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Abstract
Background: Compromised iron status is important in
restless legs syndrome pathophysiology. We compared
the efficacy and tolerability of ferric carboxymaltose
(single intravenous dose) versus placebo for restless
legs syndrome treatment in iron-deficient nonanemic
patients.
Methods: Patients with moderate to severe restless
legs syndrome and serum ferritin < 75 lg/L (or serum
ferritin 75-300 lg/L and transferrin saturation < 20%)
were randomized to ferric carboxymaltose (1000 mg
iron) or placebo. Mean change difference between
ferric carboxymaltose and placebo in International
Restless Legs Syndrome Severity Scale score from
baseline to week 4 was the primary end point; week
12 was a secondary end point.
Results: Ferric carboxymaltose treatment (n 5 59) led
to nonsignificant improvement over placebo (n 5 51) in
International Restless Legs Syndrome Severity Scale
score at week 4 (difference [95% confidence interval],
-2.5 [-5.93 to 1.02], P 5 0.163), reaching significance
by week 12 (-4.66 [-8.59 to -0.73], P 5 0.021).
Conclusions: In patients who responded to treatment,
ferric carboxymaltose may require more time to stabi-
lize restless legs syndrome than previously assumed.
VC 2017 The Authors. Movement Disorders published
by Wiley Periodicals, Inc. on behalf of International
Parkinson and Movement Disorder Society.
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Restless legs syndrome (RLS) pathophysiology is still
only partly understood, with the involvement of the
dopaminergic system still under debate.1 However, genet-
ic studies thus far have failed to link dopamine pathology
to RLS.2 Compromised iron status is an important disor-
der, possibly contributing to the cause of RLS.3 However,
the causal relationship still remains unclear, and there is
much debate about how to adequately assess iron status
in RLS patients.4-8 The potential relationship between
low iron status and RLS has led to increased interest in
the use of iron replacement therapy to treat this disorder.1

Study results have varied, most likely because of the dif-
ferent iron formulations and dosages used, as well as
study design. Although some previous studies excluded
anemic patients,7 all studies to date have included
patients of varied iron status, but have not provided clear
evidence about which RLS patients might benefit most
from iron treatment.6-11

Previously, a single treatment of ferric carboxymal-
tose (FCM) provided significant and prolonged reduc-
tion (>24 weeks) in RLS symptoms, with minimal
adverse events (AEs) in 2 small cohorts of patients.6,12

FCM has been shown to also provide significant
reduction in RLS symptoms in pregnant women.11

However, these studies included patients with a broad
range of serum ferritin levels, making it difficult to
establish any relationship between pretreatment serum
ferritin level and response to therapy.6,12

This study compared the efficacy and tolerability of
a single 1000-mg infusion of intravenous iron as FCM
versus placebo, as a treatment for RLS in patients
with impaired iron status.

Methods
Patients

Patients aged �18 years weighing �50 kg with
moderate to severe RLS (International RLS Severity
Scale [IRLS] total score �15), normal hemoglobin
levels (women, �11.5 g/dL; men, �12.5 g/dL), and

serum ferritin <75 lg/L were eligible for this study
(patients were also included if serum ferritin was
between 75 and 300 lg/L and transferrin saturation
[TSAT] was <20%). All patients provided appropriate
written informed consent. Further details can be found
in the Supplementary Materials.

Study Design

This trial was a prospective phase 4 patient- and
assessor-blind (the study nurse who administered the
treatment was not blinded), placebo-controlled 12-week
multicenter study (EudraCT number: 2013-000574-30).
Eligible patients were randomized before the start of
treatment to either a single intravenous dose of 1000 mg
iron as ferric carboxymaltose or placebo by drip infusion
over 15 6 2 minutes on day 1 (see Supplementary Mate-
rial). This study was conducted in accordance with the
principles of the Declaration of Helsinki and Good Clini-
cal Practice guidelines. More details can be found in the
Supplementary Materials.

Study Objectives and End Points

The primary objective of this study was to compare
the efficacy of FCM versus placebo as treatment for
RLS in iron-deficient nonanemic patients. The primary
efficacy end point was the difference in mean change
in IRLS score from baseline to week 4 between FCM
therapy and placebo; change from baseline to week 12

TABLE 1. Patient demographics and baseline
characteristics

Variablea

Ferric carboxymaltose
(n 5 59)

Placebo
(n 5 51)

Age, years 53.0 (15.7) 55.5 (15.9)
Age category, n (%)
<65 years 41 (69.5) 35 (68.6)
65-74 years 15 (25.4) 11 (21.6)
75-84 years 3 (5.1) 5 (9.8)

Female, n (%) 48 (81.4) 42 (82.4)
Weight, kg 73.88 (16.58) 73.89 (13.10)
Height, cm 166.1 (8.64) 167.0 (7.71)
BMI, kg/m2 26.77 (5.70) 26.46 (4.09)
Previous dopaminergic
treatment, n (%)

31 (53.4) 23 (44.2)

Serum ferritin, lg/L 41.93 (34.55) 48.85 (45.95)
TSAT, % 18.49 (7.88) 21.14 (9.19)
IRLS total score 25.9 (5.65) 26.0 (5.78)
CGI-Item 1 severity score 4.8 (0.87) 4.7 (0.74)
RLS-6

Sleep satisfaction 7.2 (2.53) 7.2 (2.52)
Severity when falling asleep 6.8 (2.66) 6.2 (3.03)
Severity during the night 5.9 (3.06) 5.7 (3.18)
Severity during the day, at rest 4.5 (3.06) 4.3 (2.88)
Severity during the day, active 1.8 (2.30) 2.5 (2.69)
Daytime tiredness 5.9 (2.60) 5.6 (3.07)

aMean (standard deviation) unless otherwise stated.
BMI, body mass index; CGI, Clinical Global Impressions; IRLS, International
Restless Legs Scale; RLS-6, Restless Legs Syndrome-6; TSAT, transferrin
saturation.
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was a secondary efficacy end point. Mean change in
serum ferritin and TSAT levels and tolerability were
monitored throughout. Other secondary efficacy end
points are described in the Supplementary Materials.

Assessments

Assessments were performed at baseline, weeks 1, 4, 8,
and 12, and at the end of study (EOS; ie, week 12 or
following earlier termination), unless otherwise stated.
Efficacy was primarily assessed with the patient-based
IRLS scale. Secondary assessments included the Clinical
Global Impression scale items-1 and -2, the Patient Glob-
al Impression of Improvement Index, RLS-6 scale, and
quality-of-life (QoL) questionnaire. Safety was assessed
by monitoring the occurrence or increase in severity of
AEs throughout the study and up to 30 days after admin-
istration of treatment or at last study visit, whichever was
longer. More details can be found in the Supplementary
Materials.

Statistical Analyses

The sample size (55 per treatment arm) was calcu-
lated assuming an improvement of IRLS total score of
at least 4.5 in the FCM group compared with placebo
at week 4,6 using a standard deviation of 8 points,
5% 2-sided type I error, and 80% power. All efficacy
analyses were conducted on the full analysis set (FAS),
and safety and tolerability analyses were conducted on
the safety set. For further details, please see Supple-
mentary Materials.

Results
Patient Population

A total of 110 patients (mean 6 SD age, 54.1 6 15.8
years; 82% female; 49% previously received dopaminer-
gic treatment; Table 1) from 13 sites (Finland, 3 [n 536];
Germany, 8 [n 5 70]; Switzerland: 2 [n 5 4]) were
randomized to receive a single intravenous dose of
FCM (n559) or placebo (n551) and included in the
FAS (Suppl. Fig. 1). Patient demographics and baseline
characteristics were similar between treatment arms
(Table 1), and 87 patients (79%) completed the study.

Efficacy

The primary end point was not met after 4 weeks, with
a change in IRLS (LS mean, last observation carried
forward [LOCF]) of -7.7 (standard error [SE] 5 1.1) for
patients treated with FCM and -5.2 (SE 5 1.2) for those
treated with placebo (treatment difference, -2.9; 95%
confidence interval [CI], -5.93 to 1.02; P 5 0.163;
Fig. 1). However, the mean decrease in IRLS total score
from baseline was greater with FCM versus placebo at
all study visits and led to a significant improvement
by week 12 (FCM, -9.6 6 1.4; placebo, -5.0 6 1.5;
treatment difference, -4.66 [95%CI, -8.59 to -0.73];
P 5 0.021; Fig. 1). Results from most other secondary
end points were also significantly in favor of FCM (for
other RLS symptom severity, QoL, and sleep results, see
Supplementary Materials).

Patient Iron Status

Changes in serum ferritin and TSAT levels from base-
line were significantly increased with FCM treatment
versus placebo throughout the study (P < 0.001). There
was a significant correlation between baseline TSAT
level and IRLS improvement with FCM treatment at
week 4 (r 5 0.37; P 5 0.006) and EOS (r 5 0.28; P 5

0.031). There was no correlation between baseline
serum ferritin level or increased iron parameter level
and IRLS improvement.

Tolerability

Overall, 33 treatment-emergent AEs (TEAEs) were
reported in 23 patients (FCM, 16 patients, 27.1%;
placebo, 7 patients, 13.7%; Suppl. Table 3), the
majority of which were mild or moderate in severity.
Severe TEAEs were experienced by 4 patients in the
FCM group and 2 with placebo. Serious AEs were
reported in 2 patients, 1 from each treatment group,
which led to their withdrawal from the study. No
hypersensitivity reactions, anaphylactoid reactions, or
deaths were reported. For additional details, please
refer to the Supplementary Materials.

FIG. 1. Changes over time in IRLS total score.
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Discussion
The results of this study in iron-deficient nonanemic

patients showed that a single 1000-mg dose of intrave-
nous iron as FCM provides nonsignificant differences in
IRLS after 4 weeks of treatment (primary end point)
compared with placebo; however, FCM provides a sig-
nificant and clinically meaningful difference13,14 after
12 weeks (treatment difference, -4.66; P 5 0.021).
Unlike other treatments, which may be administered
several times over the trial period,6,8 FCM was adminis-
tered as a single intravenous dose. This may have
increased the likelihood of withdrawal if patients were
administered placebo treatment or possibly had a
noniron-sensitive RLS phenotype and could not tolerate
RLS symptoms over time. Nevertheless, patients who
did respond to FCM treatment achieved the greatest
improvements in IRLS scores at varying times, sugges-
ting either an early or late responder in iron-sensitive
IRLS phenotypes. This time-delayed response to FCM
in the current study is different compared with trials
examining dopaminergic or opioidergic agents. In
support of the IRLS assessment, most other RLS symp-
tom severity and QoL scores were also significantly
improved with FCM treatment by week 12.

RLS symptom severity assessments such as IRLS,
CGI, and even RLS-6 are gold standard methods for
measuring RLS treatment efficacy.15-17 IRLS findings
observed in the current study are similar to those seen
in previous randomized, placebo-controlled trials.
Allen et al reported a significant 5-point difference in
mean IRLS total score between FCM and placebo at
week 4 (P 5 0.049).6 Similarly, Cho et al also
reported a significant 12-point difference in IRLS score
between FCM and placebo at week 6 (P 5 0.03).12

However, unlike the current study, there were no
serum ferritin threshold inclusion criteria in either
study, making it difficult to determine which patients
would benefit from treatment.6,12

Severity of RLS is worse when at rest during the day
and evening,17 which is significantly alleviated with
FCM treatment, as reflected in RLS-6 scores for both at
rest during the day, and in the evening. The nonsignifi-
cant improvements in RLS-6 for “severity during the day
when active” further support the suggestion that only
RLS-characteristic symptoms were improved with FCM.

Although the causal relationship between compro-
mised iron status and RLS remains unclear, our find-
ings support a role for iron replacement therapy in the
treatment of RLS. Iron has important roles in oxygen
metabolism and energy capacity,18 and RLS is often
associated with conditions involving hypoxia.19-21

Notably, baseline TSAT levels correlated significantly
with improvement in IRLS scores at week 4 and EOS.
Patients with a lower baseline TSAT value appeared
to have a greater improvement in IRLS score, sugges-
ting that patients who are more iron deficient may

benefit from FCM treatment. The maintenance of
higher iron levels with FCM may boost oxidative
metabolism, resulting in the significant improvements
observed in this study.

Conclusions
Although the primary efficacy end point at week 4

was not met, a single 1000-mg dose of iron as FCM
could provide significant improvements in RLS symp-
toms after 12 weeks in this iron-deficient nonanemic
RLS population. The mechanisms underlying this effect
are still not fully understood; for example, early versus
late responders, or lack of response to iron treatment,
could reflect a phenotype of patients with causes of RLS
independent of iron status. Furthermore, large-scale
studies are needed to identify subgroups of patients
who will benefit most from FCM treatment.
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ABSTRACT
Background: Idiopathic REM sleep behavior disorder
is a prodromal stage of Parkinson’s disease and
dementia with Lewy bodies. Hyposmia, reduced
dopamine transporter binding, and expression of the
brain metabolic PD-related pattern were each associ-
ated with increased risk of conversion to PD. The
objective of this study was to study the relationship
between the PD-related pattern, dopamine transport-
er binding, and olfaction in idiopathic REM sleep
behavior disorder.
Methods: In this cross-sectional study, 21 idiopathic
REM sleep behavior disorder subjects underwent 18F-
fluorodeoxyglucose PET, dopamine transporter imag-
ing, and olfactory testing. For reference, we included
18F-fluorodeoxyglucose PET data of 19 controls, 20 PD
patients, and 22 patients with dementia with Lewy
bodies. PD-related pattern expression z-scores were
computed from all PET scans.
Results: PD-related pattern expression was higher in
idiopathic REM sleep behavior disorder subjects
compared with controls (P 5 0.048), but lower com-
pared with PD (P 5 0.001) and dementia with Lewy
bodies (P < 0.0001). PD-related pattern expression
was higher in idiopathic REM sleep behavior disorder
subjects with hyposmia and in subjects with an
abnormal dopamine transporter scan (P < 0.05,
uncorrected).
Conclusion: PD-related pattern expression, dopamine
transporter binding, and olfaction may provide comple-
mentary information for predicting phenoconversion.
VC 2017 The Authors. Movement Disorders published
by Wiley Periodicals, Inc. on behalf of International
Parkinson and Movement Disorder Society.

Key Words: idiopathic REM sleep behavior disorder;
Parkinson’s disease-related pattern; 18F-FDG-PET;
dopamine transporter 123I-FP-CIT SPECT; olfaction

Longitudinal studies have shown that >80% of indi-
viduals with idiopathic REM sleep behavior disorder
(RBD) developed Parkinson’s disease (PD) or dementia
with Lewy bodies (DLB) on long-term follow-up.1-5

RBD subjects represent a suitable group to study the
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