Efficacy and safety of novel GZ667161 glucosylceramide synthase inhibitor to modulate CNS glucocerebrosidase activity and synucleinopathies in pre-clinical and clinical studies investigating Parkinson’s disease: a systematic review
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Introduction

Parkinson’s disease (PD) is a disorder caused by neurodegeneration of select neuronal clusters in the central nervous system (CNS), which leads to a progressive movement disorder and associated cognitive decline over the ensuing decades. Unfortunately, to date there is no cure for PD and current therapies are administered to help alleviate motoric symptoms experienced by patients. 

Neurodegeneration in PD (i.e., the death of select neurons in both the CNS and peripheral nervous system) is linked to the pathological accumulation of -synuclein. A summary of current hypotheses stipulates that heterozygous (as well as homozygous) mutations in the glucocerebrosidase (GBA1) gene confer: one, a partial loss-of-function in GBA1-mediated hydrolase activity that leads to a slightly altered glycosphingolipid environment (in particular the rise of potentially neurotoxic glycosphingosine); and two, a likely novel gain-of-function of the mutant protein. Both mechanisms are thought to promote a proteinopathy of the CNS (e.g., mishandling and misfolding of proteins).1-3 However, it is important to note that the penetrance rate of GBA1 mutation carriers for developing PD may be as low as 10 per cent during their lifetime, thereby arguing that mutant GBA1 proteins represent a disease risk by the host that may require an additional co-factor for expression.4

[bookmark: _GoBack]Administration of exogenous glucocerebrosidase (enzyme replacement therapy) or antagonists of glucosylceramide synthase (to reduce lipid substrate synthesis) has been shown to effectively reduce the lipid substrates of lysosomal glucocerebrosidase (GBA1) activity in the visceral and hematological manifestations of recessive Gaucher disease (GD; an inherited disorder in which GBA1 activity is reduced to well below 20 per cent of normal). One of the major limitations with current therapies is that the ability of any GD therapeutic to enter the CNS is poor. In GD, novel, orally administered glucosylceramide synthase (GCS) inhibitors have been shown to effectively reduce levels of glycosphingolipids in humans, and to ameliorate synucleinopathy of the CNS in neuronopathic manifestations of GD in mouse models.5, 6 A recent study that investigated in vivo models of GD and PD showed that a reduction in glycosphingolipids in the CNS ameliorated the development of abnormal pathological inclusions characteristic of synucleinopathies.7

To date, no systematic reviews of the efficacy and safety of the GCS inhibitor GZ667161 in preclinical models of PD or clinical trials has been performed; a first-in-kind, phase II clinical trial is now underway, as funded by the drug’s manufacturer, Genzyme-Sanofi, to treat carriers of a GBA1 mutation with an early stage PD (“MOVES PD”; NCT02906020). Here, we provide a first review that may help to inform the design of future in vivo pre-clinical trials using GZ667161.

Methods 
Study eligibility 
Pre-clinical:
Population
We included any vertebrate model of PD that expresses human α-synuclein in the absence of murine α-synuclein in the CNS, and either carries one or two wild-type or mutant variants of the endogenous, murine Gba1 allele (e.g., PAC1-A53T–hSNCA mouse model)  
Intervention
Oral GZ667161 GCS inhibitor. Other GCS inhibitors and non-GCS therapies were not eligible for inclusion. 
Comparator
The same vertebrate model (e.g., PAC1-A53T–hSNCA mouse lines) being treated with active control or placebo
Study Design
All interventional studies were included
Clinical: 
Participants / Population
Patients with Parkinson’s disease carrying one (and in the future two) mutations in the GBA1 gene. Studies of parkinson’s disease patients without a mutation in GBA1 or other neurological diseases were not eligible for inclusion. 
Intervention
Oral GZ667161 GCS inhibitor. Studies of other GCS inhibitors and non-GCS therapies were not eligible for inclusion. 
Exclusion: other GCS inhibitors and non-GCS therapies
Comparator / Control 
Active control, placebo, or a no treatment arm
Types of Studies to be Included
All interventional studies were included

Outcomes
Pre-clinical:
The primary outcome of interest in preclinical studies was any measure of glucosylsphingosine (GlcSph) levels. Secondary outcomes of interest included motoric and cognitive impairment, measures of altered synuclein proteostasis and measures of toxicity.
Clinical:
The primary outcome of interest in clinical studies was measures of disease progression. Secondary outcomes of interest included quality of life, economic evaluations and adverse events. 

Search Strategy
A search strategy was developed in conjunction with an information specialist and an expert in the field (TM). The literature search strategy in Embase (1947 to July 10, 2018) and Google Scholar is included in Appendix 1. In addition, a manual review of the bibliographies of selected articles and relevant reviews was performed.  

Data Selection & Extraction
The literature search results were uploaded to Distiller Systematic Review Software (Distiller, Evidence Partners, Ottawa, Canada). Distiller is a cloud-based software program that allows for transparent and reproducible work required for an accurate review. Two reviewers (EJMG, JM) independently screened the titles and abstracts from the search results using predefined eligibility criteria. Titles and abstracts deemed potentially relevant were recorded, and the full-text articles obtained. The full texts were then reviewed for final eligibility. Discrepancies between the reviewers were resolved by discussion and with a third-party member (MS, TM) if a consensus was not possible to establish.

Standardized drafts of data extraction forms were used to extract all data items of interest from the included studies. The drafts of the data extraction form were used to inform the development of the online abstraction tool using DistillerSR. Data was extracted independently and in duplicate by the two reviewers (EJMG, JM).Data pertaining to the publication details (authors, year of publication, journal, etc.), study population characteristics, intervention characteristics (method of administration, dose, timing of administration, etc.), adjuvant co-administration, study design (methods, setting, sample size), outcomes of interest, and risk of bias details was collected.

Risk of Bias Assessment
Pre-clinical:
We assessed the potential threats to internal validity using the SYRCLE risk of bias tool for animal studies. This tool is based on the Cochrane Risk of Bias Tool and items include concealment of allocation, random sequence generation, blinding of personnel and endpoint measurements, and completeness of outcome reporting. Other items we evaluated were the possible conflicts of interest, sources of funding, and the presence of a priori sample size calculations. Each criterion was assigned a value of “low”, “high”, or “unclear” risk of bias for each included study. 
Clinical:
Cochrane Risk of Bias Tool was chosen for use to evaluate the internal validity of any potential clinical studies. Other items to evaluate included conflicts of interest, source of funding, and the presence of a priori sample size calculations. Each criterion was assigned a value of “low”, “high”, or “unclear” risk of bias for each included study. 

Strategy for Data Synthesis
Given the limited availability of data, none of the a priori defined analyses described in our registration (CRD 42018103920) were performed. Results from included studies are summarized in a descriptive manner. 

Results
The systematic search of the literature yielded 4 citations for possible inclusion. Following de-duplication and screening, a total of one pre-clinical study was determined to meet our full eligibility criteria for inclusion4. There were no clinical studies of GZ667161 identified. 

Characteristics of the included Study
The included study was published in 2017. The sample size for this study was N=53 in total with 24 mice included in the analysis. The strain investigated was a A53T-SNCA mouse model with an 8-month duration for follow-up. The country of origin for this study was the United States.

GZ667161 intervention details
The sample size in the intervention and treatment arms in the included study was unclear. GZ667161 was administered via the daily diet at 0.033% wt/wt over a six-and-a-half-month period. The negative control mouse group was fed diet with no GCS inhibitor.

Outcomes
Glucosylceramide (GlcCer) levels (primary outcome)
The A53T–SNCA mice in the intervention group demonstrated 0.2ng/mg (p<0.01) less GlcCer as compared to the negative control group.

Cognitive impairment (secondary outcome)
There was a non-statistically significant trend that suggested the A53T–SNCA mice treated with GZ667161 for six-and-a-half months had an improved contextual response.

α-synuclein proteostasis (secondary outcome)
The included study demonstrated that there were no significant changes in the levels of cytosolic soluble al-synuclein in the CNS of GZ667161-treated A53T-SNCA mice. 

Aggregation of tau, synuclein, or ubiquitous (secondary outcome)
There was a significantly reduced level of membrane-associated α-synuclein among the A53T-SNCA mice treated with GZ667161.

Risk of Bias 
The included study was found to be at a high risk of bias in the domains of blinding of personnel assessing study outcomes (unblinded), reporting of the results for the study subjects, selective outcome reporting (lack of pre-specified outcomes in the study methods), source of funding (industry funded), and reporting conflict of interest. Additionally, there was a high risk of bias in the included study due to possible influence of external stakeholders on the conduct of the study. There was unclear risk of bias in regards to the methods used for the sequence generation used to randomize study animals, conceal the allocation, calculate the sample size and there was a lack of reporting on the specific number of A53T-SNCA mice allocated to each study arm. 

Conclusions
Only one study met eligibility criteria and it was found to be at a high risk of bias across multiple domains. The review of the study suggests that GZ667161 may be able to reduce the levels of GlcCer in the CNS of mouse models for Parkinson disease. Furthermore, the results also demonstrated a potential treatment benefit to GZ667161 in mouse PD models and demonstrated reduction in both membrane-associated α-synuclein and glycosphingolipids affected the subcellular distribution of α-synuclein. There is a need to perform more experimental pre-clinical studies to confirm the findings summarized in this review. Furthermore, future studies are needed to assess the safety of this treatment. A priori reporting of study outcomes and more transparency in the reporting of study design methods would help to address sources of bias in future studies.
Appendix 1: Representative Search Strategy
Embase Classic+Embase <1947 to 2018 July 10>
Search strategy:
GZ667161.mp.
--------------------------------------------------------------------------------
Google Scholar <any time>
Search strategy:
GZ667161.mp.
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