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TITLE: UK TBI-REpository and data PORTal Enabling discoveRy (TBI-REPORTER) 
 

AIM: We propose to develop TBI-REPORTER as a platform to support and accelerate collaborative 
research in TBI through development of a national TBI Data Hub and Biomarker Resource, and 
creation of an Experimental Medicine Network supporting early translational research through 
collaboration between academic and industrial partners (Fig 1). 

 

IMPORTANCE Despite improvements in mortality, functional outcomes from traumatic brain injury 
(TBI) remain unsatisfactory. Death or disability is seen in nearly half of the patients who are admitted 
to an ICU, and half of patients with mild TBI showing incomplete recovery at six months1. Further, 
TBI can result in progressive pathology2,3, and possibly accelerate late neurodegeneration3,4, but 
these long-term outcomes are difficult to address in conventional research studies5.  
 

While protocol driven management in specialist centres provides benefit for more severely injured 
patients, therapies are not mechanistically based, deployed across entire patient populations, take 
no account of TBI heterogeneity, and make no attempt to personalise interventions based on disease 
mechanisms in individuals. Indeed, such poorly targeted therapy may be an important reason why 
promising preclinical results has failed to translate to effective treatments, and an expensive series 
of failed drug trials has resulted in pharma industry largely disengaging from TBI drug development.  
 

The urgent need for better treatments for TBI requires re-engagement of industry based on new 
models for drug development1,6,7. Large observational studies in the International Traumatic Brain 
Injury Research (InTBIR) initiative have provided new data on clinical and outcome characterisation, 
blood biomarkers, and advanced neuroimaging, extensively reviewed in the recent Lancet Neurology 
Commission on TBI1. These advances allow better characterisation of patients, identification of 
patient subsets for more precise application of mechanistically driven therapies, and intermediate 
endpoints for early-stage trials that could de-risk drug development pathways6. Further, linkage of 
data from large research initiatives and routine clinical care could reduce research costs and record 
long term outcomes over years and decades. Finally, the UK biomedical community has an excellent 
track record in TBI research, extended through development of centres with particular expertise in 
experimental medicine, which focuses on pathophysiology and early assessment of the mechanistic 
efficacy of new drugs. Particular opportunities exist to repurpose compounds that are being used to 
treat neuroinflammation and neurodegeneration, since these mechanisms are common to TBI.  
 

Discussion with academic and industry partners confirms that these UK TBI research strengths can 
advance development of diagnostic and therapeutic interventions, thus promoting personalised 
treatment. Our multi-disciplinary, multi-centre consortium of globally leading UK investigators will 
address this timely opportunity across the TBI severity spectrum in a range of patient cohorts. We 
will integrate these efforts with similar initiatives in InTBIR, including the TED project in the USA6. 
 

SCIENTIFIC POTENTIAL 
People and track record: TBI-REPORTER is a multidisciplinary, multi-centre, UK-wide, national 
collaboration of over 50 investigators with demonstrable, field leading experience in: 
epidemiology and cohort management; informatics, record linkage and database interoperability; 
cognitive and behavioural testing; imaging; biomarker science; genetic risk factors and their analysis; 
neuropathology, neurosurgery, emergency medicine and neurology research; human physiology, 
vascular, metabolic and immunological studies; models of human disease; target validation; and 
experimental medicine. Accompanying CVs provide full details of our investigator team. 

Figure 1: TBI-REPORTER Program overview 

https://intbir.incf.org/
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Executive Committee: Prof David K Menon (Principal Investigator), MD, PhD, FRCP, FRCA, 
FFICM, FMedSci; Section Lead PACE, Department of Medicine, PI in the Wolfson Brain Imaging 
Centre, and Co-Chair, Acute Brain Injury Programme, University of Cambridge. He is a global leader 
in clinical TBI research, has jointly led two Lancet Neurology Commissions on TBI (2017, 2022); He 
Chairs the European Brain Injury Consortium, jointly co-ordinated the CENTER TBI study, and is Joint 
Lead of InTBIR; Prof Peter J Hutchinson (Co-PI), MBBS, PhD, FRCS, FMedSci. NIHR Senior 
Investigator, Director of the NIHR Brain Injury Medtech Co-operative and NIHR Global Health 
Research Group on Acquired Brain and Spine Injury at the University of Cambridge and Honorary 
Consultant Neurosurgeon at Addenbrooke's Hospital. Research interests include traumatic brain 
injury (CI multicentre RCTs, neuro-monitoring in ITU, and functional brain imaging); Prof Fiona 
Lecky, (Co-PI). MBChB, FRCS, DA, MSc, PhD, FRCEM. Clinical Professor of Emergency Medicine 
at the University of Sheffield, Honorary Chair at the University of Manchester and Honorary 
Consultant Emergency Physician at Salford Royal Hospital Northern Care Alliance NHS Foundation 
Trust. She is Research Director of the Trauma Audit and Research Network (TARN), CENTER TBI 

investigator and is Topic Adviser for the 2023 NICE Head Injury Guideline; Prof David J Sharp (Co-
PI), BA, MD, PhD, MRCP. Honorary Consultant Neurologist (Imperial NHS Trust). Director of the UK 
Dementia Research Institute Care Research & Technology Centre and the Imperial College Clinical 
Imaging Facility. Leads multiple TBI programmes including BioAx/CREACTIVE, ADVANCE TBI (UK 
military veteran study) and the Advanced Brain Health Clinic (retired professional athletes); Prof 
William Stewart (Co-PI), MBChB, PhD, DipFMS, FRCPath, FRCPEdin. Consultant 
Neuropathologist (NHS Greater Glasgow and Clyde) and Honorary Professor (University of Glasgow 
and University of Pennsylvania) and leads the international, NINDS supported CONNECT-TBI 
neuropathology program in addition to multiple collaborative research programmes exploring TBI 
outcomes, including PREVENT Dementia TBI studies (BrainHOPE; RFC; IPV) and the FIELD 
studies; Prof Simon Thompson, University of Swansea, SERP (Co-PI), BSc, Chief Technology 
Officer at  Secure eResearch Platform (SeRP);Professor of 
Health Informatics at Swansea University. Systems architect 
with many years' NHS and academic experience; Deputy 
Associate Director, DPUK, with a key role in the ongoing 
development of the DPUK Data Portal. 
 

Environment: Our proposal unites the experience and 
infrastructure of 19 field leading institutions distributed 
across the UK. TBI-REPORTER provides opportunities for 
recruitment to advanced research programmes from 
individuals characteristic of the ethnic diversity of the UK 
population and representing the broadest socioeconomic 
backgrounds. Among our participating centres we have 
existing, established facilities to support all activities detailed 
in this proposal, including: secure data storage and 
processing; high resolution ITU monitoring; advanced 
neuroimaging, including participation from multiple UK7T and 
PET Network sites; field leading fluid biomarkers science; 
genomics; injury biomechanics; clinical research facilities; 
brain and tissue banking repositories; and digital data.  
 

RESEARCH PLANS 
(1) The TBI-REPORTER Data Hub will build on our collaboration’s substantial and demonstrable 
experience in epidemiology, cohort management, informatics, record linkage research, and 
database interoperability, to collate and make discoverable existing and future research and health 
records’ datasets of relevance to TBI. It will include data of varying complexity, from demographics 
to high resolution ICU data and advanced neuroimaging. Data will be captured across the patient 
journey, ranging from pre-injury, primary care records to lifelong outcomes and health resource 
utilisation. To achieve this, our Data Hub will be established as a dedicated, theme specific node 
within the highly successful Dementias Platform UK (DPUK) Data Portal, which operates within 
the UK Secure eResearch Platform (UKSeRP) housed at Swansea University8. The integrated DP 
UK research repository provides global access to high-quality, multi-modal data from 60 population 
and clinical cohort studies, comprising over 3.5 million individuals. Available data mirror those 

Figure 2: Participating centres 

https://www.center-tbi.eu/
https://www.brainmic.nihr.ac.uk/
https://www.nihr.ac.uk/explore-nihr/funding-programmes/global-health-research-groups.htm
https://www.nihr.ac.uk/explore-nihr/funding-programmes/global-health-research-groups.htm
https://www.tarn.ac.uk/
http://creactive.marionegri.it/
https://www.advancestudydmrc.org.uk/
https://iseh.co.uk/patients/clinical-services/advanced-brain-health-clinic-london
https://connect-tbi.med.upenn.edu/
https://preventdementia.co.uk/prevent-sports/
https://gbirg.inp.gla.ac.uk/the-field-study/
https://gbirg.inp.gla.ac.uk/the-field-study/
https://serp.ac.uk/
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intended for inclusion in the TBI-REPORTER Data Hub, such as sociodemographic, lifestyle and 
clinical information, cognitive test results, neuroimaging, and biological data (including genetics). 
Further, the DPUK platform provides an extant, fully auditable, remote access ‘sandbox’ trusted 
research environment (TRE) facilitating data analysis via a virtual desktop (VMWare). This includes 
multiple statistical and data management packages (including multi-omic and raw scan processing) 
alongside the capability to integrate bespoke analysis tools. Since its launch in 2017, DPUK has 
processed over 340 applications from investigators in 40 countries generating >1250 data requests.  
 

Our proposal leverages the considerable experience and existing infrastructure of DPUK to 
establish the TBI-REPORTER Data Hub as a field leading, secure data repository and 
integrated TRE. By incorporation within DPUK, TBI-REPORTER will create an open and globally 
accessible environment to accelerate TBI research at relatively low cost with: a) economies of shared 
storage of very large data sources (e.g. raw imaging; genetics); b) confidence that the project will be 
embedded within the high-quality, demonstrably effective DPUK infrastructure (e.g. VMWare; 
existing data management permissions); c) rapid, relatively easy access to multi-modal test and 
replication data for investigators; d) acceleration of science via community cataloguing of analysis 
scripts; promoting open, transparent science; e) integration and discoverability of all clinical and 
biomarker datasets across TBI-REPORTER, including from the Experimental Medicine Platform.  
 

Importantly, TBI-REPORTER will work 
closely with Health Data Research UK 
(HDR UK) to maximise the Data Hub’s 
potential as a field leading, global 
research resource. Through directly 
allocated funds, HDR UK will provide TBI-
REPORTER with access to tools, best 
practice resources and expertise, to 
support efficient set up and ‘day-to-day’ 
delivery of the Data Hub. In parallel, we will 
work with HDR UK to upload metadata into 
the HDR Innovation Gateway (to support 
data discovery), connect data to the cohort 
discovery tool (facilitating aggregate level 
dynamic searches), and trial the technical 
solutions HDR UK provides, including those 
for data access requests.  We will use HDR 
UK communication and dissemination 
channels to promote and market TBI-
REPORTER services to potential users, 
and work with HDR UK to collaborate with 
other Hubs, participating through 
participation in Hub-focused events. 
Through HDR UK we will also join the UK 
Health Data Research Alliance - an 
environment for national data custodians to 
develop and share best practices in trusted 
data sharing at scale. 
 

(a) Data sources: At inception, our priority 
will be incorporation of existing TBI and 
wider relevant research datasets. These datasets represent the broadest UK population and span 
all injury severities and ages of injury across the lifespan, from children to older individuals. 
Furthermore, they include a wide range of injury exposures, including military, sport, road 
traffic accidents and intimate partner violence (Table 1 & exemplar publications9-12). In addition 
to research datasets, the Data Hub will incorporate datasets derived from clinical care of patients 
with TBI (e.g. Paediatric Intensive care Audit Network (PICANet); Trauma Audit and Research 
Network (TARN); Intensive Care National Audit and Research Centre (ICNARC); UK Rehabilitation 
Outcomes Collaborative (UK ROC)) and datasets from TBI clinical trials (CENTER-TBI, CREACTIVE 
and RESCUE-ICP). In addition, broader research cohort and general population datasets of 

Table 1: Proposed existing research cohorts for inclusion in 
TBI-REPORTER Data Hub 

https://www.hdruk.ac.uk/about-us/who-we-are/
https://www.picanet.org.uk/
https://www.tarn.ac.uk/
https://www.icnarc.org/
https://www.ukroc.org/
https://www.center-tbi.eu/
http://creactive.marionegri.it/
https://www.nejm.org/doi/full/10.1056/nejmoa1605215
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relevance to studies in TBI and outcomes will be pursued, many of which already exist within the 
DPUK environment. The Data Hub will also collate information on biomarkers availability among 
participating centres to generate a centralised, discoverable dataset of research materials linked to 
access and approval processes for investigators under our Biomarker Resource. Finally, in line 
with guidelines for data acquisition, quality and curation for observational research designs 
(DAQCORD13) and informed by international standards in TBI research, including The National 
Institutes of Health (US) Common Data Elements for TBI, the Data Hub will create the protocols and 
environment for incorporation of prospective data, including data collected by our Experimental 
Medicine Network.  
 

(b) Types of data: The Data Hub will be responsible for the long-term management and coordination 
of expert curation and harmonization of secondary data sources. Responsibility for future and 
prospective primary data collection will remain with investigators, guided by standards for data 
acquisition in TBI which will be defined by the Data Hub under this program of activity.  A variety of 
phenotypic and genetic quantitative data formats will be collated including: sociodemographic (e.g. 
age; sex), medical and anthropometric; TBI-specific; electronic health records (administrative, 
clinical, comorbidities etc.); bioinformatic (including blood/urine biomarkers, DNA, ‘omics data); and 
imaging (MR, PET; including raw unprocessed and derived phenotypes where relevant). Data will 
be curated into databases structured in accordance with data type and sampling frequency and will 
be from varying cohorts and designs (including general population, clinical, genetics), integrating 
research and NHS data accessed from a range of sources, from individual hospital trusts, regional 
NHS Secure Data Environments, and national NHS data repositories (NHS Digital, EDRIS, SAIL).  
 

(c) Data management, 
documentation and 
curation (Fig 3): Datasets 
incorporated into the TBI-
REPORTER Data Hub will 
be stored and managed 
within UKSeRP, on servers 
at Swansea University. On 
completion of a Data 
Transfer Agreement 
between the Research 
Cohort (data provider) and 
Swansea University, data 
upload instructions will be 
sent to the data provider 
permitting datasets to be 
transferred to the Data Hub 
alongside the matching data 
dictionary. Following this, an 
expert panel of TBI-
REPORTER investigators 
will work with the Research 
Cohort to curate datasets to 
domain appropriate common 
data models (currently C-Surv in DPUK14) and reflecting ongoing, NIH led, international efforts 
defining TBI common data elements15; ensuring datasets harmonization to facilitate data discovery.  
 

For imaging data there will be an option of uploading via XNAT (mainly used for DICOM files and if 
the data is already stored in an instance of XNAT) or via secure file transfer protocol (SFTP). Data 
will then be transferred to a Simple Storage Service (S3) data lake. If required, imaging data will be 
defaced, and copies of original and defaced files stored. Investigators will only be supplied defaced 
images, unless justification for access to faced images is provided and the data provider has given 
specific permission. MRI data will be BIDS formatted and investigators will be able to select native 
or BIDS formatted data. For genomics, data will be uploaded to the servers via SFTP. DPUK provides 
support for all genomic file structures including VCF, GWAS, sequencing data etc. A bespoke upload 
for high-resolution physiological data (e.g. in HDF-5 format16) will be developed. Once the data have 

Figure 3: Overview of interaction between Research Cohort, TBI-REPORTER and 
Investigators outlining process from data inclusion in the Hub to analysis.  
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been uploaded to the servers they will be transferred to an S3 data lake. The data lake is accessible 
to investigators within the virtual desktop environment. Investigators are provisioned a project S3 
bucket and all analyses and results can be stored within the data lake. 
 

(d) Data security and confidentiality of potentially disclosive information: Data security will be 
a priority for the Data Hub. DPUK operates within the UKSeRP environment according to ISO 27001 
and operates exclusively as a data processor according to the UK Data Protection Act 2018 and EU 
General Data Protection Regulation 2016, with these same conditions holding for the proposed TBI-
REPORTER Data Hub. In line with DPUK practice, two-factor authentication will be required to 
access approved datasets held within the Data Hub. Furthermore, removal of raw data from the Data 
Hub TRE will be prohibited, with only approved, derived data (e.g. tables, graphs, or scripts) 
exportable via airlock. Investigators will derive variations of existing phenotypic and genetic data in 
cohorts. As an obligation, therefore, we will request that investigators return analysis scripts, 
including guidance, for archiving in the Data Hub. These will then be made publicly available and 
visible to wider investigators in a similar practice to that of UK Biobank.  
 

(e) Data sharing and access: Ensuring Data Hub contents are discoverable and researcher 
accessible is a primary goal for TBI-REPORTER. This will be achieved through: 
(i) TBI-REPORTER website Within the first 6 months of the start date, we will create a program 
specific website, within the DPUK environment. In addition to information on background to the 
program and the investigator team, the website will support multiple Data Hub purposes, including 
data discovery, which will be accessible through multiple, layered means, mirroring DPUK practices.   
At highest level, the Data Hub Matrix will allow comparison of data availability for each cohort. 
Thereafter the Data Hub Directory support data enquiries across cohorts using defined metadata 
categories. Finally, the Data Hub Explorer will permit feasibility analyses through access to a set of 
harmonized variables across cohorts.  
 

(ii) Health Data Research UK (HDRUK) collaboration the TBI-REPORTER Data Hub will also 
benefit from our collaboration with HDR UK, who will provide access to and manage a metadata 
discovery service for the Data Hub, allowing uploaded of metadata in a standardised format for 
discovery by external users via the Gateway. We will also work with HDR UK to develop bespoke 
gateway arrangements to access and manage a cohort discovery search tool, providing investigators 
with aggregated count data from multiple data sources. HDR UK will also provide access to their 
communications and dissemination channels to promote the data services offered by the Data Hub. 
 

TBI-REPORTER will operate as a data processor under the terms of the UK Data Protection Act 
2018 and EU General Data Protection Regulation 2016, with the data controller remaining the 
principal investigator for the Research Cohort. As such, data access remains in the authority of the 
data controller, with TBI-REPORTER providing a portal through which data access is coordinated 
and facilitated. In most instances, we envisage this process will be by means of a single Data Access 
Application (DAAp) form submitted to the Data Hub, which will then be directed to the appropriate 
data controllers for review. However, due to individual research governance requirements there may 
be some circumstances where cohort specific applications are required, in which case the Data Hub 
can facilitate the access request with the cohort. The DAAp and review processes will be designed 
on a ‘fail-fast’ principle to promote rapid and transparent decision processing.  Where data access 
is approved by a Research Cohort a data access agreement will be completed by the Investigator, 
which will then permit access to requested data.  
 

UKSeRP has recently been part of two winning Data and Analytics Research Environments (DARE) 
UK bids to develop federated data access methods, which will be developed within the first year of 
this proposal and will build systems to enable federation between data centres. As a hub within 
DPUK, TBI-Reporter will automatically access any technology emerging from these, and benefit from 
federated access to TBI-data across repositories. 
 

(f) Data analysis environment and access costs: Once access is approved, the agreed dataset 
will be moved to a VMware based personal workstation preloaded with a range of generic and 
specialist software packages. A standard desktop will be enabled for investigators working with 
standard phenotypic datasets, with facility to provide larger desktops and high-performance 
computing for large-scale multi-modal analyses such as omics and imaging analyses, and for 
processing-heavy predictive modelling/machine learning methods (e.g. deep neural network models) 
as required. Elastic storage will be provisioned according to the study requirements. For the 
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overwhelming majority of Research Cohorts, we anticipate no data access costs will be charged to 
Investigators. Similarly, TBI-REPORTER will provide access to the standard desktop and data 
storage at no cost to the Investigator. Non-standard desktop and/or data storage requirements may 
be subject to charges, agreed at study planning. 
 

(g) Responsibilities: Progress towards Data Hub deliverables will be reviewed during project 
governance meetings and overseen by the Executive Committee, with direct management of the 
activities to meet these deliverables the responsibility of the Data Hub Coordinating Committee, 
which will include REPORTER co-investigators representing research datasets for inclusion and 
DPUK. Metadata generation from individual Research Cohorts will be undertaken by named 
REPORTER research staff responsible for Data Hub activities, in collaboration with the Data 
Controller for each cohort and overseen by the Data Hub Coordinating Committee. Similarly, these 
same staff will conduct quality assurance checks on data received by the Data Hub, with 
responsibility for primary quality assurance remaining with the Research Cohort.  
 

(h) Data Hub proof of concept studies: 
(i) Identifying modifiers of lifelong outcome in individuals 
with TBI For many patients, TBI can lead to lifelong and 
evolving health consequences associated with significant 
morbidity and mortality. Adverse health outcomes among 
long-term survivors of TBI include not only neurodegenerative 
diseases (NDD), but a wide range of conditions, many of which 
are independent risk factors for NDD17. In pursuit of strategies 
to identify patients most at risk of NDD following TBI, there is 
a need to better understand the interactions between TBI 
history, associated general and mental health outcomes and 
NDD risk. Aim: To identify modifiers of NDD outcome in 
individuals with TBI compared to a general population 
comparison group with no history of TBI.  Method: The project will utilise TBI-REPORTER Data Hub 
via integration of multiple forms of data on ~3.5 million participants. The main dependent variables 
will be dementia, depression, age at death, cross-sectional cognitive impairment and cognitive 
decline based on neuropsychological testing. The experimental units will be between-group 
differences in age, cognitive score and decline (expressed with betas) and disease diagnosis 
(odds/hazard ratios). The main exposure is baseline/historic TBI (vs. not). Modifiers will be APOE e4 
allele presence, lifestyle (smoking; alcohol; sedentary behaviour), sleep (duration; quality; apnoea), 
and demographics (sex; age at injury; ethnicity). The data sources are existing cohorts (Fig. 4), all 
of which have data on TBI as either ICD-9/10 coded, self-report or specific trauma inventories.  

(ii) Using national registries for prospective recruitment to a Phase III Adaptive Trial Platform: 
The Trauma Audit and Research Network (TARN registers ~70 000 TBIs/year), and the ICNARC 
Case Mix Program registers ~3000 critically ill TBI patients/year, and provide substrates for data 
linkage for long-term outcomes.  These programs also leverage NHS pathways for cost-effective trial 
organisation and delivery, and have provided the basis for TBI studies18 19. ICNARC provided UK 
infrastructure for the successful REMAP-CAP platform trials in COVID-19 and has been selected as 
the platform for NIHR influenza studies. This experience, and that from our other TBI trials, motivates 
a similar initiative for TBI.  While establishing such a platform is beyond the funding and intent of this 
call, our consortium provides a perfect planning context. A workshop in Year 2 of TBI-REPORTER 
will engage key stakeholders (including appropriate statistical input) to develop protocol and 
funding application for an Adaptive Clinical Trial in TBI (ACT-TBI) platform.  This initiative will 
partner similar efforts in the TED initiative,6 and in EU and Canada, which involve our PIs. 
 

(2) The TBI-REPORTER Biomarker Resource is designed to be a globally accessible, world- 
leading repository, to support studies identifying and validating biomarkers with relevance 
for diagnosis, management, and drug development in patients with TBI and related lifelong 
outcomes. We aim not only to provide robust solutions for state-of-the-art data and sample 
collection and banking, but also explore novel options to pre-empt developments and needs that 
emerge during the project lifetime.  

Figure 4: Data Hub proof of concept study 
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Our proposal leverages the considerable experience and infrastructure within our collaboration to 
create a secure, networked archive of biomarker data and materials discoverable and accessible via 
our Data Hub, in each of four domains. These are: a) biosamples; b) imaging; c) digital data; and d) 
outcome data (Fig. 5). Further, we will establish best practice to standardize biomarker collection 
with protocols embedded in the Experimental Medicine Network, facilitating harmonized outputs 
across labs and vendor platforms. 

Strategic considerations 
1. We will conduct a census of archives across 

biomarker domains in collaborating centres. 
Aspects of these holdings (imaging/digital data, 
results of blood biomarker assays), along with 
data dictionaries, will be stored on the Data Hub.   

2. Historical biosample holdings, for practical and 
regulatory reasons, will be retained at contributing 
study sites, with information on sample access 
procedures provided (see below).  

3. TBI-REPORTER will establish uniform UK 
research protocols for of biomarker data and 
samples, harmonized with international partners 
studies through InTBIR, facilitating harmonization 
and analysis of combined datasets from future UK 
and international studies.  

4. We will establish a UK TBI Biorepository for 
banking of biosamples, providing a secure and 
sustainable solution for exemplar studies in TBI-REPORTER and future UK-based studies. We 
will establish robust, sustainable, and responsive solutions for banking biofluids, transcriptomic 
samples, and DNA, with pipelines for end-to-end seamless integration of standardised sample 
collection (sample packs), acquisition/processing (protocols), transport, banking (regulatory 
qualification and audit), retrieval (to facilitate research), and analysis. Banking options include the 
National Biosample Resource (Milton Keynes); or MRC Epidemiology facility at Cambridge. The 
former offers economies of scale, while the latter greater responsiveness for early protocol 
refinement.  We will decide on a partner in year one of the project. Microdialysate will be banked 
locally. Initially, brain and tissue will be banked in Glasgow and Cambridge, with possible 
extension to other centres (as a potential Phase 2 initiative). 

5. The Data Hub will catalogue distributed legacy biomarker holdings and prospective central 
biomarker collections to promote discoverability, and access by investigators, subject to 
appropriate applications and authorisations, as specified in the TBI-REPORTER Data Hub.    

Specific issues: Core plans and potential opportunities for each biomarker class are listed below: 

(a) Biosamples: These fall into one of the following categories: 
(i) Biofluid samples: We have validated fluid biomarkers for TBI (S100B, glial fibrillary acidic protein 
[GFAP], neurofilament light [NFL], ubiquitin C-terminal hydrolase L1 [UCHL-1], total Tau), cerebral 
Aβ pathology (plasma Aβ42/40 ratio), tau pathology (P-tau181) and neurodegeneration (NFL). Our 
expertise11,12,20,21 underpins a robust national platform for biomarker research, leveraging existing 
and developing industry links (Quanterix, Roche, Abbot), and academic collaboration for 
metabolomics (Orisec:Sweden) and metagenomics (Pedicord; Cambridge). Details below address 
blood, CSF and microdialysate; we will develop similar pathways for saliva and sweat during the 
project. UCL/Imperial will leverage the UK Dementia Research Institute Biomarker Factory, where 
significant MRC investment provides world-leading fluid biomarker discovery, validation, and assay. 
Resources include: Quanterix HDx Simoa (and increased sensitivity SR-X100x in testing); 
ultrasensitive Single Molecule Counting (SMCxPRO; Merck); and MesoScale Discovery (MSD), 
Luminex Olink platforms. Cambridge has experience in large-scale sample acquisition and banking 
in the CENTER-TBI study, and clinical microdialysis in experimental medicine and early-stage trials. 
Cambridge has a Quanterix HDX system, and MSD and Luminex platforms (with collaboration from 
BioTechne), and collaborates with Cambridge Protein Arrays for autoantibody discovery and 
Wellcome Sanger Institute on genomics.  

Figure 5: Biomarker Resource integration with the 

TBI-REPORTER platform. 

https://cambridgeproteinarrays.com/
https://www.sanger.ac.uk/
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While many centres can bank serum samples at clinical presentation, fewer can support daily 
sampling, or collection of CSF, peripheral blood mononuclear cells (PBMCs), or brain microdialysate; 
capabilities which will be characterised in the Experimental Medicine Network. Core analyses will 
focus on canonical protein biomarkers and cytokines, but the following novel approaches may deliver 
enrichment/readout options for early phase trials, and will be explored in small, nested studies: 
1. Novel sample collection (e.g. remote sampling; Capitainer, Mitra, Novaplex, Gryphon) for pilot 

trials of dried blood/plasma spot analysis, for feasibility & scalability. 
2. Follow up of existing cohorts (n=200) where acute data (+biomarkers/MRI) and 6/12-month 

outcomes are available, at 5-10 years to measure biomarkers and repeat MRI for volume loss. 
3. Bank pools of multi-donor plasma and serum to allow standardization in assays of biomarkers 

between platforms (e.g. Quanterix, Abbott, Roche) and centres (Cambridge/UCL) and over time. 
4. Biomarkers for neuroinflammatory/neurodegenerative therapies, including autoantibodies, novel 

protein markers (pTau-217, β synuclein), ASC Specks, and Tau/Aβ/α synuclein microaggregates.  

(ii) Genomics: We know that ~25% of TBI outcome variance is heritable22, but most individual 
studies are underpowered to reliably detect effects of specific variants. Returns on a large (>20,000) 
genetic association analysis could be transformational in terms of number and effect size of single 
nucleotide variations detected23 and achieved at low cost by combining non-genetic studies which 
record TBI severity, prognostic covariates, and clinical outcomes. TBI-REPORTER will work towards 
establishing such a cohort by facilitating DNA banking across all studies that collect appropriate 
clinical TBI data. We will implement protocols to bank samples for bulk transcriptomics and 
undertake nested studies of single cell RNA sequencing (blood and CSF). We will utilise established 
high-throughput data generation, QC and analytical pipelines at the Wellcome Sanger Institute.   

(iii) Tissue: Surgical specimens, or brains donated after death, provide invaluable resources to study 
pathophysiology in human TBI, and mechanisms in TBI (including ischaemia, diffuse axonal injury, 
acute and chronic neuroinflammation, and neurodegeneration) have been initially reported or fully 
characterised at post-mortem neuropathology.  We will build on these achievements by:  
1. Expand existing ethical approval (REC 11/EE/0230) for brain donation after coronial post-mortem.  
2. Tissue or organs will use existing, standardized procedures for research brain banking and either 

transferred to the internationally regarded, Glasgow TBI Archive, or the Cambridge Brain Bank.  

(b) Imaging: We (and others) have shown that CT and MRI can quantify the effect of interventions 
on acute lesion evolution (relevant to clinical trials), as well as document ongoing neurodegeneration 
and volume loss up to a decade after TBI. Our PET studies show that neuroinflammation, and 
amyloid/tau deposition are active in the acute and late stages; and could provide molecular imaging 
biomarkers for cohort enrichment and drug engagement. As detailed elsewhere, existing imaging 
datasets will be incorporated into our Data Hub and made available for approved research. TBI-
REPORTER will work to establish best practice and harmonization across CT, MRI and PET:  

(i) CT: Approaches to data collection in CT are established but vary between vendors. Our aim will 
be to find ways of harmonising analyses from these vendor-specific data to deliver quantitative data 
using conventional and AI approaches24 and using CT to quantify brain reserve.  

(ii) MRI: The proposed core MRI protocol will draw on existing multi-site acquisitions (e.g. CNS-
COVID25) and/or established repository data and pipelines (e.g. UK Biobank26) to leverage 
experience of harmonisation of acquisition and analysis (including measures of accelerated brain 
ageing27 28. It will include T1-weighted, T2-weighted, FLAIR, Susceptibility weighted, rs-fMRI, ASL, 
and diffusion-weighted sequences; versions of which have been tested in a travelling heads study 
incorporating GE & Siemens platforms25. Ongoing assurance of inter-site compatibility will use a 
consistent QA phantom & protocol for functional acquisitions29, and the NIST diffusion phantom for 
diffusion weighting. Residual site differences will be mitigated using the COMBAT algorithm30. Pilot 
cohort studies will explore if the core set sensitivity can be improved (particularly in mild TBI) using:  
1. Advanced acquisition with conventional hardware (multi-shell diffusion (MS-dMRI) & quantitative 

susceptibility mapping (QSM), obtained in addition to core sequences in 30 patients at 3 sites. 
2. High performance Connectome gradients (300 mT/m/s) for improved microstructural detail (n=30)  
3. Higher field strength (7T); drawing on UK DP experience to implement high resolution (700 µ3) 

imaging (including MP2RAGE for anatomy, T2 FLAIR for pathology, and QSM for susceptibility).   

iii) Positron Emission Tomography: Industry partners cite PET as a key tool for cohort enrichment 
and proof of principle for interventions, particularly in neuroinflammation and neurodegeneration. We 
will draw on DPUK experience to establish a network of PET capable TBI Experimental Medicine 
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Centres. We will reach consensus with academic and industry partners on ligands (targeting 18F 
amyloid, tau and neuroinflammation alternatives) and harmonizing data collection/analysis. We have 
costed a PET experimental study as an option for Phase 2 of the project. 

(c) Outcome data: Clinical outcomes will be collected at scale using a digital platform (Cognitron) 
that supports remote assessment of functional outcome, cognition, and mental health. The cognitive 
battery is optimised for domains commonly affected by and driving outcome inTBI.31 The platform 
provides: (i) neuropsychological assessment relevant to different types of TBI; (ii) greater sensitivity 
to intervention outcomes than established clinical scales; (iii) ‘culture fair’ outputs accounting for 
demographic confounds; and (iv) fast, cheap, engaging tests delivered to personal devices 
(smartphones/tablets/ personal computers). The tests are optimised for very large-scale longitudinal 
internet deployment and validated for patient use, including in TBI. Diagnostic summaries are 
provided across cognitive, memory and visuomotor domains, referenced to controls matched for 
demographics, education, language and handedness. The power of this approach has been shown 
in clinical cohorts32, ~500,000 community participants in The BBC Great British Intelligence Test, 
and uptake across a diverse range of clinical, cohort and epidemiological studies. Over the course 
of the project, we will additionally implement options for: 
1. Outcome assessment in subjects without internet access (telephone, SMS text, Cognitron App). 
2. A framework for incorporating data from other outcome assessment Apps as they are developed. 
3. Incorporation of data from wearable devices, where expansion to TBI is opportune. 

(d) Digital data: We will establish pipelines and analytical processes for high resolution monitoring 

in the intensive care unit (HR ICU) and biomechanical data on head impacts (“dose of injury” in TBI): 

(i) HR ICU data (physiome): Modern neurocritical care generates high data volumes from multiple 
devices (intracranial pressure, brain chemistry, EEG, etc.; alongside separate measurements of 
Therapy Intensity Level [TIL]). These data and the relationships between them are useful for 
prognostication, physiological endotyping, and guiding therapy. While widely used for research, it 
has been difficult to store, discover and analyse such data at scale. ICM+ is a pioneering research 
software solution offering high-resolution (up to 250 Hz) data collection and real time analysis from 
multiple monitoring sources, and is used by a global network of >250 sites, both for clinical care and 
research (e.g. CENTER-TBI, BONANZA, COGiTATE).  Storage and analysis of data collected by 
ICM+ in the hierarchical HDF5 format deals with both small and very large data sets, with scalable 
and versatile access and manipulation of individual data elements within a single file. Excellent 
compression and comprehensive support (MATLAB, R and Python) exist. We will provide 
investigators local ICM+ access for data collection, and on the Data Hub for analysis of collated data. 

(ii) Digital data (TBI dose): Few databases include biomechanical data, which are often limited and 
inaccessible. Our pioneering investigation of relationships between impact biomechanics and brain 
injury33-38 will be extended, aiming to increase collection of and access to such data for TBI research.  
1. Road Traffic Collisions: We will build on past studies using the UK Road Accident In-Depth 

Studies (RAIDS) database, which includes collision data and medical information from over 5000 
road traffic collisions36. To make RAIDS more usable and discoverable for TBI research we will: 
(i) annually analyse and update RAIDS data; (ii) work with the RAIDS team to improve collection 
of TBI relevant data; and (iii) map these data to lower fidelity national database (STATS19) for a 
range of road users, including emerging mobility modes (e-scooters, e-bikes). 

2. Kinematics of Sporting Head Injuries: We will incorporate kinematic and biomechanical 
information from new sensors as they become available, including instrumented mouthguards 
(iMG). Working with partners we will: (i) develop standardised pipelines and quality control for 
iMGs data; (ii) and incorporate iMG data into TBI-REPORTER, allowing linkage with outcomes. 

3. Biomechanical Descriptions of head impact effects in the brain: Computational modelling33 

39 provides informative estimates of strain and strain rates produced within the brain at the time 
of head impact. We will integrate iMG data into existing high-fidelity computational models of the 
head impact developed at Imperial, which hitherto have been based on video analysis of head 
impacts. We will streamline analytic pipelines to allow biomechanical estimates to be made on 
large numbers of impacts and standardise reporting of these results in TBI-REPORTER.  

  

https://www.cognitron.co.uk/
https://www.bbc.co.uk/programmes/articles/5tFHwWMgg9VbrHT9kvGlFqd/the-great-british-intelligence-test
https://www.center-tbi.eu/
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-02064812/full
https://cppopt.org/research-projects-cogitate/
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3) TBI-REPORTER Experimental Medicine Network. The use of genomics, biofluid biomarkers, 

neuroimaging and information from autopsy studies could allow: (i) drug development to be de-risked 

by cohort enrichment and targeted subpopulations40; (ii) documenting brain penetration of drugs; (iii) 

demonstrating target engagement12; and (iv) the use of intermediate biomarker end points12. These 

advances may deliver new drugs, or help repurpose drugs under investigation in other contexts, 

particularly neurodegeneration and neuroinflammation41. In addition, many non-pharmacological 

approaches, such as bioelectronic interventions, hold great promise for use in TBI therapy42 43. Our 

letters of collaboration from industry partners eloquently endorse such an approach. To capitalise 

on this opportunity requires clinical research sites with capabilities beyond those needed for large 

pragmatic trials.  Centres participating in such Phase Ib/IIa studies may need to undertake more 

advanced biosampling, neuroimaging, and detailed and granular clinical data collection (see: 

Biomarker Resource section). TBI-REPORTER will create a UK-wide, research-ready, 

Experimental Medicine Network, with the capacity and infrastructure to address these demands 

The Experimental Medicine Network will initially comprise up to six Pathfinder Centres with the 

infrastructure for targeted, high quality, multi-modal interventional studies; eventually expanding to 

a wider national network of 10-16 centres. This will allow rapid screening of candidates in targeted 

subpopulations, using surrogate/intermediate outcomes of injury developed in TBI-REPORTER, and 

provide a bridge to definitive efficacy studies. The Network will be developed in two stages: 

a) Prospective Proof of Principle (3P) cohort: Advanced neuroimaging and biomarker analysis 

improves diagnosis, prognosis and clinical decision-making, but also holds the key to improved 

experimental medicine studies in TBI1.  We will establish a prospective patient cohort (3P) to provide 

proof of principle that harmonised data collection and analysis can be conducted using an approach 

optimised for experimental studies. We will recruit 240 TBI patients (all ages and TBI severities) from 

up to 6 major trauma centres (Table 2). Three clinical pathways will be recruited from: (i) emergency 

room (ER) discharge; (ii) ward admission (Adm); (iii) and ICU Admission (ICU); as pioneered in 

CENTER-TBI. Building on standardised protocols for biomarker data collection established in the 

Biomarker Repository, this prospective data collection will allow us to: (i) catalogue centre 

capabilities, including throughput and recruitment efficiency, technical resources and the ability to 

deliver on demanding clinical, imaging, and biomarker protocols); (ii) provide pilot data and samples 

to test/refine interactions between centres and the Data Hub and Biomarker Repository; (iii) facilitate 

robust sample size estimation for follow on studies; and (iv) nurture organisational flexibility to 

seamlessly integrate varied funding (institutional, NIHR CRN/BRC, research council, charity, 

industry) to maintain a research workforce and to deliver efficiently on research with short lead times. 

 
Table 2. Clin: clinical data; Bio: biomarkers; DNA: genetics/epigenetics; MRI*: MRI (in 40 patients per stratum); RNA#: bulk 

transcriptomics and scRNAseq (in 20 patients in each stratum in selected centres); Out: outcome assessment  

(b) Exemplar Phase 2 Studies: In addition to developing industry collaborations, academic partners 
in TBI-REPORTER have a range of interventions suitable for testing in the Experimental Medicine 
Network, and we have reserved £900k to support these studies in Phase 2 (years 3-5) of the 
project. Staff and centres that participate in those studies will be supported by these funds, 
supplemented by additional academic and/or industry funding (which will benefit from TBI-
REPORTER infrastructure). We anticipate being able to undertake two experimental medicine trials, 
and supplementary studies that inform disease evolution and/or novel study design. These will be 
chosen by a committee (funders, study leads and 3P site leads), and used to demonstrate feasibility 
of an experimental medicine/biomarker driven approach. We provide outline plans for two exemplar 
studies, and have compiled a list of potential interventions, to be revised with input from industry and 
provisionally planned discussions with the Medicines and Healthcare products Regulatory Agency.  
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(i) Anti-inflammatory therapies in TBI: Microdialysis44,45, TSPO PET46, genetic association 
studies22 and autopsy data47 suggest a significant role for neuroinflammation in TBI pathology, and 
we have shown brain penetration and target engagement with a canonical anti-inflammatory 
molecule (IL-1ra) following TBI48. Industry have a wide range of anti-inflammatory agents currently 
in clinical use or development in non-TBI settings.  However, their caution regarding initiating a large 
TBI outcome study demands some way to de-risk such development. We propose conducting a 
Phase IIa trial of an anti-inflammatory intervention in TBI (finalized following discussion with industry 
partners) in an enriched patient cohort with prominent innate host responses. We will use brain 
microdialysis (in the acute setting), and peripheral blood cytokines and TSPO PET with [18F]DPA-
714 (in acute/subacute settings) to identify an enriched cohort, show brain penetration and target 
engagement with microdialysis/CSF sampling, and serial MRI and blood biomarkers to show impact 
on pathology evolution. The study will also provide important data on relationships between systemic 
inflammation, microdialyis cytokines, and microglial activation demonstrated with [18F]DPA-714 PET. 

(ii) Monoaminergic neuromodulation for TBI related cognitive deficits: Our second exemplar 
study will explore the use of biomarkers to enhance the evaluation of drugs that may enhance 
cognition after TBI. We will specifically test whether guanfacine enhances attention after TBI, in 
patients with damage to the noradrenergic brainstem nuclei and their projections. Noradrenaline is 
the key neurotransmitter modulator of attention, which is often impaired persistently after TBI49.  
Noradrenergic projections from the locus coeruleus in the brainstem are often affected following TBI, 
creating a low noradrenergic state in some patients. We will test whether treatment response to 
guanfacine varies, depending on individual differences in noradrenaline transmission. Locus 
coeruleus damage will be measured by neuromelanin-sensitive sequences, using both 3- and 7-
Tesla MRI26 (determining if super-resolution 7T imaging can enhance imaging of brainstem damage). 
Pupillometry and blood biomarkers provide complementary measures of noradrenergic function. The 
effects of treatment will be assessed using our computerised cognitive testing, and functional MRI 
will provide a surrogate marker of target engagement in modulating response of attentional networks, 
shown to be affected during ‘rest’ and cognitive performance11,50. 
 

(iii) Additional studies: TBI-REPORTER will undertake nested studies detailed earlier, including, 
for example, trialling dried sampling devices; exploring if biomarkers at 6 months predict brain 
volume loss 5-10 years post-TBI; and whether advanced MRI adds to core 3T phenotyping. We will 
also pursue additional collaborations and funding applications with academic and industry partners. 
 

Ethics and research governance: Major ethical considerations for our proposed research platform 
involve data/biomarker access and maintaining confidentiality. The TBI-REPORTER Data Hub will 
operate exclusively as a data processor, according to the UK Data Protection Act 2018 and EU 
General Data Protection Regulation 2016, with approval for inclusion of existing datasets and their 
access retained by the Data Controller of the original study. In line with best practices, only wholly 
anonymised data will be included in Investigator datasets, which will only be accessible within the 
Data Hub environment, from which only derived data will be exportable.  TBI-REPORTER will be 
overseen by an Executive Committee, working alongside our co-investigator team and guided by 
advisory boards representing industry, international research, TBI stakeholders, and our Patient and 
Public Involvement and Engagement (PPIE) Group (Fig 6). At study commencement, a rolling 
schedule of meetings will be established for the Executive Committee, advisory boards and each 
study arm to maintain coordinated project management, with an annual in-person meeting of all 
investigators and advisory board members (See Gantt chart). The Executive Committee will share 
responsibility for coordinating development and implementation of all policies, procedures and 
processes at participating centres. Prof Menon will serve as contact PI and assume overall fiscal 
and administrative responsibilities, including communication with MRC and reporting. 

Figure 6: TBI-REPORTER governance structure 
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Patient and Public Involvement and Engagement: We will embed PPIE from research question, 
to design, delivery and dissemination,  drawing on experience from organisations (NIHR Brain Injury 
Medtech Co-operative, NIHR Research Design Service, EoE), individuals with lived experience of 
TBI (James Piercy, a science communicator and our previous co-author51), and charities (Headway, 
Head for Change, Brain and Spine Foundation). These efforts will be coordinated by UKABIF , who 
host the secretariat for the All Party Parliamentary Group for Acquired Brain Injury.  
 

Exploitation and dissemination: We have proven success in dissemination and communication of 
research outcomes to drive practice change at all levels. To achieve this, we leverage all available 
and appropriate platforms, including scientific conferences and leading research journals, news 
media, social media and partnerships with representative charities and industry. We will continue to 
exploit this experience in delivery of this program and have every expectation that outputs from 
TBI-REPORTER have potential to inform TBI management across the spectrum from 
personalised care to major policy changes influencing public health initiatives.  
 

Sustainability: A key target is to ensure long-term sustainability of the TBI-REPORTER platform 
beyond the lifetime of this current funding round. This is reflected in the design of our proposed Data 
Hub and Biomarkers Resource, each of which seeks to establish standards for prospective data and 
biomarkers accrual in TBI research, linked to archiving of these to the TBI-REPORTER infrastructure 
to sustain future, investigator led, grant financed enquiries. Furthermore, we have already 
established contacts with multiple charities and industry partners (see below) who are in unanimous 
support of our proposal and, we anticipate, will contribute to continued funding to support TBI-
REPORTER activity. With this in mind, we have specifically designed our Experimental Medicine 
Network as a platform to support investigator and industry led studies in TBI, which we see as a 
highly attractive proposal with potential to sustain TBI-REPORTER beyond the current funding.   
 

Project partners: We have broad support from UK sport (Rugby Football Union and Premiership, 
British Motorsport), Transport Research Laboratory and Domestic Abuse Commissioner. We also 
have support from from partners on metabolomics (Orisec), microbiome biology (Pedicord) and 
advanced data science methods (Cambridge Centre for AI in Medicine, London AI Centre, CENTILE 
BIO).We have input from medical imaging (Siemens, GEHealthcare), biomarkers (Quanterix, Abbott, 
Roche, BioTechnie), and pharma (Astra Zeneca, GlaxoSmithKline, Genentech Roche, Eli Lilly) 
industries. MRC staff recognise ~12 weeks from call to submission makes compliance with the MRC 
Industrial Collaboration Framework (ICF) difficult. We attach letters of support specifying industry 
intent to collaborate and, if successful, will pursue the MRC ICF framework. TBI-REPORTER will 
have strong global partnerships (CENTER-TBI, TRACK-TBI, CREACTIVE, TED6, CONNECT-TBI, 
InTBIR) and leading international, pre-clinical research collaborators (Liston, Loane, Zanier).  
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TBI-REPORTER: Reproducibility and statistical design Annex  

TBI-REPORTER aims to provide infrastructure, collate/harmonize datasets across studies, ensure 
secure access to harmonised data, and deliver analysis at scale. Statistical and data science 
challenges inherent in these plans are discussed below:  

Sample size, power, and reproducibility: Large combined datasets in TBI-REPORTER will help 
assess replication and reproducibility, or test hypotheses in patient subsets where numbers are low 
even in large datasets (e.g. isolated epidural haematoma). Large (combined) datasets also facilitate 
genetic (PMID: 35301180) and imaging (PMID: 34279565) studies, and clustering approaches 
(PMID: 35897070; 31672086) to identify subsets for precision medicine. Population studies will be 
powered to detect even small effects sizes (e.g. exploring the effect of TBI on dementia incidence, 
in a sample ~25,000 with TBI prevalence of 5% will detect a standardised Cohen’s ‘d’ of 0.1/HR=1.1)  

Data curation & harmonization: Curation is best undertaken by the relevant study team, but the 
TBI-REPORTER team will provide advice. Harmonization will be based on mapping to the C-Surv 
data model (PMID: 36609896), and experience in the DAQCORD process (PMID: 33244417) will be 
used to contribute TBI domain expertise to the process. Cross mapping data dictionaries may 
produce newly derived variables, which will be fed back to the harmonization team in a “living” agile 
harmonization process, to inform a master dictionary. Transformation scripts will be fed back to the 
Data Hub. Imputation choices will vary with variable, and type of missingness. 

Analysis approaches will vary depending on the extent to which data can be harmonized and 
regulatory barriers to pooling data.  The default when datasets are widely different, is to undertake 
individual analyses in each, and integrate different (but complementary results) to provide key 
biological insights, and/or test reproducibility of results. Conventional approaches to individual 
patient data meta-analyses may apply to well harmonised data that are freely accessible.  Where a 
significant harmonization has been achieved, but data permissions preclude pooling, a two-step 
federated analysis is an option. Such analyses need to respect potential between-study 
heterogeneity and between-predictor correlation structures. (PMID: 31373722). Later stages of the 
project may make use of Federated Analysis being developed by partners in SeRP/DP UK.  

Data linkage will follow extant DPUK anonymisation, quality assurance and linkage protocols 
(https://portal.dementiasplatform.uk/AnalyseData/DataLinkage). Blinding is not practical for 
secondary data although participation bias will be acknowledged. We will test for sex interactions, 
and analyses will gradually control for increasing numbers of relevant potential confounders that 
could lead to spurious results (e.g. age, sex, deprivation, ethnicity, smoking, BMI, alcohol intake).  
We will adjust for multiple testing with false discovery rate, with appropriate sensitivity analyses.  

3P Cohort study: This 240 patient-six centre study allow testing and refinement of a core protocol 
that will underpin subsequent studies in the Experimental Medicine Network. It will also test data, 
sample, and harmonised imaging pipelines delivered by the Data Hub and Biomarker Resource. 
Study size has been primarily selected to allow adequate coverage of age/TBI severity to identify 
opportunities for refinement.  However, it also provides estimates of variance of biomarker levels 
and trajectories, which would be candidate end points in subsequent academic and industry studies, 
and hence provides a valuable resource for powering such studies, using data specific to our network 
and core protocol. The designation of a given effect size in a pharmacodynamic biomarker variable 
as clinically relevant depends on its relationship to clinical outcomes. We will use 3P data to correlate 
biomarker results with clinical outcomes, including trajectory analysis and time to event endpoints, 
to identify Minimal Clinically Significant Differences for specific biomarkers. 

Design of experimental medicine studies: It is difficult to provide detailed study designs since 
interventions will only be finalised in Year 2 of the project.  Bayesian designs will be considered, but 
most early Phase II studies use frequentist designs, which may be simpler to implement for complex 
protocols in small numbers of patients, with multiple potential endpoints of interest.  We will provide 
descriptive statistics of pharmacokinetic variables (e.g. drug levels and exposure in CSF or 
microdialysate, for brain penetration) and impact of the drug on downstream pharmacodynamic 
variables (which will vary with intervention).  Given patient heterogeneity, variance may be high, but 
effect sizes for potent immunomodulatory interventions can be large, and detectable with relatively 
small sample sizes (typical n <<50; PMID: 24569690). Biomarkers are assayed in (sometimes large) 
panels, but conventional multiple comparisons corrections are inappropriately stringent. Solutions 
include false discovery rate approaches, using early results from the 3P study to target specific 
cytokine(s), or use of multivariate projection methods (PMID: 22745809), linear mixed-effect models, 
cross-correlations and multiple factor analyses (PMID: 34563211) to explore complex multivariable 
datasets. These methods are capable of visualising and describing these datasets, as well as 
generating novel hypotheses. 

https://portal.dementiasplatform.uk/AnalyseData/DataLinkage

