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A B S T R A C T

The number of large clinical trials of restless legs syndrome (RLS) have decreased in recent years, this coincides
with reduced interest in developing and testing novel pharmaceuticals. Therefore, the International Restless Legs
Syndrome Study Group (IRLSSG) formed a task force of global experts to examine the causes of these trends and
make recommendations to facilitate new clinical trials. In our article, we delve into potential complications
linked to the diagnostic definition of RLS, identify subpopulations necessitating more attention, and highlight
issues pertaining to endpoints and study frameworks. In particular, we recommend developing alternative
scoring methods for more accurate RLS diagnosis, thereby improving clinical trial specificity. Furthermore,
enhancing the precision of endpoints will increase study effect sizes and mitigate study costs. Suggestions to
achieve this include developing online, real-time sleep diaries with high-frequency sampling of nightly sleep
latency and the use of PLMs as surrogate markers. Furthermore, to reduce the placebo response, strategies should
be adopted that include placebo run-in periods. As RLS is frequently a chronic condition, priority should be given
to long-term studies, using a randomized, placebo-controlled, withdrawal design. Lastly, new populations should
be investigated to develop targeted treatments such as mild RLS, pregnancy, hemodialysis, or iron-deficient
anemia.

1. Introduction: A decline in the development of new
therapeutics

In recent years, the medical community’s interest in restless legs
syndrome (RLS) has waned, especially when compared to the previous
decade. This is reflected in the declining number of clinical trials for RLS
and in the pharmaceutical industry’s continued reluctance to develop
new drugs for the disorder (Fig. 1). The average number of randomized,

controlled, clinical trials halved from 2008 to 2012 to 2018–2022. Even
during the heyday of RLS clinical trials, the industry’s focus was to
repurpose existing drugs such as dopaminergic agents, alpha-2-delta
ligands, and opioids that were originally intended for Parkinson’s dis-
ease, pain management, and epilepsy. Only gabapentin enacarbil and
rotigotine were specifically targeted for RLS, although not exclusively.

The pharmaceutical industry’s current hesitation in developing and
testing new agents for RLS is compounded by the view that generic drugs
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are effective first-line treatments. This perspective is also shared by in-
surance payor-providers and regulatory agencies. However, this does
not reflect the clinical reality: the limitations of current treatments result
in many patients receiving ineffective long-term treatment. The lack of
investment in developing and testing new RLS treatments also nega-
tively impacts RLS in research, education, public awareness, and patient
support.

Given the cost of de novo drug development, the potential return on
investment is an important consideration for the pharmaceutical in-
dustry. The less-than-expected return on investment of previous drugs
developed for RLS discourages new drug development by future in-
vestors, as does the fact that payor-providers prioritize cheaper existing
“effective” drugs before new alternatives. The existence of “effective”
treatments also means that some regulatory agencies are less likely to
accept standard trials that assess superiority over placebo.

Another obstacle to developing potential new treatments is the lack
of understanding of the precise causes of RLS or what downstream
biological malfunction causes the urge to move. Our incomplete un-
derstanding of the pathogenesis of RLS and the potential negative
impact this has on RLS treatment is illustrated by the extensive devel-
opment of dopamine agonists for RLS and the widespread exacerbation
of symptoms associated with their use.

In 2021, the International Restless Legs Syndrome Study Group
(IRLSSG, www.irlssg.org) formed a task force of international experts to
identify potential limitations to advancing new drug development for
RLS and to propose specific changes that could improve current key
elements in RLS clinical trials, and more broadly, RLS clinical research.
Such changes include study subpopulations, disease burden, inclusion
and exclusion criteria, endpoints, surrogate endpoints, and designs.
Below we report the results of our discussions.

2. Redefining the disorder and upgrading diagnostic tools

2.1. Current perspective

In 2014, the IRLSSG published revised RLS diagnostic criteria that
included changes to improve diagnostic specificity and define clinical
significance [1]. This revision included the addition of a fifth criterion to
eliminate RLS mimics; it is unclear how much this additional criterion
increases specificity. The current diagnostic criteria fail to give sufficient
weight to the burden of the disease and there is no threshold concerning
RLS duration.

2.2. Disease burden

RLS is a prevalent disease that has a significant impact on activities of

daily living [2–5]. Currently, the impact of RLS is mentioned in the
diagnostic criteria under the subheading “specifier for clinical signifi-
cance of RLS” where it is stated that “the symptoms of RLS cause sig-
nificant distress or impairment in social, occupational, educational or
other important areas of functioning by the impact on sleep, ener-
gy/vitality, daily activities, behavior, cognition or mood”. The IRLSSG
task force considers this insufficient when it comes to defining a popu-
lation to be specifically investigated in clinical trials: additional objec-
tive or well-evidenced criteria are needed that refer specifically to the
impact of RLS on daytime performance, daily work, and sleep. The
diagnostic criteria, especially when used in clinical trials, should require
the treating clinician to go beyond the subjective dimension. These
additional criteria, would, therefore, encompass a more detailed defi-
nition of “problematic RLS” as it is these patients who most require
treatment.

Taken together, the burden of disease, as evaluated by means of the
existing validated quality of life rating scales, should also be considered
in clinical trial designs; the inclusion of patients with a low burden of
disease might mitigate the significance of the results in clinical trials.

2.3. Improving diagnosis for clinical research

Many of the diagnostic criteria used for sleep disorders lack empir-
ical data. Benes and Kohnen [6] evaluated the relative weight of each of
the essential and supportive diagnostic criteria for RLS using a telephone
interview (n= 179). A score (0–3) score was given to each item based on
symptom presence/absence and frequency, and a total score, the RLS
diagnostic score (RLS-DI), was operationalized. Using
receiver-operating analysis, they found that a cut-off score of≥11 points
on a scale ranging from − 22 (no RLS) to 20 (definite RLS), correctly
diagnosed 96.1 % of the subjects (sensitivity: 93.0 %/specificity: 98.9
%) when compared to the diagnosis of two independent sleep experts.
Interestingly, the diagnostic specificity was higher in items related to
supportive criteria (95.7 %) such as the presence of periodic limb
movements (PLMs) than in those related to the essential diagnostic
criteria (81.7 %). Furthermore, patients with RLS scored a higher RLS-DI
than those with primary insomnia or other neurological or psychiatric
disorders (p < 0.001). The study and the cut-off value of 11 have never
been independently replicated and at least one of the two expert scorers
was not blind to the original diagnosis (RLS and other sleep disorders) of
the participants, but the general approach could be adapted to the
current criteria and trials. Therefore, this task force recommends repli-
cating this study with the following modifications:

• A higher number of patients from a multinational study.
• Validation of diagnosis by two independent experts.
• An additional evaluation at the end of the study to investigate which
items of the IRLS scale are more sensitive to treatment change (dis-
cussed below).

Alternatively, a more simple, alternative approach would just consist
of adding a second independent interviewer to confirm the clinical
diagnosis [7].

In addition to highlighting the burden of RLS, any revised diagnostic
criteria intended for use in clinical research should incorporate objective
parameters supported by empirical data. For example, an evaluation of
the periodic limb movements index [8], a multiple suggested immobi-
lization test (m-SIT) [9], or a pharmacological test (e.g., dopamine ag-
onists) [10]. One study demonstrated that adding a pharmacological test
to the essential criteria improved diagnostic accuracy from 69.4 % to
88.4 % [11]. Methods that consider different levels of certainty of
diagnosis—for example, from possible to probable—or methods that
allow for a diagnosis by combining different criteria (with the “OR”
option), should be carefully considered in future revisions.

Diagnostic inaccuracy could increase the likelihood of clinical trial
failure in RLS (i.e., no response to active compounds when the included

Fig. 1. Restless legs syndrome randomized control trials published by year
according to PubMed (search term “restless legs syndrome”).
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subjects have not been diagnosed accurately) if including false diagnoses
reduces the degree of therapeutic response, which would ultimately
reduce the effect size. It is currently unknown whether poor diagnostic
accuracy contributes to the placebo effects, but it certainly can reduce
the difference between the response to the active drug and to placebo,
which is significant in most RLS treatment trials. The need for large
sample sizes to counter high placebo rates in RLS trials presents a
financial challenge. Strategies to improve diagnostic accuracy and
minimize placebo response include training on accurate symptom
reporting and incorporating a placebo run-in in the study design [12].

2.3.1. Phenotyping RLS and diagnostic biomarkers
The concepts of primary (formerly “idiopathic”) and secondary

(formerly “symptomatic”) RLS are outdated. The different RLS pheno-
types should be taken into consideration by the diagnostic criteria. For
example, many RLS patients suffer from periodic limb movements dur-
ing sleep (PLMS), and their frequency is strongly associated with alleles
identified in genome-wide association studies [13]. While the influence
of a specific improvement in PLMS on the overall response of RLS to
different drugs is unknown, PLMs respond better to dopamine agonists
such as pramipexole than to alpha-2 delta ligands such as pregabalin
[14]. Similarly, patients with lower levels of serum iron are more likely
to develop augmentation [15], and previous exposure to dopaminergic
agents reduces the response to non-dopaminergic agents such as alpha-2
delta ligands [16]. Other possible phenotypes include decreased brain
iron, increased striatal dopamine, response to dopaminergic agents,
propensity to develop augmentation, sleep complaints, circadian trend,
and age of onset of symptoms.

3. Redefining the endpoints

3.1. Current perspective

An endpoint is a parameter selected to show a meaningful change
with treatment and, thereby, assesses the efficacy of an intervention.
According to the US Food and Drug Administration (FDA), endpoints
can be classified as clinical outcomes, surrogate endpoints, or bio-
markers. Below we discuss the strengths and weaknesses of the existing
endpoints and explore new possible endpoints in the context of RLS
clinical trials.

3.2. Clinical outcomes, according to the FDA

Clinical outcome assessments, according to the FDA, are measures
that describe or reflect how a patient feels, functions, or survives. The
four types of clinical outcome assessments are clinician-reported out-
comes, observer-reported outcomes, patient-reported outcomes, and
performance outcomes. Among these, the “patient voice”, as reflected in
patient-reported outcomes (PROs), is one of the key tools to assess “feels
and function” endpoints. In many of its divisions, the FDA now requires
the use of a PRO. A PRO is based on a report that comes directly from the
patient without amendment or interpretation of the patient’s response
by a clinician or anyone else. The two most commonly employed in-
struments in RLS clinical trials are the International Restless Legs
Severity Scale (IRLS) [17] and the Clinical or Patient Global Impression.
Neither of these are FDA-accepted PROs. The former specifically asks the
patient about 10 RLS-related experiences, whereas the latter is derived
from the clinician and/or patient’s integrated judgment of comprehen-
sive disease status.

Other outcomes used in RLS trials to assess efficacy include the RLS-6
scale [18] and the multiple suggested immobilization test (mSIT) [19],
both RLS-specific measures. Additional outcomes, though not
RLS-specific, include the Medical Outcomes Study (MOS) Sleep Scale
[20] as well as sleep parameters derived from polysomnography,
including PLMS.

3.3. The international RLS severity scale (IRLS)

Nearly all phase II and III clinical trials in RLS have used the IRLS in
combination with the Clinical Global Impression (CGI). The IRLSS is an
externally administered patient-reported scale consisting of 10 ques-
tions on RLS symptom severity, frequency, and duration over the past
week; in addition, it includes the specific effects of RLS on sleep, mood,
and ability to function in different capacities. It has proven sufficient to
differentiate an efficacious drug from placebo in many clinical trials
with agents from different mechanisms of action. However, the placebo
effect associated with the IRLS in RLS is large [21]. The IRLSS is a
patient-reported scale, though it is unclear whether it meets FDA criteria
for a PRO. Nevertheless, during the development of gabapentin
enacarbil, the most recently FDA-approved RLS treatment, when RLS
products were handled within the Neurology Division at the FDA, the
combination of the IRLS and CGI was considered an adequate approxi-
mation to a PRO. RLS has now been moved into the Psychiatry Division,
joining other sleep-related medications, which more strictly adhere to
the requirement for a PRO.

3.3.1. Limitations of the IRLS
It is worth considering whether features of the IRLS may interfere

with the ability to identify drugs superior to those that are currently
marketed, and thus whether it impedes the development of new RLS
therapies. Despite an absence of specific data, it is a clinical impression
that the IRLS has floor and ceiling effects and may, thus, lack dynamic
range across the full scale. Further, it is unclear whether there is an
appropriate weighting of symptom-related items (e.g., frequency,
duration) and consequence-related items (e.g., mood, daytime
functioning).

Such limitations may influence the ability of clinical trials using the
IRLS to distinguish the efficacy of medications directed to specific RLS
populations: patients with severe RLS (poor dynamic range at the high
end of the scale); RLS patients with prominent mood or anxiety effects or
those with prominent interference with daytime function (each
addressed with only one item in the IRLS); or augmented RLS (only one
item addresses the duration of symptoms and none specifically address
daytime symptoms). An item analysis of existing trials using the IRLS
would provide insight into the performance of medications in specific
patient populations.

Beyond these limitations, the IRLS integrates patients’ perception of
their RLS symptoms and consequences over one week of retrospection.
Such scales therefore might be limited by the inadequacies of autobio-
graphical memory, the desire to provide a consistent narrative (even
though RLS symptoms have substantial fluctuations), or the inherent
difficulty of making conclusions when both intensity and frequency are
variable.

3.4. Potential future approaches

3.4.1. Evaluating thresholds or response trajectories
The IRLS can be used as a continuous outcome or, alternately, certain

thresholds can be established, which indicate non-validated categorical
response levels, e.g., <10, reduction of 10 points, or >50 % reduction at
study end. Similarly, differences from placebo can employ “minimal
clinically important differences” (MCID) [22], which must be exceeded
for clinical success. Some of these threshold measures have already been
used in clinical trials, while others await a more systematic evaluation.

Currently, there are no widely accepted threshold measures of
change for response or remitter status and there are no comparative
evaluations of the response characteristics of the individual threshold
measures. A potential future approach could be the systematic exami-
nation of response trajectories of clinical outcomes such as the IRLS
endpoint over the course of a clinical trial, attempting to identify early
markers of response (or non-response) or distinct response classes.
However, so far, none of these approaches have been examined in depth
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and thus lack an empirical base.

3.4.2. High-frequency data capture - Patient diaries
An alternative to a scale such as the IRLS that is based on retro-

spection is the use of more frequent sampling, for example, using diaries,
preferably administered by an online application. These collect multiple
entries and allow more immediate experiences to be summarized and
quantified. An online high-frequency data capture diary could be used
during the evening until sleep onset to capture real-time data entries on
a 0–10 ordinal scale at periodic intervals (i.e., every 30 min). Informa-
tion about the degree of physical activity at each time point could also be
obtained. This would allow the exploration of new outcomes such as
peak symptom severity or day-to-day variability of RLS symptoms,
which in turn might be better related to an individual’s experience of
RLS severity, or even the future course of symptoms (e.g.,
augmentation).

3.4.3. Surrogate endpoints
Surrogate endpoints provide “a biomarker intended to substitute for

a clinical endpoint” and may be correlated with the desired clinical
endpoint. Another important context in which surrogate measures are
used is when the clinical endpoint has a long-time horizon, and thus they
can shorten the duration of, and reduce the number of required partic-
ipants in, clinical trials (e.g., blood pressure as a marker for stroke).

Currently, there are no surrogate endpoints available for RLS trials,
and the establishment and validation of a surrogate endpoint requires
considerable resources. The most promising RLS-specific outcome to
serve as a surrogate endpoint would be PLMS, which may predict (or
mediate) the putative long-term effects of RLS for the risk of cardio-
vascular disease [23–25]. If it were established that reducing PLMS in
patients with RLS attenuated the risk of cardiovascular disease, then
monitoring technology, including wearables, would be a critical
component enabling the long-term data collection necessary to explore
this possibility. Other objective endpoints (multiple SIT, actimetry)
should also be considered as they may provide objective evidence.

3.4.4. Prevention as a new endpoint
In addition to the treatment of existing RLS symptoms, both future

morbidities associated with current RLS, as well as the development of
incident RLS, may be important new endpoints that clinical trials could
address.

These could include 1) the development of RLS during pregnancy,
with identification of at-risk individuals possibly refined by using
established RLS SNPs (using polygenic risk scores); 2) prediction of
those who will develop augmentation with a dopaminergic agent [26];
and 3) prediction of those with RLS who will develop cardiovascular
disease [23–25]. The first of these is a common outcome (approximately
20–25 % by the end of the third trimester) [27]. The second is a common
outcome (>50% over many years) and prevention is of substantial value
given the morbidity of augmentation [26]. The third, as discussed
above, may be related to PLMS.

4. Redefining the population for future treatment studies

4.1. Current perspective

Virtually all previous clinical trials in RLS were conducted in patients
with moderate to severe symptoms and often excluded subpopulations,
such as those with mild symptoms, symptoms throughout the day, or
people with iron deficiency anemia (IDA), renal disease, depression,
other sleep disorders, and neurological diseases, particularly movement
disorders. Pregnant and lactating women were also excluded. Therefore,
the current standard of treatment for RLS is derived from a subpopula-
tion that does not include all RLS patients with a potential for treatment.
Treatments that have been tested and approved in one subpopulation do
not necessarily work well in other subpopulations.

4.2. Subpopulation for special treatment consideration

4.2.1. Mild RLS
Patients whose RLS symptoms are infrequent and occur primarily at

sleep onset or cause awakening from sleep and whose quality of life is
mildly impacted by the disease would likely fall into the category of mild
RLS. These patients would have been excluded from clinical trials (i.e.,
IRLSS score<15). Many of these patients are looking for a treatment that
they can use on an as-needed basis when the RLS is a problem. The low
disease burden, efficacy of behavioral approaches, symptom variability,
and potential efficacy of generic sleeping aids make this population
unlikely to be of interest to the pharmaceutical industry but could
become the target of preventive strategies (i.e., oral or intravenous iron
supplementation).

4.2.2. Moderate/severe primary RLS
There are various subpopulations for whom comorbid conditions

complicate RLS or its treatment, or for whom standard treatments are
not the final answer. The most prominent of these subpopulations are
those with dopamine-agonist-induced augmentation. Given its high
prevalence (>50 % of those with RLS on dopamine agonists) and high
morbidity (see section 2.2) and the significant clinical difficulty in
managing it, this would seem like an important opportunity for
academia and the pharmaceutical industry to develop new treatment
options to reduce or prevent augmentation but also to treat it once it
develops. The subpopulation referred to as “treatment failures” probably
represents the next largest subpopulation for whom alternative treat-
ments are urgently needed. These patients often havemoderate to severe
RLS symptoms for whom the standard treatments have been ineffective
or more likely have been associated with severe side effects that have
required discontinuation of the medication.

4.2.3. RLS associated with specific clinical conditions
It is estimated that approximately 20 % of women in the US popu-

lation are significantly iron deficient [28]; It is estimated that approxi-
mately 30–40% of women with IDA have RLS [29]. Although there have
been several treatment trials of iron therapy in non-anemic RLS pop-
ulations [30], the clinical value of iron therapy in improving RLS
symptoms in those with co-existing IDA has yet to be established. A
potential opportunity to engage the pharmaceutical industry to support
treatment would be based upon the construct that women with an IDA
and RLS have a much poorer quality of life than those with IDA but
without RLS. Secondly, the use of oral iron therapy frequently fails
because of side effects, poor compliance, or limited effectiveness [31],
thus intravenous (IV) iron therapy would be a more efficacious approach
to the management of the IDA with RLS, but is still awaiting large-scale
trials/FDA approval.

The next subpopulation is pregnancy. The risk of developing RLS
symptoms during pregnancy is increased, with as many as 20–25 % of
women developing it in the last trimester [27]. Although RLS symptoms
resolve for the majority of women after delivery, they have a four-fold
greater risk of developing RLS in the future [32]. So, this subpopula-
tion has a high disease prevalence and, more importantly, a major
contributing factor to long-term disease burden. Some combination of
genetic biomarkers and the use of iron therapy may provide an oppor-
tunity to prevent the development of the disease during pregnancy and
potentially prevent long-term consequences.

Approximately 30–35 % of patients on hemodialysis develop RLS
[33]. The standard treatment options are often not as efficacious as seen
in the idiopathic form [34]. RLS symptoms prevent hemodialysis pa-
tients from maintaining immobility to receive treatment and may
contribute to poor dialysis compliance. The alpha-2 delta ligands are
often limited in this situation because of the high serum levels that occur
in the absence of adequate renal clearance [35].

In conclusion, we need a better understanding of the mechanisms
behind the disease expression within subpopulations (augmentation;

D. Garcia-Borreguero et al.



Sleep Medicine Reviews 77 (2024) 101978

5

renal failure; pregnancy; iron deficiency) in order to develop targeted
drugs for those subpopulations. A better understanding and documen-
tation of the prevalence, proportionality of disease burden, and unmet
needs within these subpopulations are essential for fostering interest in
new drug development by the pharmaceutical industry. Also, being
vigilant about ongoing cross-discipline research and commercial prod-
ucts that could be applicable therapies for RLS should be part of any
effort seeking new treatment options for RLS.

5. Redefining future study designs

5.1. Current perspective

Some of the current treatments (e.g., dopamine agonists) have shown
very strong efficacy in short-term clinical trials. It is, therefore, unlikely
that, at least in a short-term treatment trial, any new drug could prove
superior to these existing agents. As dopamine agonists are also generic,
every new agent would face two separate challenges: the need to show
superiority in a short-treatment trial against an active treatment and the
low cost of these existing competitors. Without the ability to show su-
periority (either lower side effect profile or greater efficacy) in clinical
trials, the pharmaceutical industry will have little interest in developing,
let alone testing, new drugs. Demonstrating non-inferiority for drug-
regulatory bodies or payor-providers or superiority by the pharmaceu-
tical industry would likely require head-to-head comparisons with a
currently approved drug in long-term treatment trials. Even when a
pharmaceutical company commits to such a trial and has positive re-
sults, as exemplified by the pregabalin-pramipexole clinical trial [36],
the company can decide not to submit for approval by drug-regulatory
bodies due to the likely perspective of an insufficient reimbursement
and thus, does not end up supported by payor-providers.

Moreover, the superiority of a new compound over dopamine ago-
nists is more likely to be shown by a long-term trial versus an active
comparator, rather than a short-term trial. However, the cost of such
studies, particularly if they are sufficiently long for symptom augmen-
tation to occur, is significant. Alternatively, a long-term trial could be
performed as a placebo-controlled, add-on therapy to an existing treat-
ment (i.e. dopamine agonists). In any case, drugs for long-term treat-
ment should be the primary focus for future research with the need to
show non-inferiority over the short-term compared to existing approved
drugs.

5.2. Approach to future study designs

Comparative trials provide treatment for both groups (standard
versus new). The high dropout rates that occur in placebo-controlled
studies are usually reduced, thus enabling the assessment of long-term
(12 months or longer) safety and efficacy. The primary endpoint of
“non-inferiority” typically requires a substantially larger sample size
than a “superiority” study in order to have sufficient power to prove the
statistical significance. As mentioned above, it is conceivable that for
standard treatment with poor long-term efficacy, therapeutic superiority
is more likely to be shown in long-rather than short-term treatment
trials.

A more cost-effective alternative to a long-term, parallel design
against an active comparator is a withdrawal study (Fig. 2). This
approach is another way to assess long-term tolerability and efficacy: in
phase I (open label), all participants receive active treatment for long
enough to assess potential side effects and identify responders. In phase
II (double-blind), patients with a threshold clinical response in phase I
are randomized to continue active treatment or change to placebo. This
design was successfully used to assess the long-term (9 months) safety
and efficacy of pramipexole [37] and gabapentin enacarbil [38] in an
RLS population. Randomized withdrawal studies have several advan-
tages: first, a baseline severity score is not usually needed. Such studies
could be used during early clinical development (see Fig. 2A): Indeed, in

a placebo-controlled design, phase II could be relatively short (4 weeks)
to show relapse and would be more tolerable for participants but could
be performed for longer if required. Moreover, the discontinuation rate
and other standard endpoints could be used as primary outcome mea-
sures. This type of study design is generally accepted by some regulatory
agencies.

However, if dopaminergic drugs are used (either as a new, experi-
mental, or as a controlled condition), we recommend that the with-
drawal period be longer because of their rebound effect and there are
concerns that this usually pronounced rebound effect could effectively
un-blind this phase of the trial. Furthermore, there are concerns about
long-term modifications of the dopaminergic system with a previous
dopaminergic treatment in RLS. A high placebo response, as seen in
some short-term studies, is a potential limitation of this study design.
However, because all participants receive active treatment in Phase I,
the placebo response is likely to be lower in phase II.

When using the randomized withdrawal study design, the conse-
quences of long-term treatment on subsequent drug withdrawal need to
be considered. The symptomatic response to drug withdrawal in the
placebo group may be a return of symptoms to untreated baseline levels
or a “rebound” of symptoms above baseline, as is commonly observed
with dopamine agonists in RLS (Fig. 3). The rebound effect is likely to
prevent the true efficacy (drug-placebo difference) of the agent from
being assessed. Such rebound effects most likely account for the very
large effect seen between active and placebo arms in phase II following 6
months of pramipexole [37] compared to the smaller effect seen with 6
months of gabapentin enacarbil treatment [38]. Rebound effects need to
be considered in the designs of withdrawal trials with dopamine ago-
nists. Therefore, for drugs with the potential for rebound following
withdrawal, the double-blind phase should be longer (in that context,
we recommend at least 8 weeks) to account for these transitory
symptoms.

Fig. 2. Study design proposal.

Fig. 3. Differentiation between rebound and relapse in a withdrawal study
following long-term treatment with a dopamine agonist.
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Fig. 2 demonstrates two design proposals. In the first (part A), an
open-label phase would be followed by a double-blind phase of the
active drug against placebo. The open-label phase should last at least 10
months to obtain long-term results. However, given the slow progression
of augmentation in RLS, the open-label phase would ideally last 12–18
months if the drug has a dopaminergic component, while the double-
blind period should last at least two months. Below, in part B, a
double-blind comparative trial, both drugs would be withdrawn against
placebo. The primary endpoint, “efficacy” would then be the difference
between drug A and placebo compared to the difference between drug B
and placebo.

The reason for a recommendation to perform the open-label studies
over a period of at least 12 months is based on the incidence rates of
augmentation reported in previous six-month vs. 12-month studies [36,
39,40].

5.3. Neural stimulation

Non-pharmacologic treatments of RLS in the form of non-invasive
neural stimulation (or neuromodulation) have gathered increasing
attention over the last years and may constitute a promising treatment
alternative requiring future research. Such treatments include bilateral
peroneal nerve stimulation [41–43], transcutanous electrical nerve
stimulation (TENS) [44], and transcranial magnetic stimulation (TMS)
[45,46]. Most can be used in monotherapy, and in some cases, as a
co-adjuvant therapy to pharmacological treatment. Clinical trials for
better characterization of stimulation parameters to be used are
required. Deep brain stimulation (DBS) [47,48] has been used in rare
cases, of RLS, some of them in conjunction with Parkinson’s disease with
difficult interpretation of the results. In general, the design of studies
involving these agents should be subject to similar methodological re-
quirements as pharmacological studies. However, besides the procure-
ment of adequate masking to avoid placebo effects, the design should
pay special attention to possible differences with pharmacological
studies such as for example:

• Time to onset of treatment effects (which might be delayed in some
of these treatment modalities, i.e., TMS and DBS),

and

• Eventual persistence of treatment effects following the end of
treatment.

6. Increasing awareness

6.1. Current perspective

Prior to the regulatory approval of RLS medications, neither the
public nor healthcare providers knew much about the disorder.
Following approval, RLS awareness increased markedly. However, more
recently, without pharmaceutical company-sponsored awareness cam-
paigns, interest in RLS has waned. Novel efforts are needed to rein-
vigorate interest in this common condition, which may facilitate better
options for patients with RLS. Unfortunately, changing the industry’s
opinions about the human cost of RLS will likely require a bottom-up
approach. It starts with education so that the practitioner recognizes
the disease and its significant burden, followed by recognizing the
limitations of current treatments, and finally voicing their concerns
through their medical organization and patient advocacy organizations
who then may push the message to the pharmaceutical industry.

6.2. Approach to raising awareness

RLS education geared toward primary care agents (physicians, nurse
practitioners, and physician assistants) would include lectures at

primary care meetings and review papers in journals read by primary
care physicians. The inclusion of RLS into various teaching curricula
should be encouraged by both patient support groups and expert phy-
sicians. Unfortunately, even among those specialty groups (Neurology
and Sleep Medicine) that likely treat more severe RLS, there appears to
be a lack of understanding of the disease and its varied treatments,
which may reflect the paucity of information/education about RLS.
Review articles on general management of RLS [49], on managing
augmentation [50], on managing patients with opioids [49], and on the
use of intravenous iron [30] have been published but usually fail to
reach those who need the knowledge the most [51]. How do we
encourage healthcare providers to read what is already out there?

Large-scale public awareness campaigns are generally impractical
without an equally large budget, typically only possessed by pharma-
ceutical industries advocating for their product. Increased awareness of
RLS can be facilitated through patient advocacy groups, disease-based
foundations, and specialty organizations. This will require, however,
that RLS patients advocate for their disease by being actively involved in
RLS advocacy groups, foundations, and specialty organizations. His-
torically, the most successful approach to improving general awareness
and subsequent changes in government health policies, payor-provided
attitudes, and pharmaceutical industry interests, is through the collec-
tive power of individuals affected by the disease. This strategy has
effectively accelerated the discovery of treatments for “orphan”
diseases.

7. Discussion

The last decade has been characterized by a reduction in the medical
community’s interest in RLS coupled with a growing reluctance of the
pharmaceutical industry to develop new drugs. In this paper, we
analyzed the various reasons that might have led to this situation.
Among these, there is a general perception by drug manufacturers,
healthcare payors, and regulatory agencies that the currently available
drugs, especially dopamine agonists, are effective first-line treatments.
We have highlighted the extent to which this belief is erroneous: it does
not consider the fact these drugs lead to serious complications over the
long-term, such as augmentation, resulting ultimately in a loss of effi-
cacy. Furthermore, given the costs of developing new drugs, the po-
tential return on investment is an important consideration for the
pharmaceutical industry. Under such circumstances, the low return of
previous investments in RLS exerts an effect discouraging the develop-
ment of future drugs, as does the fact that payor-providers prioritize the
less expensive existing generic drugs before new alternatives. Moreover,
the perception that current drugs are effective also means that some
regulatory agencies are less likely to accept standard trials that assess
superiority over placebo.

In addition to supporting scientific development to increase our
knowledge of the causes and pathophysiology of RLS, this task force
considers that key elements in the design of future clinical trials should
be modified to increase the specificity of future treatments over the
existing ones.

Poor diagnostic accuracy might reduce the superiority of “true”
active compounds over placebo and, in end-effect, reduce effect sizes.
Therefore, efforts directed at increasing the specificity of the existing
diagnostic criteria will be helpful. As such, an analysis of the construct
validity of the existing criteria (both essential and supportive) is rec-
ommended. This could be achieved through the evaluation of the
contribution of each diagnostic criterion to the overall diagnosis. In
addition, the introduction of the burden of RLS as well as of disease
severity, and frequency and duration of symptoms as a regular part of
the inclusion criteria would improve effect sizes in future studies.

Furthermore, in addition to the essential criteria, we strongly
recommend the use of objective parameters based on the supportive
criteria, as long as these are supported by empirical evidence. Examples
of the latter could be an m-SIT or a confirmation of the response to
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dopaminergic medication.
The task force also recommends exploring newer endpoints, such as

those related to the burden of disease. An item analysis of existing trials
using the IRLSS may also provide insight into the therapeutic perfor-
mance of medications in specific patient populations. A potential future
approach could be the systematic examination of response trajectories of
clinical outcomes such as the IRLSS scale over the course of a clinical
trial, attempting to identify early markers of response (or non-response)
or distinct response classes. The most promising RLS-specific outcome to
serve as a surrogate endpoint would be PLMS, which may predict (or
mediate) the putative long-term effects of RLS for the risk of cardio-
vascular disease. Besides their eventual surrogate role for cardiovascular
risk, the response of PLMS can also be used as an endpoint in clinical
trials. Given their low placebo response rate, their inclusion as an
endpoint could be used to reduce the required number of study partic-
ipants, at least in the early stages of clinical development. Other
objective endpoints (multiple SIT, actimetry) should be considered for
similar purposes.

One of the challenges in exploring new drugs is the required study
duration for a given compound to reliably demonstrate its long-term
efficacy in comparison to a placebo: some treatment complications,
such as dopaminergic augmentation, might take considerable time to
occur, and superiority over placebo as shown in a short or mid-term
study does not necessarily translate into in long-term superiority. In
particular, the feasibility of exposing RLS patients to a long-term placebo
treatment becomes questionable. Therefore, we have made several
recommendations for the design of relapse studies following a long-term
open study.

Finally, the study of subpopulations within RLS is an area that de-
serves more attention. These populations include, among others,
augmented RLS patients—constituting the main treatment need in many
developed countries—those with renal failure, iron deficiency, as well as
pregnant or pediatric populations. A better understanding of the
mechanisms behind the disease expression within these subpopulations
would help develop targeted drugs. But also, a better understanding of
the prevalence, proportionality of disease burden, and unmet needs is
essential in fostering interest in new drug development.

Further scientific research will likely lead to a better understanding
of the causes and the pathophysiology of RLS. As a result, new potential
therapeutic targets will appear. In this article, we performed a series of
recommendations that might become helpful for researchers and phar-
maceutical sponsors to improve the diagnostic specificity of the selected
RLS population, as well as the sensitivity of the endpoints and study
design, with the ultimate goal of increasing the effect size, reduce overall
investigational costs and making effective treatments available to the
patients.

8. Research Agenda

In the future, we need to:

1. Following validation of alternative scoring methods, develop more
accurate diagnostic criteria for RLS, in order to improve the speci-
ficity of clinical trials.

2. Explore newer endpoints and surrogate markers for RLS research to
improve the sensitivity of clinical trials. Some examples could be the
development of online, real-time sleep diaries with high frequency
sampling nightly sleep latency) and the use of PLMs as surrogate
markers.

3. Design clinical trials that can reliably demonstrate the long-term
efficacy of new treatments. Some options could be:

• Strategies to minimize placebo response include training on accurate
symptom reporting and incorporating a placebo run-in in the study
design as a way of eliminating early placebo responders.

• Use of long-term studies with a randomized, placebo-controlled,
withdrawal study design.

4. Study subpopulations within RLS to develop targeted treatments,
such as mild RLS, pregnancy, hemodialysis, or iron-deficient anemia.
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