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How to Optimize the design of  
NEUROTRAUMA TRIALS…

•History of Severe TBI trials…
•Current trials
•Reasons for failure..
•NIH approaches…
•TBI trials consortia..
•The problems of Mild/Moderate TBI
•Statistical issues…
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TBI Clinical Trials….2009
• Cyclosporin –ABIC/UK
• Solvay SL339…endothelin antagonist..
• Progesterone … “NETT”?
• Factor VII..Novonordisk
• Hypertonic saline –prehospital/ER…NHLB  consortium..
• Citicholine  “COBRIT” NICHD consortium..
• Neuren NNZ 2566
• Decompressive craniotomy…
• Cooling..”NABISH “COOL KIDS,  ”B-HYPO” Japan..
• Oxycyte….Perfluorocarbon…
• CALSOLAC..Innogene ..
• Stem cells?
• HBO--Minneappolis



Completed “Neuroprotection” Clinical Trials in Severe TBI

Investigator/year

Ward et al 1954
Six Authors
Schwartz et al, 1985

Ward et al, 1985
Eisenburg et al 1988

Wolf et al 1993

Teasdale et al 1992

Agent

Scopalamine
Corticosteroids
Mannitol vs pentobarbital

Barbiturates(Prophylaxis)
Barbiturates(Therapeutic)

THAM , Hyperventilation

Nimodipine (Hit 1)

Patients / Country

940 us
365 various
59 Canada

53 US
73 US

149 US

255 UK & Finland

Outcome/comments

Uncontrolled no benefit
Some controlled, no net benefit
randomised crossover 
Mannitol more beneficial
DBPCRT, no benefit
Barbs lower ICP-no benefit 
on outcome
DBCRT - No benefit on outcome
Hypervent  harmful
DBPCRT, no benefit



Agent

Nimodipine (HIT II)
PEG-SOD Free Radial scavenger
PEG SOD RAD Scavenger 
CGS19755 
(Glutamate NMDA Antagonist)
Trilazad
Trilazad
Synthelabo Eliprodil
(SL, 82)Phase II
Nimodpine (L-channel antagonist)
Phase II
Bradycor (Bradykinin Receptor)

SDZ EAA 494
NMDA antagonist

Patients / Country

840 EU
94 US
463 US
113 US  UK

1170 US & Canada
1128 EU Austr
453 France

123 Germany (only
traumatic SAH patients
133US

800EU

Outcome/comments

DBPCRT, No benefit
DBPCRT,ICP lower
Outcome better (p<0.057)
DBPCRT, Outcome 9 % in drug 
vs Placebo (p=0.15)
DBPCRT, ICP Lower-no benefit
DBPCRT, No benefit
DBPCRT, better outcome in brain swelling
patients (p=<0.01)
DBPCRT, 59 %relative reduction in bad
Outcome at 6 mo (p<0.002)
DBPCRT, no benefit but 10% Trend Toward
better outcome 
DBPCRT No benefit

Completed “Neuroprotection” Clinical Trials in Severe TBI

Investigator/year

Brakman 1993
Muzelaar et al 1993
Muzelaar et al, 1993
Bullock et al, 1995

AlIves & Jane 1995
Marshall 1995
Cohadon et al 1996

Harders et al 1996

Nichols 1997

Novartis 1998



Severe TBI Clinical Trials prematurely terminated…..

Company
NIH
Parke Davis
Bayer
Ciba geigy

Cambridge

Agent/treatment
Moderate Hypothemia
SNX-111
Bayer X3702
Selfotel CGS 19755

Cerestat (CNS 1102)

Phase 
III
III
II
III

III

Mechanism/class/comment
5 Support Pilot studies
N-Calcium channel blocker
5-HT1A Agonist  /ion blocker
NMDA Receptor antagonist

non competitive NMDA
antagonist

Patients/country
-500 US
-600 US
-100 EU
260US and Israel
426 EU and Australia
512US and EU



• Potential approaches to reducing sample 
sizes and costs of phase 3 stroke trials
– Utilize more sensitive and less variable 

outcome measures
– Develop new methods of analysis of study 

data
– Incorporate novel study designs and focus 

patient population to improve homogeneity

What are the lessons for TBI?

Stroke Academia –Industry Roundtable…



Why do many TBI and Stroke trials fail 
in phase 3?-

• ~22 Severe TBI trials..~180 stroke trials…>600 
AIDS/HIV TRIALS.!

• Was the Preclinical data bad?
• Did the drug penetrate the brain?
• Was Data from Phase 2 trials flawed?
• Were populations studied too variable?
• Were numbers enrolled  too small?
• Are the indications too risky for “big Pharma?”
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The Targetted Pathophysiology concept…

Select the patients showing 
the mechanism for which the 
drug is active in preclinical studies..



Can we protect mitochondria 
--Why Cyclosporin A?

• Advantages….
• Safe, in many thousands of 

patients…FDA approved
• Cheap, available..
• Good animal model data..
• Disadvantages..
• Poor brain penetration..
• Weak “Mitochondrial pore 

blocking” effect..

Effect of i.v. 35 mg/kg of CsA on NAA and energetic metabolism 
six hours post severe diffuse TBI
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Brain Cyclosporin concentration, measured by Microdialysis, in Human TBI patients..

The CASTBI Trial…



Cyclin E

Retinoblastoma 
protein

HIGH POWER

Apoptotic markers, in Human Contusion material…( Nathoo et al…Fiscum et al,)

Solvay SL 334…



How can we improve TBI clinical 
Trials?

“Those who do not learn from the 
lessons of History, are Doomed to
repeat the mistakes of the past”

Winston Churchill



Glutamate release by Microdialysis, in human TBI..



Selfotel -CGS 19755

• First commercially developed glutamate
antagonist “Neuroprotectant”

• Competitive NMDA glutamate site
antagonist

Ciba Geigy summit, NJ.



The Selfotel Development Plan

1. Animal Studies
Efficacy - TBI, Stroke
Safety, Toxicity, Behavior

2. Phase I Volunteers - 2mg/kg/24 hr max dose
3. Phase II

TBI - Glasgow  n=32. ICP effect
Stroke - Houston - Grotta

4. Phase “IIb” - TBI ABIC - USA/UK n=108
Never fully analyzed!

5. Phase III - 4 trial -USA + Europe, Australia
TBI - 5 mg/kg/day - n~1200





What can we learn from the SELFOTEL trials
• Prematurely terminated due to mortality excess in
stroke  trials (n=693 for TBI)

• No evidence of efficacy for drug in any trauma
subgroup at 3 and 6 months

• Lowest overall mortality rates for any severe head
injury Phase III study (17%; 19%)

•



The Selfotel Programme
Conclusions

What should be done better next time

1) Pharmacokinetics

2) Receptor occupancy post glutamate loading
(most effective in pre-treatment animal paradigms)

3) Complete Phase II analysis before Phase III

4) Better quality control of centers?





Cat no. s8
Control group

TTC Staining
5 hrs after MCA occl.

Cat no. P9-3
CP101. 606-treated

Hundreds of successful Laboratory studies 
With EAA antagonists..more than any other 
“Neuroprotective” strategy…

“Traxprodil”





Traxprodil improved outcome 11%, in 
males

GOS at Last Visit by Gender
N % Favorable* OR 95% CI**

Gender All (Trax./Pbo) Trax Pbo delta

Male 298 (146/152) 46.6 35.5 11.1 1.73 1.07, 2.80

Female 106 (52/54) 34.6 37.0 -2.4 0.85 0.37, 1.93

*Raw percentages, i.e. n Favorable/ N randomized
**Estimate of Odds Ratio (OR) and 95% CI are based on a logistic
regression model with the following terms:  baseline motor score strata, treatment, 
gender and treatment by gender interaction.



Failure of Phase III Trials in
Neurotrauma - Possible Solutions

Better animal studies
Better Phase II mechanism studies

Brain Pharmacokinetics -
Phase II mechanism & dose finding
Better Outcome measures…
“biomarkers” , 
Synergistic therapies…NIH RFA..



Requirement for successful TBI Trials-
The 6 “Koch’s Postulates”…

•Mechanism demonstrated in animal models
•Drug / agent reverses damage in animal models
•mechanism shown in human TBI
•brain penetration
•Safety/tolerability in humans with TBI
•Use  drug sensitive end points



RBC’s

PFC Emulsion 
Particles

Schematic representation of PFC emulsion particle distribution within the 
capillary increasing the surface area for O2 transport to the entire blood volume. 

“Oxycyte”- a PFC 
which carries 40 ml
Oxygen, per 100ml

Can PFC’s increase  Brain oxygenation, by Non Erythrocyte Oxygen 
transport, in compressed, deformed capillaries?
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Nelfinavir - study 506
Mean changes from Baseline in CD4 cell cycle

We need “Biomarkers” to better detect drug effect, in TBI…

~600 efficacy trials, in HIV/AIDS…!



The recovery curve - severe TBI
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Sequential analysis, and 
“Sliding Dichotomy”

Number of patients

0 250 500 750

Outcome worse than expected

Outcome better than expected

No difference

1000



• Better designed trials with existing drugs

• ALL TBI trials UNDERPOWERED ~ 1,200  patients, 

•Should be powered for “Delta” of -- 5% - 3,000 patients
per arm. - Less data complexity, lower cost.. ?

• Should we perform large, simple trials, first, in
“”TBI RICH” Countries?

• Synergistic therapies… –eg SOD-like radical scavengers, 
Mild HYPOTHERMIA  and drugs, ..

Novel Therapeutic Strategies 

for Traumatic Brain Injury



“Per Ardua ad Virtutam”

6 Major Consortia for TBI trials….Over  270 centers… 

NICHD TBI trials Cosortium…CDP choline trial-8 centers
NETT…… progesterone   “Protect “ trial-~17major centers..
NHLBI ….Hypertonic saline, prehospital 
DOD   new PTSD/TBI Consortium.. 10 centers…
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