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LAY OF THE LAND:  TBI
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When Will a Clinical Trial for 
Traumatic Brain Injury Succeed?

40+ Failed Clinical Trials in TBI

• Lack of stratification, 
phenotyping

• One size fits all 
approach

• Inability to match Rx to 
phenotype

• Inclusion/ exclusion

• Blunt outcome 
measurement 

(non)Precision Medicine in TBI

LACK OF OBJECTIVE 
BIOMARKERS



History of Troponin, From Discovery to Modern Day Use

ROME WASN’T BUILT IN A DAY (OR DECADE)



ROLE OF NEUROTRAUMA BIOMARKERS

Diagnosis, Prognosis, Enrichment, Outcome



Informing the Science of TBI in all Populations at Risk

A Public-Private Partnership to Advance the 
Science of Concussion in Sports & Military

Largest national 
study of TBI & 
concussion in 
NCAA Student 
Athletes and 

Military Service 
Academy Cadets 

Largest national 
study of Civilian TBI

TBI 

Endpoints 

Development 
A"Collabora) ve"for"Advancing"Diagnosis"and"Treatment"of"TBI""

Modern “BIG SCIENCE” in TBI



IMAGING PATHOPHYSIOLOGY OF INJURY & RECOVERY
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27% With Negative CT Have Positive MRI 

MRI & TBI:  Not So “Uncomplicated”



• Pipeline for DTI analysis to Dx Axonal Injury

• FA calculated in high performing tracts

• 117 msTBI patients (92 chronic, >6 mos; 25 
subacute 10d-6w), 103 controls

• DIAGNOSTIC: AI detected in 52% of chronic, 
28% of subacute TBI patients

• SENSITIVITY: 1/3 of TBI with normal 
standard MRI had evidence of AI

• PHENOTYPIC: 40% with visible microbleeds 
had no AI on DTI

• PROGNOSTIC: AI associated with poorer 
cognitive, functional outcome

• LONGITUDINAL COURSE: More DTI 
abnormality further out from TBI

PATHWAY TO PATIENT CARE



Predicting Outcome in TBI



Acute White-Matter Abnormalities in SRC: 
A DTI Study from the NCAA-DoD CARE Consortium

S. Mustafi, J. Harezlak, K.M. Koch, A.S. Nencka, T.B. Meier, J.D. West, C.C. Giza, J.P. DiFiori, K.M. Guskiewicz, 
J.P.Mihalik, S.M. LaConte, S.M. Duma, S.P. Broglio, A.J. Saykin, M.McCrea, T.W. McAllister, and Y.C Wu

J Neurotrauma. 2018 Nov 15;35(22):2653-2664.

Z=109 Y=129 X=108RD

MD

Concussed vs. Contact Control

Z=110 Y=127 X=112

Concussed vs. Non-Contact Control

Corrected p < 0.05, Location:  Anterior and posterior corona radiata and corpus callosum

ACUTE DIFFUSION MRI (24-48 hrs PI)

Widespread elevations in mean diffusivity relative to controls



Longitudinal White Matter Abnormalities in SRC: 
A Diffusion MRI Study of the NCAA-DOD CARE Consortium

Y.C. Wu, J. Harezlak, N.M.H. Elsaid, Z. Lin, Q., Wen, S.M. Mustafi, L.D. Riggen, K.M. Koch, A.S. Nencka, T.B. Meier, A.R. Mayer, 
Y. Wang, C.C. Giza, J.P. DiFiori, K.M., Guskiewicz, J.P. Mihalik, S.M. LaConte, S.M.  Duma, S.P. Broglio, A.J. Saykin, 

M. McCrea, T.W. McAllister (NEUROLOGY 2020)

Burden of acute MD abnormality associated with symptoms, recovery & RTP time

mm2/s mm2/s



Acute Changes in Functional Connectivity:  rs-fMRI
(Kaushal, Meier et al; HBM 2019) 

Delayed Onset of Functional Injury



MRI Biomarkers of Injury & Recovery

STRUCTURAL CHANGES 
(Central White Matter Regions)

FUNCTIONAL CHANGES
(Diffuse White+Gray Matter)

Pathophysiological Hypotheses: 
Axonal strain/injury, glial injury, white matter integrity, dysregulation of 
CBF, changes in brain metabolism/energy, altered neurotransmission, 

inflammation, edema, other
M. McCrea 2020



Blood Biological Markers of Injury & Recovery

With permission, Banyan Biomarkers

From:  Zetterberg, Smith & Blennow.  
Nat Rev Neurol. 2013 Apr; 9(4): 201–210

,

Candidate TBI biomarkers reflect different pathophysiologies



21

Limitation: core lab test that requires 3-4h to return result

= barrier to broad clinical adoption or fielded use

Adapted from Geoff Manley, MD, PhD with permission



• GFAP (plasma) 

cutoffs for TBI vs 

Healthy Controls
For aid in diagnosis of TBI, POC GFAP 
significantly outperformed core lab 
S100B 

GFAP AUC 0.94 95% CI 0.93-0.95
S100B AUC 0.87 95% CI 0.85-0.89
p<0.001 

GFAP for Aid in Diagnosis of TBI

Adapted from Geoff Manley, MD, PhD with permission



• Blood-based biomarkers are more sensitive than CT

• Potential to improve diagnosis and triage of TBI patients
Adapted from Geoff Manley, MD, PhD with permission

ACUTE BIOMARKERS PREDICT 

FAVORABLE VS. UNFAVORABLE 

RECOVERY AT 12 MONTHS POSTINJURY:

AUC FOR GOSE 1-4 vs 5-8:

GFAP = 0.84, UCH-L1 = 0.84



ACUTE GFAP LEVELS AFTER TBI
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POTENTIAL VALUE:  Diagnostic, Prognostic, Enrichment
Adapted from Geoff Manley, MD, PhD with permission



GFAP UCH-L1

Blood Biomarkers of Acute SRC

Elevated Biomarker Levels < 24 Hours After SRC 
Associated with Longer Time to Recovery & RTP



Blood Biomarkers of 
“Uncomplicated” mTBI



P<0.001

Inflammatory Markers of Acute SRC

Acute IL-1RA & IL-6 levels predict recovery time
Nitta et al. 2019, Neurology; Meier et al., 2020, Annals of Neurology
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CAUTION:  No Singular Solution

Axonal  Injury 

Synaptic Injury Markers

(Sypt -1) 

Microgliosis -

Neuroinflammation 

Markers

(EAMP - II) 

Vascular injury 

Markers (N -CAM)

UCH-L1 SBDP150 SBDP120GFAP CNPase . MAP2

Acute markers Subacute markers

BA - 0293

Chronic markers

Demyelination
Neuronal cell 
body damage Dendritic injuryGliosis / Glial Injury

1

Demyelination 

MBP fragment 
With permission, Banyan Biomarkers



BIG PICTURE:  TBI Biomarkers

Scientific Research

Provide valuable insight into 
neurobiology of injury & recovery

Clinical Application

Require further validation for 
clinical use in SRC

Long Road to Clinical Translation



BIOMARKERS: TRANSLATION PATHWAY
DEMONSTRATION

Discovery & Optimization of 
Candidate Biomarkers

VALIDATION

Clinical Studies on 
Diagnostic & Prognostic Utility

IMPLEMENTATION

Operationalize (commercialize) 
for POC Use in Trauma Care

Additive Value in Diagnosis, 
Evaluation, Prognosis, Management

FROM BENCH TO BEDSIDE



February 14, 2018

GFAP and UCHL1 

(Core Lab)

January 12, 2021

GFAP and UCHL1 

(PoC, Plasma)

GFAP and UCHL1 

(PoC, WhBlood)



Real Life:  Value of Prognostic Biomarkers



TBI BIOMARKERS: FUTURE DIRECTIONS
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