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HOW	
  ARE	
  NEW	
  DRUGS	
  FOUND?	
  

	
  

•  Pre-­‐exis>ng	
  knowledge	
  

•  The	
  prepared	
  mind	
  

•  Serendipity	
  

•  Targeted	
  development	
  	
  



PRE-­‐EXISTING	
  KNOWLEDGE	
  

White Willow. 
-Aspirin 

Opium 

 Belladonna, 
Atropine /hyoscine  



When	
  I	
  woke	
  up	
  just	
  a0er	
  dawn	
  on	
  September	
  28,	
  
1928,	
  I	
  certainly	
  didn't	
  plan	
  to	
  revoluAonise	
  all	
  
medicine	
  by	
  discovering	
  the	
  world's	
  first	
  anAbioAc,	
  
or	
  bacteria	
  killer,"	
  

The Prepared Mind 



SERENDIPITY	
  	
  



CLINICAL	
  TRIALS	
  IN	
  ALS	
  

	
  
•  Drug	
  Development	
  

•  Current	
  approaches	
  to	
  treat	
  ALS	
  
	
  
•  Why	
  previous	
  trials	
  failed	
  
	
  



PRECLINICAL	
  	
  

LABORATORY	
  BASED	
  DRUG	
  
DISCOVERY	
  AND	
  DEVELOPMENT	
  	
  



LABORATORY	
  MODELS	
  	
  

Motor neuron 
cultures 

Transgenic SOD1 
mice 

Zebrafish 



THE	
  ROLE	
  OF	
  THE	
  LABORATORY	
  MODEL	
  

	
  
	
  
UNDERSTANDING	
  AND	
  MANIPULATION	
  OF	
  	
  PATHWAYS	
  
	
  
CHANGING	
  THE	
  COURSE	
  OF	
  THE	
  DISEASE	
  	
  BY	
  TARGETING	
  PATHWAYS	
  



	
  
SOD1	
  TRANSGENIC	
  ANIMAL	
  MODEL	
  

Biology	
  of	
  
neurodegeneraJon	
  

– Drug	
  efficacy	
  
– Drug	
  toxicity	
  



	
  
SOD1	
  Transgenic	
  Mouse	
  (1995-­‐2014)	
  

2060	
  publicaJons	
  	
  
	
  

2013 



	
  	
  	
  SOD1	
  ALS	
  in	
  MICE	
  
	
  

•  Protein	
  misfolding	
  	
  
•  Glutamate	
  excitotoxicity	
  
•  RNA	
  processing	
  
•  Glia	
  cell	
  pathology	
  
•  Oxida>ve	
  stress	
  
•  Apoptosis	
  
•  Inflamma>on	
  
•  Axonal	
  transport	
  
•  Mitochondrial	
  dysfunc>on	
  
•  ???	
  



	
  TARGETS	
  FROM	
  WHICH	
  DRUGS	
  HAVE	
  
BEEN	
  DEVELOPED	
  

Glutamate	
  excitotoxicity	
  
RNA	
  processing	
  
Glia	
  cell	
  pathology	
  
Oxida>ve	
  stress	
  
Apoptosis	
  
Inflamma>on	
  
Axonal	
  transport	
  
Mitochondrial	
  dysfunc>on	
  



CLINICAL	
  TRIALS	
  IN	
  MICE	
  

Over	
  500	
  PublicaJons	
  	
  
	
  (1995-­‐2014)	
  



PITFALLS	
  OF	
  MOUSE	
  STUDIES	
  	
  



•  Small	
  numbers	
  of	
  animals	
  
•  Same	
  gene>c	
  background	
  
•  Minimal	
  differences	
  within	
  trial	
  groups	
  
•  End	
  points	
  (depend	
  on	
  the	
  model)	
  

– Survival	
  
– Rotarod	
  performance	
  &	
  standardized	
  
neurological	
  	
  evalua>on	
  

– Weight	
  	
  
	
  

	
  
MOUSE	
  TRIALS	
  	
  

	
  	
  	
  	
  	
  



OTHER	
  MOUSE	
  PROBLEMS	
  	
  	
  

•  Animal	
  models	
  useful	
  but	
  limited…	
  

– Anatomy	
  differs	
  

– GeneJc	
  background	
  important:	
  “strain	
  effect”	
  

– Gender	
  Differences	
  

– “Copy	
  number”	
  effects	
  
	
  



TRANSLATING	
  FROM	
  	
  
BENCH	
  TO	
  BEDSIDE	
  



CLINICAL	
  TRIALS	
  IN	
  HUMANS	
  



HOW	
  CAN	
  WE	
  TELL	
  IF	
  A	
  DRUG	
  WORKS?	
  

	
  
•  Pa>ent	
  stops	
  deteriora>ng	
  or	
  improves	
  	
  

•  Effect	
  can	
  be	
  reproduced	
  in	
  other	
  pa>ents	
  

•  Placebo	
  effect	
  can	
  be	
  excluded	
  

•  Bias	
  of	
  observers	
  can	
  be	
  excluded	
  



WHY	
  DO	
  WE	
  NEED	
  CLINICAL	
  TRIALS?	
  

•  Placebo	
  effect	
  must	
  
be	
  excluded	
  

•  Bias	
  of	
  observers	
  must	
  
be	
  excluded	
  

0

.2

.4

.6

.8

1

0 1 2 3 4 5 6 7 8 9
Time

Cum. Survival (No Clinical Trial)
Cum. Survival (Clinical Trial)



CLINICAL	
  TRIALS	
  	
  

•  Phase	
  1	
  :	
  	
  Safety	
  (Controls-­‐	
  unaffected	
  by	
  disease)	
  	
  

•  Phase	
  2	
  :	
  	
  Proof	
  of	
  Concept	
  (Small	
  numbers	
  with	
  
disease)	
  

•  Phase	
  3	
  	
  :	
  Pivotal	
  (Large	
  numbers,	
  required	
  for	
  
regulatory	
  approval)	
  

•  Phase	
  4	
  	
  :	
  Post	
  markeJng	
  
	
  	
  

VERY	
  COSTLY	
  !	
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“POSITIVE “ PHASE II STUDY  





NEGATIVE PHASE 3 STUDY :   
 
COST$100,000,0000 



WHY	
  ARE	
  PHASE	
  II	
  TRIALS	
  POSITIVE	
  
AND	
  PHASE	
  III	
  TRIALS	
  NEGATIVE?	
  

•  Faulty	
  trial	
  design	
  
	
  
•  Disease	
  heterogeneity	
  	
  

•  (Drug	
  doesn’t	
  work)	
  	
  



FAULTY	
  TRIAL	
  DESIGN	
  	
  

	
  
•  Wrong	
  dose	
  was	
  used	
  

•  Drug	
  didn’t	
  get	
  to	
  the	
  right	
  target	
  

•  Wrong	
  pa>ent	
  group	
  was	
  used	
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ALS mSOD1 Transgenic Mice Human ALS Patients 

OF	
  MICE	
  AND	
  MEN:	
  	
  
HOMOGENEITY	
  VERSUS	
  HETEROGENEITY	
  OF	
  	
  ALS	
  



REASONS	
  FOR	
  HETEROGENEITY	
  

GeneJcs	
  
Other	
  Unknown	
  Factors	
  	
  



ALS	
  genes	
  



	
  
	
  

Frequency	
  of	
  known	
  Genes	
  is	
  Not	
  Uniform	
  Across	
  
Popula>ons	
  	
  	
  

	
  
	
  	
   ITALIAN	
  COHORT	
   IRISH	
  COHORT	
  

	
  	
   FALS	
  
(n=46)	
  

SALS	
  
(n=429)	
  

FALS	
  
(n=40)	
  

SALS	
  
(n=395)	
  

FREQUEN
CY	
  of	
  
FALS	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  10.1%	
  

ANY	
  GENE	
   50%	
   1%	
  

C9orf72	
   41%	
   1.9%	
   50%	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  9.6%	
  	
  

SOD1	
   12.9%	
   1.4%	
   0	
   67%	
   4.5%	
  

TDP-­‐43	
   9.1%	
   1.2%	
   0	
   0.4%	
  

FUS	
   0.7%	
   0	
   0	
   0.6%	
  

OPTN	
   1%	
   0	
   0	
   0	
  

UNKNOW
N	
  

33%	
   N/A	
   50%	
   N/A	
  Kenna	
  et	
  al	
  	
  JMG	
  2013	
  



CAUSES	
  OF	
  DISEASE	
  MAY	
  DIFFER	
  





SOLUTIONS	
  	
  

•  Drug	
  doesn’t	
  work	
  
	
  
•  Trial	
  design	
  was	
  faulty	
  
•  Wrong	
  dose	
  was	
  used	
  
•  Drug	
  didn’t	
  get	
  to	
  the	
  

right	
  target	
  
•  Wrong	
  pa>ent	
  group	
  was	
  

used	
  	
  

•  More	
  efficient	
  screening,	
  
Befer	
  drugs	
  ?muJple	
  acJons?	
  	
  

•  Befer	
  trial	
  design	
  
•  Befer	
  pharmacokineJcs	
  
•  Befer	
  biomarkers	
  	
  

•  Befer	
  paJent	
  groups	
  	
  



NEW	
  DRUGS	
  &	
  BETTER	
  TRIALS	
  





PERSONALIZED	
  MEDICINE	
  	
  
	
  

Genes  

Biomarkers  


