






RECRUITMENT RECRUITMENT 
Through July 31Through July 31stst 20092009

MULTIMULTI‐‐ CENTER SEVERE TBI FEASIBILITY STUDY (GCS 3CENTER SEVERE TBI FEASIBILITY STUDY (GCS 3‐‐8): 8): 

Through July 31Through July 31 , 2009, 2009

All sites – 126 Patients

MILD (GCS 13MILD (GCS 13‐‐15) AND MODERATE (GCS 915) AND MODERATE (GCS 9‐‐12) TBI PILOT STUDY12) TBI PILOT STUDY

(GOAL 200)(GOAL 200)

MILD (GCS 13MILD (GCS 13 15) AND MODERATE (GCS 915) AND MODERATE (GCS 9 12) TBI PILOT STUDY12) TBI PILOT STUDY

Total Patients studiedTotal Patients studied

51 Mild TBI P i51 Mild TBI P i51 Mild TBI Patients51 Mild TBI Patients

7 Moderate TBI Patients7 Moderate TBI Patients
(GOAL 50)(GOAL 50)

• Orlando Regional Medical Center

13 Mild TBI Patients

2 Moderate TBI Patients

• Washington Univ. St. Louis

38 Mild TBI Patients38 Mild TBI Patients

5 Moderate TBI Patients

*Pilot data from site selected for mild and moderate Feasibility Study





Summary of Assay Development EffortsSummary of Assay Development Efforts

Assay works well in CSF and serum with sufficient Desired Assay FormatAssay works well in CSF and serum with sufficient 
sensitivity and  precision – working on eliminating tertiary 
antibody.

Assay works well in CSF and serum with sufficient

Desired Assay Format

Simple, Robust, Automatable and 
Cost‐effective

Assay works well in CSF and serum with sufficient 
sensitivity and  precision – working on eliminating streptavidin
bridge.

Assay works well in CSF but needs improvementsAssay works well in CSF but needs improvements 
in sensitivity for serum analyses; working on eliminating tyramide
signal amplification

Current efforts focused on:
Reducing assay complexity

Improving antibody affinitiesImproving antibody affinities

Changing to simplified detection modes 
(colorimetric) to facilitate for easier transition into 
assay automationy





Severe TBI
n  101

Age years Mean (SD) 48.78 ± 19.83Age, years Mean (SD)  48.78 ± 19.83

Min‐Max  19‐88
F/M, n  24/77
F/M % 23 8/ 76 2 %F/M, %  23.8/ 76.2 %
Ethnicity Not Hispanic or Latino 99

Race
Hispanic or Latino
Caucasian

2
89

Asian 3

Black or African American 8

Other 1

GCSGCS 3 30

4 15

5 15

6 156 15

7 16

8 10
Mechanism of Injury: Motor Vehicle Accident 34j y

Moto Cycle Accident 4

Gun Shot Wound 2

Fall  43

Sport Injury 4

Assault 14

Other 34



Control GroupsControl Groups

Normal Controls (Serum)
n  167
Age, years 
M (SD)

36.91 ± 14.06

Control A (CSF)
n  24
Age, years 

57 12 ± 16 63 Mean (SD) 
Min‐Max  18‐74
F/M, n  72/95
F/M, %  43.1/ 56.9 %

Mean (SD) 
57.12 ± 16.63

Min‐Max  23‐83

F/M, n  7/17

Ethnicity Not Hispanic or Latino 146
Hispanic or Latino 13
N/A 8

Race Caucasian 53

F/M, %  29.2/ 70.3 %
Ethnicity Not Hispanic or Latino 24

Hispanic or Latino
Race Caucasian 24

Asian 7

Black or African American 4

Middle Eastern 1
Alcohol (Y/N) 114/47

Asian
Black or African American
Other

GCS Alcohol (Y/N) 114/47
N/A 6

Drug 19/ 147
N/A 1

S k (Y/N) 54/112

15 24

Procedures:
Lumbar Puncture 11

l l Smoke (Y/N) 54/112
N/A 1

Health Excellent 78

Good 74

Intraventricular Placement 13
Causes: Hydrocephalus 20

Cyst (Colloid, Subarachnoidealis) 2

SAH a comm anterior aneurysm 1
Average 13

N/A  2

SAH – a. comm. anterior aneurysm. 1

Lumbalr liquor‐drainage after ICH 1

Other





Temporal Profile of CSFCSF Levels of Biomarkers in the first 24 hours

Sample Size –
TBI

168
Sample Size Sample Size ––
ControlControl AA

24
TBI ControlControl AA



Temporal Profile of SerumSerum Levels of Biomarkers in the first 24 
hours

Sample Size – Sample SizeSample SizeSample Size 
TBI

244
Sample Size Sample Size 
–– ControlsControls

166



Temporal Profile of GFAP in CSFCSF and Serum Serum 
over study (10 Days)
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Temporal Profile of UCH‐L1 in CSFCSF and Serum Serum over study (10 Days) 
& Kinetics Analysis relatedKinetics Analysis related
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SERUM
UCH-L1

Cmax
(ng/ml)

AUC
(ng/ml*min)

Tmax
hrs

T1/2term
hrs

MRTsys
hrs

count 20 20 18 12 18

mean 1.90 2709.86 41.65 11.43 51.80

CSF
UCH-L1

Cmax
(ng/ml)

AUC
(ng/ml*min)

Tmax
hrs

T1/2term
hrs

MRTsys
hrs

count 19 19 19 18 19

mean 803.36 1066270.53 39.81 8.48 51.93

SD 3.43 4797.48 57.88 4.71 37.72

Median 0.57 1099.24 20.71 10.16 36.45
Min 0.00 0.00 1.00 5.02 5.87

Max 11.76 18313.93 176.25 19.25 125.49

SD 2366.59 2492304.79 58.53 3.96 45.59

Median 225.05 409776.60 24.05 8.93 39.41
Min 0.15 263.60 2.30 1.41 5.84

Max 10529.12 10823220.76 266.38 17.24 215.53





ROC analysis of UCHUCH‐‐L1, GFAP and SBDP145 L1, GFAP and SBDP145 in human CSF 
(severe TBI vs. Control A) First 24 hours post‐injury 

First 6h
Post‐Injury

7‐ 12 h
Post‐Injury

Sample 
Size ‐ TBI

24

Sample 

Sample 
Size ‐ TBI

46

Sample 
Size ‐

Control A
24 Size ‐

Control A
24

19‐24h
Post Injury

13‐18 h
Post‐InjuryPost‐Injury

Sample 
43

Sample 
55

Size ‐ TBI
43

Sample 
Size ‐

Control A
24

Size ‐ TBI
55

Sample 
Size ‐

Control A
24

Control A Control A



ROC analysis of UCHUCH‐‐L1 and GFAP L1 and GFAP in human serum 
(severe TBI vs. Normal Controls) First 24 hours post‐injury 

First 6h
Post‐Injury

7‐ 12 h
Post‐Injury

Sample 
Size ‐ TBI

38

Sample 

Sample 
Size ‐ TBI

54

Sample 
Size –
Control 

166 Size –
Control 

166

19‐24h
Post Injury

13‐18 h
Post‐InjuryPost‐Injury

Sample 
Si TBI

69
Sample 
Si TBI

83
Size ‐ TBI

Sample 
Size ‐
Control

166

Size ‐ TBI

Sample 
Size –
Control 

166





MARSHALL COMPUTERIZED TOMOGRAPHY (CT) CLASSIFICATION

CategoryCategory DefinitionDefinition
Diffuse injury I 
(no visible pathology)

No visible intracranial pathology seen on CT scan.

Diff i j II Ci t t ith idli hift 0 5 d/ l iDiffuse injury II Cisterns are present with midline shift 0–5 mm and/or lesions
densities present; no high or mixed density lesion >25 cc;
may include bone fragments and foreign bodies.

Diffuse injury III 
(swelling)

Cisterns compressed or absent with midline shift 0–5 mm;
no high or mixed density lesion 25 mm.

Diffuse injury IV (shift) Midline shift 5 mm; no high or mixed density lesion 25 cc

E t d l i A l i i ll t dEvacuated mass lesion Any lesion surgically evacuated.

Nonevacuated mass 
lesion

High or mixed density lesion 25 cc; not surgically evacuated
lesion



UCH‐L1*
Mann Whitney test

P value (two‐tailed) *0.0291*0.0291

*

GFAP
T t tT‐ test

P value (one‐tailed) *0.0485*0.0485

Sample Size TBI Sample SizeSample Size TBITBISample Size – TBI
Marshall 1‐2

21
Sample Size Sample Size –– TBITBI
Marshall 3Marshall 3‐‐44

15





6000

7000

8000

4000

5000

6000

ng
/m

l

1000

2000

3000
Control A TBI

0

0 1 2 3 4 5 6 7 8 9 10Co
nt
ro
l

800

900

500

600

700

/m
l

200

300

400ng
/

TBI Control A

0

100

0 1 2 3 4 5 6 7 8 9 10Co
nt
ro
l



6000

7000

8000

4000

4500

4000

5000

6000

ng
/m

l

2500

3000

3500

4000

m
l

3000

3500

4000

1000

2000

3000
Control A TBI

1000

1500

2000ng
/m

Control A TBI

1000

1500

2000

2500

ng
/m

l

Control A TBI

0

0 1 2 3 4 5 6 7 8 9 10Co
nt
ro
l 0

500

0 3 4 5 6 7 8 9 10

Co
nt
ro
l

0

500

0 4 5 6 7 8 9 10Co
nt
ro
l

800

900

C

160

C

500

600

700

/m
l 100

120

140

l 80

100

120

200

300

400ng
/

TBI Control A

40

60

80

n
g
/m

l

Control A TBI

40

60

80

n
g
/m

l

Control A TBI

0

100

0 1 2 3 4 5 6 7 8 9 10Co
nt
ro
l

0

20

0 3 4 5 6 7 8 9 10

C
o
n
tr
o
l

0

20

0 4 5 6 7 8 9 10o
n
tr
o
l



ContinuousContinuous monitoringmonitoring ofof physiologicphysiologic vitalvital signssigns isis routineroutine inin
neurocriticalneurocritical carecare. However, this patient information is usuallyneurocriticalneurocritical carecare. However, this patient information is usually
only recorded intermittently (most often hourly) in the medical
record. It is unclear whether this is sufficient to represent the
occurrence of secondary brain insults (SBIs) or whether more
f d ll i ill id h ifrequent data collection will provide more comprehensive
information for patient care.

Assessment of secondary brain insults is highly dependent on (1) thethe
temporaltemporal resolutionresolution ofof thethe methodmethod usedused toto acquireacquire patientpatient datadata and on (2) thethe
interpolationinterpolation methodmethod if data are acquired intermittently. High frequency data

i iti b f i l ti f d b iacquisition may be necessary for more precise evaluation of secondary brain
injury in neurocritical care.



GFAPGFAP

4000025000

UC‐015

ICP AUC (pressure * sec) GFAP ng/ml UCH‐L1 ng/ml SBDP145 ng/ml
4000025000

UC‐015

ICP AUC (pressure * sec) GFAP ng/ml UCH‐L1 ng/ml SBDP145 ng/ml
025000

UC‐015

GFAPGFAP

20000

25000

30000

35000

15000

20000

ng
/m

l

20000

25000

30000

35000

15000

20000

ng
/m

l

‐60000

‐40000

‐20000

10000

15000

20000

ng
/m

l

0

5000

10000

15000

0

5000

10000

0

5000

10000

15000

0

5000

10000

‐120000

‐100000

‐80000

0

5000

UC‐015

( * ) / /

UC‐015

( * ) / /

CPP AUC (pressure*sec) GFAP ng/ml UCH‐L1 ng/ml SBDP145 ng/ml

UCHUCH‐‐L1 & SBDP145L1 & SBDP145

30000

35000

40000

200

250

300

ICP AUC (pressure * sec) UCH‐L1 ng/ml SBDP145 ng/ml

30000

35000

40000

200

250

300

ICP AUC (pressure * sec) UCH‐L1 ng/ml SBDP145 ng/ml

‐40000

‐20000

0

200

250

300

UC‐015

10000

15000

20000

25000

100

150

ng
/m

l

10000

15000

20000

25000

100

150

ng
/m

l

‐100000

‐80000

‐60000

50

100

150

ng
/m

l

0

5000

0

50

0

5000

0

50

‐1200000

CPP AUC (pressure*sec) UCH‐L1 ng/ml SBDP145 ng/ml



GFAPGFAP
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Several studies investigated the relationshiprelationship betweenbetween outcomeoutcome andand
brainbrain tissuetissue oxygenoxygen tensiontension (PbrO2). In 1998, Valadka et al. reported a

ti i f 34 ti t ith TBI d f d th tprospective case series of 34 patients with severe TBI and found that
the likelihood of death increased with increasing duration of time of
PbrO2 less that 15 mm Hg.

Cerebral hypoxia has been shown as an independent predictor of
outcome after traumatic brain injury (TBI) in several clinical studies

Bratton SL, et al J Neurotrauma. 2007;24 Suppl 1:S65‐70.
Valadka AB, et al Crit Care Med 1998;26:1576–1581.

outcome after traumatic brain injury (TBI) in several clinical studies



N= 6 Patients 
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Licox Mean (mmHg) SEM
CBF is typically very low during the first 24

Licox Mean (mmHg) SEM
PBO2 first 24hrs 11.11                     2.30       
PBO2 over study 17.51                     0.59       

hours following severe TBI, and may be reduced
by more than 50% of normal. It may be further
reduced in regions of contusion and subdural
hematoma. CBF increasesincreases overover thethe nextnext fewfew
daysdays provided there is no increase in ICP.

Marion, D. W., et al(1991). J Neurosurg 74,407‐414
Jaggi, J. L., et al (1990). J Neurosurg 72, 176‐182
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Reliable outcome prediction Reliable outcome prediction from severe head injury, 
especially in the early stage, is still unresolvedstill unresolved…..

Accurate determination of the initial severity of the primaryAccurate determination of the initial severity of the primary
brain damage after severe head injury is crucial inin establishingestablishing
neurologicneurologic prognosisprognosis andand toto balancebalance thethe risksrisks andand benefitsbenefits ofof
treatmenttreatment..
Outcome prediction remains difficult because neurologic
assessment is often influenced by the use of sedatives,
analgetics, or muscle relaxants. Therefore, biologic markers that
reliably reflect the extent of brain damage and are easy to
measure (i.e., in peripheral blood) have long been searched
for…

Woertgen, C et al J Trauma, 1999, 47(6), p 1126
Vos PE, et al Neurology. 2004, 7;62(8):1303‐10.



EARLY Mortality Serum

*

UCH‐L1  P=*0.0023
GFAP  P=*0.026

*



* *Biomarkers
Cut off 
(ng/ml) Sensitivity Specificity PPV NPV

UCH-L1 12hrs >0.39 1 0.86 0.87 1

UCH-L1 24hrs >1.54 0.64 1 1 0.71

GFAP 12hGFAP 12hrs >1.40 0.71 1 1 0.78

GFAP 24hrs >1.83 0.64 0.9 0.8642 0.7123
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Researchers estimate that more than 300,000
U.S. veterans of the wars in Iraq and
Afghanistan(20% of the 1.6 million) have sustainedfg ( )
aa mildmild traumatictraumatic brainbrain injuryinjury (TBI), also known as
concussion, with themajoritymajority goinggoing untreateduntreated….

Promising neuroimaging techniques, such as diffusion tensor imaging, currentlycurrently havehave limitedlimited
clinicalclinical usefulnessusefulness…… Lacking an accepted medical definition for postconcussive symptoms or
impairment, the VAVA createdcreated aa disabilitydisability categorycategory calledcalled “residuals“residuals ofof TBITBI..””……

On the basis of this analysis, a different public health
approach is recommended. ThisThis approachapproach wouldwould
establishestablish casecase definitionsdefinitions andand evaluationevaluation toolstools thatthat
fulfillfulfill criteriacriteria forfor causation,causation, havehave clinicalclinical validity,validity, andand
dodo notnot leadlead toto misattributionmisattribution

Hoge CW et al, N Engl J Med. 2009 Apr 16;360(16):1588‐91

dodo notnot leadlead toto misattributionmisattribution…



Control GroupsControl GroupsMild and Moderate TBI
n  34

Normal Controls (Serum)
n  167
Age, years 

( )
36.91 ± 14.06

Age, years Mean 
(SD) 

42.66 ± 17.08

Range  19‐87
F/M 13/21 Mean (SD) 

36.91 ± 14.06

Min‐Max  18‐74
F/M, n  72/95
F/M, %  43.1/ 56.9 %

F/M, n  13/21
F/M, %  38.23/ 61.77 %
Ethnicity Not Hispanic or Latino 11

Hispanic or Latino 2
Ethnicity Not Hispanic or Latino 146

Hispanic or Latino 13
N/A 8

Race Caucasian 53

Hispanic or Latino 2

Other 1

Race Caucasian 24

Asian
Asian 7

Black or African American 4

Middle Eastern 1
Al h l (Y/N) 114/47

Black or African 
American

9

Other 1

GCS 13 15 29 Alcohol (Y/N) 114/47
N/A 6

Drug 19/ 147
N/A 1

k ( / ) /

GCS 13‐15 29
9‐12 5

Mechanism of 
Injury: Motor Vehicle Accident 9

Smoke (Y/N) 54/112
N/A 1

Health Excellent 78

Good 74

Moto Cycle Accident 4

Fall  8

Assault 3

Average 13

N/A  2

Other 10
CT Normal  24

Abnormal 9





ROC CurvesROC Curves:  Biomarkers in Mild (GCS 13‐15) TBI 

T= E  
ORMC &W h U i S L i

Variables GFAP UCH‐L1
ROC Curve Area 0 6428 0 87350 8735

1.0

ORMC & Wash. Univ. St. Louis

ROC Curve Area 0.6428 0.87350.8735
P Value 0.01421 < 0.0001

Sample Size ‐ TBI 29 29
0.8

Sample Size ‐ Normal 166 166

T=E Normal Controls MMTBIen
si

tiv
ity

0.6

T=E Normal Controls MMTBI

UCH‐L1 0.12  ± 0.02 3.48 ± 1.27

GFAP 0.07  ± 0.03 0.28 ± 0.17

S
e

0 2

0.4

GFAP, A = 0.64
UCH L1 A 0 87

0.0

0.2 UCH-L1, A = 0.87

T=E  
Mean 3h35’,  Range 15’‐14h35’

1 - Specificity

0.0 0.2 0.4 0.6 0.8 1.0
ORMC: Mean 1h43’,  Range 15’‐4h

Wash.Univ.: Mean 4h59’,  Range 1h20’‐14h35’



ROC CurvesROC Curves:  Biomarkers in Mild (GCS 13‐15) TBI 

T= 6  
ORMC &W h U i S L iORMC & Wash. Univ. St. Louis

TEST Variables GFAP UCH‐L1
1.0

ROC Curve Area 0.6328 0.90720.9072
P Value 0.01478 < 0.0001

0.8

Sample Size ‐ TBI 34 34

Sample Size ‐ Normal 166 166

en
si

tiv
ity

0.6

T=6 Normal Controls MMTBI

UCH L1 0 12 ± 0 02 3 44 ± 1 08

S
e

0 2

0.4

GFAP, A = 0.63
UCH-L1 A = 0 91 UCH‐L1 0.12  ± 0.02 3.44 ± 1.08

GFAP 0.07  ± 0.03 0.27 ± 0.14

0.0

0.2 UCH L1, A  0.91

1 - Specificity

0.0 0.2 0.4 0.6 0.8 1.0



T=E 

1.0

• Cut off (ng/ml) > 0.1105
• Sensitivity 90%

UCHUCH‐‐L1 T=EL1 T=E
si

tiv
ity

0.6

0.8
• Sensitivity 90%
• PPV 77%
• Specificity 73%
• NPV 88%

Se
ns

0.2

0.4

UCH-L1, A = 0.87

1 - Specificity

0.0 0.2 0.4 0.6 0.8 1.0

0.0

T=6 

1.0

si
tiv

ity

0.6

0.8

• Cut off (ng/ml) > 0.3724
• Sensitivity 79%
PPV 88%

UCHUCH‐‐L1 T=6L1 T=6S
en

0.2

0.4

UCH-L1, A = 0.91

• PPV 88%
• Specificity 89%
• NPV 81%

1 - Specificity

0.0 0.2 0.4 0.6 0.8 1.0

0.0





MILD # GFAP UCH‐L1MILD 
(GCS 13‐15)

# 
Subjects

GFAP 
(ng/ml)

UCH L1 
(ng/ml)

CT Normal 22 0.12 ± 0.05 2.45 ± 0.81

CT Abnormal 6 0 83 ± 0 79 7 74 ± 5 36CT Abnormal 6 0.83 ± 0.79 7.74 ± 5.36

Note: Biomarker Levels at T=E (Mean 3h35’, Range 15’‐14h35’)









• Site identification completed Fall, 2008 –
Washington University St Louis; Wayne State –Washington University, St. Louis; Wayne State –
University Detroit;

• Preliminary PI meeting held November, 2008

• Funding available to Banyan, March, 2009g y , ,

• 300 Mild‐Moderate TBI patients will be
recruitedrecruited

• Protocol reviewed by sites, submitted to HRPO
dand site IRBs.



• TEMPO WEB‐based data management system
t t d d li f il t t d tconstructed and on‐line for pilot study at

Orlando

• Site inspection visits completed

• Preparation of SOPs and training materials inPreparation of SOPs and training materials in
progress

Sit t i i i id S t b 2009• Site training in mid September, 2009

• Initiation of subject enrollment by Oct 1st, 2009






