EUROPEAN
Study Protocol STROKE JO U RNAI.

European Stroke Journal

Enhancement of STroke REhabilitation O oo b Ormisation 2024

Article reuse guidelines:

with Levodopa (ESTREL): Rationale SO
and design of a randomized gf;:zzep“b”m’“°me’“°
placebo-controlled, double blind -

superiority trial

Annaelle Zietz"**”, Josefin E Kaufmann'?* 2] Karin Wiesner'?,

Sandro Kevin Fischer'2, Martina Wiegert'?, Wilma D) Verhagen-Kamerbeek'?,
Yannik Rottenberger?, Anne Schwarz?'”| Nils Peters'?% Henrik Gensicke'?,
Friedrich Medlin®, Jens Carsten Méller?, Bartosz Bujan’, Leo H Bonati?8,

Marcel Arnold’, Sabine Schaedelin'?, René M. Miiri’, Lars G Hemkens'%!"!2!3
Patrik Michel'4, Philippe A Lyrer?, Jeremia P Held*'>, Gary A Ford'¢,

Andreas R Luft®>!”, Christopher Traenka'?" and Stefan T Engelter'?"; for the
ESTREL Investigators

Abstract

Rationale: Novel therapeutic approaches are needed in stroke recovery. Whether pharmacological therapies are
beneficial for enhancing stroke recovery is unclear. Dopamine is a neurotransmitter involved in motor learning, reward,
and brain plasticity. Its prodrug levodopa is a promising agent for stroke recovery.

Aim and hypothesis: To investigate the hypothesis that levodopa, in addition to standardized rehabilitation therapy
based on active task training, results in an enhancement of functional recovery in acute ischemic or hemorrhagic stroke
patients compared to placebo.

Design: ESTREL (Enhancement of Stroke REhabilitation with Levodopa) is a randomized (ratio I:l), multicenter,
placebo-controlled, double-blind, parallel-group superiority trial.

Participants: 610 participants (according to sample size calculation) with a clinically meaningful hemiparesis will be
enrolled <7 days after stroke onset. Key eligibility criteria include (i) in-hospital-rehabilitation required, (ii) capability to
participate in rehabilitation, (iii) previous independence in daily living.

Intervention: Levodopa |00 mg/carbidopa 25 mg three times daily, administered for 5 weeks in addition to standardized
rehabilitation. The study intervention will be initiated within 7 days after stroke onset.

Comparison: Matching placebo plus standardized rehabilitation.

Outcomes: The primary outcome is the between-group difference of the Fugl-Meyer-Motor Assessment (FMMA)
total score measured 3 months after randomization. Secondary outcomes include patient-reported health and wellbeing
(PROMIS 10 and 29), patient-reported assessment of improvement, Rivermead Mobility Index, modified Rankin Scale,
National Institutes of Health Stroke Scale (NIHSS), and as measures of harm: mortality, recurrent stroke, and serious
adverse events.

Conclusion: The ESTREL trial will provide evidence of whether the use of Levodopa in addition to standardized
rehabilitation in stroke patients leads to better functional recovery compared to rehabilitation alone.
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stroke rehabilitation, neurorehabilitation, levodopa, randomized controlled trial, Fugl-Meyer-motor assessment, motor
recovery, protocol
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Background and rationale

In stroke medicine, the large body of high-quality evidence
proving benefits of acute revascularization therapies and sec-
ondary prevention is offset by a large gap of evidence on
means to enhance stroke recovery. Levodopa as a precursor
substance of dopamine is a promising candidate for the phar-
macological enhancement of stroke recovery.! Dopamine is a
key player in processes of motor learning, reward, and brain
plasticity."*

Dopaminergic nerve terminals with dopamine receptors
(D1 and D2) are present in the primary motor cortex. In
rats, the inhibition or elimination of these terminals
impaired motor skill acquisition and recovery.’ Interestingly,
under dopamine substitution, the motor skill learning pro-
cess could be restored.® Dopamine may support learning
and may relay reward signals to the motor cortex.” Next to
these promising preclinical data, studies in stroke patients
as well as healthy subjects support the hypothesis that neu-
roplasticity could be improved by levodopa. In chronic
stroke patients, levodopa intake enhanced the encoding of
motor memory.® In healthy subjects, levodopa improved
motor memory levels.” Thus, preclinical research and stud-
ies with healthy individuals suggest that there is scope for
benefit from using levodopa in addition to standardized
rehabilitation therapy in stroke patients.

However, there are limited and inconsistent data from ran-
domized controlled trials (RCTs)'*"> studying the effect of
treatment with levodopa in acute and chronic stroke patients.

In a systematic review and meta-analysis conducted
prior to finalizing the protocol of the ESTREL trial (i.e.

protocol version of July 3%, 2019) searching Medline, the
Cochrane Library, and clinicaltrials.gov using (“stroke”
AND “levodopa”) and related terms combined with stand-
ard filters for randomized controlled trials, we identified six
RCTs for which data on motor outcome stratified to the
type of study treatment were available.'"!3

This meta-analysis suggested a — albeit statistically non-
significant — more favorable outcome in levodopa-treated
stroke patients than in control patients (Figure 1). However,
the heterogeneity between trials was considerable. The
RCTs differed regarding patient populations (chronic and
acute stroke), types of strokes (ischemic and hemorrhagic),
dosage and duration of levodopa treatment, length of fol-
low-up, and outcome measures. Of note, none mentioned
adaptations of concomitant rehabilitation therapies to mod-
ern forms of training and in particular the pairing of enhanc-
ing drugs with the type and amount of rehabilitation therapy,
which have been shown important in pre-clinical research. '°
More importantly, there were no safety concerns related to
the use of levodopa.

With these considerations in mind, we designed
ESTREL as a randomized placebo-controlled trial to
study the benefits and harms of treatment with levodopa/
carbidopa in enhancing functional recovery after acute
stroke.

Methods

We report this study protocol in accordance with SPIRIT
(Standard  Protocol Items: Recommendations for
Interventional Trials)!”
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Heterogeneity: Tau? = 0.18; Chi? = 21.20, df = 7 (P = 0.003); I* = 67% 52 }1 (') i é

Test for overall effect: Z = 0.73 (P = 0.46) Favours control Favours levodopa

Figure |. Meta-analysis based on a systematic review dated from August 7%, 2017.

Primary aim

The primary aim of the ESTREL trial is to study the bene-
fits and harms of levodopa/carbidopa treatment in enhanc-
ing functional recovery after acute stroke.

Exploratory aims

We integrated the following nested exploratory studies in
the ESTREL trial to investigate inter-individual variation in
the response to levodopa/carbidopa treatment in acute
stroke.

ESTREL-PRECISION aims to investigate the impor-
tance of genetic profiles on (a) outcome and (b) treatment
response to levodopa.

ESTREL-BIOMARKER tests whether blood biomark-
ers for (a) myocardial injury and dysfunction (hs-troponinT
and NT-pro-BNP) and for (b) aging processes of the vascu-
lar system (GDF-15) or of the immune system (senescence-
associated secretory phenotype) as well as neurofilaments
modify functional recovery in stroke patients treated with
or without levodopa.

ESTREL-BENEFIT seeks to identify individual targets
for personalized and novel stroke recovery treatment
approaches using artificial intelligence.

ESTREL-IMAGE studies whether brain lesion char-
acteristics modify (i) functional recovery and (ii) levo-
dopa-treatment response for motor recovery in stroke
patients.

Furthermore, we will explore the impact (i) of type and
amount of rehabilitation therapies on motor recovery, pro-
viding a “dose-response-analysis” for the input of rehabili-
tation therapy with or without levodopa regarding motor
recovery, (ii) of participation in a stroke recovery trial by
comparing the outcomes of ESTREL participants with
those of similarly affected patients who did not participate
in ESTREL from the National (i.e. Swiss) Stroke Registry,
(iii) the impact of levodopa on post-stroke fatigue or post-
stroke depression, and (iv) the presence of a long-term
benefit from levodopa therapy applied in addition to reha-
bilitation therapy.

Study design

ESTREL (Enhancement of Stroke REhabilitation with
Levodopa) is an investigator-initiated clinical multicenter,
placebo-controlled, double-blind, randomized (ratio 1:1),
parallel-group superiority trial. The trial is conducted in
certified Swiss acute care and their collaborating stroke
rehabilitation centers. ESTREL uses established stroke care
pathways between certified stroke units/centers (n=13) and
their partner stroke rehabilitation centers (n=11) according
to the certification criteria (https://sfcns.ch/certification/
stroke).

Participants

The ESTREL trial recruits previously independent (modi-
fied Rankin Scale (mRS) <3) adult patients with acute
ischemic or hemorrhagic stroke (i.e. intracerebral hemor-
rhage excluding subarachnoid hemorrhage and cerebral
venous sinus thrombosis) leading to a clinically meaningful
hemiparesis that is, scoring a total of=3 points on the fol-
lowing National Institutes of Health Stroke Scale (NIHSS)
items (i) motor arm, (ii) motor leg, (iii) limb ataxia (a distal
arm paresis is equivalent to one of the aforementioned (i—
iii)) and thus requiring in-hospital rehabilitation therapy.
Patients are enrolled <7days after the onset of stroke.
Table 1 lists the inclusion and exclusion criteria.

Outcomes

Primary outcome. The primary outcome is the between-
group difference in the Fugl-Meyer-Motor Assessment
(FMMA) total score measured at 3 months (=14 days) after
randomization. The assessment of the FMMA is performed
by trained study personnel only. All trainings are provided
in person by two specialized FMMA experts with an aca-
demic background and teaching experience (JH, KW). Par-
ticipation is confirmed and documented. Central refresher
training is offered at least annually as hands-on training or
via prerecorded video instructions. In the ESTREL setting,
the FMMA has shown excellent interrater reliability.'®


https://sfcns.ch/certification/stroke
https://sfcns.ch/certification/stroke

1096

European Stroke Journal 9(4)

Table I. Inclusion and exclusion criteria of the ESTREL trial.

Inclusion criteria

I. Acute ischemic or hemorrhagic (i.e. intracerebral hemorrhage excluding subarachnoid hemorrhage and cerebral venous sinus

thrombosis) stroke <7 days prior to randomization

2. Clinically meaningful hemiparesis (i.e. scoring a total of =3 points on the following NIH stroke scale score items (i) motor arm,
(if) motor leg, (iii) limb ataxia; a distal arm paresis is equivalent to one of the aforementioned (i—iii))

In-hospital rehabilitation required
Capable to participate in a standardized rehabilitation therapy
Informed consent of patient or next to kin

o kW

Time of randomization =24 h since thrombolysis or thrombectomy

Exclusion criteria

Age <I8years

Inability or unwillingness to comply with study procedures including adherence to study drug intake (orally, or via nasogastric

I
2. Diagnosis of Parkinson’s disease
3. Use of Levodopa mandatory according to judgment of treating physician
4.
tube or percutaneous endoscopic gastrostomy tube)
5. Severe aphasia (i.e. unable to follow two-stage-commands)
6. Previously dependent in the basal activities of daily living (defined as modified Ranking Scale prior to stroke > 3)
7. Pre-existing hemiparesis
8.

Known hypersensitivity to Levodopa/Carbidopa and other contraindications for Levodopa/Carbidopa as outlined in the

summary of product characteristics (as appended to the study protocol).
9. Woman who are pregnant or breast feeding, or who intend to become pregnant during course of the study. Women of
childbearing age must take a pregnancy test to be eligible for the study.

Lack of safe contraception, defined as: Female Participants of childbearing potential, not using and not willing to continue

using a medically reliable method of contraception for the entire study duration, such as oral, injectable, or implantable
contraceptives, or intrauterine contraceptive devices, or who are not using any other method considered sufficiently reliable
by the Investigator in individual cases. Female Participants who are surgically sterilized/hysterectomized or postmenopausal for
longer than 2years are not considered as being of child bearing potential.

Secondary outcomes. The secondary outcomes are patient-
reported-outcomes-measurement-information-system
(PROMIS) 10" and 29,?° the patient reported assessment of
improvement, FMMA (also separately for upper and lower
extremity), NIHSS, modified Ranking Scale, Rivermead
Mobility Index, measure at various time points as outlined
in the Study Schedule (Figure 2). Further secondary out-
comes are assessed in selected centers only, as outlined in
the Study Schedule (Figure 2).

Harmful events are assessed by the following measures:
In the interventional phase of the trial (i.e. =<3 months post-
randomization) mortality (all cause), recurrent stroke (any),
serious adverse events and pre-specified non-serious
adverse events possibly related to the active treatment in
line with the protocol of the DARS-trial?! (also see
Supplemental Table 2) are assessed. In the extended follow-
up (observational phase) of the trial (i.e. 3—12 months post-
randomization), mortality (all cause) and recurrent stroke
(any) are assessed (Figure 2).

Randomization

Participants are randomly assigned in a 1:1 ratio either to
the active treatment or the control group. Stratification is

performed by center. The randomization procedure is
implemented by the Clinical Trial Unit of the Department
of Clinical Research of the University Basel via the Clinical
Data Management Application (CDMA) secuTrial®. It
includes a standard minimization algorithm which will
ensure that the treatment groups are balanced within each
stratum. To avoid predictable alternation of treatment allo-
cation, and thus potential loss of allocation concealment,
participants will be allocated with a probability of 80% to
the treatment group that would minimize the difference
between the groups within the patient’s stratum.

Blinding procedures

All investigators, study participants, care providers (i.e.
therapists, physicians, nurses), outcome assessors and the
study statistician will remain blinded with respect to the
treatment allocation throughout the trial. The study treat-
ment (i.e. either active treatment with levodopa/carbidopa
or matching placebo) is labeled, packed, and dispensed by
an independent distributor (Bichsel pharmacy). Placebo is
indistinguishable (i.e. identical in aspect, texture, and taste)
from the active treatment. Unblinding can be performed
only by authorized investigators.
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Study phase Pre-screening Enrolment Interventional phase / main study

Observational phase (clinical) : D

Visit Visit 1 Visit 2

Unscheduled

Visit 4 e

Visit 5 Visit 6 ‘ Visit 7 ‘ Visit 8 ‘ Visit 9

Sereening,
Consent,
Enrolment,
Randomization
day

Transition*  Full dose
Dose  torehab  study  Dose
escalation  center treatment tapering End of treatment
day day day day 5 weeks

Main purpose
Eligibility pre-

Timepoint day

Long-term follow  Long-term follow  Long-term follow  Long-term follow
Long-term folllow Long-term follow

End of study
(unscheduled)

Primary outcome.

assessment visits) visits) visits) visits)

3months 6 months 12months |24 months 36 months 48 months 60 months

unscheduled

7to0 1-6 ) 7-34 3539 (#/-7 days)

Informed consent - - - - B B

Randomization

Dispensing of study drug
Group A (Levodopa)
Group B (Placebo)

Distribution of therapy booklet

x

x x x x
x x x x

x
x B
X End of treatment

End of treatment
x -

Assessments
Inclusion-/Exclusion Criteria x
Demographics X
Medical History -
Pregnancy Test (females)

Physical examination

Concomitant rehabilitative therapies
Concomitant medication

Drug accountability

Blood sampling **

STUDY SCHEDULE

Outcome measures

FMMA (Primary outcome) -
NIH-Stroke Scale Score X x
Modified Rankin-Scale Score - x
PROMIS-10

PROMIS 29

Patient reported assessment of improvement
Rivermead Mobility Index

Action Research Arm Test**

Box-and Block-Test**

lsamar dynamormeter Test**

Motricity index**

[Trunk control**

Functional ambulation categories**

10-meter walk test **

Montreal Cognitive Assessment **

Daily activity measurement with movement

sors **
Mortality (all cause) - - x x x x x
Recurrent stroke (any) - X X x x

(+/-14 days) (+/-20 days) (#/-30 days) (+/-30 days) (+/-30 days) (+/-30 days) (+/- 30 days)

Figure 2. Detailed study schedule of the ESTREL trial.

Methods of minimizing bias and improving
adherence to the intervention

All outcome assessments (primary, secondary) are per-
formed only by trained study personnel. The use of estab-
lished, standardized, and validated outcome assessment
tools helps to minimize bias in outcome assessment. To
enhance data quality, we have (i) developed a data monitor-
ing app as a trial governance and steering tool together with
the Department of Clinical Research at the University
Basel, which displays the completeness of visits and out-
come data and enables to send reminders to participating
centers. (ii) We regularly contact sites by virtual or in-per-
son meetings. (iii) Data quality and completeness are con-
tinuously monitored by data validation checks and (iv)
action items are decided in weekly sponsor-investigator
team meetings. The inclusion criterion “inpatient rehabili-
tation required” was explicitly chosen to maximize partici-
pant’s adherence to the intervention by supervised and
documented (in the clinical information system) applica-
tion of the study medication by medical staff, as well as
type and amount of rehabilitation therapies applied for each
patient during in-hospital rehabilitation. (Details in
Supplemental Table 1, Post-hoc Fidelity Plan According to
NIH Behavior Change Consortium Treatment Fidelity
Recommendations??).

Independent on-site and centralized monitoring is per-
formed by the Department of Clinical Research of the
University Basel, Switzerland.

ESTREL is registered at clinicaltrials.gov (NCT-
03735901). No changes to initially planned outcomes were
made.

Study intervention

The active treatment (i.e. investigational medicinal prod-
uct) in the ESTREL trial is levodopa 100 mg/carbidopa
25mg and is administered orally from day 1 to day 39 after
randomization. The comparison group receives matching
placebo. The study treatment is administered with (i) a dose
escalation phase (1-0-0 on days 1-3; 1-1-0 on days 4-6),
(i) a full dose phase (1-1-1 on days 7-34) and (iii) a taper-
ing phase (1-1-0 on days 35-37; 1-0-0 on days 38-39).
Randomization to the study intervention was allowed up to
7 days after stroke onset. The study treatment can be admin-
istered via nasogastric tube or percutaneous gastrostomy
feeding tube if necessary (e.g. due to a dysphagia).

In addition to the blinded study medication, all ESTREL
participants receive the same standardized rehabilitation
therapy based on active task-oriented training (previously
referred to as the principles of motor learning), irrespective
of the treatment group. The process of standardization and
characterization of this type of rehabilitation therapy has
beendevelopedincollaborationwith Interessengemeinschaft
Physiotherapie in der Rehabilitation — Neurorehabilitation
(IGPTR-N])® (i.e. Interest Group Physiotherapy Reha-
bilitation - Neurorehabilitation in Switzerland). Further
details can be found in Supplement 1. Accordingly, for each
participant, the categorized type and the amount (in min-
utes/hours) of rehabilitation therapies received are recorded
for the entire duration of in-hospital rehabilitation.??

Study schedule: ESTREL consists of a 3-month inter-
ventional phase, which includes the administration of the
study treatment and ends with the 3 months-visit and the
FMMA assessment as the primary outcome measure.
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Thereafter, an optional extended clinical follow-up phase
with in-person follow-up visits at 6 and 12 months after ran-
domization is foreseen. Moreover, participants were
encouraged to agree on long-term telephone follow-up
interviews, performed annually from 2 to Syears after
randomization.

Figures 2 and 3 illustrate the study schedule and flow.

Harm

All investigators are trained to report serious adverse events
to the sponsor investigator within 24h according to ICH
GCP guidelines.?* Based on the known side effects of the
active treatment in stroke patients from the DARS-trial,'?
pre-specified adverse events are assessed (see Supplemental
Table 2). An independent Data Safety Monitoring
Committee (DSMC) regularly monitors safety aspects of
the trial and the frequency of the safety outcomes in both
treatment groups. DSMC meetings are scheduled after the
inclusion of 200, 400, and 500 participants.

Sample Size Estimation

We plan to enroll 610 participants. A drop-out rate of 10%
is assumed leaving 549 evaluable participants. Assuming,
that the FMMA is normally distributed with a standard
deviation of 25 points (as based on the FLAME-trial*
data), 548 participants will allow to detect a mean differ-
ence between the levodopa- and the placebo-group in the
FMMA total score of 6 points at 3months (which we
assumed to be patient-relevant based on prior research?627)
with a power of 80% (two-sided significance level of 5%).

Statistical analysis

Primary analysis. The main analysis follows the intention-
to-treat principle (“treatment policy estimand™?®). The
FMMA total score at 3 months after randomization is the
primary outcome. We considered a difference of 6 points in
the FMMA total score at 3 months as patient-relevant based
on the following data and considerations. A difference of
5.25 points for the upper extremity?® and 6 points for the
lower extremity part of the score?’” has been described as
minimal clinically important difference. For ESTREL, a 6
points difference for the FMMA total score is considered a
patient-relevant difference between both treatment groups
for the primary endpoint. To illustrate this choice, a 6 points
increase in the FMMA total score translates either into a
recovery of shoulder function or — independent of any
recovery of the shoulder function — into recovery of hip
function in the lower extremity.?’

The primary outcome will be analyzed by a linear model,
with the FMMA score at baseline as covariate to adjust for
differences between the treatment groups at baseline and

treatment as two-level factor (“levodopa” vs “placebo”)
variable of interest. The estimated treatment difference, the
P-value and the 95%-confidence interval will be presented.
The analysis will be performed using a=0.05 (two-sided).

Secondary analyses. Secondary endpoints will be analyzed
by fitting the measurements by regression models appropri-
ate to the data type. The analyses will be adjusted for the
same variables as defined for the main analysis as well as
for the baseline measures where available.

Detailed methodology for summaries and statistical
analyses of the data collected in this trial is documented in
the statistical analysis plan (SAP). The statistical analysis
plan will be finalized before database closure and is under
version control at the Department of Clinical Research,
University Basel, Switzerland.

Study organization and funding

ESTREL is an investigator-initiated clinical trial funded by
the Swiss National Science Foundation (IICT
33IC30 _179667) and the Swiss Heart Foundation. ESTREL
is governed by the ESTREL core team, which are clinical
researchers affiliated to the University Department of
Geriatric Medicine FELIX PLATTER, the Department of
Neurology at the University Hospital Basel, and the
Department of Clinical Research of the University Basel,
Switzerland. Data management and data monitoring are
provided by independent teams of the Department of
Clinical Research at the University Basel, Switzerland. The
Steering committee oversees the ESTREL study activities.

Trial status

ESTREL is currently recruiting. As of April 19", 2024, 599
participants (i.e. 98% of the target population) were
enrolled.

Ethical aspects

The study protocol was approved by relevant local authori-
ties in all centers and complied with Swiss regulations con-
cerning ethical approvals and informed consent
(Ethikkommission Nordwest- und Zentralschweiz EKNZ
[lead ethics committee], BASEC-ID 2018-02021 and
Swissmedic). A writing committee consisting of selected
members of the steering committee, the sponsor investiga-
tor team and participating centers will author the main
paper. The main paper will be made publicly available.

Discussion

We designed ESTREL as large-scale stroke recovery trial
with the aim to investigate whether levodopa compared to
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N
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| Randomization I
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1:1
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| Visit 2 | End of treatment
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o
o
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Figure 3. Study flow chart of the ESTREL trial.

placebo given in addition to standardized rehabilitative
therapies results in a patient-relevant enhancement of func-
tional motor recovery after acute stroke.

Previous research suggested potential benefit of this
approach and - more importantly - indicators of harm were
absent while levodopa is a well-tolerated agent used for
other conditions such as Parkinson’s disease.!%!133

ESTREL takes into account lessons learnt from previous
research in this field as follows:

(1) Levodopa is administered three times per day (tid) as
preclinical data point toward beneficial effects of continu-
ous levodopa administration on learning abilities.’!
Furthermore, the tid approach minimizes the risk of the
study medication being disconnected from the rehabilitation
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sessions due to taking the medication too early or too late
compared to administering a single dose. (ii) Concomitant
rehabilitation therapy has been standardized and follows
modern treatment approaches (motor learning, active train-
ing, task-oriented training). (iii) Inclusion in the study is as
early as possible but not later than 7 days post-stroke onset
and the duration of the intervention is 5weeks + 1 week,
which takes into account current knowledge of neuroplasti-
city, follows recent consensus recommendations on the tar-
get timepoint to start rehabilitative measures in stroke
patients,* and reflects the usual length of in-hospital reha-
bilitation after stroke in Switzerland. (iv) The timepoint of
primary outcome measurement (at 3 months post-stroke), as
well as the primary outcome measure (FMMA), is also in
line with recent consensus recommendations on outcome
measurements in stroke recovery and rehabilitation trials.3?

Existing studies on the use of levodopa in stroke recov-
ery explored a single dose administration of the agent,
given — according to the protocol — at least 30'° or 45—
60min prior to a rehabilitation treatment session,?! although
0—15min were also acceptable.?' The peak effect of levo-
dopa can be expected 0.5-2h after an oral dose.?! Animal
research demonstrated the beneficial effect of a continuous
levodopa administration on learning abilities, suggesting
that a tid-administration is preferable regarding neuronal
plasticity.! In addition, a tid-administration is established
to be safe and effective for Parkinson’s disease. Furthermore,
it avoids failures in coordinating the timing of medication
intake with that of rehabilitation therapy sessions.

The usage of 100 mg (rather than a higher or a lower
dose) of levodopa at each single study drug administra-
tion, considers the findings of prior studies in humans
using three different dosages. Different dosages of levo-
dopa resulted in different plasticity effect in human motor
cortex.>*3 In both studies, 100mg single dosages pro-
longed facilitatory and inhibitory plasticity, whereas 25
and 200 mg as single dosages, respectively abolished plas-
ticity effects. A dose of 100 mg for each single administra-
tion, was also used in studies about enhanced learning in
healthy humans**37 and in a RCTs about stroke motor
recovery. %1121

We use a between group difference of 6 points on the
FMMA total score at 3 months as threshold to statistically
compare the levodopa and the placebo group. This choice
took into account the literature about the minimal clinical-
meaningful difference of the FMMA separately for the
upper?® and for the lower extremity,?’ as it was known,
when the ESTREL-protocol was written and which was
limited by relative small sample sizes, different populations
and separate FMMA data for the upper and the lower
extremities. Thus, our choice to apply the 6 point threshold
also to the FMMA total score may be criticized as arbitrary.
Indeed, other thresholds have been reported more recently.>
More importantly, the aforementioned thresholds?®2"-38
reflect a health care provider rather than the patient view.

Therefore, in ESTREL — as a further objective — we aimed
to include the patient perspective. In detail — at each FMMA
follow-up assessment — participants are asked whether they
observed an improvement compared to the last FMMA
assessment and if yes, whether they consider this improve-
ment to be clinically relevant.

Furthermore, among the secondary outcomes, ESTREL
focuses on outcomes reported by the participants, such as
the self-reporting of post-stroke fatigue, which is common
and a relevant contributor to functional recovery after
stroke.>

In addition, an individual-patient-data-meta-analysis
combining data from ESTREL with those of the DARS-
trial'3 is foreseen to explore subgroup effects.

Finally, ESTREL serves as a platform for several nested
studies. These studies, albeit considered explorative, allow
to increase the evidence and knowledge about stroke recov-
ery and provide important novel insights.

Conclusion

ESTREL will provide evidence to determine whether treat-
ment with levodopa/carbidopa in addition to standardized
rehabilitation therapy in acute stroke patients is superior to
rehabilitation therapy alone and results in a patient relevant
enhancement of functional recovery. The results of ESTREL
could have a major impact on the current standard of clini-
cal care and potentially offer a novel pharmacological ther-
apeutic agent widely applicable to a large population of
stroke survivors with a clinically relevant benefit.
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