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Sebastiaan J.M. Gaemersf , Pascal Mininig, Stéphane Saubadug, Jyoti Sharmah, Samantha Walbillicg,

Roy N. Alcalayi, Gary Cutterj, Nobutaka Hattoric, Günter U. Höglingerk,l, Kenneth Marekm,
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dNeurologische Universitätsklinik, Tübingen, Germany; German Center for Neurodegenerative Diseases
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Abstract.
Background: Glucocerebrosidase gene (GBA) mutations influence risk and prognosis of Parkinson’s disease (PD), possibly

through accumulation of glycosphingolipids, including glucosylceramide (GL-1). Venglustat is a novel, brain penetrant

glucosylceramide synthase inhibitor.

Objective: Evaluate venglustat pharmacology, safety, and tolerability in patients with PD and GBA mutations (GBA-PD).

Methods: Part 1 of the phase 2 MOVES-PD trial (NCT02906020) was a randomized, double-blinded, placebo-controlled,

dose-escalation study performed in six countries. Eligible participants included Japanese and non-Japanese patients aged

18–80 years with PD diagnosis and heterozygous GBA mutation. Participants were randomized to three doses of once-daily

oral venglustat or placebo and were followed up to 36 weeks (Japanese participants: 52 weeks). Primary endpoint was

venglustat safety and tolerability versus placebo. Secondary and exploratory endpoints included venglustat pharmacokinetics

and pharmacodynamics.

Results: Participants (N = 29) received venglustat (Japanese, n = 9; non-Japanese, n = 13) or placebo (n = 3; n = 4). Eight (89%)

Japanese and 12 (92%) non-Japanese venglustat-treated participants experienced at least one adverse event (AE) versus two

(67%) and four (100%) participants from the respective placebo groups. Most AEs were mild or moderate; no serious AEs

or deaths occurred. Two venglustat-treated non-Japanese participants discontinued due to AEs (confusional state and panic

attack). Over 4 weeks, venglustat exposure in plasma and cerebrospinal fluid (CSF) increased, and GL-1 levels in plasma

and CSF decreased, both in a dose-dependent manner. At the highest dose, CSF GL-1 decreased by 72.0% in Japanese and

74.3% in non-Japanese participants.

Conclusion: Venglustat showed favorable safety and tolerability in MOVES-PD Part 1 and target engagement was achieved

in CSF.

Keywords: Parkinson’s disease, MOVES-PD, Venglustat (GZ/SAR402671), glucocerebrosidase gene (GBA), glucosylce-

ramide (GL-1), glucosylceramide synthase (GCS) inhibition, GBA-PD

INTRODUCTION

Mutations in the GBA gene (glucosylcerami-

dase beta; OMIM 606463), encoding the lysosomal

enzyme glucocerebrosidase (GCase), increase the

risk of developing Parkinson’s disease (PD) [1].

Although the penetrance of the gene is low and the

majority of GBA mutation carriers will not develop

synucleinopathies, an estimated 7–10% of patients

with PD carry a GBA mutation, with prevalence vary-

ing depending on genotyping methods, ethnicity, and

geography [1, 2]. These mutations are associated as

a group with reduced enzyme activity, earlier disease

onset, and more rapid cognitive decline [1, 3–6].

The exact mechanism by which GBA mutations

contribute to PD pathogenesis is unclear, but one

hypothesis posits that GBA loss of function causes

an abnormal glycosphingolipid environment, lead-

ing to impaired lysosomal function, misprocessing

of the neuronal protein �-synuclein, and neuronal

dysfunction [7]. Deficient GCase leads to accu-

mulation of its substrate, glucosylceramide (GL-1),

affecting membrane fluidity of lysosomes [8–10].

Further evidence suggests GCase and �-synuclein

form a bidirectional pathogenic loop in which excess

GL-1 levels accelerate and stabilize formation of

toxic �-synuclein oligomers, in turn blocking the

endoplasmic reticulum–Golgi trafficking of GCase,

leading to further GL-1 accumulation [11]. In addi-

tion, high plasma levels of lipids involved in ceramide

metabolism, including GL-1, are associated with

impaired cognition in patients with PD and may be

markers of toxic �-synuclein deposition in the brain

[12, 13]. Therefore, one of the proposed approaches

to arrest the pathologic cross-talk between glu-

cocerebrosidase and �-synuclein is modulation of

the turnover of glycosphingolipids, such as GL-1

[7]. Indeed, reduction of GL-1 levels by glucosyl-

ceramide synthase (GCS) inhibitors reversed the

stabilization of pathogenic �-synuclein species in

neurons derived from induced pluripotent stem cells

of patients with PD [14, 15], and treatment of

synucleinopathy in animal models using a central ner-

vous system (CNS)–penetrant GCS inhibitor reduced
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accumulation of pathologic �-synuclein aggregates

in the hippocampus [16].

Venglustat is a potent, CNS-penetrant, small-mole-

cule GCS inhibitor that reduces GL-1 production

(Supplementary Figure 1). In healthy individuals,

once-daily venglustat, administered orally for 2

weeks, was safe and well tolerated, and associ-

ated with a time- and dose-dependent reduction in

plasma GL-1 levels [17]. The Multicenter pharma-

cOkinetics and interVEntional Study in Parkinson’s

Disease (MOVES-PD) trial is a phase 2, randomized,

double-blind, placebo-controlled study divided into

two consecutive parts, aiming to evaluate the efficacy,

safety, pharmacokinetics, and pharmacodynamics of

orally administered venglustat in patients with PD

and a GBA mutation. Here, we report results from Part

1 of the trial, a dose-escalation study with a sequen-

tial cohort design, including 29 heterozygous GBA

mutation carriers with PD. The primary endpoint was

safety and tolerability of venglustat treatment, the

secondary endpoint evaluated pharmacokinetics in

plasma and cerebrospinal fluid (CSF) of participants,

and exploratory endpoints included plasma and CSF

GL-1 level assessments through 4 weeks.

MATERIALS AND METHODS

Study design and participants

The MOVES-PD trial is a 3-year, phase 2, random-

ized, double-blind, placebo-controlled, multicenter

study of venglustat in participants with early-stage

PD carrying a GBA mutation. The trial consists of two

consecutive parts. Part 1 was a placebo-controlled

dose-escalation study of safety, pharmacokinetics,

and pharmacodynamics of three venglustat doses

using three sequential cohorts (Fig. 1 and Supplemen-

tary Figure 2). Part 2 is a placebo-controlled study of

the efficacy and safety of venglustat and commenced

after the appropriate dose was selected in Part 1.

In Part 1, we enrolled 29 participants from 13 sites,

including four Japanese sites and nine sites in five

countries outside Japan (Germany, Portugal, Spain,

Sweden, and the United States), between January

26, 2017, and October 17, 2018. Enrolment in Japan

was initiated after the trial had commenced in sites

outside Japan. Japanese participants (n = 12) were

evaluated separately as requested by the Japanese

Pharmaceuticals and Medical Devices Agency to

conduct a descriptive comparison of pharmacokinet-

ics and pharmacodynamics of venglustat and efficacy

and safety outcomes in this population versus non-

Japanese participants (n = 17). Eligible participants

were aged 18–80 years. The upper age limit was

increased from 70 to 80 years after trial commenced,

based on feedback from investigators, and the age

range for Japanese participants (20–80 years) was

defined after trial commenced. Also, participants had

a diagnosis of PD based on established diagnostic

criteria and PD symptoms for ≥ 2 years, were at

stage 2 or less at baseline on the Hoehn and Yahr

scale (after trial commenced, the state was inputted

as ON for participants receiving a stable dose of PD

medication) [18, 19], and were heterozygous carri-

ers of a GBA mutation. All participants who were

screened had GBA mutations that cause Gaucher dis-

ease (GD); two participants had additional variant

GBA mutations. The GBA mutations assessed (Sup-

plementary Table 1) included those known to cause

mild (type 1) and severe GD (types 2 and 3) [20].

Per protocol, patients who had variants of unknown

significance (e.g., E326K, T369M) were required to

have documented history of rapid eye movement

sleep behavior disorder (RBD) confirmed by his-

torically documented polysomnography or by RBD

screening questionnaire. All participants enrolled in

MOVES-PD Part 1 carried GBA mutations that were

pre-defined in the protocol. Participants could con-

tinue concomitant symptomatic PD medications if

the regimens were stable for ≥ 30 days (≥ 60 days

for rasagiline) before randomization. Key exclusion

criteria included secondary or atypical parkinson-

ism, the presence of leucine-rich repeat kinase 2

gene (LRRK2) p.G2019S (p.Gly2019Ser) mutation,

biallelic GBA mutations (i.e., GD diagnosis), Mon-

treal Cognitive Assessment (MoCA) [21] score < 20

at baseline, history of deep brain stimulation, and

presence of any medical disorders and/or clinically

relevant findings that could interfere with study-

related procedures (e.g., conditions that preclude the

safe performance of routine lumbar puncture, bleed-

ing diathesis, or clinically significant coagulopathy

or thrombocytopenia). A complete list of inclusion

and exclusion criteria is shown in Supplementary

Table 2.

This study was conducted in accordance with

international ethics guidelines, including the Decla-

ration of Helsinki and the International Council for

Harmonisation guidelines for good clinical practice,

and all applicable laws, rules, and regulations. All

study procedures were approved by local institutional

ethics review boards of participating sites, and par-

ticipants provided written informed consent.
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Fig. 1. CONSORT diagram: disposition of participants enrolled in Part 1 of the MOVES-PD trial. Two non-Japanese participants permanently

discontinued the study due to adverse events after receiving venglustat and post week 4 (one participant [low dose] discontinued due to

confusional state, and one participant [high dose] due to a panic attack). aInclusion criterion: male or female patients with a diagnosis

of PD (with at least two of the following signs: resting tremor, postural instability, akinesia/hypokinesia, and muscle rigidity) and who

are heterozygous carriers of a GBA mutation. bInclusion criterion: patients carrying known sequence variants associated with GBA-PD, in

addition to having a diagnosis of PD (with at least two of the following signs: resting tremor, postural instability, akinesia/hypokinesia,

or muscle rigidity), must also have a diagnosis of RBD confirmed by historically documented polysomnography or by RBD screening

questionnaire. GBA, glucocerebrosidase (glucosylceramidase beta) gene; PD, Parkinson’s disease; RBD, rapid eye movement sleep behavior

disorder.

Randomization and masking

In MOVES-PD Part 1, participants were ran-

domized (3 : 1 for Japanese participants; 4 : 1 for

non-Japanese participants) to receive venglustat or

placebo based on permuted blocks of four (Japan) or

five (outside Japan) and using an interactive voice-

response system. Randomization was stratified by

region (Japan or outside Japan), and by dose cohort.

The sponsor provided a randomized treatment kit

number list, and the study biostatistician provided the

randomization scheme to the centralized treatment

allocation system that generated the participant ran-

domization list. Participants, investigators, and study

site personnel were blinded to treatment allocation by

use of visually indistinguishable capsules provided
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in identical packaging. The investigators, study site

personnel, and sponsor were blinded to all pharma-

cokinetic and pharmacodynamic data throughout the

study.

Procedures

Participants were randomized within 60 days from

the screening visit. Baseline data, including com-

plete GBA gene sequencing and LRRK2 p.G2019S

(p.Gly2019Ser) genotyping results, were collected

within the 60-day screening period. MoCA and

Movement Disorder Society-Unified Parkinson’s

Disease Rating Scale (MDS-UPDRS) [22, 23] scores

were collected on the day of randomization. After

the baseline visit on day 1, participants were seen at

days 2 and 3, week 2 (one visit), week 4 (two visits),

and week 8 (one visit), and were then followed

every 4 weeks until the completion of Part 1 (up to a

maximum of 36 weeks for non-Japanese participants

and 52 weeks for Japanese participants). Venglustat

was administered orally once daily, and dose was

escalated in three sequential cohorts (low, mid, or

high dose). Once participants completed the first

4-week course of therapy, safety and tolerability data

were reviewed in a blinded manner by an internal

review committee before dose escalation in the

subsequent cohort could occur. A data monitoring

committee was responsible for overseeing the safety

of participants and the benefit/risk ratio throughout

the study. Duration of exposure to venglustat was

different among the doses, as per the sequential

cohort design, with the low- and high-dose venglu-

stat cohorts commencing the study first and last,

respectively. Based on this sequential cohort design,

participants randomized to low-, mid-, and high-

dose venglustat had variable total follow-up, for a

maximum of 36 weeks for non-Japanese participants

and 52 weeks for Japanese participants. Randomized

participants remained on their respective dosages

throughout Part 1. The MOVES-PD trial allowed

for participants to continue or receive as-needed

concurrent symptomatic PD medications, recorded

at the time of the screening visit and during the study.

This trial is registered with ClinicalTrials.gov,

number NCT02906020.

Outcomes

The primary outcome in MOVES-PD Part 1 was

safety and tolerability of venglustat versus placebo.

Safety assessments were recorded after treatment

initiation, at days 1, 2, and 3, weeks 2 and 4, and

for every 4 weeks thereafter (up to a maximum of 36

weeks for non-Japanese participants and 52 weeks for

Japanese participants). Safety was assessed by means

of physical examination; neurologic examination;

clinical laboratory evaluations conducted at a cen-

tral laboratory, including hematology, biochemistry,

urinalysis, and serology tests; vital signs; adverse

events (AEs) and concomitant medication; ophthal-

mologic examination; and electrocardiogram. AEs,

serious AEs, and AEs of special interest (AESIs) were

recorded throughout the treatment-emergent period,

defined as the period from first to last intake of

treatment, with an additional 6-week post-treatment

period. Serious AEs were defined as fatal or life-

threatening events, events requiring or prolonging

inpatient hospitalization, or disabling/incapacitating

events, congenital anomalies, or medically important

events (e.g., malignancies or chronic neurodegenera-

tive diseases). Based on preclinical toxicology data,

AESIs included new or worsening lens opacities and

cataracts (as assessed by ophthalmologic examina-

tion at screening and at weeks 4, 12, 28, and 36 [weeks

4, 12, 36, 52 for Japanese participants]), pregnancy in

participant or partner, increase of alanine aminotrans-

ferase, or symptomatic overdose with study drug.

The secondary outcome was pharmacokinetics of

venglustat in plasma and CSF. Plasma samples were

collected prior to the first dose and at 1, 2, 4, 8, and

24 h post dose (day 1 and week 4), 48 h post dose

(day 1 only), and before taking the daily tablet for

weeks 2 and 8. Venglustat concentration in plasma

was determined using a validated liquid chromatog-

raphy tandem mass spectrometry method with a lower

limit of quantification of 0.500 ng/mL. Venglustat is

stable in plasma samples at –20◦C for up to 369 days

and at –70◦C for up to 735 days. CSF samples were

collected by lumbar puncture during the screening

period (within 14 days prior to randomization) or on

the day of randomization, and at week 4, 2–4 h after

taking the daily tablet. Venglustat stability in CSF

samples has been established at –20◦C and –70◦C

for 731 days. Venglustat concentration in CSF was

determined using a validated liquid chromatography

tandem mass spectrometry method with a lower limit

of quantification of 0.100 ng/mL.

For plasma pharmacokinetics, the following para-

meters were calculated using noncompartmental

methods: maximum plasma concentration (Cmax),

time to Cmax (tmax), area under the plasma concentra-

tion versus time curve from 0 to 24 h (AUC0–24; at day

1 and week 4), area under the plasma concentration
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versus time curve from 0 to 48 h (AUC0–48; at day

1 only), and apparent total systemic clearance at

steady state (CLSS/F; at week 4 only). Trough plasma

concentration observed just before treatment admin-

istration during repeated dosing (Ctrough) was also

assessed at weeks 2, 4, and 8. For CSF pharma-

cokinetics, observed concentrations at week 4 were

summarized using descriptive statistics.

In exploratory analyses, venglustat pharmacody-

namics in plasma and CSF was assessed by mean

percent change in GL-1 levels from baseline through

week 4. GL-1 levels were assessed in plasma and

CSF samples collected at the day of randomiza-

tion and week 4, with plasma GL-1 levels also

assessed at week 2. GL-1 levels were normalized

by volume, measured as �g/ml or ng/ml in plasma

and CSF, respectively. Levels of glucosylsphingo-

sine (lyso-GL-1), a metabolic product of GL-1, were

also measured in plasma and CSF, but most values

were found to be below the limit of quantification,

reflecting the fact that enrolled participants are het-

erozygous carriers of GBA mutations, and they do not

have a GD diagnosis. An additional exploratory out-

come was the effect of venglustat on selected scales

and questionnaires. In this paper, we report MDS-

UPDRS (parts II [motor experiences of daily living;

13 items] and III [motor examination; 33 items]) [22,

23] scores through week 8. The MDS-UPDRS scale

was assessed during the OFF state, with no PD med-

ication taken for ≥ 12 h prior.

Statistical analysis

Analyses were based on all available data from

participants who enrolled in Part 1 and were ran-

domized to receive either venglustat or placebo for

up to 52 weeks for Japanese participants and 36

weeks for non-Japanese participants. As Part 1 is an

exploratory, dose-escalation study, the sample size

was not based on a statistical power calculation,

and there were no prespecified hypotheses. No for-

mal statistical comparison between the Japanese and

non-Japanese groups was performed. Although the

study was not designed to analyze data from pooled

Japanese and non-Japanese participants, post hoc

analyses using pooled data were conducted (Sup-

plementary Table 3). Participants included in the

primary safety analyses were those who were ran-

domized and received at least one dose of venglustat

or placebo. Parameters for plasma pharmacokinetics

were analyzed using noncompartmental methods and

summarized using descriptive statistics. Observed

CSF concentrations and plasma Ctrough were summa-

rized using descriptive statistics at each time point.

For pharmacodynamics, percent reduction of plasma

or CSF GL-1 from baseline was calculated as (value

– baseline) / baseline×100. Formal statistical testing

was not conducted on MDS-UPDRS scale assess-

ments.

Role of the funding source

The MOVES-PD study is funded by Sanofi, which

oversaw the design and conduct of the trial, data anal-

ysis and interpretation, and review of the manuscript.

Apart from the Sanofi employees listed as authors,

the funders had no role in preparation, approval, and

decision to submit the manuscript for publication.

Although the clinical investigators were not directly

involved in the design of the trial, some of the authors

on this paper provided input as advisors/scientific

advisory board members. The sponsor performed the

statistical analyses. All authors had full access to data,

participated in the analyses, wrote the manuscript,

had final responsibility for the decision to submit for

publication, and vouch for the accuracy and com-

pleteness of the findings herein, and the fidelity of

the trial to the protocol.

RESULTS

Participants in Part 1 of the MOVES-PD trial were

recruited between December 1, 2017, and October

17, 2018, in Japan and between January 26, 2017, and

October 30, 2017, in sites outside Japan. A total of

nine Japanese (low dose: n = 3; mid dose: n = 3; high

dose: n = 3) and 13 non-Japanese (low dose: n = 4;

mid dose: n = 5; high dose: n = 4) participants were

randomized to receive venglustat, and three Japanese

and four non-Japanese participants randomized to

placebo, respectively (Fig. 1 and Supplementary

Figure 2).

Demographics and baseline characteristics of the

Japanese and non-Japanese groups are presented in

Table 1. The mean time since symptom onset and

mean time since diagnosis were similar between

the Japanese and non-Japanese groups. Numeri-

cal differences were observed between groups in

other baseline and disease characteristics (Table 1).

Of note, 7/17 (41.2%) of the non-Japanese par-

ticipants had a severe GBA mutation, including

p.L444P (p.Leu483Pro); four participants, of whom

one also had the p.A456P (p.Ala495Pro) mutation

and was not diagnosed with GD (as displayed by
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Table 1

Baseline characteristics in Part 1 of the MOVES-PD trial

Japanese Non-Japanese

(n = 12) (n = 17)

Age, y, mean (SD) 54.3 (8.6) 58.4 (7.9)

Sex, n (%)

Male 7 (58.3) 13 (76.5)

Female 5 (41.7) 4 (23.5)

Race, n (%)

White 0 17 (100)

Asian 12 (100) 0

Body mass index, kg/m2, mean

(SD)

23.1 (3.2) 25.4 (3.1)

Time since symptoms onset, y

Mean (SD) 6.7 (3.8) 6.7 (4.0)

Median (min, max) 5 (3, 14) 6 (2, 18)

Time since diagnosis, years

Mean (SD) 5.2 (4.0) 5.2 (4.4)

Median (min, max) 3.5 (1, 14) 4.7 (0, 18)

Predominant symptoms at onset,

n (%)

Rigidity/bradykinesia 8 (66.7) 5 (29.4)

Tremor 4 (33.3) 12 (70.6)

Family history of PD, n (%)

Yes 3 (25.0) 7 (41.2)

No 9 (75.0) 10 (58.8)

Hoehn and Yahr stage, n (%)

Stage 1 1 (8.3) 0

Stage 2 10 (83.3) 17 (100)

Stage 3 1 (8.3) 0

MoCA total score, mean (SD) 25.3 (4.0) 27.4 (2.6)

MDS-UPDRS part II + part III

score,a,b mean (SD)

45.9 (12.7) 44.6 (21.9)

MDS-UPDRS part II score,a

mean (SD)

10.8 (6.9) 10.1 (7.0)

MDS-UPDRS part III score,b

mean (SD)

35.2 (9.9) 34.6 (16.2)

Any severec GBA mutation, n (%) 10 (83.3) 7 (41.2)

p.L444P (p.Leu483Pro) 5 (41.7) 4 (23.5)

84GG (p.Leu29AlafsX18) 0 3 (17.6)

p.A456P (p.Ala495Pro)

+ p.L444P (p.Leu483Pro)

2 (16.7)d 1 (5.9)d

p.R120W (p.Arg159Trp) 3 (25.0) 0

p.D409H (p.Asp448His) 1 (8.3) 0

p.G193W (p.Gly232Trp) 1 (8.3) 0

Any othere GBA mutation, n (%) 2 (16.7) 10 (58.8)

p.N370S (p.Asn409Ser) 0 7 (41.2)

p.E326K (p.Glu365Lys) 0 3 (17.6)

p.R496C (p.Arg535Cys) 2 (16.7) 0

aPart II (motor experiences of daily living, 13 items). bPart III

(motor examination, 33 items) [22, 23]. cSevere GBA mutations

are categorized as those that cause GD types 2 and 3 [20]. dAll par-

ticipants with p.A456P (p.Ala495Pro) mutations also had p.L444P

(p.Leu483Pro) mutations, and were determined not to have GD

(based on similar GCase enzymatic activity in these patients to het-

erozygous individuals, suggesting these 2 mutations were present

in the same allele). eOther, nonsevere GBA mutations included

mild GBA mutations that have been associated with GD type

1 [20], and the p.E326K (p.Glu365Lys) variant (no participant

carried the p.T369M [p.Thr408Met] variant). GBA, glucocere-

brosidase (glucosylceramidase beta) gene; GD, Gaucher disease;

max, maximum; MDS-UPDRS, Movement Disorder Society-

Unified Parkinson’s Disease Rating Scale; min, minimum; MoCA,

Montreal Cognitive Assessment; PD, Parkinson’s disease.

similar GCase enzymatic activity in this patient to

heterozygous individuals, suggesting these 2 muta-

tions were present in the same allele) and 84GG

(p.Leu29AlafsX18; three participants), and 10/17

(58.8%) carried other GBA mutations, including

p.N370S (p.Asn409Ser; seven participants) and the

variant p.E326K (p.Glu365Lys; three participants).

The proportion of participants having a severe muta-

tion was higher in the Japanese group (10/12 [83.3%],

including p.L444P [p.Leu483Pro; five participants,

of whom two also had the p.A456P (p.Ala495Pro)

mutation and were determined not to have GD, based

on similar GCase enzymatic activity to heterozygous

individuals], p.R120W [p.Arg159Trp; three partici-

pants], p.D409H [p.Asp448His; one participant], and

p.G193W [p.Gly232Trp; one participant]), whereas

fewer Japanese participants had other mutations (2/12

[16.7%]; both carrying the p.R496C (p.Arg535Cys)

mutation). In all venglustat-treated participants,

median (interquartile range [IQR]) duration of expo-

sure at low, mid, and high doses was 35.7 (32.0–40.1)

weeks, 20.3 (17.6–24.1) weeks, and 8.3 (8.0–12.1)

weeks, respectively. All Japanese participants and

15/17 (88.2%) non-Japanese participants received

concomitant symptomatic medications (Supplemen-

tary Table 4).

The primary outcome data are shown in Table 2.

Overall, 8/9 (88.9%) Japanese participants and 12/13

(92.3%) non-Japanese participants in the venglus-

tat treatment groups experienced at least one AE

compared with 2/3 (66.7%) and 4/4 (100%) partici-

pants in the respective placebo groups. AE incidences

were similar in low-, mid-, and high-dose venglustat-

treated participants, with no unique safety signals

observed in Japanese and non-Japanese groups

exposed to increasing doses of venglustat. Most

AEs were mild or moderate in severity and resolved

during the study without corrective treatment. Neu-

rologic events were reported in three cases each of

placebo- and venglustat-treated participants, with no

events reported in the high-dose groups. Psychiatric,

gastrointestinal, and eye disorders were frequently

reported AEs in both populations. Psychiatric dis-

orders were only reported in the venglustat-treated

participants, with higher frequencies for most events

reported in the low- or mid-dose groups than in the

high-dose groups, except anxiety and panic attacks

(Supplementary Table 5). Eye disorders were only

reported in venglustat-treated participants, with no

events reported in the high-dose groups. No serious

AEs or deaths were reported in either Japanese or

non-Japanese participants. No Japanese participant
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Table 2

AEs throughout Part 1 of the MOVES-PD triala

Participants with AEs by MedDRA Primary

System Organ Class, n (%)

Japanese (n = 12) Non-Japanese (n = 17)

Venglustat Venglustat

Placebo Low Mid High Placebo Low Mid High

(n = 3) (n = 3) (n = 3) (n = 3) (n = 4) (n = 4) (n = 5) (n = 4)

Any AE 2 (66.7) 3 (100) 3 (100) 2 (66.7) 4 (100) 4 (100) 4 (80.0) 4 (100)

Ear and labyrinth disorders 0 1 (33.3) 0 0 0 0 0 1 (25.0)

Eye disorders 0 1 (33.3) 1 (33.3) 0 0 2 (50.0) 1 (20.0) 0

Gastrointestinal disorders 0 3 (100) 0 1 (33.3) 2 (50.0) 2 (50.0) 2 (40.0) 0

General disorders and administration

site conditions

0 0 0 0 0 0 1 (20.0) 1 (25.0)

Infections and infestations 1 (33.3) 2 (66.7) 0 1 (33.3) 0 0 0 1 (25.0)

Injury, poisoning, and procedural

complications

0 0 1 (33.3) 2 (66.7) 0 1 (25.0) 1 (20.0) 1 (25.0)

Investigationsb 1 (33.3) 0 0 0 0 0 1 (20.0) 0

Musculoskeletal and connective tissue

disorders

0 0 0 0 0 2 (50.0) 1 (20.0) 0

Nervous system disorders 0 1 (33.3) 0 0 3 (75.0) 1 (25.0) 1 (20.0) 0

Psychiatric disorders 0 1 (33.3) 2 (66.7) 0 0 3 (75.0) 3 (60.0) 2 (50.0)

Renal and urinary disorders 1 (33.3) 0 0 1 (33.3) 0 0 0 1 (25.0)

Respiratory, thoracic, and mediastinal

disorders

0 0 0 0 0 0 0 1 (25.0)

Skin and subcutaneous tissue disorders 0 0 1 (33.3) 0 0 0 0 1 (25.0)

Vascular disorders 0 0 0 0 0 0 0 1 (25.0)

AEs leading to treatment discontinuationc,d 0 0 0 0 0 1 (25.0) 0 1 (25.0)

Confusional state 0 0 0 0 0 1 (25.0) 0 0

Panic attack 0 0 0 0 0 0 0 1 (25.0)

aTable includes AEs that occurred during the treatment-emergent period (defined as the period from first intake of treatment to last intake of

treatment, with an additional 6-week post-treatment period). bOne cardiac murmur in the venglustat mid-dose group (non-Japanese) and one

event of increased hepatic enzyme in the placebo group (Japanese). cPresented by MedDRA Preferred Terms. dBoth patients discontinued

the study after week 4 since venglustat initiation. AE, adverse event; MedDRA, Medical Dictionary for Regulatory Activities.

discontinued the study due to AEs, and two non-

Japanese participants had AEs leading to permanent

discontinuation from the study after week 4 since

venglustat initiation. One participant (low dose)

discontinued due to confusional state, and one par-

ticipant (high dose) due to a panic attack; both AEs

were deemed related to venglustat by the reporting

investigator.

Secondary outcome data for pharmacokinetics at

week 4 are shown in Table 3 (pharmacokinetic param-

eters at day 1 are shown in Supplementary Table 6).

At week 4, venglustat was absorbed in plasma with

median tmax values of 2.1–4.3 h in Japanese par-

ticipants and 2.0–3.6 h in non-Japanese participants

across all doses tested. Venglustat exposure in plasma

and CSF increased in a close to dose-proportional

manner in both Japanese and non-Japanese partic-

ipants, as assessed by pharmacokinetic parameters

at week 4. In participants treated with the high

dose, the mean CSF concentration/mean plasma Cmax

ratio of venglustat at week 4 was approximately

0.06 (determined from post hoc analysis of pooled

data from Japanese and non-Japanese participants as

shown in Supplementary Table 3). Graphically, as

observed from the Ctrough versus time plots, steady

state appeared to have been achieved on or before 2

weeks (Supplementary Figure 3).

Plasma and CSF GL-1 levels of venglustat

decreased from baseline in a dose-dependent manner

over 4 weeks (Fig. 2 and Supplementary Figure 4).

Mean GL-1 levels at baseline in both plasma and

CSF were generally similar between venglustat- and

placebo-treated participants and did not change over

4 weeks in the placebo groups (Supplementary Fig-

ure 4). For low-, mid-, and high-dose venglustat, the

respective mean reductions in plasma GL-1 at week 4

were 66.1%, 70.7%, and 79.3% for Japanese partici-

pants and 59.0%, 71.0%, and 77.7% for non-Japanese

participants; similar decreases in plasma GL-1 lev-

els were observed at week 2 in both groups (Fig. 2).

For low-, mid-, and high-dose venglustat, the respec-

tive mean reductions in CSF GL-1 at week 4 were

21.7%, 67.0%, and 72.0% for Japanese participants

and 41.0%, 58.0%, and 74.3% for non-Japanese par-
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Table 3

Plasma and CSF pharmacokinetic parameters of venglustat at week 4

Japanese (n = 9) Non-Japanese (n = 13)

Venglustat Venglustat

Low Mid High Low Mid High

(n = 3) (n = 3) (n = 3) (n = 4) (n = 5) (n = 4)

Plasma pharmacokinetic parameters at week 4a

Cmax,
ng/mL, mean (SD) 56.3 (3.6) 83.7 (15.1) 145 (17.6) 41.6 (7.4) 77.8 (20.1) 136 (13.4)

Geometric mean (CV%) 56.2 (6.5) 82.8 (18.0) 144 (12.2) 41.0 (17.8) 75.8 (25.8) 135 (9.9)

tmax, h, median (range) 4.33 2.12 2.10 1.96 3.55 2.89

(4.33–8.00) (1.92–3.58) (1.93–3.70) (1.00–24.00) (2.00–8.03) (2.00–3.98)

AUC0–24, ng·h/mL, mean (SD) 1130 (NA)b 1650 (382) 3150 (NA)c 766 (84) 1510 (305) 2510 (369)

Geometric mean (CV%) 1130 (NA) 1620 (23.1) 3140 (NA) 763 (11.0) 1490 (20.2) 2490 (14.7)

CLSS/F, mL/h, mean (SD) 3540 (NA)b 5010 (1070) 4780 (NA)c 5270 (626) 5450 (1010) 6100 (1050)

Geometric mean (CV%) 3540 (NA) 4930 (21.3) 4770 (NA) 5240 (11.9) 5370 (18.5) 6030 (17.2)

CSF pharmacokinetic concentrations at week 4 (2–4 h post dose)

CSF concentration, ng/mL, mean (CV%) 2.11 (7.8) 4.33 (37.3) 10.10 (9.1) 1.85 (6.2)d 3.15 (32.1)d 5.96 (15.2)e

aPlasma samples were collected at 1 h predose and 1, 2, 4, 8, and 24 h post dose. bn = 1. cn = 2. dOne participant from the low-dose group

and two from the mid-dose group were not included in the CSF pharmacokinetic analysis because week 4 CSF sample was collected before

dose instead of at the protocol-specified postdose time. eOne participant was not included in week 4 CSF analysis because sample was not

collected. AUC0–24, area under the plasma concentration versus time curve from 0 to 24 h; Cmax, maximum observed concentration; CLSS/F,

total systemic clearance at steady state; CSF, cerebrospinal fluid; CV%, coefficient of variation; NA, not applicable; tmax, time to maximum

concentration.

Fig. 2. Percent reduction in plasma and CSF GL-1 levels after venglustat treatment. Mean percent change from baseline in plasma (A) and

CSF (B) GL-1 levels in Japanese and non-Japanese participants who received placebo or were treated with venglustat (low, mid, or high dose)

in Part 1 of the MOVES-PD trial. GL-1 levels were assessed in plasma samples collected at baseline, end of week 2, and end of week 4, and

in CSF samples collected at baseline and end of week 4. aWeek 4 CSF sample was not collected for one participant from the non-Japanese

population. CSF, cerebrospinal fluid; GL-1, glucosylceramide.



566 M.J. Peterschmitt et al. / Results from Part 1 of the MOVES-PD Trial

ticipants (Fig. 2). Post hoc analyses of pooled data

from Japanese and non-Japanese participants showed

mean reductions in CSF GL-1 levels from baseline

at week 4 of 32.8%, 61.4%, and 73.2% for low-,

mid-, and high-dose venglustat-treated participants,

respectively (Supplementary Table 3).

Through week 8, mean (SD) changes from baseline

in MDS-UPDRS (parts II and III) scores performed

in the OFF state in venglustat-treated Japanese and

non-Japanese participants were –0.7 (10.7) and –4.9

(11.2) points, respectively, compared with 0.3 (2.5)

and –3.0 (9.6) points observed in the respective

placebo groups. There were no dose-proportional

changes in MDS-UPDRS score assessments with

venglustat (mean [SD] change from baseline to Week

8 with low-, mid-, and high-dose venglustat was –5.0

(11.0), –5.3 (9.5), and 8.3 (8.1) points for Japanese

participants and –14.0 (10.7), 4.0 (7.7), and –2.5

(18.2) points for non-Japanese participants).

DISCUSSION

MOVES-PD is the first international, randomized,

placebo-controlled trial of an oral, CNS-penetrant

GCS inhibitor as a targeted treatment approach for a

genetically defined patient population with PD. GCS

inhibition by venglustat targets the accumulation of

lipid substrates of mutant glucocerebrosidase, hence

equilibrating biosynthesis of those substrates with the

impaired catabolism as a result of GBA mutation [7].

The results from Part 1 of the trial demonstrated favor-

able safety and tolerability of venglustat and showed

target engagement, justifying continuation into Part

2 to assess efficacy.

In Part 1, most AEs were mild to moderate, and

AE incidences were largely similar between venglu-

stat- and placebo-treated participants, indicating the

primary endpoint was reached. Nervous system disor-

ders and gastrointestinal events were frequent in both

placebo- and venglustat-treated participants, consis-

tent with common PD symptoms [24, 25]. Psychiatric

events (including anxiety with panic attack, depres-

sion, hallucinations, and insomnia) were observed

in venglustat-treated participants (Supplementary

Table 5) and not in placebo-treated participants.

Data from the Part 2 study including a larger cohort

of venglustat treated GBA-PD patients (n = 110) or

placebo (n = 111), will be important in ascertaining

any potential risk relating to psychiatric side effects.

Overall, our data demonstrate venglustat was well

tolerated in patients with GBA-PD, consistent with

observations from the phase 1 trial of venglustat in

healthy individuals [17].

The secondary objective of our study was met,

demonstrating CNS penetration of venglustat and a

close to dose-proportional increase in both plasma

and CSF venglustat exposure. Our exploratory anal-

yses of the pharmacodynamic response of venglustat

also demonstrated a dose-dependent decrease of

GL-1 levels in plasma and CSF samples over the

4-week period. Notably, at the highest venglustat

dose, we observed a decrease of 72.0–74.3% in CSF

GL-1 levels from baseline, suggesting venglustat

at the achieved central compartment concentrations

can modify the glycosphingolipid profile in the

CSF. These findings are particularly relevant as

glycosphingolipid homeostasis is reported to play

a role in the process of �-synuclein oligomeriza-

tion and aggregation [26]. Moreover, preclinical

data have demonstrated that modulation of gly-

cosphingolipid levels with a CNS-penetrant GCS

inhibitor can ameliorate behavioral and pathologic

abnormalities in animal models of disease [16]. We

conclude that the reduction of GL-1 levels over

4 weeks in the CSF of participants in our study

reflects sufficient target engagement of venglustat by

inhibiting GCS, showing for the first time modu-

lation of lipid profile in the CNS of patients with

PD. Additional biomarkers, including �-synuclein,

neurofilament light chain, tau, phospho-tau, and

beta-amyloid were measured as exploratory end-

points over 4 weeks of treatment; however treatment

duration may have been too short to observe any

clinically meaningful changes in these parameters.

It should also be mentioned that currently there

are no validated biomarkers for PD. Future studies

may explore the effect of venglustat on biomark-

ers and disease progression over longer treatment

duration.

The present study has several limitations. First, the

MOVES-PD Part 1 trial was a small study, with 3–4

participants per treatment group per region. Second,

the participants were genetically heterogeneous, car-

rying a range of GBA mutations, and the study was

not designed or powered to evaluate outcomes strat-

ified by mutation severity (to counter this limitation,

certain genetic risk confounders such as a LRRK2

p.G2019S (p.Gly2019Ser) mutation or GBA biallelic

carriers were excluded). Third, the participants were

also clinically heterogeneous, with varying degrees

of cognitive and motor functionality at baseline. To

address this limitation, we ensured that the enrolled

participants had early-stage PD, with mild symptoms
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on one or both sides of the body and no impairment

of balance [18, 19]. Fourth, participants were allowed

to continue existing symptomatic PD treatment, or to

initiate immediate-release levodopa as needed, with

potential confounding effects on safety and efficacy

outcomes. To counter this limitation, all participants

treated with dopaminergic therapy were assessed in

the defined medications OFF state. Finally, the study

was not designed to detect any disease-modifying

effect of venglustat, which was not expected, since

the timeframe for assessment of MoCA and MDS-

UPDRS parts II and III was only 8 weeks and the

number of participants was small. As expected, we

did not observe a short-term symptomatic effect of

venglustat based on the mechanism of action. This

observation is important for the design of the future

efficacy studies.

The demonstration of a favorable safety/tolera-

bility profile and sufficient CNS penetration to

achieve target engagement highlight the potential of

venglustat as a therapeutic approach offering preci-

sion medicine for a genetically defined population

with PD. A major challenge in clinical trials on

genetic forms of PD is that genetic testing must be

made more accessible, allowing for recruitment of

a large number of participants of various genotypes

[27, 28]. The pharmacological profile, safety, and

tolerability of venglustat are favorable in GBA-PD

patients. First, a population with early-stage PD was

enrolled, providing an opportunity to test benefits

of early therapeutic intervention. Second, the results

demonstrated that GL-1 is a reliable biomarker of

target engagement in the CSF that can potentially

be used to assess responses to venglustat therapy.

Part 2 of the MOVES-PD study is evaluating whether

the GL-1 level reduction in the CSF observed after

venglustat treatment is associated with improved clin-

ical outcomes in GBA-positive patients with PD.

Although Sanofi has recently announced the dis-

continuation of the development of venglustat for

GBA-PD [29, 30], the present results provide criti-

cal information to advance the clinical development

of venglustat in related diseases of the nervous system

(including GD type 3 and late-onset GM2 gangliosi-

dosis [ClinicalTrials.gov Identifiers: NCT02843035

and NCT04221451, respectively]).

In conclusion, the present data from MOVES-

PD Part 1 demonstrated the ability of venglustat to

engage its target in the CNS displaying a robust

pharmacokinetic-pharmacodynamic relationship and

provided clear criteria for dose selection to enable the

initiation of the clinical efficacy study which is cur-

rently being terminated. The lack of safety signals and

the favorable tolerability allowed the continuation

of clinical explorations in GBA-PD and lysosomal

storage diseases. Importantly, the protocol described

here, including the criteria for defining mutation

severity and stratification criteria, will help enable

the investigation of a range of molecules that are

initiating clinical development as potential therapies

for PD.
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PREVIOUS PRESENTATION OF DATA

Some of the data have been presented at the World

Parkinson Congress (June 4–7, 2019), the 13th Euro-

pean Working Group on Gaucher Disease (July 4–6,

2019), the International Congress of Parkinson’s Dis-

ease and Movement Disorders (September 22–26,

2019, and September 12–16, 2020), the 2020 Vir-

tual Annual Meeting of the American Academy

of Neurology, the 16th Annual Research Meeting

of WORLDSymposiumTM (February 10–13, 2020),

and the 6th Congress of the European Academy of

Neurology (May 23–26, 2020).

SUPPLEMENTARY MATERIAL

The supplementary material is available in the

electronic version of this article: https://dx.doi.org/

10.3233/JPD-212714.
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mayer M, Szöllősi J, Nagy P (2018) Alterations in the

properties of the cell membrane due to glycosphingolipid

accumulation in a model of Gaucher disease. Sci Rep

8, 157.
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