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(TONES 3)
A Randomized Controlled Trial
Paula K. Schweitzer1, Russell Rosenberg2,3, Gary K. Zammit4,5, Mark Gotfried6, Dan Chen7, Lawrence P. Carter7,8,
Hao Wang7, Yuan Lu7, Jed Black7,9, Atul Malhotra10, and Kingman P. Strohl11

1Sleep Medicine and Research Center, St. Luke’s Hospital, Chesterfield, Missouri; 2NeuroTrials Research, Atlanta, Georgia; 3Atlanta
School of Sleep Medicine, Atlanta, Georgia; 4Clinilabs Drug Development Corporation, New York, New York; 5Icahn School of
Medicine at Mount Sinai, New York, New York; 6Pulmonary Associates, PA, Phoenix, Arizona; 7Jazz Pharmaceuticals, Palo Alto,
California; 8University of Arkansas for Medical Sciences, Little Rock, Arkansas; 9Stanford Center for Sleep Sciences and Medicine, Palo
Alto, California; 10University of California, San Diego, San Diego, California; and 11Case Western Reserve University, Cleveland, Ohio

Abstract

Rationale: Primary treatment of obstructive sleep apnea can be
accompanied by a persistence of excessive sleepiness despite
adherence. Furthermore, effectiveness of sleep apnea treatment is
limited by poor adherence. Currently available pharmacologic
options for the treatment of sleepiness in this population are limited.

Objectives: To evaluate the efficacy and safety of solriamfetol (JZP-
110), a selective dopamine and norepinephrine reuptake inhibitor
with robust wake-promoting effects, for the treatment of excessive
sleepiness in participantswith obstructive sleep apneawith current or
prior sleep apnea treatment.

Methods:Thiswas a double-blind, randomized, placebo-controlled,
parallel-group, 12-week trial comparing solriamfetol, 37.5, 75, 150,
and 300 mg, with placebo.

Measurements and Main Results: Of 476 randomized
participants, 459 were included in the prespecified efficacy analyses.
Coprimary endpoints (Maintenance ofWakefulness Test sleep latency
and Epworth Sleepiness Scale score) were met at all solriamfetol

doses (P, 0.05), with dose-dependent effects observed at Week 1
maintained over the study duration. All doses except 37.5 mg resulted
in higher percentages of participants reporting improvement on
Patient Global Impression of Change (key secondary endpoint; P,
0.05). Adverse events were reported in 47.9% of placebo- and 67.9% of
solriamfetol-treated participants; five participants experienced serious
adverse events (two [1.7%] placebo, three [0.8%] solriamfetol); none
were deemed related to study drug. The most common adverse events
with solriamfetol were headache (10.1%), nausea (7.9%), decreased
appetite (7.6%), anxiety (7.0%), and nasopharyngitis (5.1%).

Conclusions: Solriamfetol significantly increased wakefulness and
reduced sleepiness in participants with obstructive sleep apnea and
excessive sleepiness; most adverse events were mild or moderate in
severity.

Clinical trial registered with www.clinicaltrials.gov (NCT02348606)
and www.eudract.ema.europa.eu (EudraCT 2014-005514-31).

Keywords: obstructive sleep apnea; solriamfetol; JZP-110;
excessive sleepiness; TONES 3
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Excessive sleepiness (ES) is a common
complaint of individuals with obstructive
sleep apnea (OSA) (1). Disruptions in sleep
(e.g., awakenings) and intermittent hypoxia
caused by OSA can lead to ES (2). Animal
models of sleep apnea suggest that ES may
also be produced by long-term intermittent
hypoxia and sleep fragmentation leading to
injury to wake-promoting neurons (3, 4).
The consequences of ES include decreased
cognitive functioning, work productivity,
and quality of life, and increased risk for
occupational and motor vehicle accidents
(5–8). Although effective primary OSA
treatment, such as positive airway pressure
(PAP), generally reduces hypoxic events
and sleep fragmentation (9–12), ES is
estimated to persist in 12–65% of
individuals who use PAP (13–16). In
addition, despite recommendations for
consistent PAP monitoring and the
availability of adherence tracking systems

(17), adherence to primary OSA therapy
often varies, thereby reducing its
effectiveness (18, 19). Even when
such factors as treatment adherence,
medications, comorbid illness, and
inadequate sleep duration are controlled, ES
is reported in up to 6–18% of individuals
treated for OSA (13, 16, 20). Thus, ES is
a persistent symptom in many patients
despite OSA therapy.

Modafinil and armodafinil are
approved by the U.S. Food and Drug
Administration (FDA) to improve
wakefulness in adults with OSA (21, 22).
However, the wake-promoting effects of
modafinil and armodafinil have been
shown to wane throughout the day (23, 24),
requiring twice daily dosing in some
patients. In addition, the marketing
authorization of modafinil for the
treatment of OSA in Europe was withdrawn
by the European Medicines Agency because
of an unfavorable benefit/risk profile (25).

Solriamfetol (SUNOSI, formerly JZP-
110 and ADX-N05) is an FDA-approved
dopamine and norepinephrine reuptake
inhibitor indicated to improve wakefulness
in adult patients with excessive daytime
sleepiness associated with narcolepsy or
OSA. Solriamfetol has lower binding
affinity to dopamine and norepinephrine
transporters than traditional stimulants, and
lacks the monoamine-releasing effects of
amphetamines at therapeutic doses (26).
This study examined the efficacy and safety
of solriamfetol in the management of ES in
individuals with OSA. Some of the results
of the study have been previously reported
in abstracts (27–29).

Methods

Study Design and Oversight
This was a clinical trial from the
Treatment of OSA and Narcolepsy
Excessive Sleepiness (TONES) Phase III
program, the TONES 3 study. This phase III,
placebo-controlled, parallel-group trial
evaluated the efficacy and safety of 12 weeks
of solriamfetol in adults with OSA and ES.
The study was conducted at 59 clinical
investigative sites in the United States,
Canada, France, Germany, and the
Netherlands between May 19, 2015, and
December 23, 2016. The study was approved
by institutional review boards or ethics
committees at each site and performed in
accordance with the Declaration of Helsinki;

all participants provided written informed
consent (www.clinicaltrials.gov identifier
NCT02348606).

Participants
Participants were adults 18–75 years
old, with OSA diagnosed according
to the International Classification of
Sleep Disorders-3 criteria (2) and with
current or prior use of a primary OSA
therapy including PAP, mandibular
advancement device, or surgical intervention.
Participants without current primary
OSA therapy use or a history of a surgical
intervention to treat the underlying
obstruction were required to have tried
to use a primary OSA therapy for at least
1 month with at least one documented
adjustment to the therapy (e.g., change in
PAP pressure, change in mask, change in
modality). Additional inclusion criteria were
baseline Epworth Sleepiness Scale (ESS) score
greater than or equal to 10 (30); baseline
sleep latency less than 30 minutes for the
average of the first four of a five-trial, 40-
minute Maintenance of Wakefulness Test
(MWT) (31); and usual nightly sleep time
greater than or equal to 6 hours. Patients
were excluded if they did not have a usual
nightly total sleep time of at least 6 hours
or if they had a usual bedtime later than 1:00
A.M.; an occupation requiring nighttime shift
work or variable shift work; use of any over-
the-counter or prescription medications that
could affect the evaluation of ES; current or
past (within the past 2 yr) diagnosis of
a moderate or severe substance use disorder
according to DSM-5 criteria; nicotine
dependence that has an effect on sleep (e.g., a
subject who routinely awakens at night to
smoke); or any other clinically relevant
medical, behavioral, or psychiatric disorder
other than OSA that is associated with ES.

Treatments
The study was conducted in a fully double-
blind manner. Participants were randomized
(1:1:2:2:2) to 12 weeks of once-daily oral
solriamfetol 37.5, 75, 150, or 300 mg, or
placebo. The study drug or placebo was taken
on an empty stomach within 1 hour of
awakening. Participants randomized to the
150- and 300-mg doses received 75 and 150
mg, respectively, on Days 1–3, with the full
dose commencing on Day 4. All study drugs
were prepared in identical opaque gelatin
capsules to ensure adequate double-blinding,
and all study personnel were blinded to the
study treatments.

At a Glance Commentary

Scientific Knowledge on the
Subject: Excessive sleepiness
associated with obstructive sleep apnea
persists in some patients despite use
of or attempts to use a primary
obstructive sleep apnea therapy. If
unaddressed, excessive sleepiness could
contribute to decreased cognitive
functioning, work productivity, quality
of life, and increased risk for
occupational and motor vehicle
accidents.

What This Study Adds to the
Field: This 12-week, phase III clinical
trial showed that solriamfetol, 75, 150,
and 300 mg, resulted in objective
improvements, relative to placebo,
in wakefulness on the Maintenance
of Wakefulness Test; subjective
improvements in sleepiness on the
Epworth Sleepiness Scale; and patient-
and clinician-rated improvements in
global assessments of change. The
safety and tolerability profile was
consistent with prior studies of
solriamfetol in narcolepsy. These
results suggest that solriamfetol may be
a potential therapeutic option for the
treatment of impaired wakefulness and
excessive sleepiness in individuals with
obstructive sleep apnea.
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Randomization was stratified by
adherence or nonadherence to
primary OSA therapy, with adherence
defined as use greater than or equal to 4
hours per night on greater than or equal
to 70% of nights for devices from which
hourly usage data could be extracted, use
greater than or equal to 70% of nights by
daily diary for devices for which usage
data could not be retrieved, or history
of a surgical intervention for OSA.

Nonadherence was defined as usage of
a primary therapy at a level that did not
meet the previously mentioned criteria
or a history of a surgical intervention for
OSA that was deemed by the investigator
to no longer be effective at treating the
obstruction. An automated system was
used to randomly assign participants to
treatment type. The investigator accessed
an Interactive Voice or Web Response
System to randomly assign participants

to treatment. The master randomization
code was sequestered by the quality
department at Jazz Pharmaceuticals and
the code was not broken or released until all
study data had been collected and accepted
for analysis.

Outcomes
The coprimary efficacy endpoints were
change from baseline to Week 12 in mean
sleep latency derived from the first four trials

984 Screened

508 Screen failures
       210 Inclusion criteria not met
       210 Exclusion criteria met
         51 Subject withdrew consent
         20 Investigator decision
         12 Lost to follow-up (no further information)
           3 Adverse events
           2 Termination of study by sponsor

Randomized population (n=476)

Modified intent-to-treat population (n=459)

Completed study (n=404)

101 Completed study 49 Completed study 54 Completed study 106 Completed study 94 Completed study

119 Randomized to
placebo

114 Received
placebo

5 did not meet criteria

13 Discontinued study
     2 Protocol violations
     4 Adverse events
     4 Withdrew consent
     2 Noncompliant with
        treatment
     1 Other reason

59 Randomized to
solriamfetol 37.5 mg

56 Received
solriamfetol 37.5 mg

3 did not meet criteria

7 Discontinued study
   3 Adverse events
   1 Withdrew consent
   1 Lost to follow-up
   2 Other reasons

61 Randomized to
solriamfetol 75 mg

58 Received
solriamfetol 75 mg

3 did not meet criteria

4 Discontinued study
   2 Withdrew consent
   2 Other reasons

118 Randomized to
solriamfetol 150 mg

116 Received
solriamfetol 150 mg

2 did not meet criteria

10 Discontinued study
     2 Protocol violations
     4 Adverse events
     1 Withdrew consent
     3 Other reasons

119 Randomized to
solriamfetol 300 mg

115 Received
solriamfetol 300 mg

4 did not meet criteria

21 Discontinued study
     13 Adverse events
       4 Withdrew consent
       2 Lost to follow-up
       1 Noncompliant with
          treatment
       1 Other reason

Figure 1. Participant disposition (Consolidated Standards of Reporting Trials diagram). Fifteen participants in the randomized population did not have
baseline or one or more postbaseline evaluations of Maintenance of Wakefulness Test sleep latency or Epworth Sleepiness Scale score, and two did not
receive solriamfetol. These participants did not meet the prespecified criteria for inclusion in the modified intent-to-treat population.
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of a five-trial, 40-minute MWT, and change
from baseline in ESS score. Change from
baseline to Week 12 in sleep latency for each
of the five individual MWT trials was tested
as a prespecified secondary endpoint for
doses that were positive on both coprimary
efficacy endpoints.

The MWT provided objective
assessment of the ability to remain
awake (31). The ESS provided
a validated measure for assessing

participant-reported sleepiness; scores less
than or equal to 10 are considered within
the normative range (30, 32). In addition to
baseline, the MWT was performed at
Weeks 1, 4, and 12, whereas the ESS was
administered at Weeks 1, 4, 8, and 12. All
MWT evaluations were performed
subsequent to an overnight stay at the study
site for nocturnal polysomnography.
Exploratory endpoints for polysomnography
included total sleep time, number of

awakenings, and wake after sleep onset at
Week 12.

The key secondary endpoint was the
percentage of participants at Week 12
reporting any improvement on the Patient
Global Impression of Change (PGI-C) (33),
assessed on a seven-point scale (1 = very
much improved to 7 = very much worse);
improvement was defined as ratings of
“very much,” “much,” or “minimally”
improved. The percentage of participants at

Table 2. Hierarchical Testing at Week 12 of Coprimary and Key Secondary Efficacy Endpoints in the Modified Intent-to-Treat
Population

Endpoint

Difference from Placebo (95% CI); P Value

Solriamfetol, 300 mg Solriamfetol, 150 mg Solriamfetol, 75 mg Solriamfetol, 37.5 mg

MWT, LS
mean
difference

12.8 (10.0 to 15.6); ,0.0001 10.7 (8.1 to 13.4); ,0.0001 8.9 (5.6 to 12.1); ,0.0001 4.5 (1.2 to 7.9); 0.0086

ESS, LS
mean
difference

24.7 (25.9 to 23.4); ,0.0001 24.5 (25.7 to 23.2); ,0.0001 21.7 (23.2 to 20.2); 0.0233 21.9 (23.4 to 20.3); 0.0161

PGI-C, %
difference

39.6 (28.7 to 50.4); ,0.0001 40.5 (29.8 to 51.3); ,0.0001 23.3 (8.6 to 38.0); 0.0035 6.2 (29.7 to 22.2); 0.4447

Definition of abbreviations: CI = confidence interval; ESS = Epworth Sleepiness Scale; LS = least squares; MWT =Maintenance of Wakefulness Test;
PGI-C = Patient Global Impression of Change.
A fixed hierarchical testing procedure was used to correct for multiplicity, starting with the highest solriamfetol dose for the coprimary endpoints and
followed by the key secondary endpoint; testing proceeded in that order for each subsequent lower dose, with statistical significance claimed only for
those outcomes above the break in the hierarchy.

Table 1. Demographic and Clinical Characteristics of the Safety Population at Baseline

Variable Placebo (n = 119)

Solriamfetol

37.5 mg (n = 58) 75 mg (n = 62) 150 mg (n = 117) 300 mg (n = 118)

Age, yr, mean (SD) 54.1 (11.4) 57.1 (10.2) 54.4 (11.5) 52.7 (10.6) 53.2 (10.6)
Sex, male, n (%) 77 (64.7) 39 (67.2) 35 (56.5) 72 (61.5) 74 (62.7)
Race, n (%)
White 87 (73.1) 45 (77.6) 46 (74.2) 93 (79.5) 90 (76.3)
Black/African-American 26 (21.8) 10 (17.2) 14 (22.6) 18 (15.4) 21 (17.8)
Asian 4 (3.4) 3 (5.2) 1 (1.6) 3 (2.6) 6 (5.1)
Other 2 (1.6) 0 1 (1.6) 3 (2.6) 1 (0.8)

BMI, kg/m2, mean (SD) 33.1 (5.2) 34.1 (5.3) 33.4 (5.7) 33.3 (4.8) 32.9 (5.6)
MWT sleep latency, min, mean (SD) 12.4 (7.2) 13.6 (8.1) 13.1 (7.2) 12.5 (7.2) 12.0 (7.3)
ESS score, mean (SD) 15.6 (3.3) 15.1 (3.5) 14.8 (3.5) 15.1 (3.4) 15.2 (3.1)
CGI-S, n (%)
1 = Normal, not at all ill 0 0 0 0 0
2 = Borderline ill 3 (2.5) 1 (1.7) 1 (1.6) 2 (1.7) 1 (0.8)
3 =Mildly ill 8 (6.7) 5 (8.6) 4 (6.5) 7 (6.0) 10 (8.5)
4 =Moderately ill 48 (40.3) 28 (48.3) 31 (50.0) 53 (45.3) 44 (37.3)
5 =Markedly ill 39 (32.8) 14 (24.1) 15 (24.2) 41 (35.0) 44 (37.3)
6 = Severely ill 15 (12.6) 9 (15.5) 7 (11.3) 14 (12.0) 17 (14.4)
7 = Among the most extremely ill 4 (3.4) 1 (1.7) 3 (4.8) 0 2 (1.7)
Missing 2 (1.7) 0 1 (1.6) 0 0

Primary OSA therapy adherence, n (%)
Adherent 83 (69.7) 40 (69.0) 45 (72.6) 80 (68.4) 86 (72.9)
Nonadherent 36 (30.3) 18 (31.0) 17 (27.4) 37 (31.6) 32 (27.1)

Definition of abbreviations: BMI = body mass index; CGI-S = Clinical Global Impression of Severity; ESS = Epworth Sleepiness Scale; MWT =Maintenance
of Wakefulness Test; OSA = obstructive sleep apnea.
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Week 12 with any improvement as reported
by the clinician on the Clinical Global
Impression of Change (CGI-C) (33) was
a secondary endpoint, assessed on the same
scale as the PGI-C.

Other secondary endpoints, not
reported here, were measures of function
(10-item Functional Outcomes of Sleep
Questionnaire [34]), productivity (Work
Productivity and Activity Impairment
Questionnaire: Specific Health Problems
[35]), and health-related quality of life (36-
Item Short Form Health Survey version 2
[36] and the five-dimension, five-level
EuroQol [37]). Change in primary OSA
therapy use was a prespecified exploratory
endpoint.

Safety and tolerability were assessed
based on adverse events, vital signs,
electrocardiography, and laboratory tests.
On days of MWT assessment, blood
pressure and heart rate measurements were
collected at seven time points. Risk of
suicidality was evaluated at each study visit
using the Columbia-Suicide Severity Rating
Scale (38).

Statistical Analysis
Approximately 440 participants were
planned for enrollment with approximately
55 participants in each of the solriamfetol
37.5- and 75-mg groups, and approximately
110 participants in each of the placebo and
solriamfetol 150- and 300-mg groups. A
sample size of 99 participants per group
(placebo, 150 mg, and 300 mg) was estimated
to provide at least 90% power to detect
a difference between placebo and each of the
150- and 300-mg groups in the change from
baseline toWeek 12 of 5 minutes in the mean
sleep latency on the MWT and 3.5 points on
the ESS. This calculation was informed by
a previous 12-week study of solriamfetol in
patients with narcolepsy (39) and used
common SD for the change from baseline
of 10 minutes on the MWT and six points
on the ESS, and a two-sided significance level
of 0.05 using a Student’s t test. The two lower
dose arms were not powered for statistical
significance but were included to adequately
characterize the minimal effective dose.

Coprimary endpoints were evaluated
using a mixed-effect repeated measures
model with fixed effects for treatment, time,
treatment-by-time interaction, stratification
factor (adherent or nonadherent to OSA
therapy), and baseline value of the efficacy
endpoint; results are presented as least
squares (LS) mean change from baseline

(SE). The PGI-C and CGI-C were evaluated
using a chi-square test. A fixed hierarchical
testing procedure was used to correct for
multiplicity, starting with the highest
solriamfetol dose for the coprimary
endpoints and the key secondary endpoint,
with testing proceeding to each subsequent
lower dose if statistical significance was met.
Doses significant for both coprimary
endpoints were further tested to characterize
duration of the MWT effect across the day,

with identification of the first trial with
a significant difference from placebo, then
testing subsequent trials until nonsignificance
or trial 5.

Post hoc analyses were performed to
estimate effect sizes of the change from
baseline to Week 12 for MWT sleep latency
and ESS score based on LS mean divided
by SD (Cohen’s d). Additional post hoc
analyses were conducted for the modified
intent-to-treat population (mITT) using

–2

1 2 3 4 5 6
Week

7 8 9 10 11 12Baseline

LS
 M

ea
n 

(S
E

) 
C

ha
ng

e 
fr

om
 B

as
el

in
e

in
 M

W
T

 M
ea

n 
S

le
ep

 L
at

en
cy

 (
m

in
)

0

2

4

6

8

10

12

14

16

0.4

4.2

8.8*

13.3† 13.8†

13.0†

11.0†

9.1†

4.7*

0.2

11.7†

7.2*

4.5*

1.2

12.2†

A

Week
1

0

–1

–2

–3

–4

–5

–6

–7

–8

–9

2 3 4 5 6 7 8 9 10 11 12Baseline

LS
 M

ea
n 

(S
E

) 
C

ha
ng

e 
fr

om
 B

as
el

in
e

in
 E

S
S

 S
co

re

–6.6†

–5.5†
–4.5*

–4.4*

–2.6
–2.9

–3.8
–3.3

–5.0*
–5.1*

–7.7†

–7.9†

–4.7

–6.3*
–6.9†

–7.7†

–4.7*

–4.8*

–6.1†

–6.6†

Placebo (n = 114) Solriamfetol 37.5 mg (n = 56)
Solriamfetol 75 mg (n = 58)
Solriamfetol 150 mg (n = 116)
Solriamfetol 300 mg (n = 115)

B

Figure 2. Change from baseline on the coprimary efficacy endpoints (modified intent-to-treat
population). (A) Least squares (LS) mean change from baseline in Maintenance of Wakefulness Test
sleep latency in minutes for all treatment groups and (B) LS mean change in Epworth Sleepiness
Scale score for all treatment groups. *P, 0.05 and †P, 0.0001 versus placebo. ESS = Epworth
Sleepiness Scale; MWT =Maintenance of Wakefulness Test.
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a last-observation-carried-forward approach
to determine the percentage of participants
with normative ESS scores and with MWT
sleep latency greater than or equal to 20
minutes at Week 12. The 20-minute cutoff
on the MWT was based on a value of 19.4
minutes that has been reported as the lower
limit of normal (40), which has also been
incorporated into the American Academy of
Sleep Medicine practice parameters for use
of the MWT (31).

Efficacy analyses were based on the
prespecified mITT, defined as all
participants who were randomized, received
greater than or equal to one dose of study
drug, and had baseline and greater than or
equal to one postbaseline evaluations of the
MWT or ESS.

All analyses were performed using SAS
version 9.3 or above (SAS Institute).

Results

Participant Population
The study was conducted between May 19,
2015, when the first participant was
screened, and December 23, 2016, when the

last participant completed the study. Of the
474 participants who were randomized and
took at least one dose of study drug,
representing the safety population, 404
(85.2%) completed the study (Figure 1).
Baseline demographic and clinical
characteristics of the safety population were
similar across treatments (Table 1). A
history of a surgical intervention for OSA
was reported in 17.6% and 13.5% of
participants on placebo and solriamfetol,
respectively. At baseline, primary OSA
therapy was used by 69.7% of participants
on placebo and 73.5% of participants on
solriamfetol. Of these patients, 91.6% of
participants on placebo and 92.7% on
solriamfetol were using PAP; 2.4% on
placebo and 1.1% on solriamfetol were
using another type of device as a primary
OSA therapy; and in 6.0% of participants
on placebo and 6.1% on solriamfetol, the
type of primary OSA therapy was not
specified. Adverse events were the most
common reason overall for withdrawal
(5.1%). Those who successfully completed
at least one follow-up visit (mITT
population) comprised 459 participants
(Figure 1).

Efficacy
Mean treatment compliance with study drug
was high, with 97.2% of scheduled doses
taken. The coprimary endpoints of change
from baseline at Week 12 in MWT and ESS
were met at all solriamfetol doses, and the
key secondary endpoint of PGI-C was met at
all doses except the 37.5-mg dose (Table 2,
Figures 2A and 2B). As shown in Figure 2A,
solriamfetol resulted in dose-dependent
increases in MWT sleep latency at Week 1,
with LS mean changes from baseline that
ranged from 4.2 to 13.3 minutes for the
37.5- and 300-mg doses, respectively, and
that were greater than placebo (0.4 min).
These increases were maintained across the
12 weeks of the study, and all solriamfetol
doses resulted in improvements relative to
placebo at Weeks 4 and 12 (P, 0.05). At
Week 12, effect sizes (Cohen’s d) were 0.4,
0.9, 1.1, and 1.2 for solriamfetol 37.5, 75,
150, and 300 mg, respectively. The LS mean
change from baseline exceeded 10 minutes
at all time points with solriamfetol 150 mg
(11.0–12.2 min) and 300 mg (13.0–13.8
min), whereas placebo ranged from 0.2 to
1.2 minutes.

Change from baseline in sleep latency
on each of the five individual MWT trials at
Week 12 was significantly greater with
solriamfetol 75-, 150-, and 300-mg doses
compared with placebo, demonstrating
efficacy of solriamfetol from 1 to 9 hours
after dosing (Figure 3). The 37.5-mg dose
showed a significant difference relative to
placebo for trial 2 only, based on the
prespecified testing sequence.

Solriamfetol treatment resulted in
dose-dependent decreases in ESS score
relative to placebo at Week 1 that remained
stable over the 12-week study duration
(Figure 2B). These decreases were greater
than placebo for all doses at all time points
except for the 37.5-mg dose at Week 8.
Effect sizes at Week 12 were 0.4, 0.4, 1.0,
and 1.0 for solriamfetol 37.5, 75, 150, and
300 mg, respectively. ESS scores decreased
by more than seven points with the 150-
and 300-mg doses at Week 12 (P, 0.0001),
whereas placebo decreased by 3.3 points.

AtWeek 12, 23.4% of participants in the
placebo group had a mean MWT sleep
latency greater than or equal to 20 minutes,
whereas the percentages were 34.0%, 53.6%,
62.5%, and 65.7% among participants
treated with solriamfetol 37.5, 75, 150, and
300 mg, respectively (Figure 4A). This is in
contrast to baseline, when the percentage of
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participants with MWT sleep latency greater
than or equal to 20 minutes was 18.0%
among those randomized to placebo, and
ranged from 13.9% to 17.7% for those
randomized to solriamfetol. Similarly, at
Week 12, 51.8–73.0% of participants in the
solriamfetol groups had ESS scores less than
or equal to 10; this value was 37.7% in the
placebo group (Figure 4B). These
percentages contrast with baseline, when
4.4% and 5.2–7.8% of participants
randomized to placebo and solriamfetol,
respectively, had ESS scores less than or
equal to 10.

At Week 12, significantly higher
percentages of participants on solriamfetol
75 mg (72.4%; P, 0.05), 150 mg (89.7%;
P, 0.0001), and 300 mg (88.7%; P,
0.0001) reported overall improvement on
the PGI-C relative to placebo (49.1%)
(Figure 5A). These effects were dose-
dependent and apparent as early as Week 1.
Results were generally similar on the CGI-C
(Figure 5B).

There were no meaningful differences
in response to solriamfetol between the
subgroups of participants who were
adherent or nonadherent to primary OSA
therapy (data not shown).

Adherence with Primary OSA Therapy
All parameters for adherence with primary
OSA therapy remained relatively constant
during the course of the study. The mean
(SD) change from baseline toWeeks 9–12 in
the percentage of nights participants used
a primary OSA therapy was 0.8% (12.1) for
placebo (n = 69) and 1.1% (12.0) for the
combined solriamfetol group (n = 218).
Similarly, for participants who had
electronically retrievable data, the mean
(SD) change from baseline to Weeks 9–12
in the average number of hours per night
subjects used their OSA device was 20.3
(0.9) and 20.3 (1.2) for placebo (n = 43)
and the combined solriamfetol group
(n = 133), respectively.

Safety
There were no deaths. The incidence of
adverse events was higher with solriamfetol
(67.9%) than with placebo (47.9%) and
the incidence of adverse events and
discontinuations caused by adverse events
was generally dose dependent (Table 3).
Events leading to study discontinuation in
greater than or equal to three participants
who received solriamfetol were anxiety
(four participants), feeling jittery (four

participants), nausea (three participants),
dizziness (three participants), and chest
discomfort (three participants). In most
participants, adverse events were of mild or
moderate severity in the placebo (93.0%)
and solriamfetol (94.6%) groups. Seven
serious adverse events were reported in five
participants, two (1.7%) on placebo (goiter
in one participant; motor vehicle accident,
back pain, and sciatica in another

participant), and three (0.8%) on
solriamfetol (one participant each with
bile duct obstruction and streptococcal
endocarditis in solriamfetol 37.5-mg group
and hyperglycemia in solriamfetol 150-mg
group); none of these was considered by
the investigator to be related to study
medication. The most frequently reported
adverse events with solriamfetol, defined as
occurring in greater than or equal to 5% of
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participants in any treatment group,
included headache (10.1%), nausea (7.9%),
decreased appetite (7.6%), anxiety (7.0%),
and nasopharyngitis (5.1%) (Table 3); most
of these events were dose dependent.
Insomnia was reported in two participants
receiving placebo (1.7%), and in one (1.7%),
0 (0%), three (2.6%), and 11 (9.3%)
participants receiving solriamfetol 37.5, 75,
150, and 300 mg, respectively. All insomnia
events were mild or moderate in severity,
but led to study drug interruption in one
participant and withdrawal from the study
in another participant, both of whom were
receiving solriamfetol 300 mg. There were
no statistically significant or clinically
meaningful changes in polysomnography
parameters of total sleep time, number of
awakenings, or wake after sleep onset at
Week 12 in the mITT population (see Table
E1 in the online supplement).

Two participants in the placebo group
(1.7%) and one in the solriamfetol 300-mg

group (0.9%) reported suicidal ideation
on the Columbia-Suicide Severity Rating
Scale. There were no reports of suicidal
behavior.

At Week 12, vital signs taken at seven
time points during the day from predose to
9 hours postdose (Table 4) showed small
mean (95% confidence interval [CI])
increases from baseline in blood pressure,
with the highest at the 300-mg dose of
solriamfetol (2.5 [95% CI, 0.4–4.6] and 1.5
[0.3–2.7] mm Hg for systolic and diastolic,
respectively) relative to minimal changes
with placebo (20.2 [95% CI, 21.7 to 1.4]
mm Hg systolic; 0.0 [95% CI, 20.9 to 1.0]
mm Hg diastolic). Small dose-dependent
mean effects were observed on heart rate
with solriamfetol 150 and 300 mg
(increases of 2.2 [95% CI, 1.0–3.4] and
2.9 [95% CI, 1.7–4.1] beats per minute,
respectively, relative to 0.1 [95% CI,20.9 to
1.1] beats per minute with placebo). No
apparent effects of solriamfetol on blood

pressure or heart rate were observed on
predose vital sign measures at Week 12.

Laboratory evaluations did not indicate
effects of clinical relevance related to
solriamfetol, and no clinically significant
arrhythmias or morphology changes were
observed by electrocardiography.

Discussion

In this study of adult participants with OSA
and ES with current or prior use of
a primary OSA therapy, management with
solriamfetol increased the ability to
maintain wakefulness and reduced
subjective sleepiness, with global
improvements reported by participants and
clinicians. These effects were generally dose-
dependent, were seen by Week 1 after
treatment initiation, and were maintained
throughout the 12-week assessment period,
except that the 37.5-mg dose had no effect
on the PGI-C and was not durable across the
day on the MWT.

The magnitude of the improvement at
Week 12 was substantial, as demonstrated
by large effect sizes on the MWT and ESS at
doses of 150 and 300 mg and the high
percentages of participants who achieved
normative ESS values and mean MWT sleep
latency within the lower limit of normal.
Furthermore, the increase in MWT sleep
latency was maintained throughout the
9-hour period following morning dosing
for the 75-, 150-, and 300-mg doses. The
magnitude of change is similar to that
observed in studies of solriamfetol in
narcolepsy (39, 41, 42). PGI-C and CGI-C
data showed similarly robust results.

A higher percentage of participants
(7.3%) receiving solriamfetol withdrew
because of adverse events compared with
placebo (3.4%). The most common
adverse events with solriamfetol
(headache, nausea, decreased appetite,
anxiety, and nasopharyngitis) were
consistent with wake-promoting agents
used in the treatment of ES in OSA (43, 44).
Insomnia events were similar in the placebo
and solriamfetol groups for doses 37.5–150
mg and occurred more frequently with
the solriamfetol 300-mg dose (9.3% of
participants).

Participants in this study included
adults with an International Classification of
Sleep Disorders-3 OSA diagnosis and
current or prior use of a primary OSA
therapy, along with baseline ESS scores
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greater than or equal to 10 and baseline
MWT latencies less than 30 minutes.
Participants who were nonadherent to OSA
therapy were included to study a population
more representative of OSA patients in the
clinical setting (19). This population differs
from pivotal trials for modafinil and
armodafinil for the treatment of ES in OSA,
in which all participants were adherent with
PAP therapy, and in which ESS greater
than or equal to 10 was the only entry
criterion for persistent ES (24, 45, 46).
Meta-analyses of the modafinil and
armodafinil studies in OSA showed
decreases of two to three points on the ESS
with treatment compared with placebo (43,
44), which is consistent with a reported
minimal clinically important difference of
two to three points on the ESS (47). In this
study, decreases of greater than four points

on the ESS were observed at doses of
150- and 300-mg solriamfetol; however,
there are currently no head-to-head
studies of solriamfetol and modafinil/
armodafinil, and MWT outcomes from
this study, in particular, cannot be directly
compared with the modafinil/armodafinil
pivotal trials because of differences in
maximal test duration (20 or 30 min
compared with the 40 min in this study).
Adherence or nonadherence to a primary
OSA therapy, which was a stratification
factor in the randomization and was
included as a fixed effect in the
statistical model, was not significant for
either MWT or ESS, suggesting baseline
adherence was not a predictor of outcome.
In addition, there were no effects of
solriamfetol on primary OSA therapy
usage.

Clinical guidelines and treatment
algorithms for the management and long-
term care of OSA suggest that PAP should be
discussed as a first-line treatment option in
adults with OSA, and that suboptimal
adherence with PAP, short sleep duration,
pressure leaks, inadequate pressure, or
another sleep disorder should be ruled out
when there is persistent ES (48). This study
required that participants have a minimum
of 6 hours of usual nightly total sleep and
included patients with OSA who had
suboptimal adherence with a primary OSA
therapy to study a population more
representative of patients with OSA in the
clinical setting; however, the importance of
obtaining adequate sleep and treating the
underlying obstruction in patients with OSA
should not be minimized or ignored, because
short sleep duration (<6 h) and untreated

Table 3. Adverse Events

Adverse event
Placebo
(n = 119)

Solriamfetol

37.5 mg
(n = 58)

75 mg
(n = 62)

150 mg
(n = 117)

300 mg
(n = 118)

All Doses
(n = 355)

Any adverse event, n (%) 57 (47.9) 37 (63.8) 30 (48.4) 83 (70.9) 91 (77.1) 241 (67.9)
Serious adverse event, n (%) 2 (1.7) 2 (3.4) 0 1 (0.9) 0 3 (0.8)
Adverse event leading to study drug

discontinuation, n (%)
4 (3.4) 3 (5.2) 2 (3.2) 5 (4.3) 16 (13.6) 26 (7.3)

Most common adverse events,* n (%)
Headache 10 (8.4) 4 (6.9) 5 (8.1) 10 (8.5) 17 (14.4) 36 (10.1)
Nausea 7 (5.9) 3 (5.2) 3 (4.8) 10 (8.5) 12 (10.2) 28 (7.9)
Decreased appetite 1 (0.8) 1 (1.7) 3 (4.8) 9 (7.7) 14 (11.9) 27 (7.6)
Anxiety 0 1 (1.7) 2 (3.2) 6 (5.1) 16 (13.6) 25 (7.0)
Nasopharyngitis 8 (6.7) 2 (3.4) 1 (1.6) 7 (6.0) 8 (6.8) 18 (5.1)
Diarrhea 1 (0.8) 1 (1.7) 3 (4.8) 5 (4.3) 8 (6.8) 17 (4.8)
Dry mouth 2 (1.7) 1 (1.7) 1 (1.6) 5 (4.3) 9 (7.6) 16 (4.5)
Insomnia 2 (1.7) 1 (1.7) 0 3 (2.6) 11 (9.3) 15 (4.2)
Feeling jittery 0 3 (5.2) 3 (4.8) 1 (0.9) 7 (5.9) 14 (3.9)
Sinusitis 3 (2.5) 1 (1.7) 4 (6.5) 0 3 (2.5) 8 (2.3)
Irritability 0 3 (5.2) 0 4 (3.4) 1 (0.8) 8 (2.3)
Pruritus 0 3 (5.2) 0 1 (0.9) 0 4 (1.1)

*Most common adverse events were those reported in >5% in any treatment group.

Table 4. Change from Baseline at Week 12 in Vital Signs Averaged across Predose to 9 Hours Postdose among Participants with
Nonmissing Values

Vital Sign
Placebo
(n = 99)

Solriamfetol, 37.5 mg
(n = 49)

Solriamfetol, 75 mg
(n = 53)

Solriamfetol, 150 mg
(n = 103)

Solriamfetol, 300 mg
(n = 91)

Heart rate, bpm 0.1 (20.9 to 1.1) 0.7 (21.3 to 2.7) 0.8 (20.8 to 2.3) 2.2 (1.0 to 3.4) 2.9 (1.7 to 4.1)
Blood pressure,

mm Hg
Systolic 20.2 (21.7 to 1.4) 1.8 (20.6 to 4.1) 0.5 (21.8 to 2.8) 0.7 (20.8 to 2.1) 2.5 (0.4 to 4.6)
Diastolic 0.0 (20.9 to 1.0) 0.6 (20.7 to 2.0) 20.2 (22.0 to 1.5) 0.5 (20.5 to 1.6) 1.5 (0.3 to 2.7)

Definition of abbreviation: bpm = beats per minute.
Data are mean (95% confidence interval).
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OSA are well-established risk factors for
cardiovascular and cerebrovascular
morbidity and mortality (49–54) that is not
addressed by solriamfetol.

The main limitation of this study was
the 12-week duration, which limits the
ability to assess longer-term outcomes
related to safety and efficacy, including any
potential long-term cardiovascular
consequences. Long-term safety and
maintenance of efficacy in patients from this
and other studies are being evaluated in
a separate 1-year extension study. The lack
of an active comparator also limits the
ability to draw conclusions between these
results and other therapies. In addition,

patients with OSA who had refused to try
a primary therapy were excluded from
this study, so these data should not be
extrapolated to patients who have refused to
initiate a primary OSA therapy.

In conclusion, in this 12-week, phase III
clinical trial, solriamfetol, 75, 150, and
300 mg, resulted in objective improvements
in wakefulness, subjective improvements
in sleepiness, and global improvements as
evaluated by participants and clinicians. The
safety and tolerability profile was consistent
with prior studies of solriamfetol in
individuals with narcolepsy, and similar to
other wake-promoting agents used in the
treatment of ES in OSA. n
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