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Challenges	  for	  mAbs	  inhala<on	  
therapy	  

Effect	  of	  formula<on	  on	  the	  
stability	  of	  a	  nebulized	  an<body	  
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Technical	  challenges	  for	  a	  
successful	  inhala(on	  therapy	  

Dependent	  on:	  
• 	  Aerosol	  technology	  
• 	  Performance	  of	  the	  device	  
(aerosol	  output,	  par<cle	  size)	  
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>	  5µm	  Upper	  
Respiratory	  tract	  

2-‐	  5µm	  Mid	  Respiratory	  tract	  

0.5-‐2	  µm	  Alveoli	  

Particle size 
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1. Solid	  or	  liquid	  aerosols	  ?	  
	  

Strategy	  of	  development	  for	  a	  
formula(on	  for	  mAbs	  inhala(on	  



Solid	  or	  liquid	  aerosols	  ?	  
Solid	  aerosols:	  DPIs	  -‐	  Dry	  Powder	  Inhalers	  

• 	  Advantages	  :	  user	  friendly	  /	  no	  cleaning	  /	  quick	  delivery	  
• 	  Disadvantages	  :	  manufacturing	  process	  (gas-‐liquid	  
interface,	  thermal	  stress)	  /	  drug	  and	  device	  
development	  /	  Quan<ty	  of	  drugs	  

	  
Liquid	  aerosols:	  	  

• MDIs	  -‐	  Metered	  Dose	  Inhalers	  
• 	  Nebulizers	  

• 	  US	  
• 	  Jet	  
• 	  Mesh	  
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Type	  of	  nebulizer	  ?	  
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Limita(on	  of	  nebulizer	  =	  physical	  
stresses	  

Dispersion/suspension	  of	  liquid	  
droplets	  in	  a	  gaseous	  medium	  

• 	  Heat	  
• 	  Shearing	  
• 	  Air-‐liquid	  interface	  ++++++
+	  
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Mesh	  nebulizer	  
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Formula(on	  Challenges	  

• 	  An(body	  concentra(on:	  known	  to	  affect	  aggrega<on	  
• 	  Buffer	  dilu(on	  and	  pH:	  PBS,	  citric	  acid,	  his<dine…	  
• 	  Excipients:	  

• 	  Surfactants	  (Polysorbate…):	  	  protect	  mAbs	  at	  the	  air-‐liquid	  
interface	  
• 	  Sugars	  (sucrose,	  trehalose…):	  cryoprotec<on	  
• 	  Amino-‐acids	  (glycine,	  lysine,	  isoleucine…):	  stabilizers	  
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an<body	  

insulin	  

aspirin	  
Prone	  to	  various	  types	  of	  physical	  and	  chemical	  
degrada<on	  

• 	  Denatura<on,	  deamida<on,	  oxida<on	  
• 	  Non-‐covalent/covalent	  aggrega(on	  ++++	  
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Context	  
• Drug	  &	  device	  for	  the	  rapid	  delivery	  into	  the	  alveoli	  of	  an<-‐ricin	  
mAb	  	  

– 	  Drug	  :	  IgG1	  43RCA-‐G1	  in	  PBS	  pH	  7.2	  
– 	  Device	  :	  mesh	  nebulizer	  
– 	  Formula<on	  ???	  

• Aggrega<on	  of	  a	  nebulized	  polyclonal	  IgG	  and	  IgG1	  43RCA-‐G1	  
– 	  Effect	  of	  An<body	  concentra<on	  
– 	  Influence	  of	  the	  device	  
– 	  Effect	  of	  surfactants	  



High	  concentra(on	  seems	  to	  
protect	  polyclonal	  an(bodies	  
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DLS:	  Dynamic	  Light	  ScaZering	  
Medium-‐size	  aggregates	  <	  1µm	  

Fluorescence	  Microscopy	  (Nile	  Red)	  
Large	  aggregates	  >	  2µm	  

Respaud R et al. 2014   
. 



Device	  has	  influence	  on	  large	  aggregates	  

Respaud R et al. 2014   
. 
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Surfactants	  protect	  polyclonal	  
an(bodies	  during	  nebuliza(on	  
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Characteris(cs	  of	   solu(ons	  of	   IgG	  43RCA-‐G1	  15	  mg/mL	   in	  buffer	  25	  mM,	  NaCl	  135	  mM,	  with	  various	  
concentra(on	  of	  PS20,	  before	  and	  aber	  nebuliza(on.	  Each	  result	  is	  the	  result	  of	  1	  nebuliza(on  

Does	  surfactants	  protect	  monoclonal	  
an(bodies	  during	  nebuliza(on	  ?	  
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Size	  exclusion	  chromatography	  of	  a	  15	  mg/ml	  43RCA-‐G1	  IgG1	  solu<on	  in	  developed	  buffer	  with	  various	  
concentra<on	  of	  PS20	  before	  and	  ajer	  nebuliza<on	  with	  the	  Aerogen	  Solo.	  UV	  signal	  

No	  dimer	  (<0.5%)	  of	  IgG1	  43RCA-‐G1	  during	  
nebuliza(on	  
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Drug	  &	  device	  for	  the	  rapid	  delivery	  into	  the	  alveoli	  of	  
an(-‐ricin	  mAb	  	  



• 	  U<lity	  of	  adding	  surfactants	  and	  increasing	  protein	  concentra(on	  
to	  stabilize	  an<body	  formula<ons	  during	  nebuliza<on	  

• 	  Op<miza<on	  for	  each	  “drug	  and	  device”	  pairing	  (specifica<ons	  of	  
the	  device	  and	  proper(es	  of	  the	  mAb	  molecule)	  

• 	  Chemical	  modifica<ons	  of	  mAbs	  during	  nebuliza<on	  	  

• 	  Toxicity	  of	  excipients	  used	  to	  stabilize	  mAbs	  during	  nebuliza<on	  
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Conclusion	  and	  perspec(ves	  
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(Tours) 
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Model of the spatial distribution of antibodies in aerosol droplets 
as a function of antibody concentration 

Respaud R et al. 2014   
. 


