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TWO TO ������������������������������������3����������������������������������� PERCENT OF THE US POPULATION EXPE�
RIENCE CLINICALLY RELEVANT SYMPTOMS OF PRI�
MARY RESTLESS LEGS SYNDROME (RLS) SEVERE 
enough to warrant treatment.1-3 Patients with RLS report diffi�
culty falling asleep and exhibit abnormal sleep architecture,1,4 
with a clinically significant decrease in sleep efficiency due to 
their symptoms. Consequently, RLS often impacts patients’ 
daytime functioning and is a major source of morbidity and 
lost productivity.5

Dopaminergic agents provide important benefits for many 
RLS patients.5-7 However, neither ropinirole nor pramipexole 
has demonstrated efficacy in improving sleep architecture (eg, 
the time or percentage of total sleep time spent in slow wave 
sleep is either unchanged or reduced in these studies).6-8 Up to 
30% of patients with RLS report symptoms that worsen with 
long-term dopaminergic treatment (augmentation).9,10 Recur�
rence of early-morning RLS symptoms, or rebound, may occur 
with short-term dopamine agonist treatment.

Early clinical studies suggested that gabapentin, approved 
in the United States for the treatment of postherpetic neural�
gia11-13 and partial seizures,13-15 is effective in improving RLS 
symptoms.16-20 Gabapentin has also been shown to reduce the 
frequency of periodic leg movements (PLMs)21-23 and to im�
prove sleep23 in patients with RLS. However, gabapentin is 
not approved for the treatment of RLS and has inherent phar�
macokinetic deficiencies that may limit effectiveness. Plasma 
exposure to gabapentin is highly variable due to saturation of 
its absorption pathway in the upper intestine24 and gabapentin 
requires frequent dosing due to its short plasma half-life.

XP13512/GSK1838262 was developed to overcome the 
pharmacokinetic deficiencies of gabapentin.25 XP13512 is ab�
sorbed by high-capacity nutrient transporters throughout the 
gastrointestinal tract and is rapidly and extensively converted 
by nonspecific esterases to gabapentin. The pharmacokinetics 
of XP13512 provide dose-proportional gabapentin exposure. 
XP13512 is formulated as an extended-release tablet that al�
lows for reduced dosing frequency.26

This study explored the efficacy and tolerability of XP13512 
in subjects with moderate-to-severe primary RLS. An 1800 mg/
day dose was chosen to produce maximum gabapentin levels of 
approximately 6-12 μg/mL in the late evening and night.26 Ex�
ploratory secondary analyses examined the effects of XP13512 
on sleep quality and sleep architecture.
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Methods

Design

This study (XenoPort, Inc. protocol #XP021) was a multi�
center, randomized, double-blind, crossover comparison of 
XP13512 1800 mg/day and placebo conducted between June 
and December 2004 at ��������������������������������������9������������������������������������� US clinical study sites. Good Clini�
cal Practice Guidelines and the 1996 version of the Declaration 
of Helsinki were followed. The protocol was reviewed and ap�
proved by a central or local institutional review board, depend�
ing upon center requirements.

Inclusion and Exclusion Criteria

Men and women, aged 18 to 69 years, with a physician diag�
nosis of RLS based on International RLS Study Group diagnostic 
criteria27 and who had never received treatment for RLS were 
eligible for inclusion. Eligible subjects had RLS symptoms on at 
least 15 nights during the month prior to screening, documented 
RLS symptoms on at least 4 nights during the 7-day baseline pe�
riod, and an International RLS Study Group rating scale (IRLS)28 
total score of at least 15 at both the beginning and end of the 
baseline period. Enrolled subjects were otherwise healthy and 
free from clinically significant illness or disease. Each subject 
provided written informed consent prior to study participation.

Subjects experiencing daytime RLS symptoms (10:00-
18:00) for at least 2 days during the week prior to baseline were 
excluded. Pregnancy was another exclusion criterion. Subjects 
were also excluded if they had a body mass index greater than 
32 kg/m2, an estimated creatinine clearance less than 60 mL/
minute, or a serum ferritin level less than 20 µg/mL or were 
currently experiencing or being treated for moderate-to-severe 
depression, a primary sleep disorder other than RLS, or any 
other serious neurologic disease or movement disorder. Dop�
amine agonists, levodopa/carbidopa, gabapentin, and medica�
tions used to treat sleep disorders were prohibited.

Study Conduct

Subjects were randomized in a 1:1 ratio using a computer-gen�
erated randomization schedule and numbered study drug kits to 1 
of 2 treatment sequences: XP13512 1800 mg/day in Period 1 fol�
lowed by placebo in Period 2 or placebo in Period 1 followed by 
XP13512 1800 mg/day in Period 2. There was a 7-day washout 
period between each 14-day treatment. XP13512 was titrated as 
follows: 600-mg extended-release tablets 1 hour before bedtime 
on Days 1 and 2; 600 mg at 17:00 and 600 mg 1 hour before 
bedtime on Days 3 and 4; and 600 mg at 17:00 and 1200 mg 1 
hour before bedtime on Days 5 through 14. Dose reductions due 
to tolerability were permitted at the discretion of the investigator. 
Blinding was ensured by use of matching placebo and XP13512 
600-mg tablets. Duplicate 5-mL blood samples for the determi�
nation of plasma gabapentin levels were obtained during each 
treatment period on Days -2, 4, 8, 11, and 15 approximately 10 
to 12 hours after the last dose of study drug. Samples were sent 
to XenoPort, Inc. for blinded analysis; these data will be reported 
separately. Clinic visits took place at baseline (Days -2 and -1) 
and on Days 8 and 15 of each treatment period.

Outcome Measures

Efficacy

Primary Endpoint. The primary efficacy endpoint was the 
change from baseline IRLS total score at end of treatment (Day 
14). Subjects completed the IRLS to assess the previous 7 days 
of symptoms at baseline and on Days 8 and 15.

Secondary Endpoints. The change from baseline IRLS total 
score at Day 7 and Clinical Global Impression–Improvement 
outcomes (1 = “very much improved”, 7 = “very much worse”) 
rated by investigators and subjects on Days 8 and 15 were sec�
ondary endpoints. Sleep quality, next-day functioning, number 
of nights with RLS symptoms, number of nights awake from 
RLS symptoms, and duration of time awake from RLS symp�
toms over the previous 7 days were also assessed on Days 8 and 
15 using a 5-question exploratory sleep questionnaire designed 
by investigators.

Subject diaries relating to the previous 24 hours were col�
lected on Days 8 and 15. Subjects indicated the onset and sever�
ity of RLS symptoms based on a 4-point scale (0 = “not pres�
ent”, 3 = “severe”) and recorded sleep intervals and the times of 
study drug administration. Outcomes included duration of RLS 
symptoms, duration of moderate or severe symptoms, and time 
to RLS symptom onset.

An 8-hour overnight polysomnogram assessed wake time af�
ter persistent sleep onset (number of wake minutes after the on�
set of persistent sleep prior to the end of recording), wake time 
during sleep (number of wake minutes after the onset of per�
sistent sleep prior to the last epoch of stage 2, 3/4, or rapid eye 
movement [REM] sleep [rather than end of recording]), number 
of awakenings, PLM frequency, number of PLM of sleep not 
causing arousal (PLMS), number of PLM during sleep causing 
awakening (PLMSW) and arousal (PLMSA), total sleep time, 
sleep efficiency (total sleep time/total time in bed x 100), to�
tal minutes awake, sleep architecture (percentage of sleep time 
spent in sleep stages 1, 2, 3/4 [slow-wave sleep], and REM and 
sleep latency to stages 1, 2, and REM sleep). The following 
indexes were calculated: PLM index (PLMI = PLM/total time 
in bed), PLMS index (PLMSI = PLMS/total sleep time), PLM�
SA index (PLMSAI = PLMSA/total sleep time), and PLMSW 
index (PLMSWI = PLMSW/total sleep time). Tests were per�
formed on 2 consecutive pretreatment nights (Days -2 and -1), 
with the first night used as an adaptation night to document ex�
clusionary sleep disorders. The second night provided baseline 
polysomnography results. The suggested immobilization test29 
was administered 2 hours before the start of polysomnography 
at baseline (Day -2) and on Day 14 of each treatment period. 
During the 60-minute suggested immobilization test, subjects 
recorded leg discomfort every 5 minutes using a 0-to-100 vi�
sual analog scale (VAS; 0 = “no discomfort”, 100 = “extreme 
discomfort”).

Tolerability

Treatment-emergent adverse events (AEs) and serious AEs 
were recorded. AE intensity was determined by investigators as 
mild, moderate, or severe. A serious AE was defined as any un�
toward medical occurrence that was fatal or immediately life-

XP13512 in RLS—Kushida et al



SLEEP, Vol. 32, No. 2, 2009 161

threatening, permanently or significantly disabling, required 
hospitalization or prolonged hospitalization, caused a congeni�
tal anomaly or birth defect in an offspring, or was any other 
event that the investigator or medical monitor judged to be seri�
ous. In addition to 2 consecutive baseline assessments on Days 
-9 and -2; laboratory parameters were assessed on Days 4, 8, 
11, and 15; vital signs on Days 8 and 15; and electrocardiogram 
on Day 15.

Statistical Analyses

Sample-size calculations were based on the change from 
baseline IRLS total scores at Day 14 in a previous randomized, 
double-blind, crossover study with gabapentin.23 Based on 
pharmacokinetic analyses, it was assumed that XP13512 1800 
mg/day would be at least as effective as gabapentin 2400 mg/
day.26 Assuming a standard deviation (SD) of 7, a sample size 
of 32 subjects was calculated to be sufficient to provide 80% 
power to detect a difference of 3.6 points between active treat�
ment and placebo on the IRLS rating scale using a 2-sided t-test 
with a 0.05 significance level. Enrollment of 40 subjects was 
determined to be sufficient to ensure that at least 32 subjects 
(16 per sequence) were included in the modified intent-to-treat 
population, defined as all subjects who completed the IRLS rat�
ing scale at baseline and at least once after at least 7 days of 
treatment in each crossover period. All efficacy analyses were 
performed on the modified intent-to-treat population. The safety 
population included all randomized subjects who took at least 
1 dose of study drug.

Changes from baseline at Days 7 and 14 were assessed for all 
continuous variables; scores were calculated at Days 7 and 14 
for all categorical variables. Data from the 24-hour subject di�
ary were used to calculate time to symptom onset and symptom 
duration. Continuous efficacy variables were analyzed using an 
analysis of variance model with treatment, sequence, and period 

as fixed effects and subject within sequence as a random effect. 
Least squares (LS) mean treatment difference was calculated 
from the model. Measurements recorded on Day -1 were used 
as baseline. Data are presented as pooled data for XP13512 or 
placebo across crossover periods. Within-treatment changes 
from baseline were also evaluated using a paired t-test for the 
primary efficacy variable of change from baseline IRLS score 
at Day 14. Because there were 60 secondary endpoint analyses, 
the Holm-Bonferroni method30 was used post hoc as a multi�
plicity correction to adjust P values. Nominal P values (unad�
justed) are also provided for secondary endpoints. Treatment 
compliance was assessed by unused study tablet counts at the 
completion of each treatment period and review of the 24-hour 
RLS diary.

Results

Subject Disposition

Of the 38 subjects randomly assigned at study entry, 34 
(89%) completed the study (Figure 1).

Subject Characteristics

Overall, subjects had moderate to severe RLS; disease se�
verity and RLS history were similar between the 2 randomly 
assigned groups (Table 1). At study entry, 33 subjects (86.8%) 
were taking medications, such as multivitamins (31.6%), ator�
vastatin (13.2%), ibuprofen (13.2%), tocopherol (10.5%), and 
calcium (10.5%). Subjects were permitted to continue these 
medications provided doses were stable throughout the study. 
The average treatment compliance was 97%. Gabapentin was 
not detectable in the plasma of any subject prior to the start of 
either treatment period.
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Table 1—Demographic and Clinical Characteristics at Baseline, Safety Population

		  XP13512	 Placebo
		  to placebo	 to XP13512	 Total
Demographic characteristics	 (n = 21)	 (n = 17)	 (N = 38)
Age, mean (SD), years	 52 (12.3)	 47.1 (14.1)	 50.1 (13.2)
Sex, n (%) 
	 Male 	 6 (28.6)	 10 (58.5)	 16 (42.1)
	F emale	 15 (71.4)	 7 (41.2)	 22 (57.9)
Racea, n (%)
	 White or Caucasian	 19 (90.5)	 15 (88.2)	3 4 (89.5)
	 Black or African American	 1 (4.8)	 1 (5.9)	 2 (5.3)
	A sian	 1 (4.8) 	 0 (0.0)	 1 (2.6)
RLS history
7-day RLS record, daysb

	 Mean (SD)	 6.0 (1.0)	 5.9 (1.2)	 6.0 (1.0)
	R ange	 4-7	 4-7	 4-7 
Duration of RLS symptoms, years
	 Mean (SD)	 13.0 (10.2)	 15.9 (18.0)	 14.3 (14.1)
	R ange	 0.6-32.1	 0.0-57.0	 0.0-57.0
	 Mean baseline IRLS scorec	 20.4 	 20.4 	 20.4

Abbreviations: RLS refers to restless legs syndrome; IRLS, International RLS Study Group rating scale. aOne subject in the XP13512 group 
reported race as “other.” bNumber of days RLS symptoms expressed. cScore based on modified intent-to-treat (MITT) population.
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24-Hour Subject Diary

XP13512 significantly reduced the amount of time in which 
RLS symptoms were present over the 24-hour assessment com�
pared with placebo (mean ± SD change from baseline: Day 7, 
-184.4 ± 240.7 vs -43.2 ± 287.6 minutes; adjusted P = 0.005, nom�
inal P = 0.0001; Day 14, -205.6 ± 226.1 vs -97.9 ± 252.9 minutes; 
adjusted P = 0.0215, nominal P = 0.0005). At Day 14, evening and 
night-time symptom severities (20:00-08:00) were rated as absent 
or mild by 82% to 97% of XP13512-treated subjects, compared 
with 66% to 88% of placebo-treated subjects (Figure 3).

Polysomnography

XP13512 significantly improved wake time after persistent 
sleep onset, wake time during sleep, and number of awakenings 
at Day 14 compared with placebo (Table 3). PLM parameters, 
including mean change from baseline PLM, PLMS, PLMSA, 
and PLMSW, were numerically improved with XP13512 com�
pared with placebo, although these differences were not signifi�
cant (Figure 4). XP13512 significantly shortened stage 1 sleep 
and extended stage 3/4 (slow-wave) sleep compared with pla�
cebo (Figure 5). REM and stage 2 sleep times were similar in 
the 2 treatment groups.

Suggested Immobilization Test

At baseline, mean VAS scores steadily increased during assess�
ment to a maximum value at 60 minutes of 51.8 (32.1) (Figure 6). 

Efficacy Outcomes

Change from Baseline IRLS Total Score

The mean change from baseline IRLS total score at the end 
of treatment (Day 14) was significantly greater following treat�
ment with XP13512 compared with placebo (mean ± SD: -12.1 
± 6.5 vs -1.9 ± 6.3; P < 0.0001; Figure 2). No significant period 
or treatment-sequence effects were identified. XP13512-treated 
subjects had significantly greater reductions in IRLS total score 
as early as Day 7, the earliest time point evaluated, compared 
with placebo-treated subjects (mean ± SD change from baseline 
score: -11.7 ± 7.5 vs -3.7 ± 6.0; adjusted P < 0.0060, nominal P 
< 0.0001; Figure 2).

Investigator- and Subject-Rated Global Impression of 
Improvement

Significantly more subjects treated with XP13512 were rated as 
“much improved” or “very much improved” at Day 14 by investi�
gators (79.5% vs 14.7%; adjusted P < 0.0060, nominal P < 0.0001) 
and by subjects (85.3% vs 14.7%; adjusted P < 0.0059, nominal P 
< 0.0001) compared with subjects treated with placebo.

Post-Sleep Questionnaire

XP13512 significantly improved scores on all post-sleep 
questions, except ability to function, at Day 14 compared with 
placebo (Table 2).

XP13512 in RLS—Kushida et al

Figure 1—Subject disposition. All randomized subjects were included in the safety population. Four subjects (2 taking XP13512 and 2 taking 
placebo) were withdrawn from the study and excluded from the modified intent-to-treat (MITT) population.
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On Day 14, mean VAS scores steadily increased to a maximum 
value at 60 minutes of 21.8 (29.8) with XP13512 and 40.3 (29.8) 
with placebo (adjusted P = 0.0468; nominal P = 0.0012).

Tolerability

Treatment-emergent AEs were reported by 28 subjects 
(77.8%) receiving XP13512 and 14 (38.9%) receiving placebo 
(Table 4). The most commonly reported AEs were somnolence 
and dizziness, and all occurrences were judged to be treatment 
related. All but 4 AEs (1 subject with nasopharyngitis [place�
bo], 1 subject with insomnia [XP13512], and 2 subjects with 
dizziness [both XP13512]) were mild or moderate in intensity. 
One incident of dizziness was downgraded from severe to mild 
intensity following XP13512 dose reduction.

Downward dose adjustment from XP13512 1800 mg/day to 
1200 mg/day was required in 4 subjects due to dizziness (n = 2) 
or somnolence (n = 2) during the XP13512 period; 1 of these 
subjects also experienced dizziness during the placebo period. 
Two additional subjects did not reach the target dose of 1800 
mg/day during titration in the XP13512 period, 1 because of 
somnolence and the other because of dizziness and fatigue. One 
subject required downward dose adjustment because of insom�
nia during the placebo period. None of these AEs led to study 
discontinuation.

XP13512 in RLS—Kushida et al

Table 2—Summary of Responses to the Post-Sleep Questionnaire at Day 14a

		   Baseline	 Day 14
		  Sequence 1	 Sequence 2	 Placebo	 XP13512	 Adjusted	 Nominal 
		  (n = 34)	 (n = 34)	 (n = 34)	 1800 mg	 P valueb	 P valuec

					     (n = 34)		
Overall quality of sleep 					     < 0.0058	 < 0.0001
	 Good	 1 (2.9)	 1 (2.9)	3  (8.8)	 17 (50.0)		
	R easonable	 16 (47.1)	 19 (55.9)	 18 (52.9)	 16 (47.1)	
	P oor	 14 (50.0)	 14 (41.2)	 13 (38.2)	 1 (2.9)		
Ability to function 					     0.4290	 0.0143
	 Good	 11 (32.4)	 11 (32.4)	 14 (41.2)	 25 (73.5)		
	 Moderate	 20 (58.8)	 20 (58.8)	 18 (52.9)	 8 (23.5)
	P oor	3  (8.8)	3  (8.8)	 2 (5.9)	 1 (2.9)		
Number of nights with RLS symptoms					      < 0.0057	 < 0.0001
	 0 	 0 (0.0)	 1 (2.9)	 1 (2.9)	 7 (20.6)		
	 1-2 	 0 (0.0)	 5 (14.7)	 4 (11.8)	 14 (41.2)		
	3- 4 	 5 (14.7)	 9 (26.5)	 12 (35.3)	 5 (14.7)
	 5-6 	 15 (44.1)	 8 (23.5)	 7 (20.6)	3  (8.8)		
	 7 	 14 (41.2)	 11 (32.4)	 10 (29.4)	 5 (14.7)		
Number of awakenings during the night due to RLS symptoms				    < 0.0056	 < 0.0001
	 0 	 1 (2.9)	 4 (11.8)	3  (8.8)	 16 (47.1)		
	 1-2 	 21 (61.8)	 20 (58.8)	 21 (61.8)	 16 (47.1)
	3- 4 	 11 (32.4)	 9 (26.5)	 8 (23.5)	 2 (5.9)		
	 ≥ 5 	 1 (2.9)	 1 (2.9)	 2 (5.9)	 0 (0.0)		
Number of hours awake per night due to RLS symptoms				    < 0.0055	 < 0.0001
	 0 	 0 (0.0)	 1 (2.9)	 1 (2.9)	 8 (23.5)		
	 < 1 	 12 (35.3)	 17 (50.0)	 12 (35.3)	 23 (67.6)
	 1- < 2 	 15 (44.1)	 7 (20.6)	 14 (41.2)	 2 (5.9)		
	 2- < 3 	3  (8.8)	 8 (23.5)	 5 (14.7)	 1 (2.9)		
	 ≥ 3 	 4 (11.8)	 1 (2.9)	 2 (5.9)	 0 (0.0)		

aData are presented as number of subjects (%) in each category. RLS refers to restless legs syndrome. bP value for XP13512 1800 mg versus 
placebo, adjusted using Holm-Bonferroni methodology. cNominal P value represents comparison of XP13512 1800 mg with placebo for all 
categories of response using a repeated-measures Cochran-Mantel-Haenszel test with interval scoring.

Figure 2—Least squares mean ± SEM change from baseline 
International Restless Legs Syndrome Study Group rating scale 
(IRLS) total score at Day 7 (secondary endpoint) and Day 14 (pri�
mary endpoint) of treatment with XP13512 1800 mg/day (n = 34) 
and placebo (n = 34). ***P < 0.0001, † adjusted P < 0.0060 (nomi�
nal P < 0.0001) vs placebo, comparison across total distribution.
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Table 3—Change from Baseline Sleep and PLM Parameters Assessed by Polysomnography at Day 14

				    Change from baselinea

Variable	 Baseline	 Placebo	 XP13512	 Adjusted	 Nominal
		  (n = 34)	 (n = 34)	 (n = 34)	 P valueb	 P valuec

Total time in bed, min	 480.0 (0.1)	- 0.1 (0.3)	- 0.2 (0.8)	 1	 0.5926
Total sleep time, min	3 93.2 (54.1)	- 0.6 (54.8)	 24.5 (53.1)	 0.7107	 0.0316
Sleep efficiency, %	 81.9 (11.3)	 -0.1 (11.4)	 5.1 (11.1)	 0.7416	 0.0309
Wake time after persistent sleep onsetd, min	 60.94 (45.6)	 6.7 (38.2)	- 21.5 (50.2)	 0.0328	 0.0009
Wake time during sleepe, min	 51.8 (35.9)	 11.5 (33.8)	- 14.1 (38.9)	 0.0440	 0.0011
Number of awakenings	 8.0 (3.7)	 0.4 (3.8)	- 2.1 (4.0)	  < 0.0053	  < 0.0001
Latency to sleep stage, minf	 				  
	 1	 13.8 (14.1)	 0.3 (20.7)	 0.3 (16.2)	 1	 0.9687
	 2	 19.6 (18.3)	- 2.1 (24.7)	 2.8 (34.3)	 1	 0.3982
REM 	 84.3 (50.2)	3 .4 (43.6)	 14.3 (60.4)	 1	 0.2152
Latency to persistent sleep, min	3 1.2 (38.9)	- 7.4 (40.5)	- 4.4 (27.2)	 1	 0.6273
PLMI, no./h	3 1.8 (25.3)	 0.8 (27.9)	- 8.6 (23.6)		
PLMSI, no./h	 22.3 (24.6)	- 1.6 (23.4)	- 4.9 (23.4)		
PLMSAI, no./h	 9.2 (16.2)	- 1.8 (13.6)	- 4.9 (16.1)		
PLMSWI, no./h	 0.9 (0.7)	 0.1 (0.9)	- 0.3 (0.7)		

Abbreviations: REM refers to rapid eye movement; PLM, periodic leg movement; PLMI, PLM during time in bed index (calculated as PLM/
total time in bed); PLMS, periodic leg movements of sleep not causing arousal; PLMSI, PLMS during sleep index (calculated as PLMS/total 
sleep time); PLMSA, PLMS that cause at least a 3-second arousal, but not an awakening; PLMSAI, PLM during sleep with arousal index (cal�
culated as PLMSA/total sleep time); PLMSW, PLMS that cause at least one 30-second epoch of wake; PLMSWI, PLM during wakefulness 
index (calculated as PLMSW/total sleep time). aP value for treatment effect, adjusted using Holm-Bonferroni methodology. bNominal P value 
for treatment effect from analysis of variance with treatment, period, and sequence as fixed effects, and patient within sequence as a random 
effect. P values for period and sequence effects were ≥ 0.1217 in the analyses of each variable. cWake time after persistent sleep onset defined 
as number of wake minutes after the onset of persistent sleep prior to the end of recording. dWake time during sleep defined as the number of 
wake minutes after the onset of persistent sleep prior to the last epoch of stage 2, 3/4, or REM sleep. eLatency to sleep defined as number of 
minutes from lights out until first epoch of stages 2, 3, 4, or REM or until the first 3 consecutive epochs of stage 1 sleep. fLatency to persistent 
sleep defined as time from lights out to the first epoch of 20 consecutive non wake epochs.

Figure 3—Maximum restless legs syndrome (RLS) severity over 24 hours (6 periods of 4 hours each) on Day 14 in subjects treated with 
XP13512 1800 mg/day (n = 34) and placebo (n = 34).
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One subject (placebo) withdrew on Day 2 due to an anxiety 
attack and noncardiac chest tightness that were both considered 
moderate in intensity and possibly related to study drug by the 
investigator. No serious AEs were reported. There were no clin�
ically significant changes in vital signs, laboratory values, or 
electrocardiogram outcomes.

Discussion

In this double-blind crossover study of XP13512 1800 mg/
day in treatment-naïve subjects with moderate to severe primary 
RLS, XP13512 significantly reduced RLS symptoms compared 
with placebo. Subjective treatment benefits based on IRLS to�
tal scores occurred as early as Day 7, the earliest time point 
examined, after only 2 days at the full target dose, and statisti�
cal significance was maintained until the end of treatment (Day 
14). XP13512 also improved subject- and investigator-rated 
outcomes and subjective and objective sleep parameters.

The mean change from baseline IRLS total score after 14 days 
of treatment with XP13512 1800 mg/day reported here is com�
parable to the reduction reported in a 6-week gabapentin cross�
over study in patients with similar RLS disease severity.23 The 
treatment effect of XP13512 1800 mg, which has the potential 
to release 938 mg of gabapentin, is similar in magnitude to the 
treatment effect associated with a mean gabapentin dose of 1855 
mg reported by Garcia-Borreguero et al. XP13512 doses are not 
directly comparable ���������������������������������������������with����������������������������������������� oral gabapentin doses due to the differ�
ences in molecular weight and pharmacokinetic properties, and 
direct efficacy comparisons cannot be made. XP13512 is not as�
sociated with the variable and saturable absorption and relative 
short exposure time that is characteristic of oral gabapentin.26

To put the XP13512 findings into context with approved ther�
apies for RLS, data from a similarly designed 4-week crossover 
study of ropinirole were examined.31 Patients treated with rop�
inirole 0.25 to 6 mg/day had reductions in IRLS scores similar 
to those reported in the current study, although baseline disease 
severity may have been slightly higher (mean IRLS score 25, 
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Table 4—Most Frequently Reported Treatment-Emergent Ad�
verse Eventsa

	 Number of patients (%)
Adverse eventb 	 Placebo	 XP13512
	 (n = 36)	 (n = 36)
Any 	 14 (38.9)	 28 (77.8)
Somnolence	 1 (2.8)	 11 (30.6)
Dizziness	 2 (5.6)	 10 (27.8)
Balance disorder	 0	3  (8.3)
Dry mouth	 0	 2 (5.6)
Fatigue	 0	 2 (5.6)
Headache	 1 (2.8)	 2 (5.6)
Hypoesthesia	 0	 2 (5.6)
Insomnia	 0	 2 (5.6)
Nausea	 0	 2 (5.6)
Nasopharyngitis	3  (8.3)	 0

aReported by 2 or more subjects in any treatment group; subjects 
could experience more than 1 adverse event. bAdverse events 
reported as Medical Dictionary for Regulatory Activities (Med�
DRA) preferred terms.

Figure 4—Individual and mean changes from baseline in the fol�
lowing parameters: periodic leg movements (PLM), periodic leg 
movements during sleep, not associated with an arousal (PLMS), 
periodic leg movements during sleep causing an arousal (PLM�
SA), and periodic leg movement during sleep causing an awaken�
ing (PLMSW). Scores were obtained on Day 14 in subjects treated 
with XP13512 1800 mg (n = 34) and placebo (n = 34).
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to that reported here: 0.4 to 2 points over 4 to 6 weeks.23,31 The 
interpretation of crossover studies may be confounded by treat�
ment carryover effects. However, no significant sequence effects 
were observed, and gabapentin levels were not detected in any 
baseline measurement, including washout.

XP13512 was generally well tolerated during this study. 
The most commonly reported AEs were somnolence and diz�
ziness, both of which are consistent with the known profile of 
oral gabapentin. The short treatment period did not allow for an 
assessment of long-term tolerability with XP13512. No serious 
AEs were reported, and the only treatment discontinuation oc�
curred with placebo.

In summary, results from this crossover study demonstrate that 
XP13512 has promising efficacy and tolerability as a nondop�
aminergic treatment for subjects with moderate to severe primary 
RLS. Subjects were at the target XP13512 dose for only 2 days 
when improvements in IRLS score separated significantly from 
placebo at the earliest time point examined. These results suggest 
that lower doses with XP13512 should be explored.

Abbreviations

AE, adverse event
ANOVA, analysis of variance
CGI-I, Clinical Global Impression-Improvement
ECG, electrocardiogram
IRLS, International Restless Legs Syndrome Study Group rat�

ing scale
IRLSSG, International Restless Legs Syndrome Study Group
Latency to persistent sleep, time from lights out to the first ep�

och of 20 consecutive non-wake epochs
Latency to sleep, number of minutes from lights out until first 

epoch of NREM stages 2, 3, 4, or REM or until the first 3 
consecutive epochs of stage 1 sleep

compared with 20 reported here). The improvement in IRLS 
scores reported here is comparable to those observed in lon�
ger-term, randomized, placebo-controlled, parallel studies with 
ropinirole and pramipexole.32-34 However, the differing designs 
and the short treatment duration in the present study do not al�
low for a direct comparison to these dopamine agonist studies. 
Longer parallel-group studies are needed to examine the long-
term effects of XP13512 and explore additional dosages.

The secondary exploratory outcomes reported in the pres�
ent study broaden our understanding of the potential therapeu�
tic benefits of XP13512 in RLS. Subjective improvements in 
sleep quality, ability to function, number of nights without RLS 
symptoms, awakenings, and time awake due to RLS symptoms 
were corroborated by objective polysomnography data. Poly�
somnography findings demonstrated significant differences in 
sleep architecture (shortened stage 1 sleep and extended stages 
3/4 [slow-wave] sleep) between treatment groups. These find�
ings are consistent with previously reported data in RLS pa�
tients and healthy adults treated with gabapentin.23,35 The im�
provement in slow-wave sleep observed with XP13512 differs 
from that observed in polysomnography studies with dopamine 
agonists, which have been shown to either decrease or have no 
effect on slow-wave sleep in RLS patients.22,36

XP13512 significantly improved mean VAS scores at 60 min�
utes compared with placebo on the suggested immobilization 
test. XP13512 improved mean VAS scores at other time points 
and also many polysomnography-derived secondary outcomes, 
although the differences were not significant compared with pla�
cebo when the post hoc Holm-Bonferroni correction was applied. 
The study was not powered to detect significant differences on 
secondary endpoints. The crossover study design was selected 
to allow subjects to serve as their own controls and increase the 
power to detect treatment effects, while reducing variability and 
sample size. The placebo response in patients with RLS in cross�
over trials, as measured on the IRLS, is relatively low and similar 
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Figure 5—Sleep architecture in subjects treated with XP13512 
1800 mg (n = 34) and placebo (n = 34) as measured by polysom�
nography at baseline and on Day 14. †Adjusted P < 0.0054 (nominal 
P < 0.0001), ‡Adjusted P = 0.0092 (nominal P = 0.0002) vs baseline; 
analysis of variance. REM refers to rapid eye movement.

Figure 6—Mean ± SEM leg discomfort (visual analog scale 
[VAS]) recorded in 5-minute intervals, 2 hours before lights out, 
by subjects treated with XP13512 1800 mg/day (n = 34) and pla�
cebo (n = 34) during administration of the suggested immobiliza�
tion test at baseline and on Day 14. †Adjusted P = 0.0468 (nominal 
P = 0.0012) vs placebo, comparison across total distribution.
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