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Abstract 

PD is the most common neurodegenerative movement disorder globally, affecting about 6.1 

million individuals globally (2016 published estimates). Unfortunately, there has been no 

cure for PD till now, and there has been an increasing interest in finding neuroprotective 

drugs that can slow or stop the progress of the disease. Levodopa is the mainstay of PD 

treatment, which is transformed to dopamine in the dopamine-producing neurons. However, 

the efficacy of levodopa is dependent on the survival of the remaining living cells that had 

not been affected by the disease. Thus, with more disease progression over time, the response 

to levodopa decreases. As a result, the patient requires adjuvant add-on treatments or non-

pharmacological interventions to control PD symptoms and improve their quality of life.  

Starting from the basic studies of physiology and pathophysiology of the basal ganglia in 

medical school, I developed an interest in PD, being a complex neurodegenerative disease. 

Thus, within the entire six years of my M.B.,B.Ch. studies in the College of Human 

Medicine, Zagazig University, Egypt (2012-2018), I followed most published clinical studies 

on PD and systematically studied the candidate treatments for PD.  

First, to synthesize evidence on the safety and efficacy of the candidate treatments, we 

conducted a series of systematic reviews and meta-analyses according to the guidelines of 

Cochrane Handbook of Systematic Reviews and Meta-analysis, published 2011 and the 

preferred reporting items of systematic reviews and meta-analysis (PRISMA statement). 

Second, we conducted scoping literature reviews for potential agents with no adequate 

clinical trial data to highlight their potential, rationale, and future directions. 

Other primary research works including nationwide profiling of PD patients in Egypt 

(ClinicalTrials.gov Identifier: NCT02785510; under supervision of Prof. Ali S. Shalash and 

Prof. Hatem Samir Shehata) and a longitudinal study of 100 PD patients who underwent 

subthalamic and pallidal DBS in Medical Park Hospital, Istanbul, Turkey (under supervision 

of Prof. Akin Akakin and Prof. Baran Yilmaz) have also been undertaken within this period 

but these projects are not discussed in this thesis. 

The narrative of this study reflects the unmet needs in different PD stages, starting from early 

stages where neuroprotective and disease-modifying agents are tested, then mid-stages where 

most of the patients will require adjuvant/add-on treatments, and later, the advanced stage 

where pharmacological therapies become insufficient and procedural interventions are 

attempted to manage the disease.  

This study incorporates ten peer-reviewed journal articles and eight abstracts in the world's 

top Parkinson’s Disease conferences, published since 2015, representing a part of my 

research portfolio. The published work spans my entire six years of M.B., B.Ch., studies in 

the medical school of Zagazig University, Egypt. 
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Chapter 1: Introduction 

1.1. Physiology of the dopaminergic cells in the basal ganglia 

Voluntary motor movements, planned in the cortex, are coordinated by the thalamus and 

striatum through the cortico-striato-thalamo-cortical circuit (1–3). The dopaminergic cells in 

the basal ganglia are involved in this circuit through two different pathways: the direct and 

the indirect pathways, which perform opposite functions (4–6). 

The action of the direct pathway is mediated by dopamine action on dopamine receptors type 

1 (D1), which inhibits the globus pallidus internus (GPi) and its inhibitory effect on the 

thalamus. By inhibiting the inhibitory signals of the GPi on the thalamus, the thalamus 

becomes disinhibited, and the net result is facilitating the thalamus firing to the cortex (7,8).  

On the other hand, the action of the indirect pathway is mediated by dopamine action on 

dopamine receptors type 2 (D2), which inhibits the globus pallidus externus (GPe). Unlike 

the direct pathways, the outer part of the globus pallidus does not directly affect the thalamus 

but inhibits the subthalamic nucleus (STN), which has excitatory signals on the thalamus 

(7,8). By inhibiting the excitatory signals from the STN to the thalamus, the net result is 

inhibiting the thalamic firing to the cortex (7,8). 

In the dopaminergic cells, dopamine is stored in vesicles through the vesicular monoamine 

transporter 2 and is released at the time of depolarization. In addition, dopamine transporters 

actively reuptake the released dopamine released in the synaptic terminals. These transports 

regulate dopamine storage and reuptake; therefore, they keep cytoplasmic dopamine levels 

under control to prevent the generation of reactive oxygen species (ROS) (9).   

Adenosine A2a receptors are colocalized with the D2 receptors in the striatum (the indirect 

pathway). Both adenosine A2A and D2 receptors signal their function through G protein but 

in an opposite manner (adenosine A2a uses Gs while dopamine D2 uses Gi) which suggests 

that these receptors oppose each other (10–12). In line with their location and mechanism of 

action, adenosine A2a antagonists have been studied as add-on treatments and are mentioned 

in chapter 3.  

GABA is the inhibitory neurotransmitter involved in both the direct and the indirect pathways 

of the basal ganglia (13,14). D1 receptors activate the inhibitory GABA release on the GPi, 

while D2 receptors inhibit the release of GABA on the GPe and STN, which activates the 

GPi (2,13,14). Including in chapter 3 of this commentary, Levetiracetam, which has been 

tested as an add-on treatment, is thought to act by modulating GABA release and preventing 

neuronal hyper-synchronisation.  

1.2. Pathology and pathogenesis of Parkinson’s Disease 

Parkinson’s disease (PD) results from neurodegeneration of the dopaminergic cells in the 

basal ganglia leading to a set of motor and non-motor symptoms including tremors, rigidity, 

bradykinesia, and balance and gait disturbance (15,16). PD is the second most common 

neurodegenerative disorder affecting more than 1% of the population above 60 years (17). It 

https://sciwheel.com/work/citation?ids=83128,4566643,1160395&pre=&pre=&pre=&suf=&suf=&suf=&sa=0,0,0&dbf=0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=12559845,274254,9724349&pre=&pre=&pre=&suf=&suf=&suf=&sa=0,0,0&dbf=0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=4685845,71913&pre=&pre=&suf=&suf=&sa=0,0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=71913,4685845&pre=&pre=&suf=&suf=&sa=0,0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=71913,4685845&pre=&pre=&suf=&suf=&sa=0,0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=607094&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=7525483,11141831,4055542&pre=&pre=&pre=&suf=&suf=&suf=&sa=0,0,0&dbf=0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=9223741,5116574&pre=&pre=&suf=&suf=&sa=0,0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=4566643,9223741,5116574&pre=&pre=&pre=&suf=&suf=&suf=&sa=0,0,0&dbf=0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=11354217,2411087&pre=&pre=&suf=&suf=&sa=0,0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=872447&pre=&suf=&sa=0&dbf=0
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is estimated that in 2016, 6.1 million individuals were living with PD around the world (18). 

The main pathological findings of PD are the death of dopaminergic neurons in the substantia 

nigra pars compacta and the formation of Lewy bodies. Up to 90% of PD cases are idiopathic 

(sporadic PD), while the remaining 10% are inherited due to genetic mutations (familial PD) 

(19). 

Although the clinical picture of PD has been well-defined, the exact aetiology of idiopathic 

PD is still unclear (16). Research into the several mutations of familial PD has improved our 

understanding of the pathogenesis of idiopathic PD. Several molecular mechanisms are 

implicated in the pathogenesis of PD, but the main process that triggers these pathways 

remains unknown. Among these pathological processes that have been extensively studied in 

the literature are oxidative stress, neuroinflammation, apoptosis, impaired autophagy, and 

alpha-synuclein misfolding and aggregation (19–23). It is also known that occupational and 

environmental exposure to certain toxins (like pesticides (24)) increases the risk of 

developing the disease by facilitating mitochondrial dysfunction and oxidative stress. 

An event that is frequently linked to these pathological processes is the overproduction of 

ROS (20). When the ROS are produced in the mitochondria beyond the capacity of the 

physiological antioxidant defense mechanisms, it leads to oxidative stress, then alpha-

synuclein accumulation, neuroinflammation, and cell death (20).  

Disturbances in ion levels as calcium and iron might lead to oxidative stress. Since calcium 

ions are responsible for maintaining the inner membrane permeability of the mitochondria, 

increased Ca+2 ion concentrations in the cytoplasm increase Ca+2 influx to the mitochondria 

leading to the production of ROS and inducing further changes in the inner membrane 

permeability (25,26). Increased iron also plays a role in the oxidative stress of the cell. In the 

presence of iron, the superoxide and H2O2 are transformed into highly reactive hydroxyl 

radicals, which can damage the cellular proteins, DNA, and RNA (27–29).  

On the other hand, imbalances in the antioxidant defence mechanisms like the glutathione 

reductase enzyme (GSH) might contribute to oxidative stress. Several studies showed 

decreased GSH levels in the dopaminergic cells of PD patients (30–32). 

Accumulating evidence showed that mitochondrial dysfunction is a key event in PD 

pathology (33). Because mitochondria are responsible for ROS production and are also the 

first target of ROS-mediated cell death, it is unknown whether mitochondria dysfunction is a 

primary event or a consequence of another primary event (20). 

Reversing the oxidative stress by antioxidants was proposed as a possible 

neuroprotective/disease-modifying strategy in PD. Among the drugs discussed in chapter 2, 

coenzyme Q10, creatine, caffeine, and many plant extracts act as antioxidants. 

Another system dysfunction in the dopaminergic cells that was linked to PD pathology is the 

ubiquitin-proteosome system (UPS) which is responsible for the degradation of proteins 

inside the cells (34). Alpha-synuclein protein, a substrate of the UPS, is abundant in the 

presynaptic terminals, and the failure of the UPS to degrade alpha-synuclein proteins leads to 

the formation of alpha-synuclein filaments and aggregates that formulate Lewy bodies, a key 

pathological feature for PD. The prevention of alpha-synuclein aggregation was proposed as 

https://sciwheel.com/work/citation?ids=8494219&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=7367557&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=2411087&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=7367557,6891166,895810,1338136,10411641&pre=&pre=&pre=&pre=&pre=&suf=&suf=&suf=&suf=&suf=&sa=0,0,0,0,0&dbf=0&dbf=0&dbf=0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=3774609&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=6891166&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=6891166&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=6099779,1216595&pre=&pre=&suf=&suf=&sa=0,0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=12559879,1157015,12559883&pre=&pre=&pre=&suf=&suf=&suf=&sa=0,0,0&dbf=0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=1093933,4330493,3702223&pre=&pre=&pre=&suf=&suf=&suf=&sa=0,0,0&dbf=0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=5064158&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=6891166&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12559884&pre=&suf=&sa=0&dbf=0
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a possible neuroprotective/disease-modifying strategy in PD. Caffeine, which is mentioned in 

chapter 2, was found to prevent alpha-synuclein aggregates in PD experimental animal 

models.  

C-abl tyrosine kinase acts as an oxidative stress sensor (35). ROS and oxidative stress 

activate c-abl tyrosine kinase by different pathways, including (1) the activation of ataxia-

telangiectasia mutated kinase, (2) phosphorylation by the PKCδ, and (3) direct activation 

(35). Then, c-Abl interacts with and deactivates antioxidant enzymes as catalase and 

antioxidant protein peroxiredoxin I. Therefore, c-abl disrupts the antioxidant defence 

mechanisms of the cell, favouring dopaminergic cell death. In experimental models, c-Abl 

activation was followed by accumulation of the misfolded alpha-synuclein protein suggesting 

a potential role in alpha synuclein-related neurodegeneration (36). The inhibition of c-abl 

tyrosine kinase was proposed as a possible neuroprotective/disease-modifying strategy in PD. 

We reviewed the existing rationale on c-abl inhibition for PD in chapter 2. 

Neuroinflammation has also been linked to PD pathology (37). When microglia are activated, 

they release proinflammatory cytokines, superoxides, glutamate, and TNF-alpha and the 

release of these factors contributes to oxidative stress in addition to the decrease in releasing 

the trophic factors necessary for neuron cell maintenance, which favours cell death (37–39). 

In chapter 2, bee venom therapy, caffeine, and some plant extracts are supposed to modulate 

microglial activation. 

1.3. Current status of Parkinson’s Disease treatments 

Currently available treatments for PD aim to achieve symptomatic relief and improve the 

quality of life of PD patients (40). Dopamine replacement by levodopa is the cornerstone of 

PD treatment at the early stages. Other drugs such as dopamine agonists and MAO-B and 

COMT inhibitors are also useful in alleviating the symptoms of PD patients (41). In the past 

decades, research efforts have produced some non-pharmacological interventions and many 

lifestyle modifications like dance and exercise that are suggested to be beneficial add-on 

options for PD patients (42–51). 

1.4. Currently unmet treatment needs in the different PD stages 

PD stage corresponds to both disease severity and impairment of a patient’s life. The Hoehn 

and Yahr classification is the most commonly used rating scale to define early-, mid-, and 

advanced-stage PD in clinical practice and in the clinical trials reviewed in this work (Figure 

1) (52–54). We did not predefine or reclassify PD stages. 

  

https://sciwheel.com/work/citation?ids=12559887&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12559887&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=3944808&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=73118&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=73118,3386431,4345580&pre=&pre=&pre=&suf=&suf=&suf=&sa=0,0,0&dbf=0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=3174626&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=11914958&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=5149462,12559899,8328239,2237921,11127249,4340974,11127245,12559907,2120540,7658285&pre=&pre=&pre=&pre=&pre=&pre=&pre=&pre=&pre=&pre=&suf=&suf=&suf=&suf=&suf=&suf=&suf=&suf=&suf=&suf=&sa=0,0,0,0,0,0,0,0,0,0&dbf=0&dbf=0&dbf=0&dbf=0&dbf=0&dbf=0&dbf=0&dbf=0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=72104,12445153,12569009&pre=&pre=&pre=&suf=&suf=&suf=&sa=0,0,0&dbf=0&dbf=0&dbf=0
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Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 

Early  Midstage  Late 

 

 

Figure 1 shows PD stages according to the Hoehn and Yahr classification 

Despite the advances in PD research, till the moment, there are many challenges and unmet 

clinical needs in PD treatment as follows (Figure 2): 

 

Figure 2 The unmet treatment needs in each stage of the PD and the respective chapters 

in this thesis commentary. This diagram reflects the narrative of the work 

discussed in this thesis.  

The first challenge is that currently available treatments provide symptomatic relief but can 

not cure the disease; there are no neuroprotective drugs that can stop or slow the progress of 

the disease (40,55). Over the past 20 years, investigators have run clinical trials on patients 

with early and midstage PD to test several neuroprotective and disease-modifying agents with 

the hope of stopping or slowing the disease progression (56). In chapter 2, I provide 

commentary on coenzyme Q10, creatine, caffeine, bee venom, plant extracts, and c-Abl 

inhibitors, which have been studied as neuroprotective/disease-modifying agents for PD. 

The second challenge is that many patients do not respond optimally to levodopa, and even in 

those who respond optimally at the early stage, their response to levodopa decreases over 

time (wearing off phenomenon) (57). Those PD patients develop levodopa-induced 

dyskinesia (LID) and motor fluctuations (on and off phenomenon) as a side effect of levodopa 

treatment (58,59). Within the first 3-5 years of levodopa treatment, about 50% of PD patients 

start to experience LID (58,59). At this stage, decreasing the levodopa dose to avoid the LID 

Ear ly Midstage Late

Neuroprotective and disease-modifying agents --------------->
Chapter 2

Add-on treatments ---------------------------------------------------->
Chapter 3

Procedural interventions --->
Chapter 4

https://sciwheel.com/work/citation?ids=3174626,6371550&pre=&pre=&suf=&suf=&sa=0,0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=761272&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12559913&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=1159727,1084000&pre=&pre=&suf=&suf=&sa=0,0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=1159727,1084000&pre=&pre=&suf=&suf=&sa=0,0&dbf=0&dbf=0
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might lead to a suboptimal response and might exacerbate the wearing-off. Similarly, 

increasing the levodopa dose to overcome the wearing-off will be limited by the LID. 

Therefore, at the mid-stage of the disease, additional treatments become required to decrease 

the motor fluctuations and LID and to allow for adjusting the levodopa dose without 

impairing the motor functions. In addition, other motor and non-motor problems might come 

out and require additional medications. Treatments achieving these goals are called “adjuvant 

treatments” or “add-on treatments.” In chapter 3, I provide commentary on Levetiracetam, 

Droxidopa, Adenosine A2a antagonists, Mavoglurant, Safinamide, Pardoprunox, which have 

been studied as adjuvant/add-on treatments for PD. 

The third challenge, as patients progress to the late stage of the disease (advanced PD), 

pharmacological treatment regimens (including the add-on treatments) become insufficient to 

control the motor symptoms, and the quality of life of PD patients is severely impacted 

(60,61). Historically, thalamotomy and pallidotomy were done for patients with advanced PD 

(62). However, these ablative procedures are irreversible and can not be optimized or tailored 

to patient symptoms and needs (62). Research into these procedural interventions resulted in 

the development of deep brain stimulation (DBS), transcranial direct current stimulation 

(tDCS), and gene therapy (62–64). In chapter 4, I provide commentary on STN DBS, GPi 

DBS, tDCS, and gene therapy which have been studied as procedural interventions for 

patients with advanced PD. 

Finally, it is worth mentioning that another challenge for PD treatment is that PD symptoms 

and disease course are not the same for all patients. PD is a complex heterogeneous disease, 

and the treatment should be individualized and tailored according to each patient's needs 

(65,66). 

1.5. General Overview of the Methods 

When selecting agents for this works, we chose “promising agents” defined as those that have 

shown at least one statistically significant positive effect in one clinical trial. We conducted 

systematic reviews and meta-analyses according to the Cochrane Handbook of Systematic 

Review and Meta-analysis of Interventions [version of 2011]4(67) and the Preferred 

Reporting items of Systematic Reviews and Meta-analysis5 (68), as follows: 

Step 1.  We developed a specific research question supported by clear eligibility criteria for 

article selection (Criteria was defined in the following domains: population, intervention, 

comparator, outcome, and study design).  

Step 2. Literature search records were imported from databases, duplicates were removed, 

then records were screened for eligibility either manually or semi-automatically using 

Abstrakr, Covidence, or Rayyan. First, we selected relevant abstracts, then full-text articles of 

the chosen abstracts were retrieved for further assessment. 

 

4 The 2011 version of Cochrane Handbook has been achieved, the current reference forwards to the recent 

version of 2019. 
5 The PRISMA version, we used, was developed by David Moher and colleagues in 2009. Currently, there is an 

updated PRISMA guideline for systematic reviews and meta-analysis (69). 

https://sciwheel.com/work/citation?ids=5967917,1083916&pre=&pre=&suf=&suf=&sa=0,0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=1166575&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=1166575&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=1166575,333506,72390&pre=&pre=&pre=&suf=&suf=&suf=&sa=0,0,0&dbf=0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=12559924,11914981&pre=&pre=&suf=&suf=&sa=0,0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=7965692&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=892792&pre=&suf=&sa=0&dbf=0
http://abstrackr.cebm.brown.edu/account/login
https://www.covidence.org/
https://www.rayyan.ai/
https://sciwheel.com/work/citation?ids=10785485&pre=&suf=&sa=0&dbf=0
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Step 3. Data were extracted to a uniform data extraction sheet. We constructed the tables of 

“summary of included studies” and “characteristics of the studies’ population”. 

Step 4. The quality of included studies was assessed using the Cochrane Risk of Bias 

assessment tool for randomized controlled trials. 

Step 5. For meta-analysis, continuous data were pooled as the mean different (MD) or 

standardized mean difference (SMD) while dichotomous data were pooled as relative risks 

(RR). 

Step 6. Heterogeneity was assessed by Chi-square and I-square tests. 

Step 7. Whenever appropriate, we ran sensitivity analysis for two purposes (1) to test the 

statistical robustness of evidence and (2) to investigate whether heterogeneity is caused by a 

specific study. 

Step 8. Publication bias assessment was planned using Egger’s test but was not done for all 

studies owing to the small number of included studies <10 studies. 
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Chapter 2: Neuroprotective and Disease-Modifying Agents for 

early and midstage PD 

Because the exact pathology of the disease is unknown and the drug development process 

consumes several years of development and evaluation starting from identifying the 

molecular targets, drug designing, preclinical experiments through clinical trials, a fast 

method to find neuroprotective agents is to test natural products and already FDA-approved 

drugs that might have potential in PD.  

In 2001, the United States National Institute of Neurological Disorders and Stroke (NINDS) 

established the Committee to Identify Neuroprotective Agents for Parkinson’s (CINAPS) to 

identify potential agents and proceed for further testing in clinical trials. The committee ran a 

systematic assessment of existing literature and prioritized the agents listed in Figure 3. 

 

Figure 3 The list of the candidate neuroprotective drugs identified by the NINDS 

Currently, the NINDS-CINAPS list of candidate neuroprotective drugs6 is now out of date. A 

more updated list was provided by McFarthing and colleagues who screened clinicaltrials.gov 

for Parkinson’s disease modifying agents currently in the clinical trials pipeline (Figure 4) 

(70).  

 

6 A neuroprotective drug is defined as a drug than can protect the neuronal cells from damage (on the 

molecular level), but a disease-modifying drug is defined as a drug than can modify the course of the disease 

(decrease the progression of the disease on the clinical level). However, the two terms have been used 

interchangeably in the literature and the same applies in this thesis commentary. 

Candidate neuroprotective 
drugs selected by the 

NINDS

Caffeine

Coenzyme Q10

Creatine

GM-1 Ganglioside

GPi-1485

Minocycline

Nicotine

Oestrogen

MAO-B inhibitors

Dopamine agonists

https://sciwheel.com/work/citation?ids=10021330&pre=&suf=&sa=0&dbf=0
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Figure 4 A list of disease-modifying agents currently in the clinical trials pipeline; 

Figure is used from McFarthing et al.(70), with authors’ and publisher’s 

permission. 

1. Coenzyme Q10 

Coenzyme Q10 was one of the agents selected by the NINDS-CINAPS to be evaluated in 

multiple clinical trials for possible neuroprotective effects (71,72). The aim of the first article 

was to evaluate the clinical efficacy of a drug that targeted the disease at early stages to 

protect the dopaminergic cells or slow the process of the disease. Coenzyme Q10 was tested 

as a possible neuroprotective agent in the early and mid-stage PD owing to its antioxidant 

effects. At the time of conducting this systematic review, evidence on the efficacy of 

Coenzyme Q10 in PD was conflicting (73,74). In this article, we conducted a systematic 

literature review and a meta-analysis of randomized controlled trials (RCTs) on the efficacy 

https://sciwheel.com/work/citation?ids=10021330&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12559927,5460862&pre=&pre=&suf=&suf=&sa=0,0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=12559935,1824453&pre=&pre=&suf=&suf=&sa=0,0&dbf=0&dbf=0
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of Coenzyme Q10 for patients with early and mid-stage PD (75). Our systematic review 

incorporated new data from a large multicentre randomized controlled trial (QE3 study) 

conducted in 67 North American sites (74). Therefore, our work became reliable evidence on 

the lack of efficacy of Coenzyme Q10 in early and mid-stage PD. A set of the UK's NICE 

guidelines of Parkinson's Disease in 2017 referred to our findings (see sections 9.5.2 and 

9.5.4.11 of the full guideline and evidence tables). Similarly, the Linus Pauling Institute 

Micronutrient Information Center at Oregon State University referred to our findings to 

inform the public that patients with PD should not take Coenzyme Q10 as a treatment since it 

does not offer any clinical benefit for them.  

We conducted this systematic review and meta-analysis according to the guidance of the 

Cochrane Handbook of Systematic Reviews of interventions (Version 5.1.0. [updated March 

2011]) (67), and the manuscript was reported according to standard reporting guidelines, the 

Preferred Reporting Items for Systematic Reviews, and Meta-analysis (PRISMA statement) 

(68). The literature search was conducted on multiple electronic databases, and we applied 

clear criteria for the study selection process. We selected studies on the hydrophobic form of 

coenzyme Q10 (ubiquinone); we excluded studies on forms of the water-soluble form of 

Coenzyme Q10 (ubiquinol) as it has different absorption and bioavailability. The results are 

in line with the data from the QE3 study (the largest RCT conducted on high doses of 

Coenzyme Q10 in PD (74)). However, our results were contradictory to the promising results 

reported by Thomas Muller's study in Germany (76). In the systematic review, we evaluated 

the risk of bias in these RCTs' methodologies, and it was noticed that the Coenzyme Q10 

group in the study of Muller 2003 had significantly better baseline UPDRS values compared 

to patients who were assigned to the placebo. It is known that a difference of ≥5 points on the 

UPDRS scores is considered clinically significant. Therefore, in Muller's 2003 study, the 

slower functional decline reported in the Coenzyme Q10 group is likely due to their better 

clinical status at the baseline and can not be attributed to the drug alone. Although this study 

included a random allocation to the treatment groups, randomization might fail to balance 

confounders in small samples, which is likely the case. 

Shortcomings, lessons learnt, or what could have been improved 

▪ We included two studies where the experimental group received Vitamin E and 

Coenzyme Q10 which might be a confounding variable.  

▪ In this meta-analysis, we used the SMD as the effect measure. Cochrane Handbook 

explains that SMD is used when the included studies report the outcome on different 

scales or on the same scale but with different measurement units. In situations where 

studies report the outcome on the same scales and measurement unit, the use of MD is 

common because MD has the advantage of reporting the effect estimate on the same 

clinical scale and same measurement unit which makes the results more relevant to 

clinicians and easier to interpret the clinical significance. However, there is no specific 

guidance that recommends against the use of SMD or necessitates the use of MD in 

situations where studies report the effect on the same clinical score. On the other hand, 

SMD (whether Cohen’s d, Hedges’ g, or Glass delta) has the advantage of being more 

https://sciwheel.com/work/citation?ids=12187736&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=1824453&pre=&suf=&sa=0&dbf=0
https://www.nice.org.uk/guidance/ng71/chapter/recommendations#non-pharmacological-management-of-motor-and-non-motor-symptoms
https://www.nice.org.uk/guidance/ng71/chapter/recommendations#non-pharmacological-management-of-motor-and-non-motor-symptoms
https://www.nice.org.uk/guidance/ng71/evidence/full-guideline-pdf-4538466253
https://www.nice.org.uk/guidance/ng71/evidence/full-guideline-pdf-4538466253
https://www.nice.org.uk/guidance/ng71/evidence/appendix-d-evidence-tables-pdf-4538466257
https://sciwheel.com/work/citation?ids=7965692&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=892792&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=1824453&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=2272225&pre=&suf=&sa=0&dbf=0
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generalizable than MD and can be used to interpret clinical significance at cut off values 

of 0.2, 0.5, and 0.8 which means small, medium, and large effect size (SMD of 0.2 is the 

minimum clinically important difference) (77).  

▪ In the published article, table 2 (which shows patient characteristics in included studies) 

is limited. Systematic review authors are often limited to the available clinical trial data. 

For example, age-at disease onset (or PD duration) is an important variable for PD trials. 

For example, out of the 5 RCTs included in this systematic review, 1 RCT reported the 

age at disease onset and 1 RCT reported the disease duration but 3 RCTs did not reported 

any of them. I suggest the following list of variables to be reported for neuroprotection 

clinical trials in PD: 

o Age at enrolment 

o Age at diagnosis 

o Age at disease-onset OR time from PD symptoms’ onset 

o Time since PD diagnosis 

o Sex 

o Race 

o PD subtype 

o H&Y classification 

o Levodopa Dose 

o Dopamine Agonist treatment 

o MDS-UPDRS7 part I – Non-Motor Aspects of Experiences of Daily Living 

o MDS-UPDRS part II – Motor Aspects of Experiences of Daily Living 

o MDS-UPDRS part III – Motor Examination 

o MDS-UPDRS part IV – Motor Complications 

o PDQ-39 

 

Recent updates 

Another Japanese RCT, published following our article, reported statistically significant 

favourable differences in UPDRS scores in the subgroup of PD patients experiencing 

wearing off (78). First, the authors used ubiquinol, the water-soluble form of Coenzyme 

Q10, which was excluded from our work because of the different pharmacokinetic profiles. 

Second, the differences reported by the Japanese group were not significant in patients with 

early-stage PD who are not treated with levodopa. Therefore, the differences reported in 

 

7 Clinical trials included in this work used the old UPDRS score. The UPDRS has been modified by the 

International Parkinson’s and MDS society, currently known as the MDS-UPDRS. 

https://sciwheel.com/work/citation?ids=12569048&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=1824449&pre=&suf=&sa=0&dbf=0
https://www.movementdisorders.org/MDS/MDS-Rating-Scales/MDS-Unified-Parkinsons-Disease-Rating-Scale-MDS-UPDRS.htm
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the Coenzyme Q10 group might be attributed to levodopa treatment, particularly that the 

study has a small sample size, and it is unlikely that all confounders be distributed equally 

by chance in such a small sample. Since our article was published, another systematic 

review and meta-analysis in 2017 confirmed our findings (79). 

2. Creatine 

Creatine is an organic compound that acts as a buffer facilitating ATP recycling by donating 

a phosphate group to the ADP converting it to ATP. Creatine also has direct antioxidant 

activity by reducing ROS and other free radicals. Being able to cross the blood-brain barrier, 

enhance cellular energy functions, and act as an antioxidant, Creatine was listed as a potential 

neuroprotective agent by the CINAPS-NINDS (80–82). Creatine showed excellent 

neuroprotective effects in animal models and promising results in an early futility trial in 

2006 (83). Therefore, it was advanced into phase III clinical trials to evaluate the potential of 

creatine for the neuroprotection against PD (84).  

We conducted a systematic review and meta-analysis of published RCTs evaluating the 

efficacy of creatine for neuroprotection against PD (85). We included three RCTs with a total 

sample size of 1935 patients. The meta-analysis showed that compared to placebo, Creatine 

failed to improve any of the clinical outcome measures, including UPDRS-I, UPDRS-II, 

UPDRS-III, and UPDRS total scores.  

A limitation of this systematic review and meta-analysis is the availability of 3 published 

RCTs only, despite there being five available at the time of publication. There were specific 

reasons that we chose not to include these additional two studies (NINDS 2006 (83) and Li et 

al., 2015 (86)). First, the NINDS 2006 (83) and NINDS 2008 (87) describe the same patients 

in the same RCT. We selected only one article (the most recent one) to avoid duplicating the 

NINDS trial population in the analysis, which leads to incorrect estimates. Second, Li 2015 

(86), describes an RCT where patients received two interventions at the same time, creatine 

(5 g b.i.d) and coenzyme Q10 (100 mg t.i.d); therefore, we excluded this study because the 

intervention of interest (creatine) was not independently tested against the placebo control. 

An additional limitation was that the study participants in the three RCTs we used were in 

different disease stages and received different dosage schedules of creatine with different 

follow-up duration. However, evidence from these studies showed no clinical benefit for PD 

patients, regardless of dosage schedules and disease stage.  

Shortcomings, lessons learnt, or what could have been improved 

▪ One of the included trials (NINDS, Karl Kieburtz et al. 2015) did not analyse 45% of the 

patients who withdrew during the 5-year follow up period. This could be explained as 

follows: (1) In this study, the discontinuation of treatment was one of the study outcomes 

and patients were encouraged to remain in the study until the end of the evaluation, (2) 

the withdrawals were comparable between the two groups (45.4% vs. 44.8%, P=0.81), 

and (3) the authors run all analyses according to the intention-to-treat analysis principal.  

https://sciwheel.com/work/citation?ids=12559944&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=3571714,12559945,12559946&pre=&pre=&pre=&suf=&suf=&suf=&sa=0,0,0&dbf=0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=12559947&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=4991814&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=4038109&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12559947&pre=&suf=&sa=0&dbf=0
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Recent updates 

Six months after our paper was published, Mo et al.(88) published an updated Meta-

analysis where they included the additional two studies mentioned above (a total of 5 RCTs 

were analysed, including the NINDS 2006 (83) and Li 2015 (86)). Even with the additional 

studies, the updated meta-analysis of Mo et al.(86) confirmed our findings that creatine 

does not provide any clinical benefit for patients with PD. 

3. Caffeine 

Caffeine is a methylxanthine alkaloid. It is the most widely used CNS stimulant psychoactive 

drug in the world. Caffeine has several mechanisms of action, including inhibiting the 

phosphodiesterase enzyme, antagonizing the adenosine A2a receptors, and increasing 

calcium influx into the cells (89). Several epidemiological studies showed that individuals 

who consume caffeine are at a lower risk of PD compared to those who do not consume 

caffeine (90–93). This evidence was corroborated by a meta-analysis that confirmed an 

inverse association between caffeine intake and the risk of PD (94). 

Despite the accumulated pre-clinical evidence about its potential as a possible treatment for 

PD, caffeine has not received much attention in clinical trials on PD patients. Given that 

caffeine has the advantage of being a widely available dietary substance, we aimed to 

highlight the potential of caffeine for PD (95). We conducted a literature review to 

summarize the published evidence and the potential mechanisms through which it might be 

beneficial for PD patients (95). 

We identified four major mechanisms of action for caffeine that should be useful for PD. 

First, caffeine blocks adenosine A2a receptors which increases the availability of Dopamine 

receptors, increases dopamine release, and modulates microglial activation (96). Second, 

caffeine prevents Lewy bodies formation in experimental models (97). Third, caffeine 

shortens the maximal plasma concentration of levodopa, therefore, increasing the duration of 

action, making it a viable option for PD patients with the wearing-off phenomenon (98). 

Fourth, caffeine is an antioxidant substance; in experimental models, it decreased the 

formation of free radicals. A graphical summary of these mechanisms of action is shown in 

Figure 5.  

https://sciwheel.com/work/citation?ids=12559981&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12559947&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12559978&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12559978&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=9516243&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12559982,4566745,12559986,12559987&pre=&pre=&pre=&pre=&suf=&suf=&suf=&suf=&sa=0,0,0,0&dbf=0&dbf=0&dbf=0&dbf=0
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https://sciwheel.com/work/citation?ids=1277852&pre=&suf=&sa=0&dbf=0
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Figure 5 A graphical summary of the mechanisms of actions of caffeine in PD.  

Source: Negida et al. 2017(95) 

In our literature review, a few clinical trials were available on PubMed. Owing to their 

heterogeneity in design and outcomes, we did not conduct a systematic review and meta-

analysis. In summary, data on the efficacy of caffeine is still controversial and inadequate to 

give firm conclusions. However, based on the epidemiological association between caffeine 

intake and lowering the risk of PD, Adenosine A2a receptor antagonists were developed and 

tested in clinical trials of PD; they will be discussed later in the next chapter. 

4. Bee venom therapy 

One of the common alternative medicine interventions is bee venom therapy (BVT) which 

originated in ancient China and Greece. Bee venom has many active compounds with 

interesting pharmacological actions, including neurotoxic effects, nociceptive effects, anti-

inflammatory, and anti-nociceptive effects. BVT can be administered as a cream, ointment, 

liniment, injection, acupuncture, or directly through a living bee (99,100). However, the 

commonest method is acupuncture. A few reports in the literature showed experimental data 

of BVT in PD animal models and human subjects (101–103). We conducted a systematic 

literature review of studies examining the efficacy of BVT in animal experiments and human 

PD patients (104). 

We identified six experimental studies on PD animal models and three clinical trials on PD 

patients. We could not run a quantitative meta-analysis to aggregate the outcomes because 

included clinical trials were heterogeneous in their study design, mode of BVT 

administration, choice of the comparator group, treatment schedule, and follow-up duration. 

https://sciwheel.com/work/citation?ids=12187739&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12559995,12559997&pre=&pre=&suf=&suf=&sa=0,0&dbf=0&dbf=0
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Both Cho et al.(103) and Doo et al.(105) reported significant improvements in the UPDRS 

scores after eight weeks and 11 months, respectively. By synthesizing the evidence 

qualitatively, we concluded that BVT was promising in the preliminary clinical trials.  

5. Neuroprotective Plant Extracts 

Plant extracts are important sources of medications. Over the past years, researchers have 

explored the potential of several plant extracts to prevent neurodegeneration in PD animal 

models. Many of these plant extracts showed promising results and could stop 

neurodegeneration in preclinical experiments. Further, we summarised these plant extracts 

and their mechanisms of action in literature review article. Below in Table 1, I present a 

summary of the main plant extracts summarized in our review (and the references within 

(106)).  

Table 1 A summary list of the plant extracts, their characteristics, and possible 

mechanisms; Source: Awad et al.(104) 

Plant Extract 
Extract 

type 
Target cells Findings 

Possible 

mechanisms 
Reference 

1. Antioxidant mechanisms 

Acanthopanacis 

senticosus (AS) 
AS Extract 

Ethanol 

based 
PC12 cells 

AS extract prevents 

the MPTP induced 

apoptosis in PC12 

cells and increases 

the cell survival rate. 

The contents of 

NO, NOS, were 

reduced and 

reduction of LDH 

leakage.  

An and Liu 

et al., 2010 

(107) 

Alpinia 

oxyphylla 

An ethyl acetate; 

protocatechuic acid 

(PCA) 

Ethanol 

based 

PC12 cells 

PCA is a useful 

therapeutic strategy 

for the treatment of 

oxidative stress-

induced 

neurodegenerative 

disease. 

PCA enhanced the 

activities of 

superoxide 

dismutase (SOD) 

and catalase 

(CAT) 

(Antioxidant) . 

An and 

Guan et al., 

2006 (108) 

PC12 cells 

PCA can protect 

against MPTP 

toxicity and can have 

a therapeutic 

potential in treatment 

of neurodegenerative 

diseases. 

Prevents 

formation of 

reactive oxygen 

species (ROS), 

GSH depletion 

and prevents the 

activation of 

caspase-3 and 

down-regulation 

of Bcl-2. 

Guan et al., 

2006 (109) 

Apium 

graveolens Linn 

 

dl-3-n-

butylphthalide 

(NBP) 

 

PC12cells 

NBP reduced the 

cytotoxicity of MPTP 

on PC12 cells. 

Suppressing the 

mitochondrial 

permeability 

transition, 

reducing oxidative 

stress, and 

increasing the 

cellular GSH 

content. 

Huang et 

al., 2010 

(110) 

https://sciwheel.com/work/citation?ids=2722592&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=7943203&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=3205780&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=5001970&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12570426&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12570428&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12195603&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12570437&pre=&suf=&sa=0&dbf=0
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Bacopa 

monniera (BM) 

Bacopa monniera 

(BM) extract 

Water 

based 

SH-SY5Y cells 

 

Bacopa monniera 

extract protects 

against MPTP- and 

Paraquat-induced 

toxicity 

Preserves the 

cellular redox 

homeostasis and 

mitochondrial 

activities by 

promoting cell 

survival Akt 

pathway. 

Singh et al., 

2012 (111) 

Chrysanthemum 

indicum Linn 

(CI) 

CI extract 
Methanol 

based 

SH-SY5Y cells 

and 

lipopolysaccharide 

-stimulated BV-2 

microglial cells. 

CI extract 

ameliorates the 

neuroinflammatory 

response, induced by 

various neurotoxins. 

Decrease the ROS 

production, 

regulated the 

Bax/Bcl-2 ratio, 

inhibited PARP 

proteolysis, 

suppress the 

production of 

prostaglandin 

E(2,) expression 

of cyclooxygenase 

type-2 (COX-2), 

blocked IkappaB-

alpha degradation 

and activation of 

NF-kappaB p65 in 

BV-2 cells in a 

dose-dependent 

manner. 

Kim et al., 

2011 (112) 

Cruciferous 

vegetables 

3H-1,2-dithiole-3-

thione 

 

SHSY5Y cells 

D3T increases the 

antioxidative 

defenses of the 

treated cells. 

Increase the levels 

of reduced 

glutathione (GSH) 

and increase in 

mRNA expression 

of the gamma-

glutamylcysteine 

ligase catalytic 

subunit (GCLC), 

GR, and of NQO1 

in these cells. 

Jia et al., 

2009 (113) 

Dimocarpus 

longan Lour. 

flower 

Dimocarpus longan 

Lour. flower water 

extract (LFWE) 

Water 

based 
LFWE treated rat 

models. 

LFWE attenuates 

MPTP neurotoxicity 

in nigrostriatal 

neurons in a dose 

dependent manner. 

Antioxidative, 

anti-

inflammatory, and 

anti-apoptotic 

activities. 

Lin et al., 

2012 (114) 

apigenin (AP), 

Galangin and 

Genkwanin 

Dimethyl 

sulfoxide 

based 
PC12 cells 

AP exerts 

neuroprotective 

effects against MPTP 

induced neurotoxicity 

in PC12 cells. 

Decreases ROS 

production, 

suppresses the 

increased rate of 

apoptosis and 

reduces Bax/Bcl2 

ratio. 

Liu et al., 

2015 (115) 

Allium Stavium 

S-allylcysteine 

(Aged Garlic 

extract) 

Ethanol 

based or 

water 

base 

 

C57BL/6J mice/ 

Corpus striatum 

cells. 

SAC can protect 

neurons from MPTP 

induced oxidative 

stress. 

Reduction of 

superoxide radical 

production with 

up-regulation of 

Cu-Zn-superoxide 

dismutase activity. 

Rojas et al., 

2011 (116) 

https://sciwheel.com/work/citation?ids=6389023&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=4866780&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12570445&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12570450&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12570452&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12570454&pre=&suf=&sa=0&dbf=0
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Gastrodia elata 

(GE) Blume  

gastrodin 

Ethanol 

based 

SHSY5Y cells 

 

Gastrodion has 

protective effects 

against MPTP-

induced cytotoxicity 

in dopaminergic 

cells. 

Inhibiting 

increased 

production of 

reactive oxygen 

species (ROS) and 

increase in 

Bax/Bcl-2 ratio, 

cleaved caspase-3 

and PARP 

proteolysis. 

An and 

Kim et al., 

2010 (117) 

Dimethyl 

sulfoxide 

based SHSY5Y cells 

 

Gastrodin has a 

partial cytoprotective 

role in dopaminergic 

cell culture. 

Upregulates heme 

oxygenase-1 (HO-

1) expression 

through p38 

MAPK/Nrf2 

pathway in human 

dopaminergic 

cells 

Jiang et al., 

2014 (118) 

vanillyl Alcohol 

 

Ethanol 

based MN9D 

dopaminergic 

cells 

 

Vanillyl alcohol can 

protect dopaminergic 

MN9D cells against 

MPTP-induced 

apoptosis 

Reduced the 

elevation of 

reactive oxygen 

species (ROS) 

levels, decreased 

in the Bax/Bcl-2 

ratio and poly 

(ADP-ribose) 

polymerase 

proteolysis. 

Kim et al., 

2011 (119) 

Ginkgo biloba 

leaves 

ginkgo biloba 

extract EGb 761 

 

C-57 black mice/ 

Corpus striatum 

cells. 

EGb761 partially 

prevents the 

dopamine-depleting 

effect of MPTP at 24 

hours. 

Antioxidant and 

free radical 

scavenger action. 

Rojas et al., 

2001 (120) 

Camellia 

sinensis 

epigallocatechin-3-

gallate (ECEG) 

 

PC12 cells 

EGCG suppresses 

MPTP-induced injury 

of PC12 cells. 

Antioxidation, 

scavenging of free 

radicals, 

increasing 

expression of 

PGC-1 alpha and 

anti-apoptosis. 

Ye et al., 

2012 (121)  

Ligusticum 

wallich Franch 

tetramethylpyrazine 

nitrone (TBN) 

 

Ethanol 

based 

SHSY5Y cells 

TBN rescues 

dopaminergic 

neurons from MPTP 

toxicity. 

Reducing ROS 

and increasing 

cellular anti-

oxidative defense 

capability (SOD, 

GR). 

Guo et al., 

2014 (122) 

Lycium 

barbarum 

 

Lycium barbarum 

extract 

 

Hot water 

based 

PC12 cells and  

Caenorhabditis 

elegans. 

Lycium barbarum 

extract protects 

against MPTP -

induced neurotoxicity 

in C. elegans and 

PC12 cells. 

Antioxidative 

property and 

restoration of total 

GSH level. 

 

Yao et al., 

2011 (123) 

Panax 

notoginseng 

 

panaxatriol 

saponins 

 

Methanol 

based PC12 cells 

Panaxatriol saponins 

attenuate MPTP 

induced cell death. 

Controls the redox 

balance by 

inducing 

Thioredoxin-1 and 

Luo et al., 

2010 (124) 

https://sciwheel.com/work/citation?ids=12570455&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12570461&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12570468&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12570469&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12570506&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=11738710&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12570513&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12570515&pre=&suf=&sa=0&dbf=0
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inhibits of 

apoptosis . 

2. Antiapoptotic effects 

Gynostemma 

pentaphyllum  

Gynostemma 

pentaphyllum 

polysaccharides 

 

 

Water 

based 

PC12 cells 

GP has protective 

effects against 

MPTP-induced 

neuronal apoptosis in 

PC12 cells by 

suppressing 

apoptosis-related 

protein 

Inhibiting 

elevated Bax/Bcl-

2 ratio, as well as 

the release of 

cytosolic 

cytochrome c and 

attenuating 

caspase-3/9 

activation and 

cleavage of 

PARP. 

Deng et al., 

2014 (125) 

Chrysanthemum 

morifolium 

Ramat (CM) 

 

CM extract 

 

 

 

Water 

based 
SH-SY5Y cells 

CM extract possesses 

potent 

neuroprotective 

activity against 

MPTP toxicity. 

Attenuates the 

elevation of 

reactive oxygen 

species (ROS) 

level, increases 

the Bax/Bcl-2 

ratio and inhibits 

cleavage of 

caspase-3 and 

PARP proteolysis. 

Kim et al., 

2009 (126) 

Cistanche salsa 

acteoside 

 

 

 

 

 

Ethanol 

based 

Cerebellar granule 

neurons (CGNs) 

Acteoside prevents 

the MPP+-induced 

apoptosis and inhibits 

the apoptosis-related 

pathway. 

Inhibits the active 

caspase-3 

fragment (17 kDa) 

(P < 0.001) and 

the proteolytic 

poly (ADP-ribose) 

polymerase 

(PARP) fragment 

(85 kDa) 

expression. 

Pu et al., 

2003 (127) 

polyethanoid 

glycosides 
CGNs 

Polyethanoid 

Glycosides inhibit 

apoptosis induced by 

MPTP in 

dopaminergic 

neurons. 

Exert their anti-

apoptosis effect 

by inhibiting 

caspase-3 and 

caspase-8 

activities. 

Tian et al., 

2005 (128) 

tubuloside B 

 
PC12 cells 

Tubuloside B 

prevents MPTP-

induced apoptosis 

and oxidative stress 

Attenuates DNA 

fragmentation and 

reduces 

intracellular 

accumulation of 

ROS. 

Sheng et 

al., 2002 

(129) 

Buddleia 

lindleyana 

phenylethanoid 

glycosides 

Ethanol 

based 

Mice brain 

mesencephalic 

cultures 

Phenylethanoid 

glycosides protect 

mesencephalic 

neurons from MPTP-

induced cell death 

Inhibits the 

expression of the 

caspase-3 gene 

and cleavage of 

poly (ADP-ribose) 

polymerase 

(PARP). 

Li et al., 

2008 (130) 

https://sciwheel.com/work/citation?ids=12570519&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12570578&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12570580&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12570581&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=1608889&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12570582&pre=&suf=&sa=0&dbf=0
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Buddleja 

officinalis 

Maxim  

 

verbascoside 

Ethanol 

based 

PC12 cells 

Verbascoside 

attenuates MPTP 

induced apoptosis 

and mitochondrial 

dysfunction. 

Attenuates MPTP-

induced apoptotic 

death, prevents 

activation of 

caspase-3 and 

collapse of 

mitochondrial 

membrane 

potential. 

Sheng et 

al., 2002 

(131) 

Radix Paeoniae 

alba 

 

paeoniflorin (PF)    

 

Water 

based 

PC12 cells 

PF modulates 

autophagy in models 

of neuron injury. 

Reduced cytosolic 

free calcium and 

caused 

upregulation of 

LC3-II protein 

and 

overexpression of 

LAMP2A. 

Cao et al., 

2010 (132) 

Rosmarinus 

officinalis 
rosmarinic acid 

 

MES23.5 

Dopaminergic 

cells 

Rosmarinic acid has 

a neuroprotective 

effect by 

ameliorating 

mitochondrial 

dysfunction. 

Restored the 

complex I activity 

of the 

mitochondrial 

respiratory chain 

and inhibited 

Caspase-3 

activation. 

Du et al., 

2010 (133) 

Yi-Gan San Yi-Gan San extract 

 

Water 

based 
SHSY5Y cells 

 

Yi Gan San rescues 

dopaminergic 

neurons from MPTP 

toxicity. 

Decreased 

Caspase-3 activity 

and  increased 

activation of the 

PI3K/Akt 

pathway.  

Doo et al., 

2010 (134) 

Pueraria lobata 

(Willd.) 
puerarin 

Ethanol 

based 

PC12 cells 

Pretreatment of PC12 

cells with puerarin 

could block MPP+-

mediated apoptosis 

by mitochondria-

dependent caspase 

cascade. 

Inhibited the 

release of 

mitochondrial 

cytochrome c to 

cytosol and the 

loss of 

mitochondrial 

membrane 

potentials and 

reduced MPTP-

induced caspase-

3-like activation. 

Bo et al., 

2005 (135) 

Panax Ginseng ginsenoside Rg1 

 

SHSY5Y cells 

Rg1 protects against 

MPTP-induced 

apoptosis in 

SHSY5Y cells. 

Inhibition of the 

activity of JNK 

and reduction of 

Caspase-3 

activity. 

Fang et al., 

2003 (136) 

3. Autophagy enhancement 

Apium 

graveolens Linn 

dl-3-n-

butylphthalide 

(NBP) 

 

 

PC12 cells 

NBP protects PC12 

cells against MPTP-

induced 

neurotoxicity. 

Induced the 

accumulation of 

autophagosomes 

and caused 

upregulation of 

LC3-II. 

Liu et al., 

2012 (137) 

https://sciwheel.com/work/citation?ids=12570584&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12570586&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12570587&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12570589&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12570590&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=1606412&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12570592&pre=&suf=&sa=0&dbf=0
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Cannabis sativa 

 

delta-9-tetrahydro-

cannabinolic acid 

(THCA) and 

cannabidiol. 

Ethanol 

based 

Mice brain 

mesencephalic 

cultures 

Cannabinoids 

rescued 

dopaminergic cells in 

a dose dependent 

manner by increasing 

the cell count.  

Enhances the 

metabolic 

viability of 

Tyrosine 

Hydroxylase 

Immunoreactive 

(TH-IR) cells. 

Moldzio et 

al., 2012 

(138) 

Eucommia 

ulmoides Olive 
duzhong 

Ethanol 

based 

SHSY5Y cells 

Duzhong antagonized 

the loss of striatal 

neurotransmitters and 

dopaminergic 

neurons. 

Amelioration of 

the ubiquitin-

proteasome 

system and 

attenuation of 

MPTP induced 

protease 

dysfunction. 

Guo et al., 

2015 (139) 

Pueraria lobata 

(Willd.) 

modified 

Yeoldahanso-tang 

(MYH) 

 

 

 

Ethanol 

based 
PC12 cells 

MYH inhibits both 

the loss of TH-

positive neurons in 

the substantia nigra 

pars compacta 

(SNpc) and the 

reduction of the 

optical density of 

TH-IR fibers in the 

striatum (ST). 

MYH provides 

neuroprotection 

against 

lactacystin-

induced NGF-

differentiated 

PC12 cell death, 

which effect is 

partially mediated 

by autophagy 

enhancement. 

Bae et al., 

2011 (140) 

and Bae et 

al., 2015 

(141) 

4. Specific neuroprotective mechanisms 

Chaenomeles 

speciosa 

 

common flowering 

quince (FQ) 

 

Water 

based Chinese hamster 

ovary (CHO) cells  

 

FQ Reduces the loss 

of TH-IR neurons in 

the substantia nigra 

in MPTP-treated 

mice 

Selective, potent 

DAT inhibitor, so 

it inhibits MPTP 

uptake by 

dopaminergic 

neurons. 

Zhao et al., 

2008 (142) 

Psoralea 

corylifolia (L.) 

 

delta 3,2-

hydroxybakuchiol 

 

Ethanol 

based Chinese hamster 

ovary (CHO) cells 

Protects against 

MPTP-induced 

behavioral and 

histological lesions. 

Inhibiting MPTP 

uptake by 

Monoamine 

transporters. 

Zhao et al., 

2009 (143) 

Sesamum 

indicum 

estradiol and 

phytoestrogens 

 

PC12 cells 

Phytoestrogens have 

neuroprotective 

effects with less 

hormonal effects than 

estrogen. 

Restore dopamine 

transporter 

expression to 

control levels 

without increasing 

expression of 

estrogen 

receptors. 

Gelinas et 

al., 2002 

(144) 

Tripterygium 

wilfordii Hook F 

tripchlorolide 

 

 

 

Water 

based 

In vivo (in rat 

models) 

Tripchloride rescues 

dopaminergic 

neurons from MPTP 

toxicity. 

Stimulates brain-

derived 

neurotrophic 

factor (BDNF) 

mRNA expression 

and increases 

survival of 

dopaminergic 

neurons in 

Li et al., 

2003 (145) 

https://sciwheel.com/work/citation?ids=4308666&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12570593&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=6647001&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12570596&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12570598&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12570600&pre=&suf=&sa=0&dbf=0
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substantia nigra 

pars compacta . 

Valeriana 

jatamansi 

 

valerilactones A 

and B 

 

 

Methanol 

based 

SH-SY5Y cells 

 

Valerilactones A and 

B exhibited potent 

neuroprotective 

effects against 

MPP(+)-induced 

neuronal cell death 

Inhibit MPTP 

uptake by 

Dopamine 

transporter 

(DAT). 

Xu et al., 

2011 (146) 

Camellia 

sinensis 

Camellia sinensis 

polyphenols extract 

 

DAT-pCDNA3-

transfected 

Chinese Hamster 

Ovary cells. 

Polyphenols protect 

Dopaminergic 

neurons against 

MPTP-induced injury 

GT polyphenols 

have inhibitory 

effects on DA 

Transporter, 

through which 

they block MPTP 

uptake.  

Pan et al., 

2003 (147) 

Peganum 

harmala 

clorgyline and the 

beta-carbolines.  

 

 Recomb- human 

monoamine 

oxidase A and B 

enzyme 

Substances with a 

MAO inhibiting 

activity can have a 

neuroprotective 

potential. 

Inhibited the 

oxidation of 

MPTP by MAO-B 

and/or MAO-A, 

preventing the 

formation of toxic 

pyridinum cations. 

Herraiz et 

al., 2012 

(148) 

Ginkgo biloba 

leaves 
ginkgo biloba 

extract EGb 761 

 

C-57 black mice/ 

Corpus striatum 

cells. 

EGb761 treatment 

reduces MAO 

activity during MPTP 

toxicity. 

EGb761 produces 

reversible 

inhibition of both 

monoamine 

oxidase (MAO) 

isoforms. 

Rojas et al., 

2004 (149) 

EGb761 has a 

protective effect 

against MPTP 

neurotoxicity. 

Shares in 

regulation of 

copper 

homeostasis in the 

brain 

Rojas et al., 

2009 (150) 

5. Unknown mechanisms 

Ajuga ciliata 

Bunge 

 

clerodane 

diterpenes 

 

Methanol 

based 
SHSY5Y cells 

Clerodane diterpenes 

enhanced survival of 

MPTP treated 

SHSY5Y cells. 

The mechanism of 

its neuroprotective 

effect is still to be 

investigated. 

Guo et al., 

2011 (151) 

Valeriana 

jatamansi 

 

iridoids, jatadoids 

A and B 

 

 

Methanol 

based 

SH-SY5Y cells 

 

Iridoids showed 

neuroprotective 

effects against MPTP 

toxicity. 

The mechanism of 

their 

neuroprotective 

effect is still to be 

investigated. 

Xu et al., 

2012 (152) 

Roots of Rubus 

parvifollus L 
suavissimoside R1 

 

Ethanol 

based 

Rat model 

mesencephalic 

culture 

Suavissimoside R1 

possesses potent 

neuroprotective 

activity against 

MPTP toxicity. 

The mechanism of 

its neuroprotective 

effect is still to be 

investigated. 

Yu et al., 

2008 (153) 

 

There is insufficient data about the ability of these plant extracts to cross the BBB of humans 

but pre-clinical data show that these plant extracts can cross the blood-brain barrier of animal 

models to some extent. For example, the Buddleja officinalis Maxim extract, verbascoside, 
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can cross the BBB of adult zebrafish (154), Gastrodin and Vanillyl Alcohol, two extract of 

GE Blume, can cross the blood-brain barrier of rats (155,156), and Protocatechuic acid, an 

extract of the Alpinia oxyphylla can cross the BBB in rodents and humans (157). When 

translating the findings from animal models to human trials, it is important to consider the 

species differences in BBB permeability and transport mechanisms (158–161).  

6. C-Abl inhibitors 

In 2016, Georgetown researchers published a proof-of-concept study evaluating the 

tolerability of 150 mg and 300 mg doses of Nilotinib, a C-Abl tyrosine kinase inhibitor that 

had been approved by the FDA for adults with chronic myeloid leukaemia (162). This proof-

of-concept study was conducted on 12 PD patients who received the Nilotinib drug every day 

for 24 weeks (162). Results showed the drug was moderately safe and tolerable in the PD 

population. Nilotinib also significantly improved the UPDRS-III motor score at six months 

(3.4- and 3.6-point decrease for the two groups, respectively) (162). In terms of the cognitive 

functions, Mini-Mental Status Examination increased in both the study groups after 24 weeks 

(3.85 and 3.5 increase for the two groups, respectively) but returned to the baseline after 

stopping the Nilotinib treatment (162). 

Patients and physicians have been thrilled with the hopeful findings suggesting that Nilotinib 

might hold a promise for treating PD. However, these findings required further large, well-

designed, randomized, double-blind, placebo-controlled trials to confirm the efficacy of this 

drug in slowing or stopping the progress of the disease. Unfortunately, the off-label use of 

nilotinib in PD escalated following the inappropriate announcement of this small, 

uncontrolled study (163). 

In response to this, we reviewed published evidence about (1) the potential of C-Abl 

inhibition as a therapeutic target for the treatment of PD using data from preclinical and 

clinical studies, (2) the possible mechanisms through which C-Abl tyrosine kinase might play 

a role in PD pathology including autophagic impairment, parkin inactivation, microglial 

activation, alpha-synuclein misfolding, and Lewy body formation, and (3) the candidate 

drugs/agents that showed a promise in preclinical studies (164) (Figure 6). 

 

 

Figure 6 The mechanisms of action of C-abl inhibitors in PD 
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We identified four C-abl inhibitors that were studied in pre-clinical experiments for PD: 

Nilotinib, PD180970, Radotinib HCl, and INNO-406 and reviewed their outcomes and the 

supposed mechanisms of actions. We concluded that C-Abl inhibition might slow the 

progress of PD by disrupting several pathways in PD pathology. Preclinical experiments 

showed that C-Abl could be activated in vivo using 1-methyl-4-phenylpyridinium (MPP+) 

and in vitro using 1-methyl-4-phenyl-1,2,3,4-tetrahydropyridine . Moreover, C-Abl protein 

levels were found to be upregulated in PD brains. Also, C-Abl kinase plays an important role 

in (1) Parkin inactivation, (2) autophagic impairment, (3) microglial activation, and (4) alpha-

synuclein misfolding and Lewy body formation (165).  

Shortcomings, lessons learnt, or what could have been improved 

▪ In the published article, we briefly discussed the placebo effect in PD patients. Other 

problems with evidence base are the size of studies, risk of bias, and publication bias.  

(1) Underpowered clinical trials have been described as unethical, since they expose the 

patients to the risk of intervention without generating the sufficient knowledge that 

the study was designed for. In addition, randomization may fail to balance the 

confounders in RCTs with small sample size therefore, the low sample size threatens 

the internal validity of the study. 

(2) Selection bias occurs when individuals or a study group differ from the population 

of interest (in RCTs, it means that there is a systematic difference between the 

patients of the study groups which might influence the study outcomes). Methods of 

overcoming the selection bias in clinical trials include adequate random sequence 

generation and allocation concealment. 

(3) Performance bias is a systematic difference between the study groups in the level of 

care provided (other than the intervention). 

(4) Detection bias refers to systematic differences between the two study groups in the 

way in outcome assessment.  

(5) Attrition bias is a systematic difference between the study groups in the number and 

the way participants were lost from the study. 

(6) Reporting bias is a systematic difference between the planned and reported outcomes.  

(7) Publication bias occurs when the study findings influence the decision to publish the 

study, it means a systematic difference between published and unpublished studies. 

Studies reporting positive results are more likely to be published than those reporting 

negative results.  
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Recent updates 

Two recent RCTs examined the tolerability and efficacy of the c-abl inhibitor, Nilotinib, in 

patients with PD. Pagan et al.(166), the same investigators of the initial pilot trial, 

conducted a phase II RCT on 75 PD patients where they found an improvement in the 

exploratory CSF biomarkers with the Nilotinib but failed to show an improvement in 

clinical outcomes. Another RCT by Simuni et al.(167) was conducted on 76 PD patients 

and found low CSF exposure, lack of biomarker effect, and no clinical benefit from 

Nilotinib. The authors did not recommend further evaluation of Nilotinib in PD.  
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Chapter 3 – Add-on treatments 

While patients are on their dopaminergic medications, many patients experience treatment-

related adverse effects. The LID is one of the major problems with levodopa treatment – 

which has been the mainstay of PD treatment until now. It is estimated that about 50% of PD 

patients suffer from LID after five years of levodopa treatment (58,59). Other reports suggest 

a lower percentage of PD patients develop clinically significant LID with only 4% of 

dyskinesias requiring treatment change (168). Thus, there is a need for add-on treatments for 

PD. 

Another problem for patients with midstage PD is the wearing-off which leads to motor 

fluctuations due to shortened duration of action of the levodopa over time (57). This problem 

is characterized by significant daily off-time despite optimal doses of levodopa treatment.  

Both LID and wearing-off impair the quality of life and functionality of PD patients. LID 

limits the ability of physicians to increase the levodopa dose to counter the wearing-off 

phenomenon. Therefore, continuous dose adjustments to balance the motor benefits against 

the treatment-related complications are advised in this population (169). This highlights an 

unmet need to develop adjuvant treatments to improve the pharmacokinetics of levodopa by 

allowing levodopa dose reduction and extending its duration of action (Figure 7).  

At the midstage of the disease, PD patients might experience new motor and non-motor 

symptoms that require further management. One of these conditions that we studied was 

neurogenic orthostatic hypotension (nOH).   

 

Figure 7 The aim of the adjuvant/add-on treatments in midstage PD 

7. Levetiracetam 

Levetiracetam is a novel antiepileptic drug that has shown anti-dyskinetic effects in PD 

experiments on animal models (170). A few clinical trials assessed its safety and efficacy in 

patients with midstage PD and LID but with controversial results (171,172). We conducted a 

systematic literature review and meta-analysis. We included a total of 150 patients from 7 

clinical trials. Three articles described RCTs. Our results showed mild anti-dyskinetic effects, 

and small non-clinically significant changes in the UPDRS-IV and the modified Abnormal 

Involuntary Movements Scale (mAIMS).  

Aims of the adjuvant 
treatments in midstage PD

Decreasing the LID

Decreasing the wearing-off

Treating the new motor and non-
motor symptoms

https://sciwheel.com/work/citation?ids=1159727,1084000&pre=&pre=&suf=&suf=&sa=0,0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=9861735&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12559913&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=2654032&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12560008&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12560009,12560011&pre=&pre=&suf=&suf=&sa=0,0&dbf=0&dbf=0


37 

Shortcomings, lessons learnt, or what could have been improved 

▪ This systematic review included non-randomized studies and observational studies. It is 

known that RCTs have higher internal validity when compared to other non-

randomized studies. Non-randomized studies carry a risk of confounding bias, and their 

results should be interpreted and used carefully. Therefore, the inclusion of non-

randomized studies and observational studies in systematic review of RCTs is criticized 

by research methodology and evidence-based medicine experts (67). Another statistical 

opinion is to put RCTs and observational studies together in the meta-analysis as long 

as their results are not different and they report the same effect measure (173). I prefer 

a middle-ground solution by including randomized and non-randomized studies in the 

systematic review but subgrouping the meta-analysis according to the study design. 

This allows us to explore whether a positive treatment effect is driven mainly by non-

randomized studies. Another criticism here is that we do not follow the same approach 

when the overall effect size is negative which is the case in this Levetiracetam paper.  

▪ Konitsiotis 2006 paper should have been excluded because it includes tardive dyskinesia 

patients not PD patients.  

▪ In the published article, references 24 and 28 refer to the same article. This should have 

been corrected.  

▪ Included studies reported poor tolerability for the Levetiracetam among PD patients but 

we did not analyse the adverse events, we focused instead on the efficacy measures.  

8. Droxidopa 

About half of PD patients experience neurogenic orthostatic hypotension (174), defined as a 

sustained decrease of blood pressure by ≥ 20 mmHg systolic or ≥ 10 mmHg diastolic within 

three minutes after standing; it happens due to failure of the autonomic nervous system to 

increase sympathetic vasomotor outflow; therefore, it can not raise peripheral resistance in 

responses to postural changes (175–177). NOH becomes symptomatic when standing systolic 

blood pressure fails to maintain adequate cerebral perfusion (177). Droxidopa (L-threo-3,4-

dihydroxyphenylserine) is a synthetic amino acid precursor that is converted by Dopa 

decarboxylase enzyme to Norepinephrine (Figure 8) and therefore causes peripheral arterial 

and venous vasoconstriction (178,179). 

 

 

 

Droxidopa (L-threo-3,4-

dihydroxyphenylserine) 
Norepinephrine 

Figure 8 The conversion of Droxidopa to Norepinephrine 
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Based on data from two clinical trials, the FDA, in 2014, approved Droxidopa for the 

treatment of NOH under the accelerated approval program, which required further 

confirmatory evidence. In 2015, Droxidopa failed to meet the primary efficacy endpoint in 

the study of Biaggioni et al.(180) but in another study by Hauser et al.(181) Droxidopa was 

significantly superior to the placebo. Therefore, we undertook this meta-analysis to estimate 

the safety and efficacy of Droxidopa using data from published clinical trials (182). We 

included parallel RCTs only that directly compared droxidopa vs. placebo in patients with 

nOH. We analyzed data from 4 parallel RCTs, and we performed subgroup analysis 

according to the follow-up duration (1 week, 2 weeks, and 8 weeks of treatment). Two RCTs 

were conducted on PD patients only (181,183) and the two other studies included a mixed 

population of PD patients and those with nOH due to multiple system atrophy or pure 

autonomic failure (180,184). We found that droxidopa was superior to placebo in all efficacy 

measures, including OHQ composite score, dizziness/lightheadedness score, composite 

symptom score, symptoms-impact score, and standing systolic blood pressure. In terms of 

safety, there were no increased adverse events associated with Droxidopa compared to 

placebo (nausea, headache, hypertension, and supine hypertension. In the subgroup analysis, 

we noticed the drug lost efficacy at 2 weeks and 8 weeks of use. Therefore, the evidence we 

synthesized supported the short-term use of Droxidopa but was insufficient to confirm its 

durability. The significance of this meta-analysis in the field was emphasized by adopting this 

finding in the 2018 European Society of Cardiology guidelines for the diagnosis and 

management of syncope, particularly not supporting the long-term use of this drug for 

syncope management in PD patients and others (185).  

Shortcomings, lessons learnt, or what could have been improved 

▪ In this systematic review, reference no. 22 for Hauser, which is a key trial, has the 

wrong journal (it should be Movement Disorders not Neurology). 

▪ We focused on the statistical significance of the effect estimates with no comment on 

the clinical significance of these findings. Droxidopa achieve statistically significant 

improvements in the OHQ composite score and its subscale. Our meta-analysis showed 

that Droxidopa was superior to Placebo in the OHQ composite score (MD of -0.61 with 

95 % CI [-1.03 to -0.19]). Kaufmann et al.(186) who developed the OHQ estimated that 

-0.81 is the minimum clinically important difference from baseline for the OHQ 

composite score. Therefore, the between group differences in OHQ in our meta-

analysis have limited clinical significance. Additionally, Kaufmann et al.(187) run a 

recent phase II trial on neurogenic orthostatic hypotension patients where they used a 

minimum clinically important difference of -1 for the OHQ symptom score and 10 

mmHg for the standing SBP. In our meta-analysis the pooled MD in OHQ symptom 

score was -0.54 and the pooled MD in standing SBP was 4.09, therefore both can be 

judged as of limited clinical significance. However, the pooled MD of the subscales of 

dizziness/lightheadedness score and the symptom-impact composite score were -0.83 

and -0.86, respectively, therefore, these differences are clinically significant (because 

they two subscales alone exceed the -0.81 threshold). To conclude, when compared to 
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placebo, droxidopa results in statistically and clinically significant improvements in the 

dizziness/lightheadedness as well as the nOH symptom impact on patient activities but 

the differences in standing SBP and total OHQ composite score, despite being 

statistically significant, do not have a clinical significance.  

 

Recent updates 

Recently, Hauser et al.(188) assessed the long-term safety and efficacy of droxidopa 

treatment for 12 weeks in patients with nOH. They found that droxidopa was associated 

with significant improvements in the efficacy measures on OHQ (symptom score and 

symptom impact score) with no AEs of concern. However, this is an open-label study, 

which makes it susceptible to performance and detection biases.  

9. Adenosine A2a Antagonists 

Epidemiological studies established a link between caffeine consumption and the lowered 

risk of PD (92–94,189). Being the major mechanism of action of caffeine in PD, Adenosine 

A2a antagonism evolved as a potential therapeutic strategy for PD. Synthetic adenosine A2a 

antagonists were developed to target this non-dopaminergic pathway in PD. Istradefylline, 

preladenant, and tozadenant moved from the preclinical phase to human experiments. Data on 

the efficacy of these drugs are controversial; thus, we conducted a meta-analysis of published 

RCTs on adenosine A2a antagonists for PD (190).  Following a literature search on PubMed 

in November 2015, we selected and meta-analysed RCTs studying the efficacy of these 

drugs. 

By analysing data from 7 RCTs with a total of 2231 patients, we found that Istradefylline at 

doses of 20 mg and 40 mg per day significantly decreased the off-time and the UPDRS-III in 

the on state while significantly increased the on-time without troublesome dyskinesia. No 

significant difference was found in terms of the on-time with dyskinesia, UPDRS-II during 

the off state or the UPDRS-II during the on-state.  

By analysing data from 3 RCTs with a total of 1507 patients, we found that preladenant 

decreased the off-time and increased the on-time without dyskinesia, but these differences 

were not significant at doses of 2 mg, 5 mg, and 10 mg compared to placebo. We concluded 

that further studies are needed to investigate preladenant. 

 

Shortcomings, lessons learnt, or what could have been improved 

▪ This work was done in 2015 and was initially submitted to the 4th World Parkinson’s 

Congress on April 18, 2016. Due to visa issues when travelling to Portland, I could not 

attend the WPC. So it was presented later in another congress in 2017. By this time, a 
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number of systematic reviews and meta-analysis had been published about 

istradefylline. A meta-analysis in 2014 showed no statistically significant effects for 

istradefylline as add-on therapy for PD; the authors explained that owing to the limited 

available studies, further clinical trials are needed (191). In 2017, another meta-analysis 

of six studies showed that compared to placebo, istradefylline was effective in reducing 

the off-time and improving the motor symptoms of PD (192). 

▪ This study demonstrated statistically significant but modest improvements in off-time 

and on-time with Istradefylline treatment compared to placebo. Additionally, the 

improvements in UPDRS III were not clinically significant.  

 

Recent updates 

▪ In 2019, the US FDA approved the istradefylline (NOURIANZ®) as adjuvant therapy 

for PD patients with levodopa treatments to reduce the off time. 

▪ Hauser et al. pooled data from eight phase II/III studies comparing istradefylline to 

placebo. The analysis included a total of 2,719 patients (placebo, n = 992; 20 mg/day, n 

= 848; 40 mg/day, n = 879). They reported a significant reduction in the off time with 

the 20 mg dose (-0.38 h) and the 40 mg/day (-0.45 h) after 12 weeks of treatment. They 

reported higher estimates when pooling the 4 studies that constituted the basis of FDA 

approval with mean reductions in the off-time of -0.75 h for the 20 mg dose and -0.82 h 

for the 40 mg dose (193). 

10. Mavoglurant  

Although the exact mechanism of action of LID is not yet elucidated, some reports suggest 

that the glutamatergic pathway plays a role in the emergence of LID (55,169). Increased 

glutamatergic signalling was found in the striatum of basal ganglia (194). Additionally, the 

modulation of glutamatergic signalling by mGluR5 antagonists was found to be effective in 

reducing the LID in animal models. Mavoglurant (AFQ056), a selective mGluR5 inhibitor, 

was developed to treat LID by decreasing glutamatergic signalling in the striatum (195).  

Multiple clinical trials were conducted to assess the safety and efficacy of mavoglurant for 

the treatment of LID in PD patients. Berg et al.(196) found a significant improvement in the  

mAIMS and UPDRS-IV scores in the mavoglurant group compared to the placebo group. 

However, the following study by Trenkwalder et al.(197) showed no evidence of benefit 

from mavoglurant.  

We conducted a systematic review and meta-analysis on the efficacy of Mavoglurant for PD 

patients with LID (198). By analysing data from 4 articles (describing 6 RCTs with a total of 

485 patients), we found no significant difference between Mavoglurant and placebo in terms 

of the off-time, on-time, UPDRS-III, UPDRS-IV, or LFADLDS. A slight significant 

improvement in the mAIMS score was observed compared to placebo. We concluded that 
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current evidence does not support the use of mavoglurant for the treatment of LID in PD 

patients. 

Shortcomings, lessons learnt, or what could have been improved 

▪ We explored heterogeneity by sensitivity analysis, removing studies individually to 

demonstrate which studies contribute to heterogeneity. This is a post-hoc analysis that 

should have been predefined based on the key characteristics that might contribute to 

heterogeneity (e.g., study quality, treatment dose, and treatment duration). 

▪ The process of guideline development using the GRADE framework usually starts by 

specifying a research question and prioritizing the outcome measures according to their 

relevance/importance to patients, clinicians, and decision makers. In this meta-analysis, 

for example, the mAIMS and LFADLDS scores are not considered critical outcomes. If 

we apply such prioritization in the present meta-analysis, critical outcome in this 

comparison will be the UPDRS-IV and patient diaries – which is the standard method 

for evaluating motor fluctuations and had direct clinical relevance to patient activities. 

The UPDRS-III can be considered important outcomes because beside decreasing 

motor fluctuations, add-on drugs treating LID should not compromise the motor 

benefits from levodopa treatment. From my point of view, the mAIMS and LFADLDS 

are of less importance in this comparison. An example for applying GRADE 

framework to assess certainty of evidence is provided later in the discussion. 

▪ In this article, we calculated the RRs and the corresponding 95% CI for adverse events. 

However, the RR is not indicative of the frequency of the event in the population. On 

the contrary, the absolute risk (also, named “risk difference”) represents the difference 

between the two groups in the frequency of event occurrence which makes it is easier 

to evaluate the clinical significance of the effect size.  

11. Safinamide 

A novel drug called safinamide was developed to reduce the treatment-related side effects in 

PD patients. Safinamide has several dopaminergic and non-dopaminergic mechanisms, as 

shown in Figure 9.  
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Figure 9  Summary of the mechanisms of action of safinamide in PD 

We conducted a meta-analysis to assess the efficacy of safinamide in PD patients (199). We 

analysed data of 1432 patients in four RCTs. The overall effect size favoured the safinamide 

group in terms of UPDRS III (MD −1.82 points), UPDRS II (MD −1.55 points), and CGI-S 

(MD −0.38 points), but no information was reported on the reduction in levodopa dose and 

“off-time.” Since safinamide is a MAO-B inhibitor adjuvant treatment, the expected goals of 

this treatment are to improve motor fluctuations and allow for a lower total levodopa dose 

(200). In clinical studies, the clinical endpoints of these therapeutic goals are the on-off 

fluctuation diary and the overall reduction in levodopa dose, respectively (201–203). 

Therefore, the four included trials were regarded as of high risk of reporting bias owing to the 

absence of these important clinical outcomes. We concluded that current evidence is 

inadequate to confirm the efficacy of safinamide as add-on therapy for PD and we 

recommended further randomized controlled trials to evaluate the efficacy of safinamide in 

reducing levodopa dose and “off” time.  

Shortcomings, lessons learnt, or what could have been improved 

▪ This work was presented as a conference abstract, so it provides a limited evidence. 

 

Recent updates 

▪ Subsequent studies were done on this drug which demonstrated its efficacy. In 2017, 

the US FDA approved this drug (under the name: Xadago) for the treatment of PD 

patients. 

▪ Bind et al.(204) conducted a multiple-treatment comparison meta-analysis of 27 

publications where they found that all the 3 MAO-B inhibitors (rasagiline, safinamide 
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and selegiline) were effective when combined with levodopa but safinamide was the 

least effective and selegiline was the most effective. 

▪ Giossi et al.(205) conducted a systematic review and meta-analysis of six studies with a 

total of 2792 patients and they found that safinamide was effective add-on to levodopa 

when compared to placebo in PD patients with motor fluctuations. Safinamide add-on 

to levodopa significantly increased ON-time without troublesome dyskinesia (MD 0.95 

h), reduced OFF-time (MD – 1.06 h), and improved UPDRS-III (MD – 2.77 points) 

with moderate quality of evidence. These improvements in the off-time and on-time 

without troublesome dyskinesia are clinically significant but the change in UPDRS-III 

is of modest clinical importance.  

12. Pardoprunox 

Another drug that we investigated was the pardoprunox, a partial dopamine agonist and full 

5HT-1A agonist that showed early positive findings in animal experiments. We conducted a 

meta-analysis of published RCTs (206). We searched PubMed for RCTs assessing the 

efficacy of pardoprunox against placebo. Records were screened for eligibility, and data were 

extracted and analysed in a meta-analysis model. 

We analysed data of 885 patients (pardoprunox n= 422, and placebo n=412) in four RCTs. 

Pardoprunox was significantly superior to placebo in UPDRS-III (MD -3.25 points, 95% CI 

[-4.23 to -2.26]), UPDRS-II (MD -1.08 points, 95% CI [-1.51 to -0.64]), CGI-I (MD -0.66, 

95% CI [-0.87 to -0.45]), and CGI-S (MD -0.24, 95% CI [-0.39 to -0.10]). The main problem 

with this drug was the safety issues. Meta-analysis of safety outcomes showed 13 adverse 

events were significantly higher in the pardoprunox group than the placebo group mainly; the 

drug was associated with 12-fold increased risk of hallucinations, 4-fold increased risk of 

orthostatic hypotension, and 4-fold increased risk of nausea and dizziness. We concluded that 

despite the significant improvements by this drug in the efficacy measures, the side effects 

resulting from its action on 5HT-1A receptors limit its clinical importance, particularly when 

treating a chronic disease as PD.  

 

Shortcomings, lessons learnt, or what could have been improved 

▪ When evaluating the clinical significance of these results, the changes in UPDRS-III and 

II were modest. In terms of safety, none of the reported AEs were serious but the overall 

increased incidence of 13 AEs with pardoprunox limit the usefulness of this drug in 

practice. 

▪ To the best of my knowledge, no further studies were conducted on this drug owing to 

the safety issues. For example, one article reporting the two studies of Rembrandt and  

Vermeer, flexible-dose of pardoprunox (12–42 mg/day) showed the highest dropout rate 

due to treatment-emergent adverse events (Rembrandt, 56.0%; Vermeer, 46.3%) and 
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overall incidence of treatment-emergent adverse events (Rembrandt, 97.4%; Vermeer, 

92.6%), primarily due to nausea, somnolence, and dizziness (207).  

▪ In this article, we calculated the RRs and the corresponding 95% CI for adverse events. 

But the RR does not give information about the frequency of these AEs in the study 

groups. On the contrary, the absolute risk (also, named “risk difference”) represents the 

difference between the two groups in the frequency of event occurrence which makes it 

is easier to evaluate the clinical significance of the effect size. 

 

https://sciwheel.com/work/citation?ids=6714447&pre=&suf=&sa=0&dbf=0
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Chapter 4 – Procedural interventions 

At the advanced stages of PD, pharmacological treatments become insufficient to manage the 

disease symptoms, and the quality of life of PD patients is severely affected (60,61). 

Pallidotomy and thalamotomy are old neurosurgical procedures that were historically 

performed for late-stage PD when pharmacological treatments fail to control the disease 

symptoms (62). However, the major limitation of these ablative procedures is that they are 

irreversible, and their effect on the neural circuits cannot be adjusted to achieve the best 

symptom control (62).  

Alim Louis Benabid invented deep brain stimulation in the 1990s, a procedure that reversibly 

changes the activity of the circuits of the STN or GPi during the stimulation phase (208). 

Non-pharmacological procedures as neurostimulation (DBS and tDCS), gene delivery, stem 

cell transplantation for the treatment of patients with advanced PD are currently under 

development, experimentation, and further research.  

13. Deep Brain Stimulation 

The STN and the GPi are two common targets for DBS in PD, DBS was approved by the US 

FDA for patients with advanced PD. The efficacy of DBS in patients with advanced PD has 

already been established by several studies, including meta-analyses and well-designed RCTs 

comparing DBS to the best medical therapy (209,210). Moreover, DBS has long-term 

benefits with many studies reporting long-term motor benefits extending beyond 5 years and 

up to 15 years (211–214). 

There has been an increasing interest in comparing the safety and efficacy of DBS in the two 

commonest targets, STN and GPi. In 2005, Weaver et al.(215) conducted an indirect meta-

analysis comparing the STN DBS vs. GPi DBS, and they showed that the improvement in the 

UPDRS-III motor score following DBS in the two targets was 54% and 40%, respectively. 

Two large, well-designed RCTs, Follet et al.(216) and Odekerken et al.(217), showed 

comparable improvements in motor functions between the two targets. Other reports 

suggested that STN DBS was associated with deterioration in verbal fluency and 

neuropsychological performances in some individuals compared to the GPi DBS. 

Subsequently, we conducted three meta-analyses and a review article to guide decision-

making about selecting the appropriate DBS target for PD patients.  

In Elgebaly et al.(218), we compared the neuropsychological performance following STN 

DBS and GPi DBS in PD patients using data from seven studies in the qualitative evidence 

synthesis, while four RCTs (n=345 patients) were included in the meta-analysis model. We 

conducted the analysis in multiple scenarios considering both the random and fixed-effect 

models. Psychomotor processing speed measured by the Stroop colour-naming test showed a 

trend to favour the GPi DBS over the STN DBS. The suboptimal neuropsychological 

performance following STN DBS in some studies could be explained by the small 

architectural size of the STN compared to GP; therefore, the placement of DBS leads in the 

STN might be associated with irritation of the nearby fibres responsible for 

neuropsychological functions.  

https://sciwheel.com/work/citation?ids=5967917,1083916&pre=&pre=&suf=&suf=&sa=0,0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=1166575&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=1166575&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12560107&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=1070335,11915086&pre=&pre=&suf=&suf=&sa=0,0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=12158532,6489728,12300854,12158519&pre=&pre=&pre=&pre=&suf=&suf=&suf=&suf=&sa=0,0,0,0&dbf=0&dbf=0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=1071638&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=432874&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=1069886&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=9867789&pre=&suf=&sa=0&dbf=0


46 

Shortcomings, lessons learnt, or what could have been improved 

▪ In the Meta-analysis article comparing neuropsychological performance between STN 

DBS and GPi DBS, the following corrections should have been made: 

(1) Figure 1, the PRISMA flow diagram reports eight studies were included in the 

qualitative evidence synthesis, but the text reports seven articles were included. The 

correct number is 7 as in the text and tables. 

(2) Figure 3 refers to the results of the attention and working memory. According to the 

prespecified neuropsychological domains and outcome measures (listed in Table 1), 

this figure should not include the stroop word naming and the stroop colour reading 

tests. 

(3) Similarly, figure 4, which refers to the processing speed, should have included in 

the stroop word naming and the stroop colour reading tests. Figure 4 legend already 

refers to them, but the forest plots were misplaced to Figure 3, instead. 

(4) The legend of Figure 7, which refers to the semantic verbal fluency, was 

mislabelled as phonemic verbal fluency. 

▪ The fixed effect meta-analysis model assumes that the effect size is consistent across 

studies, but the random effect model assumes that included studies represent a random 

sample from the population.  In this work, we ran the analysis using the random effect 

model which assumes that the included studies represent a random sample from the 

population. The random effect model was chosen because we expected inconsistencies 

in the neuropsychological outcomes following STN DBS and GPi DBS based on 

reviewing the literature. Since the random effect model assumes that included studies 

represent a random sample from the population, the model gives extra weight to 

smaller studies to increase their representation in the effect estimate and therefore, the 

random effect model accommodates higher margin of error (and wider confidence 

intervals) compared to the fixed effect model. We ran the analysis again in the fixed 

effect model where the stroop word-reading and stroop colour-naming tests showed a 

trend towards more decline with STN DBS than with GPi DBS (p=0.08 and 0.09, 

respectively). As mentioned previously in this commentary, such sensitivity analysis 

should have been prespecified and predefined to avoid spurious conclusions. 

In another meta-analysis, we analysed data from nine controlled studies with a total of 497 

patients (219). We found that patients who underwent the STN DBS required less levodopa 

compared to those who underwent GPi DBS (std. mean difference -0.29 with 95% CI [-0.48 

to -0.10]), which makes STN DBS a better target for patients who cannot tolerate levodopa 

and requires much reduction in their medications. On the other hand, there were no 

significant differences between the STN DBS and GPi DBS in terms of the UPDRS-III off-

medication, UPDRS-III on-medication, semantic verbal fluency, and phonemic verbal 

fluency. 

https://sciwheel.com/work/citation?ids=12564311&pre=&suf=&sa=0&dbf=0
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Shortcomings, lessons learnt, or what could have been improved 

▪ A shortcoming of this work is that we focused on motor functions, activities of daily life, 

semantic verbal fluency, phonemic verbal fluency, and levodopa dose but we did not 

analyse the motor fluctuations diary “on- and off-time”. 

▪ We used the SMD as the effect estimate but the MD would have been easier to interpret. 

In a third meta-analysis, we compared the mortality rates between the STN DBS and GPi 

DBS groups (220). The unequal mortality rates after nine years in a non-randomized trial by 

Moro et al.(221) were 24/68 in the STN DBS group compared to 2/37 in the GPi DBS group. 

This substantial difference between the two targets captured our attention. So, we searched 

for all studies comparing STN DBS and GPi DBS to determine the mortality rate associated 

with each target. Here, we included randomized and non-randomized studies. The meta-

analysis showed an overall RR of 3.64 with 95% CI [1.68 to 7.87], suggesting that mortality 

rates were three times higher in the STN DBS group compared to the GPi DBS group. Most 

of these death cases were due to postoperative complications or other reasons not directly 

related to the stimulation. In general, postoperative mortality is a rare but a recognized 

complication of DBS (222). Consistent data from the literature show the safety of DBS with 

comparable mortality rate between PD patients who underwent DBS and those who did not. 

De Noordhout et al. reported comparable mortality rates between the STN DBS and best 

medical therapy after 12 years (223). Crispo and colleagues found that PD patients who 

underwent DBS had comparable survival rates to matched controls, however, in the subgroup 

of younger PD patients (aged <65 years), DBS implantation was associated with increased 

survival (224). 

No differences in postoperative mortality rates between STN DBS and GPi DBS have been 

previously reported. A little attention has been given to the outcome of “death” in STN vs. 

GPi DBS trials. Rocha et al.(225) analysed data of 184 PD patients who underwent DBS, 

they found that survival in PD patients with DBS is likely higher than previously estimated. 

The authors could not compare the STN and GPi owing to the limited sample size in both 

groups (n=181 in the STN and n=3 in the GPi). The result of this meta-analysis was based on 

data from three RCTs and one non-randomized controlled trial but the highest mortality rate 

in this meta-analysis was in the study of Moro et al.(221) which is a non-randomized 

controlled trial. Therefore, these results cannot be attributed to the DBS interventions alone 

owing to the possibility of confounding bias.  

Shortcomings, lessons learnt, or what could have been improved 

▪ Figure 2 in the analysis should have shown subtotals only instead of totals and subtotals 

because totals are not interpretable here due to the overlapping population. 

Then in 2018, we published a review article summarizing evidence from published RCTs, 

cohort studies, and meta-analyses comparing the STN DBS and GPi DBS (226). Taking 

https://sciwheel.com/work/citation?ids=12564304&pre=&suf=&sa=0&dbf=0
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https://sciwheel.com/work/citation?ids=1070289&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12187750&pre=&suf=&sa=0&dbf=0


48 

together all evidence from published studies, we concluded some recommendations for DBS 

target selection in PD patients, as follows: 

▪ There were no significant differences between STN DBS and GPi DBS in PD patients in 

terms of the improvement in motor functions. 

▪ The selection of DBS targets should per personalized for case-by-case based on the non-

motor outcomes. 

▪ GPi DBS is preferred for patients who are at risk of neuropsychological deterioration and 

those with speech problems because STN DBS carries some risks of neuropsychological 

declines. 

▪ STN DBS is preferred in patients not tolerating the high levodopa doses for whom the 

reduction of antiparkinsonian medication is desirable because STN DBS allows much 

reduction in LED compared to the GPi DBS. 

▪ In terms of safety and postoperative complication, GPi DBS is slightly better compared to 

the STN DBS. 

▪ STN DBS is preferred from an economic point of view since it is associated with less 

battery consumption and long-time intervals between pulse generator replacements. 

14. Transcranial Direct Current Stimulation 

Although DBS has been proved to be effective in improving motor functions of patients with 

advanced PD, DBS is an expensive and invasive intervention that carries potential surgical 

risks. Therefore, the search for non-invasive brain stimulation techniques has continued. One 

of the recently investigated techniques is transcranial direct current stimulation (tDCS) 

(227,228). TDCS is a non-invasive technique for brain stimulation using weak direct currents 

with intensities ranging from 1 to 2 mA to the scalp via surface electrodes. Although the 

exact mechanism of action of tDCS has not yet been elucidated, tDCS has been evaluated in 

many clinical trials for PD patients, with some clinical trials showing a small but statistically 

significant benefit and others showing no evidence of motor functions improvement.  

To explore evidence on the impact of tDCS on motor functions in PD patients, we conducted 

a meta-analysis of published RCTs (229). Five RCTs with a total sample size of 169 patients 

were analysed. Compared to the sham control, tDCS did not significantly improve the motor 

outcomes, including UPDRS-III motor score, stride length, and the timed up and go. 

It should be mentioned that studies on tDCS in PD patients are heterogenous in terms of the 

study design, stimulation area, electric current intensity, intervention duration, stimulation 

surface area, number of sessions, time interval from the first to last session, and time of 

evaluation. For example, in Costa-Ribeiro et al.(230) the stimulation was delivered at 2 cm 

anterior to the vertex, in the sagittal midline (anode) and supraorbital area of the contralateral 

hemisphere of the more affected side (cathode) with an intensity of 2 mA for 13 minutes per 

session. Patients received 10 sessions over the period of 4 weeks. Assessments were done 48 

hours and 1 month after stimulation. In Benninger et al. (231), stimulation was delivered at 

the premotor and motor areas or prefrontal cortices (anode) and the mastoids (cathode) with 

https://sciwheel.com/work/citation?ids=2600427,336687&pre=&pre=&suf=&suf=&sa=0,0&dbf=0&dbf=0
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an intensity of 2 mA for 20 minutes duration per session. Sessions were repeated 8 time 

within a period of 2.5 weeks. Assessments were done 24 hours, 1 month, and 3 months after 

the stimulation. In Ferrucci et al.(232) the anodal stimulation was delivered bilaterally using 

three electrodes, two of them were placed on the scalp over the motor cortex bilaterally (C3 

and C4 scalp positions of the international EEG 10/20 system) and one was placed over the 

right deltoid muscle. Most RCTs on tDCS have small sample size (ranged from 10 to 45 

patients) with a sham-control group where the patients wear the same stimulation device, but 

the stimulators are turned off or the stimulation is delivered for 30 seconds only. Recently, 

tDCS has been combined with physical therapies as walking, exercise, and gait training 

which represents a challenge when evaluating the effect of tDCS alone since these additional 

interventions might produce confounding bias. Investigators make the assessment within 24 

hours, 1 week, and 4 weeks after the intervention. These studies usually provide assessment 

of short-term outcome (within 24-48 hours from stimulation) and longer-term outcomes (a 

few weeks later). 

Shortcomings, lessons learnt, or what could have been improved 

▪ It should be noted that published studies on tDCS in PD patients are very heterogenous 

in terms of the study design, stimulation area, electric current intensity, intervention 

duration, stimulation surface area, number of sessions, time interval from the first to 

last session, and time of evaluation. Studies also have small sample size, different 

evaluation methods, and adjuvant interventions. These variations make it challenging to 

assess the effects of the tDCS. 

 

Recent updates 

▪ Liu et al.(233) analysed data of 21 studies (n=736 patients). They found that tDCS 

slightly improved the UPDRS-I and Montreal cognitive assessment but no effect on 

UPDRS-III, timed up and go, berg balance test, or balance assessment. They concluded 

that there is insufficient evidence that tDCS improves motor functions but may improve 

cognitive functions and therefore, future well-designed RCTs are needed.  

▪ de Oliveira et al.(234) conducted a systematic review of 25 studies (n=405 patients) 

and a meta-analysis on 10 studies (n=236 patients). They found no significant benefit 

of tDCS on UPDRS III, UPDRS-IV, timed up and go, or Berg Balance Scale. Further, 

there were no significant effects on UPDRS or gait when the stimulation was stratified 

by single vs. multiple targets. Stimulation parameters (intensity, number of sessions, or 

cumulative time) were not significantly associated with the treatment effects. 

15. Gene therapy with AAV2-Neurturin 

Gene therapy aims to deliver a functioning gene to the target cells to correct or enhance its 

function. The idea of using gene therapy for PD is based on the ability of neuronal cells to 

https://sciwheel.com/work/citation?ids=4044895&pre=&suf=&sa=0&dbf=0
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transfer the vector to the dopaminergic cell nucleus by retrograde transport. It should be 

acknowledged that gene delivery is a complex intervention with many challenges, starting 

from selecting the suitable gene, choosing the suitable vector, cloning of the DNA, estimating 

the required doses, choosing the optimal target(s), and delivering the gene to the target(s) by 

minimally invasive procedures. 

Preclinical studies examined several genes on animal models but to the best of my 

knowledge, only a few of them entered the clinical trial phase including glutamic acid 

decarboxylase gene (GAD), aromatic acid decarboxylase (AADC), and Neurturin (NRTN). 

NRTN is a protein belonging to the glial cell-line derived neurotrophic factor family and it 

was delivered via an adeno-associated type-2 vector (AAV2) in a few clinical trials. We 

analysed data of published clinical trials about the efficacy of the AAV2 NRTN gene delivery 

for PD patients (235). 

Four clinical trials representing a total sample of 123 PD patients were analysed. When 

compared with sham surgery, the improvement in UPDRS-III motor subscale did not favour 

the gene delivery group before 18 months (mean difference -0.39 with 95% CI [-4.15 to 

3.36]) but after 18-24 months (mean difference -4.49 with 95% CI [-8.63 to -0.35]). 

In Marks 2010, investigators used minimally invasive stereotactic procedures to transfer the 

vector genomes to the target site. The putamen was first believed to be an ideal site for gene 

delivery because its neurons are more likely to survive, and therefore, they are more likely to 

transfer the gene in a retrograde direction and achieve the targeted therapeutic success. But 

owing to the low transfection rates, substantial nigra was considered as an additional target in 

the second RCT in 2015. We performed a subgroup meta-analysis model to compare the 

UPDRS-III motor improvement in the subgroup of patients receiving gene delivery in the 

putamen only with that of the subgroup of patients receiving NRTN gene delivery in the 

putamen and the substantia nigra; we found that UPDRS-III changes were significantly better 

in the case of gene delivery to the putamen only compared to gene delivery in the putamen 

plus the substantia nigra (-12.7 versus -6.71; P=0.01). 

Shortcomings, lessons learnt, or what could have been improved 

▪ To synthesize evidence on the safety and efficacy of an intervention, it should be 

compared to a reliable control. In this work, we mixed RCTs and single-arm studies 

together and analysed data of the experimental arm separately. This analysis is 

insufficient to establish the efficacy of an intervention because the pooled effect of the 

intervention group alone is susceptible to confounding bias and placebo effect (which is 

known in PD patients). A major limitation of conducting systematic reviews is that 

authors are often limited by the available literature, which is the case in this work; at 

the time of conducting this work, published studies were limited (2 RCTs only) and 

insufficient to produce robust evidence, therefore, this work was done for exploratory 

purpose.  

▪ We used meta-regression to investigate the impact of follow up duration and site of 

gene delivery. A limitation here is that meta regression requires a larger number of 

https://sciwheel.com/work/citation?ids=12564307&pre=&suf=&sa=0&dbf=0
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studies. For example, Cochrane Handbook of Systematic Reviews of Interventions 

acknowledged that meta regression analysis is not reliable for fewer than 10 included 

studies.  

 

Recent updates 

▪ To the best of my knowledge, the method of AAV2-NRTN gene delivery is currently 

under further improvement to overcome the challenge of low transfection rates found in 

the clinical trials (personal communication with Prof. William Marks at MDS congress 

2017). 
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Chapter 5 – Discussion 

5.1. Significance of this thesis commentary 

Because most of the published work was conducted while studying in the medical school, this 

thesis commentary complements this work as follows:  

First, I critically reflect on the shortcomings of the published work and how it could have 

been improved. Second, this commentary serves as a correction for the minor errors in the 

published full-text articles. Most importantly, the argument in this thesis commentary shows 

how this work contributed to my knowledge and how my understanding of clinical research 

methods has improved over time while doing this work. 

5.2. Significance of the published work 

This work expands the literature by exploring the evidence on the efficacy of many potential 

treatments of PD using data from published clinical trials. This work contributes to the field 

by: 

(1) Providing evidence on the beneficial effects of Istradefylline, Droxidopa, Safinamide, and 

Pardoprunox for PD patients. 

(2) Providing evidence that Coenzyme Q10, Creatine, Levetiracetam, and Mavoglurant have 

no clinical benefit for PD patients. Some of these findings have been extensively cited in 

the literature and were referred to in the UK’s NICE guidelines of PD as well as the ESC 

guidelines. 

(3) Comparing the outcomes of STN DBS and GPi DBS in PD patients 

(4) Recommending future research to evaluate (1) Caffeine, (2) Bee venom, (3) C-Abl 

inhibitors, (4) adenosine A2a antagonist, the preladenant, (5) long-term efficacy of 

Droxidopa, (6) effect of Safinamide on levodopa treatment, (7) efficacy of pardoprunox 

in combination with anti-5HT-1A drugs, and (8) long-term efficacy of intraputaminal 

gene delivery.   

(5) Highlighting the potential of Caffeine, Bee venom, and C-Abl inhibitors for 

neuroprotection against PD; We stressed the potential of these agents and explained the 

variable molecular mechanisms in which they might work for PD patients. 

(6) Highlighting many potential plant extracts in the preclinical phase as well as their 

molecular mechanisms for further evaluation and advancing into human clinical trials. 

(7) Identifying the current methodological challenges of neuroprotective clinical trials in PD 

and highlighting future directions to advance the field forward. 

5.3. The certainty in evidence 

The certainty in evidence provided by this published work is variable. We did not evaluate 

the certainty of evidence using the GRADE approach, but we mentioned the class of 

evidence. To clarify, the class of evidence (also called the level of evidence) is an old system 

https://www.nice.org.uk/guidance/ng71
https://www.escardio.org/Guidelines/Clinical-Practice-Guidelines/Syncope-Guidelines-on-Diagnosis-and-Management-of
https://www.escardio.org/Guidelines/Clinical-Practice-Guidelines/Syncope-Guidelines-on-Diagnosis-and-Management-of
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that classifies the level of evidence based on the study design and quality. These evidence 

levels were first proposed in November 1998 (updated in 2009 and is available from the 

Oxford Centre for Evidence-Based Medicine). However, the OCEBM levels of evidence 

alone are not sufficient to indicate the certainty in evidence or the strength of 

recommendations that can be based on it. The GRADE (Grading of Recommendations, 

Assessment, Development and Evaluations) is a framework for developing, presenting, and 

summarizing the quality of evidence (whether from individual studies or from systematic 

reviews) and it has become the most widely used method in guidelines development. GRADE 

has four levels of evidence: high, moderate, low, and very low. In summary, when evaluating 

evidence from separate or aggregate RCTs (as in a systematic review), we start with a 

certainty level of “high” then we downgrade according to the risk of bias, imprecision, 

inconsistency, indirectness, or publication bias. Similarly, evidence grade may also be 

upgraded if certain conditions are met such as large magnitude of effect or dose-response 

relationship. 

5.4. How to use GRADE approach to assess the certainty of evidence 

To further demonstrate the importance and applicability of GRADE framework in this work, 

I used the GRADEpro Guideline Development Tool to assess the certainty of evidence from 

the first systematic review discussed in this thesis commentary (see Chapter 2, Section of 

Coenzyme Q10). The results are shown below in the GRADE profile (Figure 10). 

 

Figure 10  GRADE profile for the systematic review of Coenzyme Q10 for PD 

https://www.cebm.ox.ac.uk/
https://www.cebm.ox.ac.uk/resources/levels-of-evidence/oxford-centre-for-evidence-based-medicine-levels-of-evidence-march-2009
https://www.gradeworkinggroup.org/
https://www.gradeworkinggroup.org/
https://www.gradepro.org/
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The interpretation of this GRADE assessment is as follows: 

1. There is high-quality evidence that in patients with early and midstage PD, 

Coenzyme Q10 does not improve motor functions (measured by UPDRS-III) 

compared to placebo. 

2. There is moderate-quality evidence that in patients with early and midstage PD, 

Coenzyme Q10 does not improve mental dysfunction and mood (measured by 

UPDRS-I) compared to placebo. 

3. There is low-quality evidence that in patients with early and midstage PD, 

Coenzyme Q10 does not improve activities of daily living (measured by UPDRS-

II and Schwab and England scores) compared to placebo. 

Notes from this GRADE assessment 

▪ As mentioned previously, in some of our work, we frequently used the SMD instead of 

MD even when studies used the same outcome measure. However, when applying 

GRADE assessment, the MD is easier to assess for imprecision and easier to interpret 

than SMD. Moreover, applying the rule of thumb (for MID, effect size >0.2) does not 

fit all clinical scenarios. Sometimes, a small effect size might be of clinical importance 

(i.e., mortality). 

▪ The UPDRS II and III were considered critical outcomes because they are the most 

sensitive clinical measures for disease progression in patients with early stages of PD 

(236). 

5.5. General limitations in the published work 

I acknowledge the following limitations in the published work, some of which could have 

been improved: 

(1) When selecting agents for this work, the definition of promising agent was not 

standardized. I could have better specified one or multiple efficacy measures with a minimum 

effect size for an agent to be considered “promising”. 

(2) I should acknowledge that some of the evidence in this work is limited (i.e., some studies 

were published as conference abstracts only). Conference abstracts were not published as full 

papers therefore, they provide a lower level of evidence. Alternatively, these abstracts should 

have been published as full papers. 

(3) Some of the included systematic reviews did not have a prospective registration.  

Prospective registration of systematic reviews is important because (1) pre-specifying all the 

planned study methods minimizes bias in the evidence synthesis process and (2) it decreases 

the overlapping/duplicate efforts with other research teams who work on the same area. 

(4) We did not specify a primary outcome. Systematic review authors should specify a 

primary outcome with time dimension (For example: UPDRS III after 6 months). 

https://sciwheel.com/work/citation?ids=11354035&pre=&suf=&sa=0&dbf=0
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(5) The search strategy was limited (all electronic, limited databases, English language-

based) and we did not identify unpublished studies. Systematic review authors should run a 

comprehensive literature search including electronic databases, books, clinical trials 

registration websites, references of relevant papers, and unpublished studies. 

(6) We used the old version of Cochrane ROB tool which was the only available at the time 

of conducting this work. Currently, there is a better version (ROB 2.0) which allows to assess 

the risk of bias for every outcome independently rather than collectively. 

(7) For the assessment of heterogeneity, we used the P value of Chi-square test (which tests 

the chi-square distribution of the Cochrane Q) to indicate whether the meta-analysis model 

has a significant heterogeneity (defined as P<0.1). Then, we used I-square test to quantify the 

magnitude of heterogeneity (in line with the recommendations of Cochrane Handbook of 

Systematic Reviews and Meta-analysis). Although this method is recommended and widely 

used, experts showed that P value of Chi-square test is not reliable in case of small number of 

included studies. Alternatively, the I-square test would have been better in some scenarios. 

(8) Most of the sensitivity and subgroup analyses were not prespecified. Prespecifying all the 

planned study methods is important to minimize bias in the evidence synthesis process 

5.6. Assessment of Publication Bias 

We did not assess publication bias because we planned for publication bias assessment using 

the graphical method of funnel plots which is not reliable for fewer than 10 included studies 

(237). It could have been better to attempt alternative methods for handling the publication 

bias as the fail-safe N method (assessment method), the Begg and Begg-Mazumdar tests 

(assessment methods), the Harbord-egger test (assessment method modified from egger’s test 

to reduce false positive rate), the contour plot (graphical plot modified from the forest plot), 

and the trim and fill method (correction of effect size). For example, in a meta-analysis of 

pesticide exposure and the risk of PD, not included in this thesis, we successfully used the 

trim and fill method to correct publication bias and adjust the effect estimate. However, we 

did not investigate publication bias using such methods in the present work. To demonstrate 

how to investigate publication bias in the present work using different methods, I reused data 

from the first outcome (duration of off time) in the most recent published meta-analysis in 

this work (198) (described at Chapter 3, section of Mavoglurant). 

5.6.1. Egger’s regression test and Begg’s test 

The Egger’s and Begg’s tests are useful to test for small-study effects. The demonstration 

below shows applying these tests on the “off time” data from the Mavoglurant study (198) on 

Stata/MP 17.0 (Figure 11).  

https://sciwheel.com/work/citation?ids=69865&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12187775&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12187775&pre=&suf=&sa=0&dbf=0
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Figure 11  Demonstration of Egger’s and Begg’s tests for small-study effects on Stata 

The test results suggest no evidence of publication bias. However, since these tests have low 

power in case of small number of included studies (<10 studies), these results are not reliable. 

Two alternative methods are shown below. 

5.6.2. Trim and Fill method 

The trim-and-fill method is used to correct publication bias and adjust the effect estimate. In 

this method, studies reporting extreme results are removed to achieve symmetrical funnel plot 

(trim) and additional hypothetical studies are invented (fill) to balance the funnel plot 

asymmetry. Then the effect estimate is recalculated accordingly (adjusted effect estimate). 

The demonstration below shows applying the trim-and-fill method on the “off-time” data 

from the Mavoglurant study (198) on Stata/MP 17.0 (Figure 12). 

https://sciwheel.com/work/citation?ids=12187775&pre=&suf=&sa=0&dbf=0
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Figure 12  Demonstration of the funnel plot and Trim-and-fill plot on Stata 

Unlike the Egger’s and Begg’s tests, which did not detect publication bias, the trim-and-fill 

method imputed one additional study at the direction of negative treatment effect (H0: MD 

≥0; more off time is undesirable outcome) and the effect estimate was adjusted from 0.271 

(with 95% CI from -0.65 to 0.11) to 0.228 (with 95% CI from -0.605 to 0.149). It should be 

noted that the pooled estimate of this outcome was not statistically significant before and 

after correction for publication bias. This trim-and-fill method is more valuable when the 

meta-analysis produces a positive treatment effect because positive results are more 

susceptible to publication bias due to unpublished negative results.  

5.6.3. Fail-safe N method 

Another possible method to investigate publication bias is the fail-safe N method. This 

method aims to calculate the number of studies with null effect size (for example, MD=0 or 

RR=1) that can be added to the meta-analysis without losing the statistical significance. The 

higher the number, these least likely the publication bias. The method was first described by 

Rosenthal then modified by others. I cannot demonstrate this method on the same previous 

outcome because the effect estimate is already not statistically significant. In the 

demonstration below, I used Jamovi (2.2.5) to reproduce the meta-analysis model of “OHQ 

composite score” from our Droxidopa study (182) (Figure 13) and applied the publication 

bias methods including the fail-safe N approaches (Figure 14 and Table 2). 

https://sciwheel.com/work/citation?ids=12187737&pre=&suf=&sa=0&dbf=0
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Figure 13  Forest plot of the mean difference in OHQ composite score between droxidopa 

and placebo. FE: Fixed Effect Model 

 

Funnel Plot 

 

Contour-Enhanced funnel plot 

Egger’s regression test: Value = 0.701, P=0.483 

Figure 14 Publication bias assessment using conventional methods (funnel plot and 

egger’s test), produced from Jamovi 2.2.5 

 Value P 

Fail-Safe N (by Rosenthal Approach) 5 0.007 

Fail-Safe N (by Orwin Approach) 4 . 

Fail-Safe N (by Rosenberg Approach) 5 0.004 

Table 2  Results of the fail-safe N method, produced from Jamovi 2.2.5 

A fail-safe N value of 5 means that 5 more studies with an effect size of 0 are required to 

change the effect estimate to non-statistical significance. Since the meta-analysis includes 4 
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published RCTs, I would judge that it is unlikely to have 5 unpublished studies with zero 

effect missing from the analysis. This method is not accurate for many reasons, one 

straightforward reason is that unpublished negative studies do not necessarily have zero effect 

estimates but might produce larger negative estimates (lower than zero). According to 

Cochrane Handbook of Systematic Reviews of Interventions, the use of fail-safe N method is 

discouraged (67). 

5.7. Lessons learned from the neuroprotection clinical trials 

Over the last decade, most of the neuroprotective trials in PD failed to show positive 

neuroprotective benefits of the candidate drugs. The results of many of these trials were on 

the contrary of preclinical studies. Despite the success in the preclinical phases, we reported 

the failures of antioxidants to protect against PD as clarified by the systematic review and 

meta-analysis on creatine (Attia et al.(85)) and that on Coenzyme Q10 (Negida et al.(75)). 

Based on a critical review of these clinical trials, we highlighted several methodological 

challenges that require extensive future research efforts and careful considerations when 

designing neuroprotective clinical trials in PD. Some of these limitations that we discussed in 

Attia et al.(85) are mentioned below: 

First, we are unaware of the exact pathological sequence of the disease. Therefore, targeting a 

specific step in the disease pathology might not be enough to slow the progress of the disease 

because this step might be a sequence of a previous step rather than the main step that 

initiates the disease pathology.  

Second, PD patients start to suffer from disease symptoms when 50% to 80% of their 

dopaminergic neurons are lost (238). Therefore, the clinical measures of the disease 

symptoms do not fully correlate with the disease pathology on the molecular level. This 

makes the clinical outcomes assessed in neuroprotective trials as UPDRS-III (motor scale) 

and UPDRS-II (ADL scale) questionable. There is a lack of accurate biomarkers that can be 

used as reliable indicators of disease progression in neuroprotection/disease-modification 

clinical trials (239). 

Third, some clinical trials aim to target the disease in the early stages; however, as we 

mentioned previously, PD patients start to suffer from the PD symptoms after 80% of their 

dopaminergic neurons are damaged. Therefore, the underlying molecular environment might 

have been changed or modified in a way that makes it difficult to reverse or slow the progress 

of the disease on the molecular level. Identifying patients with early stages of PD is 

challenging. Enrolling pre-symptomatic patients will require very large studies and it might 

be controversial from an ethical point of view to enrol them in neuroprotection clinical trials. 

Additionally, PD clinical trials sometimes enrol younger patients which might not be fully 

representative of the PD population (240). 

Fourth, the most important challenge when conducting clinical trials to test for 

neuroprotection effects is the trial design and analysis method. In the literature, 

differentiating symptomatic benefit from neuroprotective effects has been attempted by 

different methods, however, there is no agreement on a particular trial design being best fit 

for this purpose. The most important clinical trial design to evaluate putative neuroprotective 

https://sciwheel.com/work/citation?ids=7965692&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=4038109&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12187736&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=4038109&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=4299325&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=10844941&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=12560131&pre=&suf=&sa=0&dbf=0
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drugs is the randomized delayed-start design (241,242). However, this trial design has some 

methodological limitations (241,243–245). McGhee et al.(245), who systemically reviewed 

the disease-modification clinical trials in PD, mentioned that the best clinical trial design for 

this purpose is the long-term follow up study looking for a sustained divergence in the 

outcome measures between the experimental and control groups. A brief overview of these 

designs and types of analysis (wash-in, wash-out, and time-to-event) will follow in the next 

section 5.8. 

Finally, based on the failure of the many neuroprotective agents, PD became recently viewed 

as a complex disease with multiple pathologies that should be addressed collectively rather 

than individually. The focus of neuroprotection has now shifted from addressing a single step 

as oxidative stress to addressing multiple pathological steps simultaneously (e.g., oxidative 

stress, alpha-synuclein aggregation, and microglial activation). To the best of my knowledge, 

no such attempts have been made on the clinical trial level except the Pioglitazone, which 

was thought to address multiple targets simultaneously but also failed in the clinical trials. 

5.8. How to prioritize potential drugs for testing in PD clinical trials 

Despite the success of many potential PD drugs in the pre-clinical experiments, most of these 

drugs do not work in humans. Several neuroprotective agents have been examined in PD 

animal models and showed early success. However, it is not clear which of these drugs 

should be prioritized for human PD trials. Below is a list of suggested criteria for prioritizing 

drugs for testing in human PD trials (Table 3): 

Table 3 List of key criteria for prioritizing drugs for testing in human PD trials 

1. Drugs with feasible effective doses in humans (comparable to doses in animals) 

One of the reasons why drugs may show positive effects in PD animal models but fail in 

PD patients is the difference in drug doses in animals vs. humans. For example, preclinical 

studies in rodents, that demonstrated neuroprotective effects of creatine, included a dose 

of 1.3 g creatine per kg body weight while human trials applied about 0.13 g per kg body 

weight for a 75-kg adult (246), subsequently, this dose difference reflect on the drug 

concentration at the brain in animals vs. humans (247). Therefore, when selecting drugs to 

move forward in clinical trials, drugs that can be given to humans in doses comparable 

to those with positive preclinical effects may be prioritized. 

2. Drugs with more relevance to disease pathology (multiple mechanisms) 

There is now a general understanding that PD result from multiple pathological processes 

rather than a result of one single pathological event. Therefore, theoretically, drugs that 

target multiple pathological pathways in the disease may be prioritized. 

3. Drugs with robust preclinical evidence 

When strong evidence from preclinical studies becomes available, investigators should 

move forward with human trials. However, in PD, given the several drugs showing 

https://sciwheel.com/work/citation?ids=4038506,2504873&pre=&pre=&suf=&suf=&sa=0,0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=12620487,12620485,4038506,5346638&pre=&pre=&pre=&pre=&suf=&suf=&suf=&suf=&sa=0,0,0,0&dbf=0&dbf=0&dbf=0&dbf=0
https://sciwheel.com/work/citation?ids=5346638&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=3604682&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=10439123&pre=&suf=&sa=0&dbf=0
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positive effects in animal studies and the variability in preclinical study methods, sample 

sizes, risk of bias, and outcome measurements, there is an unmet need for evaluating the 

evidence from preclinical studies before translating to human PD trials. 

Systematic reviews of preclinical studies can meet this need by appraising preclinical 

studies and synthesizing evidence on the efficacy of drugs that qualify for further testing 

in human PD trials. Sena et al.(248) previously discussed the significance of systematic 

reviews of preclinical studies and outlined a suggested guidance for conducting and 

reporting them. In summary, drugs with robust preclinical evidence from well-designed, 

sufficiently powered, preclinical studies with low risk of bias may be prioritized. 

5.9. How to design a neuroprotection clinical trial in PD 

In the randomized delayed-start design, PD patients are randomly assigned to the early-start 

group where they receive the putative neuroprotective drug for the entire study period or to 

the delayed start group where they receive placebo for the first phase of the study (usually 6 

months), then switch to the putative neuroprotective drug for the second phase of the study.  

This design tests whether early start of the treatment was beneficial for the disease course 

compared to the delayed start. In other words, after >12-18 months of treatment, if the 

delayed-start group failed to catch the clinical benefits achieved by the early-start group, this 

benefit may be attributed to disease-modifying effects rather than symptomatic benefits. 

These clinical trials usually evaluate the changes in UPDRS scores over time and test whether 

the divergence between the two groups was sustained over time or remained similar. 

The main assumptions of the delayed-start design are that disease-modification is a slow 

process that takes up to 6 months to be evident and that if the drug has symptomatic benefits, 

the disease deterioration rates over time will be similar in the two groups (i.e., the rate of 

motor decline will be parallel to each other) but if the drug has a disease-modification effects, 

the disease deterioration rates over time will be less in the early-start group (i.e., sustained 

divergence in the rate of motor decline between the two groups). This design does not take 

into consideration that some disease modifying therapies might have symptomatic benefits as 

well or that early symptomatic treatment might prevent some subsequent deterioration. With 

the absence of reliable disease biomarkers that fully correlate with the disease progression, 

most of neuroprotective trials rely on clinical outcome measures which make it challenging to 

distinguish disease modification from symptomatic benefits. Other methods to discriminate 

the disease-modification from symptomatic effects include the wash-in analysis where the 

investigators look for rapid improvement; rapid improvement (in a few days/weeks) are likely 

to be symptomatic effects because disease-modification is a slow process. Similarly, the 

wash-out analysis tests whether the withdrawal of the treatment is associated with rapid 

deterioration which is also suggestive of a symptomatic benefit not disease-modification. 

Another method to test for disease-modification effects is to run a survival analysis (i.e., 

Kaplan-Meier curve) to test whether the intervention delay key events in the disease course 

(i.e., the need for levodopa treatment). A summary of the methods to discriminate disease-

modification from symptomatic benefits is shown in Figure 15.  

https://sciwheel.com/work/citation?ids=6172&pre=&suf=&sa=0&dbf=0
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Figure 15  A summary of the methods used to discriminate disease modification from 

symptomatic benefits in neuroprotection clinical trials. 

Because these methods address variable questions and have several shortcomings, it is 

recommended when designing a neuroprotection clinical trial to use more than one of these 

methods. For example, a delayed start design RCT might have a wash-in analysis and a 

parallel long-term RCT might have a wash-in and wash-out analysis. Some of these methods 

are difficult to combine. For example, a clinical trial with time-to-event analysis where the 

event is the discontinuation of experimental treatment due to the need for symptomatic 

treatment, this trial will suffer from a lot of missing data at the end of the trial which may bias 

the results. An example for this is the NINDS trial by Karl Kieburtz et al. 2015 (see Chapter 

2, section of creatine, first notes box). Investigators attempt several methods to overcome 

attrition bias by imputing missing data (LOCF analysis, multiple imputations, best-case 
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scenario, and worst-case scenario), which I have simply summarized elsewhere8. These 

methods might produce inaccurate estimates by overestimating or missing a benefit 

particularly in a progressive chronic disease like PD. A more detailed critical appraisal of the 

neuroprotection clinical trials methods has been provided by experts before (245).  

5.10. Recommendations for Future Research 

Based on the multiple evidence reviews and meta-analyses and taking into consideration the 

previously mentioned methodological challenges, future efforts in PD research should 

address the following points: 

5.10.1. Disease pathology 

Further research is needed to improve our understanding of the exact pathological sequence 

of PD, which will make it easier to select disease-modifying therapies for future trials.  

5.10.2. Disease biomarkers 

Future research is needed to develop reliable biomarkers that fully correlate with the 

disease pathology; such reliable biomarkers will be useful outcome measures in 

neuroprotective clinical trials. 

5.10.3. Early diagnosis 

Future research is needed to improve the early diagnosis of the disease at a very early 

stage before the onset of disease symptoms. Patients with very early stage of the disease may 

be the more suitable population for testing neuroprotective agents. Identifying patients with 

presymptomatic PD will improve neuroprotection trials as follows (Figure 16): (1) at the 

presymptomatic stage, patients will have better microenvironment in the dopaminergic cells 

which might be more suitable for neuroprotection, and (2) identification of presymptomatic 

PD will increase the number of individuals who are candidates for neuroprotection trials 

which will enable trials with larger sample size and longer follow-up periods without 

requiring symptomatic therapy. This might also give the opportunity to run trials with 

multiple arms combining different designs (i.e., delayed-start design and parallel long-term 

arms).  

 

8 https://s4be.cochrane.org/blog/2017/02/13/attrition-bias-randomized-controlled-trials/  

https://sciwheel.com/work/citation?ids=5346638&pre=&suf=&sa=0&dbf=0
https://s4be.cochrane.org/blog/2017/02/13/attrition-bias-randomized-controlled-trials/
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Figure 16 Summary of the benefits of identifying very early PD for neuroprotection clinical 

trials and a suggested RCT design combining both the randomized-delayed start 

design and the conventional parallel long-term follow up. 

5.10.4. Better selection of candidate drugs for PD 

Owing to the large number of candidate treatments that were successful in the preclinical 

experiments, systematic reviews and meta-analyses of preclinical studies should play an 

important role in evaluating the preclinical evidence to prioritize potential drugs for clinical 

trials. Other considerations for prioritization include drug dosing and mechanisms of action 

(section 5.7). 

5.10.5. Future trials and trial designs 

Future clinical trials may evaluate (1) Caffeine, (2) Bee venom, (3) C-Abl inhibitors other 

than Nilotinib, (4) Adenosine A2a antagonist, the preladenant, (5) long-term efficacy of 

Droxidopa, (6) efficacy of pardoprunox in combination with anti-5HT-1A drugs, and (8) 

long-term efficacy of intraputaminal NRTN gene delivery.   

Future research should develop better clinical trial designs that allow for reliable 

assessment of the potential neuroprotective agents. Further developments are needed to 

overcome the current limitations that we highlighted in the previously (section 5.8). 
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Chapter 6 – Conclusions 

In the published work, some treatments as Coenzyme Q10, Creatine, Levetiracetam, and 

Mavoglurant were not found effective while a few other treatments showed evidence of 

benefit like Droxidopa and Istradefylline. Further, the work highlights many potential agents 

for future clinical trials including caffeine, c-abl inhibitors, bee venom, and some plant 

extracts. This thesis commentary presents discussions and arguments related to the 

significance, shortcomings, and lessons learnt from the published work and explores the 

methodological issues related to evidence synthesis and clinical trials methods in PD. 
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