
Parkinson’s Disease: Clinical Definition 
and overview of current clinical trials

Oliver Bandmann, MD PhD FAAN

Sheffield Institute for Translational Neuroscience (SITraN)

University of Sheffield, UK



Objectives: 

• Introduction to MDS Clinical Diagnostic Criteria for PD

• Overview of recently completed PD neuroprotection studies

• (The future)



The MDS Clinical Diagnostic Criteria
for Parkinson’s Disease



MDS Clinical Diagnostic Criteria for PD/1

• Intended for use in clinical research

• “May be used to guide clinical diagnosis”

• Critical aim to:

• Standardize the diagnostic process

• Make it reproducible across centres and applicable by clinicians with less PD expertise

Movement Disorders, 2015



MDS Clinical Diagnostic Criteria for PD/2

• Benchmark for the MDS criteria is the expert clinical diagnosis

• Not biomarker-based (DAT-Scan, alpha-synuclein seeding assays, etc) 

• Two stage process:

• First, parkinsonism is defined – as bradykinesia in combination with either rest 

tremor, rigidity or both

• Once diagnosed, the criteria then define whether this parkinsonism is attributable to 

PD (or due to atypical parkinsonism, WD, etc)

Movement Disorders, 2015



From a diagnosis of parkinsonism to a diagnosis of Parkinson’s disease

• Diagnosis of clinically established PD:

• At least two supportive criteria

• Absence of absolute exclusion criteria

• No red flags

• Supportive criteria:

• Clear, dramatic response to dopaminergic therapy 

• Presence of levodopa-induced dyskinesias

• Rest tremor of a limb

• Positive results from at least one ancillary diagnostic test with > 80% specificity for differential diagnosis of PD

• Olfactory loss

• Metaiodobenzylguanidine (MIG) scintigraphy clearly documenting cardiac denervation



• Absolute exclusion criteria:

• Unequivocal cerebellar signs

• Downward vertical supranuclear gaze palsy/selective slowing of downward vertical saccades

• Diagnosis of probable frontotemporal dementia

• Parkinsonian features restricted to the lower limbs for > 3 years (?)

• Treatment with dopamine-receptor blocker or a dopamine-depleting agent 

• Absence of observable response to high-dose levodopa (≥ 600 mg) despite at least moderate severity of disease 

• Unequivocal cortical sensory loss

• Normal DAT scan

• Documentation of alternative condition (i.e. MSA, PSP, but also Wilson disease etc)

• Red flags:

• Rapid progression of gait impairment (wheelchair within 5 yr of onset)

• Complete absence of progression of motor symptoms/signs over 5 or more years unless stability is related to treatment

• Early bulbar dysfunction within the first 5 yr of disease 

• Inspiratory respiratory dysfunction (diurnal/nocturnal stridor or frequent inspiratory sighs)

• Severe autonomic failure in first 5 yr of disease 

• Recurrent (>1/y) falls because of imbalance within 3 yr on onset

• Presence of disproportionate anterocollis or hand/foot contractures in first 10 yr

• Absence of any common nonmotor features despite 5 yr disease duration (sleep dysfunction, autonomic dysfunction, hyposmia, psychiatric dysfunction) (?)

• Pyramidal tract signs

• Bilateral symmetric parkinsonism

Exclusion criteria/red flags for the diagnosis of Parkinson’s disease:



• Post mortem study, diagnostic criteria retrospectively applied

• 271 patients with parkinsonism 

• PD: 141 

• Atypical parkinsonism: 126

• Diagnostic accuracy early (first five years) vs final stages:

• Experts: 91.5% -> 97.2%

• MDS criteria: 89.5% -> 92.5% 

• Clinicians: 84.2% -> 90.3%

• Most common misdiagnosis: MSA

• 20% (16/80) with final clinical diagnosis of MSA had a pathological diagnosis of PD!

• Only 1 of 73 autopsy-confirmed cases of MSA had clinical diagnosis of PD Movement Disorders, 2023



Recently completed neuroprotection trials



Recently completed neuroprotection trials

• GLP-1 Studies

• Stem cell trials

• Microbiome-related studies

• The (past and the) future of neuroprotection studies



GLP-1 agonist studies



GLP-1 - Background

GLP-1 produced in enteroendocrine C-cells 

• Local effect on vagal nerve 

• Systemic effect 

Widespread expression of GLP-1 receptors

• Cortex

• Midbrain

Activation of multiple neuroprotective mechanisms

• Anti-inflammatory, Antiapoptotic, Synaptic plasticity, …

Strong epidemiological evidence

• Decreased risk of PD in DM pat on GLP-1 agonists

*

*

*

*



Proof of concept study, JCI, 2013

Phase 2 study, Lancet 2017

Phase 3 study, Lancet 2025

Confirmation of Akt activation

Phase 2 study, NEJM 2024



Exenatide Phase 3 trial

• Multicentre, double-blind, parallel group, randomised, placebo-controlled trial

• H/Y stage ≤ 2.5

• 97 patients on Exenatide 2 mg once weekly vs 97 patients on placebo

• Duration: 96 weeks

• Primary outcome: UPDRS/part III

• No beneficial effect 

Mean MDS-UPDRS part III off score

Why?



Possible explanations for negative outcome of phase 3 Exenatide trial

• Greater weight loss in phase 2 study – unblinding?

• Phase 2: 2.6 kg Phase 3: 1.8 kg

• CSF concentration only 1% of plasma Exenatide concentration!

• No differential effect on neurodegeneration as quantified by DaT-SPECT (36 in Exenatide group, 27 in 

placebo group

• CSF alpha-synuclein seeding assay:

• Exenatide arm: 31/31 (100%) ASS +

• Placebo arm: 32/35 (91%) ASS+

Possible clue in phase 2 results: 
All the improvement occurred in first 12 weeks 



Stem cell trials



Cell 2025

Nature 2025

Nature 2025



Comparison of recent PD stem cell trials

Study Number of 
patients

Duration Placebo Type of 
stem cell

Immune 
suppression Key outcomes

Sawamoto et al n=7
(single dose)

24 months No
iPS derived from 
peripheral blood 
of single donor

Tacrolimus for 
15 months

1. Save
2. Average improvement by 9.5 

points (OFF/MDS-UPDRS/III)
3. No graft-induced dyskinesias

Tabar et al

n=12

Two cohorts: 
Low dose (n=5)
High dose (n=7)

18 months
(interim)

No

iPS derived from 
human embryonic 
stem cell line

(Bemdaneprosel/
MSK-DA01)

Tacrolimus for 
12 months 

1. Save
2. Average improvement by 8.6 

vs 23 points (OFF/MDS-
UPDRS/III) in low vs high 
dose cohort

3. No graft-induced dyskinesias

Chang et al

n=12

Two cohorts: 
Low dose (n=6)
High dose (n=6)

12 months
(interim)

No
iPS derived from 

human embryonic 
stem cell line

(A9-DPC)

Tacrolimus for 
12 months 

1. Save
2. Average improvement by 12.7 

vs 15.5 points (OFF/MDS-
UPDRS/III) in low vs high 
dose cohort

3. No graft-induced dyskinesias



Stem cell therapy for PD – what will the future hold?

• Extremely encouraging data from 2025 early phase clinical trials

• No placebo arm…

• Spread of pathology to transplant…

• Non-motor symptoms will not be addressed

• Early or late (or not at all)?

Lewy body in 
grafted DA neuron

Lewy body in 
 Substantia nigra 

Advanced Therapies Clinic 2030

Stem cell transplant?s.c. L-Dopa?Apomorphine?DBS?



Microbiome-related trials



The rationale for microbiome-related clinical trials in Parkinson’s disease

• Multiple studies have demonstrated clear microbiome abnormalities in PD

• Microbiome abnormalities already present in prodromal PD, suggesting that these abnormalities may not just be secondary to 

constipation etc

• Plausible link with the gut-brain axis hypothesis

However…

• Proposed underlying mechanisms linking the microbiome and neurodegeneration are only tentative at best

• Functional link between distinct microbiome strains and their beneficial/detrimental effect on PD related patho-mechanisms is 

typically absent or purely hypothetical

• Hypotheses include but are not limited to:

• Effect on alpha-synuclein spreading

• Gut inflammation -> brain inflammation

• “Leaky gut”, leading to abnormal short chain fatty acid (SCFA) levels in PD

• Impaired endogenous GLP-1 secretion

• Bile acid dyshomeostasis

• …..



Fecal microbiota transplantation studies in PD



• No benefit of FMT on primary outcome

• Gastrointestinal adverse events more common

       in FMT (53%) vs placebo group (7%)

• Dysbiosis status was reversed more frequently

      in placebo group (!)

• Some improvement of axial motor scores and

     cognition in placebo group (!)

• Beneficial effect of gut cleansing?

JAMA Neurology 2024



• 74 participants randomised

• 35 patients in treatment (probiotic) arm

• 33 patients in control (placebo) arm

• Duration: 12 weeks

• Only patients with functionally significant constipation included

Movement Disorders 2025



• No overall change in  differential 

      microbiome abundance (primary outcome)

• No change in SCFA

• Some enrichment of gut microbiota with

     putative beneficial effect

• Significant change of TNF-alpha

• Marked improvement of NMSS, in particular

      constipation

• Shortened time-to-on…

….due to improved constipation?

Probiotic study - results



FMT and Probiotic trials – comment and context

“We suggest that future FMT (and probiotic) trials should incorporate blood, metabolites, urine and 
functional neuroimaging biological markers and control dietary, lifestyle comorbidities, medication intake 
and/or other potential variables, and to ensure optimal evaluation of interactions between the gut microbes 
and brain outcomes prospectively over a longer time frame.”

Tan et al, Brain 2025

Significant correlation between constipation and:

• 11C-PK11195 binding in the brain

• Higher CSF lymphocyte count

• Higher blood T helper cells

How much are any observed effects in FMT/probiotic trials
simply due to improved constipation?

Movement Disorders 2025



The past and the future



1993 - First neuroprotection trial in PD

• 800 patients, 4 treatment arms:

• Deprenyl (MAO-B inhibitor)

• Tocopherol (vitamin E)

• Deprenyl and Tocopherol

• Placebo

• Primary outcome –UPDRS/part III 

• Trial duration: 24 months



1993 - First neuroprotection trial in PD

• 800 patients, 4 treatment arms:

• Deprenyl (MAO-B inhibitor)

• Tocopherol (vitamin E)

• Deprenyl and Tocopherol

• Placebo

• Primary outcome –UPDRS/part III 

• Trial duration: 24 months

• No objective biomarker

• Symptomatic effect of “neuroprotective” treatment

• How long should a definitive phase 3 trial be for PD?



The future has arrived…



Trial design overview:

Observation schedule: Screening, Baseline, 3m, 6m, 12m 18m, 24m, 30m, 36m

Years 

(estimate)

F2F F2F or Remote

Placebo + Standard of Care (SoC)

Treatment A: Telmisartan + SoC

Treatment B: Terazosin + SoC

Treatment C: Ursodeoxycholic Acid (UDCA) + SoC

2 - 3 3 - 4 4 - 5 5 - 6

Stage 1 analysis: 

Activity

134ppt 12 months

Early efficacy 

analysis:

266ppt 24months

Primary efficacy

analysis: 

266ppt 36 months

Stage 2 analysis:

Activity

200 ppt 18 months

1



EJS-ACT-PD trial outline

• Recruitment target: 1600 patients (400 per treatment arm)

• Recruitment rate: 400 patients per year

• Site target: 40 sites across the UK

• Treatment duration: 36 months

• Stratification: Sex, site tier, age, Hoehn& Yahr 

• Primary endpoint: 30% reduction in rate of progression on MDS-UPDRS part 1+2

• Interim analysis outcome: Inverse variance weighted MDS-UPDRS part 1, 2 and 
remote 3

Patient-reported 
outcomes



Conclusion

• Neuroprotection research for PD has become a highly active landscape

• EJS-ACT-PD, if successful, will transform the PD trial landscape forever

• Similar platform approaches required for phase 2 trials

• Novel trial concepts must be explored
• Basket trials, n=1 trials, drug combination therapy trials, etc

• Non-pharmacological interventions underexplored 
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