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Abstract

Objective The aim was to assess gabapentin enacarbil

(GEn) treatment effects on quality of life (QOL) and mood

in adults with moderate-to-severe primary restless legs

syndrome (RLS).

Methods Data were pooled from three placebo-controlled,

randomized, double-blind, 12-week trials for adults receiving

GEn (600 mg or 1200 mg) or placebo once daily. QOL was

assessed with the RLS QOL questionnaire in two studies.

Mood was examined with the Profile of Mood States Brief

Form (POMS-B), and as an exploratory analysis with Inter-

national Restless Legs Scale (IRLS) item 9 (daily affairs) and

item10 (mood disturbance) across all three studies.Mood and

QOL were secondary endpoints in the individual clinical tri-

als. No adjustments for multiplicity were applied.

Results The QOL analysis modified intent-to-treat

(MITT) population included 541 adults (placebo, n = 204;

GEn 600 mg, n = 114; GEn 1200 mg, n = 223). Both

GEn doses significantly improved QOL versus placebo

(week 12; p\ 0.01). The mood analysis MITT population

included 671 adults (placebo, n = 244; GEn 600 mg,

n = 161; GEn 1200 mg, n = 266). GEn 600 mg signifi-

cantly improved POMS vigor-activity versus placebo

(week 12; p\ 0.05); other POMS criteria were not sig-

nificantly affected. GEn 1200 mg significantly improved

POMS scores for total mood disturbance, depression-de-

jection, fatigue-inertia, vigor-activity, and confusion-be-

wilderment versus placebo at week 12 (p\ 0.05); tension-

anxiety and anger-hostility were not significantly affected.

Both GEn doses significantly improved IRLS item 9 and

item 10 versus placebo at week 12 (p\ 0.05). The most

frequent treatment-emergent adverse events with GEn were

somnolence and dizziness.

Conclusions GEn (600 mg and 1200 mg) once daily

significantly improved QOL in adults with moderate-to-

severe primary RLS at all time points examined. While the

only POMS item significantly improved by GEn 600 mg

versus placebo at week 12 was vigor-activity, GEn

1200 mg significantly improved total mood disturbance

and several other POMS items versus placebo at week 12.

Both QOL and mood improvements were numerically

greater with GEn 1200 mg versus 600 mg.

Trial Registrations Clinicaltrials.gov identifiers NCT00

298623, NCT00365352, NCT01332305.
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Key Points

In this pooled analysis of adults with moderate-to-

severe primary restless legs syndrome, gabapentin

enacarbil (GEn) 600 mg and 1200 mg once daily

significantly improved quality of life (QOL) and

some mood outcomes versus placebo.

QOL and mood improvements were numerically

greater with GEn 1200 mg versus 600 mg once

daily.

The most frequent treatment-emergent adverse

events were somnolence and dizziness.

1 Introduction

Restless legs syndrome (RLS), also known as Willis-Ek-

bom disease, is a sleep-related neurological disorder that

affects approximately 5–10 % of adults [1, 2]. The five

essential criteria used for diagnosing RLS are an urge to

move the legs with or without abnormal sensations, wors-

ening of symptoms at night, temporary relief of sensations

by movement, worsening of sensations during rest, and

symptoms that are not solely due to another medical or

behavioral condition [1, 3, 4]. RLS occurs twice as often in

women as in men, and is more common in North American

and Northern European populations than in African or

Asian populations [2, 5–7].

Patients with RLS frequently report impairments in

sleep and daytime functioning, mood disturbances, and

painful dysesthesias, all of which can contribute to reduced

quality of life (QOL) [2, 8–10]. Patients with RLS expe-

rience deficits in a number of QOL-related items compared

with the general population, including physical function-

ing, pain, vitality, and social functioning [9, 10]. The

reduced QOL for individuals with RLS is comparable to

that of patients with serious chronic medical conditions,

such as hypertension and diabetes [9, 10]. Several popu-

lation-based studies have found that patients with RLS are

more likely to experience depression, anxiety, and panic

disorder compared with controls [8, 11, 12]. The severity of

these mood disorders is significantly correlated with RLS

symptom severity [8]. Additionally, while current phar-

macotherapy for RLS often improves symptoms, some

treatment-related side effects, such as hypotension,

impulsive/compulsive disorders, augmentation, or nausea,

may also negatively impact QOL [13].

Treatments for moderate-to-severe primary RLS that are

currently approved by the US Food and Drug

Administration (FDA) include gabapentin enacarbil (GEn),

a member of the alpha-2-delta calcium-channel ligand

class, as well as the dopamine agonists (DAs) ropinirole,

rotigotine, and pramipexole [3]. The use of either a DA or

an alpha-2-delta calcium-channel ligand is recommended

as the first-line treatment for most patients with RLS [3].

DAs have been shown to effectively treat RLS symptoms,

as well as RLS-related impairments in sleep, mood, and

QOL [14–16]; however, they have also been associated

with adverse side effects such as impulse control disorders

and augmentation [17–20]. Augmentation involves a

paradoxical worsening and earlier phase shift of RLS

symptoms during treatment, as well as a shorter latency to

symptom onset, shorter relief period after administration of

medication, and geographical spread of symptoms to pre-

viously unaffected areas [21]. Several RLS treatment

guidelines advise that patients who experience intolerable

side effects from DAs can benefit from non-DA treatments,

including alpha-2-delta ligands such as GEn [3, 22, 23].

Augmentation was not observed with GEn in three pivotal

clinical trials (XP052, XP053, XP081) [24–26], although

the 12-week duration of these trials may not have been

sufficient to observe any cases of augmentation.

GEn is the only non-dopaminergic medication approved

by the FDA for the treatment of moderate-to-severe pri-

mary RLS syndrome in adults [27]. GEn is an actively

transported prodrug of gabapentin that is absorbed by high-

capacity nutrient transporters located throughout the large

and small intestines. GEn provides dose-proportional

exposure to gabapentin, has low interpatient variability,

and delays time to peak plasma concentration [28, 29].

Compared with placebo, GEn significantly improved RLS

symptoms in adults with moderate-to-severe primary RLS,

as assessed by the International Restless Legs Scale (IRLS)

and the investigator-rated Clinical Global Impression-Im-

provement (CGI-I) scale [24, 25, 30, 31]. QOL and mood

outcomes, which were evaluated using the RLS QOL

questionnaire and Profile of Mood States (POMS),

respectively, also improved with GEn treatment compared

with placebo [24, 26]. A pooled analysis of XP052, XP053,

and XP081 found that patients with moderate-to-severe

primary RLS with either no-to-moderate or severe-to-very

severe sleep disturbance benefited from GEn treatment.

GEn 600 mg and 1200 mg once daily significantly

improved RLS symptoms, pain, and mood compared with

placebo in both sleep subgroups in this study [32]. Sub-

jective sleep parameters, including sleep quality, nighttime

awakenings, and number of hours awake per night, also

improved with GEn treatment regardless of baseline sleep

disturbance level in a pooled analysis of XP052 and XP053

[33]. In another pooled analysis of the same studies

(XP052, XP053, XP081), RLS-associated pain was sig-

nificantly improved with GEn 600 mg and 1200 mg, and
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there were moderate to strong correlations between RLS

symptoms and pain [34]. The most common treatment-

emergent adverse events (TEAEs) in these studies were

somnolence and dizziness.

We conducted the present analysis to investigate the

effects of GEn (600 mg or 1200 mg) once-daily treatment

compared with placebo on QOL and mood outcomes using

data from three clinical trials of adults with moderate-to-

severe primary RLS. Safety outcomes were also evaluated

in both the QOL and mood populations. Whereas previous

analyses by Bogan et al. [32] investigated sleep-related

endpoints of interest, including mood, in patients with

different levels of baseline sleep disturbance, the current

analysis examined both mood and QOL in the entire pooled

patient population from these three studies. GEn 600 mg

once daily is currently the only approved dosage for the

treatment of moderate-to-severe primary RLS in adults

[27]. Compared with GEn 600 mg once daily, GEn

1200 mg once daily has not demonstrated a clinically

meaningful improvement in efficacy, as measured by the

co-primary endpoints of IRLS total score and investigator-

rated CGI-I [25, 26, 31]. GEn 1200 mg has also been

associated with a greater degree of somnolence and dizzi-

ness compared with GEn 600 mg. However, we believe

clinicians may benefit from examination of all data related

to the efficacy and safety of GEn 1200 mg. The totality of

data, includes additional secondary efficacy endpoints such

as QOL and mood in this analysis and other previously

published analyses, as well as information on the higher

GEn dose. These data may enable clinicians to understand

the risks and benefits of the higher GEn dose and thereby

facilitate more patient-specific treatment and dosing deci-

sions, particularly for patients with RLS who might not

respond to the approved GEn dose.

2 Materials and Methods

2.1 Patients and Study Design

Our investigation is based on data from the XP052, XP053,

and XP081 trials, and the designs of these studies have been

previously published (ClinicalTrials.gov NCT00298623,

NCT00365352, and NCT01332305) [24–26]. Briefly, each

study was a placebo-controlled, 12-week, double-blind,

randomized trial that enrolled adults with moderate-to-sev-

ere primary RLS, as defined by the International Restless

Legs Syndrome Study Group diagnostic criteria [1].

Adult patients C18 years of age were eligible if they

experienced RLS symptoms for C15 days during the month

before screening (or, if on treatment, similar symptom fre-

quency before the start of treatment), had an IRLS total

score of C15, had documented RLS symptoms for four or

more of the seven consecutive evenings during the baseline

period, and discontinued other RLS treatments C2 weeks

prior to baseline. Exclusion criteria included a body mass

index of C34 kg/m2, evidence of secondary RLS, preg-

nancy, a neurological or movement disorder (e.g., diabetic

neuropathy, Parkinson’s disease, multiple sclerosis, dyski-

nesias, and dystonias), or moderate-to-severe depression.

The three studies investigated doses of GEn ranging

from 600 mg to 2400 mg, as follows: GEn 1200 mg in

XP052; GEn 600 mg and 1200 mg in XP053; and GEn

600 mg, 1200 mg, 1800 mg, and 2400 mg in XP081. The

co-primary endpoints for all three trials were mean change

from baseline to week 12 in IRLS total score, and the

proportion of responders (rated ‘‘very much’’ or ‘‘much’’

improved) on the investigator-rated CGI-I scale at week 12.

For the present analysis, data were pooled for the placebo

(XP052, XP053, XP081), GEn 600 mg (XP053, XP081),

and GEn 1200 mg (XP052, XP053, XP081) groups.

2.2 Efficacy and Tolerability Outcomes

The assessment of QOL was a secondary objective in the

XP052 and XP053 studies. QOL was assessed at weeks 4,

8, and 12 using the validated RLS QOL questionnaire, an

18-item questionnaire that examines the effect of RLS on

daily life, emotional well-being, social life, and work life

[35]. Scores on the RLS QOL questionnaire range from 0

to 100, and higher scores indicate greater improvements in

QOL. This is the only QOL scale designated by the

Movement Disorder Society Task Force as ‘‘recom-

mended’’ for use in cross-sectional assessments and treat-

ment-related changes in RLS QOL [36].

Mood was assessed as a secondary objective of the

XP052, XP053, and XP081 studies at weeks 4, 8, and 12.

In our analysis, mood was assessed with the POMS Brief

Form (POMS-B) questionnaire at weeks 4, 8, and 12 and

with IRLS items 9 and 10 at weeks 1, 2, 3, 4, 6, 8, 10, and

12. The POMS-B is a shortened version of the standard

validated psychological 65-item POMS, and consists of 30

adjectives describing moods and feelings that the respon-

dent may have experienced during the past week [37].

These items comprise six identifiable mood states: tension-

anxiety, depression-dejection, anger-hostility, fatigue-in-

ertia, vigor-activity, and confusion-bewilderment. The total

mood disturbance score is calculated by summing the

tension-anxiety, depression-dejection, anger-hostility, fati-

gue-inertia, and confusion-bewilderment scores, then sub-

tracting the vigor-activity score [37]. Lower scores for all

POMS items indicate improved mood outcomes, with the

exception of vigor-activity, for which a higher score indi-

cates a better outcome.

Two individual items of the IRLS—IRLS item 9 (severity

of impact ofRLS symptomsondaily affairs) and IRLS item10
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(severity of mood disturbance due to RLS symptoms)—were

also investigated to measure the extent to which RLS impacts

mood. These individual IRLS items are part of an exploratory

analysis, and were secondary to the POMS analysis for the

evaluation of mood outcomes. In the primary studies, mean

change from baseline to week 12 in IRLS total score was one

of the co-primary endpoints [24–26]. In our analysis, IRLS

item 9 and item 10 were evaluated because they are directly

related to QOL and mood. The IRLS is a validated scale for

evaluating RLS symptoms, and consists of ten questions

related to the intensity, frequency, and consequences of RLS

[38]. Individual IRLS item scores range from 0 to 4 points,

with the maximum total IRLS score being 40 points. Lower

IRLS scores indicate improvements in RLS symptoms and

their related outcomes. Safety outcomeswere evaluated in the

pooled populations on the basis of TEAEs, serious TEAEs,

and discontinuations due to TEAEs.

2.3 Statistical Analyses

Data were pooled by treatment group for GEn (600 mg or

1200 mg) or placebo. The mood analysis included data

from all three studies. For the QOL analysis, data were

pooled for studies XP052 and XP053, as QOL was not

evaluated in XP081. The safety populations for both the

QOL and mood analyses included all adult patients with

moderate-to-severe primary RLS in the placebo, GEn

600 mg, and GEn 1200 mg groups who received at least

one dose (or portion of a dose) of study medication. The

modified intent-to-treat (MITT) population, which was

used for the present analysis, included adult patients in the

safety population who completed the IRLS at baseline and

at least once during the treatment period.

To measure the change from baseline for the endpoints

according to the RLS QOL, IRLS, and POMS, treatment

effects were analyzed using mixed models for repeated

measures (MMRM) with unstructured covariance matrices.

These analyses included the baseline score as a covariate

and treatment group, week (categorical), and the treatment-

by-week interaction as effects. Least squares (LS) means

were used to calculate the differences between treatment

arms. The MMRM approach utilizes all observed data over

all visits in the model, and no imputation is performed for a

subject. Data from earlier time points are used to estimate

the LS means at later time points when some data may be

missing. As the MMRM approach is a standard analysis in

this type of study, the assumptions were not formally

assessed. However, the data were not highly skewed and

the sample size was relatively large. Study was initially

included in the model as an effect to test for differences

between studies; however, only one model had a significant

study effect (POMS: anger-hostility; p = 0.024). Because

the studies were all very similar and the results with or

without study included in the model were also similar,

study effect was dropped from all models. Safety was

evaluated within both the QOL and mood analysis

Fig. 1 Patient disposition. GEn gabapentin enacarbil, MITT modified

intent-to-treat, QOL quality of life. a In XP081, GEn 1800 mg and

GEn 2400 mg were also investigated, but these doses were not

included in the present analysis. b Included all adults who received at

least 1 dose (or portion of a dose) of study medication. c Included all

adults in the safety population who completed the International

Restless Legs Scale at baseline and at least once during the treatment

period. d In the QOL analysis, 83 % (169/204) of patients in the

placebo group, 91 % (104/114) of patients in the GEn 600 mg group,

and 89 % (198/223) of patients in the GEn 1200 mg group completed

their respective study. e QOL results were not reported for XP081. f

In the mood analysis, 82 % (200/244) of patients in the placebo

group, 86 % (138/161) of patients in the GEn 600 mg group, and

86 % (229/266) of patients in the GEn 1200 mg group completed

their respective study
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populations. Safety data were summarized using descrip-

tive statistics for the safety populations.

3 Results

3.1 Patients

The MITT population for the QOL analysis included a

total of 541 adult patients with moderate-to-severe

primary RLS from the XP052 and XP053 studies (pla-

cebo, n = 204; GEn 600 mg, n = 114; GEn 1200 mg,

n = 223) (Fig. 1). For the mood analysis, the MITT

population included a total of 671 adult patients with

moderate-to-severe primary RLS from the XP052, XP053,

and XP081 studies (placebo, n = 244; GEn 600 mg,

n = 161; GEn 1200 mg, n = 266). Baseline and demo-

graphic characteristics were similar across treatment

groups within the patient cohorts analyzed for either QOL

or mood outcomes (Table 1).

Table 1 Baseline characteristics of adult patients with moderate-to-severe primary RLS (MITT population)

Characteristic QOL analysis (XP052, XP053) Mood analysis (XP052, XP053, XP081)

Placebo

(n = 204)

GEn 600 mg

(n = 114)

GEn 1200 mg

(n = 223)

Placebo

(n = 244)

GEn 600 mg

(n = 161)

GEn 1200 mg

(n = 266)

Age, years 49.7 (12.50) 48.3 (12.88) 50.8 (12.80) 49.3 (12.32) 48.1 (12.71) 50.7 (12.59)

Gender, n (%)

Female 122 (60) 66 (58) 131 (59) 151 (62) 96 (60) 153 (58)

Male 82 (40) 48 (42) 92 (41) 93 (38) 65 (40) 113 (42)

Race: white, n (%) 196 (96) 105 (92) 214 (96) 234 (96) 152 (94) 256 (96)

IRLS total score, points 23.2 (4.78) 23.1 (4.93) 23.1 (5.08) 23.0 (4.87) 23.3 (5.04) 23.3 (5.15)

IRLS item 9 – – – 1.4 (1.03) 1.5 (0.95) 1.4 (1.05)

IRLS item 10 – – – 1.6 (1.00) 1.5 (0.99) 1.5 (0.98)

QOL score, points 66.8 (17.68) 68.3 (14.92) 67.5 (17.45) – – –

Min, max 5, 98 28, 95 10, 98 – – –

POMS score, pointsa

Depression-dejection – – – 3.5 (3.28) 3.4 (3.88) 3.5 (3.71)

Fatigue-inertia – – – 8.9 (4.39) 8.8 (4.90) 9.1 (4.70)

Total mood disturbance – – – 20.0 (17.44) 19.4 (18.31) 20.4 (18.15)

Vigor-activity – – – 6.9 (4.13) 6.8 (3.76) 7.1 (3.99)

Anger-hostility – – – 4.6 (3.74) 4.6 (3.69) 4.7 (3.66)

Confusion-bewilderment – – – 4.8 (2.96) 4.8 (2.89) 5.0 (3.05)

Tension-anxiety – – – 5.2 (3.51) 4.7 (3.91) 5.1 (3.75)

Duration of RLS

symptoms, yearsb
14.5 (12.85) 13.6 (13.08) 13.9 (13.55) 13.9 (12.99) 13.5 (12.82) 14.4 (14.07)

Prior RLS treatmentc,d

n (%)

75 (37) 37 (33) 71 (32) 89 (37) 50 (31) 83 (31)

Completion status, n (%)

Completed study 169 (83) 104 (91) 198 (89) 200 (82) 138 (86) 229 (86)

Withdrew early 35 (17) 10 (9) 25 (11) 44 (18) 23 (14) 37 (14)

Values are mean (standard deviation) unless otherwise indicated. Scores for POMS items, IRLS item 9, and IRLS item 10 were not calculated for

the pooled population of patients in QOL analysis. RLS QOL scores were not available for XP081

GEn gabapentin enacarbil, IRLS International Restless Legs Scale, MITT modified intent-to-treat, POMS Profile of Mood States, QOL quality of

life, RLS restless legs syndrome
a Baseline POMS score unknown for 4 patients in the mood analysis (percentages are based on n = 243 for placebo, n = 159 for GEn 600 mg,

and n = 265 for GEn 1200 mg)
b Duration of RLS symptoms unknown for one patient in the mood analysis (percentages are based on n = 265 for GEn 1200 mg)
c Prior RLS treatment status unknown for five patients in the mood analysis (percentages are based on n = 242 for placebo, n = 159 for GEn

600 mg, and n = 265 for GEn 1200 mg) and five patients in the QOL analysis (percentages are based on n = 202 for placebo, n = 112 for GEn

600 mg, and n = 222 for GEn 1200 mg)
d For both QOL and mood analyses, includes patients whose treatment terminated prior to the month before the start of study drug, who received

treatment within the month of the start of study drug or within the previous month
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3.2 Efficacy: QOL Outcomes

At week 12, both GEn 600 mg and GEn 1200 mg once

daily significantly improved QOL scores compared with

placebo (Fig. 2). Improvements were also significant at

weeks 4 and 8. LS mean treatment differences from pla-

cebo in RLS QOL score were significant at all time points

examined for both GEn 600 mg and GEn 1200 mg

(Fig. 3).

Although this analysis was not powered to detect sta-

tistical differences between the GEn doses, RLS QOL

scores were numerically higher for GEn 1200 mg versus

GEn 600 mg at all time points (Fig. 2). Treatment differ-

ences were also numerically greater with GEn 1200 mg

versus placebo than with GEn 600 mg versus placebo at all

time points (Fig. 3).

3.3 Efficacy: Mood Outcomes

Compared with placebo, GEn 600 mg once daily signifi-

cantly improved the POMS assessment criterion of total

mood disturbance at weeks 4 and 8, but not at week 12.

GEn 1200 mg once daily significantly improved total

mood disturbance at weeks 4, 8, and 12 (Fig. 4).

Assessment of the other POMS subscale items demon-

strated that GEn 600 mg significantly improved the POMS

assessment criterion of vigor-activity at week 12 (Fig. 4).

Other POMS items did not show significant differences with

GEn 600 mg compared with placebo at week 12. At weeks 4

and 8, there were significant improvements with GEn 600 mg

compared with placebo for depression-dejection, anger-hos-

tility, and confusion-bewilderment. The POMS criterion of

vigor-activity also significantly improved with GEn 600 mg

compared with placebo at week 4. GEn 1200 mg significantly

improved depression-dejection, fatigue-inertia, vigor-activity,

and confusion-bewilderment compared with placebo at week

12 (Figs. 4, 5). Significant improvements were also observed

for all POMS subscale items with GEn 1200 mg versus

placebo at weeks 4 and 8. LS mean treatment differences in

POMS subscale scores at week 12 are shown in Fig. 5.

Compared with placebo, GEn 1200 mg improved most

POMS subscale scores to a greater extent than GEn 600 mg

compared with placebo at weeks 4, 8, and 12 (Fig. 4).

For the exploratory IRLS items, GEn 600 mg and

1200 mg once daily significantly improved scores for IRLS

item 9 (impact on daily affairs) and item 10 (mood dis-

turbance) compared with placebo at week 12 (Fig. 6).

Improvements were observed as early as week 1 and were

sustained throughout the 12-week clinical trial period. At

week 12, treatment differences from placebo for IRLS

Fig. 2 LS mean changes from baseline in RLS QOL scores by visit

in adults with moderate-to-severe primary RLS. Error bars represent

standard error. *p\ 0.001 vs. placebo, **p\ 0.01 vs. placebo.

p values are for pairwise comparisons of the differences in treatments

at each time point (GEn 600 mg vs. placebo and GEn 1200 mg vs.

placebo). GEn gabapentin enacarbil, LS least squares, QOL quality of

life, RLS restless legs syndrome

Fig. 3 Treatment differences between GEn and placebo in the

change from baseline RLS QOL score by visit in adults with

moderate-to-severe primary RLS. Error bars represent standard error.

Treatment differences were calculated using LS means. *p\ 0.01

(asterisks indicate comparisons between GEn and placebo). GEn

gabapentin enacarbil, LS least squares, QOL quality of life, RLS

restless legs syndrome

cFig. 4 LS mean changes from baseline in POMS subscale scores by

visit in adults with moderate-to-severe primary RLS: depression-

dejection (a); fatigue-inertia (b); total mood disturbance (c); vigor-
activity (d); anger-hostility (e); confusion-bewilderment (f); tension-
anxiety (g). Error bars represent standard error. Lower scores for all

POMS items correspond to improved mood outcomes, with the

exception of vigor-activity, for which a higher score corresponds to a

better outcome. *p\ 0.05, **p\ 0.01, ***p\ 0.001 vs. placebo.

p values are for pairwise comparisons at each time point (GEn

600 mg vs. placebo and GEn 1200 mg vs. placebo). GEn gabapentin

enacarbil, LS least squares, POMS Profile of Mood States, RLS

restless legs syndrome
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items 9 and 10, respectively, were as follows: GEn 600 mg,

-0.3 (standard error, 0.07) and -0.2 (0.07); GEn 1200 mg,

-0.3 (0.07) and -0.3 (0.06) (all p\ 0.001). Both GEn

doses also significantly improved scores for IRLS items 9

and 10 at most other time points examined compared with

placebo. Treatment differences between GEn and placebo

were similar for the GEn 600 mg and 1200 mg groups.

3.4 Tolerability

For the patients assessed for either QOL or mood out-

comes, the proportions of patients experiencing TEAEs and

discontinuation due to a TEAE are shown in Table 2. For

both the QOL and mood analyses, the most common

TEAEs (C5 % and at least two times the rate of placebo)

for GEn 600 mg and GEn 1200 mg were somnolence and

dizziness. The TEAEs occurring in C5 % of patients in at

least one of the treatment arms included somnolence,

dizziness, headache, nasopharyngitis, nausea, fatigue,

upper respiratory tract infection, and back pain.

Within the populations analyzed for QOL or mood, a

numerically greater percentage of patients in the GEn

600 mg and 1200 mg treatment groups experienced any

TEAE compared with patients in the placebo groups. For

patients analyzed for QOL outcomes, discontinuations due

to TEAEs occurred more frequently in the GEn 600 mg

group than in the GEn 1200 mg or placebo groups. For the

mood analysis population, discontinuations due to TEAEs

occurred more often in the GEn 1200 mg group than in the

GEn 600 mg or placebo groups.

4 Discussion

In this pooled analysis of adult patients with moderate-to-

severe-primary RLS, GEn 600 mg and GEn 1200 mg once

daily significantly improved QOL and some mood out-

comes compared with placebo. Regarding mood outcomes,

GEn 600 mg significantly improved the POMS criterion of

vigor-activity and IRLS items 9 and 10 at week 12 com-

pared with placebo. GEn 1200 mg significantly improved a

wider range of POMS criteria, including total mood dis-

turbance, depression-dejection, fatigue-inertia, vigor-ac-

tivity, and confusion-bewilderment, as well as IRLS items

9 and 10, at week 12 compared with placebo. The

improvements in QOL and mood with both doses occurred

at the earliest time points examined, and continued through

the 12 weeks of treatment. These improvements are clini-

cally meaningful, as they are comparable to those observed

in previously published RLS clinical trials that have uti-

lized the RLS QOL and/or POMS questionnaire, including

trials that investigated DA treatment of RLS [14, 32, 39–

42]. In our analysis, both QOL and mood improvements

were numerically higher for GEn 1200 mg versus GEn

600 mg. As previously shown in the primary analyses,

somnolence and dizziness were the most commonly

reported TEAEs, which is consistent with the overall safety

profile of GEn [24–27].

Patients with RLS often report sleep loss and extreme

discomfort due to their RLS symptoms, resulting in prob-

lems with daily performance and concentration [1]. Func-

tioning in sedentary situations, as well as in the evening

Fig. 5 Treatment differences between GEn and placebo in the

change from baseline POMS subscale scores at week 12. Error bars

represent standard error. Lower scores for all POMS items correspond

to improved mood outcomes, with the exception of vigor-activity, for

which a higher score corresponds to a better outcome. *p\ 0.05

(asterisks indicate comparison between GEn and placebo). GEn

gabapentin enacarbil, LS least squares, POMS Profile of Mood States

312 A. Y. Avidan et al.



when symptoms are exacerbated, poses significant chal-

lenges. Patients with RLS report significant deficits in QOL

compared with the general population as a result of these

difficulties [9, 10, 43]. The reduction in QOL among RLS

sufferers is similar to that of patients with serious chronic

medical conditions, including diabetes and hypertension. In

a study utilizing the Short Form 36 (SF-36), a general QOL

assessment tool, patients with RLS had significantly lower

scores (worse QOL) on all eight scales of the SF-36

compared with patients with hypertension (p\ 0.01). The

RLS group also had lower scores on seven of eight scales

compared with patients with diabetes [10]. In the RLS

Epidemiology, Symptoms, and Treatment (REST) primary

care study, 36 % of RLS sufferers reported a high negative

impact of RLS symptoms on their overall QOL [2]. In the

present analysis, we found that adult patients with mod-

erate-to-severe primary RLS had impaired QOL as

evidenced by baseline QOL scores of 66.8–68.3 points, and

that treatment with both GEn doses improved QOL at all

time points examined.

RLS is also associated with a negative impact on mood,

largely due to sleep impairments as well as uncomfort-

able and sometimes painful dysesthesias [8, 11]. Patients

with RLS are at an increased risk of developing anxiety or

depressive disorders over their lifetime compared with the

general population. These associations are particularly

strong for panic disorder, major depression, and general-

ized anxiety disorder [44]. In our analysis, treatment with

GEn compared with placebo significantly improved some

mood outcomes in patients with moderate-to-severe pri-

mary RLS based on the POMS and IRLS items 9 and 10.

Although GEn 1200 mg is not currently approved for

the treatment of moderate-to-severe primary RLS in adults,

clinical trials have described numerically similar or supe-

rior effects of GEn 1200 mg compared with GEn 600 mg

in RLS symptom treatment [24–26]. In our analysis, QOL

and mood improvements compared with placebo were

numerically greater with GEn 1200 mg than with GEn

600 mg. Direct comparisons between the doses also

showed numerical improvements with GEn 1200 mg ver-

sus GEn 600 mg for both QOL and mood scores. Thus,

treatment with GEn 1200 mg could be a viable option for

some adult patients with moderate-to-severe primary RLS

if the benefits outweigh the risks. It is interesting to note

that, within the QOL population, there were fewer dis-

continuations due to TEAEs with GEn 1200 mg versus

GEn 600 mg, whereas the opposite trend was observed

within the mood population. Whether this suggests a dif-

ference in how patients interpret benefit and tolerate

treatment based on their perception of QOL versus mood

remains an interesting speculation as well as an area of

future research.

Our analysis is limited to the population studied in these

clinical trials. In our analysis, demographic and baseline

characteristics were generally similar for GEn treatment

groups and placebo within the QOL and mood analyses.

Most patients in both pooled data sets were female and/or

white, reflecting the epidemiology of RLS in the general

population [9, 35]. This was not a formal meta-analysis, so

additional covariates such as site effect and study effect

were not assessed. P values were also unadjusted for

multiple comparisons, and the endpoints discussed were

secondary outcomes in the primary studies. This analysis

was not powered to compare the GEn 600 mg and 1200 mg

doses, and was limited to the GEn doses assessed in the

XP052, XP053, and XP081 studies. In addition, the

12-week trial period may be too short to assess other

potential late-onset complications impairing long-term

QOL or mood. Whereas the IRLS total score is a validated

measure of RLS symptoms, the individual IRLS items have

Fig. 6 LS mean changes from baseline for individual IRLS item

scores by visit. IRLS item 9: impact of RLS symptoms on daily affairs

(a); IRLS item 10: severity of mood disturbance (b). Error bars

represent standard error. *p\ 0.05 vs. placebo. p values are for

pairwise comparisons at each time point (GEn 600 mg vs. placebo

and GEn 1200 mg vs. placebo). GEn gabapentin enacarbil, IRLS

International Restless Legs Scale, LS least squares, RLS restless legs

syndrome
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not been validated. Therefore, our analysis of the single

items of the IRLS was exploratory in nature, and was

secondary to the POMS analysis for the evaluation of the

impact of RLS on mood. Nevertheless, these data provide

compelling evidence of the positive effects of GEn on QOL

and mood outcomes in adults with moderate-to-severe

primary RLS.

5 Conclusion

In conclusion, GEn (600 mg or 1200 mg) administered

once daily significantly improved QOL and some mood

outcomes compared with placebo in adult patients with

moderate-to-severe primary RLS. The most common

TEAEs were somnolence and dizziness, which are con-

sistent with the primary studies, as well as the overall

safety profile of GEn [21, 24, 26, 28]. For both the QOL

and mood analyses, treatment effects compared with pla-

cebo were generally numerically greater for GEn 1200 mg

than for GEn 600 mg. However, dosage should be carefully

considered on a case-by-case basis during clinical practice,

as GEn 600 mg is the only FDA-approved dose for mod-

erate-to-severe primary RLS. The data presented here

underscore the relevance of GEn as a treatment option for

patients with RLS, particularly those whose mental health

and overall QOL have been adversely affected by their

disease. Additional future studies, including long-term

studies, are recommended to further explore the benefits of

GEn in patients with moderate-to-severe primary RLS who

experience impairments in QOL and mood.
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GEn 600 mg
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GEn 600 mg
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GEn 1200 mg
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TEAEs in C5 % of patients of any of the treatment arms, n (%)
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disorders (herniated disc). All were considered unrelated to the study drug
b For the mood analysis, TEAEs occurred in six patients, which included the four cases described in the QOL analysis in addition to the
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These two additional serious TEAEs were also considered unrelated to the study drug
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