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The Experimental Therapeutics of Rare Neurological 
Diseases 

• The reason 

• The goals 

• The challenges 

• The strategy 

• Study design 

• Recruitment 

• Paying for the treatment 



Rare Disease Research:  The Goals (1) 

• Translational research:  T-1, T-2, T-3, T-4, T-5 

• To identify the causes, pathogenesis and courses 

• To improve the outcome of all patients, everywhere 
– Outcome measures 

– Successful treatments 

– Treating the universe of patients 

– Standards of care 



• T-1 Discovery of the cause 

• T-2 Model(s) of disease; fixing the model; 

designing the treatment for human subjects 

• T-3 Randomized clinical trials 

• T-4 Real world implementation:  economic 

issues; co-morbidity, personalized medicine 

• T-5 Global availability 

Rare Disease Research:  The Goals (2) 



Rare Diseases:  A Common Challenge 

The 7000+ rare diseases (defined 

as <200,000 U.S. residents) 

affect ~30 million people in the 

U.S. alone. 

 



Rare Disease Research:  The Challenges  

(Partial List) 

• Are all neurological diseases rare? 

• Are there 10,000 (or more) rare 

neurological diseases? 

• Are there any successes?:  FDA-approved 

treatments <200 --- and there are 

problems with the treatments 



The Strategy (1) 

Patient referrals:  A major problem in the U.S. 

• “Leakage” from one system to another 

• No central diagnostic facilities 

• Molecular testing often “not covered” 

• Travel costs 
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How do Patients Get to an Appropriate Expert in 
“Their” Disease? 

China: Self-referred to a major hospital 

U.S.: Referred to a well-known expert 

U.K.: A single NHS-designated center 

for many diseases 



Teleneurology for Rare Disease Research 

• Telephone reporting of outcomes 

• Skype for examination of patients? 

• Or for “personal contact” 



The Strategy (2) 

Defining patient outcomes:  “A developing 

counter culture” 

• Patient-centric vs physician-centric:  “The 

physicians global impression of change” vs 

a clinically-meaningful patient-reported 

outcome 

• Validation 

 



Validation of An Outcome Measure 

• Assessing in another group of patients 

with the same disease? 

• Demonstrating benefit in a clinical trial? 

• Using the outcome for registration of a 

treatment  

• Changing practice; practice guidelines 

• Supported by third party coverage 



The Strategy (3) 

• Patient registries 

• Defining patient outcomes: requires patient 

input 

• Longitudinal study of the outcomes: 

test/retest reliability; rate of progression (and 

variation) 

• Statistical analyses:  Powering a study to 

detect improvement of the outcome 

• Validating the outcome in a clinical trial 
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Study Design 

• Reverse the disease:  Lazarus effect 

• Stop the disease = cure 

• Slow the disease = cure? 

Most rare diseases can be diagnosed 

early in their course 

or 

• Improve a biomarker? 

 



The Importance of Subpart H 

• Validated biomarker 

 

• Establishing the “benefit” of treatment 

of the biomarker 

 

• Sufficient for registration of a new 

treatment? 





Pivotal Studies of Orphan Drugs 

Approved for Neurological Diseases 

• All drugs approved for disease without orphan 

designation:  2 large randomized controlled trials 

(RCT) 

• For orphan diseases 

– Only 32% had 2 RCTs (placebo controlled) 

– Only 74% had 1 RCTs (placebo controlled) 

– 33% not placebo controlled 

– 27% not double blind 

– 12% not randomized 



Clinical Trials in Rare Diseases 

Study design: randomized, placebo-

controlled trials preferred. 

• Large, multicenter 

• N of 1 trials 



Problems with the Large, Multicenter Trial 

• Ethical:  Therapeutic misconception 

• Excludes co-morbidity; atypical cases; 

selected populations 

• Selects a single or small number of 

outcomes 

• Ignores subsets 
– That benefit 

– That worsen 



The n of 1 Trial 

• For chronic diseases --- “predictable 

course” 

• Placebo-controlled, randomized 

• Tailored to the patient (outcome, benefit, 

side effects, biomarker) 

• Arguably essential for many long-term 

treatments that do not have a Lazarus 

effect 







Conclusions 

• Our patients are counting 

on us 

• Goal:  Arrest of disease? 

• Surrogate marker needed 
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