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Abstract
Background: Symptomatic cerebral cavernous malformations are a rare sporadic or familial disease, which may 
cause haemorrhagic strokes or epileptic seizures. In 2015, a James Lind Alliance Priority Setting Partnership ranked 
targeted drug therapies as fourth of the top 10 research priorities for cerebral cavernous malformations. There are 
no disease-modifying drugs for cerebral cavernous malformations, but there are several promising candidates with 
proof of concept in human and animal studies. There are no platform trials for cerebral cavernous malformations.
Objectives: (1) Consolidate and initiate international collaborations between cerebral cavernous malformations 
researchers, cerebral cavernous malformations patient and public involvement groups, cerebral cavernous 
malformations research networks, and commercial partners; (2) Finalise a protocol for an efficient, international 
platform trial of multiple drugs using precision medicine (sporadic vs. familial cerebral cavernous malformations) 
that is both feasible and acceptable to patients and regulators; (3) Estimate the research, support and treatment 
costs of the platform trial and apply to the National Institute for Health and Care Research Efficacy and Mechanism 
Evaluation Programme.
Methods: A National Institute for Health and Care Research Efficacy and Mechanism Evaluation Application 
Acceleration Award funded this project from September 2022 to August 2023. A trial manager supported the Chief 
Investigator in growing and leading a multidisciplinary international collaboration, including a patient and public 
involvement advisory group, in a series of meetings to optimise study design, equality, diversity and inclusion. 
Edinburgh Innovations established connections with commercial partners with candidate drugs. We assessed 
feasibility by scoping potential funding agencies, and clinical networks that might support recruitment internationally. 
We agreed upon a final design and sample size through a process of consensus, enlightened by scenarios simulated 
by statisticians varying key parameters, which informed a comprehensive estimate of the budget for a stage 1 
submission to the National Institute for Health and Care Research Efficacy and Mechanism Evaluation programme.
Setting: International collaboration.
Participants: Clinicians, researchers, patient and public involvement groups, cerebral cavernous malformations 
research networks, and commercial partners.
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Results: There was one face-to-face meeting, nine virtual meetings of the co-applicants, and five meetings of 
the patient and public involvement advisory group. We identified 14 countries with clinical leadership, a cerebral 
cavernous malformation research network, and a funding agency that could support an international trial. We 
contacted three potential commercial partners and obtained one letter of collaboration. We sent monthly newsletters 
to collaborators. Our meetings and simulations concluded that a three-arm, two-stage multiarm multistage adaptive 
treatment selection randomised trial design was suitable for evaluating aspirin and propranolol as the first two 
interventions compared with standard care in a platform trial. We submitted a stage 1 proposal for this Cavernous 
malformations A Randomised Efficacy MAster Protocol study to the National Institute for Health and Care Research 
Efficacy and Mechanism Evaluation call 23/15 in May 2023, and a resubmission was encouraged.
Limitations: The National Institute for Health and Care Research Efficacy and Mechanism Evaluation funding 
committee would have required further justification for the choice of the intermediate phenotype used for treatment 
selection, biomarker validation work, and details about the pipeline of interventions.
Future work: We have addressed these limitations and re-applied to the National Institute for Health and Care 
Research Efficacy and Mechanism Evaluation programme.
Funding: This article presents independent research funded by the National Institute for Health and Care Research 
(NIHR) Efficacy and Mechanism Evaluation (EME) programme as award number NIHR153811.
A plain language summary of this research article is available on the NIHR Journals Library Website https://doi.
org/10.3310/TYUP6982.

Background

The major unmet need for people with cerebral cavernous 
malformation (CCM) – which is a raspberry-like capillary 
microangiopathy in the brain – is targeted drug treatment, 
which was fourth of the top 10 research priorities in a 
recent James Lind Alliance Priority Setting Partnership.1 
Although asymptomatic CCM occur in ~107,500 people in 
the UK (prevalence 1 in ~625)2,3 symptomatic CCM are a 
rare disease leading to approximately 160 new diagnoses 
in the UK each year (incidence 0.24 per 100,000 per 
year).4 The burden of CCM is disproportionately high 
because they are usually diagnosed in young adults of 
working age who are at risk of recurrent stroke due to 
intracerebral haemorrhage (ICH),5 new non-haemorrhagic 
focal neurological deficits (FND),6 or epileptic seizures that 
recur in ~50% of people affected despite anti-epileptic 
drugs.7 These risks may be reduced by neurosurgical 
excision of CCM, but surgery has a ~4% risk of death, 
ICH or FND in the following year, which is higher still for 
CCM in the brainstem or CCM that have caused ICH, and 
this complication rate has not changed over time.8 CCM 
that are too hazardous for neurosurgical excision (e.g. in 
the brainstem) are sometimes treated with stereotactic 
radiosurgery, which seems to have similar risks to 
neurosurgery.9 However, guidelines have been unable to 
make level A recommendations about these treatments 
because there are no randomised controlled trials (RCTs).10

The National Institute for Health and Care Research 
(NIHR) Health Technology Assessment (HTA) 
Programme commissioned a pilot RCT comparing 
treatment with or without neurosurgery (or stereotactic 
radiosurgery) for CCM, which is the top uncertainty 
about the disease.1 This Cavernomas A Randomised 
Effectiveness (CARE) pilot trial recruited 72 participants 

at 29 UK sites (www.ed.ac.uk/care-study) and reported 
on the feasibility and design of a definitive RCT.11 Three-
quarters of the eligible patients with symptomatic CCM 
who were approached and who declined to participate in 
the CARE pilot trial indicated a preference for treatment 
without surgery,11,12 so a drug to prevent ICH/FND 
from CCM might be more suitable for them, but specific 
pharmacological therapies do not exist for CCM.

Several drugs might modify CCM prognosis based on 
studies of animal models, humans, drug repurposing13 or 
treatment target approaches.14 The three leading drug 
candidates are:

•	 Propranolol and other beta-blockers, based on animal 
models,15–17 human studies,18–26 and by analogy with 
infantile haemangioma27

•	 3-hydroxy-3-methyl-glutaryl-coenzyme A (HMG 
CoA) reductase inhibitors (statins), based on animal 
models28,29 and human studies18,30

•	 Antithrombotic (anticoagulant or antiplatelet) drugs 
based on human studies31–33

Other drug candidates include combination of a statin 
and an antiplatelet drug based on human studies;33 Rho-
associated protein kinase inhibition with fasudil in animal 
models;28,34 rapamycin in animal models;35 non-steroidal 
anti-inflammatory drugs in human studies;32 selective 
serotonin reuptake inhibitors in human studies;31 vitamin 
D in human studies;31 and fish oil in human studies.31

Precision medicine to prevent ICH/FND from CCM using 
these drugs could arise from targeting drug treatments 
at distinct aetiological or pathophysiological groups of 
patients with CCM, such as by presence/absence of one of 
the three heterozygous germline mutations with autosomal 
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dominant inheritance that lead to 20% of CCM being 
familial (CCM1 OMIM 116860, CCM2 OMIM 603284, 
CCM3 OMIM 603285, ORPHA:221061). People with these 
genetic mutations have multiple CCM that can grow both 
in number and size over time; the number of familial CCM 
is associated with the rate of ICH,36 and there are specific 
genotype–phenotype differences; for example, people 
with CCM3 mutations have higher risk of ICH at an earlier 
age and greater CCM burden compared to people with 
CCM1 mutations, CCM2 mutations, or sporadic CCM.37,38 
Additional precision medicine targets for consideration 
include molecular39 and magnetic resonance imaging (MRI) 
biomarkers [quantitative susceptibility mapping (QSM) 
and dynamic contrast-enhanced quantitative perfusion]40 
that measure relevant pathophysiological processes (iron 
deposition and vascular permeability, respectively) that 
could be targeted by particular drugs.41,42

Stratification criteria could include CCM location 
(brainstem CCM have a higher risk of ICH than CCM 
located elsewhere in the brain) and prior presentation 
with symptomatic ICH due to CCM (which conveys a 
higher risk of future ICH than not having prior ICH), which 
together create four prognostic categories according to 
CCM anatomic location and history of ICH.5

A systematic review of publications in Ovid MEDLINE and 
EMBASE to 30 June 2022 with literature search terms 
for CCM used by earlier systematic reviews5,8,9 identified 
case reports, cross-sectional studies and cohort studies 
of drugs for CCM in humans, but no definitive RCTs. 
Alongside studies in animal models, proof of concept in 
human cohort studies seems strongest for beta-blocker, 
statin, and antithrombotic (antiplatelet or anticoagulant) 
drugs (Table 1).

A search of ClinicalTrials.gov on 30 June 2022 identified 
six relevant RCTs, although two proposed RCTs of 
Propranolol (NCT03474614 and NCT03523650) never 
began (Table 2). Two phase 2 RCTs have been completed: 
one showed a non-significant effect of simvastatin on 
MRI permeability of CCM,30 and the other showed a 
promising effect of Propranolol on new ICH or FND 
[hazard ratio (HR) 0.43, 80% confidence interval (CI) 
0.18 to 0.98].19,44 There are two ongoing Phase II RCTs of 
Atorvastatin45 and REC-994 (a superoxide scavenger)13 
for CCM, but these RCTs are unlikely to identify 
effects definitively because of their small sample sizes. 
Therefore, there is no definitive platform RCT using 
precision medicine approaches for CCM registered in 
ClinicalTrials.gov.

TABLE 1 Observational studies of the associations between drugs and outcomes for humans with CCM, identified by a systematic review on 
30 June 2022

Cohort study Participants (number) Intervention Comparator Outcome Association with outcome

Goldberg et al. 201821 Any CCM (n = 408) Any beta-blocker No beta-blockers ICH HR 1.19 (95% CI 0.49 to 2.90)

Gomez-Paz et al. 202020 Any CCM (n = 438) Any beta-blockers No beta-blockers ICH OR 0.71 (95% CI 0.39 to 1.30)

Zuurbier et al. 202218 Any CCM (n = 300) Any statin No statin ICH/FND aHR 0.37 (95% CI 0.01 to 1.07)

Zuurbier et al. 202218 Any CCM (n = 300) Any beta-blocker No beta-blockers ICH/FND aHR 0.09 (95% CI 0.01 to 0.66)

Zuurbier et al. 201943 Any CCM (n = 1342 
meta-analysis)

Any antithrombotic 
drug

No antithrombotic 
drugs

ICH RR 0.25 (95% CI 0.13 to 0.51)

aHR, adjusted hazard ratio; OR, odds ratio; RR, relative risk.

TABLE 2 Randomised controlled trials of drugs for CCM that were registered in ClinicalTrials.gov on 30 June 2022 and had been initiated

Identifier Principal investigator Intervention vs. comparator Target sample size Status

Sample 
size 
achieved

NCT01764451 Mabray30 Simvastatin vs. standard care 12 Complete 12

NCT03589014 Latini19,44 Propranolol vs. standard care 60 Complete 83

NCT02603328 Awad45 Atorvastatin vs. placebo 80 Complete 80

NCT05085561 Recursion 
Pharmaceuticals13

REC-994 400 mg vs. 200 mg 
vs. placebo

60 Complete 62

https://doi.org/10.3310/TYUP6982
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Altogether, proof of concept from animal models, 
human cohort studies18,43 in sporadic and familial CCM, 
and pilot phase RCTs in humans with familial CCM19,30 
lead us to hypothesise that antithrombotic, beta-
blocker, and statin drugs are promising treatments to  
repurpose for CCM, and many others may be 
beneficial based on preclinical, drug repurposing or 
target-driven studies.

Aims and objectives

This Application Acceleration Award funded us to address 
three main aims and objectives, in order to catalyse the 
design, delivery, and assessment of the feasibility of 
a protocol and funding application for the first CCM 
platform trial of drugs:

1.	 Consolidate and initiate international collaborations 
between CCM researchers, CCM patient and public 
involvement (PPI) groups, CCM research networks, 
and commercial partners.

2.	 Finalise a protocol for an efficient, internation-
al platform trial of multiple drugs using precision 
medicine (sporadic vs. familial CCM) that is feasible 
and acceptable to patients and regulators.

3.	 Estimate the research, support and treatment  
costs of the platform trial and apply to the NIHR  
Efficacy and Mechanism Evaluation (EME) 
programme.

Methods

We followed the project plan proposed in the funding 
application (Figure 1), established a Steering Committee and 
a Patient, carer and public involvement and engagement 
Advisory Group (PAG), and used the following methods to 
address our aims and objectives.

1.	 International collaboration

In September 2022, we initiated a novel, inclusive academic 
collaboration of researchers and PPI co-applicants for 
the first platform RCT for CCM. The co-applicants have 
prior experience (Kim),30 recent experience (Latini),19 and 
ongoing experience (Salman, White, Lee, Kim and Awad) of 
CCM RCTs. During the award, we identified international 
networks of research-ready clinical sites that care for 
people with CCM (such as those that have expressed 
interest in an international main phase of the NIHR 
HTA CARE trial, the NIH Brain Vascular Malformation 
Consortium CCM project,36,46 or are involved in the 
Cavernous Angiomas With Symptomatic Haemorrhage 
trial readiness project47,48). International involvement 
will ensure the feasibility of recruiting people with a 
rare disease, generalisability and investigate the external 
validity of UK findings. The project manager worked with 
our international collaborators to determine whether 
there were any specific local regulatory requirements 
for the conduct of platform RCTs involving licensed and 
unlicensed drugs in Phase II (safety and dose-finding) and 

Month of this award:

Collaborators meet online

Team meets face-to-face

PPI advisory group

Commercial partnerships

Regulatory requirements

Funding agencies

Clinical research networks

Protocol development

Final protocol and budget

NIHR stage 1 submission

CARE PREP newsletter

Project report

1 2 3 4 5 6 7 8 9 10 11 12

FIGURE 1 Project timetable.
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Phase III (efficacy) clinical trials of investigational medicinal 
products, but did not find any specific requirements, so 
this aspect is not dealt with further in this report. The 
collaborators met as follows:

•	 August 2022: In a pre-funding meeting, the PPI 
co-applicants met to make recommendations to 
the Steering Committee on the Terms of Reference 
for PAG, its size and membership. It proposed that 
PAG should consist of two additional members, 
Carlos Casaus and João Próspero Luís, to provide 
more voices with lived experience and greater 
geographical diversity.

•	 September 2022: We agreed on the project plan (see 
Figure 1) and set up a series of virtual meetings to 
adhere to the project plan. The PAG discussed the 
information (evaluation criteria) we would collect 
on national patient networks, including the likely 
numbers of patients, with which clinical centres and 
clinicians they are networked and their structure. 
PAG identified which European clinical research 
networks could aid recruitment, and who might be 
clinical partners.

•	 October 2022: We contacted international CCM 
researchers and patient advocacy organisations to 
assess the feasibility of an international platform 
RCT based on the existence of relevant networks 
and stakeholders in countries with a track record 
of CCM clinical research (Table 3). We met with 
Recursion Pharmaceuticals (a potential  
commercial partner) and LifeArc (a charity) to 
discuss their potential partnership with a platform 
RCT for CCM.

•	 November 2022: We continued to explore 
international feasibility and local regulatory 
requirements. We met with Neurelis and Cervello 
(potential commercial partners). The co-applicants 
met face to face at the International CCM Scientific 
Meeting, hosted by Alliance to Cure Cavernous 
Malformation Scientific Meeting in Durham, North 
Carolina (​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​​www.alliancetocure.org/for-professionals/
researchers/ccm-scientific-meeting/past-ccm-
scientific-meetings/). Rustam Al-Shahi Salman gave 
presentations about the NIHR HTA CARE pilot trial 
and our plans for an international precision medicine 
platform trial for CCM. The PAG analysed the details 
of national patient networks identified by the PAG 
and the discussion and comments made by the 
steering group, grouping them on their availability of 
the resources required to support an international 
platform trial in a preliminary version of Table 3. We 

discussed general issues important to patients during 
a platform trial.

•	 December 2022–February 2023: We developed 
the design of the international precision medicine 
platform trial for CCM at and between monthly 
meetings. Discussion points included key design 
criteria for platform RCTs (Figure 2), including 
eligibility criteria, stratification, precision medicine, 
interventions, comparators, randomisation, 
outcomes and adaptive trial design. We considered 
the proof of concept for the potential drug 
therapies and the mechanistic component of 
the trial. 

•	 January 2023: The PAG meeting focussed on 
the structure of PPI involvement in the platform 
trial, including the need for and roles of a PAG 
co-ordinating board and individual nations’ PAG 
co-ordinators, for effective translation of all patient-
facing documents. In addition, we discussed whether 
the trial should have primary and secondary outcomes 
and their content, and highlighted the need for a 
mobile App for patient recording.

•	 March–April 2023: These meetings focused on 
the final protocol and budget required for the 
grant application. We discussed the design of the 
international precision medicine platform trial for 
CCM with Professor Mahesh Parmar and Dr Babak 
Choodari-Oskooei in an appointment with their 
multiarm multistage (MAMS) clinic (​​​​​​​​​​​​​​​​​​​​​​​​​​​​www.mrcctu.
ucl.ac.uk/our-research/methodology/design/more-
about-mams/mams-clinic/), after which they joined 
our grant application as co-applicants. We met with 
the Edinburgh Clinical Trials Unit, Edinburgh Research 
Office, and NHS Lothian Research and Development 
Finance to develop the budget for the platform 
trial proposal.

•	 March 2023: The bulk of the PAG meeting was 
devoted to the drugs to be included in the platform 
trial, particularly of aspirin and the feasibility of 
patient recruitment with a drug well known as a blood 
thinner. PAG also considered its role in reviewing the 
full application.

•	 April 2023: The PAG considered the duration and 
international involvement in the platform trial, 
and the need for international funding. PAG also 
discussed the outcome of two focus groups set up to 
understand patients’ views on the inclusion of three 
drugs and showed the challenges faced regarding 
preconceptions, opinions and beliefs.

•	 May 2023: We submitted an NIHR EME stage 1 
proposal for the Cavernomas A Randomised Efficacy 
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MAster Protocol (CARE MAP) in response to NIHR 
EME call 23/15 ‘Precision medicine platform studies 
to efficiently evaluate the efficacy of interventions’.

•	 We sent monthly e-mail newsletters to update all of 
our partners about the project’s progress.

2.	 Protocol for an international precision medicine 
platform trial

We designed a platform RCT to be an efficient strategy for 
evaluating many drugs concurrently,50 and provide proof 
of clinical efficacy, effect size, and safety with a precision 
medicine approach to RCT design and stratification of 
the analysis. At our collaborators’ meetings, we reached 
consensus about:

•	 Research design: We planned for a MAMS RCT. We 
considered whether to stop treatments for futility or 

efficacy and whether we would re-estimate sample 
size at interim analyses. We considered aspects 
of inter-individual variability that may influence 
treatment effects as well as pragmatic considerations 
(e.g. current use of any of the drugs, contraindications 
to candidate drugs, or intolerance of the mode of drug 
delivery) that may influence eligibility, randomisation 
and subsequent analyses.

•	 Participants: We sought broad eligibility criteria 
to increase inclusion, and we considered how to 
maximise and record equality and diversity (e.g. 
age, sex, ethnicity, disability) with the PPI Advisory 
Group, while allowing stratification factors to 
permit investigation of specific effects in subgroups. 
We applied what we have learnt about successful 
approaches to this patient group in the ongoing 
NIHR HTA CARE pilot trial via an embedded QuinteT 
Recruitment Intervention.51 The PPI Advisory Group 

TABLE 3 Availability of the resources required to support an international platform trial

Clinical lead CCM patient network CCM research network Early career researchers Funding agency

UK

USA

Canada

Brazil

Germany

Belgium

Australia

Ireland

Sweden

The Netherlands

France          

Austria

Greece

Switzerland

Italy

Mexico

Spain

Finland

Portugal

South Africa

Norway

Green, yes; amber, maybe; red, no.
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and co-applicants leading CCM RCTs considered 
support for participants, data capture from them,52 
and minimising drop-out.

•	 Interventions: We discussed at length which drugs 
will be the first to be evaluated, and estimated likely 
adherence and attrition based on other CCM RCTs.19,45 
We investigated setting up a living systematic review 
as a pipeline for discovering additional drugs that might 
be added to the master protocol with colleagues at 
The University of Edinburgh. We reviewed knowledge 
about the dosing of drugs (e.g. propranolol15) to 
determine whether the platform must include both 
Phase II and Phase III RCTs. We considered the risk 
of performance and detection biases when deciding 
whether the platform RCT should use placebo or open 
control. We foresaw the evaluation of combinations of 
drugs and effects in subgroups.

•	 Assignment: We discussed the allocation ratio mindful 
of statistical issues (e.g. maximising power by setting 
the ratio of control: intervention according to the 
number of interventions concurrently being studied in 
the platform) and acceptability to patients.

•	 Outcomes: While the major clinical outcomes 
of interest (ICH, FND and epileptic seizures) are 
well defined6,53 and were confirmed by the PAG, 
we sought more information about the validation 
of disease-specific measures of global outcomes 
that are still under development (e.g. CCM Health 

Index). We sought to understand the mechanism 
of treatment effect via intermediate phenotypes, 
such as QSM on brain MRI (under consideration 
by the US Food and Drug Administration as 
a monitoring biomarker of drug effects on 
haemorrhage from CCM) to quantify haemosiderin 
leakage by CCM and other circulating 
biomarkers,41 and whether these are surrogate 
markers of clinical outcomes.54

•	 Statistical analyses: Co-applicant Weir supervised 
a senior statistician (Parker) to perform simulations 
across a range of platform RCT scenarios, agreed 
in consultation with the co-applicants and PAG, 
according to variations in the choice of adaptive 
design, participant eligibility criteria, number of 
interventions, outcome type/frequency/distribution, 
and sample size required to explore heterogeneity 
of effects in subgroups according to stratification 
criteria.55,56 These simulations helped to determine 
an efficient, pragmatic, platform RCT design, 
defining its operating characteristics with regard to 
statistical power and type 1 error for given interim 
analysis progression criteria. We also confirmed the 
deliverability of the RCT, according to the recruitment 
base established.

•	 Mechanistic component: A key objective of 
the efficacy platform RCT will be to embed 
hypothesis-testing mechanistic studies to 

Standard-of-care

Interim analysis

Ability to drop arms early and 
flexibility to add new arms

Interim analysis

Intervention 1

Intervention 2

Intervention 3

Intervention 4

New arm
introduced

New arm
introduced

Arm

dropped

FIGURE 2 Generic illustration of a multi-arm, multi-stage adaptive platform design with some of the design considerations to be addressed 
by the Application Acceleration Award. Examples of considerations to be addressed: Participant eligibility criteria; Stratification/selection 
criteria according to genotype/phenotype/biomarker; Intervention allocation ratios, target sample sizes; Initial number and type of 
interventions to be compared with standard care (e.g. a beta-blocker, a statin and aspirin); New interventions to be added (e.g. unlicensed 
drugs such as REC-994), setting up the pipeline to identify new interventions, plans for assessing combinations of interventions; Efficacy, 
safety and futility criteria at interim analysis; Contingency plans for standard of care changing over time; Intermediate phenotypes and 
clinical outcomes. Reproduced with permission from Park et al.49 This is an Open Access article distributed in accordance with the terms of 
the Creative Commons CC BY NC-ND licence, which permits non-commercial use of the work as published, without adaptation or alteration 
provided the work is fully attributed. See: https://creativecommons.org/licenses/by-nc-nd/4.0/.
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understand the mechanism of action of the 
interventions, the causes of differing responses, 
and whether intermediate phenotypes are reliable 
surrogate outcomes.

3.	 Estimate budget for an international precision medi-
cine platform trial

We used published examples,52,57,58 our own experience,59 
and projections for the international scope of the 
efficacy platform RCT to estimate the budget required 
for international coordination, UK conduct, and 
international conduct, focusing on value for money and 
design efficiencies.60

Patient and public involvement or community 
engagement, and involvement
Extensive involvement from our PAG informed us about 
patients’ preferences for study design, and recommended 
how to maximise equality, diversity and inclusion. The 
Group included three PPI co-applicants [Lee (USA), 
White (UK) – both carers – and Bergholtz (Sweden) 
who is a CCM patient/service user, all involved with 
non-profit CCM organisations], Carlos Casaus (relative) 
from the Alliance to Cure Cavernous Malformation 
(USA), and João Próspero Luís (relative) of Cavernoma 
Portugal. The PAG took part in monthly co-applicants’ 
meetings as well as 2-monthly PAG meetings. The PAG 
members defined the aims and responsibilities of the 
group, membership criteria, a shared learning approach 
and the working methods using a partnership-focused 
framework for PPI.61 The PAG helped to identify patient 
networks worldwide. PAG members discussed the role 
of the PAG for the platform RCT as well as what was 
expected from PAG co-coordinators for each nation 
and how to reimburse their work. Members discussed 
a consistent patient-orientated document set, eligibility, 
inclusion, interventions (in particular feelings and 
evidence about antiplatelet agents) and outcomes. 
Cavernoma Alliance UK (CAUK) hosted a Focus Group 
with 10 contributing patients with symptomatic CCM 
to explore their perspectives on three drugs for treating 
CCM and the extent to which these perspectives 
changed when current clinical information was shared. 
The 2-monthly PAG meetings provided an opportunity 
to explore tools for evaluating the impact of PPI 
throughout the proposed research (e.g. https://ceppp.
ca/en/evaluation-toolkit/). Lee and her team from 
Alliance to Cure Cavernous Malformation organised the 
International Alliance to Cure Cavernous Malformation 
Scientific Meeting in Durham, US where the CARE PREP 
group met face to face.

Equality, diversity and inclusion
We sought to identify as many countries as possible with 
the requirements to contribute to an international platform 
RCT (see Table 3), regardless of their geographical location 
and income status, while recognising that MRI needs to be 
available to diagnose CCM (making diagnosis a challenge 
in low-middle income countries with few MRI facilities) 
and not all countries have CCM support groups. For the 
platform RCT, we will invite all eligible people to take part 
regardless of their protected characteristics, adhering to 
the INCLUDE ethnicity framework.

Results

We developed a proposal for ‘Cavernous malformations: 
A Randomised Efficacy MAster Protocol (CARE MAP) 
precision medicine platform study’ and submitted 
a stage 1 application to NIHR EME in May 2023 to 
establish the CARE MAP infrastructure, UK recruitment 
to evaluate aspirin and propranolol, and preparation for 
international extension. We intended CARE MAP to be a 
large, ambitious, master protocol study including a MAMS 
adaptive RCT of the efficacy and safety of targeted drugs 
for symptomatic CCM, including mechanistic studies using 
MRI and blood biomarkers, initiated in the UK and aspiring 
to be international. We chose a MAMS design because it 
efficiently evaluates many drugs and no such RCT exists 
for CCM. MRI and blood biomarkers will provide insight 
into drugs’ mechanisms of action. QSM MRI reflects 
the occurrence and risk of ICH, so we thought that it 
would be a suitable continuous intermediate outcome 
to inform adaptive drug selection.62 We planned to 
compare blood biomarkers and MRI characteristics of the 
symptomatic CCM between randomisation and 1-year 
follow-up to indicate drug effects on thrombosis within 
CCM (signal and volume), haemorrhage within/outside 
CCM (signal, volume and mean magnetic susceptibility),  
and angiogenesis (CCM volume and the number of  
genetic CCM) for a MAMS treatment selection design 
(Figure 3).

Timing of CARE MAP
We concluded that our proposed design for CARE MAP 
was needed at the time of application because: targeted 
drugs are a research priority for CCM;1 proof of concept 
existed for several drugs (see below)14 and small parallel 
group RCTs were complete or ongoing (see below); QSM 
MRI seemed a suitable intermediate outcome for CCM 
(see CARE MAP outcomes, below);63 and our NIHR EME 
Acceleration Award had grown a large international 
collaboration of countries committed to joining and 
seeking funding for CARE MAP (see Table 3).

https://ceppp.ca/en/evaluation-toolkit/
https://ceppp.ca/en/evaluation-toolkit/
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Proof of concept
We updated our systematic review5 to 28 April 2023 
during this award, and identified three drugs with 
promising comparative data in humans:

•	 Propranolol: CCM1/2 knockout mice display 
angiogenesis due to altered cadherin distribution and 
Notch inhibition. Propranolol is an anti-angiogenic 
agent, effective for infantile haemangioma.27 
Co-applicant Latini’s Treat_CCM RCT of propranolol 
versus open control in 83 people with genetic 
CCM, involving lead applicant Salman, showed a 
non-significant reduction in ICH/FND (HR 0.43, 
80% CI 0.18 to 0.98), tolerability (95% adherence, 
> 50% tolerating ≥ 40 mg twice daily), and fewer de 
novo CCM (median 4 vs. 5) with propranolol.44 Lead 
applicant Salman’s population-based cohort found 
an association between beta-blocker use and a lower 
risk of ICH/FND from CCM (HR 0.09, 95% CI 0.01 to 
0.66).18

•	 Antithrombotic drugs: The brain endothelium in CCM3 
knockout mice is pro-thrombotic. Antithrombotic 
drug use is less frequent when CCM are diagnosed 
with ICH versus other presentations,32,33,64,65 and 
subsequent antithrombotic drug use (84% antiplatelet, 
16% anticoagulant) was associated with a lower risk of 
ICH/FND in lead applicant Salman’s population-based 

cohort (with adjustment for confounders), in a meta-
analysis [relative risk (RR) 0.25, 95% CI 0.13 to 0.51],43 
and in recent cohorts.31,64

•	 Statins: These pleiotropic drugs rescued the 
cellular phenotype and barrier function in CCM2 
heterozygous mice. A RCT of simvastatin 20–40 mg 
versus open control in 12 participants did not 
show an effect of simvastatin on dynamic contrast-
enhanced MRI permeability of CCM.30 Lead applicant 
Salman’s population-based cohort found a non-
significant association between statin use and a 
lower risk of ICH/FND (HR 0.37, 95% CI 0.01 to 
1.07).18

Trial Register searches
An updated search of World Health Organization 
International Clinical Trials Registry Platform with 
‘cavernous malformation’ on 14 April 2023 found a small 
1 : 1 parallel group of ongoing RCTs:

•	 An academic RCT of atorvastatin has recruited all 80 
participants, who were in follow-up until July 2024.45

•	 A commercial RCT of REC-994 (a free-radical 
scavenger) recruited 62 participants (NCT05085561).

•	 A commercial crossover RCT of rapamycin (a 
mechanistic target of rapamycin kinase inhibitor) 
seeks 20 participants (ChiCTR2100043189).
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FIGURE 3 Cavernous malformations A Randomised Efficacy MAster Protocol precision medicine platform study.
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•	 Two RCTs of propranolol never began (NCT03474614 
and NCT03523650).

CARE MAP clinical objectives

1.	 Initiate the first master protocol platform study for 
CCM.

2.	 Compare propranolol and aspirin to standard care 
using a MAMS platform RCT.

3.	 Pick the most promising drug at interim analysis 
using QSM MRI.

4.	 Test the efficacy and safety of the most promising 
drug.

CARE MAP mechanistic hypotheses

5.	 Thrombosis and inflammation within CCM trigger 
ICH {by comparing change in MRI CCM volume/sig-
nal and plasma biomarkers [interleukin (IL)-1β, IL-6, 
soluble cluster of differentiation 14 (sCD14)14] at 
1 year, and rate of ICH/FND after randomisation to 
aspirin vs. standard care}.

6.	 Propranolol reduces CCM angiogenesis {by com-
paring change in CCM volume and number on MRI 
and plasma biomarkers [vascular endothelial growth 
factor (VEGF), sROBO4] at 1 year after randomisa-
tion to propranolol vs. standard care}.

7.	 People with genetic CCM benefit more from pro-
pranolol than people with sporadic CCM, because of 
its anti-angiogenic effects on CCM formation.

CARE MAP deliverables (by objective/
hypothesis number)
•	 Obtain regulatory approvals for the master protocol 

(1–4).
•	 Activate 27 sites in the UK (1–4).
•	 Recruit 306 adults with symptomatic CCM for an 

interim analysis using MRI after 2 years (3).
•	 Recruit 703 people with CCM in total over 6 years, 

obtain plasma biomarkers to establish mechanism 
of drugs’ effects (5, 6), and follow-up for ≥ 1 year to 
establish efficacy and safety of the selected drug (4).

•	 Seek funding to recruit internationally (1–4).
•	 Investigate precision medicine by genotype (7).
•	 Recruitment study-within-a-trial (SWAT) of video 

information (1–4).

CARE MAP population
Our sites are geographically, ethnically and 
socioeconomically diverse. We will invite all eligible people 
to take part regardless of their protected characteristics, 
adhering to the INCLUDE ethnicity framework and the 
NIHR Race and Equality Framework.

Inclusion criteria: (1) age ≥ 18 years; (2) at least one 
sporadic/familial CCM diagnosed by MRI; (3) CCM 
previously/currently symptomatic from stroke due to ICH, 
FND or epilepsy within 5 years before randomisation; (4) 
symptomatic CCM has not been removed surgically or 
treated with stereotactic radiosurgery; (5) MRI, or a formal 
report, that confirms the CCM diagnosis (and prior ICH, 
if it occurred) available; (6) retained mental capacity; (7) 
informed consent provided. Exclusion criteria: (1) intention 
to treat the symptomatic CCM with surgery or stereotactic 
radiosurgery; (2) MRI intolerance/contraindication; (3) 
known hypersensitivity/contraindication to any study 
drug; (4) already taking a study drug regularly and will not 
discontinue; (5) women who are pregnant, breastfeeding, 
or of childbearing potential and not using contraception; 
(6) unlikely to survive > 1 year; (7) enrolled in another 
drug RCT.

Due to the low anticipated event rate of the efficacy 
outcome, which limits statistical power, we did not plan 
to use an adaptive enrichment design (whereby the target 
population is modified as the RCT evolves).

CARE MAP interventions
We propose two repurposed drugs that are widely 
available in the NHS, based on current proof of concept 
(see above), avoidance of duplication of ongoing RCTs 
(see above), and a 10-patient focus group conducted by 
Cavernoma Alliance UK on 20 April 23:

•	 Propranolol: Oral administration (target dose 80 mg 
twice daily), which was tolerable in the RCT of 
propranolol for genetic CCM44 and should inhibit 
beta-1 adrenergic receptors.17

•	 Aspirin: Oral administration of 75 mg once daily. 
In our meta-analysis of cohorts, 82% used an 
antiplatelet drug (mostly aspirin at this standard 
dose for secondary prevention of thrombotic 
disease), which was associated with a lower risk 
of ICH (RR 0.30, 95% CI 0.15 to 0.62) than no 
antithrombotic drug use.43

•	 Pipeline: We will create a living systematic review 
to identify drugs beyond propranolol, aspirin, and 
statins for repurposing.14 We will consider atorvastatin 
when the ongoing RCT reports as this platform 
study begins.45 We will consolidate our commercial 
partnership (Recursion Pharmaceuticals), and appoint 
an Intervention Prioritisation Committee to decide 
which new drug(s) to add as others are dropped at 
interim analyses.

CARE MAP comparator
Standard care without any of the study drugs.
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CARE MAP outcomes
We decided on the following outcomes based on a process 
of consensus involving reviews of the existing evidence 
about CCM and the opinions of the collaborators and 
the PAG.

Mechanistic
•	 Change in symptomatic CCM on MRI between 

randomisation and 1 year to indicate drug effects 
on thrombosis (signal and volume), haemorrhage 
(signal, volume and mean magnetic susceptibility), 
inflammation (T2/Fluid-attenuated inversion recovery 
signal), and angiogenesis (volume and number in 
genetic CCM).

•	 Change in blood biomarkers between randomisation 
and 1 year will explore the mechanisms of action 
of the drugs on inflammation, thrombosis, and 
angiogenesis (IL-1β, IL-6, sCD14, VEGF and 
sROBO4), and their effect on the predicted 
probability of ICH using a validated model including 
these biomarkers.66

Intermediate

•	 Change in CCM susceptibility on QSM MRI at 1 year, 
and efficacy and safety outcomes. QSM MRI has been 
validated as a quantitative measure of iron deposition 
in CCM using phantoms, ex vivo and in vivo studies at 
multiple sites with different MRI manufacturers (97% 
were useable47). In humans, CCM with prior ICH have 
~10% higher mean susceptibility than CCM without 
prior ICH,54 and CCMs with growth or new ICH show 
a 6–44% increase in mean susceptibility per CCM over 
~1 year.63,67

Efficacy
•	 New symptomatic stroke due to ICH or persistent/

progressive non-haemorrhagic FND due to CCM 
throughout follow-up.

•	 Epilepsy.

Safety

•	 Serious adverse events throughout follow-up.

Effectiveness

•	 Modified Rankin Scale,47 EuroQol-5 Dimensions, 
five-level version,47 and Patient-Reported 
Outcomes Measurement Information System 
(PROMIS)-29,47 to inform us about their likely 
sensitivity to treatment effects and utility in a 
definitive RCT.

CARE MAP risk of bias and randomisation
We will minimise bias with a web-based, concealed, random 
allocation sequence; tenacious clinical follow-up and 
assiduous attention to quality control of MRI acquisition; 
outcome adjudication blinded to treatment allocation; 
and complete outcome reporting. Randomisation will 
assign participants 1 : 1 : 1 to standard care, aspirin or 
propranolol, stratified by the two predictors of the efficacy 
outcome [CCM location (brainstem vs. other) and prior 
ICH (yes vs. no)].5

CARE MAP statistical methods

Design
Three-arm, two-stage MAMS adaptive treatment 
selection design.

Sample size
Derived by co-applicant Parker using 5000 trials simulated 
in R (The R Foundation for Statistical Computing, Vienna, 
Austria) and nQuery v8.0 (Statistical Solutions, Saugus, 
MA, USA). nQuery v8.0 software was used to determine 
sample size and power for the interim analysis (based on 
the intermediate continuous outcome, change in CCM 
susceptibility on QSM MRI) and a simulation approach 
(using R software) was implemented for the survival 
outcome of time until first ICH/FND. The reason for 
using a simulation method for the ICH/FND outcome 
was to consider additional complexity involving changes 
to ICH/FND rates over the duration of follow-up and 
changes in recruitment rates over time; it was not possible 
to incorporate these elements into standard software 
such as nQuery.

We chose an intervention effect of 20% absolute 
difference in mean change in CCM susceptibility on 
QSM MRI as the intermediate outcome because this 
difference was deemed to be both clinically relevant and 
realistic by the collaboration, existing studies of QSM MRI, 
and the ongoing Atorvastatin Treatment of Cavernous 
Angiomas With Symptomatic Haemorrhage Exploratory 
Proof of Concept (AT CASH EPOC) RCT.45 We chose an 
intervention effect of HR 0.35 on the efficacy outcome of 
time to first ICH/FND, which was conservative compared 
with the association between antithrombotic agents and 
lower risk of ICH/FND in our meta-analysis.43

Stage 1
The continuation criterion for each drug will be a 
statistically significant (one-sided 20% alpha) improvement 
over standard care in the mean reduction in MRI 
susceptibility between baseline and 1 year. By trial month 
33, 447 participants will have been randomised 1 : 1 : 1 
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to standard care, aspirin or propranolol and 383 will have 
reached 1-year follow-up. A conservative estimate of 20% 
attrition due to missing/failed acquisition of MRI gives 
an interim analysis sample size of 306 (102 per group). 
This provides 92% power to detect a 20% absolute 
difference in mean change in MRI susceptibility, assuming 
a standard deviation of 61% (data from an ongoing RCT; 
NCT02603328), ≤ 5% non-adherence to allocated drug 
and a two-group t-test. If both drugs meet the continuation 
criterion, the Data Monitoring Committee will select one 
drug to continue based on a holistic consideration of 
mechanistic, efficacy and safety outcomes. If neither drug 
meets the criterion, both would be dropped from the trial 
and drug(s) identified by the Intervention Prioritisation 
Committee would be added to the platform.

Stage 2
If one drug is selected, a further 256 participants will 
be randomised 1 : 1 to standard care or the selected 
drug (n = 277 per group in total). We estimate that 6% 
of participants will record an efficacy outcome of ICH 
or FND during follow-up in the standard care group 
(annual rate 4% per year after incident CCM diagnosis), 
based on their expected risk factor profile and the time 
between their most recent symptomatic presentation 
and randomisation.5 Assuming 5% attrition in clinical 
follow-up, ≤ 5% non-adherence to treatment and a two-
sided 5% significance level, simulations showed that 703 
participants will provide 91% power to detect a HR of 
0.35 on the efficacy outcome (or 85% power for a HR of 
0.40), analysing by Cox proportional hazards (PH) model 
adjusting for recruitment stage and stratification criteria.

Analysis
Stage 1: We will analyse the intermediate outcome 
using a linear model, adjusting for the stratification 
variables and including a factor for randomised 
treatment. Stage 2: Cox Proportional Hazards model, 
adjusting for recruitment stage and stratification 
variables. Efficacy versus standard care reported as HR 
(95% CI). Mechanistic: We will explore heterogeneity of 
treatment effect by predicted risk using the stratification 
criteria, and according to genetic versus sporadic CCM, 
by testing for the interaction term in the Cox model. 
Since statistical power will be much lower for these 
interaction tests (approximately 42% to detect an HR 
of 0.35 for the sporadic vs. genetic CCM interaction 
test), we would interpret results (especially non-
significant findings) with great caution and consider any 
observed effects as exploratory only. The relationship  
between the effect of randomised treatment on efficacy 
outcome and plasma biomarker change at 1 year 
will be assessed using mixed models for surrogate 
outcome evaluation.68

CARE MAP recruitment plan
Investigators at 27 NIHR HTA CARE pilot trial sites will 
recruit participants in inpatient/outpatient settings. Of 
the 160 people newly diagnosed with symptomatic CCM 
in the UK annually, 80% (n = 128) are not treated with 
neurosurgery or stereotactic radiosurgery.69 We expect 
50% to participate, for a recruitment rate of ~64 per year. 
We will enrol patients who were first diagnosed in the 
5 years preceding the start of recruitment (n = 320) and 
incident patients during 6 years of recruitment (n = 383) 
for a total of 703 participants. Feasibility of recruitment 
is ensured by: engagement of the patient community by 
Cavernoma Alliance UK by PPI co-applicant Evans (> 3500 
registered members) as we have done in the CARE pilot 
trial; identifying patients by screening clinical databases 
as sites did in the CARE pilot trial; broad inclusion criteria; 
low screen failure rates (due to infrequency of use of the 
two drugs); low anticipated attrition; and an extensive 
international collaboration (see Table 3) that could ensure 
or accelerate recruitment to target.

CARE MAP timeline (by month)
0–9: regulatory approvals, contracts, investigator training, 

initiate first site and SWAT
10–33: site set-up and recruitment
15: progression criteria (set-up and recruitment)
27: progression criteria (recruitment and international 

funding)
33: interim analysis of MAMS RCT and SWAT; assess 

drug pipeline and prioritise next drug(s)
34–81: complete recruitment
82: seek funding for new drug(s) to be added to the 

platform
82–93: complete follow-up
94–99: complete, analyse and disseminate aspirin/pro-

pranolol RCT; continue RCT with new drug(s)

CARE MAP study within a trial
Platform studies are complex, which might discourage 
potential participants, but an intervention to improve 
their understanding might increase recruitment. 
Interview-style videos improve participant 
understanding and satisfaction,70 but no such SWAT in 
a platform study is in the SWAT Repository Store, so we 
will do a RCT of a video to improve understanding and 
recruitment to CARE MAP to generate generalisable 
learning about an efficient solution to a challenge of 
platform studies.

CARE MAP budget
The total budget was £5,320,242.12 research costs, 
£303,506.40 NHS support costs and £39,114.00 NHS 
excess treatment costs for a 99-month trial. The budget 
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covered central platform RCT set-up costs as well as 
activities at sites. We used the Schedule of Events Cost 
Attribution Tool for non-commercial research studies in 
the four UK nations to establish site-level costs and full 
costs per patient for a three-arm RCT in the UK. A key 
consideration for the budget estimation was the drug cost. 
We concluded that an open design would offer the best 
trade-off between cost and risk of bias; placebo control 
would increase research costs by ~£1.5 m. We considered 
the cost of drug accountability and compliance as well as 
shipment to participants. To enhance drug adherence and 
study retention, text message reminders were included. 
We costed QSM MRI and blood biomarkers. The MRI 
management budget included central scan management 
costs, and sites’ radiology set-up costs to make sure 
compatibility with the imaging protocol as we all scan costs 
per participant at baseline and 1 year for interim analysis. 
The blood biomarker budget included DNA and plasma 
biomarker samples. The Edinburgh Clinical Trials Unit 
estimated trial management costs including staff salaries 
as well as study documents, database, archiving and 
consumables, subsistence for Trial Steering Committee, 
Data Monitoring Committee, PPI members and travel 
reimbursement for participants and staff.

A platform study will be an efficient foundation for 
a perpetual MAMS RCT (i.e. cheaper than separate 
parallel-group RCTs) of drugs to improve the outcome 
for people with this rare disease, who often have jobs, 
caring responsibilities and affected relatives.4,71 Aspirin 
and propranolol are cheap drugs that are widely available; 
understanding their mechanism of action and efficacy 
will help prioritise therapeutic targets. Using QSM MRI 
as an early biomarker of drug effects reduces costs and 
accelerates drug discovery. We developed a budget for 
the platform infrastructure and costs of a MAMS RCT in 
the UK informed by experience.72,73 The budget includes 
central costs of international coordination, which will be 
needed only if collaborators leverage international funding 
by the 2-year progression assessment.

Discussion

Following the submission of a stage 1 application to 
NIHR EME for CARE MAP on 3 May 2023, which had 
been informed by the development work in this CARE 
PREP NIHR EME Application Acceleration Award, the 
NIHR EME Funding Committee informed us that our 
outline application would not be invited to stage 2 
on 21 July 2023, but they encouraged us to resubmit 
an outline application addressing their feedback (see 
Limitations below).

Lessons learnt
We found that an Application Acceleration Award was 
invaluable for growing collaboration and refining the 
experimental design for an ambitious, international, 
precision medicine platform trial for a rare design, with 
extensive PPI involvement. Having a clear project plan 
and deadline for a stage 1 submission provided a focus to 
accelerate the development of the proposal.

Patient and public involvement
The PAG were invaluable for: scoping recruitment 
networks; representing the patient/carer perspective 
when considering RCT design; recommending how to 
maximise equality, diversity and inclusion; confirming 
that a platform RCT is what patients and carers want; and 
identifying PPI networks to support a platform RCT. We 
achieved consensus about the design of CARE MAP in 
the time frame of the award. The PAG members worked 
effectively and independently, which was aided by their 
lived experience of PPI in other projects.

Limitations
The NIHR EME Funding Committee’s feedback was that 
the Funding Committee:

1.	 Would have required further justification for use of 
QSM MRI as an outcome measure. We have iden-
tified further biomarker validation work supporting 
QSM MRI as an intermediate outcome measure,74 
Furthermore, we plan to add other, simpler interme-
diate outcomes to inform the treatment selection 
(CCM size on MRI and the frequency of the efficacy 
outcomes, above).

2.	 Would have suggested that further biomarker 
validation work was required before proceeding to 
a platform trial. Work validating QSM MRI as an 
intermediate outcome in RCTs of drugs for CCM is 
ongoing in the AT CASH EPOC trial.45

3.	 Would have required further information on the 
pipeline of interventions, including how many are 
known, how novel interventions would be identified 
and how they would be prioritised during the interim 
analysis. From the information provided, the commit-
tee was not convinced that there would be sufficient 
candidates available to justify a platform design on 
this topic at this time. There is an extensive pipeline 
of drugs for CCM, documented in a range of recent 
publications using a variety of approaches to repur-
posing drugs.13,14,39,41,75

4.	 Would have suggested that consideration was 
given to weighting randomisation in favour of 
the invention arms or using historical controls 
to overcome the issue of recruitment in this rare 
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disease. The statisticians who are co-designing 
CARE MAP with us confirmed in simulations that 
weighting the randomisation ratio would not im-
prove power.

5.	 Would have required further consideration of how 
any changes in standard of care during the proposed 
platform trial would have affected results. We con-
firm that the comparator will be standard care that is 
contemporaneous with the intervention if there is a 
change over time (e.g. if drug interventions become 
part of standard care), so we plan to monitor stan-
dard care and document any changes over time for 
consideration in analyses.

6.	 Would have required clarification of the expected 
rate of efficacy outcome predicted in the standard 
of care arm and the reason for the stated dispar-
ity during the follow-up period versus the annual 
rate. We estimated that 3% of participants would 
experience an efficacy outcome during follow-up in 
the standard care group, based on their expected 
risk factor profile and the time between their most 
recent symptomatic presentation and randomisa-
tion.5

7.	 Would have suggested that a greater emphasis on 
Precision Medicine would have been desirable to 
fit the call brief. We have described our precision 
medicine approach by genotype and mechanism of 
action, but we do not have sufficient evidence to 
justify alternative or additional precision medicine 
approaches for CCM.

8.	 Would have suggested further work to engage and 
support early career researchers was required. We 
asked all international collaborators to identify early 
career researchers who could become involved, and 
would seek to do so if funded, but there was insuffi-
cient space to explain this in the application.

9.	 Would have required further reassurance that the 
international partners were fully committed to sup-
porting this application. The international collabo-
rators we describe above are fully committed, but 
there was insufficient space to explain this in the 
application.

The Funding Committee stated,

If you can respond to the above feedback, we would 
encourage you to re-apply to the EME Researcher 
Led call with a new Stage 1 application. In any future 
application, please consider whether your question is 
best answered as a platform, or another study design. 
Please also note that the other constraints of the 
previous call brief, specifically the need for precision 

medicine and international collaboration, would not be 
essential for a Researcher-led application, although this 
can still be included as appropriate.

Future research
We will resubmit CARE MAP for funding to NIHR EME 
having addressed these limitations.

Conclusions

Key learning points
We have benefited from co-development and 
co-design of a MAMS platform RCT with extensive PPI 
involvement, including identification of international 
patient support networks, support for a platform RCT 
design, and discussion about the initial interventions in 
PAG meetings and focus groups with patients and carers. 
The availability of suitable intermediate phenotypes/
outcomes remains a challenge, because evidence of 
their surrogacy for outcome prediction and treatment 
effect is often imperfect,76 especially in rare diseases 
like CCM. International collaboration will be essential 
to delivering a platform RCT for CCM in a conventional 
grant duration, but multiagency funding will always be 
a challenge.

What this adds to existing knowledge
According to our Trial Register searches, CARE MAP 
remains the only known proposal for a platform RCT of 
drugs for CCM. We have identified some uncertainties 
that can inform future research, such as studies of 
validation and surrogacy of biomarkers and intermediate 
phenotype/outcomes. A platform RCT, and not just a 
MAMS RCT, is desirable for the international clinical and 
patient community, and would be an efficient approach to 
identifying an effective drug for CCM.
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