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Study Objective: To evaluate the efficacy and tolerability of 
gabapentin enacarbil (GEn) 1200 mg or 600 mg compared 
with placebo in subjects with moderate-to-severe primary rest-
less legs syndrome (RLS).
Methods: This 12-week, multicenter, double-blind, placebo-
controlled study randomized subjects (1:1:1) to GEn 1200 
mg, 600 mg, or placebo. Co-primary endpoints: mean 
change from baseline in International Restless Legs Scale 
(IRLS) total score and proportion of responders (rated as 
“very much” or “much” improved) on the investigator-rated 
Clinical Global Impression–Improvement scale (CGI-I) at 
Week 12 LOCF for GEn 1200 mg compared with placebo. 
Secondary endpoints included GEn 600 mg compared with 
placebo on the IRLS and CGI-I at Week 12 LOCF and sub-
jective measures for sleep. Safety and tolerability assess-
ments included adverse events.
Results: 325 subjects were randomized (GEn 1200 mg = 
113; 600 mg = 115; placebo = 97). GEn 1200 mg significant-
ly improved mean [SD] IRLS total score at Week 12 LOCF 
(baseline: 23.2 [5.32]; Week 12: 10.2 [8.03]) compared with 
placebo (baseline: 23.8 [4.58]; Week 12: 14.0 [7.87]; adjusted 
mean treatment difference [AMTD]: –3.5; p = 0.0015), and sig-
nificantly more GEn 1200 mg-treated (77.5%) than placebo-

treated (44.8%) subjects were CGI-I responders (p < 0.0001). 
Similar significant results were observed with GEn 600 mg for 
IRLS (AMTD: –4.3; p < 0.0001) and CGI-I (72.8% compared 
with 44.8%; p < 0.0001). GEn also significantly improved sleep 
outcomes (Post-Sleep Questionnaire, Pittsburgh Sleep Diary 
and Medical Outcomes Sleep Scale) compared with placebo. 
The most commonly reported adverse events were somno-
lence (GEn 1200 mg = 18.0%; 600 mg = 21.7%; placebo = 
2.1%) and dizziness (GEn 1200 mg = 24.3%; 600 mg = 10.4%; 
placebo = 5.2%). Dizziness increased with increased dose and 
led to discontinuation in 2 subjects (GEn 1200 mg, n = 1; GEn 
600 mg, n = 1). Somnolence led to discontinuation in 3 sub-
jects (GEn 600 mg).
Conclusions: GEn 1200 mg and 600 mg significantly improve 
RLS symptoms and sleep disturbance compared with placebo 
and are generally well tolerated.
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Restless legs syndrome (RLS) is a neurologic disorder char-
acterized by an urge to move the legs, usually accompa-

nied or caused by unpleasant sensations in the legs.1 Symptoms 
generally begin or worsen during periods of rest or inactivity, 
are relieved by movement, and are worse in the evening or at 
night than during the day. Thus, RLS symptoms may delay 
sleep onset, reduce sleep efficiency, and cause multiple awak-
enings,2 resulting in significant sleep disturbance for patients.3,4

Two dopamine agonists, ropinirole and pramipexole, are cur-
rently approved by the US Food and Drug Administration for 
the treatment of moderate-to-severe primary RLS. However, 
these agents are not effective in all patients and there are lim-
ited data on the potential benefit of dopamine agonists on the 
common RLS-associated problems of sleep fragmentation and 
pain. In addition, some patients report worsening of symptoms 
over time, or experience intolerable side effects and longer-
term complications such as augmentation, tolerance and im-

pulse control disorders.5,6 A non-dopaminergic alternative may 
benefit such patients.7

Early reports indicate that gabapentin may provide effec-
tive treatment for RLS.8-10 However, gabapentin has pharma-
cokinetic deficiencies that may limit its clinical effectiveness. 
Gabapentin absorption occurs through active transport by a 
low-capacity nutrient transporter expressed in a narrow region 
of the upper small intestine.11,12 As a result, gabapentin bioavail-

BRIEF SUMMARY
Current Knowledge/Study Rationale: The study purpose was to ex-
plore the efficacy and safety of 600 mg GEn dosed once a day (QD) and 
further confirm the safety and effectiveness of 1200 mg QD in a 12 week 
trial for the treatment of primary RLS.
Study Impact: Gabapentin enacarbil is the first clinically effective, non-
dopaminergic FDA approved treatment for primary RLS. Both 600 mg 
and 1200 mg doses were found to be well tolerated and effective. 
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depression, a neurologic disease, a sleep disorder, or a move-
ment disorder other than RLS. Other exclusion criteria were 
clinically significant or unstable medical conditions, or other 
medical conditions or drug therapy which could have affected 
RLS treatment efficacy. Subjects were also excluded if they 
were pregnant or lactating.

All subjects provided written informed consent prior to study 
participation. The study was conducted in accordance with 
good clinical practice guidelines and the Declaration of Helsin-
ki (2004 revision).23 The protocol was reviewed and approved 
by a local or regional institutional review board, depending 
upon center requirements.

Randomization and Treatment Allocation
Subjects completed a 7-day screening and baseline study pe-

riod prior to randomization. Subjects were randomized 1:1:1 to 
receive GEn 1200 mg (two 600-mg extended release tablets), 
GEn 600 mg (one 600-mg tablet and one placebo tablet), or 
placebo (2 placebo tablets), once daily at 5 pm with food, us-
ing a blocked randomization schedule stratified by study site. 
Blinding was ensured with matching placebo and GEn tablets. 
Subjects took one tablet of study drug (GEn 600 mg or pla-
cebo) on Days 1–3 and 2 tablets of study drug (GEn 600 mg or 
placebo) from Day 4 onwards, according to their randomiza-
tion group. At study completion or following early withdrawal, 
subjects took one tablet of study drug during a 7-day downward 
taper (GEn 600 mg or placebo) or entered an open-label exten-
sion study (study completers only). Subjects attended clinic on 
Days –7 and 1 (baseline), and at Weeks 1, 2, 3, 4, 6, 8, 10, 12 
(or early termination [ET]), and follow-up.

Efficacy Assessments
The co-primary efficacy endpoints were the mean change 

from baseline in IRLS total score at Week 12 last observa-
tion carried forward (LOCF) and the proportion of responders 
(rated “very much” or “much” improved) on the investigator-
rated Clinical Global Impression-Improvement scale (CGI-I)24 
at Week 12 LOCF, for GEn 1200 mg compared with placebo.

Secondary efficacy endpoints included the mean change 
from baseline in IRLS total score at Week 1 LOCF for GEn 
1200 mg and 600 mg, and at Week 12 LOCF for GEn 600 mg, 
compared with placebo. Also assessed were the proportion of 
responders on the investigator-rated CGI-I at Week 1 observed 
case (OC) for GEn 1200 mg and 600 mg, and at Week 12 LOCF 
for ��������������������������������������������������������GEn����������������������������������������������������� 600 mg, compared with placebo. The proportion of re-
sponders on the subject-rated CGI-I was also assessed for GEn 
1200 mg and 600 mg at Week 1 OC and Week 12 LOCF, com-
pared with placebo.

Maximum RLS symptom severity and the time to onset of 
RLS symptoms (�������������������������������������������������length of time from the start of the 24-h assess-
ment period [08:00] to the time when 50% of subjects experi-
enced their first symptom) were assessed for GEn 1200 mg and 
600 mg compared with placebo, using a 24-h RLS symptom dia-
ry (Appendix, Figure S1) beginning at 08:00. Subjects recorded 
the times they slept and their symptoms when awake, if present, 
as mild, moderate or severe. Symptom severity ratings were sum-
marized in 6 non-overlapping 4-h periods beginning at 08:00.

Other secondary efficacy endpoints included mean change 
from baseline to Week 12 LOCF on the following subject-rated 

ability decreases with increasing dose12 and plasma exposure 
to gabapentin is variable between patients.13,14 Additionally, the 
short half-life of gabapentin requires frequent dosing.13,15

Gabapentin enacarbil (GEn) is an actively transported pro-
drug of gabapentin that overcomes the pharmacokinetic limi-
tations of gabapentin through absorption by high-capacity 
nutrient transporters located throughout the large and small 
intestine.16,17 After absorption, GEn is rapidly converted to ga-
bapentin by non-specific carboxylesterases, primarily in intes-
tinal epithelial cells.17 GEn delivers predictable and sustained 
gabapentin exposure (bioavailability ≥ 68% based on urinary 
recovery of gabapentin in healthy adults) compared with mg-
equivalent doses of gabapentin.16,18,19

In a 12-week, placebo-controlled study, subjects with mod-
erate-to-severe primary RLS reported significantly improved 
RLS symptoms with GEn 1200 mg compared with placebo.20 A 
shorter 2-week study demonstrated significant treatment benefit 
in subjects with primary RLS with GEn 1200 mg compared 
with placebo, but not with GEn 600 mg.21 The present study 
evaluated the efficacy and tolerability of GEn 1200 mg and 
600 mg compared with placebo in subjects with moderate-to-
severe primary RLS, to confirm the previous findings for GEn 
1200 mg and to further evaluate whether 12-week exposure to 
GEn 600 mg provided significant treatment benefits.

SUBJECTS AND METHODS

Study Design
This study (XenoPort, Inc. protocol XP053, clinicaltrials.

gov identifier: NCT00365352, Patient Improvements in Vital 
Outcomes following Treatment in Restless Legs Syndrome II 
[PIVOT RLS II]) was a Phase III, 12-week, randomized, dou-
ble-blind, placebo-controlled, parallel-group comparison of 
GEn 1200 mg and 600 mg compared with placebo. The study 
was conducted between August 2006 and December 2007 at 
28 research centers in the USA (see appendix at www.aasmnet.
org/jcsm).

Subjects
Adults with a diagnosis of primary RLS, based on the Inter-

national Restless Legs Syndrome Study Group diagnostic cri-
teria,1 were recruited. Eligible subjects had RLS symptoms for 
≥ 15 nights in the month prior to screening (or, if on treatment, 
the same frequency of symptoms before treatment was started), 
documented RLS symptoms for ≥ 4 of the 7 consecutive eve-
nings/nights during the baseline period, an International Rest-
less Legs Scale (IRLS)22 total score ≥ 15 at the beginning and 
end of the baseline period, and had discontinued dopamine ago-
nists, gabapentin and any other RLS treatments for ≥ 2 weeks 
prior to baseline. No information was collected regarding pa-
tients’ previous response to treatments.

The rationale for a homogeneous patient population result-
ed in the exclusion of subjects if they had a history of RLS 
symptom augmentation or end-of-dose rebound with previous 
dopamine agonist treatment. Subjects were also excluded if 
they had a body mass index of > 34 kg/m2, an estimated cre-
atinine clearance of < 60 mL/min or serum ferritin level of < 
20 ng/mL, were currently suffering from moderate or severe 
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cation. All efficacy analyses were performed on the modified 
intent-to-treat (mITT) population, comprising all subjects in the 
safety population who had completed the IRLS at baseline and 
at least once during the treatment period, using LOCF as an 
imputation method unless otherwise specified. No adjustment 
was made for multiple comparisons for secondary endpoints, 
as these were considered exploratory and supportive to the co-
primary endpoints.

Study sites were pooled regionally, as pre-specified in the 
protocol, into 6 consolidated sites before performing analyses 
that included adjustment for site.

Changes from baseline in continuous efficacy endpoints 
were analyzed using an analysis of covariance (ANCOVA) 
model, adjusted for baseline value, pooled site, treatment, and 
treatment by pooled-site interaction (if the interaction term was 
significant at the 10% level); change from baseline in the ESS 
endpoint was analyzed using an ANCOVA adjusted for treat-
ment group. Dichotomous efficacy endpoints were analyzed 
using logistic regression adjusted for pooled site and treat-
ment. Multi-categorical efficacy endpoints were analyzed using 
the Cochran-Mantel-Haenszel mean score test (using equally 
spaced scores stratified by pooled site). The time to onset of 
first RLS symptoms in each treatment group was summarized 
descriptively using the Kaplan-Meier method.

RESULTS

Subjects
A total of 325 subjects were enrolled and randomized to re-

ceive GEn 1200 mg (n = 113), 600 mg (n = 115), or placebo (n 
= 97) (Figure 1). Three subjects were excluded from the safety 
population; 2 failed entry criteria; and one withdrew consent, 
all before taking study drug. One subject (GEn 600 mg) was 
excluded from the mITT population after an AE of somno-
lence; the subject withdrew from the study after 2 days of 
dosing and before an efficacy assessment. Subject demograph-
ics and baseline characteristics were similar across treatment 
groups (Table 1) and representative of a population with mod-
erate-to-severe RLS. Treatment compliance rates were 95.5% 
(GEn 1200 mg), 93.9% (GEn 600 mg), and 91.7% (placebo).

Co-primary Endpoints
GEn 1200 mg significantly improved mean [SD] IRLS total 

score at Week 12 LOCF (baseline: 23.2 [5.32]; Week 12: 10.2 
[8.03]; change from baseline to Week 12 LOCF: –13.0 [9.12]) 
compared with placebo (baseline: 23.8 [4.58]; Week 12: 14.0 
[7.87]; change from baseline to Week 12 LOCF: –9.8 [7.69]; 
adjusted mean treatment difference [AMTD] for change from 
baseline: –3.5; 95% confidence intervals [CI]: –5.6, –1.3; 
p = 0.0015) (Figure 2). There was a statistically significant 
interaction for treatment by pooled site (p = 0.0062) that was 
driven by one site at which a larger response was observed 
with placebo than with GEn 1200 mg. When data from this 
site (n = 27) were excluded from a sensitivity analysis, it did 
not alter the significance of the efficacy findings, and the inter-
action for treatment by pooled site was no longer significant. 
At Week 12 LOCF, the majority of subjects in the GEn-treated 
groups had an IRLS total score ≤ 10 (64.9% and 55.0% of sub-

scales for GEn 1200 mg and 600 mg compared with placebo; 
the Pittsburgh Sleep Diary (PghSD)25,26 items average daily 
wake time after sleep onset (WASO) and average daily total 
sleep time (TST); and the validated Medical Outcomes Study 
(MOS)27,28 Sleep Scale domains sleep disturbance, sleep quan-
tity, sleep adequacy (getting enough sleep to feel rested upon 
awakening and getting the amount of sleep needed), and day-
time somnolence. A post-sleep questionnaire (PSQ) assessed 
sleep quality, next-day functioning, number of nights with RLS 
symptoms, number of nighttime awakenings, and number of 
hours awake due to RLS symptoms during the previous week 
at Week 12 LOCF.

The IRLS was completed at baseline and at the end of Weeks 
1, 2, 3, 4, 6, 8, 10, and 12/ET; the investigator- and subject-rated 
CGI-I were completed at the end of Weeks 1, 2, 4, 8, and 12/ET; 
the 24-h RLS symptom diary was completed at baseline and at 
the end of Weeks 2 and 12/ET; the PghSD was completed at 
baseline and the end of Weeks 2, 4, 8, and 12/ET; and the MOS 
sleep scale and PSQ were completed at baseline and the end of 
Weeks 4, 8, and 12/ET. Following discontinuation of treatment, 
no efficacy measurements were performed.

Safety and Tolerability Assessments
The incidence and severity of treatment-emergent adverse 

events (AEs), serious AEs (SAEs), and events leading to 
study withdrawal were recorded. Clinical laboratory param-
eters (hematology, serum chemistry, and urinalysis) were as-
sessed at baseline and Weeks 1, 2, 4, 8, and 12/ET. Vital signs 
were measured at every visit, and electrocardiograms (ECGs) 
were performed at baseline and at the end of Weeks 1, 4, 8, 
and 12/ET.

Daytime sleepiness was assessed at baseline and at the end 
of Weeks 4, 8, and 12/ET using the Epworth Sleepiness Scale 
(ESS).29 An ESS score > 10 was pre-specified as abnormal. A 
sponsor-developed sudden onset of sleep (SOS) questionnaire 
(Appendix, Figure S2) was completed by subjects at baseline 
and the end of Weeks 4, 8, and 12/ET to record possible sleep 
attacks (defined as “sudden onset of sleep that is irresistible and 
overwhelming and comes without warning”) and the activities 
during which these events occurred. Median time to onset of 
RLS symptoms and the distribution of symptom severity were 
calculated from the 24-h RLS symptom diaries at baseline and 
at the end of Week 12.

Statistical Analyses
Sample size was determined for each of the co-primary end-

points using the results of 2 previous GEn studies21,30; 105 sub-
jects per treatment group were considered sufficient to detect 
with 90% power, a mean treatment difference (GEn 1200 mg 
compared with placebo) of −4.0 in mean change from base-
line in IRLS total score at the 0.05 significance level using a 
2-sided t-test, assuming a standard deviation (SD) of 8.8, and 
a difference in response rate of 23% on the investigator-rated 
CGI-I (GEn 68%, placebo 45%; odds ratio [OR] 2.6). Positive 
evidence of efficacy required both co-primary tests to be sig-
nificant (p < 0.05). The study was not powered to compare GEn 
1200 mg with GEn 600 mg.

The safety population comprised all subjects who had re-
ceived at least one dose or portion of a dose of study medi-
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in IRLS total score versus baseline at Week 12 LOCF) was 
57.7% for GEn 1200 mg, 64.0% for GEn 600 mg, and 39.6% 
for placebo.

A significantly greater proportion of GEn 1200 mg-treated 
subjects (86/111; 77.5%) were responders on the investigator-
rated CGI-I at Week 12 LOCF, compared with placebo (43/96; 
44.8%; adjusted OR: 4.3; 95% CI: 2.34, 7.86; p < 0.0001) 
(Figure 3).

jects in the GEn 600 mg and GEn 1200 mg groups, respective-
ly), in contrast with the placebo group (32.3% of subjects). Of 
these, the proportion of subjects with an IRLS total score of 0 
(absolute remitters) was 22.5%, 26.3%, and 11.5% in the GEn 
1200 mg, GEn 600 mg, and placebo groups, respectively. The 
proportion of responders (subjects with ≥ 50% improvement 

Figure 1—Subject disposition

a2 subjects were ineligible for study entry due to failed entry criteria at baseline. b1 subject withdrawn due to an adverse event of somnolence. c8 subjects 
withdrawn due to adverse events of depression (n = 2), hypotension (n = 1), vertigo (n = 1), decreased libido (n = 1), joint sprain (n = 1), sedation (n = 1), and 
nausea and dizziness (n = 1). d6 subjects withdrawn due to adverse events of somnolence (n = 1), fatigue and somnolence (n = 1), increased platelet count 
(n = 1), dizziness (n = 1), sedation (n = 1), and hypertension (n = 1). e6 subjects withdrawn due to adverse events of palpitations and chest discomfort (n = 1), 
mood swings (n = 1), headache (n = 1), pruritis (n = 1), joint swelling (n = 1), and sleep apnea syndrome (n = 1). mITT, modified intent-to-treat.

Figure 2—Mean (SD) change from baseline in IRLS total 
score by visit (mITT population)

Adjusted mean treatment difference GEn compared with placebo at Week 
12 LOCF: Co-primary endpoint: GEn 1200 mg, −3.5 (95% CI: −5.6, −1.3; 
p = 0.0015); Secondary endpoint: GEn 600 mg, −4.3 (95% CI: −6.4, −2.3; 
p < 0.0001). ***p < 0.0001; **p < 0.001; *p < 0.01. CI, confidence interval; 
GEn, gabapentin enacarbil; IRLS, International Restless Legs Scale; 
LOCF, last observation carried forward; mITT, modified intent-to-treat; 
PBO, placebo; SD, standard deviation. Mean (SD) change from baseline 
in IRLS total score over time using last observation carried forward was 
similar to the observed case data.

Adjusted odds ratios for GEn compared with placebo at Week 12 LOCF: 
Co-primary endpoint: GEn 1200 mg, 4.3 (95% CI: 2.34, 7.86; p < 0.0001); 
Secondary endpoint: GEn 600 mg, 3.3 (95% CI: 1.84, 5.99; p < 0.0001). 
aObserved case. ***p < 0.0001; **p < 0.001; *p < 0.01; †p < 0.05 compared 
with placebo. CI, confidence interval; CGI-I, Clinical Global Impression–
Improvement scale; GEn, gabapentin enacarbil; LOCF, last observation 
carried forward; mITT, modified intent-to-treat. 

Figure 3—Proportion of responders (“much” or “very much” 
improved) on the investigator-rated CGI-I by visit (mITT 
population)
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compared with placebo (baseline: 23.8 [4.58]; Week 12: 14.0 
[7.87]; change from baseline to Week 12 LOCF: –9.8 [7.69]; 
AMTD for change from baseline: –4.3; 95% CI: –6.4, –2.3; 
p < 0.0001) (Figure 2). Significant improvements in IRLS total 
score were seen as early as Week 1 LOCF for both GEn 1200 
mg (–8.7 [8.09]; AMTD: –3.0; 95% CI: –4.8, –1.1; p = 0.0017) 

Secondary Endpoints

RLS Symptoms
GEn 600 mg significantly improved mean (SD) IRLS total 

score at Week 12 LOCF (baseline: 23.1 [4.93]; Week 12: 9.3 
[7.77]; change from baseline to Week 12 LOCF: –13.8 [8.09]) 

Table 1—Subject demographic and clinical characteristics at baseline (safety population)

Characteristic
Placebo
(n = 96)

GEn 600 mg
(n = 115)

GEn 1200 mg
(n = 111)

Age, years 49.1 (12.19) 48.3 (12.83) 49.5 (12.67)
Gender, % female 59 58 59
Race, White/Caucasian, % 95 92 96
Duration of RLS symptoms, years 14.4 (12.85) 13.5 (13.07) 14.1 (12.36)
No previous RLS treatment, % 61 67 65
IRLS total scorea 23.8 (4.58) 23.1 (4.93)b 23.2 (5.32)
Average daily wake time after sleep onset, minutesa 38.7 (42.57) 31.8 (26.71)c 31.4 (28.48)
Average daily total sleep time, hoursa 6.7 (1.20) 6.7 (1.10)c 6.5 (1.37)
MOS Sleep Scalea

Sleep quantity, hours 6.0 (1.31) 6.1 (1.14)b 6.1 (1.42)
Sleep adequacy score 34.8 (24.62) 30.5 (24.08)b 34.7 (24.86)
Sleep disturbance score 51.9 (23.16) 53.1 (20.90)b 52.1 (22.85)
Daytime somnolence score 34.8 (19.45) 34.0 (19.44)b 36.7 (21.97)

Post-Sleep Questionnairea

Overall quality of sleep
Excellent 0 0e 0d

Reasonable 41 (42.7) 40 (35.7)e 43 (39.1)d

Poor 55 (57.3) 72 (64.3)e 67 (60.9)d

Ability to function
Excellent 8 (8.3) 9 (8.0)e 5 (4.5)d

Good 40 (41.7) 50 (44.6)e 55 (50.0)d

Moderate 46 (47.9) 47 (42.0)e 39 (35.5)d

Poor 2 (2.1) 6 (5.4)e 11 (10.0)d

Number of nights with RLS symptoms
0 nights 1 (1.0) 0e 1 (0.9)d

1–2 nights 2 (2.1) 2 (1.8)e 1 (0.9)d

3–4 nights 10 (10.4) 11 (9.8)e 7 (6.4)d

5–6 nights 30 (31.3) 34 (30.4)e 31 (28.2)d

7 nights 53 (55.2) 65 (58.0)e 70 (63.6)d

Number of awakenings during night due to RLS symptoms
0 times 8 (8.3) 19 (17.0)e 12 (10.9)d

1–2 times 47 (49.0) 48 (42.9)e 55 (50.0)d

3–4 times 29 (30.2) 34 (30.4)e 32 (29.1)d

≥ 5 times 12 (12.5) 11 (9.8)e 11 (10.0)d

Number of hours awake per night due to RLS symptoms
0 hours 8 (8.3) 19 (17.0)e 12 (10.9)d

< 1 hours 40 (41.7) 40 (35.7)e 52 (47.3)d

1 to < 2 hours 24 (25.0) 35 (31.3)e 27 (24.5)d

2 to < 3 hours 16 (16.7) 13 (11.6)e 12 (10.9)d

≥ 3 hours 8 (8.3) 5 (4.5)e 7 (6.4)d

ESS total score 9.6 (4.98) 9.7 (5.22)c 9.0 (4.76)d

All values are mean (SD) unless otherwise stated. amITT population; bn = 114; cn = 113; dn = 110; en = 112. ESS, Epworth Sleepiness Scale; GEn, gabapentin 
enacarbil; IRLS, International Restless Legs Scale; mITT, modified intent-to-treat; MOS, Medical Outcomes Study; SD, standard deviation; RLS, Restless 
Legs Syndrome.
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min, –12.5 [31.01] min; AMTD: –9.8; 95% CI: –15.5, –4.2; 
p = 0.0007) and at all other timepoints assessed (Figure 6a). 
Significant decreases ����������������������������������� were also seen with ���������������GEn������������ 600 mg com-
pared with placebo at each timepoint (Figure 6a).

GEn 1200 mg did not significantly increase the daily TST 
(PghSD) from baseline compared with placebo at Week 12 LOCF 
(mean [SD] change from baseline: GEn 1200 mg, 1.0 [1.32] h; 
placebo, 0.6 [1.36] h; AMTD: 0.2; 95% CI: –0.1, 0.6; p = 0.1161), 
although significant improvement was seen at Weeks 2 and 4 
LOCF (Figure 6b). No significant difference in daily TST was 
observed between GEn 600 mg and placebo at any visit.

GEn 1200 mg significantly improved all MOS Sleep Scale 
domains compared with������������������������������������� placebo at Week 12 LOCF, with great-
er improvements in mean [SD] change from baseline for sleep 
disturbance (–30.7 [25.45], –17.0 [20.40]; p < 0.0001), sleep 
quantity (0.8 [1.66] h, 0.3 [1.19] h; p = 0.0001), sleep adequacy 
(27.7 [29.91], 13.6 [24.59]; p < 0.0001), and daytime somno-
lence (–16.1 [19.58], –9.7 [20.29]; p = 0.0309) (Figure 7). Sig-
nificant improvements in all domains were also seen at Week 
4 LOCF (the earliest assessment) and Week 8 LOCF. GEn 600 
mg-treated subjects had significantly greater improvements 
in mean [SD] change from baseline to Week 12 LOCF, com-
pared with placebo, for sleep disturbance (–29.5 [23.27], –17.0 
[20.40]; p < 0.0001), sleep quantity (0.6 [1.25] h, 0.3 [1.19] h; 
p = 0.0209), and sleep adequacy (29.1 [29.91], 13.6 [24.59]; p 
= 0.0003), but not for daytime somnolence (–9.8 [20.35], –9.7 
[20.29]; p = 0.8926) (Figure 5). Significant improvements were 
also seen in sleep disturbance, quantity, and adequacy at Week 
4 LOCF and Week 8 LOCF.

All items of the PSQ significantly improved with GEn 1200 
mg and 600 mg compared with placebo at Week 4 LOCF, Week 
8 LOCF, and Week 12 LOCF (Table 2).

Tolerability
The most commonly reported treatment-emergent AEs over-

all with GEn 1200 mg and 600 mg were dizziness and somno-

and GEn 600 mg (–9.8 [7.76]; AMTD: –4.1; 95% CI: –5.9, 
–2.3; p < 0.0001), compared with placebo (–6.0 [5.59]).

A significantly greater proportion of GEn 600 mg-treated 
subjects (83/114; 72.8%) were responders on the investigator-
rated CGI-I at Week 12 LOCF, compared with placebo (43/96; 
44.8%; adjusted OR: 3.3; 95% CI: 1.84, 5.99; p < 0.0001). The 
proportion of responders at Week 1 OC and at each subsequent 
assessment was also significantly greater for both GEn 1200 mg 
and GEn 600 mg compared with placebo (Figure 3).

A significantly greater proportion of GEn-treated subjects 
(GEn 1200 mg, 83/111 [74.8%], p < 0.0001; GEn 600 mg, 
90/114 [78.9%], p < 0.0001) were responders on the subject-
rated CGI-I at Week 12 LOCF, compared with placebo (46/96 
[47.9%]), and significant improvements were seen as early as 
Week 1 OC with GEn 1200 mg (52/105 [49.5%]; p = 0.0001) 
and 600 mg (55/110 [50.0%]; p < 0.0001), compared with pla-
cebo (20/88 [22.7%]).

There was an increase in the estimated median time to onset 
of RLS symptoms from baseline to Week 12 in all treatment 
groups (24-h RLS symptom diary). At baseline, 98.0% of sub-
jects experienced RLS symptoms by the end of the 24-h period. 
However, at Week 12, 37.0% (GEn 1200 mg), 35.3% (GEn 600 
mg), and 23.0% (placebo) of subjects were free from symptoms 
at 24 hours (Figure 4).

During the 20:00 to 00:00 period at Week 12, 52.2% of GEn 
1200 mg-treated subjects and 49.5% of GEn 600 mg-treated 
subjects reported no symptoms, compared with 36.5% of place-
bo-treated subjects (Figure 5).

Sleep
Average daily WASO (PghSD) decreased significantly from 

baseline with GEn 1200 mg at Week 12 LOCF, compared 
with placebo (mean [SD] change from baseline: –18.5 [28.67] 

Median time to onset of RLS symptoms over 24 hours Baselinea: 5.5 
hours (95% CI: 4.0, 7.5) Week 12: GEn 1200 mg, 13.8 h (95% CI: 11.5, 
17.0), GEn 600 mg, 13.5 h (95% CI: 12.5, 16.5), Placebo, 12.8 h (95% 
CI: 9.5, 15.0) aCombined treatment groups. CI, confidence interval; GEn, 
gabapentin enacarbil; mITT, modified intent-to-treat.

Figure 4—Proportion of subjects free of RLS symptoms 
over 24 hours, beginning at 8 am (mITT Population)

Figure 5—Proportion of subjects reporting no RLS 
symptoms at Baseline and Week 12 (mITT Population)

Assessed during the 24 hours prior to baseline and Week 12 visits. 
aCombined treatment groups. GEn, gabapentin enacarbil; mITT, modified 
intent-to-treat. 
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lence (Table 3). The median (range) duration of dizziness was 
4 (1–92) days (GEn 1200 mg, n = 27), 5 (1–84) days (GEn 600 
mg, n = 12), and 3 (1–16) days (placebo, n = 5); the median 
(range) duration of somnolence was 16 (2–84) days (GEn 1200 
mg, n = 20), 35 (1–85) days (GEn 600 mg, n = 25), and 39 
(9–68) days (placebo, n = 2).

Three subjects experienced SAEs: cholelithiasis (placebo), 
cellulitis (GEn 600 mg), and intervertebral disc protrusion (GEn 
600 mg); all events resolved, were not considered treatment re-
lated, and the subjects continued in the study. All AEs leading 
to study withdrawal (Figure 1), except sleep apnea syndrome, 
were considered by investigators to be treatment related; all but 
3 (sleep apnea syndrome, increased platelet count, and hyper-
tension) resolved upon discontinuation of study drug.

No clinically relevant changes in vital signs, ECGs����������, or labo-
ratory parameters were observed.

The mean (SD) ESS scores at baseline were < 10 for each 
treatment group (Table 1). Reductions in ESS scores (mean 
[SD] change from baseline) were similar between GEn 1200 mg 
(–2.8 [4.52]), GEn 600 mg (–2.9 [5.22]), and placebo (–2.4 
[4.02]) at Week 12; treatment differences were not significant 
for GEn 1200 mg (AMTD: –0.5; 95% CI: –1.8, 0.8; p = 0.4790) 
or GEn 600 mg (AMTD: –0.5; 95% CI: –1.8, 0.8; p = 0.4704), 
compared with placebo. At Week 12, the proportion of subjects 
with an increase in ESS total score from baseline was 13.6% 
(n = 15) for GEn 1200 mg, 18.8% (n = 21) for GEn 600 mg and 
21.1% (n = 19) for placebo.

One subject (GEn 1200 mg) reported 8 events of SOS, 3 
prior to the 7-day baseline period and 5 during the 12-week 
treatment period, considered possibly related to study drug. The 
subject continued in the study and the events resolved without 
intervention. No subjects in the GEn 600 mg or placebo groups 
reported potential sleep attacks.

DISCUSSION

The results of this 12-week study of GEn in the treatment 
of moderate-to-severe primary RLS confirm the efficacy and 
tolerability reported by Kushida et al. in a similarly designed 
placebo-controlled study of GEn 1200 mg.20 At Week 12 LOCF, 
mean reductions in IRLS total score from baseline with GEn 
1200 mg versus placebo (–13.0 and –9.8) were comparable with 
those reported by Kushida et al. (–13.2 and –8.8), and similar 
proportions of subjects were rated as responders on the investi-
gator-rated CGI-I (77.5% and 44.8% compared with 76.1% and 
38.9%, GEn 1200 mg and placebo, respectively).20 The reduc-
tions in IRLS total score observed in the present study are also 
comparable with those reported for dopamine agonists that are 
currently approved for treatment of RLS.31-35

A significant mean reduction in IRLS total score from base-
line was also reported with GEn 600 mg (–13.8) compared with 
placebo (–9.8), and a greater proportion of GEn 600 mg-treated 
subjects were rated by investigators as CGI-I responders (72.8% 
compared with 44.8%, respectively). These results contrast 
with findings from a 2-week study of GEn 600 mg reported by 
Walters et al. that demonstrated a nonsignificant mean reduc-
tion from baseline in IRLS total score at Week 2 LOCF (–9.1) 
compared with placebo (–8.9), and no significant difference in 
the proportion of CGI-I responders (GEn 600 mg, 58.6%; pla-

Figure 6—Mean (SD) change from baseline in daily (a) 
wake time after sleep onset and (b) total sleep time on the 
PghSD by visit (mITT Population)

(a) Adjusted mean treatment difference, GEn compared with placebo at 
Week 12 LOCF: GEn 1200 mg, –9.8 (95% CI: –15.5, –4.2; p = 0.0007); 
GEn 600 mg, –7.6 (95% CI: –13.3, –2.0; p = 0.0081). **p < 0.001; 
*p < 0.01; †p < 0.05. (b) Adjusted mean treatment difference, GEn 
compared with placebo at Week 12 LOCF: GEn 1200 mg, 0.2 (95% CI: 
−0.1, 0.6; p = 0.1161); GEn 600 mg, 0.1 (95% CI: −0.2, 0.4; p = 0.6778). 
*p < 0.01; †p < 0.05. CI, confidence interval; GEn, gabapentin enacarbil; 
LOCF, last observation carried forward; mITT, modified intent-to-treat; 
PghSD, Pittsburgh Sleep Diary; SD, standard deviation. 
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jects in the present study reported significant sleep disturbance 
at baseline on the MOS Sleep Scale domains compared with a 
healthy cohort sample of the US population.27 Both GEn doses 
demonstrated significant improvements on daily WASO as ear-
ly as 2 weeks after treatment initiation, and on the MOS Sleep 
Scale domains of sleep disturbance, sleep quantity, and sleep 
adequacy, and all PSQ items at Week 4 LOCF (the first time-
point at which these domains and items were assessed). Im-
provements in these subject-reported sleep outcomes remained 
significant through Week 12 LOCF with both GEn doses. Sig-
nificant reduction in daytime somnolence was demonstrated on 

cebo, 48.5%).21 At Week 2 LOCF in the present study, GEn 600 
mg significantly improved mean IRLS total score compared 
with placebo (–11.0 versus –7.4; p < 0.0001) and significantly 
more subjects were investigator-rated CGI-I responders com-
pared with placebo (66.1% and 37.9%). Therefore, it is unlikely 
that the duration of treatment accounted for the differences in 
outcomes between these studies. Similarly, there were no nota-
ble differences in study population or design that might explain 
the observed differences between these two studies.

Although not part of the RLS diagnostic criteria, patients 
often report sleep disturbance due to RLS symptoms.3,4 Sub-

Adjusted mean treatment difference GEn compared with placebo at Week 12 LOCF: GEn 1200 mg: Sleep disturbance, –13.4 (95% CI: –18.5, –8.2; 
p < 0.0001); Sleep quantity, 0.6 (95% CI: 0.3, 0.9; p = 0.0001); Sleep adequacy, 13.9 (95% CI: 7.0, 20.8; p < 0.0001); Daytime somnolence, –5.4 (95% CI: 
–10.3, –0.5; p = 0.0309). GEn 600 mg: Sleep disturbance, –11.6 (95% CI: –16.8, –6.4; p < 0.0001); Sleep quantity, 0.3 (95% CI: 0.1, 0.6; p = 0.0209); Sleep 
adequacy, 13.0 (95% CI: 6.0, 19.9; p = 0.0003); Daytime somnolence, –0.3 (95% CI: –5.2, 4.6; p = 0.8926). ***p ≤ 0.0001; **p ≤ 0.001; *p ≤ 0.01; †p < 0.05. 
aScale 0–100, except for sleep quantity; decreases in daytime somnolence and sleep disturbance, and increases in sleep adequacy and quantity represent 
improvements. CI, confidence interval; GEn, gabapentin enacarbil; LOCF, last observation carried forward; mITT, modified intent-to-treat; MOS, Medical 
Outcomes Study; SD, standard deviation.

Figure 7—Mean (SD) change from baseline in domains of the MOS Sleep Scalea by visit (mITT Population)
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Both GEn doses were generally well tolerated across 12 
weeks of treatment. The two most common AEs, dizziness and 
somnolence, occurred at rates similar to those reported in pre-
vious studies of GEn in RLS.20,21,30 Importantly, ESS findings 
indicated that increased daytime sleepiness did not occur with 
either GEn dose, despite reports of somnolence as an AE. The 
ESS questionnaire is designed to evaluate daytime sleepiness; 
questions on the ESS focus on the likelihood of dozing in any 
given situation and the impact this has on daytime activities. At 
Week 12, a reduction from baseline in ESS total score was seen 
in all three treatment groups, suggesting subjects had a reduced 
likelihood of dozing in the day. Conversely, when subjects were 
asked about AEs as part of the tolerability assessment, approxi-
mately one-fifth of subjects receiving GEn reported somnolence 
(GEn 1200 mg, 18%; GEn 600 mg, 22%; placebo, 2%). Reports 

the MOS Sleep Scale with GEn 1200 mg, but not with GEn 
600 mg, compared with placebo. These improvements in sleep 
outcomes were consistent with those reported for GEn 1200 
mg in a placebo-controlled study.17 Furthermore, after treat-
ment with GEn, subject-reported MOS Sleep Scale domain 
scores were almost identical to those of the US healthy cohort 
sample, demonstrating the positive impact of RLS symptom 
reduction on sleep.

The robust efficacy observed with GEn in the present study 
may be the result of sustained gabapentin exposure throughout 
the evening and night,18 producing a prolonged and predict-
able clinical response throughout treatment. This durable re-
sponse was seen in multiple independent subject-rated scales, 
suggesting that the clinical benefits of GEn treatment are per-
ceived by subjects.

Table 2—Distribution of post-sleep questionnaire responses at Baseline and Week 12 last observation carried forward (LOCF) 
(modified intent-to-treat population)

Week 4 LOCF Week 8 LOCF Week 12 LOCF
Placebo
(n = 96)

GEn 600 mg
(n = 114)

GEn 1200 mg
(n = 111)

Placebo
(n = 96)

GEn 600 mg
(n = 114)

GEn 1200 mg
(n = 111)

Placebo
(n = 96)

GEn 600 mg
(n = 114)

GEn 1200 mg
(n = 111)

Overall quality of sleep
Excellent 2 (2.1) 24 (21.1) 30 (27.0) 5 (5.2) 24 (21.1) 25 (22.5) 14 (14.6) 24 (21.1) 30 (27.0)
Reasonable 64 (66.7) 64 (56.1) 66 (59.5) 57 (59.4) 64 (56.1) 67 (60.4) 53 (55.2) 72 (63.2) 65 (58.6)
Poor 30 (31.3) 26 (22.8) 15 (13.5) 34 (35.4) 26 (22.8) 19 (17.1) 29 (30.2) 18 (15.8) 16 (14.4)
p-valuea 0.0011  < 0.0001 0.0014  < 0.0001 0.0230 0.0023

Ability to function
Excellent 18 (18.8) 35 (30.7) 37 (33.3) 19 (19.8) 35 (30.7) 44 (39.6) 23 (24.0) 39 (34.2) 45 (40.5)
Good 50 (52.1) 56 (49.1) 54 (48.6) 49 (51.0) 55 (48.2) 49 (44.1) 49 (51.0) 57 (50.0) 49 (44.1)
Moderate 24 (25.0) 20 (17.5) 17 (15.3) 25 (26.0) 23 (20.2) 14 (12.6) 19 (19.8) 16 (14.0) 13 (11.7)
Poor 4 (4.2) 3 (2.6) 3 (2.7) 3 (3.1) 1 (0.9) 4 (3.6) 5 (5.2) 2 (1.8) 4 (3.6)
p-valuea 0.0334 0.0120 0.0433 0.0034 0.0366 0.0152

Number of nights with RLS symptoms
0 nights 1 (1.0) 19 (16.7) 28 (25.2) 7 (7.3) 30 (26.3) 31 (27.9) 13 (13.5) 35 (30.7) 32 (28.8)
1–2 nights 21 (21.9) 36 (31.6) 28 (25.2) 27 (28.1) 33 (28.9) 26 (23.4) 17 (17.7) 33 (28.9) 29 (26.1)
3–4 nights 24 (25.0) 23 (20.2) 22 (19.8) 17 (17.7) 21 (18.4) 20 (18.0) 18 (18.8) 15 (13.2) 20 (18.0)
5–6 nights 20 (20.8) 12 (10.5) 15 (13.5) 19 (19.8) 10 (8.8) 13 (11.7) 25 (26.0) 15 (13.2) 12 (10.8)
7 nights 30 (31.3) 24 (21.1) 18 (16.2) 26 (27.1) 20 (17.5) 21 (18.9) 23 (24.0) 16 (14.0) 18 (16.2)
p-valuea 0.0002  < 0.0001 0.0006 0.0025 0.0001 0.0006

Number of awakenings during night due to RLS symptoms
0 times 24 (25.0) 55 (48.2) 54 (48.6) 26 (27.1) 58 (50.9) 55 (49.5) 35 (36.5) 63 (55.3) 62 (55.9)
1–2 times 48 (50.0) 47 (41.2) 42 (37.8) 51 (53.1) 42 (36.8) 41 (36.9) 41 (42.7) 42 (36.8) 41 (36.9)
3–4 times 17 (17.7) 8 (7.0) 9 (8.1) 14 (14.6) 11 (9.6) 13 (11.7) 13 (13.5) 7 (6.1) 7 (6.3)
5 or more times 7 (7.3) 4 (3.5) 6 (5.4) 5 (5.2) 3 (2.6) 2 (1.8) 7 (7.3) 2 (1.8) 1 (0.9)
p-valuea 0.0003 0.0019 0.0025 0.0028 0.0009 0.0004

Number of hours awake per night due to RLS symptoms
0 hours 24 (25.0) 55 (48.2) 54 (48.6) 26 (27.1) 58 (50.9) 55 (49.5) 35 (36.5) 63 (55.3) 62 (55.9)
< 1 hours 33 (34.4) 45 (39.5) 39 (35.1) 39 (40.6) 43 (37.7) 37 (33.3) 42 (43.8) 37 (32.5) 33 (29.7)
1 to < 2 hours 29 (30.2) 12 (10.5) 10 (9.0) 19 (19.8) 8 (7.0) 12 (10.8) 8 (8.3) 12 (10.5) 8 (7.2)
2 to < 3 hours 4 (4.2) 0 4 (3.6) 6 (6.3) 3 (2.6) 4 (3.6) 2 (2.1) 0 5 (4.5)
≥ 3 hours 6 (6.3) 2 (1.8) 4 (3.6) 6 (6.3) 2 (1.8) 3 (2.7) 9 (9.4) 2 (1.8) 3 (2.7)
p-valuea  < 0.0001 0.0003  < 0.0001 0.0011 0.0019 0.0187

Number of subjects, n (%). Questions refer to symptoms experienced over the past week. ap-values derived from Cochran–Mantel–Haenszel testing using 
equally spaced scoring and stratification by pooled site. GEn, gabapentin enacarbil.
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of somnolence events in this context may have included those 
experienced at nighttime or those experienced after taking the 
medication just before bedtime, rather than daytime sleepiness 
per se, and may explain the apparent difference between the 
two measures. Moreover, the majority of reported somnolence 
events were mild (GEn 1200 mg, 15%; GEn 600 mg, 14%; pla-
cebo, 2%) or moderate (GEn 1200 mg, 2%; GEn 600 mg, 5%; 
placebo, 0%) in intensity.

Examination of the 24-hour RLS symptom diary showed no 
earlier onset of symptoms and a delay in median onset of RLS 
symptoms was observed with both GEn doses at Week 12 com-
pared with placebo.

These results should be interpreted within the context of the 
study design, which was not powered to compare GEn 1200 
mg with GEn 600 mg. The 12-week treatment duration may 
not have been long enough to fully assess RLS symptom aug-
mentation or EMR; longer-term studies are needed to examine 
these clinical manifestations, which have been associated with 
dopaminergic therapy.

In summary, GEn 1200 mg and 600 mg significantly im-
proved RLS symptoms and sleep disturbance compared with 
placebo after 12 weeks of treatment in subjects with moderate-
to-severe primary RLS, and both were generally well tolerated.
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Table 3—Treatment-emergent adverse events occurring in 
≥ 5% of subjects in any treatment group (safety population)

Subjects, n (%)

Placebo
(n = 96)

GEn
600 mg

(n = 115)

GEn
1200 mg
(n = 111)

Adverse event, any 76 (79.2) 100 (87.0) 94 (84.7)
Dizziness 5 (5.2) 12 (10.4) 27 (24.3)
Somnolence 2 (2.1) 25 (21.7) 20 (18.0)
Headache 8 (8.3) 17 (14.8) 15 (13.5)
Nasopharyngitis 7 (7.3) 13 (11.3) 11 (9.9)
Dry mouth 2 (2.1) 5 (4.3) 9 (8.1)
Nausea 4 (4.2) 6 (5.2) 6 (5.4)
Sedation 2 (2.1) 1 (0.9) 6 (5.4)
Back pain 3 (3.1) 6 (5.2) 3 (2.7)
Fatigue 5 (5.2) 6 (5.2) 3 (2.7)
Upper respiratory tract infection 2 (2.1) 9 (7.8) 2 (1.8)
Sinus congestion 5 (5.2) 1 (0.9) 2 (1.8)

GEn, gabapentin enacarbil.
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Figure S1—24-hour RLS symptom diary

Figure S1 continues on the following page
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Figure S1 (continued)—24-hour RLS symptom diary
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