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Study Objectives: To compare pregabalin versus placebo and pramipexole for reducing restless legs syndrome (RLS)-related sleep disturbance.
Design: Randomized, double-blinded, crossover trial.

Setting: Twenty-three US sleep centers.

Participants: Eighty-five individuals with moderate to severe idiopathic RLS and associated sleep disturbance.

Interventions: Participants were randomized across 6 treatment sequences comprising three 4-week periods on pregabalin 300 mg/day (n = 75),
pramipexole 0.5 mg/day (n = 76), or placebo (n = 73).

Measurements and Results: Polysomnography was conducted over 2 nights at the end of each period. Primary (wake after sleep onset [WASQ],
pregabalin vs placebo) and key secondary endpoints were analyzed for statistical significance, with descriptive statistics for other endpoints.
Pregabalin improved sleep maintenance, demonstrated by reductions in WASO (-27.1 min vs placebo [P < 0.0001]; -26.9 vs pramipexole) and
number of awakenings after sleep onset (-2.7 vs placebo; -7.9 vs pramipexole [P < 0.0001]) by polysomnography, and an increase in subjective
total sleep time (30.8 min vs placebo [P < 0.0001]; 26.8 vs pramipexole). Pregabalin also increased slow wave sleep duration (20.9 min vs placebo;
32.1 vs pramipexole [P < 0.0001]). Reduction in periodic limb movement arousal index (PLMAI) with pregabalin was similar to pramipexole and
greater than placebo (-3.7 PLMA/h [P < 0.0001]), although reduction in total PLM in sleep was less than for pramipexole.

Conclusions: This study demonstrated improvements in objective and subjective measures of sleep maintenance and sleep architecture with
pregabalin compared with placebo and pramipexole. Effects of pregabalin on periodic limb movement arousal index were comparable to pramipexole.
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INTRODUCTION

Restless legs syndrome (RLS; Willis-Ekbom disease) is a
common neurological condition which can have a significant
impact on daily function and quality of life.'* For patients with
RLS, sleep disturbance is reported as the most common factor
affecting quality of life and the main reason for seeking treat-
ment.*” Development of therapies to address sleep disturbance
is thus an important clinical goal.

Dopamine agonists are first-line treatment for RLS, and are
effective for the improvement of RLS symptoms and reduction
of periodic limb movements (PLM).*'* However, rates of PLM
in sleep (PLMS) do not correlate strongly with degree of sleep
disturbance in RLS"; thus, the benefits of dopamine agonists
on PLMS cannot be assumed to translate to improvements in
sleep. Indeed, while polysomnography (PSG) studies have
observed trends toward improvement in sleep maintenance
with dopamine agonists, improvements in the critical measure
of total sleep time (TST) were rarely statistically significant.'>

Two prior small studies have investigated pregabalin,
an 0,0 ligand, as a potential RLS treatment.’’?* One study
demonstrated a dose-dependent reduction in RLS symptoms,
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and improvements in actigraphy measures of TST and sleep
efficiency (SE), with pregabalin.?’ Another demonstrated
significant improvements in RLS symptoms, PSG measures
of sleep maintenance and architecture, and subjective sleep
measures, as well as reductions in PLM compared with
placebo.? In the current multicenter crossover trial, the effi-
cacy of pregabalin for reducing sleep disturbance in moderate
to severe RLS was compared with placebo and the dopamine
agonist pramipexole.

METHODS

Study Design

This was a randomized, double-blinded, placebo-controlled,
3-way crossover trial conducted in 23 centers in the United
States from December 2009 to June 2011, involving participants
with moderate to severe idiopathic RLS with associated sleep
disturbance (ClinicalTrials.gov identifier: NCT00991276).

Participants meeting screening criteria entered a 14-day
single-blind placebo run-in period, with PSG screening on 2
consecutive nights (beginning day 7) to determine eligibility.
Eligible participants were randomized across 6 treatment
sequences, each comprising 3 double-blind treatment periods
with pregabalin 300 mg/day, pramipexole 0.5 mg/day, and
placebo. Each treatment period included 10 days’ dose escala-
tion and 19 days’ fixed-dose treatment, followed by PSG testing
on 2 consecutive nights (days 28-30). Participants then entered
a 6-day taper and 7-day placebo washout phase (periods 1 and
2 only) (Figure 1).
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Figure 1—Study design. DB, double-blind; PSG, polysomnography; SB, single-blind.

The study was conducted in accordance with the Declara-
tion of Helsinki and International Conference on Harmoni-
zation Good Clinical Practice Guidelines. The protocol and
informed consent documents were approved by the rele-
vant Institutional Review Boards. All participants provided
written informed consent.

Study Participants

Participants were aged > 18 years and had a diagnosis of
moderate to severe idiopathic RLS' with predominantly
evening symptoms. At screening, participants were required to
have an International RLS Study Group Rating Scale (IRLS)
total score > 15 and a score > 2 on Item 4, indicating moderate
to very severe sleep disturbance secondary to RLS. Participants
also had a history of symptom-related sleep interference over > 6
months and, on screening, met PSG criteria for sleep interfer-
ence (mean wake after sleep onset [WASO] > 60 min over 2
nights with WASO < 30 min on neither; mean PLM Index > 10;
mean TST > 3.0 and < 6.5 h). Participants were excluded for
secondary RLS, sleep/circadian rhythm disorders, conditions
that might have confounded assessments (e.g., muscle fascicu-
lation or attention deficit hyperactivity disorder), employment
in night or shift work, regular napping for > 30 min or regular
napping after 6 PM, serum ferritin < 10 pg/L, or improvement
of > 50% in RLS symptoms during the placebo run-in.

No concomitant medications for the treatment of RLS were
permitted; stable doses/regimens of medications for chronic
conditions were allowed. Medications/substances that may
have interfered with efficacy of the study drugs or sleep were
either not permitted (e.g., selective serotonin reuptake inhibi-
tors, selective norepinephrine reuptake inhibitors) or limited
(e.g., caffeine, tobacco, alcohol). At least 7 days or > 5 half-
lives (whichever was greater) was required for washout of
prohibited medications prior to the start of single-blind placebo
and the screening PSG.
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Randomization and Blinding

Randomization was based on a 6-sequence Williams’
crossover design balanced for first order carryover effects.
Study medication was dispensed through an interactive voice
recognition system according to a randomization code gener-
ated by Pfizer Inc. Study medication was supplied as masked
capsules of pregabalin (75 mg, 150 mg, and 300 mg), prami-
pexole 0.125 mg and 0.5 mg, and matching placebos for a
triple-dummy design.

Administration of Study Medication

Study medication was administered orally once daily, 1 to
3 h before the participant’s bedtime (2 h before bedtime during
PSG testing). The maintenance dose of pregabalin 300 mg/day
was selected based on a prior dose-finding study.?! The mainte-
nance dose of pramipexole 0.5 mg/day is the maximum recom-
mended for treating RLS in the United States. Pregabalin
dosing began at 75 mg/day, with dose escalation to 150 mg/day
(day 6) and 300 mg/day (day 11). Pramipexole dosing began at
0.125 mg/day, with dose escalation to 0.25 mg/day (day 6) and
0.5 mg/day (day 11). Following each treatment period the drug
dosage was tapered over 6 days.

Efficacy Assessments

PSG recordings were performed for an 8-h period in a
sleep laboratory and were carried out in accordance with the
Rechtschaffen and Kales manual** (as modified by Amer-
ican Academy of Sleep Medicine 2007 guidelines®). Read-
ings were averaged over 2 consecutive nights. All sleep
laboratories were certified by a central laboratory, and all
PSG recordings were evaluated in a blinded fashion by the
central laboratory.

PSG measures reported include: WASO, the number of
minutes the participant was awake after onset of persis-
tent sleep (10 min of non-wake on electroencephalogram);
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NAASO, the number of awakenings after sleep onset
following onset of persistent sleep; the total number of
awakenings of > 1 30-sec epoch (to be counted, each awak-
ening had to be separated by a stage 2 NREM (N2), N3
or R [REM] epoch); TST, total minutes of sleep during the
PSG recording; SE (%), TST as a percentage of time in bed;
minutes of each sleep stage (N1, N2, N3 [slow wave sleep;
SWS] and R); latency to persistent sleep (LPS), minutes
from the start of the PSG recording to onset of 10 consecu-
tive min of sleep;?® arousal index (AI), number of arousals
divided by hours of sleep from onset of persistent sleep
to the end of the PSG recording (arousals were defined as
shifts from a stage N2-3 or R epoch to a stage N1 epoch);
PLM arousal index (PLMAI), the number of PLM leading
to arousal/h TST; and PLM in sleep index (PLMSI), the
number PLM/h of TST.

During the 7 days prior to a PSG visit, participants completed
the Subjective Sleep Questionnaire (SSQ)?” within 30 min of
waking and the RLS-Next Day Impact (RLS-NDI) question-
naire®® at the end of each day. At each PSG visit, the Clinical
Global Impressions—Improvement (CGI-I) questionnaire, a
physician-administered 7-point scale, was completed to assess
improvement in RLS compared with the start of study medica-
tion. Participants also completed the IRLS? and RLS-Quality
of Life (QoL) questionnaires,® and the Medical Outcomes
Study (MOS)-Sleep Scale (SS),*! with a recall period of
the prior week.

Primary and Key Secondary Endpoints

The primary efficacy endpoint was WASO for pregab-
alin compared with placebo. Key secondary endpoints were:
PLMALI, subjective TST (sTST) derived from the SSQ, and
RLS-NDI for pregabalin compared with placebo; and SWS and
NAASO for pregabalin compared with pramipexole.

Safety and Tolerability

Safety and tolerability were assessed by monitoring adverse
events (AEs), physical examination findings, clinical labora-
tory tests, vital signs, concomitant medications, and suicid-
ality. Suicidal ideation and behavior was assessed using the
Columbia-Classification Algorithm of Suicide Assessment
(C-CASA) derived from the Sheehan-Suicidality Tracking
Scale (S-STX).

Statistical Analysis

A sample size of 84 participants (14 per treatment sequence)
was estimated to detect clinically significant differences in key
variables (considered as a mean [standard deviation] differ-
ence of: 20 [60] min for WASO; 2 [5] PLMA/h for PLMALI,
25 [70] min for sTST; 12 [35] min for SWS). Assuming a 20%
discontinuation rate, the randomization target was 105 partici-
pants. The protocol specified sample size re-estimation proce-
dure to assess for the need to increase the required sample size
concluded that no such increase was recommended. Enroll-
ment in the study was stopped, with 85 participants random-
ized, based on an administrative decision for business reasons
(i.e., a strategic decision by Pfizer Inc to deprioritize RLS as
a development program and discontinue further investigation
of pregabalin in RLS). The observed standard deviation for
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WASO was 37.5, providing > 99% power with 85 participants
to detect clinically significant differences.

Efficacy analyses were conducted for the intent-to-treat (ITT)
population, defined as participants who received > 1 dose of study
medication and had > 1 postrandomization efficacy assessment.
The safety population included all participants who received > 1
dose of study medication. Least-squares (LS) means, confidence
intervals (Cls), and treatment group comparisons were esti-
mated from a mixed model including fixed effects for sequence,
period, and treatment. Participant nested within sequence was
included as a random effect. Statistical inferences for treatment
group comparisons for the primary and key secondary endpoints
were performed using a 2-sided model based ¢ test of LS mean
differences at the 5% level of significance.

A prespecified step-down testing procedure was employed
to preserve the experiment-wise type 1 error < 0.05 over the
multiple tests. The steps were: (1) WASO (pregabalin vs
placebo); (2) PLMALI (pregabalin vs placebo); (3) sTST (prega-
balin vs placebo); (4) SWS (pregabalin vs pramipexole); (5)
NAASO (pregabalin vs pramipexole); and (6) RLS-NDI (prega-
balin vs placebo). The treatment comparison at each step had to
reach statistical significance (P < 0.05) for testing to proceed
to the next step. Only the endpoints included in the step-down
testing procedure were analyzed for statistical significance; for
all other assessments, only descriptive statistics are reported
(without P values).

RESULTS

Study Population

A total of 85 participants were randomized; all received > 1
dose of study drug and 62 completed all 3 periods of the trial.
Approximately equal numbers received each treatment (75
pregabalin, 76 pramipexole, 73 placebo). Completion and
discontinuation rates were broadly comparable across treat-
ments (Figure 2). The mean age of the overall study popula-
tion was 50.3 to 57.4 years (range across treatment groups)
and 36% were male. The mean time since RLS onset was
2.0 to 11.9 years (range across treatment groups). Participant
characteristics were broadly comparable across each of the 6
treatment sequences with differences in the ratio of males to
females (from 20% to 46.2% male) and age distribution, arising
from the relatively low numbers of participants per treatment
sequence (Table 1).

Polysomnography

Measures of sleep maintenance improved more with prega-
balin than with either placebo or pramipexole (Table 2). The
primary endpoint, WASO, improved by 27.1 minutes with
pregabalin compared with placebo (P < 0.0001) and 26.9
minutes compared with pramipexole. Sensitivity analyses for
the primary endpoint did not indicate any carry-over effect
between treatment periods. The key secondary endpoint of
NAASO was also reduced by 2.7 awakenings with pregabalin
compared with placebo and 7.9 awakenings compared with
pramipexole (P < 0.0001; Table 2).

The key secondary sleep architecture endpoint of SWS
increased by 20.9 minutes with pregabalin compared with
placebo and 32.1 min compared with pramipexole (P < 0.0001).
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Figure 2—Participant disposition. AE, adverse event; ITT, intent-to-treat; PBO, placebo; PGB, pregabalin; PPX, pramipexole.

Table 1—Participant demographics by treatment sequence

PBO-PPX-PGB  PPX-PGB-PBO = PGB-PBO-PPX  PGB-PPX-PBO  PBO-PGB-PPX  PPX-PBO-PGB
(n=15) (n=13) (n=14) (n=15) (n=15) (n=13)

Sex, n (%)

Male 4(26.7) 6 (46.2) 6(42.9) 6 (40.0) 20.0) 6 (46.2)

Female 11(73.3) 7(53.8) 8 (57.1) 9 (60.0) 12 (80.0) 7(53.8)
Age range, n (%) years

18-44 3(20.0) 4 (30.8) 1(7.1) 2(13.3) 5(33.3) 3(23.1)

45-64 8 (53.3) 7(53.8) 11(78.6) 10 (66.7) 8 (53.3) 8 (61.5)

=65 4(26.7) 2(15.4) 2(14.3) 3(20.0) 2(13.3) 2(15.4)
Mean age (SD), years 56.9 (14.6) 52.1(12.6) 56.3 (12.9) 57.4 (13.6) 50.3 (16.0) 522 (11.7)
Race, n (%)

White 15 (100.0) 11 (84.6) 14 (100.0) 15 (100.0) 13 (86.7) 11 (84.6)

Black 0 1(7.7) 0 0 2(13.3) 1(7.7)

Other 0 1(7.7) 0 0 0 1(7.7)
Mean BMI (SD), kg/m? 27.1(4.6) 25.1(2.2) 27.4(3.2) 28.4(4.7) 27.9(2.8) 28.6 (6.8)

Note that totals may not add to 100% due to rounding. BMI, body mass index; PBO, placebo; PGB, pregabalin; PPX, pramipexole; SD, standard deviation.

Stage N1 sleep decreased with pregabalin compared with both
placebo and pramipexole, while stage N2 sleep increased
with both pregabalin and pramipexole compared with placebo
(Table 2). The frequency of arousals also decreased with prega-
balin compared with placebo and pramipexole. Sleep induction,
as measured by LPS, was reduced by 7.7 min with pregabalin
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compared with placebo, which was comparable to the change
with pramipexole (Table 2).

With respect to motor function, the key secondary endpoint
of PLMAI improved by 3.7 PLMA/h with pregabalin compared
with placebo (P < 0.0001), which was comparable to the
improvement with pramipexole. PLMSI also improved with
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Table 2—Polysomnography endpoints
LS mean (SEM) LS mean difference (95% Cl)
PGB PPX PBO PGB vs PBO P value? PGB vs PPX P value?
Sleep maintenance
WASO, min 515(4.2) 784(41) 786(4.2) -27.1(-35.81t0-18.4) <0.0001 -26.9(-355t0-18.3) NA
NAASO, count 184(1.0) 26.3(1.00 21.1(1.0) 2.7 (-4.610-0.7) NA -79(-9.81t0-59)  <0.0001
TST, min 402.4 (6.0) 376.5(5.8) 369.7 (6.0) 32 7(22.0t0 43.4) NA 25 9 (15.2 to 36.5) NA
SE, % 838(1.2) 786(1.2) 77.0(12) 8(4.6109.0) NA 2(3.0t07.5) NA
Sleep architecture
Stage N1 sleep, min 38.1(26) 48.4(25) 43.7(2.6) -5.7 (9.8 t0 -1.5) NA -10.3 (-14.4t0-6.2) NA
Stage N2 sleep, min 2271(6.1) 2415(5.9) 204.4(6.1) 22.7 (10.7 to 34.7) NA -14.5 (-26.4 to -2.6) NA
SWS (stage N3 sleep), min 66.9 (4.6) 348(45) 46.0(4.6) 20.9 (12.6 t0 29.3) NA 32.1(23.8t040.4) <0.0001
Stage R (REM) sleep, min 704 (3.1) 518(3.0) 75.4(3.1) -5.0(-10.6 10 0.7) NA 18.6 (13.0 t0 24.2) NA
Arousal Index, number of arousals’/h 2.8 (0.3) 4.2(0.3) 3.4(0.3) -0.7(1.2t0-0.2) NA -14(-1.9t0-1.0) NA
Sleep induction
LPS, min 31.1(46) 315(45) 38.9(4.6) -1.7(-17.1t0 1.6) NA -0.4 (9.7 10 8.9) NA
Periodic limb movements
PLMAI, PLMA/h 3.9(0.7) 2.7(0.7) 7.6(0.7) -3.7(-54t0-19) <0.0001 1.3(-0.5t0 3.0) NA
PLMSI, PLMS/h 224 (2.5) 8.0(24) 37.0(25) -14.5(-20.8t0 -8.2) NA 14.4 (8.2 10 20.7) NA
3P values are provided for the primary and key secondary endpoints included in the step-down testing procedure. For other endpoints, only descriptive
statistics are reported. NA indicates that statistical analysis was not undertaken. Cl, confidence interval; LPS, Latency to Persistent Sleep; LS, least-squares;
N1, stage 1 NREM; N2, stage 2 NREM; N3, stage 3 NREM; NA, not assessed; NAASO, number of awakenings after sleep onset of = 1 epoch; NASO,
number of arousals; NREM, non-rapid eye movement; PBO, placebo; PGB, pregabalin; PLMAI, periodic limb movement arousal index; PLMSI, periodic limb
movement in sleep index; PPX, pramipexole; REM, rapid eye movement; SE, sleep efficiency; SEM, standard error of the mean; SWS, slow wave sleep; TST,
total sleep time; WASO, wake after sleep onset.

pregabalin compared with placebo; however, the reduction was
less than with pramipexole (Table 2).

Participant-Reported Measures

IRLS total score (range, 0-40) improved with pregabalin
compared with placebo (-6.1; 95% CI, -8.1 to -4.1) and prami-
pexole (-3.1; -5.1 to -1.1). A higher proportion of participants
also reported that their RLS symptoms were “very much
improved” or “much improved” on the CGI-I scale with prega-
balin (61.2%) compared with placebo (33.3%) and pramipexole
(50.0%). No participants reported worsening of symptoms
while receiving pregabalin (Figure 3).

Subjective measures of sleep maintenance reported on the
SSQ improved with pregabalin compared with placebo and
pramipexole (Table 3). In particular, the key secondary endpoint
of sSTST improved by 30.8 min with pregabalin compared with
placebo (P <0.0001) and 26.8 min compared with pramipexole.
Subjective sleep latency was reduced with pregabalin compared
with placebo and was similar to that with pramipexole. The
composite 6-item and 9-item sleep problems indices of the
MOS-SS were also improved with pregabalin compared with
placebo and pramipexole (Table 4).

With respect to the impact of RLS on daily living, the key
secondary endpoint of RLS-NDI total score (range, 0-140)
significantly improved with pregabalin compared with placebo
(-5.4;95%CI,-10.4t0-0.3; P=0.0396). RLS-QoL score (range,
0-100) also improved with pregabalin compared with placebo
(5.3; 2.0 to 8.6). RLS-NDI and RLS-QoL scores both showed
a trend towards improvement with pregabalin compared with
pramipexole; however, the 95% Cls spanned zero (RLS-NDI,
-4.9 [95% CI, -10.0 to 0.1]; RLS-QoL, 3.3 [-0.01 to 6.5]).
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Figure 3—Clinical Global Impressions-Improvement. Responders were
classified as participants reporting that RLS symptoms had “very much
improved” or “much improved” (61.2% with pregabalin, 50.0% with
pramipexole, and 33.3% with placebo).

Safety and Tolerability

Treatment-emergent AEs (TEAESs) were experienced by 46
(61.3%) participants during pregabalin treatment, 40 (52.6%)
during pramipexole treatment, and 27 (37.0%) during placebo

Pregabalin Versus Pramipexole in RLS—Garcia-Borreguero et al



Table 3—Subjective Sleep Questionnaire (SSQ) endpoints

LS mean (SEM) LS mean difference (95% Cl)
PGB PPX PBO PGB vs PBO P value? PGB vs PPX P value?

Sleep maintenance

SWASO, min 53.8(5.5) 822(5.3) 79.1(54) -25.3(-35.8t0-14.8)  NA -28.5(-38910-18.0) NA

Number of awakenings, count 1.7(0.2) 26(0.2) 25(0.2) -0.8 (-1.2t0-0.5) NA -1.0 (1.3 t0 -0.6) NA

sTST, min 401.0 (7.4) 374.2(7.2) 370.2(7.3) 30.8(16.1t045.5) <0.0001  26.8 (12.3t041.3) NA
Sleep induction

Latency, min 425(42) 406(4.1) 50.1(4.1) -76(-14.0t0-1.1) NA 1.9 (-4.5t08.3) NA
Sleep quality

Quality of sleep score® 6.7 (0.2) 5.7(0.2) 5.7(0.2) 1.0 (0.6 to 1.5) NA 1.1(0.7 to 1.5) NA

3P values are provided for the key secondary endpoints included in the step down testing procedure. For other endpoints, only descriptive statistics are
reported. NA indicates that statistical analysis was not undertaken. ®Score range 0-10, higher scores indicate better sleep quality. Cl, confidence interval; LS,
least-squares; NA, not assessed; PBO, placebo; PGB, pregabalin; PPX, pramipexole; SEM, standard error of the mean; sTST, subjective total sleep time;

SWASO, subjective wake after sleep onset.

Table 4—Medical Outcomes Study (MOS)-Sleep Scale (SS)

pregabalin; PPX, pramipexole; SEM, standard error of the mean.

LS mean (SEM) LS mean difference (95% Cl)

PGB PPX PBO PGB vs PBO PGB vs PPX
6-item sleep problems index? 30.7 (2.4) 37.2(24) 40.6 (2.4) 9.9 (-14.8t0-5.0) 6.5(-11.4t0-1.7)
9-item sleep problems index® 32.8 (2.4) 37.9(2.3) 42.9 (2.4) -10.1 (-15.0t0 -5.3) -5.1(-9.910-0.3)
Sleep disturbance? 34.1(3.0) 40.2 (3.0) 48.7 (3.0) -14.6 (-20.9t0-8.2) 6.1(-124100.2)
Snoring? 15.3 (2.6) 16.0 (2.6) 18.0 (2.6) -2.7(-7.2t01.8) 0.7 (-5.210 3.8)
Awakening short of breath or with headache? 1.6 (2.7) 13.1(2.7) 10.9 (2.7) 0.7(-2.9t04.3) -1.5(-5.1102.0)
Sleep adequacy® 55.0 (3.5) 439 (3.4) 40.8 (3.5) 14.2 (6.3 t0 22.1) 11.1(3.210 18.9)
Somnolence? 21.3(2.1) 21.3(2.1) 23.7(2.1) 24 (-6.5t01.7) -0.05(-4.1t04.0)
Sleep quantity® 6.4 (0.2) 6.5(0.2) 6.0(0.2) 05(-02t0 1.1) -0.1(-0.7 t0 0.6)
Optimal sleep® 0.4 (0.1) 0.4 (0.1) 0.3 (0.1) 0.1(0.0t00.3) 0.1(-0.0t00.2)

aSubscale range 0-100, with a lower score indicating fewer sleep problems. *Subscale range 0-100, with a higher score indicating fewer sleep problems.
°Subscale range 0-24, indicating total hours of sleep. “Scored as 0 or 1, with a score of 1 indicating optimal sleep. LS, least-squares; PBO, placebo; PGB,

treatment. The most frequently reported TEAEs during prega-
balin treatment were dizziness and somnolence (24.0% and
17.3% of participants, respectively), and during pramipexole
treatment were somnolence, headache, and nausea (each in
7.9% of participants; Table 5).

Five participants experienced treatment-emergent serious
AEs (SAEs). Suicidal ideation in 1 participant, which began
on placebo and continued during pramipexole treatment, was
considered treatment-related. SAEs of gastroenteritis and hypo-
kalemia during placebo treatment, as well as deep vein throm-
bosis and decreased blood pressure/postural dizziness during
pregabalin treatment, were not considered related to treat-
ment. Seven participants discontinued due to TEAEs: 4 during
pregabalin treatment (3 due to dizziness/balance disorder and
1 hypertension) and 3 during pramipexole treatment (1 due to
suicidal ideation, 1 nausea, and 1 agitation). All of these AEs
resolved following treatment discontinuation.

DISCUSSION
In this double-blinded, randomized, crossover study,
pregabalin 300 mg/day was more effective than placebo and
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pramipexole 0.5 mg/day in improving sleep disturbance, as
assessed by objective and subjective measures of sleep main-
tenance and sleep architecture, following 4 weeks’ double-
blind treatment. Furthermore, pregabalin 300 mg/day improved
subjective RLS symptoms (measured by IRLS and CGI-I)
more than placebo or pramipexole 0.5 mg/day. The effect of
pregabalin on arousals associated with PLM was similar to that
of pramipexole, despite smaller overall reductions in PLMS.
Pregabalin and pramipexole were generally well tolerated.
TEAEs appeared to be more frequent with pregabalin than
pramipexole (61.3% compared with 52.6%), with the most
common TEAEs with pregabalin (dizziness and somnolence)
occurring more frequently than the most common TEAEs with
pramipexole (nausea, headache, and somnolence).
Improvements in objective measures of sleep were matched
by similar improvements in participants’ perception of their
sleep. For example, subjective and objective reductions in
WASO were 25.3 and 27.1 min, respectively, with pregabalin
compared with placebo, and 28.5 and 26.9 min compared
with pramipexole. Pregabalin also improved depth of sleep by
increasing SWS and reducing the number of arousals compared
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Table 5—Summary of treatment-emergent (all causality) adverse events
PGB (n=75) PPX (n =76) PBO (n=73)
Number of AEs 135 96 55
Participants with AEs, n (%) 46 (61.3) 40 (52.6) 27 (37.0)
Participants with serious AEs, n (%) 2.7) 1(1.3) 3(4.1)
Discontinuations due to AEs, n (%) 5.3) 3(3.9) 0
Dose reduction/temporary discontinuation due to AEs, n (%) 5.3) 3(3.9) 0
Frequent AEs,? n (%)
Dizziness 18 (24.0) 2(2.6) 1(1.4)
Somnolence 13 (17.3) 6(7.9) 3(4.1)
Headache 5.3) 6(7.9) 5(6.8)
Nausea 5.3) 6(7.9) 1(1.4)
Dry mouth 5.3) 2(2.6) 1(1.4)
Upper respiratory tract infection 5.3) 2(2.6) 0
Disturbance in attention 5.3) 0 0
aTreatment-emergent AEs occurring in = 5% of participants in any treatment group. AE, adverse event; PBO, placebo; PGB, pregabalin; PPX, pramipexole.

with placebo and pramipexole. These results are consistent with
PSG data from prior pregabalin trials in patients with RLS,?
fibromyalgia,*> and epilepsy,”® and in healthy volunteers,*
which similarly demonstrated increases in SWS. An increase
in SWS has also been observed with the a,0 ligands gabapentin
and gabapentin enacarbil, suggesting that this may be a class
effect.>* In contrast, prior trials with dopamine agonists have
demonstrated decreases in SWS, consistent with results in this
study.'>!"1820 Of interest for future study would be the effects of
pregabalin on sleep microstructure, which has been shown by
analysis of cyclic alternating patterns (CAP) to differ between
RLS patients and controls.'* Acute treatment with pramipexole
has been shown to fail to correct abnormalities in sleep micro-
structure in RLS, despite significantly reducing PLMS."*

Overall rates of PLM in sleep were much decreased with
pramipexole compared with placebo, with a smaller decrease
with pregabalin compared with placebo. Nonetheless, arousals
due to PLM were similar for both drugs. Thus, it seems likely
that the effects of pregabalin on sleep in RLS patients are
partially independent of improvements in PLM. This apparent
disconnect between improvements in motor function and sleep
is suggestive of differences in underlying brain function relating
to these characteristics of RLS, which may be affected differ-
ently by pregabalin (potentially affecting the arousal system)
and pramipexole (motor functions). This may also explain the
observation that while studies consistently show a benefit of
dopamine agonists on PLM and subjective sleep measures,
significant improvements in objective sleep measures have not
generally been observed.'”? This disconnect between objec-
tive sleep measures and the PLM rates and subjective sleep
measures with pramipexole could be further evaluated. At
the same time, improvements in RLS symptoms, as assessed
by IRLS and CGI-I, were greater with pregabalin suggesting
that improvement in symptoms correlates better with objective
measures of sleep.

Improvements in sleep architecture seen in this study have
also been demonstrated in previous placebo-controlled, cross-
over trials of other 0,8 ligands.*>*¢ In these trials, gabapentin
was shown to improve TST by approximately 30 minutes
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(compared with 32.7 min in this study); however, PLMA/h were
not significantly changed.”> In contrast, gabapentin enacarbil
was shown to improve PLMA/h (mean treatment difference of
-3.1, compared with -3.7 in this study) together with similar
improvements in TST (32.7 min) and WASO (28.5 min)*® to
those seen in this study.

A task force recently established by the International RLS
Study Group identified pregabalin as effective for the treatment
of RLS for up to 1 year (with Level A evidence), while prami-
pexole, ropinirole and rotigotine were established as effective
for up to 6 months (Level A evidence).?” A number of other ther-
apies were identified as effective for durations of up to 5 years
with Level B evidence, these were: gabapentin enacarbil,
pramipexole, and ropinirole (1 year); levodopa (2 years); and
rotigotine (5 years).?” The task force recommended either dopa-
mine agonists or o, ligands as first-line treatment, dependent
on patient characteristics (e.g., dopamine agonists for patients
with severe RLS symptoms or excess weight and 0,0 ligands
for patients with severe sleep disturbance or comorbid pain).?’

In this study, the data suggest that pregabalin may lead to
greater improvements in measures of quality of live and subjec-
tive sleep than pramipexole. Comparisons of pregabalin with
studies of other RLS therapies are challenging due to differ-
ences in trial design but ropinirole®® and rotigotine*+“® have also
been shown to improve quality of life and subjective sleep. The
International RLS Study Group task force indicated that both
dopamine agonists and 0,0 ligands were “somewhat likely” to
improve quality of life while a,0 ligands were more likely than
dopamine agonists to improve subjective measures of sleep.’’

Overall, the results of this study, together with prior
research,?? indicate that pregabalin could represent a possible
alternative to dopamine agonists for the effective treatment
of RLS, and that it may offer greater improvements in sleep
maintenance and quality, key clinical treatment goals in RLS.
Further investigations should continue to evaluate the relative
benefits and risks of both treatments for patients with RLS.
Short-term AE rates appear to be higher for pregabalin than
pramipexole, particularly for dizziness and somnolence, but this
may not be the case for AEs over longer-term treatment. In the
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case of long-term use, dopamine agonists are often limited by
the development of augmentation (an increase in the severity of
RLS symptoms during treatment),*' and it would be of interest
to determine whether pregabalin, due to its nondopaminergic
mechanism of action, is associated with a lower augmentation
risk. The design and short duration of the current study did not
permit evaluation of effects on augmentation; however, this
could represent another area of future research.

Another limitation of this study was the requirement for a
relatively large number of participants to be screened in order
to identify 85 participants. This was principally due to the
requirement that participants meet the sleep parameter inclu-
sion criteria. Participants were required to have WASO > 60
minutes on the 2 PSG screening nights (with neither night
having WASO <30 min). This restriction likely also contributed
to the lower than expected variance in WASO. Other studies
with similar sleep parameter-based inclusion criteria have had
similar screening failure rates.** While this study was limited to
participants with significant sleep disturbance, we expect that
the results could also extend to other patients.

This study demonstrated improvements in objective and
subjective measures of sleep maintenance and sleep architec-
ture with pregabalin compared with placebo and pramipexole in
patients with RLS. Decreases in PLMAI with pregabalin were
comparable to those with pramipexole. Pregabalin also improved
RLS symptoms compared with placebo and pramipexole.
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