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Gaps & Progress Toward Achieving a 
Precision Medicine Model in TBI



Modern Precision Medicine

Understanding the 
Influence of Genomics, 

Proteomics, Environment, 
Behavior, and Life Factors 

on Personal Health

Multidimensional 
Prediction:  

Recovery, RTT, Outcome



Precision Medicine & Disease

Personalization

AIM:  Targeted, Personalized Treatment



In Pursuit of Precision Neurotrauma

Where Do We Stand?



Uzma Samadani, MD, PhD, FAANS; Samuel R. Daly | Features
AANS Neurosurgeon: Volume 25, Number 3, 2016

When Will a Clinical Trial for 
Traumatic Brain Injury Succeed?

40+ Failed Clinical Trials in TBI

(Non) Precision Medicine in Neurotrauma



Gaps in Precision Medicine for TBI

STRATIFICATION

Characterization, 
Classification, Phenotyping

THERAPEUTICS

Targeted Intervention 
(if any treatment at all)

MEASUREMENT

Response to Treatment, 
Functional Outcome

What Factors Influence Recovery, 
Follow-up, Outcome & Risk



Classical TBI Classification

Crude Approach to a Complex Condition



TBI Diagnostics & Stratification:
“Blunt Precision”

CT- CT+

A Critical, But Incomplete Distinction



Not All TBI Created Equal

Contusion/HematomaEDH DAI

SDH SAH/IVH Diffuse Swelling

Lack of 
Precision-
Targeted 

Therapeutics

Adapted from G. Manley, with permission



GCS

Genome

Proteome

Clinical Data

Imaging

Signs/Sx’s

Precision Medicine Approach to Neurotrauma

From G. Manley, with permission

Multi-dimensional Enrichment & Prediction



Modern “BIG SCIENCE” in TBI

Informing the Science of Brain Injury in all Populations at Risk

TBI 

Endpoints 

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

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

TRACK-TBI NET:  
An innovative Phase 2 TBI adaptive 

clinical trials network 

TRACK-TBI Precision 
Medicine

Pathomechanistic Classification of 

Traumatic Brain Injury: 

The Bridge to Targeted Therapies 



Advanced Diagnostics in TBI

From Blunt to Precision



Leveraging Technological Advances

Quantifying Effects of Injury & Recovery using Advanced Imaging

Susceptibility (QSM)

Regions of increased susceptibility at 24 hours postinjury

Decreased mean diffusivity & increased axial 
kurtosis at 24 hour injury time point

White Matter Integrity (DTI/DKI)

Increased connectivity 
compared to controls

Functional Connectivity (rs-fMRI)

Cerebral Blood Flow (ASL)

Decreased cerebral blood flow acutely



MRI & TBI:  Not So “Uncomplicated”

Implications for Predicted Recovery & Outcome



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

Unpublished data; please do not photograph or distribute

Burden of acute MD abnormality associated with recovery time



Diagnostic & Prognostic Biomarkers

With permission, Banyan Biomarkers

Objective Biomarkers of Injury & Recovery

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



Clinical Utility of Biomarkers
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S100B: 0.68 [0.60-0.77]

IL-6: 0.78 [0.70-0.86]

IL-1RA: 0.78 [0.70-0.85]

Combined: 0.88 [0.82-0.95]

Concussed vs. Contact Control: 6-Hour

AUC

0.00

0.25

0.50

0.75

1.00

0.00 0.25 0.50 0.75 1.00
False Positive Fraction

T
ru

e
 P

o
s

it
iv

e
 F

ra
c

ti
o

n

UCH-L1: 0.79 [0.70-0.88]

SBDP150: 0.73 [0.63-0.82]

S100B: 0.79 [0.70-0.88]

IL-6: 0.74 [0.64-0.85]

IL-1RA: 0.84 [0.75-0.92]

Combined: 0.90 [0.83-0.96]

Concussed vs. Non-Contact Control: 6-Hour

SRC vs. CC SRC vs. NCC

Blood Biomarkers After Acute Concussion

Biomarkers + SCAT:  
AUC = 0.99

Biomarkers + SCAT:  
AUC = 1.00

Unpublished data; please do not photograph or distribute
Acute Biomarkers Correlate with Recovery Time



FROM BENCH TO BEDSIDE

RAPID CLINICAL 
TRANSLATION



Gaps in Precision Medicine for TBI

STRATIFICATION

Characterization, 
Classification, Phenotyping

THERAPEUTICS

Targeted Intervention 
(if any treatment at all)

MEASUREMENT

Response to Treatment, 
Functional Outcome

What Factors Influence Recovery, 
Follow-up, Outcome & Risk



Glasgow Outcome Scale – Extended (GOSE)
1 Dead

2
Vegetative State 

(VS)

Condition of unawareness with only reflex responses but with periods of spontaneous eye 

opening

3
Severe Disability –

Lower (SD–)

Dependence on daily support for mental or physical disability or both. 

If the patient can be left alone for more than 8 hours at home, it is upper level of SD; if 

not, then it is low level of SD 

4 
Severe Disability –

Upper (SD+)

5
Moderate Disability 

– Lower (MD–)

Patients have some disability such as aphasia, hemiparesis or epilepsy and/or deficits of 

memory or personality but are able to look after themselves. They are independent at 

home but dependent outside. 

If they are able to return to work event with special arrangement it is upper level of MD; if 

not then it is low level of MD.
6

Moderate Disability 

– Upper (MD+)

7
Good Recovery –

Lower (GR–)

Resumption of normal life with the capacity to work even if pre-injury status has not been 

achieved. Some patients have minor neurological or psychological deficits. 

If these deficits are not disabling then it is upper level of GR; if disabling, then it is lower 

level of GR.8
Good Recovery –

Upper (GR+)

TBI Outcome Measurement



Outcome Measurement:  
Can We Do Better?



6 Month CDE Performance in Good Outcomes
(GOSE 7 & 8)
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Good vs. Not So Good Outcome after TBI
Nelson et al, 2017



6 Month Symptom Reporting in Good Outcomes (GOSE 7 & 8)
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Good vs. Not So Good Outcome



DETECTION CHARACTERIZATION QUANTIFICATION

TOWARD ENRICHMENT, STRATIFICATION AND PREDICTION 
TO GUIDE PERSONALIZED TREATMENT

PRECISION NEUROTRAUMA

IMPROVING OUTCOME AND REDUCING DISABILITY AFTER TBI



TEAM SCIENCE


