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Study Objectives: To evaluate the efficacy and safety of oral JZP-110, a second-generation wake-promoting agent with dopaminergic and noradrenergic 
activity, for treatment of impaired wakefulness and excessive sleepiness in adults with narcolepsy.
Methods: This was a phase 2b, randomized, double-blind, placebo-controlled, parallel-group trial conducted at 28 centers in the United States. Patients 
were adults with narcolepsy who had baseline scores ≥ 10 on the Epworth Sleepiness Scale (ESS) and baseline sleep latency ≤ 10 min on the Maintenance 
of Wakefulness Test (MWT). Patients received a daily placebo (n = 49) or JZP-110 (n = 44) 150 mg/day weeks 1–4 and 300 mg/day weeks 5–12. Primary 
efficacy endpoints were change from baseline in average MWT sleep latency, and the Clinical Global Impression-Change (CGI-C); secondary endpoints were 
change from baseline in ESS score and Patient Global Impression-Change.
Results: Improvements were significantly greater with JZP-110 versus placebo on mean MWT sleep latency (4 w, 9.5 versus 1.4 min, P < 0.0001; 12 w, 12.8 
versus 2.1 min, P < 0.0001), percentage of patients with CGI-C improvement (4 w, 80% versus 51%, P = 0.0066; 12 w, 86% versus 38%, P < 0.0001), and 
mean change in ESS (4 w, −5.6 versus −2.4, P = 0.0038; 12 w, −8.5 versus −2.5, P < 0.0001). Three JZP-110-treated patients (6.8%) discontinued due to 
adverse events (AEs). The most common AEs with JZP-110 versus placebo were insomnia (23% versus 8%), headache (16% versus 10%), nausea (14% 
versus 6%), diarrhea (11% versus 6%), decreased appetite (14% versus 0%), and anxiety (11% versus 0%).
Conclusions: At doses of 150–300 mg/day, JZP-110 was well tolerated and significantly improved the ability to stay awake and subjective symptoms of 
excessive sleepiness in adults with narcolepsy.
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INTRODUCTION
Excessive sleepiness and the inability to stay awake (i.e., sleep 
attacks) are clinical hallmarks of narcolepsy, a chronic neu-
rologic disorder with no known cure. Excessive sleepiness is 
present in all patients with narcolepsy and is the diagnostic cri-
terion required for both of the currently published diagnostic 
guidelines, the third edition of the International Classification 
of Sleep Disorders (ICSD-3) and Diagnostic and Statistical 
Manual of Mental Disorders, Fifth Edition.1,2 In addition to 
excessive sleepiness, other symptoms include cataplexy, sleep 
paralysis, hypnagogic hallucinations, and disrupted nighttime 
sleep. Narcolepsy is associated with a substantial burden of ill-
ness including reductions in patient function as well as signifi-
cant healthcare resource utilization and costs.3–5

Treatment goals of decreasing excessive sleepiness and in-
creasing patients’ ability to stay awake throughout the day are 
the primary management strategies in treating narcolepsy. Al-
though the clinical manifestation of excessive sleepiness and 
impaired wakefulness may appear to overlap, they appear to 
represent somewhat independent concepts. In support of that 
idea, studies have reported poor correlations between excessive 
sleepiness or sleep propensity and impaired wakefulness or the 
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Significance
Current treatments for excessive sleepiness, which is one of the symptoms present in all patients with narcolepsy, are associated with several limitations 
and there remains a need for additional effective therapies to promote wakefulness. One positive result in this phase 2 study found that patients treated 
with JZP-110 had a significant increase in staying awake on each of the five Maintenance of Wakefulness Tests at weeks 4 and 12. In addition, most 
patients treated with JZP-110 had significant improvement based on the Clinical Global Impression-Change, Patient Global Impression-Change, and 
Epworth Sleepiness Scale scores. Further research is warranted to evaluate JZP-110 for the treatment of excessive sleepiness.

ability to stay awake when assessed by their respective out-
come measures of sleepiness scales (e.g., Epworth Sleepiness 
Scale [ESS], Karolinska Sleepiness Scale, Multiple Sleep La-
tency Test) and wakefulness tests (e.g., Maintenance of Wake-
fulness Test [MWT], Sustained Attention to Response test).6–9

Published recommendations for the treatment of narcolepsy 
suggest use of a variety of medications.10–12 These recom-
mended medications include those that have been approved 
by the United States Food and Drug Administration for nar-
colepsy either as a general condition (i.e., stimulants such as 
Dexedrine [D-amphetamine] and Ritalin [methylphenidate]), 
to improve wakefulness in adult patients with excessive sleep-
iness associated with narcolepsy (i.e., wake-promoting agents 
such as Provigil [modafinil] and Nuvigil [armodafinil]), or 
specifically for the treatment of excessive daytime sleepiness 
and cataplexy in narcolepsy (Xyrem [sodium oxybate]). How-
ever, each of these medications is associated with limitations 
for some patients such as narrow therapeutic windows, issues 
of tolerability, complex medication regimens, increased toler-
ance over time, abuse potential, and suboptimal response.13 
As such, there remains a need for additional effective and 
tolerable therapies.
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JZP-110 ([R]-2-amino-3-phenylpropylcarbamate hydro-
chloride; formerly known as ADX-N05) is a phenylalanine-
derived, second-generation wake-promoting agent. JZP-110 
is a dopamine and norepinephrine reuptake inhibitor. The 
mechanism of action of JZP-110 differs from modafinil in 
that it inhibits reuptake at dopamine and norepinephrine 
transporters14 and differs from traditional stimulants such 
as D-amphetamine in that JZP-110 does not promote the re-
lease of norepinephrine.15 In nonclinical studies, JZP-110 had 
robust wake-promoting effects in the absence of collateral 
effects (e.g., pronounced hyperactivity, stereotypic and dys-
kinetic movements) observed with traditional stimulants such 
as D-amphetamine.16,17 In preclinical studies, animals treated 
with JZP-110 exhibited recovery of rapid eye movement 
(REM) and non-REM sleep without rebound hypersomnia, 
whereas animals treated with D-amphetamine exhibited 
overcompensation of non-REM and REM sleep (i.e., rebound 
hypersomnia).16,17

A phase 2a double-blind, crossover study with 2 w of JZP-
110 (150 mg/day during the first week increased to 300 mg/day 
for the second week) in 33 patients with narcolepsy demon-
strated not only a favorable safety profile but also a significant 
improvement from baseline at 2 w in mean sleep latency on 
a four-period MWT relative to placebo (12.7 versus 0.9 min; 
P = 0.0002).18 Furthermore, as measured by the ESS, JZP-110 
significantly improved patient-reported excessive sleepiness 
(P < 0.0001). These promising preliminary results suggested 
that further evaluation was warranted. Therefore, the objec-
tive of this study was to evaluate the efficacy and safety of 
JZP-110 for improvement of wakefulness and excessive sleepi-
ness in adults with narcolepsy with or without cataplexy over 
a longer treatment duration and on a five-period MWT.

METHODS

Study Design
This was a phase 2, double-blind, placebo-controlled, par-
allel-group study conducted at 28 centers in the United States 
(Figure 1). The study was designed to evaluate the safety and 
efficacy of JZP-110 over a 12-w treatment duration in adults 
with narcolepsy. The study was performed in accordance with 
the principles of the Declaration of Helsinki, and all patients 
provided written informed consent prior to participation (clini-
caltrials.gov identifier NCT01681121).

Patients
For inclusion, patients had to be adults between 18 and 65 y of 
age with a confirmed diagnosis of narcolepsy with or without 
cataplexy based on the second edition of the International Clas-
sification of Sleep Disorders (ICSD-2)19; the ICSD-3 had not 
been published at the time of the study. Additional inclusion cri-
teria were a baseline score of ≥ 10 on the ESS20 and a baseline 
sleep latency ≤ 10 min for the average of the first four periods of 
a five-period MWT,21 which was performed the day following 
an overnight stay, without polysomnography, at the study site.

Exclusion criteria were a history of a medical disorder, other 
than narcolepsy, that was associated with excessive sleepiness; 
significant cardiovascular disease; a history of phenylketonuria 
or hypersensitivity to phenylalanine-derived products; a body 
mass index > 34; excessive caffeine use 1 w prior to study; a 
nicotine dependence that has an effect on sleep; a history of 
alcohol or drug abuse within the past 2 y; use of any product 
with stimulating or sedating properties; selective serotonin 
reuptake inhibitors or anticonvulsant agents within 14 days 
prior to dosing; or any investigational drug use within 30 days 
prior to dosing. Women who were pregnant or lactating were 
also excluded. Patients with prior use of medications for the 
treatment of narcolepsy including any over-the-counter sleep 
aids or stimulants were allowed to enroll provided their last 
use was at least five half-lives of the drug(s) in question and 
they had returned to their baseline level of excessive sleepiness.

Treatments
Patients were randomized in a 1:1 ratio to receive once-daily 
oral placebo or JZP-110, taken on an empty stomach within 
1 h of awakening in the morning. Doses of JZP-110 were 
150 mg/day during weeks 1–4 and 300 mg/day during weeks 
5–12. At the discretion of the investigator, changes in dosing 
were permitted based on tolerability and efficacy. Changes in 
dosing included no dose increase at week 4 in case of adverse 
events (AEs) or other tolerability issues; increase in dose after 
week 4 if tolerated; a reduction in dose in patients who could 
not tolerate the higher dose after week 4 but with a potential re-
challenge of the higher dose as tolerated; and discontinuation 
for any patient who could not tolerate the lower dose.

Outcomes
Efficacy outcomes included objective and subjective (i.e., pa-
tient-reported) measures of excessive sleepiness, as well as 
subjective global assessments of change in disease status. The 
objective measure of excessive sleepiness was the mean sleep 
latency derived from the first four periods of the MWT, per-
formed at baseline and at weeks 4 and 12 following an over-
night stay at the study site. The MWT consisted of five 40-min 
periods with a 2-h interval between each period. The 40-min 
MWT was used because this version has less of a ceiling effect 
and is recommended for obtaining objective data on the pa-
tients’ ability to remain awake.21 Sleep latency was defined as 
the time from lights out to the first of three consecutive epochs 
of stage N1 or one epoch of N2, N3, or REM sleep, as mea-
sured by electroencephalogram. The patient-reported measure 
of excessive sleepiness was the ESS,20 assessed at baseline and 
at 1, 2, 4, 6, 8, and 12 w of treatment.

Figure 1—Study design.

Placebo (n = 49)

JZP-110 (n = 44)

150 mg/day 300 mg/dayScreening Exit

 0 1   4        12

 Baseline     Week



SLEEP, Vol. 39, No. 7, 2016 1381 Effect of Oral JZP-110 on Wake and Sleep—Ruoff et al.

Overall changes in disease status were assessed subjec-
tively from both the clinician and patient perspectives using 
the Clinical Global Impression of Change (CGI-C) and Patient 
Global Impression of Change (PGI-C),22 respectively, at 1, 2, 
4, 6, 8, and 12 w. These measures are scored using a seven-
point Likert-type scale from 1 = “Very much improved” to 
7 = “Very much worse.” Primary and secondary analyses com-
pared the percentages of patients who were improved on the 
CGI-C and PGI-C, respectively, between JZP‑110 and placebo 
at 4 and 12 w.

There were two primary efficacy endpoints: change from 
baseline to 12-w assessment in the mean sleep latency on the 
first four MWT periods and the percentage of patients who 
were rated as improved on the CGI-C at the last assessment, 
defined as a clinician rating of “very much improved,” “much 
improved,” or “minimally improved.” Secondary efficacy 
endpoints were change from baseline at weeks 4 and 12 on 
the ESS and over treatment duration; change from baseline in 
sleep latency (average of the first four MWT periods) at 4 w; 
percentage of patients who achieved CGI-C improvement at 
4 w; and the percentage of patients who reported improvement 
on the PGI-C. The fifth period on the MWT was also evaluated 
post hoc. As an exploratory endpoint, the change from base-
line in the median number of cataplectic attacks per week was 
evaluated for the subset of patients with cataplexy.

Safety was assessed over the study duration based on inci-
dence of AEs, laboratory assessments including blood chem-
istry, hematology, and urinalysis (baseline and weeks 4 and 12), 
and vital signs and electrocardiograms (baseline and weeks 1, 
2, 4, 6, and 12). All AEs were graded for severity and related-
ness to treatment. The risk of suicidality was also evaluated at 
each study visit using the Columbia-Suicide Severity Rating 
Scale (C-SSRS).23

Statistics
Sample size calculation was based on the difference in the 
mean change from baseline at 12 w in the mean sleep latency 
(in minutes) from the first four periods of the five MWT pe-
riods comparing JZP-110 to placebo. A minimum sample 
size of 41 patients per treatment group was considered to 
be sufficient to detect a difference in mean change from 
baseline in sleep latency times of 3.8 min given a pooled 
standard deviation (SD) of 6.0 min, a power of 80%, and a 
significance level of 0.05 using a two-sample t-test. Deriva-
tion of the 3.8-min difference was based on modafinil and 
armodafinil studies in which average differences of 2.9 to 
4.5 min in sleep latency on the MWT were observed between 
active treatment and control.24–27 To allow for missing data 
of approximately 10%, the sample size was increased to 45 
patients per treatment group.

A sample size calculation was also considered for the other 
primary endpoint of percentage of patients achieving at least 
minimal improvement on the CGI-C. Results from a previous 
crossover study of JZP-110 suggested that approximately 75% 
of the active treatment group and approximately 40% of the 
placebo group would experience at least some improvement.18 
Based on these assumed values, 37 patients per treatment 
group would be required to achieve 80% power using Fisher 

exact test. Because the two primary endpoints are expected 
to be correlated, no additional adjustment was made to the 
sample size for multiple comparisons.

All analyses were based on the intent-to-treat population, 
defined as all patients who were randomized, received at least 
one dose of study drug, and had at least one post-baseline effi-
cacy assessment. For the co-primary endpoints at 12 w, missing 
data were imputed using last-observation-carried forward; re-
sults for assessments at other time points during treatment are 
presented as observed. Comparisons between treatment groups 
were evaluated using two-sided t-tests except for percentages 
of patients (CGI-C and PGI-C), which were evaluated using 
Fisher exact test. An α-level was maintained at 0.05 for the 
analyses of both primary endpoints, and no adjustments were 
made for multiple comparisons in testing other endpoints. An 
analysis of covariance was performed as a sensitivity analysis 
for the primary efficacy endpoint of MWT to confirm treat-
ment differences and to evaluate potential site or treatment-
by-site interactions. Estimation of the effect size of the mean 
MWT sleep latency change from baseline was performed post 
hoc based on the least squares mean divided by the SD. Statis-
tical analyses were performed using SAS Version 9.2 or later 
(SAS Institute, Inc., Cary, NC).

RESULTS

Patient Population
Of 213 patients who were screened, 93 were enrolled and ran-
domized, 44 to JZP-110 and 49 to placebo (Figure 2). Demo-
graphic and clinical characteristics were similar between the 
two treatment groups (Table 1). The majority of patients were 
female (64.5%) and white (74.2%), with a mean (± SD) age of 
38.7 ± 12.1 years and a body mass index of 26.6 ± 4.5 kg/m2. 
The mean ESS score of 17.3 ± 3.3 indicated pathological levels 
of excessive sleepiness, and slightly more than one-third 
of patients (35.5%) had cataplexy (Table 1), with a mean of 
19.2 ± 45.3 attacks per week and a median of 4.0 attacks per 
week among the 31 patients who had narcolepsy with cataplexy 
and who reported these data at baseline.

Figure 2—Patient disposition.
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As shown in Figure 2, which presents patient disposition, 
81.8% and 77.6% of patients in the JZP-110 and placebo groups, 
respectively, completed the study. Withdrawals in the active 
treatment group were mainly for AEs (n = 3; conversion dis-
order, acute cholecystitis, and exacerbation of anxiety) and 
patient request (n = 3), whereas placebo withdrawals were pri-
marily due to patient request (n = 5), lack of efficacy (n = 3), and 
AEs (n = 2). The safety population consisted of all 93 patients, 
but 3 patients (2 placebo and 1 JZP-110) had no post-baseline 
efficacy measurements, and thus the intent-to-treat population 
consisted of 90 patients with evaluable efficacy data.

Adherence and Dosing
Adherence to therapy, defined as when the dose taken was 
equal to the dose dispensed, was similarly high in both treat-
ment groups, 99.4% and 99.3% for JZP-110 and placebo, re-
spectively. At week 4, all patients who had been randomized 
to receive JZP-110 were taking 150 mg/day, and among the 36 
patients who had been randomized to receive JZP-110 and who 
completed the study at week 12, 86.1% (31/36) were taking the 
300 mg/day dose as of the final visit. The dose was reduced to 
150 mg/day as of the week 12 visit in five patients in response 
to AEs (n = 1 for each: anxiety; tachyphrenia and feeling ab-
normal; decreased appetite; insomnia; tension headache). Five 
patients in the JZP-110 group who discontinued the study were 
on 150 mg/day as their last dose.

Efficacy
For both of the primary endpoints, JZP-110 resulted in im-
provements at week 12 that were significantly greater than 
those observed with placebo (Figure 3). The mean (standard 
error) change from baseline in average sleep latency on the 
first four periods of the MWT was 12.8 (1.6) min with JZP-110 
versus 2.1 (1.2) min with placebo (P < 0.0001; Figure 3A). On 
the CGI-C, 86.0% of the patients treated with JZP-110 were as-
sessed as improved, compared with 38.3% of placebo patients 
(P < 0.0001; Figure 3B). The sensitivity analysis confirmed 
the results of the primary analysis for MWT; the least squares 
mean difference between treatments of 11.1 min, favoring JZP-
110, was statistically significant (P < 0.0001), and no effects 
were observed by site or for treatment-by-site interaction. This 
difference resulted in an effect size (Cohen d) of 1.0 at week 4 
and 1.2 at week 12 based on MWT.

As shown in Figure 4, the mean change from baseline in 
sleep latency was significantly greater with JZP-110 than pla-
cebo for each of the MWT periods both at week 4 (Figure 4A) 
and at week 12 (Figure 4B). Changes from baseline at week 4 
ranged from 11.7 min (period 1) to 5.4 min (period 5) with 

Table 1—Demographic and clinical characteristics of the population at baseline.

Variable JZP-110 (n = 44) Placebo (n = 49) Total (N = 93)
Age, y, mean ± SD 41.0 ± 12.3 36.7 ± 11.7 38.7 ± 12.1
Sex, n (%)

Female 30 (68.2) 30 (61.2) 60 (64.5)
Male 14 (31.8) 19 (38.8) 33 (35.5)

Race, n (%)
Black/African-American 12 (27.3) 10 (20.4) 22 (23.7)
Other 2 (4.6) 0 2 (2.2)
White 30 (68.2) 39 (79.6) 69 (74.2)

Body mass index, kg/m2, mean ± SD 26.8 ± 4.5 26.4 ± 4.4 26.6 ± 4.5
Diagnosis, n (%)

Narcolepsy with cataplexy 17 (38.6) 16 (32.7) 33 (35.5)
Narcolepsy without cataplexy 27 (61.4) 33 (67.3) 60 (64.5)

Sleep onset latency, minutes, mean ± SD a,b 5.7 ± 5.9 5.7 ± 2.8 5.7 ± 4.5 
Epworth Sleepiness Scale score, mean ± SD b,c 17.3 ± 3.7 17.4 ± 2.9 17.3 ± 3.3

aValues are the mean from the first four periods of a five-period Maintenance of Wakefulness Test. bValues of clinical measures at baseline are for the 
intent-to-treat-population (placebo, n = 47; JZP-110, n = 43). cScore range 0–24, with higher scores indicating greater sleepiness. SD, standard deviation.

Figure 3—Results of the two primary efficacy endpoints at 12 w. 
(A) Change from baseline in mean sleep latency on the Maintenance of 
Wakefulness Test (MWT; average of first four periods). (B) Percentage of 
patients who were improved on the Clinical Global Impression of Change 
(CGI-C), defined as scores of “very much improved,” “much improved,” 
or “minimally improved.” aWeek 12 is an endpoint analysis representing 
last postbaseline observation carried forward; baseline and week 12: 
JZP-110 (n = 43); placebo (n = 47). SE, standard error.
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JZP-110, and 1.6 min to −4.0 min (periods 1 and 5, respec-
tively) with placebo. Changes from baseline at week 12 ranged 
from 15.5 to 8.2 min with JZP-110 and 2.6 to −1.6 min with 
placebo (Figures 4A and 4B). At week 4 the mean (standard 
error) change from baseline in average sleep latency for the 
first four periods of the MWT was 9.5 (1.3) with JZP-110 and 
1.4 (1.1) with placebo (P < 0.0001; data not shown).

Baseline scores on the ESS, slightly over 17 points in both 
treatment groups (i.e., placebo and JZP-110), indicated path-
ological levels of excessive sleepiness. Although scores at 
weeks 4 and 12 were lower in both treatment groups, scores 
were significantly lower with JZP-110 relative to placebo at 
both time points. In addition, the mean ESS score in the JZP-
110 group at week 12 was within the normal range (i.e., < 10; 
Figure 5A). In contrast, there were no further reductions in 
the placebo group at week 12 relative to week 4, and these 
scores remained within the range that is indicative of excessive 
sleepiness (Figure 5A). A significant difference in ESS scores 
between the groups was observed as early as 1 w after the start 
of dosing (P < 0.0001) and was maintained through week 4 
with the lower dose of JZP-110 (Figure 5B). After titration to 
300 mg/day at week 4, further improvement was observed at 

week 6 and was maintained through the end of treatment, with 
all differences from placebo showing significance (P < 0.005; 
Figure 5B).

JZP-110 consistently resulted in a significantly greater 
percentage of patients who improved on both the PGI-C 
(Figure 6A) and the CGI-C (Figure 6B) relative to placebo at 
the evaluated time points of 1, 4, and 12 w (P < 0.05 for all 
comparisons). The improvements with JZP-110 were observed 
as early as week 1 at the 150 mg/day dose (83.7% for both 
PGI-C and CGI-C) and maintained through the end of treat-
ment at the 300 mg/day dose (93% and 86% for PGI-C and 
CGI-C, respectively). In contrast, the percentages with pla-
cebo decreased at each subsequent assessment, from 53.2% to 
44.4% to 38.3% on the PGI-C, and 55.3% to 51.1% to 38.3% on 
the CGI-C. Additionally, percentages of patients who achieved 
improvement were similar on both subjective measures, and in 
a post hoc analysis, the correlation between PGI-C and CGI-C 
at week 12 was strong and statistically significant (Spearman 
r = 0.868; P < 0.0001).

There was no significant difference between groups in 
the median change from baseline in number of weekly cata-
plexy attacks (JZP-110 −1.0; placebo, 0) in the 33 patients 

Figure 4—Mean change from baseline in sleep latency on each of the individual periods in the Maintenance of Wakefulness Test (MWT) at weeks 4 (A) and 
12 (B), and mean difference in change from baseline between JZP-110 and placebo (C). SE, standard error.
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with cataplexy (n = 17, JZP-110; n = 16, placebo). Addition-
ally, in the subset of patients with cataplexy, results were 
similar to those observed in the overall intent-to-treat popu-
lation for change from baseline in mean MWT sleep latency; 
JZP-110 resulted in increases in mean MWT sleep latency 
that were significantly greater than placebo (P < 0.05) on 
the mean of the first four periods of the MWT, as well as the 
five individual MWT periods at both week 4 and week 12 
(data not shown).

Safety
The overall incidence of AEs was higher with JZP-110 (81.8%) 
than with placebo (59.2%; Table 2). Based on the dose pe-
riod, the incidence of AEs was 61.4% at the lower dose (first 
4 weeks) and 79.5% at the higher dose (subsequent 8 w). Nearly 
all AEs were of mild or moderate severity (JZP-110, 93%; pla-
cebo, 94%). No deaths occurred in the study, and there were 
only two serious AEs, both in the JZP-110 treatment group 
and resulting in discontinuation; one case of conversion dis-
order (150 mg/day dose) and one case of acute cholecystitis 

(300 mg/day), neither of which was deemed by the investigator 
to be related to study medication.

The most frequently reported AEs, defined as occurring 
in ≥ 5% of patients in any treatment group, were observed with 
a higher incidence in the JZP-110 group, and generally at the 
higher dose (Table 2). In the JZP-110 group, the most common 
of these AEs was insomnia (22.7%), followed by headache 
(15.9%), nausea (13.6%), decreased appetite (13.6%), and diar-
rhea (11.4%; Table 2). There were no findings of suicidality on 
the C-SSRS during the study, none of the reported AEs was 
suggestive of euphoria, and none of the reported AEs was in-
dicative of abuse or addiction.

Clinical laboratory evaluations did not suggest any drug-
related effects. At week 4, mean (SD) increases from baseline 
in systolic and diastolic blood pressure with placebo were 0.69 
(8.11) for systolic and 0.95 (5.21) for diastolic, and for JZP-110 
150 mg/day these were 0.41 (7.51) and 0.85 (5.03), respectively. 
At week 12, mean (SD) increases from baseline in systolic blood 
pressure were 2.55 (7.71) mm Hg and 1.90 (6.97) mm Hg for 
placebo and JZP-110 300 mg/day dose, respectively; increases 

Figure 5—Change in Epworth Sleepiness Scale (ESS) scores. 
(A) Absolute ESS scores at weeks 4 and 12 relative to baseline. The 
horizontal broken line in A represents the threshold for normal ESS 
score. (B) Change in score over study duration. SE, standard error.
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Figure 6—Percentages of patients who achieved improvement on 
global impression of change measures at weeks 1, 4, and 12. (A) Patient 
Global Impression of Change (PGI-C). (B) Clinician Global Impression 
of Change (CGI-C).
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from baseline in diastolic blood pressure were 1.92 (5.25) and 
2.13 (4.45) mm Hg, respectively. Both treatment groups exhib-
ited increases from baseline in heart rate at 4 w, 2.1 (5.0) beats/
min and 2.5 (7.2) beats/min with placebo and JZP-110 150 mg/
day, respectively, and at 12 w, 1.8 (4.9) beats/min with placebo 
and 2.9 (7.1) beats/min with JZP-110 300 mg/day. None of the 
differences between treatment groups in change from baseline 
for blood pressure or heart rate was statistically significant. 
Both heart rate and blood pressure returned to placebo levels 
24 hours after dosing. There were no effects on quantitative 
electrocardiogram parameters of PR, QRS, and corrected QT 
using Bazett’s (QTcB) and Friderica’s (QTcF) formulas.

DISCUSSION
This study, the first 12-w, randomized, placebo-controlled 
clinical trial to evaluate JZP-110 for the treatment of patients 
with narcolepsy, showed that once-daily oral administration of 
JZP‑110 resulted in significant improvements relative to pla-
cebo in decreasing excessive sleepiness as measured by the 
ESS and in increasing the ability to remain awake as measured 
by the MWT.

Notably, JZP-110 was significantly superior to placebo on all 
primary and secondary measures of efficacy including objec-
tive as well as patient-reported outcomes. These data confirm 
and extend the results of a small, double-blind crossover study 
with 2 w of JZP-110 treatment,18 and demonstrate that the ef-
fects of JZP-110 are maintained across 12 w of treatment.

Improvements in the mean MWT sleep latency and on 
each of the five individual periods of the MWT, an objective 
measure of a subject’s ability to maintain wakefulness, were 
substantial and significantly better than placebo at both 4 and 
12 w. The magnitude of the response was consistent with that 
reported in the small crossover study,18 and the effect size 
(Cohen d) of 1.0 at week 4 and 1.2 at week 12 demonstrated 

the robustness of the treatment effect. Additionally, there were 
significantly greater changes from baseline in sleep latency on 
each of the five individual MWT periods, especially at week 
12, which ranged from 8.2 to 15.5 min with JZP-110, relative 
to changes with placebo that ranged from −1.6 to 2.6 min. The 
difference in effect remained highly statistically significant for 
period 5 both at week 4 (P = 0.0002) and week 12 (P = 0.0007), 
suggesting that the increase in wakefulness associated with 
JZP-110 was maintained throughout the 9-h period following 
dosing. These results are in contrast to what has been observed 
in studies of modafinil and armodafinil, which showed that the 
effects of these drugs were diminished by the fifth period of 
the MWT.27,28

Although statistically significant increases in sleep latency 
on all five periods of the MWT relative to placebo were ob-
served after 4 w of treatment, the greatest effects on sleep la-
tency were observed at 12 w, which was 8 w after titration to 
the 300-mg dose. In addition, significantly greater benefits of 
JZP-110 relative to placebo were observed on the ESS, CGI-C, 
and PGI-C as early as 1 w, which was the first assessment after 
patients began taking the lower dose of 150 mg/day. These ben-
efits were maintained over the study duration for the global 
assessments, with the percentages of JZP-110-treated patients 
who improved on both the CGI-C and PGI-C remaining simi-
larly high at 4 and 12 w. Furthermore, the percentages on the 
PGI-C paralleled those on the CGI-C, demonstrating concor-
dance between patient- and clinician-reported perspectives of 
global improvement. Of additional clinical relevance are the 
incremental improvements observed on the ESS following 
titration to the higher dose, resulting in an absolute score of 
8.8 at week 12, which is within the range considered normal 
(≤ 10).29

The relative lack of an effect on cataplexy might be sur-
prising considering JZP-110 is a dopamine and norepinephrine 

Table 2—Adverse events.

Event

Incidence, n (%)
JZP-110

Placebo (n = 49)150 mg/day (n = 44) 300 mg/day (n = 39) Combined (n = 44)
Any AE 27 (61.4) 31 (79.5) 36 (81.8) 29 (59.2)
Serious AEs 1 (2.3) 1 (2.6) 2 (4.5) 0
Discontinuations due to AEs 2 (4.5) 1 (2.6) 3 (6.8) 2 (4.1)
Most common AEs (≥ 5% of patients in any treatment group)

Headache 5 (11.4) 5 (12.8) 7 (15.9) 5 (10.2)
Nausea 1 (2.3) 6 (15.4) 6 (13.6) 3 (6.1)
Diarrhea 2 (4.5) 5 (12.8) 5 (11.4) 3 (6.1)
Insomnia a 5 (11.4) 6 (15.4) 10 (22.7) 4 (8.2)
Decreased appetite 4 (9.1) 5 (12.8) 6 (13.6) 0
Anxiety 4 (9.1) 5 (12.8) 5 (11.4) 0
Irritability 2 (4.5) 4 (10.3) 4 (9.1) 1 (2.0)
Palpitations 3 (6.8) 1 (2.6) 4 (9.1) 1 (2.0)
Dizziness 1 (2.3) 2 (5.1) 3 (6.8) 1 (2.0)
Agitation 3 (6.8) 2 (5.1) 3 (6.8) 0
Bruxism 3 (6.8) 2 (5.1) 3 (6.8) 0

aAggregate of all insomnias (including: initiation, middle, terminal, and insomnia not otherwise specified). AE, adverse event.



SLEEP, Vol. 39, No. 7, 2016 1386 Effect of Oral JZP-110 on Wake and Sleep—Ruoff et al.

reuptake inhibitor. However, cataplexy was an exploratory 
endpoint and this study was not designed to evaluate the ef-
fects of treatment on cataplexy; a minority of patients had 
cataplexy and cataplexy did not occur very frequently in this 
population (median of four attacks per week at baseline). In 
contrast, the robust effects of JZP-110 on promoting wake-
fulness and decreasing excessive sleepiness are likely to be 
related to its ability to inhibit dopamine reuptake. Reuptake 
inhibitors of serotonin and/or norepinephrine that lack activity 
at the dopamine transporter are not potent wake-promoting 
drugs.30 Conversely, affinity for the dopamine transporter is 
highly correlated with potency to produce wake-promoting ef-
fects in narcoleptic dogs.30 It is possible that the combination 
of dopamine and norepinephrine reuptake inhibition that JZP-
110 offers might be responsible for the robust wake-promoting 
effects that have been observed here and in a previous study 
of JZP-110.18

The safety profile of JZP-110 was consistent with the pre-
vious phase 2a study in narcolepsy patients and the phase 2 
studies in major depressive disorder.18,31 The AEs observed 
across these studies are consistent with a wake-promoting 
profile of effects (insomnia, decreased appetite, anxiety, 
arousal). Importantly, only five patients required dose re-
duction and adherence to treatment was high (99%), with no 
evidence of suicidal ideation or behavior or abuse during the 
study or follow-up period. Small changes in blood pressure 
and heart rate were noted relative to placebo in both the proof-
of-concept and the current studies. These were transient, not 
statistically significant between treatments, and not consid-
ered clinically significant. The increases with JZP-110 rela-
tive to placebo were less than the differences from placebo 
reported for stimulants,32 and similar to or less than the range 
reported for armodafinil.33 No abnormalities were noted on 
electrocardiography.

Study limitations include that the enrolled population may 
be biased as a result of selection that potentially favored patients 
who were resistant to traditional stimulants or wake-promoting 
agents. The patients in this study were also predominantly fe-
male, and narcolepsy has been reported to affect both sexes 
with a slight preponderance of males.1 Additionally, although 
substantial effects were observed at the lower dose, the study 
design did not allow for direct comparison between the doses 
for efficacy or tolerability because the effects of 300 mg/day 
were confounded by additional time on drug. Another limita-
tion of the study design is that it does not allow for an adequate 
assessment of JZP-110 on cataplexy.

In conclusion, JZP-110 is a second-generation wake-pro-
moting agent with a distinct mechanism of action that involves 
dopamine and norepinephrine reuptake inhibition. However, 
the safety profile appears to be consistent with other wake-
promoting agents in adults with narcolepsy. At doses of 150 to 
300 mg/day, JZP-110 significantly improved both the ability to 
stay awake and subjective symptoms of excessive sleepiness in 
these patients. The magnitude of these effects was large and 
clinically significant, and treatment with JZP-110 resulted in a 
mean ESS score within the normal range. These results war-
rant further evaluation of JZP-110 as a new therapeutic option 
for the treatment of excessive sleepiness.
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