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Abstract  9 

An increase in the efficiency of clinical trial conduct has been successfully demonstrated in the 10 

oncology field, by the use of multi-arm, multi-stage trials allowing the evaluation of multiple 11 

therapeutic candidates simultaneously, and seamless recruitment to Phase 3 for those candidates 12 

passing an interim signal of efficacy. Replicating this complex innovative trial design in diseases 13 

such as Parkinson’s disease is appealing but in addition to the challenges associated with any trial 14 

assessing a single potentially disease modifying intervention in PD, a multi-arm platform trial must 15 

also specifically consider the heterogeneous nature of PD, alongside the desire to potentially test 16 

multiple treatments with different mechanisms of action.  17 

In a multi-arm trial, there is a need to appropriately stratify treatment arms to ensure each are 18 

comparable with a shared placebo/standard of care arm, however in PD there may be a preference 19 

to enrich an arm with a subgroup of patients that may be most likely to respond to a specific 20 

treatment approach. The solution to this conundrum lies in having clearly defined criteria for 21 

inclusion in each treatment arm as well as an analysis plan that takes account of pre-defined 22 

subgroups of interest, alongside evaluating the impact of each treatment on the broader population 23 

of PD patients.  24 

Beyond this, there must be robust processes of treatment selection, and consensus derived 25 

measures to confirm target engagement and interim assessments of efficacy, as well as 26 
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consideration of the infrastructure needed to support recruitment, and the long-term funding and 1 

sustainability of the platform. This has to incorporate the diverse priorities of clinicians, triallists, 2 

regulatory authorities and above all the views of people with Parkinson’s disease.  3 
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UPDRS = Movement Disorders Society Unified Parkinson’s disease Rating Scale; P2P= Pathway 1 

to progression; PD= Parkinson’s Disease 2 

 3 

Introduction  4 

Delaying or halting disease progression is a key aim for current research in Parkinson’s disease 5 

(PD). The process of setting up and running a clinical trial to assess whether a drug might slow 6 

down the rate of the progression of PD as for any chronic neurodegenerative disorder of the brain, 7 

is hugely time and resource consuming. Most new interventions that have been evaluated in 8 

patients with Parkinson’s disease have failed to provide improvements in outcomes often at the 9 

Phase III stage. Thus, in setting up a phase III trial it seems sensible to simultaneously evaluate as 10 

many promising new interventions as possible, acknowledging that many may ‘fail’. This 11 

necessitates the involvement of large numbers of people with PD and potentially long term follow 12 

up requiring detailed planning to ensure successful recruitment and participant retention. This also 13 

needs the support of the appropriate statistical and methodological framework, to provide clear 14 

and robust data to the community at large and thus contribute to improving outcomes for patients 15 

with Parkinson’s disease.  16 

 17 

Complex innovative trial designs including ‘Multi-Arm, Multi-Stage’ (MAMS) Platform trials can 18 

simultaneously recruit to multiple active treatment arms, perform interim analyses to assess 19 

whether a drug/intervention is engaging its target or reaches a preliminary measure of activity. 20 

This then allows one to stop recruitment to futile treatment arms and replace these with different 21 

interventions while continuing to recruit and evaluate those with the most encouraging data all the 22 

way to Phase III. This adaptive approach therefore dispenses with the repeated cycle of dismantling 23 

and rebuilding the trial infrastructure, while allowing removal and addition of trial arms and 24 

adjustment of trial design simply through the process of substantial amendment. The oncology 25 

field has pioneered this approach and identified numerous agents that are now routinely 26 

incorporated into standard of care e.g. the STAMPEDE trial, as well as promptly identifying futile 27 

interventions1. The COVID19 pandemic triggered the development of the RECOVERY trial, 28 
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based on MAMS principles, which enabled the rapid identification of multiple effective and 1 

ineffective drugs to improve outcomes from COVID19 infection2.   2 

 3 

The efficiency provided by MAMS Platform trials is scientifically superior because it reduces the 4 

evaluation time for a large of number of treatments from many decades to less than one decade. 5 

However, it is also financially advantageous in terms of reducing the costs of repeated trial set up 6 

and dismantling, as well as speeding up the process of identifying recruiting sites, is more popular 7 

with patients as it results in fewer individuals being allocated to placebo arms, and with 8 

investigators as it reduces the administrative burden associated with trial set up and close down.  9 

 10 

Population to study 11 

There are specific challenges inherent to disease-modifying trials in slowly progressive diseases 12 

like PD. The existence of symptomatic approaches, whilst clearly welcome for clinical purposes, 13 

limits the assessment of disease progression as they can effectively mask the extent to which the 14 

disease has progressed and therefore impede our ability to recognise whether a candidate therapy 15 

may usefully slow disease progression. The traditional approach of recruiting only untreated PD 16 

patients greatly restricts the possible duration of follow up, as the majority of PD patients will 17 

require dopaminergic replacement therapy in the first 1-2 years post diagnosis. As a result, there 18 

is interest in identifying people who are at risk of developing PD based on genetic testing, or who 19 

have prodromal non-motor symptoms but have not yet manifested any of the typical motor 20 

symptoms of PD as a strategy for assessing whether earlier long-term intervention may prevent or 21 

delay the motor symptoms of PD3.   22 

 23 

Another approach is to instead target patients who have already started dopaminergic therapy (this 24 

represents the majority of prevalent individuals with PD), which offers the opportunity to continue 25 

sufficiently long follow up to evaluate the emergence of disability despite dopaminergic 26 

replacement.  In further support of this strategy, it is clear from patient input that there is a desire 27 

to participate in disease modifying trials by patients at all ages and stages of the disease, given the 28 

shared fear of the inevitable long-term outcomes of PD i.e. falls, dementia and bulbar impairment 29 
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that may not manifest until many years after the first symptoms of motor PD. It is this population 1 

that would demand access to any disease modifying treatment emerging from clinical trials. 2 

 3 

The optimal trial would therefore accommodate the broader population of people with PD, and 4 

would also properly recognise and appeal to the diversity of the population affected by the disease 5 

including gender, ethnicity and age. However, as the rate of progression of PD is not linear, the 6 

duration of disease and/or its severity must be considered at the time of recruitment and other 7 

factors that potentially influence the subsequent rate of progression including age, gender, history 8 

of REM sleep behaviour disorder, coexistent diabetes and tremor dominant phenotype4 may need 9 

to be balanced appropriately across trial arms in order to allow for more inclusive participation. 10 

 11 

Different treatments for different patients 12 

The recognition of PD heterogeneity in terms of its underlying pathophysiology and differential 13 

rates of motor and non-motor progression needs further consideration given the possibility of 14 

targeting therapeutic approaches at subgroups of participants most likely to benefit. Ideally, 15 

mechanistic stratification should precede the inclusion of patients in mechanistically defined 16 

treatment arms (e.g. subgroups of patients with PD due to GBA1 mutations (approximately 10% 17 

of PD patients)5.  18 

 19 

This subgroup has a faster rate of progression of PD motor and cognitive symptoms6 and can be 20 

readily identified through routine genotyping. However, rather than attempting to stratify these 21 

individuals across treatment arms, it is instead appealing to enrich a treatment arm (that might be 22 

testing an agent considered to specifically address lysosomal function) with GBA1 patients. To 23 

prevent compromising the overall benefits of the MAMS platform i.e. its shared placebo group, 24 

the most simple solution is to deliberately enrich the relevant treatment arm with GBA1 patients 25 

to increase the likelihood of detection of an additional effect in this subgroup, and as a consequence 26 

to define pre-planned subgroup analyses to compare this arm against an equivalent number of 27 

GBA1 positive and negative patients across all the other arms in the trial, (making appropriate 28 

adjustment in the event that positive effects from other interventions are seen in other active arms 29 
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as well). This would maintain the placebo group as a valid comparison for the other treatment 1 

arms, while maximising power to detect any specific benefit on the GBA1 subgroup, in 2 

comparison to placebo, and to the non-GBA1 individuals in the relevant treatment arm. Other 3 

clearly defined subgroups that may have a greater likelihood of response to a specific treatment 4 

arm e.g. patients with active neuroinflammation based on TSPO PET imaging or CSF analysis, 5 

can also be enriched (into e.g. a neuroinflammatory treatment arm) provided the subgroup can be 6 

adequately defined and is sufficiently prevalent to provide adequate power within the planned 7 

subgroup analysis. 8 

This approach of trying to address the issue of PD heterogeneity in the context of a multi-arm 9 

platform trial of course has its limitations. There may be precision interventions that only have a 10 

chance of effectiveness in individuals with e.g. specific rare mutations in GBA1 that will require 11 

a precision approach i.e. a trial with far stricter inclusion criteria. On the other hand there will be 12 

treatment options that may have broader appeal than may first appear, and may lend themselves to 13 

a multi-arm platform trial approach. For example LRRK2 kinase activity is elevated in people both 14 

with and without LRRK2 mutations7 and initial results of the DNL201 LRRK2 inhibitor indicate 15 

that this drug may have a role in people both with and without LRRK2 mutations.8 Furthermore, 16 

the consequences of LRRK2 mutations also extend beyond the neurodegenerative processes of 17 

PD, indeed can lead to tauopathies, amyloidopathies or TDP43 proteinopathies, such that even a 18 

basket trial approach9 may be successful. On balance, it remains likely that if there is any 19 

therapeutic overlap across widely differing phenotypes, any initial success will be small, and 20 

expansion of success will need to continue to consider the importance of precision approaches not 21 

only within PD but across the whole range of neurodegenerative diseases. The incorporation of 22 

genotyping, wet biomarkers and imaging biomarkers in the design and setup of a MAMS platform 23 

trial, to allow specific a-priori subgroup analyses will greatly improve the chances of its success. 24 

Outcome measures 25 

The choice of a uniform primary outcome measure for multiple arms of a disease-modifying trial 26 

is also challenging. Disease modification is easier to demonstrate when the clinical endpoints are 27 

clear and not controversial e.g. absolute and progression-free survival, metastatic spread, 28 

confirmed infection, and need for ventilatory support.  The choice of outcome is more difficult in 29 

a chronic neurodegenerative disease especially when the rate of progression is slow and 30 
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heterogeneous between patients. The standard measure for PD trials, the Movement Disorders 1 

Society Unified Parkinson’s disease Rating Scale (MDS-UPDRS), was developed for 2 

symptomatic treatment and other clinical studies, but may not be sensitive and specific enough for 3 

disease modifying trials especially in early disease10.  4 

In this context, some of the challenges of participant retention in long-term trials as well as 5 

outcome measurement may be partially mitigated by embracing advances in remote data capture/ 6 

home based assessment, passive and continuous technological measurement of PD severity, as 7 

well as linkage to routine health and social care datasets. However, a consensus regarding the 8 

optimal Phase III primary outcome for a disease modifying trial in PD has not yet been achieved. 9 

Different teams have adopted different approaches to the consideration of outcome measurement 10 

and licensing decisions, and it is increasingly recognised that the traditional objective assessments 11 

of motor symptom severity (MDS-UPDRS part 3) may be less relevant to people with PD and 12 

regulators than self-reported measures of function and ability to perform activities of daily living, 13 

(as measured in Parts 1b and Part 2 of the MDS-UPDRS). Importantly, these do not necessarily 14 

require face to face assessment, greatly enhancing the convenience of long-term trial participation. 15 

There is interest in creating a modified method of analysing data from the MDS-UPDRS, using a 16 

“Milestones”11 or “Emergent symptoms”12 based approach, rather than change in absolute scores. 17 

Participants could be scored according to whether they reach a predefined threshold for an 18 

important event such as falls/cognitive impairment, or based on their reporting “emergent 19 

symptoms” on part Ib or part II of the MDS UPDRS, rather than focussing on a change in symptom 20 

severity that had already been present at the baseline visit. Further validation of these approaches 21 

are needed, although early explorations suggest that these approaches could lower the sample size 22 

needed to demonstrate disease modifying effects of an intervention.12 23 

 24 

In contrast, the earlier capture of interim measures needs to inform the decision whether to drop 25 

an arm or continue recruitment. Such interim measures can be tailored to the specific intervention 26 

and could comprise confirmation of target engagement (e.g. through blood or CSF measurement 27 

of drug level or its substrate) or preliminary signals of efficacy in any of a number of pre-defined 28 

clinical or imaging interim measures. A hybrid approach of remote data capture alongside 29 

intermittent in-person visits should optimise the beneficial effects of face to face interaction, 30 
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quality and safety of participants, while minimising inconvenience and any excessive burden of 1 

long-term trial participation. 2 

 3 

Intervention choice & funding 4 

With the advancement of in silico and AI-based drug identification and development programmes, 5 

the number of candidate drugs that have preliminary credentials for disease modifying effects is 6 

growing13. Therefore a process for prioritising which drugs/interventions to include in the multiple 7 

arms of a PD MAMS trial is needed. A systematic approach for identifying the initial list of 8 

candidate interventions can be followed by a scoring system to include the strength and quality of 9 

the preclinical data and rationale, as well as any supporting epidemiological data, including the 10 

assessment of which preclinical models are most meaningful for supporting translation into human 11 

disease or to evidence mode of action. Other considerations include whether therapeutics targeting 12 

different mechanisms of action might work synergistically. Dosing considerations are also 13 

important – such as the mode and frequency of delivery, mindful of pill size and pill burden – and 14 

the patient voice is critical in these deliberations. It is also important to adequately attempt to 15 

double blind the intervention to participants and raters. This can be an additional challenge for the 16 

trial design and delivery teams given that multiple interventions may not have the same route or 17 

frequency of administration and therefore careful consideration is needed to minimise any 18 

differential placebo effects, while avoiding over-burdening participants with a requirement to take 19 

multiple dummy preparations. 20 

 21 

An alternative approach to treatment selection is a pragmatic one, inviting commercial 22 

involvement, on a “pay to play” basis. While this may have clear economic advantages there may 23 

be a struggle between maintaining an optimal trial design across multiple interventions against the 24 

inevitable commercial interest in prioritising success for an individual arm. 25 

 26 

Faced by all these complex decisions, a final challenge is to consider the position of non-27 

commercial research funding bodies. While they may be enthusiastic about the broad approach 28 

and the financial efficiencies introduced by MAMS trials, the large costs and long-term nature of 29 
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the funding required may fall outside the majority of research funders’ usual funding models. 1 

Discussions regarding approaches to funding and long-term project sustainability are at least as 2 

important as the scientific details themselves. 3 

 4 

Rising to the challenge 5 

Despite the difficulties that have to-date delayed the PD research field in embracing a platform 6 

design to assess disease modifying therapies in PD, the unmet burden of disease faced by patients, 7 

as well as the large societal impact, demands that a more efficient and novel process of drug 8 

assessment is developed. To address this demand, the Edmond J Safra Foundation is supporting 9 

an initiative led by University College London, University of Plymouth and the MRC Clinical 10 

Trials Unit to develop a neuroprotective MAMS Platform trial for Parkinson’s disease. This project 11 

is known as the Edmond J Safra Accelerating Clinical trials in PD (EJS ACT-PD) initiative. Its 12 

main aim is to produce a protocol that addresses the major controversial trial design issues, 13 

indicated above, with solutions reached through transparent data-driven processes, with detailed 14 

considered input from all the relevant stakeholders, and importantly incorporating the patient voice 15 

at its core.  16 

 17 

To this end, 6 working groups have been set up, each addressing a particular component of 18 

platform design and delivery: trial design, outcome measures, therapy selection, infrastructure, 19 

funding and sustainability and patient and public engagement. The consortium includes more than 20 

75 individuals from across the UK comprising patients and carers, neurologists, geriatricians, 21 

clinical triallists, statisticians, funders, methodologists, epidemiologists, health economists, trials 22 

pharmacists and a range of experience from clinical and preclinical researchers expert in disease 23 

modifying drug development and trial design. The patient perspective is central to the process with 24 

patient/carer members embedded in each working group and thus involved in all decisions based 25 

on their collective discussions. Patient/carer consortium members are given training regarding all 26 

the technical issues and decisions as part of the process. Sustainability of the programme is 27 

supported by the inclusion of an early career researcher in each working group. An additional level 28 

of oversight, as well as an international perspective, is provided by panel of international advisors. 29 
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Engagement with the Medicines and Healthcare products Regulatory Agency (MHRA) and 1 

reference to European and USA regulatory developments and requirements ensures that the 2 

regulatory perspective is incorporated into the design choices.  3 

 4 

An additional approach that is in set-up is the Pathway to Prevention (P2P) platform3. This project 5 

plans to recruit people at risk of PD, on the basis of confirmed genetic risk (e.g. LRRK2 or GBA1 6 

mutation carriers), or with hyposmia or REM sleep behaviour disorder, but without any manifest 7 

symptoms or signs of motor PD. This has the intuitive advantage that people will be identified 8 

either before or very early on in the onset of any neurodegenerative process i.e. at a time where 9 

there may be more salvageable neurons, and furthermore avoids the issue of symptomatic 10 

dopaminergic treatments confounding measures of disease progression. The additional challenges 11 

arising include the uncertainty of risk within the groups given the incomplete penetrance of the 12 

LRRK2 and GBA1 genes, and thus the threshold for tolerability of adverse effects of an 13 

intervention may be lower. Furthermore, any positive results emerging would almost certainly still 14 

need subsequent exploration among a population with manifest motor PD to assess the relevance 15 

to the larger prevalent population. The P2P and EJS ACT-PD initiatives are therefore highly 16 

complementary and will ensure shared knowledge and wisdom. See Fig. 1.  17 

 18 

Parallel projects in other neurological diseases 19 

In addressing the challenge of setting up a platform trial in PD, the EJS ACT-PD initiative will 20 

learn from the experience and developed expertise within the MRC CTU, who have pioneered the 21 

development and successful delivery of platform trials over the last 15 years, initially in oncology 22 

and more recently in other neurodegenerative conditions – such as motor neuron disease (MND-23 

SMART)14 and progressive multiple sclerosis (OCTOPUS)15; their involvement is vital to ensure 24 

that the most appropriate design, conduct and analysis choices are made, and that this platform 25 

builds on invaluable lessons learnt to date.  26 

 27 

Many of the issues emerging in the setup of a platform trial for disease modification in PD are also 28 

relevant for Alzheimer’s disease (AD). The Dominantly Inherited Alzheimer’s Network Trials 29 
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Unit (DIAN-TU) trial16 pioneered the concept of preventing the emergence of neurodegeneration 1 

among people at risk of AD due to confirmed dominant genetic risks. Initial results from the first 2 

2 tested drugs demonstrates that the platform can effectively recruit patients, and while early 3 

positive data regarding target engagement has not yet been followed by clinical advantage in 4 

cognitive decline in the first 2 treatment arms targeting beta amyloid17, recruitment into subsequent 5 

treatment arms with different mechanisms of action is already underway (ClinicalTrials.gov 6 

Identifier: NCT05269394.) Another approach, the European Prevention of Alzheimer Dementia 7 

(EPAD) also focusses on a prevention approach, has set up a longitudinal cohort study of non-8 

demented individuals over the age of 50 to try and better identify people at risk of Alzheimer’s 9 

with a view to future recruitment to a multi-arm platform trial18. The ACORD (A Collaboration 10 

Of groups, Running and Reporting multi-arm multi-stage trials in neurodegenerative Diseases) 11 

initiative19, also includes a team setting up a Platform trial in people with established Alzheimer’s 12 

disease and helps disseminate ideas to overcome the shared challenges of these complex trials. 13 

 14 

Conclusion 15 

The need to identify agents that slow down, stop or reverse the progression of PD has never been 16 

higher: as our global population ages, the prevalence of PD rises and the costs associated with the 17 

disability and care needs of people with PD become unaffordable 20. We need to create an 18 

infrastructure that allows participation in clinical trials by a far greater proportion of PD patients, 19 

lowers the burden of participation for patients, assessors and trial pharmacies, has well thought out 20 

analytic approaches that accounts for PD heterogeneity, and evaluates therapies targeting precise 21 

pathophysiological mechanisms all the way to Phase III evaluation. Such an approach will 22 

accelerate the discovery of treatments to address this major societal need. 23 

 24 
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Figure legend 8 

Figure 1 The P2P platform trial. The P2P Platform trial plans to recruit people at risk of 9 

developing PD on the basis of known genetic risks and/or prodromal symptoms such as REM 10 

Sleep Behaviour Disorder to identify treatments which prevent or delay the conversion to motor 11 

PD. The EJS ACT-PD Platform plans to recruit people with established motor PD to identify 12 

treatments that will prevent or delay subsequent progression of motor and non-motor symptoms. 13 
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