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METHODS.	   The	   predic,ve	   performance	   of	   the	   PBPK	   framework	   was	  
evaluated	   based	   on	   what-‐if	   scenarios,	   in	   which	   data	   were	   added	  
progressively	   into	  model	   development,	   star,ng	   from	   in	   vitro	   and	   animal	  
experiments,	  up	  to	  human	  clinical	  trials.	  
	  
	  
	  
	  

BACKGROUND.	   Characterising	   exposure	   profiles	   in	   different	   organs	   is	   a	  
key	   feature	   of	  Whole-‐Body	   Physiologically–Based	   Pharmacokine,c	   (WB-‐
PBPK)	   models.	   However,	   it	   remains	   unclear	   which	   data	   are	   needed	   to	  
enable	  accurate	  predic,ons.	  To	   inves,gate	  this	   issue,	  ethambutol	  (EMB),	  
a	  drug	  used	  for	  pulmonary	  tuberculosis	  treatment,	  was	  used	  as	  paradigm	  
drug	   .	  The	  work	  aimed:	  1)	   to	  develop	  a	  WB-‐PBPK	  model	   to	  predict	  EMB	  
lung	  concentra,on	  and,	  2)	  to	  evaluate	  the	  predic,ve	  performance	  of	  the	  
WB-‐PBPK	  framework	  both	  for	  prospec,ve	  evalua,on	  of	  molecules	  in	  first-‐
in-‐human	   and	   in	  poor	  data	   scenarios,	   and	   for	  a	   retrospec,ve	  analysis	   in	  
rich	  data	  scenarios.	  
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•  In	  scenarios	  1-‐4	  the	  PBPK	  model-‐predicted	  and	  the	  observed	  AUC	  were	  
compared	  via	  fold-‐change	  (predicted/observed).	  AUC	  varia,ons	  within	  
2	  fold	  were	  considered	  reasonably	  accurate.	  	  

•  In	  scenario	  5	  the	  model-‐predicted	  drug	  levels	  in	  plasma	  and	  in	  the	  lung	  
at	   steady	   state	  were	   compared	   to	   the	   observed	   plasma	   and	  Alveolar	  
Cells	  (AC)	  EMB	  concentra,ons	  following	  oral	  administra,on	  of	  15mg/kg	  
[6].	  

•  In	  scenario	  6	  the	  observed	  and	  predicted	  plasma	  concentra,on	  profiles	  
at	   first	   dose	   and	   at	   steady	   state	   were	   compared	   considering	  
popula,ons	  instead	  of	  mean	  data.	  
	  

Model	  was	  parameterised	  on	  mean	  data	  following	  the	  first	  EMB	  dose	  (IV:	  
15mg/kg,	   oral:	   800,	   1000,	   1200	  mg).	   Parameters	  were	   es,mated	  via	   the	  
Monte	   Carlo-‐based	   method	   implemented	   in	   the	   PK-‐Sim	   [3]	   es,ma,on	  
toolbox.	   Typical	   subjects	   with	   adequate	   biometrics	   and	   demographics	  
were	   used.	   Only	   one	   distribu,on	   model,	   iden,fied	   on	   IV	   plasma	   and	  
urinary	  data	  was	  used	  (i.e.,	  Rowland	  and	  Rodgers	  distribu,on	  model	  [4,5]).	  
Since	   EMB	   PK	   was	   linear,	   in	   scenarios	   1-‐4	   the	   predic,ve	   performances	  
were	  evaluated	  based	  on	  the	  800	  mg	  dose	  level	  only.	  

Scenario	   6.	   Despite	   the	   use	   of	  
mean	   parameter	   values	   during	  
model	  building,	  the	  variability	  of	  
the	   biometrics	   included	   in	   the	  
PK-‐S im	   in terna l	   database	  
c a p t u r e s	   t h e	   o b s e r v e d	  
interindividual	   variability	   in	  
plasma	  concentra,on	  profiles.	  

Plasma	   data	   were	   simulated	   via	   the	   SimulX	  
func,on	  of	   the	  R	  package	  mlxR,	  according	   to	   the	  
models	   reported	   in	   [1,2].	   The	   observed	   amount	  
excreted	  in	  urine	  was	  used	  [1].	  

FIRST	  IN	  HUMAN	  AND	  POOR	  DATA	  SCENARIOS	  

Scenario	   5.	   A	   PBPK	   model	  
with	  hepa,c	  clearance	  and	  
both	   passive	   and	   ac,ve	  
renal	   el imina,on	   was	  
built.lThe	   PBPK	   model	  
successful ly	   described	  
experimental	   data	   and	  	  
predicted	  steady	  state	  EMB	  
levels	  in	  plasma	  and	  lung	  at	  
steady	  state	  

CONCLUSIONS.	  	  
	  

•  Currently,	  emphasis	   is	  given	  to	  the	  mechanis,c	  nature	  of	  WB-‐PBPK	  
models,	   but	   challenges	   s,ll	   exist	   for	   the	   prospec,ve	   use	   of	   the	  
approach	   with	   novel	   molecules,	   i.e.,	   when	   full	   details	   of	   drug	  
disposi,on	  proper,es	  are	  unknown	  or	  differ	  between	  species.	  	  

•  Our	   case	   study	   illustrates	   the	   bias	   in	   WB-‐PBPK	   model	   predic,ons	  
when	  suppor,ng	  data	  on	  drug	  disposi,on	  are	  not	  available.	  This	   is	  
oben	  the	  case	  during	  lead	  op,misa,on	  and	  candidate	  selec,on.	  

	  

•  Cri,cal	   parameters	   and	   data	   to	   obtain	   accurate	   predic,ons	   were	  
iden,fied,	  including	  permeability	  and	  metabolic	  route.	  	  

•  When	   the	   PBPK	   framework	   is	   used	   retrospec,vely,	   adequate	  
descrip,ons	   of	   drug	   disposi,on	   and	   distribu,on	   in	   ,ssues	   were	  
obtained,	  confirming	  the	  importance	  of	  the	  model	  building	  phase.	  

RICH	  DATA	  SCENARIOS	  

•  the	  more	  the	  data	  available	  for	  model	  building	  are,	  the	  more	  precise	  the	  
exposure	  predic,ons	  are;	  	  

	  

•  for	  drugs	  mainly	  excreted	  via	   the	  kidneys,	  such	  as	  EMB,	   informa,on	  on	  
the	  renal	  elimina,on	  is	  needed	  to	  make	  reasonably	  accurate	  predic,ons.	  
Thus,	  both	  animal	  and	  human	  urinary	  data	  should	  be	  collected;	  

•  intes,nal	  permeability	  was	  found	  to	  be	  the	  crucial	  parameter	  to	  predict	  
EMB	  exposure	  level	  in	  plasma	  following	  oral	  drug	  administra,on.	  

IV	   infusion	   data	   were	   used	   to	   es,mate	  
EMB	   distribu,on	   and	   elimina,on.	   Oral	  
administra,on	   data	   were	   used	   to	  
es,mate	  EMB	  absorp,on.	  
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