables and z-tests for 
continuous variables) were used for arm-by-arm compari-
sons (ie, active treatment vs active treatment and placebo 
vs placebo).

For the MAIC analyses, a model using the propensity 
score approach was used to estimate the likelihood (pro-
pensity) of enrollment in the comparator trials for each 
patient in the centanafadine trials. To develop weights, 
logistic regression models were created in which all avail-
able baseline prognostic factors and/or effect modifiers 
reported across comparator trials (ie, age, sex, race, baseline 
AISRS/ADHD-RS, baseline CGI-S, and BMI [for viloxazine 
ER only]) were considered for adjustment. Weights were 
generated separately for treatment arms and placebo 
arms and for the safety and efficacy populations. IPD from 
the centanafadine trials were reweighted to match the 
means, SDs, and proportions of the baseline characteristics 
reported for the respective comparator trials. To demon-
strate quantitatively the impact of population adjustment, 
baseline characteristics were summarized before and after 
matching.

Safety and efficacy outcomes were compared between 
centanafadine and each of the comparators before and 
after matching using anchored comparisons. Compared 
with unanchored MAICs in which active treatment arms 
are compared across trials, anchored MAICs compare the 
differences between the active treatments and a common 
comparator (ie, placebo in this study), thereby further 
adjusting for cross-trial heterogeneity.25

https://www.jmcp.org/doi/suppl/10.18553/jmcp.2024.30.6.528/suppl_file/23-170_supplement.pdf
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Baseline Characteristics of Patients in the Centanafadine vs Lisdexamfetamine AnalysesTABLE 1

Baseline  
characteristics Comparator trial

Before matching After matchinga

Centanafadine trials Pb Centanafadine trials Pb,c

Safety analysis population

Lisdexamfetamine 
[A]

Placebo 
[B]

Centanafadine 
[C]

Placebo 
[D]

[C] vs [A] [D] vs [B] Centanafadine 
[E]

Placebo 
[F]

[E] vs [A] [F] vs [B]

(n = 358) (n = 62) (n = 586) (n = 290) (n = 586) (n = 290)

 �Age, mean ± SD, 
years 35.1 ± 10.2 35.2 ± 10.9 35.5 ± 10.0 35.3 ± 9.6 0.519 0.971 35.1 ± 10.2 35.2 ± 10.9 — —

 Sex, %

  Male 54.7 51.6 51.4 52.8 0.346 0.981 54.7 51.6 — —

  Female 45.3 48.4 48.6 47.2 0.346 0.981 45.3 48.4 — —

 Race, %

  White 84.1 77.4 79.2 81.4 0.076 0.589 84.1 77.4 — —

 �AISRS/ADHD-RS 
at baseline, 
mean ± SD

40.9 ± 6.5 39.4 ± 6.4 38.9 ± 6.8 38.6 ± 6.9 <0.001d 0.378 40.9 ± 6.5 39.4 ± 6.4 — —

 CGI-S at baseline, %

  Moderate 32.1 43.5 49.0 51.0 <0.001d 0.352 32.1 43.5 — —

  Marked 54.5 40.3 46.4 46.2 0.020d 0.481 54.5 40.3 — —

  Severe 13.1 16.1 4.4 2.8 <0.001d <0.001d 13.1 16.1 — —

  Extreme 0.3 0.0 0.0 0.0 0.379 1.000 0.0 0.0 — —

Efficacy analysis population

Lisdexamfetamine 
[A]

Placebo 
[B]

Centanafadine 
[C]

Placebo 
[D]

[C] vs [A] [D] vs [B] Centanafadine 
[E]

Placebo 
[F]

[E] vs [A] [F] vs [B]

(n = 358) (n = 62) (n = 574) (n = 285) (n = 574) (n = 285)

 �Age, mean ± SD, 
years 35.1 ± 10.2 35.2 ± 10.9 35.6 ± 10.0 35.2 ± 9.7 0.500 1.000 35.1 ± 10.2 35.2 ± 10.9 — —

 Sex, %

  Male 54.7 51.6 51.4 51.9 0.352 1.000 54.7 51.6 — —

  Female 45.3 48.4 48.6 48.1 0.352 1.000 45.3 48.4 — —

 Race, %

  White 84.1 77.4 79.6 81.8 0.107 0.542 84.1 77.4 — —

 �AISRS/ADHD-RS 
at baseline, 
mean ± SD

40.9 ± 6.5 39.4 ± 6.4 38.9 ± 6.8 38.6 ± 6.8 <0.001d 0.383 40.9 ± 6.5 39.4 ± 6.4 — —

 CGI-S at baseline, %

  Moderate 32.1 43.5 49.0 50.9 <0.001d 0.365 32.1 43.5 — —

  Marked 54.5 40.3 46.3 46.3 0.019d 0.472 54.5 40.3 — —

  Severe 13.1 16.1 4.5 2.8 <0.001d <0.001d 13.1 16.1 — —

  Extreme 0.3 0.0 0.0 0.0 0.384 1.000 0.0 0.0 — —
aAnalyses were matched on sex, race, age, AISRS/ADHD-RS at baseline, and CGI-S at baseline.
bP values were calculated using the Wald test (ie, chi-square tests for categorical variables and z-tests for continuous variables).
cDashes (—) indicate that P values could not be calculated because characteristics were exactly balanced between the centanafadine trials and the comparator 
trial.
dSignificant at the 5% level.
ADHD-RS = Attention-Deficit/Hyperactivity Disorder Rating Scale; AISRS = Adult ADHD Investigator Symptom Rating Scale; CGI-S = Clinical Global Impression-
Severity of Illness Scale.
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Before matching, sex and AISRS scores at baseline were 
not significantly different across trials. Patients included in 
the centanafadine trials had significantly lower mean CGI-S 
scores than those included in the atomoxetine trial. In 
addition, the proportion of White patients was significantly 
lower in the centanafadine trial. Age could not be compared 
because SD was not reported in the atomoxetine trial. After 
matching, baseline characteristics of patients were the 
same in both trials.

Safety and Efficacy.  Centanafadine had an overall 
better safety profile than atomoxetine with no statisti-
cal difference in efficacy (Figure 2). After matching and 
anchoring, compared with atomoxetine at Week 10, cen-
tanafadine was associated with a lower risk of nausea (RD 
in percentage points: 18.64), dry mouth (17.44), fatigue 
(9.21), erectile dysfunction (6.76), lack of appetite (6.71), 
and urinary hesitation (5.84) (all P < 0.05); there was no 
statistically significant difference for dizziness, constipa-
tion, and irritability. Similar results were obtained in the 
sensitivity analysis comparing RD between centanafadine 
at Week 6 and atomoxetine at Week 10 (Supplementary 
Figure 2). The difference in change in AISRS score 
from baseline to Week 6 for centanafadine vs atomox-
etine was not significant (2.02 points, 95% CI = −2.46 
to 6.50; P = 0.38). The arm-by-arm safety and efficacy 
outcomes before and after matching are presented in 
Supplementary Figure 3.

CENTANAFADINE VS VILOXAZINE ER

Baseline Characteristics.  The safety analyses of cen-
tanafadine vs viloxazine ER included 876 patients from 
the centanafadine trials (centanafadine: n = 586; placebo: 
n = 290) and 354 patients from the viloxazine ER trial 
(viloxazine ER: n = 175; placebo: n = 179). The efficacy anal-
yses included 859 patients from the centanafadine trials 
(centanafadine: n = 574; placebo: n = 285) and 354 patients 
from the viloxazine ER trial (viloxazine ER: n = 175; placebo: 
n = 179) (Table 3).

Before matching, age, sex, race, AISRS score, CGI-S 
score, and BMI were not significantly different across trials; 
baseline characteristics of patients were the same in both 
trials after matching.

Safety and Efficacy.  Centanafadine had an overall better 
safety profile than viloxazine ER with no statistical differ-
ence in efficacy (Figure 3). After matching and anchoring, 
compared with viloxazine ER at Week 6, centanafadine 
was associated with a lower risk of fatigue (RD in per-
centage points: 11.07), insomnia (10.67), nausea (7.57), and 
constipation (4.63) (all P < 0.05); no statistically significant 
differences were found for headache, dry mouth, and 

n = 250; placebo: n = 251). The efficacy analyses included 
859 patients from the centanafadine trials (centanafadine: 
n = 574; placebo: n = 285) and 501 patients from the atomox-
etine trial (atomoxetine: n = 250; placebo: n = 251) (Table 2).

Favors centanafadine

Lack of appetite
–23.42

–19.27

–15.35

–5.21

–4.90

–3.70

–3.47

Dry mouth

Safetya,b

E�icacya,c

Insomnia

Anxiety

Nausea

Feeling jittery

Diarrhea

AISRS/ADHD-RS
score

–32.0 –16.0

Difference in the change
from baseline to Week 4

16.0 32.00.0

Risk difference (percentage points)
at Week 4

Favors lisdexamfetamine

–32.0 –16.0 16.0 32.00.0

6.58

FIGURE 1 Comparisons of Safety and Efficacy 
Between Centanafadine and 
Lisdexamfetamine

Purple dots indicate that the comparison is significantly in favor of 
centanafadine at the 5% level. Orange dots indicate that the comparison is 
significantly in favor of lisdexamfetamine at the 5% level.
aAnalyses were matched on sex, race, age, AISRS/ADHD-RS at baseline, and 
CGI-S at baseline.
bSafety outcomes were rates of AEs for which information was available in 
both trials and for which the incidence was greater than or equal to 5% and 
twice that of placebo.
cThe primary efficacy outcome instrument used in the lisdexamfetamine trial 
was the ADHD-RS, which contains the same number of questions (18 items), 
reviews the same symptoms, and is scored in the same way as the AISRS.
ADHD-RS = Attention-Deficit/Hyperactivity Disorder Rating Scale; AE = adverse 
event; AISRS = Adult ADHD Investigator Symptom Rating Scale; CGI-S = Clinical 
Global Impression-Severity of Illness Scale.

https://www.jmcp.org/doi/suppl/10.18553/jmcp.2024.30.6.528/suppl_file/23-170_supplement.pdf
https://www.jmcp.org/doi/suppl/10.18553/jmcp.2024.30.6.528/suppl_file/23-170_supplement.pdf
https://www.jmcp.org/doi/suppl/10.18553/jmcp.2024.30.6.528/suppl_file/23-170_supplement.pdf
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Discussion
In the absence of head-to-head trials, an MAIC provides 
useful insights on the comparative safety and efficacy 
of different treatments across balanced patient popula-
tions.19 In the current anchored MAIC using IPD from trials 

lack of appetite. The difference in change in AISRS score 
from baseline to Week 6 for centanafadine vs viloxazine 
ER was not significant (0.90 points, 95% CI = −2.17 to 3.97; 
P = 0.57). The arm-by-arm safety and efficacy outcomes 
before and after matching are presented in Supplementary 
Figure 4.

Baseline  
characteristics Comparator triala

Before matching After matchingb

Centanafadine trials Pc,d Centanafadine trials Pc,e

Safety analysis population

Atomoxetine 
[A]

Placebo 
[B]

Centanafadine 
[C]

Placebo 
[D]

[C] vs [A] [D] vs [B] Centanafadine 
[E]

Placebo 
[F]

[E] vs [A] [F] vs [B]

(n = 250) (n = 251) (n = 586) (n = 290) (n = 586) (n = 290)

 �Age, mean ± SD, 
years 37.6 ± — 37.6 ± — 35.5 ± 10.0 35.3 ± 9.6 — — 37.6 ± 10.2 37.6 ± 9.4 — —

 Sex, %

  Male 50.0 50.0 51.4 52.8 0.775 0.580 50.0 50.0 — —

  Female 50.0 50.0 48.6 47.2 0.775 0.580 50.0 50.0 — —

 Race, %

  White 87.9 87.9 79.2 81.4 0.004f 0.049f 87.9 87.9 — —

 �AISRS at baseline, 
mean ± SD 38.5 ± 7.4 39.2 ± 7.5 38.9 ± 6.8 38.6 ± 6.9 0.477 0.335 38.5 ± 7.4 39.2 ± 7.5 — —

 �CGI-S at baseline, 
mean ± SD 4.7 ± 0.7 4.7 ± 0.6 4.5 ± 0.6 4.5 ± 0.6 0.003f <0.001f 4.7 ± 0.7 4.7 ± 0.6 — —

Efficacy analysis population

Atomoxetine 
[A]

Placebo 
[B]

Centanafadine 
[C]

Placebo 
[D]

[C] vs [A] [D] vs [B] Centanafadine 
[E]

Placebo 
[F]

[E] vs [A] [F] vs [B]

(n = 250) (n = 251) (n = 574) (n = 285) (n = 574) (n = 285)

 �Age, mean ± SD, 
years 37.6 ± — 37.6 ± — 35.6 ± 10.0 35.2 ± 9.6 — — 37.6 ± 10.2 37.6 ± 9.4 — —

 Sex, %

  Male 50.0 50.0 51.4 51.9 0.770 0.719 50.0 50.0 — —

  Female 50.0 50.0 48.6 48.1 0.770 0.719 50.0 50.0 — —

 Race, %

  White 87.9 87.9 79.6 81.8 0.006f 0.065 87.9 87.9 — —

 �AISRS at baseline, 
mean ± SD 38.5 ± 7.4 39.2 ± 7.5 38.9 ± 6.8 38.6 ± 6.8 0.433 0.341 38.5 ± 7.4 39.2 ± 7.5 — —

 �CGI-S at baseline, 
mean ± SD 4.7 ± 0.7 4.7 ± 0.6 4.5 ± 0.6 4.5 ± 0.6 0.003f <0.001f 4.7 ± 0.7 4.7 ± 0.6 — —

aDashes (—) indicate that SDs were not reported.
bAnalyses were matched on sex, race, age, AISRS at baseline, and CGI-S at baseline.
cP values were calculated using the Wald test (ie, chi-square tests for categorical variables and z-tests for continuous variables).
dDashes (—) indicate that P values could not be calculated because SDs were not reported for the comparator trial.
eDashes (—) indicate that P values could not be calculated because characteristics were exactly balanced between the centanafadine trials and the comparator 
trial.
fSignificant at the 5% level.
AISRS = Adult ADHD Investigator Symptom Rating Scale; CGI-S = Clinical Global Impression-Severity of Illness Scale.

Baseline Characteristics of Patients in the Centanafadine vs Atomoxetine AnalysesTABLE 2

https://www.jmcp.org/doi/suppl/10.18553/jmcp.2024.30.6.528/suppl_file/23-170_supplement.pdf
https://www.jmcp.org/doi/suppl/10.18553/jmcp.2024.30.6.528/suppl_file/23-170_supplement.pdf
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lisdexamfetamine and the nonstimulants atomoxetine and 
viloxazine ER. Efficacy of centanafadine was statistically 
lower than that of lisdexamfetamine and not statistically 
different compared with atomoxetine and viloxazine ER.

Understanding the trade-off between safety and efficacy 
requires interpreting the magnitude of the safety and effi-
cacy differences. The meaningfulness of safety differences 
depends on the magnitude of the differences between AE 
rates and the burden associated with each AE. The clinical 
meaningfulness of the efficacy differences may be more 
challenging to interpret, especially when the instruments 
for measuring efficacy are not widely used in clinical 
practice. Based on existing evidence, the clinical implica-
tions of the statistically significant difference in efficacy 
between centanafadine and lisdexamfetamine in adults 
with ADHD appear unclear. Spencer et  al validated the 
AISRS using data from an atomoxetine trial in adults with 
ADHD (NCT00190736; a comparator in the current study) 
and found that the between-treatment minimal clinically 
important difference (MCID) for the AISRS score was 10.1 
points.33 Zhang et al reported that the between-treatment 
MCID for the ADHD-RS-IV score was 6.6 points34; however, 
the study by Zhang et  al was performed in children and 
adolescents with ADHD, and the finding may not be gen-
eralizable to adults. Goodman et al compared the scores of 
ADHD-RS and CGI-S from an adult lisdexamfetamine trial 
(NCT00334880; a comparator in the current study) using 
equipercentile linking (ie, a method that identifies scores 
on 2 measures that have the same percentile rank, irre-
spective of which patients had particular scores on either 
measure).35 They found that a change in baseline ADHD-RS 
score of 8-10 points in adults with ADHD corresponded to 
a change of one CGI-S level, which is the smallest unit for 
a clinically detectable response to treatment. Based on 
the above studies, it appears that a 6.58-point difference 
in AISRS/ADHD-RS scores between centanafadine and 
lisdexamfetamine may not reach the MCID threshold in 
adults with ADHD; nonetheless, the potential difference in 
the clinical efficacy of the 2 treatments should be further 
explored.

Regarding safety, this MAIC found that the incremental 
risk of acute or subacute AEs relative to placebo was generally 
smaller for centanafadine than for the respective comparators. 
To put the differences of safety outcomes into perspective, 
for instance, for every 100 adults treated for ADHD, 15 fewer 
patients treated with centanafadine vs lisdexamfetamine 
would experience insomnia after 4 weeks, 19 fewer patients 
treated with centanafadine vs atomoxetine would experience 
nausea after 10 weeks, and 11 fewer patients treated with 
centanafadine vs viloxazine ER would experience fatigue 
after 6 weeks. As an example, to help interpret the magnitude 

of centanafadine, an investigational drug for adults with 
ADHD, centanafadine showed a significantly better short-
term safety profile with significantly lower incidence of 
several AEs than all 3 comparators, including the stimulant 

FIGURE 2 Comparisons of Safety and Efficacy 
Between Centanafadine and 
Atomoxetine

Favors atomoxetineFavors centanafadine

Safetya,b

Nausea

Dry mouth

Fatigue

Erectile dysfunction

Lack of appetite

Urinary hesitation

Dizziness

Constipation

Irritability

2.02

Risk di�erence (percentage points)
at Week 10

Di�erence in the change
from baseline to Week 10

E
icacya

AISRS score

–32.0 –16.0 16.0 32.00.0

–32.0 –16.0

1.03

–3.12

–3.83

–5.84

–6.71

–6.76

–9.21

–17.44

–18.64

16.0 32.00.0

Purple dots indicate that the comparison is significantly in favor of 
centanafadine at the 5% level. Gray dots indicate nonsignificance.
aAnalyses were matched on sex, race, age, AISRS at baseline, and CGI-S at 
baseline.
bSafety outcomes were rates of AEs for which information was available in 
both trials and for which the incidence was greater than or equal to 5% and 
twice that of placebo. Outcomes for centanafadine were forecasted at Week 
10 based on the polynomial extrapolation of the data observed from Week 1 
to Week 6.
AE = adverse event; AISRS = Adult ADHD Investigator Symptom Rating Scale; 
CGI-S = Clinical Global Impression-Severity of Illness Scale.
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safety profiles in long-term vs short-term studies.36-38 As data 
become available, future MAICs comparing longer-term out-
comes of centanafadine vs these medications are warranted.

It is notable that in addition to considering improvements 
in core symptoms and risk of AEs, treatment selection for 

of the risk differences reported in Figure 1, Supplementary 
Figure 5 illustrates the incremental risk of AEs compared 
with placebo for centanafadine and lisdexamfetamine. Prior 
systematic reviews and pooled analyses of lisdexamfetamine 
and atomoxetine have found sustained efficacy and similar 

Baseline  
characteristics Comparator trial

Before matching After matchinga

Centanafadine trials Pb Centanafadine trials Pb,c

Safety analysis population

Viloxazine 
ER [A]

Placebo 
[B]

Centanafadine 
[C]

Placebo 
[D]

[C] vs [A] [D] vs [B] Centanafadine 
[E]

Placebo 
[F]

[E] vs [A] [F] vs [B]

(n = 175) (n = 179) (n = 586) (n = 290) (n = 586) (n = 290)

 �Age, mean ± SD, 
years 34.1 ± 10.2 35.4 ± 10.0 35.5 ± 10.0 35.3 ± 9.6 0.100 0.877 34.1 ± 10.2 35.4 ± 10.0 — —

 Sex, %

  Male 56.0 53.6 51.4 52.8 0.322 0.929 56.0 53.6 — —

  Female 44.0 46.4 48.6 47.2 0.322 0.929 44.0 46.4 — —

 Race, %

  White 81.1 76.0 79.2 81.4 0.647 0.199 81.1 76.0 — —

 �AISRS at baseline, 
mean ± SD 38.5 ± 6.6 37.6 ± 6.6 38.9 ± 6.8 38.6 ± 6.9 0.495 0.118 38.5 ± 6.6 37.6 ± 6.6 — —

 �CGI-S at baseline, 
mean ± SD 4.6 ± 0.7 4.6 ± 0.6 4.5 ± 0.6 4.5 ± 0.6 0.329 0.135 4.6 ± 0.7 4.6 ± 0.6 — —

 �BMI, mean ± SD, 
kg/m2 27.3 ± 4.6 26.9 ± 4.6 28.1 ± 5.3 27.5 ± 5.3 0.061 0.211 27.3 ± 4.6 26.9 ± 4.6

Efficacy analysis population

Viloxazine 
ER [A]

Placebo 
[B]

Centanafadine 
[C]

Placebo 
[D]

[C] vs [A] [D] vs [B] Centanafadine 
[E]

Placebo 
[F]

[E] vs [A] [F] vs [B]

(n = 175) (n = 179) (n = 574) (n = 285) (n = 574) (n = 285)

 �Age, mean ± SD, 
years 34.1 ± 10.2 35.4 ±10.0 35.6 ± 10.0 35.2 ± 9.6 0.096 0.832 34.1 ± 10.2 35.4 ± 10.0 — —

 Sex, %

  Male 56.0 53.6 51.4 51.9 0.326 0.793 56.0 53.6 — —

  Female 44.0 46.4 48.6 48.1 0.326 0.793 44.0 46.4 — —

 Race, %

  White 81.1 76.0 79.6 81.8 0.739 0.167 81.1 76.0 — —

 �AISRS at baseline, 
mean ± SD 38.5 ± 6.6 37.6 ± 6.6 38.9 ± 6.8 38.6 ± 6.9 0.452 0.115 38.5 ± 6.6 37.6 ± 6.6 — —

 �CGI-S at baseline, 
mean ± SD 4.6 ± 0.7 4.6 ± 0.6 4.5 ± 0.6 4.5 ± 0.6 0.339 0.146 4.6 ± 0.7 4.6 ± 0.6 — —

 �BMI, mean ± SD, 
kg/m2 27.3 ± 4.6 26.9 ± 4.6 28.1 ± 5.3 27.5 ± 5.2 0.050 0.188 27.3 ± 4.6 26.9 ± 4.6

aAnalyses were matched on sex, race, age, AISRS at baseline, CGI-S at baseline, and BMI.
bP values were calculated using the Wald test (ie, chi-square tests for categorical variables and z-tests for continuous variables).
cDashes (—) indicate that P values could not be calculated because characteristics were exactly balanced between the centanafadine trials and the comparator 
trial.
AISRS = Adult ADHD Investigator Symptom Rating Scale; BMI = body mass index; CGI-S = Clinical Global Impression-Severity of Illness Scale; ER = extended-release.

Baseline Characteristics of Patients in the Centanafadine vs Viloxazine ER AnalysesTABLE 3

https://www.jmcp.org/doi/suppl/10.18553/jmcp.2024.30.6.528/suppl_file/23-170_supplement.pdf
https://www.jmcp.org/doi/suppl/10.18553/jmcp.2024.30.6.528/suppl_file/23-170_supplement.pdf
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centanafadine found in this study based on the rates of acute 
or subacute AEs reported in clinical trials could have impor-
tant implications on adults with ADHD, as prior research has 
suggested that the number of symptoms associated with 
ADHD/treatment-related AEs is significantly correlated 
with increased activity impairment, reduced employment 
and work productivity, and decreased health-related quality 
of life.40 Furthermore, AEs can be expensive to treat and may 
also trigger treatment changes such as discontinuation,41 
which may further add to the ADHD management costs.42

With the exception of viloxazine ER,17 there have been no 
new treatment options for adults with ADHD in the United 
States for more than a decade43,44 and ADHD often remains 
untreated among adult patients.1,45 In addition, of those 
receiving medications, a large proportion cycle through 
multiple regimens within a short time.42 Poor treatment 
adherence and low persistence remain ongoing challenges in 
ADHD management, with suboptimal efficacy and AEs often 
underlying these issues.41,42,46 In this context, understand-
ing patient and physician preferences regarding treatment 
attributes (eg, trade-off between safety and efficacy of medi-
cations) is warranted to better inform treatment decisions. 
Furthermore, the provision of safe and effective treatment to 
patients with ADHD can also have an important impact at the 
societal level considering the substantial economic burden 
associated with ADHD in the United States.47 Although 
future studies are needed to assess real-world outcomes 
associated with these treatment options as data become 
available, based on clinical trial data, centanafadine shows a 
better short-term safety profile than 3 of the 3 comparators 
and comparable efficacy with 2 of the 3 comparators. These 
treatment attributes suggest that centanafadine may have 
the potential to alleviate some of the unmet needs associated 
with existing treatment options for adults with ADHD.

LIMITATIONS
This analysis is associated with some limitations. First, 
matching on baseline characteristics was only possible when 
variables were collected across trials; however, there might 
be other differences in characteristics that were unobserved, 
such as comorbidities and concomitant medications. Second, 
although the inclusion and exclusion criteria were over-
all consistent across trials, there were minor differences in 
the specific definitions of the criteria used across trials (eg, 
specific definition of ADHD, cardiac health criteria, and pro-
hibited medications) that could not be accounted for. Third, 
the centanafadine trial measured efficacy using the AISRS, 
whereas the lisdexamfetamine trial measured efficacy using 
the ADHD-RS. Although these instruments are highly simi-
lar, differences in measurements may have occurred because 
of variations in wording and interpretation. Consequently, 

patients with ADHD should also account for factors such 
as duration of treatment effect, abuse potential, conve-
nience, cost, impact on quality of life, and comorbidities.39 
Nevertheless, the overall better short-term safety profile of 

FIGURE 3 Comparisons of Safety and Efficacy 
Between Centanafadine and 
Viloxazine ER

Favors viloxazine ERFavors centanafadine

Safetya,b

Fatigue

Insomnia

Nausea

Headache

Constipation

Dry mouth

Lack of appetite

AISRS score

E�icacya

–32.0 –16.0 16.0 32.00.0

0.90

–32.0 –16.0 16.0 32.00.0

Risk di�erence (percentage points)
at Week 6

Di�erence in the change
from baseline to Week 6

–11.07

–10.67

–7.57

–5.44

–4.63

–3.83

–3.65

Purple dots indicate that the comparison is significantly in favor of 
centanafadine at the 5% level. Gray dots indicate nonsignificance.
aAnalyses were matched on sex, race, age, AISRS at baseline, CGI-S at baseline, 
and BMI.
bSafety outcomes were rates of AEs for which information was available in 
both trials and for which the incidence was greater than or equal to 5% and 
twice that of placebo.
AE = adverse event; AISRS = Adult ADHD Investigator Symptom Rating Scale; 
BMI = body mass index; CGI-S = Clinical Global Impression-Severity of Illness 
Scale; ER = extended-release.
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the estimated difference in efficacy 
between centanafadine and lisdexam-
fetamine should be interpreted with 
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tion, and treatment allocation ratios) 
could also have an impact on the study 
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als excluded placebo responders from 
the double-blind phase, which may 
have affected the comparisons of effi-
cacy outcomes in this study. Fourth, the 
assessment of safety outcomes was lim-
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reported by at least 5% of patients in 
any treatment group with an incidence 
twice that of placebo. As such, informa-
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of rare AEs, severity of AEs, AEs that 
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in comparison, and long-term AEs and 
safety) could not be considered. Finally, 
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match the populations in the centana-
fadine trials to those in the respective 
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tion of this MAIC would more closely 
represent the populations included in 
the comparator trials than those in the 
centanafadine trials; therefore, gen-
eralizability to a broader or different 
population may be limited. Of note, all 
studied trials excluded patients who 
had psychiatric comorbidities; thus, the 
current analyses could not compare the 
efficacy and safety outcomes among 
adult patients with ADHD and concur-
rent psychiatric disorders. Meanwhile, 
the vast majority of patients included in 
the ADHD clinical trials were of White 
race; hence, the results may not be 
generalizable to other racial and ethi-
cal populations. As racial disparities in 
ADHD diagnosis, treatment, and access 
to care have been recognized in the 
United States,48,49 future clinical trials 
and research should address this issue 
by including more diverse populations.
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