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Development (TED) Initiative:
Progress on a Public-Private Regulatory
Collaboration To Accelerate Diagnosis
and Treatment of Traumatic Brain Injury
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Ann Robbins® Raquel C. Gardner? Ethan Winkler® Yelena G. Bodien® Sabrina R. Taylor,
John K. Yue, Lakshmi Kannan! Allison Kumar® Michael A. McCrea?
and Kevin K. Wang'® and the TED Investigators”

Abstract

The Traumatic Brain Injury Endpoints Development (TED) Initiative is a 5-year, Department of Defense—funded project
that is working toward the ultimate goal of developing better designed clinical trials, leading to more precise diagnosis,
and effective treatments for traumatic brain injury (TBI). TED is comprised of leading academic clinician-scientists, along
with innovative industry leaders in biotechnology and imaging technology, patient advocacy organizations, and philan-
thropists, working collaboratively with regulatory authorities, specifically the U.S. Food and Drug Administration (FDA).
The goals of the TED Initiative are to gain consensus and validation of TBI clinical outcome assessment measures and
biomarkers for endorsement by global regulatory agencies for use in drug and device development processes. This article
summarizes the Initiative’s Stage I progress over the first 18 months, including intensive engagement with a number of
FDA divisions responsible for review and validation of biomarkers and clinical outcome assessments, progression into the
prequalification phase of the FDA’s Medical Device Development Tool program for a candidate set of neuroimaging
biomarkers, and receipt of the FDA’s Recognition of Research Importance Letter and a Letter of Support regarding TBI.
Other signal achievements relate to the creation of the TED Metadataset, harmonizing study measures across eight major
TBI studies, and the leadership role played by TED investigators in the conversion of the NINDS TBI Common Data
Elements to Clinical Data Interchange Standards Consortium standards. This article frames both the near-term expecta-
tions and the Initiative’s long-term vision to accelerate approval of treatments for patients affected by TBI in urgent need
of effective therapies.
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Introduction
Unmet needs and burden of traumatic brain injury

TRAUMATIC BRAIN INJURY (TBI) is a major public health issue
that impacts populations at risk across the entire demographic
spectrum of age, race, sex, and socioeconomic status. TBI affects at
least 2.5 million individuals annually in the United States'; the
lifetime incidence rate is estimated at 40%.%* Even for the 75% of
TBIs classified as “mild”” or concussive events,” there may be long-
term impairments in physical, cognitive, behavioral, and/or social
functioning.* These long-term consequences have gained visibility
with highly publicized attention on the impact of concussion and
repetitive head impact exposure.”~ Worldwide, TBI is recognized as
the leading cause of mortality and morbidity in children and young
adults.® With the annual cost to Americans assessed at over $70
billion a year,” TBI also has far-reaching economic impact on society.

To date, no therapeutic drugs have been approved for treatment
of acute TBI, despite the advancement of numerous therapeutic
candidates through pre-clinical studies and the completion of
nearly 30 large, randomized, controlled clinical trials over the past
two decades. Importantly, despite the fact that the path to drug
approval is through the portal of government regulatory agencies,
few early-stage therapeutic TBI clinical trials have been launched
with consideration to regulatory science. Global initiatives and
public-private partnerships that focus on regulatory science have
potential to accelerate paths to successful treatments. Regulatory
initiatives in both the United States and Europe are already paving
the way in many central nervous system (CNS) conditions of high
unmet need.'®"3

In 2013, the U.S. Department of Defense (DoD), through its
Defense Medical Research and Development Program on Combat
Casualty Care Research, published an announcement for a com-
petitive award focused on TBI. The Traumatic Brain Injury End-
points Development (TED) Initiative was aimed at supporting the
development of collaborative, multidisciplinary research teams to
advance validation of endpoints acceptable to the U.S. Food and
Drug Administration (FDA), for use in trials involving novel di-
agnostics and therapies of TBI. Of primary importance to this effort
was the explicit call for immediate and ongoing collaboration with
the FDA. The announcement specifically required that infrastruc-
ture be developed to share data and disseminate results, as well as
provide public access to any validation tools that might be devel-
oped. The DoD also required that data elements be reported and
collected using National Institute for Neurological Disorder and
Stroke (NINDS) TBI Common Data Elements (TBI-CDEs). Fi-
nally, the announcement also encouraged the recruitment of private
partners from industry and patient advocacy groups to collaborate
and provide resources to advance the validation efforts.

Our team proposed a collaboration to harmonize and curate
clinical, proteomic, neuroimaging, and genomic datasets from large-
scale civilian (NINDS-funded Transforming Research and Clinical
Knowledge in Traumatic Brain Injury [TRACK-TBI]), military
(DoD/VA-funded CENC [Chronic Effects of Neurotrauma Con-
sortium]), and sport-related (Concussion Research Consortium
[CRC]) TBI studies. The clinician-researchers of these studies then
joined with regulatory consultants, data curation and analytics ex-
perts, and partners from the pharmaceutical and imaging industries to
begin building consensus around the evidence-based approaches
necessary to interrogate this massive dataset. The ultimate aim is to
validate a range of more refined clinical outcome assessments
(COAs) and a variety of sensitive biomarkers that the FDA could
consider for use in stratification of patients for clinical trials.
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We report here on the first 18 months (Stage I) of the TED
Initiative’s progress in creating the TED Metadataset, successful
efforts to establish productive advisory channels across the FDA,
and the launch of preliminary validation studies. Finally, we de-
scribe the framework of TED’s continuing activities to advance
research and clinical tools for TBI drug and device development.

Background

Development of successful treatments for TBI poses unique
challenges, including the complex pathophysiological mechanisms
(primary and secondary) of injury, the rapidly evolving time course
of pathophysiological changes, and the heterogeneity of the injury
itself. Progress toward definitive diagnosis and effective treatments

TABLE 1. LIST OF ACRONYMS

ADNI Alzheimer’s Neuroimaging Initiative

CAMD Coalition Against Major Diseases

CC1 Consensus Conference 1

CDER FDA Center for Drug Evaluation and Research
CDEs Common Data Elements

CDISC Clinical Data Interchange Standard Consortium
CDRH FDA Center for Devices and Radiological Health
CENC Chronic Effects of Neurotrauma Consortium
COAs Clinical outcome assessments

COU Context of Use

COBRIT The Citicoline Brain Injury Treatment Trial
C-Path Critical Path Institute

CPIM Critical Path for Innovation Meeting

CRC Concussion Research Consortium

CSF Cerebrospinal fluid

CT Computerized tomography

DDTs Drug Development Tools

DNP FDA Division of Neurology Products

DoD U.S. Department of Defense

EMA European Medicines Agency

EWGs Expert Working Groups

FDA U.S. Food and Drug Administration

GCS Glasgow Coma Scale

GFAP Glial fibrillary acidic protein

GOS-E Glasgow Outcome Scale-Extended

GRE Gradient Recalled Echo

IND Investigational new drug

LOI Letter of Intent

MDDTs Medical Device Development Tools

MRI Magnetic resonance imaging

NCAA National Collegiate Athletic Association

NIH National Institutes of Health

NINDS National Institute of Neurological Disorders
and Stroke

NDA Nondisclosure agreement

NRAP National Research Action Plan

OTS FDA Office of Translational Sciences

PDMA Japan’s Pharmaceuticals and Medical Devices
Agency

ProTECT Progesterone for the Treatment of Traumatic
Brain Injury III

TBI Traumatic brain injury

TED Traumatic Brain Injury Endpoints Development
Initiative

TRACK-TBI  Transforming Research and Clinical
Knowledge in TBI study

UCHL1 Ubiquitin carboxyl-terminal hydrolase isozyme
L1

VA U.S. Department of Veterans Affairs
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has been hampered by reliance on blunt outcome measures that are
not sufficiently sensitive for assessing clinically meaningful
changes or therapeutic response. To date, the only tools routinely
recognized by the FDA for selection and stratification into a clinical
trial intervention are the Glasgow Coma Scale (GCS)™ and absence
or presence of acute pathological findings on a computed tomography
(CT) scan (please refer to Table 1). This is particularly challenging
for mild TBI (mTBI) where clinical diagnosis primarily relies on
clinical features (GCS, duration of unconsciousness, and duration of
post-traumatic amnesia) and consensus about neuroimaging findings
are inconsistent. Definitions promulgated by the Centers for Disease
Control and Prevention do not include neuroimaging as a criterion,
whereas the DoD defines mTBI as having normal imaging. However,
the DoD does not stipulate the imaging modality (CT or magnetic
resonance imaging [MRI]) or the time post-injury when neuroima-
ging studies are performed.'>'® TBI patients are often divided into
categories of GCS mild, moderate, or severe, when this overall
measure of consciousness can be confounded by comorbid factors
unrelated to the pathophysiology of TBI (e.g., alcohol intoxication or
post-traumatic stress disorder [PTSD]).17 Overall outcome post-TBI
is often measured by the Glasgow Outcome Scale-Extended (GOS-
E),'® a global TBI outcome measure that has traditionally served as
an FDA-accepted endpoint. The GOS-E is neither specific to TBI
disability nor potentially sensitive enough to discern outcomes in
specific cognitive or psychological health domains of deficit or re-
covery that might be targeted in a clinical diagnostic or treatment
trial. Further, it may not differentiate pre-existing conditions such as
psychiatric disorder and comorbidities (e.g., PTSD), which must be
considered because they are confounders.

Clinical trials to date have included subjects with a broad range
of severities and trial-specific parameters (inclusion/exclusion
criteria, time for onset of treatment, dose, etc.). These have fre-
quently not aligned with pre-clinical data that have supported
specific therapeutic candidates. The existing tools utilized in TBI
trials do not permit selection of patients with more uniform injury
characteristics or pathophysiology that may preferentially respond
to targeted therapies. Biomarkers are urgently needed that can:
1) accurately and objectively detect brain injury (diagnostic bio-
markers); 2) identify subsets of patients at risk for persistent dis-
ability post-TBI to aid in both clinical management and for
selection of patients for clinical trials (prognostic biomarkers);
3) categorize patients by their likelihood to respond to a targeted
therapy (predictive biomarkers); and 4) demonstrate target en-
gagement by showing that a biological response has occurred after
a therapeutic intervention (pharmacodynamics biomarkers).

New initiatives have been launched to support the development
of world-wide networks to collectively advance the field of TBI
both in terms of basic scientific discoveries, epidemiology, and new
therapeutics and technologies.'® Examples of such initiatives in-
clude the International Initiative for TBI research (IntBIR)?’;

https://intbir.nih.gov/), One Mind (http://onemind.org/), the
European project CENTER-TBI (https://www.center-tbi.eu/), and
the U.S-based longitudinal cohort study TRACK-TBI (https://
tracktbi.ucsf.edu/). Global alliances will enable efficiencies in
conducting multi-site international clinical trials in the future.

The Traumatic Brain Injury Endpoints Development
strategic objectives

Development of a unique collaborative approach to trau-
matic brain injury. The TED Initiative was built to leverage the
expertise and experience of academia, philanthropies, patient ad-
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vocacy organizations, and a committed cadre of pharmaceutical,
imaging, and emerging technology industry members, with the
contribution of financial and in-kind resources by all participants
(Fig. 1). By design, TED is disrupting the traditional model of
siloed TBI research with its creation of a collaborative model in the
precompetitive space, governed by data sharing and intellectual
property agreements that consider the concerns of all signatories.
This is in contrast to historical efforts that have often been under-
powered, hampered by lack of data standardization, and, until re-
cently, undertaken with limited multi-disciplinary collaboration.

Multi-disciplinary expertise is evidenced by co-Investigators re-
presenting the fields of neurotrauma, neurological surgery, neuro-
psychology, neuroradiology, psychiatry, neurology, sports medicine,
pediatrics, geriatrics, health economics, biostatistics, and informatics.

Guidance in the regulatory arena has been provided by the
Critical Path Institute (C-Path), in data standardization by the
Clinical Data Interchange Standard Consortium (CDISC), and by
One Mind, a patient advocacy and philanthropic organization.
Private partners are showing great interest in the TED model of an
“end-to-end”’ research enterprise and have contributed time and
regulatory expertise at face-to-face meetings and conference calls
to help select and improve biomarker and clinical outcome as-
sessment tools. They have also provided in-kind support to identify,
test and/or validate new proteomic, neuroimaging, and genomic
biomarkers, as well as to develop advanced analytic methodologies
and novel platforms for their execution.

Together, TED collaborators come from 76 different institu-
tions, agencies, and private sector industry and philanthropic
partners. This type of cross-cutting collaboration is essential to
overcome the myriad challenges of TBI research.

Why regulatory science? Regulatory pathways and in-
centivizing industry. Large pharmaceutical companies have been
reluctant to invest in TBI drug development given the high risk and
failure rate, similar to the case of therapeutics for acute stroke nearly
a decade ago.?! To incentivize investment by both small and large
industry sponsors, a focus on regulatory science represents a path
with unique and noteworthy advantages. Traditionally, regulators are
approached by a single sponsor when the company’s specific drug
candidate or device is in the late stages of development and a sponsor
is seeking approval. Historically, academic researchers do not in-
teract with regulatory agencies. With the recognition by FDA lead-
ership, through the Critical Path Initiative®* launched in 2006, that
the convention of advancing single treatments one at a time can be
inefficient, costly, and time-consuming, the FDA has promulgated a
series of mechanisms through which drug and/or device developers
may enter formal processes for evaluation, validation, and qualifi-
cation of drug development tools (DDTs) or medical device devel-
opment tools (MDDTS), independent of single sponsor research and
one drug target. DDTSs include, but are not limited to, COAs, blood-
or urine-based biomarkers, and imaging biomarkers.

Formal qualification has widespread implications for candidate
therapies; it may confer broad applicability across multiple drug
candidates, independent of the mechanism of action of the drug or
of the contributing sponsor as well as across multiple clinical dis-
orders, drugs, or drug classes.”>** In addition, qualified DDTSs or
MDDTs become public open guidance for the scientific commu-
nity. The FDA has qualified a total of 14 biomarkers to date.*
Specific examples of past regulatory qualifications include cardiac
troponins for assessment of drug-induced cardiotoxicity in non-
clinical species, fibrinogen for enrichment of chronic obstructive
pulmonary disease (COPD) patients into clinical trials, and total
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FIG.1. The TBI Endpoints Development Initiative Public-Private Partnership. Color image is available online at www.liebertpub.com/neu

kidney volume as an imaging biomarker for enrichment in clinical
trials of polycystic kidney disease. To date, there have been no
regulatory endorsed biomarkers validated or qualified for TBI, a
critical need for the advancement of brain injury clinical trials and
development of new therapeutic drug targets.

Since the inception of the FDA’s qualification program, world-
wide regulatory agencies have adopted similar mechanisms (Japan’s
Pharmaceuticals and Medical Devices Agency [PDMA] and Euro-
pean Medicines Agency [EMA]). Qualified opinions from the EMA
include biomarkers, particularly several in the area of predementia
Alzheimer’s disease (AD), as well as clinical outcome assessments.

Detailed, publicly accessible guidance documents and Manual
of Policies and Procedures outline the steps for all pathways of the
FDA, including DDT qualification.’*® Similar DDT guidance
documentation resources are also available in Europe.”®

The FDA has recently instituted several new mechanisms to
augment engagement with the Agency. These include Critical Path
Innovation Meetings (CPIM), letters of support for promising
biomarker candidates, and public workshops aimed at communi-
cating evidentiary standards and expectations for regulatory qual-
ification. With these, the FDA is portraying a clear dedication to
increased transparency and focus on the patient.

Recent successes in regulatory-endorsed drug development
tools, including for brain disease,*° provide support for the creation
of consortia and initiatives such as TED. These take advantage of
data pooling across individual studies and create standardized,

validated assays and imaging technology parameters for reliable
biomarker measurement, as well as pave the way toward regulatory
acceptance of outcome assessments. The EMA has likewise insti-
tuted the letter of support mechanism for biomarkers (http://www
.ema.europa.eu/ema/index.jsp ?curl=pages/regulation/document_
listing/document_listing_000319.jsp#section15). There are exam-
ples of biomarkers for CNS conditions such as Parkinson’s disease,
with letters from both agencies.

Traumatic Brain Injury Endpoints Development First
Consensus Conference, February 2015. Among its first ob-
jectives, TED organized a TBI Consensus Conference (CC1), held
on February 2-3, 2015 at the National Institutes of Health (NIH).
The conference drew over 120 attendees from academic research,
several divisions of the FDA, device and drug developers, as well as
patient advocacy and philanthropic communities, to share expertise
toward the common goal of developing more precise TBI diag-
nostic tools, clinical endpoints, and effective therapies.

FDA representation included participants from its Center for
Drug Evaluation and Research (CDER) and Center for Devices and
Radiological Health (CDRH). Dr. Douglas Throckmorton, Deputy
Center Director for Regulatory Programs at CDER, opened with a
presentation describing ‘“‘FDA Regulatory Pathways,”” followed by
a panel discussion consisting of five FDA representatives from the
Division of Neurology Products (DNP), CDRH, Clinical Outcome
Assessment staff, and the Office of Translational Sciences.



THE TED INITIATIVE

Representatives from the CDRH outlined the parameters for
success in neurodiagnostics and device development, including the
recent formation of the MDDT program.®'*

Qualification of DDTs through the formal qualification path was
described.®® The FDA reports that as of June 2016, there were 28
active biomarker projects and 49 COAs in the formal qualification
program, with increased attention to the process being communi-
cated by various stakeholders.>*> As detailed above, the FDA
explained that the benefit of the qualification pathway was to make
DDTs publicly available for a specific Context of Use (COU) to
expedite drug development and review of regulatory applications.
However, the FDA officers stressed that qualification is not re-
quired nor is it a prerequisite for a novel biomarker or COA to be
used in a clinical trial, and, conversely, acceptable clinical trial
endpoint measures do not have to be qualified DDTs. FDA would
consider and confirm the suitability of the biomarker or COA
within the context of the specific confidential Investigational New
Drug (IND) or New Drug Application. New COAs and biomarkers
can also be proposed and advanced to the FDA through the tradi-
tional IND pathway with the appropriate review division.

TED Investigator-led Expert Working Groups (EWGs) were
formally convened with participation from regulatory consultants
and industry partners. During multiple breakout sessions, the
EWGs reviewed and refined landscape analyses of existing and
pipelined TBI COAs, as well as genomic, proteomic, and imaging
biomarkers, and emerging technology devices. EWGs also devel-
oped work plans for the advancement of TBI endpoint validation
research (described below).

FDA participants attended the EWG sessions, contributing their
perspectives on regulatory science and standardization, and sug-
gesting areas of regulatory needs and requirements for EWG focus.
Consultation and discussions between TED and the FDA on strate-
gies for moving forward on a path to measurement evaluation and
validation have continued throughout the year. The communications
with the FDA are fostered by having two colleagues from the FDA’s
CDRH as members of the TED Government Steering Committee and
an alliance with the Critical Path Institute, the nonprofit organization
that was founded to deliver on the FDA’s Critical Path Initiative.

TED’s Alliance with C-Path has been essential to the team’s
progress. C-Path is an independent, non-profit organization dedi-
cated to bringing scientists from the FDA, industry, and academia
together to share data and collaborate to improve the drug devel-
opment and regulatory processes for medical product development.
C-Path has helped TED to foster alignment and collaborations with
FDA and other organizations, facilitating the integration of novel
regulatory science initiatives and applying knowledge from C-
Path’s Coalition Against Major Diseases (CAMD) to target drug
development in patients with neurodegenerative disease.*” *8

Traumatic Brain Injury Endpoints Development
Stage | Accomplishments and Progress

Collaboration with the U.S. Food
and Drud Administration

Submission of two responses to the U.S. Food and Drud Ad-
ministration’s request for information on biomarkers.  Following
TED’s Consensus Conference, the Initiative engaged with regula-
tors on a variety of fronts. In February 2015, the FDA released a
Federal Register notice docket (FDA-2014-N-2187) requesting
comments on Identifying Potential Biomarkers for Qualification
and Describing Contexts of Use to Address Areas Important to
Drug Development. TED investigators from the Blood-based
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Biomarker EWG submitted a response proposing that TBI pro-
tein biomarkers could be useful in assisting drug development
as predictive, pharmacodynamic, or surrogate biomarkers. This
response focused on glial fibrillary acidic protein (GFAP)
because it fulfills a majority of the attributes of a biomarker for
TBI drug development.>®

The Neuroimaging EWG likewise submitted a response addres-
sing the critical need for more definitive diagnostic and prognostic
markers of mild TBI to permit better patient stratification into ther-
apeutic and rehabilitative interventions.>’ The group posited that
pathoanatomic lesions on brain structural MRI will provide greater
diagnostic sensitivity than CT, the only currently approved modality.

Response to the U.S. Food and Drud Administration
Clinical Outcome Assessment Compendium. In February
2016, the FDA announced the establishment of a docket to receive
suggestions, recommendations, and comments from interested parties
on their pilot “Clinical Outcome Assessment Compendium’ (COA
Compendium). Comments received on the pilot COA Compendium
are intended to help FDA determine its utility and may assist the FDA
in developing future iterations of the COA Compendium and iden-
tifying best methods for conveying COA Compendium information
on the FDA’s website. The TED COA EWG submitted a response to
the compendium, which is now of public record.*®

Critical Path Innovation Meeting. Working with regulatory
experts from C-Path, TED initiated an FDA Critical Path Innova-
tion Meeting on March 22, 2016. Using this formal mechanism, the
FDA’s CDER can engage investigators from industry, academia,
patient advocacy groups, and government to improve efficiency
and success in drug development. The objectives of the meeting
were 3-fold: 1) obtain advice on regulatory pathways the FDA
believes are most appropriate for advancing the proposed types of
biomarkers for use in TBI clinical trials; 2) discuss evidentiary
considerations for biomarker standardization in support of reli-
ability and reproducibility of candidate biomarkers; and 3) obtain
FDA input on the ongoing and prospective observational clinical
cohort studies of neuroimaging and/or biofluid biomarkers for use
as diagnostic, prognostic, and predictive biomarkers in TBI trials.

The meeting specifically explored the TED team’s proposal
for the imaging biomarker T2*-weighted gradient recalled echo
(GRE) MRI, and GFAP as a biofluid biomarker as tools for pa-
thoanatomic stratification of patients with TBI and enrichment of
cohorts for clinical trials. The CPIM was convened by CDER and
was attended by leadership from CDRH, DNP, and other divisions,
along with biostatisticians and other FDA personnel. The robust
discussion regarding the evidence base for these two biomarkers
resulted in the FDA’s recommendation that we explore the Letter of
Support pathway as a public first step toward the FDA’s acceptance
of these modalities as enrichment biomarkers with diagnostic
properties for use in future clinical trials, and, depending upon
future analysis of the evidence, as prognostic or predictive bio-
markers, following validation studies. A Letter of Support was
issued on March 31, 2017, to further explore neuroimaging prog-
nostic biomarkers that may be used to enrich TBI clinical trials with
patients who display particular pathoanatomic features that have
been associated with poor short-to-medium outcome following
mild TBI. This letter, signed by Dr. Janet Woodcock, Director,
FDA Center for Drug Evaluation and Research, represents a sig-
nificant step forward for the field and an important accomplishment
for the TED initiative. In addition, TED also received a FDA Re-
cognition Letter of Research Importance regarding TBI. It is signal
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recognition of the importance and value FDA places on TED’s
collaborative work with the NINDS-funded TRACK-TBI in-
vestigators and our public and private partners.

U.S. Food and Drud Administration Public Workshop:
Advancing the Development of Biomarkers in Traumatic
Brain Injury. Although not an undertaking of the TED Initiative,
the FDA convened a public workshop in March 2016 on Advancing
the Development of Biomarkers in TBI under the aegis of an FDA
working group including an appointed FDA Commissioner’s Fellow
specifically tasked with coordinating FDA'’s collaborations with the
TED enterprise, and the Agency’s efforts to engage in regulatory
science with research and industry communities in the field of TBI. A
number of TED investigators served as speakers and panelists in this
day-long meeting that discussed challenges and solutions related to
biomarker development methodologies, and strategies for data
standardization, sharing, and analysis of big datasets for TBL.

Expert Working Group objectives

The Neuroimaging EWG set an overarching goal to identify the
requirements and expectations necessary for validation of an im-
aging method for utilization as a diagnostic, prognostic, or pre-
dictive modality for TBI. A secondary objective was to review
current imaging methods as they pertain to TBI and make recom-
mendations regarding what, if any, further validation is required
and/or if new imaging modalities are needed.

Following discussions with the FDA’s CDRH, in May 2016, the
Neuroimaging EWG submitted TED’s proposal to the MDDT qual-
ification program, nominating two imaging common data ele-
ments, contusions and hemorrhagic axonal injury assessed
according to a panel of MRI sequences, as prognostic neuroima-
ging biomarkers. These prognostic biomarkers are to serve as
enrichment tools for the recruitment of participants into TBI
clinical trials. This proposal was the first to be accepted by the
CDRH into the Incubator Phase of the MDDT Pilot Program and,
following iterative feedback and submission of analytic plans, has
moved to the qualification stage. The tool is designed to facilitate
the inter-rater reliability of imaging studies by linking each
Neuroimaging CDE descriptive item with the pathoanatomic
abnormality it describes, delineated directly on the images. As
an MDDT tool, this will permit investigators and clinicians to
systematically apply the CDEs to evaluate brain MRI scans for the
presence of lesions in patients with suspected TBI.

The Blood-based Biomarker EWG set goals aimed at coordi-
nating biosample collection and data collection among TED-linked
major clinical TBI studies and advancing one or more blood-based
biomarker(s) to regulatory acceptance, potentially through the FDA
Biomarker Qualification Program. A preliminary step under con-
sideration is a Letter of Support for the candidacy of GFAP and
ubiquitin carboxyl-terminal hydrolase isozyme L1 (UCHL-1) as
prognostic biomarkers. Finally, a number of the scientific experts of
this group are also contributors to the IntBIR biomarker working
group. Scientific discovery and development of novel biomarkers
with focus on standards and validation processes are being coor-
dinated across both TED and IntBIR in order to maximize
knowledge sharing and global impact.

The COA EWG set as its ultimate goal the development of a
complex, multi-dimensional modeling of TBI outcome measure-
ment that moves us closer to a neurobiopsychosocial understanding
of TBI effects and recovery. The neurobiopsychosocial model
suggests that the understanding and prediction of outcome post-
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mTBI relies on a broad matrix of predictor domains that incorpo-
rates pre-injury function (e.g., cognitive, behavioral, and psycho-
social function, genotype), injury specifics and context (e.g.,
severity, frequency, mechanism, and pathology), immediate post-
injury events (e.g., acute characteristics, diagnosis, and treatment),
and intervening life events (e.g., life stressors). A multi-dimensional
approach to outcome measurement (e.g., neurobiological, cognition,
psychological health, quality of life, and vocational/life function)
is critical to capture the full-spectrum outcome. The EWG has
created an initial roadmap for development of a proposed model
intended to measure outcomes across functional domains com-
monly affected by TBI in a hierarchical framework that allows
characterization of acquired impairment at the global, phenotypic,
or specific skill level.

Curating and harmonizing multiple studies
to create the Traumatic Brain Injury Endpoints
Development Metadataset

Development of a curation and harmonization methodol-
ogy. By leveraging legacy datasets from studies led by TED
Co-Investigators, the wider international TBI community, and the
ongoing TRACK-TBI study, the TED Metadataset has been created.
The TED Metadataset contains granular data on nearly 5000 mild,
moderate, and severe TBI study participants across eight studies. The
constituent studies include TRACK-TBI Pilot, TRACK-TBI,
COBRIT, TBICare, Concussion Research Consortium, ProTECT
III, and Mission Connect, and a NINDS-funded mTBI imaging
study. These datasets combine to form a wealth of TBI clinical
research studies addressing the spectrum of injury severity, and in-
clude a wide range of COAs, neuroimaging data, and biospecimens.

Extensive and ongoing work by TED teams has resulted in a
methodology that permits harmonization of data collected from the
myriad outcome assessments used in the different studies that
comprise the Metadataset.’® Individual tables map the baseline
characteristics and clinical variables that have been collected across
Metadataset studies (Supplementary Appendix) (see online sup-
plementary material at http://www.liebertpub.com) and a table
of contents is accessible through the TED website (https://tbiend
points.ucsf.edu/). This essential step will now permit TED in-
vestigators and potential collaborators to have both a high-level
overview of the Metadataset, as well as harmonized demographic
and clinical data when planning potential research projects.

Data Use and Human Materials Transfer Agreements, a Pub-
lication and Authorship Policy Guideline, and a Research Colla-
boration Policy for the TED Initiative, were drafted and posted to
the TED website to serve as the backbone intellectual property
agreements for collaborations utilizing the TED Metadataset.

Consensus data standards for traumatic braininjury. TED’s
early focus on data standardization has included our investigators’
productive partnership with NINDS, the CDISC, One Mind, and
C-Path to translate the TBI CDEs into TBI CDISC therapeutic data
standards.** The TBI-CDEs were the first consensus-based ap-
proach to establish data standards for TBI research. They include
demographics, clinical care, genetic and proteomic biomarkers,
neuroimaging, and outcome measures*' ™ and have expanded re-
cently into preclinical CDEs.*®

This standardization represents another essential go-forward
mechanism to enable efficient analyses and integration of fu-
ture prospective TBI studies that integrate novel blood-based
and neuroimaging biomarkers, as well as COA measures, into
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observational and randomized, controlled, clinical trials. The
overall benefit is reduced costs and a shortened timeline for pro-
viding patients with safe, effective new treatments.

The FDA’s Data Standards Strategy calls for comprehensive
data standards to facilitate the review of regulatory submissions,
and will soon be required in most FDA submissions. In addi-
tion, to improve efficiency in regulatory review, these standards
will reduce variability of data mapping, and enable reviewers
to combine data from multiple sources in a consistent format
for analysis.

Validation studies: The TED Seed Projects. The program
announcement for the TED Initiative called for the allocation of
TED funds for four Seed Projects—competitively selected foun-
dational work to be completed in 1 year and designed to advance
regulatory validation studies of COAs and biomarkers. The focus
was on reproducibility, reliability, and regulatory science, with
proposals utilizing the TED Metadataset preferred.

The Seed Projects call for proposals was developed by the TED
Executive Committee and its announcement was publicized to the
global scientific community in mid-2015. Forty-one Letters of In-
tent were received in response to the Request for Application.
Following review by the TED Executive Committee, 11 were in-
vited to submit full applications, of which 10 were received. In-
ternationally known experts across all relevant domains of TBI
investigation, including COAs, proteomic biomarkers, neuroima-
ging, and biostatistics, served as reviewers. In addition, each full
application was reviewed by C-Path to assess its state of FDA
regulatory science readiness.

Four, 1-year Seed Project awards have been selected by the
Government Steering Committee and were launched in early 2016:
Two are COA-focused and in keeping with the overarching TED
aim of identifying COA’s that are valid for use in TBI clinical trials,
with particular consideration of different Contexts of Use (COUs).
One proposes a methodology to assess and compare COAs; the
other proposes development of a novel composite cognitive out-
come measure. One proposal in neuroimaging seeks to validate as
a prognostic imaging biomarker the NIH imaging CDEs for mild-
to-moderate TBI (and is the basis of the proposed MDDT tool,
described above), and one proposal in biofluid protein blood bio-
markers will systematically and rapidly fill in knowledge gaps
concerning standardization of assay formats for key biomarkers and
improve their overall regulatory readiness.

Alignment with the National Research Action Plan. In
2012, President Obama issued an Executive Order directing the
Department of Defense, Veteran Affairs, Health and Human
Services and Education to develop a National Research Action
Plan (NRAP) on TBI, post-traumatic stress disorder, and other
mental conditions ‘‘to improve the coordination of agency re-
search into these conditions and reduce the number of affected
men and women through better prevention, diagnosis, and treat-
ment.”” The TED initiative is responsive to several of the key,
cross-cutting research priorities identified in the NRAP.* By
maximizing the impact of existing research through the NIH/
NINDS-funded TRACK-TBI, DoD/VA-funded CENC, and DoD/
NCAA Concussion Assessment, Research and Education Con-
sortium, and utilizing existing and emerging information tech-
nology to facilitate access and analysis of the TBI Metadataset,
the TED Public-Private Partnership is improving our under-
standing and care for individuals with TBI.
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Future Directions
Near-term goals

TED will continue its collaborative work with the FDA toward
validation of novel COAs and validation methodology for blood-
based and neuroimaging biomarkers, and support dissemination of
results to the communities of interest through publications, scien-
tific workshops/conferences, and FDA public meetings.

Long-term goals

TED’s forward objectives will lead to a streamlined path for
FDA endorsement of a library of novel biomarkers and improved
outcome measures. The cross-cutting nature of TBI sequelae
(cognitive, psychological, and neurobehavioral) with other neuro-
logical diseases suggests that progress in TBI biomarker and COA
measure development has implications for improvements in these
conditions and other diseases as well. The timing of TED activities
aligns well with the FDA’s growing attention to change and
transparency and are in accord with the FDA’s recommendations to
embrace common clinical data standards and biospecimen data-
bases for novel candidate biomarkers.*®>!

Current government, policy, and regulatory attention to preci-
sion medicine®>* clearly align with TED’s vision to improve
stratification of heterogeneous patient subgroups within the tradi-
tional TBI population.

Conclusion

The current landscape of health care is a crowded space where
public private partnerships and pre-competitive collaborations are
commonplace.”* In fact, industry colleagues have expressed con-
cern about the possibility of “‘consortia fatigue,” particularly in
disease areas such as AD for which there are many ongoing pre-
competitive initiatives.> Initiatives such as the Alzheimer’s Neu-
roimaging Initiative (ADNI) clearly paved the way for open data
sharing, consensus data standards, and collaboration.>® The TBI
equivalent of the ADNI, TRACK-TBI, shares many attributes with
the ADNI and is already making significant progress in advancing
the unmet needs for TBI. 76!

The TBI landscape is distinct, however, given the paucity of
therapies under active development compared to other neurological
diseases. In TBI, the necessity for pre-competitive collaboration in
order to share the cost and risk is critically evident in an area where:
1) currently no treatments exist; 2) the failure rate in clinical trials
of potential treatments is very high; and 3) there is a lack of sen-
sitive, well-validated biomarkers and clinical endpoints.

TED’s ‘“all-encompassing’ strategy of regulatory science and
engagement has the potential to be transformational and reduces the
risk of focusing on a single pathway, drug, or device for success. As
commercial entities, such as device companies and the pharma-
ceutical industry, engage with TED, the balance between the focus
on expanding pre-competitive space while simultaneously sup-
porting individual candidate diagnostic and drugs for approval will
be an issue to address.

In summary, TED’s regulatory science focus exceeds that of
most all diseases. Even in some diseases that have been engaged in
regulatory qualification for years,*® progress has been slow. It is
anticipated that with TED’s proactive strategy to aggressively
tackle bottlenecks and barriers that have proved to be challenging
in other consortia (e.g., lack of sharing/consent for use of biospe-
cimen repositories and absence ofconsensus data standards) will
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facilitate progress, with an impact that will be substantial, mea-
surable, and significant.
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