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Abstract

Background and Objective Viloxazine extended-release (ER) [Qelbree®] is a nonstimulant attention-deficit/hyperactivity
disorder (ADHD) treatment. In vitro studies suggested potential for viloxazine to inhibit cytochrome 450 (CYP) enzymes
1A2, 2B6, 2D6 and 3A4. This clinical study therefore evaluated viloxazine ER effects on index substrates for CYP1A2, 2D6,
and 3A4, and secondarily evaluated the impact of CYP2D6 polymorphisms on viloxazine pharmacokinetics.

Methods Thirty-seven healthy subjects received a modified Cooperstown cocktail (MCC; caffeine 200 mg, dextromethor-
phan 30 mg, midazolam 0.025 mg/kg) on Day 1, viloxazine ER 900 mg/day on Days 3-5, and a combination of viloxazine
ER 900 mg and MCC on Day 6. Viloxazine ER effects on MCC substrates were evaluated using analysis of variance. The
impact of CYP2D6 genetic polymorphisms on steady-state viloxazine plasma concentrations was evaluated using Student’s
t test assessing pharmacokinetic parameter differences between poor versus extensive metabolizers.

Results The least squares geometric mean ratio [GMR%] (90% CI) of MCC substrate + viloxazine ER/MCC substrate alone
for caffeine maximum concentration (C,,,,), area under the plasma concentration-time curve from time O to the last quantifiable
concentration (AUC,), and area under the plasma concentration-time curve from time 0 extrapolated to infinity (AUC,,) was
99.11 (95.84-102.49), 436.15 (398.87-476.92), and 583.35 (262.41-1296.80), respectively; 150.76 (126.03-180.35), 185.76
(155.01-222.61), and 189.71 (160.37-224.42) for dextromethorphan C,,,, AUC, and AUC_, respectively; and 112.81 (104.71-
121.54), 167.56 (153.05-183.45), and 168.91 (154.38-184.80) for midazolam C,,,, AUC, and AUC,_, respectively. At steady
state, viloxazine least squares GMR (90% CI) for poor/extensive CYP2D6 metabolizers were C,,,,, 120.70 (102.33-142.37) and
area under the plasme concentration-time curve from time O to 24 hours (AUC,_,, 125.66 (105.36-149.87)).

Conclusion Viloxazine ER is a strong CYP1A2 inhibitor and a weak CYP2D6 and CYP3A4 inhibitor. CYP2D6 polymor-
phisms did not meaningfully alter the viloxazine ER pharmacokinetic profile.

The extended-release (ER) capsule formulation of viloxa-
Viloxazine extended-release is a strong inhibitor of

DT zine (viloxazine ER; Qelbree®) is the first new molecule
cytochrome P450 (CYP) 1A2 and a weak inhibitor of to be approved for the treatment of attention-deficit/hyper-

CYP2D6 and CYP3A4. activity disorder (ADHD) in over a decade in the United
The pharmacokinetic profile of viloxazine is not impacted States (US). Viloxazine ER is a nonstimulant ADHD treat-
by CYP2D6 polymorphisms to a clinically relevant extent, ment approved for use in both children (> 6 years of age)
suggesting that despite being a CYP2DG6 substrate, CYP2D6 and adults. Originally approved in the 1970s in Europe
does not represent the only metabolic pathway for viloxa- as an immediate-release formulation for the treatment
zine, and metabolism pathway switching may take place. of depression, the current ER formulation prolongs drug

release and absorption, allowing for once-daily dosing and
providing steadier plasma concentrations [1]. Although
D Zhao Wang classified as a selective norepinephrine reuptake inhibitor,
zwang @supernus.com viloxazine also displays serotonergic activity in preclini-
Supernus Pharmaceuticals, Inc., 9715 Key West Avenue, cal experiments [2]. Its mechanistic action to treat ADHD
Rockville, MD 20850, USA is unclear; however, it is thought to be through inhibiting
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the reuptake of norepinephrine [3]. In addition to norepi-
nephrine and dopamine, viloxazine increases serotonin in
the prefrontal cortex at clinically used doses but does not
show relevant activity as a serotonin reuptake inhibitor
[1]. Additionally, it shows functional activity as a SHT2C
partial agonist and SHT7 antagonist in preclinical research
[4]. Its more modest affinity at norepinephrine transport-
ers (less potent norepinephrine transporter binding affin-
ity than atomoxetine and reboxetine) is consistent with a
low incidence of cardiovascular effects observed in ADHD
clinical studies [5]. Pharmacokinetically, viloxazine is pri-
marily metabolized in humans through 5-hydroxylation
followed by glucuronidation [6]. Hepatic cytochrome P450
(CYP) 2D6 is the major isoenzyme responsible for hydrox-
ylation to 5-hydroxyviloxazine with minor involvement of
CYP1A2, 2B6, 2C9, 2C19, and 3A4; subsequent glucuro-
nidation to 5-hydroxyviloxazine glucuronide (5-HVLX-
gluc) is mediated by uridine 5'-diphospho-glucuronosyl-
transferase (UGT) 1A9 and UGT2B15 [6].

The potential for a drug to produce relevant inhibitory
interactions can be evaluated by comparing its maxi-
mum therapeutic concentrations (C,,,) to the inhibitory
constants (k;) for CYP enzymes seen in in vitro studies.
A C,./k; ratio > 0.1 indicates potential for the drug to
produce an inhibitory effect and warrants further in vivo
studies, per US FDA Draft Drug Interaction Studies Guid-
ance for Industry [7]. Viloxazine showed inhibitory ratios
> 0.1 for CYP1A2, 2D6, and 3A4 (60.1, 0.587, and 0.278,
respectively, based on ratios calculated using k; values of
0.124 pg/mL [caffeine], 12.7 pg/mL [dextromethorphan],
and 26.8 pg/mL [midazolam], respectively, and C,,,, val-
ues for children 6-8 years of age). Therefore, the following
clinical study was conducted to better evaluate viloxazine
effects on these enzymes.

In general, many drugs interact with the hepatic CYP
system (either as substrates, inducers, or inhibitors) [8, 9].
CYP enzymes are especially critical in the metabolism of
antipsychotics and antidepressants [10], and the potential
for drug interactions with viloxazine ER warrants consid-
eration. Notably, CYP metabolic activity has been shown to
vary due to underlying genetic polymorphisms. In particular,
CYP2D6, which functions in the metabolism of ~ 20% of
commonly used drugs, is highly polymorphic; poor metabo-
lizer (PM), intermediate metabolizer (IM), and extensive
metabolizer (EM) phenotypes have been identified based
on enzyme activity scores [11, 12]. It is therefore impor-
tant to consider the metabolic status of CYP2D6 and the
potential of drug interactions in patients who are PMs of
CYP2D6 when using treatments such as viloxazine ER that
are metabolized by or affect this enzyme.

The primary objective of the current study is to assess the
effects of viloxazine ER on the pharmacokinetic profiles of
caffeine, dextromethorphan, and midazolam, known index
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substrates for CYP1A2, 2D6, and 3A, respectively (CYP
enzymes known to be affected by viloxazine), in healthy
adults to evaluate the extent of potential drug interactions. A
secondary objective was to evaluate the impact of CYP2D6
genetic polymorphism phenotype (i.e., PMs vs. EMs) on the
steady-state pharmacokinetics of viloxazine ER. Safety and
tolerability were also evaluated.

2 Methods

The trial conduct was reviewed and approved by IntegRe-
view Institutional Review Board (IRB; Austin, TX, USA)
and conducted in accordance with the Helsinki Declaration
and the International Council for Harmonisation Note for
Guidance on Good Clinical Practice. All subjects provided
written informed consent. The trial was conducted by World-
wide Clinical Trials Early Phase Services (San Antonio, TX,
USA).

2.1 Study Design

This was a single-center, open-label study in healthy sub-
jects with three sequential treatment periods (Fig. 1).

All medications were orally administered with 240 mL
of water. Apart from this, to minimize variability in absorp-
tion, fluid was restricted from 1 h before to 1 h after dosing,
and participants were prohibited from eating for at least 4 h
after dosing. In the morning of Period 1 (Day 1), following
a minimum 10-h overnight fast, subjects received a single
dose of a modified Cooperstown cocktail (MCC) consisting
of caffeine 200 mg, dextromethorphan 30 mg, and mida-
zolam 0.025 mg/kg, followed by 48 h of pharmacokinetic
blood sampling (see Sect. 2.4) [13]. In Period 2 (Days 3-5),
subjects received viloxazine ER 900 mg, administered once
daily in the morning, for three days. In Period 3 (Day 6),
following breakfast, subjects received viloxazine ER 900 mg
in the morning, then the same MCC as in Period 1, admin-
istered 4.5 h after viloxazine ER to allow the time of the
maximum plasma concentration (7,,,,) of viloxazine and the
probe substrates to coincide.

Viloxazine ER 900 mg (greater than the maximal dose
studied in adults with ADHD [600 mg]) was used in adults
to achieve a C,,, comparable with that observed in children
6-11 years of age taking viloxazine ER 400 mg (C,,,, 7.45
pg/mL; the maximum recommended daily dose in children
with ADHD). This was thought to maximize the potential
effect of viloxazine ER on CYP enzyme activity, increase
the relevance of the study across the populations in which
viloxazine is used, and maximize the potential for drug inter-
action. MCC doses were selected based on previous studies
[14-16].
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Fig. 1 Study schematic.
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2.2 Subjects

Healthy subjects between 18 and 55 years of age were
recruited for the trial. Inclusion criteria required subjects
to be nonsmokers, have CYP2D6 EM (i.e., normal enzyme
activity, EM activity score = 1.5-2.0) or PM (no or very low
enzyme activity, PM activity score of 0) genotype [11], and
have a body mass index (BMI) of 18-30 kg/m2 (inclusive).
Females of childbearing potential were required to have a
negative serum pregnancy test prior to receiving study med-
ications and to practice abstinence or use acceptable birth
control throughout the study. Exclusion criteria included
CYP2D6 ultra-rapid, extensive intermediate or intermedi-
ate metabolizers; current presence or history of seizures,
cardiac disorders, narrow-angle glaucoma (due to concern
with midazolam use) or other significant systemic disease;
evidence of infections with HIV or hepatitis B or C; posi-
tive alcohol or drug screen, or alcohol or drug abuse (within
the past year); routine consumption of caffeine (more than
two servings/day) or being prone to caffeine withdrawal
headaches; clinically relevant laboratory test results, vital
sign, or electrocardiogram (ECG) abnormalities; use of pre-
scription medication (other than topical or hormonal agents)
or herbal, food supplement or nonprescription medication
other than acetaminophen (past 14 days or within five half-
lives, whichever was longer); recent use (within 30 days
of screening) of investigational drugs or drugs known to
notably induce or inhibit hepatic drug metabolism; being
pregnant or breast-feeding; having an allergy to viloxazine-
caffeine, dextromethorphan, or midazolam-based products;
or any other qualifier that had the potential to interfere with
study participation as determined by the investigator. The
use of caffeine was also prohibited within 72 h of study
Day 1.

Day of study

2.3 Genotyping

Potential subjects underwent genotype testing for 2D6 and
other isoenzyme metabolizer status within 18 months of
study Day 1. DNA extraction (using a buccal swab) and
CYP2D6 genotype testing were performed by Worldwide
Clinical Trials Bioanalytical Services (Austin, TX, USA).

2.4 Sample Collection

Each subject had a total of 57 blood draws (approximately
6 mL/draw in Periods 1 and 3, and 4 mL/draw in Period 2)
collected during the study. Blood was collected in Period 1
to analyze the plasma concentrations of CYP substrates and
metabolites; sample collection occurred over 48 h beginning
on Day 1 at the following 22 time points: time O (predose)
and 0.25, 0.5, 1, 1.5, 2, 2.5, 3, 3.5,4, 5,6, 7, 8, 10, 12,
16, 20, 24, 30, 36, and 48 h postdose, with the 48-h post-
dose blood sample completed prior to first administration
of viloxazine ER on the morning of Day 3 (i.e., prior to
the start of Period 2). Blood was collected in Period 2 for
viloxazine pharmacokinetic analysis, including one trough
(predose) blood draw on Day 4, and 12 samples over 24 h
on Day 5, at time O (predose) and 0.5, 1, 2, 3,4,5,7,9, 12,
18, and 24 h postdose, with the 24-h postdose blood draw
completed prior to viloxazine ER dosing on Day 6 (prior to
the start of Period 3). In Period 3 (Day 6), blood was col-
lected for CYP substrates and metabolite pharmacokinetic
analysis at the same 22 time points relative to MCC dos-
ing as on Day 1; thus the O h (predose) sample on Day 6
was collected approximately 4.5 h following viloxazine ER
dosing, immediately prior to the MCC dosing for Period
3. Each pharmacokinetic blood sample was collected in a
K,-EDTA tube and gently inverted. Blood samples were then
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centrifuged at approximately 4°C, and the resulting plasma
was aliquoted into two polypropylene screw-cap tubes and
frozen at —20°C or lower pending shipment for analysis.

2.5 Bioanalytical Methods

Plasma concentrations of viloxazine, caffeine, dextrometho-
rphan, midazolam, and respective MCC metabolites parax-
anthine, dextrorphan, and 1-hydroxymidazolam, were deter-
mined by a validated liquid chromatographic and tandem mass
spectrometer detection method. Bioanalytical methods for
viloxazine plasma concentrations have been previously pub-
lished [17, 18]. Plasma bioanalysis for caffeine, dextrometho-
rphan, and midazolam, and their respective metabolites, was
performed at Worldwide Clinical Trials (Austin, TX, USA)
and is described in the electronic supplementary material
(ESM). The analytical range for viloxazine was 0.0100-10.0
pg/mL. The analytical ranges for MCC substrates and metab-
olites were caffeine 50.0-15,000 ng/mL, dextromethorphan
0.0300-30.0 ng/mL, and midazolam 0.200—40.0 ng/mL. All
concentrations are reported as freebase.

2.6 Pharmacokinetic and Statistical Analyses
2.6.1 Analysis Populations

The safety population included all subjects who received at
least one dose of study medication (i.e., MCC on Day 1).
The pharmacokinetic population included all subjects from
the safety population who had an adequate pharmacokinetic
profile for viloxazine, caffeine, dextromethorphan, or mida-
zolam in the appropriate treatment periods, with no major
protocol deviations that could impact pharmacokinetic data
(e.g., emesis). The bioavailability population included all
subjects from the pharmacokinetic population with an EM
phenotype for the specific CYP enzyme under analysis (i.e.,
PMs were excluded) and who completed all three treatment
periods with adequate pharmacokinetic profiles, meaning
sufficient pharmacokinetic profiles to calculate C,,,, the
area under the plasma concentration-time curve from time 0
to the last quantifiable concentration (AUC,), and area under
the plasma concentration-time curve from time 0 extrapo-
lated to infinity (AUC,,) for the substrate of interest from
Periods 1 and 3, with no evidence of a major protocol devia-
tion that may have impacted pharmacokinetic data.

2.6.2 Data Analysis

Pharmacokinetic parameters were derived based on concen-
tration-time data from Periods 1 and 3 for MCC substrates
and metabolites. Steady-state pharmacokinetic parameters
were derived for viloxazine based on concentration-time data
from Period 2. Data were analyzed by noncompartmental
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methods in Phoenix™ WinNonlin® (version 6.3; Certara LP,
Princeton, NJ, USA). Statistical analyses were performed
in SAS® (version 9.4; SAS Institute Inc., Cary, NC, USA)
using the MIXED procedure, and Phoenix™ WinNonlin®
using the Linear Mixed Effects module. The statistical anal-
ysis results from SAS® were verified against results from
WinNonlin®. During the pharmacokinetic analysis, plasma
concentrations that were below the limit of quantification
(BLQ) were treated as zero from time O to the time at which
the first quantifiable concentration was observed; embedded
and terminal BLQ measures were treated as ‘missing’. AUC
0-co Values resulting from >20% extrapolation were excluded
from all summary statistics, analyses, and comparisons.
Pharmacokinetic results for viloxazine, MCC substrates, and
MCC metabolites were summarized by analyte and period
using descriptive statistics. Actual sample times were used
for pharmacokinetic and statistical analyses, and mean con-
centration-time profiles are presented using scheduled col-
lection time. Concentration-time data and pharmacokinetic
parameters were further summarized by phenotype (PM vs.
EM) when applicable.

2.6.3 Relative Bioavailability Analysis of the Impact
of Viloxazine Extended-Release (ER)
on the Pharmacokinetics of Caffeine,
Dextromethorphan, and Midazolam

The impact of viloxazine ER administration on MCC sub-
strates was evaluated using analysis of variance (ANOVA)
on the log-transformed pharmacokinetic parameters C,,,.,
AUC,, and AUC_,. Log-transformed data were back-expo-
nentiated to the original scale to obtain the least squares
geometric mean ratios (GMRs) and 90% confidence intervals
(ClIs) for the comparison of each MCC substrate adminis-
tered with viloxazine ER versus each MCC substrate without
viloxazine. The same statistical analysis was conducted for
the respective MCC metabolites. The absence of an impact
of viloxazine ER on MCC substrates and metabolites was
claimed if the 90% Cls for these ratios were fully contained
within predefined no-difference limits of 80.00-125.00% for
Cpaxs AUC,, and AUC .. The coefficient of variation (CV %)
for the GMR was calculated as (sqrt(exp(residual for the
log-transformed data)—1)) x 100.

2.6.4 Steady-State Attainment Analysis

A steady-state attainment analysis of viloxazine plasma
concentration was performed for viloxazine ER treatment
based on the pharmacokinetic analysis population using a
mixed-effect ANOVA model with contrasts. The analysis
was performed on log-transformed trough concentrations
on Days 4, 5, and 6. The first contrast compared the mean
trough concentration on Day 4 with the pooled mean trough



Viloxazine Extended-Release and CYP-Mediated Drug Exposure Variability

concentration over Days 5 and 6. The second contrast com-
pared the mean trough concentration on Day 5 with the mean
trough concentration on Day 6. The first comparison that
shows a nonsignificant p-value at a > 0.05 indicates attain-
ment of steady state by that day. If all comparisons are sig-
nificant, then steady state is not achieved during the study
period.

2.6.5 Relative Bioavailability Analysis of the Impact
of Cytochrome P450 (CYP) 2D6 Extensive Metabolizer
and Poor Metabolizer Polymorphisms on Viloxazine
Pharmacokinetics

The CYP2D6 PM versus EM comparative pharmacokinetic
population assessed the impact of CYP2D6 genetic poly-
morphisms on steady-state viloxazine plasma concentrations
with viloxazine ER administration in Period 2. Student’s ¢
test for two independent samples assessed pharmacokinetic
parameter differences between PMs versus EMs.

2.6.6 Safety Monitoring and Assessments

Safety assessments included physical examination, vital
signs, clinical laboratory tests (i.e., serum chemistry, hema-
tology, and urinalysis), and the Columbia-Suicide Severity
Rating Scale (C-SSRS) suicidality assessment. Vital signs
were assessed at screening, entry, and end of study (EOS).
Blood pressure and heart rate were taken after the subject was
in a sitting or supine position for a minimum of 5 min. Blood
pressure and heart rate were also measured predose and 30
min and 1, 2, 3, and 4 h (+ 5 min) following midazolam
administration on Days 1 and 6. Clinical laboratory tests were
obtained at screening, entry, and EOS. A single 12-lead ECG
was performed after the subject had been supine for at least
10 min at screening and EOS. The C-SSRS assessment was
administered at screening and EOS. Adverse events (AEs)
were classified into standardized terminology from the ver-
batim description (Investigator term) and coded according
to the Medical Dictionary for Regulatory Activities (Med-
DRA) version 20.1 and summarized by System Organ Class
and Preferred Term. AEs were monitored over the course of
treatment beginning from the first dose of study medication;
thus, all reported AEs were treatment emergent. Safety and
tolerability data are summarized using descriptive statistics.

3 Results
3.1 Subject Disposition and Demographics

Thirty-seven healthy subjects (19 males, 18 females) were
enrolled and included in the safety and pharmacokinetic

populations. One subject withdrew consent and discontin-
ued the study in Period 2 (Day 5); therefore, 36 subjects
were included in the CYP2D6 PM versus EM comparative
pharmacokinetic and bioavailability populations. Subjects
were (mean =+ standard deviation [SD]) 38.3 + 9.3 years
of age (range 22-54) and had a BMI of 26.0 + 2.3 kg/
m?; 64.9% were White and 29.7% were Black or African
American; 81.1% were CYP2D6 EMs, and 18.9% were PMs
(Table 1).

3.2 Impact of Viloxazine ER
on the Pharmacokinetics and Bioavailability
of CYP Substrates

Pharmacokinetic parameters for caffeine, dextromethor-
phan, and midazolam are provided in Table 2, and plasma
concentrations over time are shown in Figs. 2, 3, 4a (linear
scale) and Figs. 2, 3, 4b (semi-log scale); pharmacokinetic
parameters for paraxanthine, dextrorphan, and 1-hydroxy-
midazolam are provided in the ESM.

3.2.1 Caffeine (CYP1A2)

Relative to a single dose of MCC alone, administration of
viloxazine ER with MCC did not markedly impact the T},
(1.5 h after the combination vs. 1 h after MCC) or C,,,,
of caffeine but did increase total caffeine exposure (AUC)
and terminal elimination half-life (#,,). The GMR% and
90% CI are displayed in Table 3. Although the 90% CIs
for caffeine C,, were fully contained within the prede-
termined no-difference limits of 80.00-125.00%, the 90%
CIs for AUC, and AUC_, were completely above these
limits (Fig. 2¢), indicating that viloxazine ER substantially
increases systemic caffeine exposure, albeit due to exclu-
sion of values resulting from extrapolation of > 20%; only
three subjects were included in the AUC_ calculation for
caffeine.

ax

3.2.2 Dextromethorphan (CYP2D6)

Relative to MCC alone, administration of viloxazine ER
with MCC resulted in a 1-h prolongation of median dex-
tromethorphan 7,,, (4 h after the combination vs. 3 h
after MCC alone) as well as a modest increase in C,,,,
and dextromethorphan AUC (Table 2). The 90% CIs for
dextromethorphan C,,,, AUC,, and AUC_ were com-
pletely above the predetermined no-difference limits of
80.00-125.00% (Fig. 3c¢), indicating that viloxazine ER
increases systemic dextromethorphan exposure, but to a

lesser degree than its impact on caffeine.
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Table 1 Baseline demographics and patient characteristics

Parameter Value [N = 37]
Age, years [mean + SD] 38.3+93
Sex
Male 19 (51.4)
Female 18 (48.6)
Ethnicity
Hispanic or Latino 12 (32.4)
Non-Hispanic or Latino 25 (67.6)
Race
American Indian or Alaskan Native 12.7)
Black or African American 11 (29.7)
Native Hawaiian or Other Pacific Islander 0
Asian 0
White 24 (64.9)
Multiple 12.7)
Phenotype
CYP2D6
EM 30 (81.1)
PM 7(18.9)
CYP1A2
EM 5(13.5)
EM (increased inducibility) 1(2.7)
EM (inducible) 25 (67.6)
EM/IM (inducible) 5(13.5)
NA 1(2.7)
CYP3A4
EM 32 (86.5)
™M 4(10.8)
PM 1(2.7)
BMI, kg/m? [mean + SD] 26.0 +2.3

Data are expressed as n (%) unless otherwise specified

BMI body mass index, CYP cytochrome P450, EM CYP2D6 exten-
sive metabolizer, /M intermediate metabolizer, NA not applicable, PM
CYP2D6 poor metabolizer, SD standard deviation

3.2.3 Midazolam (CYP3A4)

Relative to MCC alone, administration of viloxazine ER
with MCC had a minimal impact on median midazolam 7,
(1 h after the combination vs. 0.5 h after MCC) and C,,,, but
modestly increased midazolam AUC (Table 3). The 90% Cls
for midazolam C,,, were fully contained within the prede-

termined no-difference limits of 80.00-125.00%, but AUC,
and AUC_, were above these limits (Fig. 4c).

3.3 Impact of CYP2D6 Polymorphisms
on the Pharmacokinetics and Bioavailability
of Viloxazine

Pharmacokinetic parameters for viloxazine are listed in
Table 4 and plasma concentrations over time are shown
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in Fig. 5a (linear scale) and Fig. 5b (semi-log scale) for
CYP2D6 PMs and EMs during Period 2. Relatively tight
variability among PMs (approximately 10% increase in
CV% vs. EMs) (Table 4) suggests the sample size (n = 7)
was sufficient to provide a reliable estimate of the impact of
CYP2D6 genetic polymorphisms. Comparisons among Days
4, 5, and 6 (shown in the ESM Table S6) show viloxazine
steady state was achieved on the second day of dosing (Day
4; p values > 0.05).

There was no difference in median steady-state viloxa-
zine T,,, between CYP2D6 PMs and EMs (5.00 h for both
groups) (Table 4). For all three pharmacokinetic parameters,
the upper-bound CIs were beyond the predetermined no-
difference limits of 125.00% (Fig. 5c¢). However, the mean
increase in peak and total exposures for PMs was within the
pharmacokinetic variability of EMs, signifying the differ-
ences are not likely to be clinically relevant (Fig. 5a).

3.4 Safety

Overall, the dosage of viloxazine ER 900 mg/day (which is
higher than the 200-600 mg/day studied for adult ADHD)
administered for four consecutive days was well tolerated
when administered alone and with MCC. Fifty-three AEs
were reported by 24 (64.9%) subjects over the course of
the study. Of these subjects, 8 (21.6%), 13 (35.1%), and
18 (50.0%) reported AEs following dosing in Periods 1
(MCCQ), 2 (viloxazine ER), and 3 (MCC + viloxazine
ER), respectively; the most commonly reported AE was
insomnia (n = 16), which was reported only with the com-
bined use of MCC + viloxazine ER (0%, 0%, and 44.4%,
respectively), followed by somnolence (n = 5), which was
reported only with viloxazine ER administered alone (0%,
13.5%, and 0%, respectively), and dizziness (n = 5), which
was reported by one subject each with MCC alone and
viloxazine ER alone, and three subjects with combined
use (2.7%, 2.7%, 8.3%). The majority (90.6%) of AEs were
assessed by the Investigators as mild in severity, and the
remainder were judged to be moderate (9.4%). No severe
or serious AEs were reported, and no AEs resulted in sub-
ject discontinuation. The AEs assessed as moderate were
insomnia (n = 2; Period 3), nausea (n = 2, 1 subject in
Period 2 and another in Period 3), and dizziness (n = 1,
Period 3). No AEs were associated with clinical labora-
tory test results, ECG, or physical examination assess-
ments. Two subjects had increases in blood pressure that
were reported as AEs: one subject had blood pressures of
153/108 and 184/100 mmHg at the 3-h assessment fol-
lowing dosing with MCC during Period 1, and a second
subject had recorded blood pressures of 186/97 mmHg
and 181/86 mmHg at the 2-h assessment (following dosing
with MCC) during Period 3. Both events resolved without
intervention within 1 h of onset and were judged as mild
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Table 2 Observed pharmacokinetic parameters for caffeine, dextromethorphan, and midazolam

Parameter MCC alone® Combination®

(Period 1) (Period 3)

Mean + SD CV% nt Mean + SD CV% nt
Caffeine
T axe  [median (range)] 1.0 (0.5-1.6) NA 35 1.50 (0.5-16.0) NA 36
Cax> Ng/mML 5370 + 1100 20.4 35 5350 = 1120 20.9 36
AUC,, hxng/mL 45,791 + 19,228 42.0 35 190,950 + 42,152 22.1 36
AUC_,, hxng/mL 46,896 + 20,037 42.7 35 179,710 + 18,396 10.2 3
ty, h 6.0+19 31.6 35 133 +4.5 33.7 3
Dextromethorphan
T axe  [median (range)] 3.0 (1.0-5.0) NA 30 4.0 (2.0-10.0) NA 29
Cax> Ng/mML 1.6 +2.2 159.6 30 1.6 +14 86.3 29
AUC,, hxng/mL 12.0 £22.5 186.6 30 163 + 14.4 88.0 29
AUC_,, hxng/mL 12.8 +£23.0 181.7 29 169 + 14.9 87.8 28
ty, h 74+1.8 25.1 29 77+13 17.5 28
Midazolam
T axe h [median (range)] 0.5 (0.5-1.5) NA 36 1.0 (0.5-5.0) NA 35
Cax> NE/ML 109 £3.4 31.1 36 122 +3.8 31.0 35
AUC,, hxng/mL 25.1 +£9.71 38.8 36 43.1 +19.0 44.1 35
AUC,_,, hxng/mL 26.6 + 10.2 38.3 36 46.0 +19.9 43.1 35
ty, h 4.1+2.0 49.0 36 6.8 +2.8 40.5 35

AUC, area under the concentration-time curve from 0 to the last measurable time, AUC,, area under the concentration-time curve from 0 to infin-
ity, C,,,, maximum measured plasma concentration, CV% coefficient of variation, ER extended-release, MCC modified Cooperstown cocktail,

NA not applicable, SD standard deviation, #,, terminal elimination half-life, 7,

time of the maximum measured plasma concentration

max

# Single-dose caffeine (200 mg), dextromethorphan (30 mg), and midazolam (0.025 mg/kg) [pharmacokinetic samples collected for 48 h begin-

ning Period 1, Day 1]

®Viloxazine ER (900 mg) followed 4.5 h later by MCC (pharmacokinetic samples collected for 48 h beginning Period 3, Day 6)

€AUC,, values that resulted from >20% extrapolation were excluded from the summary statistics

in severity and possibly related to treatment. Based on
the C-SSRS assessment, no subjects displayed suicidal
ideation or suicidal behavior during the study. Treatment-
emergent AEs are shown in ESM Table S7, and blood
pressure and heart rate are shown in ESM Fig. S1.

4 Discussion
4.1 Overview

This study assessed the ability of viloxazine ER to mean-
ingfully affect CYP1A2, 2D6, and 3A4 enzyme function
in healthy adults. Based on US FDA guidelines [7] for
defining the strength of a drug’s capacity for CYP inhibi-
tion, our results show viloxazine ER to be a strong inhibi-
tor of CYP1A2 and a weak inhibitor of CYP2D6 and 3A4.
Specifically, viloxazine ER increased exposure (AUC) of
the CYP1A2 index substrate caffeine by 4.4- to 5.8-fold
(Fig. 2), the CYP2D6 substrate dextromethorphan by 1.9-
fold (~90%) [Fig. 3], and the CYP3A4 substrate midazolam

1.7-fold (~70%) relative to MCC alone (Fig. 4). Despite
these increases in exposure, viloxazine ER did not increase
the maximal measured concentration (C,,,,) of single-dose
caffeine or midazolam and produced only a modest increase
in C,,, (~50%) of dextromethorphan.

These data are consistent with a published in vitro study
showing viloxazine to be a strong, reversible inhibitor of
CYP1A2 and a weak inhibitor of CYP2B6, 2D6, and 3A4/5
[19]. The in vitro study also showed viloxazine produced
no meaningful inhibition at CYP2CS8, 2C9, or 2C19 and no
impact on CYP induction at clinically relevant doses [6].
Building on the in vitro work, the present study provides
a clinical context for understanding potential sources of
variability in concomitant medication exposure when using
viloxazine ER in a clinical setting and how this variability
might impact treatment outcomes. Specifically, the results
suggest potential for clinically relevant drug interactions
with viloxazine ER and drugs that are primarily metabolized
by CYPIAZ2, and, to a lesser extent, drugs that are metabo-
lized by CYP2D6 or 3A4. Observations of an increase in

AEs of insomnia and a decrease in AEs of somnolence when
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Table 3 Relative bioavailability analyses for caffeine, dextromethorphan, and midazolam

Parameter® MCC alone® Combination® Ratio, %4 90% CI
Caffeine

Cax> NZ/ML (n = 34) 5278 5231 99 95.8-102.5
AUC,, hxng/mL (n = 34) 42,905 187,131 436 398.9-476.9
AUC_,, hxng/mL (n = 3)° 30,703 179,103 583 262.4-1296.8
Dextromethorphan

C, o NZ/mL (n = 29) 1 151 126.0-180.4
AUC,, hxng/mL (n = 29) 6 12 186 155.0-222.6
AUC,,, hxng/mL (n = 27)° 7 16 190 160.4-224.4
Midazolam

Cpaxe N/ML (n = 35) 10 12 113 104.7-121.5
AUC,, hxng/mL (n = 35) 23 39 168 153.1-183.5
AUC,,, hxng/mL (n = 35)° 25 42 169 154.4-184.8

AUC, area under the concentration-time curve from time O to the last measurable time, AUC,, area under the concentration-time curve from time
0 to infinity, CI confidence interval, C,,,, maximum measured plasma concentration, ER extended-release, MCC modified Cooperstown cocktail

4Geometric means, based on least squares mean of log-transformed parameter values

bSingle-dose caffeine (200 mg), dextromethorphan (30 mg), and midazolam (0.025 mg/kg) [pharmacokinetic samples collected for 48 h begin-

ning Period 1, Day 1]

“Viloxazine ER (900 mg) followed 4.5 h later by MCC (pharmacokinetic samples collected for 48 h beginning Period 3, Day 6)

dRatio (%) = combination/MCC alone (using geometric means); 100% implies no change in bioavailability

¢AUC,, values that resulted from >20% extrapolation were excluded from the comparisons, which resulted in n = 3 for the calculation of caf-

feine AUC

viloxazine ER was coadministered with MCC, likely result-
ing from inhibition of caffeine metabolism, would appear to
support this conclusion. Notably, the use of viloxazine ER in
combination with MCC in this study appeared generally safe
and well tolerated, with no reported severe or serious AEs
and no discontinuations resulting from AEs, even despite
the 900-mg/day viloxazine ER dosage, which is higher than
the currently recommended maximum dosage for treatment
of ADHD in adults (600 mg/day) [3]. However, we note
that the study was a single-dose design, and therefore, the
results presented do not evaluate the accumulation of index
substrates (particularly caffeine) with repeated dosing and
potential consequent effects on tolerability or AEs. Addition-
ally, simulations were not done to estimate drug accumula-
tion over multiple doses.

4.2 Influence of CYP2D6 Polymorphisms
on Systemic Viloxazine Exposure

A secondary objective of the present study was to assess
the impact of CYP2D6 genetic polymorphisms on the phar-
macokinetic profile of viloxazine. Our results suggest a low
likelihood for CYP2D6 polymorphisms to meaningfully
impact viloxazine exposure, as CYP2D6 PMs had increases
in viloxazine C,,,, C..., and AUC,, values that were
21%, 33%, and 26% higher than EMs, respectively, with
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upper-bound 90% CIs falling only slightly above the pre-
determined no-difference limit of 80.00-125.00% (Fig. 5).
The increase in peak and total exposures for CYP2D6 PMs
generally fell within the pharmacokinetic variability of
CYP2D6 EMs, and the differences observed in PMs are not
considered to be clinically relevant.

Whether or not changes in CYP enzyme function will
result in clinically meaningful changes in drug efficacy or
safety is influenced by many factors, such as the fraction of
drug metabolized by a given pathway; genetic variation in
enzyme function; the ability to shift metabolism to com-
pensatory pathways; the drug’s therapeutic index; the dose
of medication administered; and the potential influence of
concomitantly administered food, drug, or herbal prepara-
tions on primary and alternative elimination pathways.

Viloxazine is hepatically metabolized to 5-hydroxyviloxa-
zine with subsequent glucuronidation to its primary metabo-
lite 5-hydroxyviloxazine-glucuronide; approximately 22%
of the dose is excreted unchanged [6]. Like it is for many
psychiatric medications, CYP2D6 is a primary pathway for
viloxazine hydroxylation; however, in the case of viloxa-
zine, CYP1A2, 2B6, 2C9, 2C19, and 3A4 also play a minor
role, and in total, 5-hydoxyviloxazine metabolites account
for only about 50% of the metabolized fraction of the drug
[6]. Previous research has shown that the overall fraction of
a drug metabolized by CYP2D6 can predict whether genetic
polymorphisms for this enzyme will result in substantial
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Fig.2 Viloxazine ER increased total exposure of CYP1A2 substrate,
as shown by mean caffeine concentration-time profiles after admin-
istration of MCC alone (Period 1) or after combination of viloxazine
ER and MCC (Period 3) on a linear and b semi-logarithmic scales
and c caffeine bioavailability, presented as a percentage ratio of the
viloxazine ER + MCC combination relative to MCC alone (geo-
metric means + 90% Cls). Yellow shaded area between the dotted
lines represents the predetermined no-difference limits of 80-125%.
*n = 34, except AUC n = 3. AUC, area under the concentration-
time curve from O to the last measurable time, AUC,, area under the
concentration-time curve from 0 to infinity, CIs confidence intervals,
C,..c maximum measured plasma concentration, CYP cytochrome
P450, ER extended release, MCC modified Cooperstown cocktail
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Fig.3 Viloxazine ER modestly increased systemic dextromethorphan (a
CYP2D6 substrate) exposure, as shown by mean concentration-time pro-
files after administration of MCC alone (Period 1) or after combination of
viloxazine ER and MCC (Period 3) on a linear scales, b semi-logarithmic
scales, and ¢ dextromethorphan bioavailability, presented as a percentage
ratio of the viloxazine ER + MCC combination relative to MCC alone
(geometric means + 90% Cls). Yellow shaded area between the dot-
ted lines represents the predetermined no-difference limits of 80-125%.
*n =29, except AUC_, n = 27. AUC, area under the concentration-time
curve from O to the last measurable time, AUC,, area under the concentra-
tion-time curve from O to infinity, CIs confidence interval, C,,,, maximum
measured plasma concentration, CYP cytochrome P450, ER extended
release, MCC modified Cooperstown cocktail
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Fig.4 Viloxazine ER modestly increased systemic midazolam (a
CYP3A4 substrate) exposure and bioavailability, as shown in mean
midazolam concentration-time profiles after administration of MCC
alone (Period 1) or after combination of viloxazine ER and MCC
(Period 3) on a linear and b semi-logarithmic scales, and ¢ mida-
zolam bioavailability, presented as a percentage ratio of the viloxa-
zine ER 4+ MCC combination relative to MCC alone (geometric
means + 90% Cls). Yellow shaded area between the dotted lines rep-
resents the predetermined no-difference limits of 80-125%. *n = 35.
AUC, area under the concentration-time curve from O to the last
measurable time, AUC,, area under the concentration-time curve
from O to infinity, CIs confidence intervals, C,,, maximum measured
plasma concentration, CYP cytochrome P450, ER extended release,
MCC modified Cooperstown cocktail
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variability in drug exposure [20]. For drugs with < 60%
CYP2D6-mediated metabolism in vivo (such as viloxazine),
the difference in AUCs between CYP2D6 PMs and EMs
was modest (< 2.5 fold), whereas for major 2D6 substrates
(> 60% 2D6 involvement), the exposure differences were
between 3.5- and 53-fold larger [20].

Consistent with this research, CYP2D6 PMs in the pre-
sent study demonstrated a < 1.5-fold increase in viloxazine
exposure relative to EMs. Conversely, the nonstimulant
ADHD drug atomoxetine, which relies more heavily on
CYP2D6 for metabolism, is more heavily influenced by
CYP2D6 genetic polymorphisms [21, 22] and shows ~ 8-
to 10-fold higher atomoxetine exposure in CYP2D6 PMs
compared with EMs [23]. Lower reliance on CYP2D6 for
drug metabolism may also make viloxazine less suscepti-
ble to drug interaction when administered with CYP2D6
inhibitors. Overall, our study data suggest that reduction in
CYP2D6 enzyme function or availability by itself is unlikely
to result in clinically significant variability in viloxazine
exposure. Therefore, no dose reduction or routine testing
for CYP2D6 genetic polymorphism is recommended when
viloxazine ER is used. Additionally, there is no need to geno-
type patients who are naive to viloxazine.

4.3 Clinical Relevance

Individuals with ADHD may be treated with combination
therapy, either to better control ADHD symptoms or to treat
psychiatric comorbidities [24-29]. Because viloxazine is a
weak inhibitor of CYP2D6 and CYP3A4, it is not antici-
pated to impact the pharmacokinetics of drugs metabolized
by these pathways to a clinically meaningful extent under
most circumstances. Exemplifying this, a pharmacokinetic
study in healthy adults showed no evidence of clinically
relevant drug interaction when viloxazine ER was coad-
ministered with lisdexamfetamine [17]. While lisdexamfe-
tamine is not itself metabolized by any CYP enzymes, its
primary metabolite, d-amphetamine, is metabolized, at least
in part, by CYP2D6 [30]. Administration of clinically rel-
evant single doses of lisdexamfetamine (50 mg) alone and
in combination with viloxazine ER (700 mg) showed no
relevant increase in d-amphetamine, with C,,,, AUC,, and
AUC,, all within the predetermined no-difference limits of
80.00-125.00% [17]. The lack of impact on d-amphetamine,
versus the modest impact on dextromethorphan pharmacoki-
netics seen in the present study, may be accounted for by
the fraction of each drug metabolized by CYP2D6 (while
d-amphetamine is presumed to be metabolized via multiple
routes, dextromethorphan elimination uses the CYP2D6
pathway almost exclusively) as well as the larger dose of
viloxazine ER used in this study (900 mg/day X 4 days vs.
a single 700-mg dose in the lisdexamfetamine study) [17].
Similarly, a drug-drug interaction study between viloxazine
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Table 4 Pharmacokinetics and bioavailability of viloxazine in CYP2D6 EMs and PMs

Descriptive pharmacokinetics

Parameter® EMs® PMsP Combined®
[n=29] [n="17] [N =36]

T nax> h [median (range)] 5.0 (1.0-9.0) 5.0 (5.0-7.0) 5.0 (1.0-9.0)
Crnaxss» Ng/ML 6.7 + 1.4 (21.4%) 8.3 +2.7(32.0%) 7.0 + 1.8 (25.6%)
AUC,,, hxng/mL 110 +£25.0 (22.8%) 141 +£47.0 (33.4%) 116 + 32.2 (27.8%)
Cpin» Ng/mL 2.4 +0.7 (30.1%) 3.3+ 1.3 (40.4%) 2.6 £0.9 (35.8%)
Cyg s NZ/ML 4.6 + 1.0 (22.8%) 5.9+ 1.0 (33.4%) 4.8 +1.3(27.8%)
Cirough» NE/ML 2.8 +0.80 (31.0%) 34 +1.236.1%) 2.8 +£0.9 (34.1%)
Relative bioavailability
Parameter® EMs® PMs® Ratio, % 90% CI

[n=29] [n="7] PMs/EMs¢
Cax> NZ/mL 6.6 8.0 120.7 102.3-142.4
Cin» NE/ML 2.3 3.1 133.0 104.0-170.0
AUC,,, hxng/mL 106.9 134.3 125.7 105.4-149.9

AUC,, area under the concentration-time curve from 0 to 24 h, C,
interval, C, . maximum measured plasma concentration, C

max max,ss

measured plasma concentration, C,,,,

tration

# All data are expressed as mean + SD (CV%) except T,

ax>

avg,ss

average measured plasma concentration at steady state, CI confidence
maximum measured plasma concentration at steady state, C

minimum

min

5, trough plasma concentration, CV% coefficient of variation, EMs CYP2D6 extensive metabolizers, ER
extended release, PMs CYP2D6 poor metabolizers, gd once daily, SD standard deviation, 7,

"nax time of the maximum measured plasma concen-

which is reported as median (range)

® Viloxazine ER (900 mg) qd (Period 2; pharmacokinetic samples collected for 24 h beginning on Day 5)

¢ Combination: pharmacokinetic data from CYP2D6 EMs and PMs were pooled

4 Ratio (%) = PMs/EMs (using geometric means); 100% implies no change in bioavailability

ER and methylphenidate (another stimulant used in ADHD
treatment) also showed no significant drug interactions [18].

When viloxazine is coadministered with paroxetine, a
selective serotonin reuptake inhibitor and a strong CYP2D6
inhibitor, only modest changes to viloxazine pharmacokinet-
ics were observed (increase in AUC < 35% and no changes
in C,,,) that are unlikely to have a clinically relevant impact
on efficacy or safety [19]. Viloxazine ER effects on CYP3A4
were below the range established by the FDA that would
require additional drug-drug interaction studies, such as
those with oral contraceptives.

Conversely, because viloxazine is a strong inhibitor of
CYP1AZ2, clinically meaningful interactions with drugs pri-
marily metabolized by this enzyme are likely, particularly
for drugs with narrow therapeutic indices and without com-
pensatory elimination pathways. Indeed, the few potentially
serious drug interactions involving viloxazine that have been
reported during its otherwise long track record of safe use
since the 1970s have involved drugs with narrow therapeutic
indices that predominantly use singular metabolic pathways.
For instance, in a 1986 case report, theophylline, a bron-
chodilator predominantly metabolized by CYP1A2, showed
significantly decreased clearance, with a doubling of serum
concentrations and signs of toxicity three days following
viloxazine treatment initiation. These effects were quickly

reversed upon cessation of viloxazine treatment [31]. A
subsequent drug interaction study in eight healthy volun-
teers found viloxazine (300 mg/day) significantly increased
theophylline plasma concentrations and decreased apparent
clearance, likely resulting from viloxazine’s strong inhibi-
tion of CYP1AZ2 [32]. Theophylline is known to have a nar-
row therapeutic window with saturable metabolism, and as a
result, its use requires careful monitoring, particularly when
administered in tandem with drugs affecting CYP1A2 [33,
34].

Similarly, a drug interaction study by Pisani et al. showed
the potential for carbamazepine intoxication with viloxazine
coadministration [35]. Carbamazepine is an anticonvulsant
medication that also has a narrow therapeutic index [34, 36].
At the time the drug interaction study with carbamazepine
was conducted (pre-1994), viloxazine was among the few
available antidepressants considered to be non-epileptogenic
[37, 38] and was therefore evaluated in seven adults with
epilepsy and depression to characterize the potential for drug
interactions between the two products. Individuals receiv-
ing stable treatment with carbamazepine were administered
viloxazine at doses totaling 300 mg/day for three weeks.
Viloxazine coadministration increased carbamazepine con-
centrations, although symptoms of carbamazepine intoxica-
tion quickly normalized following viloxazine discontinuation
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Fig.5 CYP2D6 polymorphisms showed minimal impact on systemic
viloxazine exposure and bioavailability, as shown by mean viloxazine
concentration-time profiles for CYP2D6 PMs and EMs after admin-
istration of viloxazine ER on a linear and b semi-logarithmic scales,
and c viloxazine bioavailability, presented as a percentage ratio of
CYP2D6 PMs relative to CYP2D6 EMs (geometric means + 90%
CIs). Yellow shaded area between the dotted lines represents the pre-
determined no-difference limits of 80-125%. AUC,, area under the
concentration-time curve from O to 24 h, CIs confidence intervals,
C,.. maximum measured plasma concentration, C,,;, minimum meas-
ured plasma concentration, CYP cytochrome P450, EMs CYP2D6
extensive metabolizers, ER extended release, PMs CYP2D6 poor
metabolizers
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[35]. Although carbamazepine is said to be metabolized pri-
marily by CYP3A4 [39], its metabolism is also affected by
polymorphisms in CYP1AZ2, and it is known to interact with
ciprofloxacin, which, like viloxazine, is a strong inhibitor of
CYPI1A2 yet a weak inhibitor of CYP3A4. Although clinical
monitoring for drug interactions in the context of polyphar-
macy is generally prudent, such monitoring is particularly
important for sensitive CYP1A2 substrates and CYP1A2
substrates with a narrow therapeutic range.

While viloxazine ER is a relatively new viloxazine for-
mulation, the original, immediate-release version has a long
history of use in Europe dating from the 1970s and was
typically administered in one to four divided doses totaling
100-600 mg/day without any major safety concerns [37, 40,
41]. Contemporarily, no major safety concerns have been
reported in drug interaction studies after single doses of
viloxazine ER in healthy adults (dosing 700 mg/day) either
alone or in combination with methylphenidate [18], lis-
dexamfetamine [17], or paroxetine [19], nor after chronic
dosing in children (100-400 mg/day) [42—44], adolescents
(200-600 mg/day) [45, 46], or adults (200-600 mg/day) [47]
in well-controlled studies, leading to viloxazine ER approval
for the treatment of ADHD in these populations [43—47].

Although doses above 600 mg/day have not been exam-
ined in pediatric populations, in healthy adults, the maxi-
mum tolerated doses of viloxazine ER in phase I testing
were 2100 mg/day after a single dose and 1800 mg/day after
multiple doses [48]. Additionally, a recently published study
using single doses of viloxazine ER 1800 mg for two con-
secutive days found no demonstrable increase in the risk
of cardiac arrhythmias, altered ECG parameters, or major
safety concerns [49]. These data offer preliminary evidence
suggesting viloxazine ER has a wide therapeutic index and
would be unlikely to result in serious toxicity following
modest elevations in plasma concentration.

Although viloxazine ER significantly increased systemic
caffeine exposure in the present study, caffeine is known
to have a wide therapeutic index and rarely causes serious
toxicity [50]. Because most individuals self-regulate their
caffeine intake based on subjective and physiological effects,
caffeine intoxication is rare [51]. Given the numerous intrin-
sic and extrinsic sources of variability in caffeine exposure,
at typical levels of caffeine consumption, individuals are
likely to be able to safely regulate their intake while also
receiving treatment with viloxazine ER [51, 52]. Notably,
caffeine use was allowed in the phase III pediatric and adult
ADHD treatment studies, where the majority (over 85%) of
adult subjects treated with viloxazine ER also used caffeine
[47]. However, clinicians should be aware of the possibil-
ity that viloxazine interactions with CYP1A2 could lead to
caffeine-related AEs.
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5 Conclusions

We report increases in systemic caffeine exposure (~ 4.8
fold increase over baseline) without an impact on C,,,,
and modest increases in dextromethorphan (~ 1.9 fold) and
midazolam (~ 1.7 fold) exposure after dosing with viloxa-
zine ER in healthy adults. These data suggest that viloxa-
zine ER functions as a strong CYP1A2 inhibitor and a weak
CYP2D6 and 3A4 inhibitor [7]. We also report minimal
impact of CYP2D6 polymorphisms on systemic viloxazine
exposure, as viloxazine AUC increased by only 25% in PMs
relative to EMs. Furthermore, all treatments appeared safe
and well tolerated, with no severe or serious AEs and no
AE:s that led to study discontinuation. Clinical monitoring
is generally advised with polypharmacy. Monitoring may
be important with viloxazine ER and CYP1A2 substrates,
particularly those known to have a narrow therapeutic index.
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