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Epilepsy	
  
•  Chronic	
  disorder	
  characterized	
  by	
  recurrent	
  
unprovoked	
  seizures	
  

	
  
•  Affects	
  0.5	
  –	
  1%	
  of	
  all	
  children	
  

•  Mul,ple	
  e,ologies,	
  electrochemical	
  syndromes	
  
and	
  seizure	
  types	
  

•  30%	
  of	
  children	
  with	
  epilepsy	
  develop	
  seizures	
  
refractory	
  to	
  medical	
  management	
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Leve,racetam	
  
Keppra®	
  

•  NOC	
  March	
  2003	
  

•  Adjunc,ve	
  therapy:	
  
– Epilepsy	
  not	
  controlled	
  by	
  conven,onal	
  therapy	
  
– Adult	
  popula,on	
  

•  PO	
  dosage	
  form:	
  250,	
  500,	
  750	
  mg	
  tabs	
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  database.	
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Leve,racetam	
  
Keppra®	
  

•  Dose:	
  	
  
–  Ini,al:	
  10	
  -­‐20	
  mg/kg/24h	
  div	
  BID	
  
– Maintenance:	
  40	
  –	
  60	
  mg/kg/24h	
  div	
  BID	
  
	
  

•  Mechanism	
  of	
  Ac,on:	
  
– Binds	
  to	
  synap,c	
  vesicle	
  protein	
  2A	
  (SV2A)	
  
– Modulates	
  synap,c	
  vessel	
  exocytosis	
  

=	
  inhibi,on	
  of	
  presynap,c	
  neurotransmi@er	
  release	
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Drugs	
  2011;	
  71	
  (4):	
  489	
  -­‐	
  514	
  	
  



Leve,racetam	
  
Keppra®	
  

Pharmacokine/cs	
  
•  Linear	
  
•  Bioavailability	
  100%	
  
•  Distribu,on	
  similar	
  to	
  TBW	
  
•  Protein	
  binding	
  <	
  10%	
  
•  No	
  hepa,c	
  metabolism	
  
•  T1/2	
  6	
  –	
  8	
  h	
  (<	
  12	
  y	
  =	
  5	
  h)	
  
•  Excreted	
  in	
  urine	
  

Adverse	
  Effects	
  
•  Behavioural	
  symptoms	
  

(38%)	
  
•  Somnolence	
  (23%)	
  
•  N/V/D	
  (15%)	
  
•  Headache	
  (14%)	
  
•  Rhini,s	
  (13%)	
  
•  Weakness	
  (10%)	
  
•  Dizziness	
  (7%)	
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Drugs	
  2011;	
  71	
  (4):	
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  –	
  514	
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  monograph	
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  2012	
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Leve,racetam	
  
The	
  Ideal	
  AED?	
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Clin	
  Pharmacokinet	
  2004;	
  43	
  (11):	
  707	
  -­‐	
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AED	
  TDM	
  

•  Ra,onale:	
  
– AED	
  treatment	
  is	
  mostly	
  prophylac,c	
  
– Symptoms	
  and	
  adverse	
  effects	
  can	
  be	
  subtle	
  
– No	
  direct	
  lab	
  parameters	
  for	
  clinical	
  efficacy	
  or	
  the	
  
most	
  common	
  side	
  effects	
  

=	
  op,mize	
  the	
  seizure	
  suppressing	
  effects	
  of	
  AEDs	
  
while	
  minimizing	
  adverse	
  effects	
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Epilepsia	
  2008;	
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  (7):	
  1239	
  -­‐	
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AED	
  TDM	
  
•  Drug	
  Characteris,cs:	
  
– Narrow	
  therapeu,c	
  range	
  
–  Significant	
  interindividual	
  variability	
  in	
  
pharmacokine,cs	
  

– Drug	
  concentra,on	
  correlates	
  to	
  clinical	
  efficacy	
  and	
  
toxicity	
  

–  Pharmacological	
  response	
  not	
  easily	
  measurable	
  
–  Significant	
  side	
  effect	
  profile	
  
– Drug/disease	
  interac5ons	
  
– Non	
  linear	
  pharmacokine5cs	
  
– Will	
   the	
   results	
   of	
   the	
   drug	
   assay	
  make	
   a	
   significant	
  
difference	
  in	
  the	
  clinical	
  decision	
  making	
  process?	
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Leve,racetam	
  TDM	
  

•  “The	
  rela,onship	
  between	
  leve,racetam	
  
serum	
  concentra,ons	
  and	
  clinical	
  effect	
  has	
  
not	
  been	
  ascertained	
  and	
  consequently,	
  the	
  
value	
  of	
  serum	
  concentra,on	
  measurements	
  
has	
  not	
  been	
  established.”	
  

	
  
•  Possible	
  therapeu,c	
  range:	
  	
  
– 35	
  –	
  120	
  umol/L	
  
– 8	
  –	
  26	
  ug/mL	
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Clin	
  Pharmacokinet	
  2006;	
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  -­‐	
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Clinical	
  Ques,on	
  
P	
   Children	
  with	
  epilepsy	
  receiving	
  treatment	
  with	
  

leve,racetam	
  

I	
   Therapeu,c	
  drug	
  monitoring	
  

C	
   No	
  therapeu,c	
  drug	
  monitoring	
  

O	
   Mortality	
  
Seizure	
  frequency	
  	
  
Adverse	
  effects	
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Search	
  Strategy	
  
Databases	
   Medline,	
  PubMed,	
  Embase,	
  IPA,	
  Cochrane,	
  

Google,	
  Google	
  Scholar,	
  Clinicaltrials.gov	
  
	
  

Search	
  Terms	
   Leve,racetam,	
  Keppra,	
  therapeu,c	
  drug	
  
monitoring,	
  drug	
  monitoring,	
  drug	
  levels,	
  serum	
  
concentra,ons,	
  pharmacokine,cs,	
  seizures,	
  
epilepsy,	
  children,	
  pediatrics	
  

Limits	
   Human,	
  English	
  

Results	
   1	
  prospec,ve	
  observa,onal	
  study	
  
2	
  retrospec,ve	
  observa,onal	
  studies	
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Mathew	
  et	
  al	
  
Design	
   SC,	
  prospec,ve,	
  observa,onal	
  

Pa/ents	
   N	
  =	
  69	
  (generalized	
  epilepsy	
  =	
  40,	
  focal	
  =	
  26,	
  focal	
  with	
  20	
  
generaliza,on	
  =	
  3,	
  various	
  e,ologies)	
  
	
  Inclusion:	
  
-­‐  Children	
  >	
  1	
  y	
  
-­‐  Seizures	
  
-­‐  Leve,racetam	
  x	
  3	
  m	
  

Objec/ves	
   1)  To	
  ascertain	
  any	
  difference	
  in	
  serum	
  concentra,on	
  of	
  
leve,racetam	
  between	
  pa,ents	
  who	
  were	
  on	
  enzyme	
  
inducers	
  vs.	
  those	
  on	
  enzyme	
  inhibitors	
  	
  

2)  To	
  demonstrate	
  any	
  possible	
  correla/on	
  between	
  serum	
  
leve/racetam	
  concentra/on	
  and	
  clinical	
  efficacy	
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Baseline	
  Characteris,cs	
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Interpa,ent	
  Variability	
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Concomitant	
  AEDs	
  
17	
  



Response	
  
N	
   Median	
  LEV	
  

Dose	
  
Median	
  LEV	
  
Serum	
  
Concentra/on
*	
  

Responders	
   55	
   40	
  mg/kg/day	
   14.7	
  ug/mL	
  

Non	
  
Responders	
  

8	
   43	
  mg/kg/day	
   12	
  ug/mL	
  

18	
  

*P	
  =	
  0.332	
  
AUROC	
  =	
  0.630	
  



Authors’	
  Conclusions	
  
•  Absence	
  of	
  correla,on	
  between	
  serum	
  concentra,on	
  and	
  seizure	
  control	
  	
  

•  Possibility	
  of	
  unexpected	
  altera,on	
  of	
  LEV	
  concentra,on	
  when	
  
an,epilep,c	
  medica,ons,	
  in	
  par,cular	
  inducers,	
  are	
  concurrently	
  used;	
  
need	
  to	
  increase	
  dosage	
  in	
  non	
  responders	
  who	
  use	
  inducers	
  along	
  with	
  
LEV	
  

•  Role	
  of	
  individualizing	
  LEV	
  dosing	
  based	
  on	
  maintaining	
  sequen,al	
  intra-­‐
pa,ent	
  measurements	
  with	
  minimum	
  variability	
  yet	
  to	
  be	
  inves,gated	
  	
  

•  Sequen,al	
  intra-­‐pa,ent	
  data	
  can	
  be	
  useful	
  tool	
  to	
  confirm	
  compliance.	
  	
  

•  TDM	
  of	
  leve*racetam	
  may	
  not	
  be	
  necessary	
  in	
  rou*ne	
  clinical	
  prac*ce	
  
but	
  has	
  role	
  in	
  non-­‐responders,	
  on	
  an*epilep*c	
  polypharmacy	
  and	
  with	
  
doub<ul	
  compliance.	
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Analysis	
  
•  Observa,onal	
  
•  Small	
  sample	
  size	
  
•  Large	
  interpa,ent	
  variability	
  in	
  serum	
  LEV	
  concentra,on	
  
•  Majority	
  of	
  pa,ents	
  on	
  “interfering”	
  AEDs	
  –	
  conflic,ng	
  
informa,on	
  regarding	
  drug	
  interac,ons	
  

•  Parental/pa,ent	
  repor,ng	
  
•  Mul,ple	
  confounders	
  
•  No	
  men,on	
  of	
  compliance	
  
•  Only	
  one	
  LEV	
  level	
  drawn	
  per	
  pa,ent	
  (nothing	
  
men,oned	
  on	
  ,ming	
  rela,ve	
  to	
  dose)	
  

•  Poor	
  descrip,on	
  of	
  methods	
  
•  Minimal	
  informa,on	
  regarding	
  assay	
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Lancelin	
  et	
  al	
  
Design	
   SC,	
  retrospec,ve,	
  observa,onal	
  

Pa/ents	
   N	
  =	
  69	
  (generalized	
  epilepsy	
  =	
  3,	
  focal	
  =	
  66),	
  mean	
  age	
  32	
  y	
  
(13	
  –	
  78)	
  
Leve,racetam	
  dose:	
  500	
  –	
  3000	
  mg/day	
  (dura,on:	
  min	
  2	
  m)	
  

Objec/ve	
   To	
  monitor	
  drug	
  plasma	
  levels	
  in	
  pa,ents	
  treated	
  with	
  LEV	
  
for	
  refractory	
  epilepsy	
  and	
  to	
  determine	
  if	
  correla,on	
  exists	
  
between	
  LEV	
  plasma	
  concentra,on	
  and	
  therapeu,c	
  
response	
  or	
  adverse	
  effects.	
  	
  
	
  

LEV	
  Levels	
   81	
  plasma	
  samples	
  from	
  69	
  pa,ents	
  
-­‐  12	
  h	
  aver	
  evening	
  dose	
  
-­‐  On	
  LEV	
  min	
  1	
  wk	
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LEV	
  Plasma	
  Concentra,ons	
  
Mean	
  LEV	
  concentra/on	
  (range)	
   11.7	
  ug/mL	
  (1.1	
  –	
  33.5)	
  

By	
  dose	
  (mg):	
  mean	
  +	
  SD	
  (ug/mL)	
  

500	
   3.1	
  +	
  0.9	
  

1000	
   6.5	
  +	
  2.4	
  

1500	
   10.7	
  +	
  5.1	
  

2000	
   12.4	
  +	
  4.5	
  

3000	
   16.8	
  +	
  5.9	
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Baseline	
  Characteris,cs	
  
24	
  



LEV	
  Plasma	
  Concentra,ons	
  and	
  
Clinical	
  Response	
  

Mean	
  +	
  SD	
  (ug/mL)	
  LEV	
  
Concentra/on*	
  

Responders	
  (N=	
  11)	
   12.9	
  +	
  4.9	
  

Nonresponders	
  (N	
  =	
  31)	
  	
   9.5	
  +	
  4.7	
  

*	
  p	
  =	
  0.06	
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LEV	
  Plasma	
  Concentra,ons	
  and	
  
Clinical	
  Response	
  

26	
  

LEV	
  Serum	
  Concentra,on	
  11	
  ug/
mL	
  

Sensi,vity	
   73%	
  

Specificity	
   71%	
  

LR	
  (+)	
   2.5	
  

LR	
  (-­‐)	
   0.38	
  



LEV	
  Plasma	
  Concentra,on	
  and	
  
Adverse	
  Effects	
  

Mean	
  +	
  SD	
  LEV	
  Concentra/on	
  *	
  

Adverse	
  Effects	
   11.2	
  +	
  4.4	
  

No	
  Adverse	
  Effects	
   10.9	
  +	
  4.9	
  

27	
  

*	
  p	
  >	
  0.05	
  



Authors’	
  Conclusions	
  

•  “The	
  results	
  show	
  a	
  trend	
  toward	
  higher	
  
concentra,ons	
  being	
  associated	
  with	
  a	
  be@er	
  
response	
  in	
  the	
  pa,ents	
  studied,	
  including	
  a	
  
majority	
  of	
  pa,ents	
  presen,ng	
  with	
  refractory	
  
epilepsy.	
  However,	
  further	
  clinical	
  studies	
  are	
  
needed	
  to	
  recommend	
  a	
  therapeu,c	
  range	
  in	
  
the	
  clinical	
  management	
  of	
  leve,racetam	
  
treated	
  pa,ents	
  with	
  epilepsy.”	
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Analysis	
  

•  Retrospec,ve,	
  observa,onal	
  
•  Small	
  sample	
  size	
  
•  Small	
  number	
  of	
  responders/missing	
  informa,on	
  
•  Large	
  interpa,ent	
  LEV	
  serum	
  concentra,on	
  
variability	
  

•  Adult	
  pa,ents	
  included	
  
•  Severe	
  refractory	
  seizures	
  	
  
•  Mul,ple	
  confounders	
  
•  No	
  men,on	
  of	
  compliance	
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Giroux	
  et	
  al	
  
Design	
   SC,	
  retrospec,ve,	
  observa,onal	
  (PK	
  subgroup	
  prospec,ve)	
  

Pa/ents	
   N	
  =	
  69	
  (generalized	
  epilepsy	
  =	
  21,	
  focal	
  =	
  48)	
  mean	
  age	
  =	
  12	
  y	
  
Subgroup:	
  N	
  =	
  37,	
  mean	
  age	
  11.4	
  y	
  
Inclusion:	
  
-­‐  Age	
  <	
  18	
  y	
  
-­‐  Dx	
  with	
  epilepsy	
  
-­‐  Treated	
  with	
  LEV	
  

Objec/ves	
   1)  Evaluate	
  efficacy	
  and	
  tolerability	
  of	
  LEV	
  in	
  children	
  with	
  
epilepsy	
  

2)  Determine	
  if	
  there	
  is	
  correla/on	
  between	
  LEV	
  plasma	
  
concentra/ons	
  and	
  efficacy/tolerability	
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Baseline	
  Characteris,cs	
  
32	
  



Response	
  
33	
  

PK	
  Subgroup:	
  N	
  (%)	
  

Responders	
   30	
  (81%)	
  

Seizure	
  Free	
   11	
  (30%)	
  

Non	
  Responders	
   7	
  (19%)	
  



Adverse	
  Effects	
  
34	
  

PK	
  Subgroup:	
  N	
  (%)	
  

Adverse	
  Events	
   18	
  (26%)	
  (N	
  =	
  69)	
  
7	
  (19%)	
  (N	
  =	
  37)	
  



LEV	
  Concentra,on	
  and	
  Response	
  
Dose	
  (Range)	
   LEV	
  Serum	
  

Concentra/on	
  
(Range)	
  

Responders	
  	
   10	
  –	
  50	
  	
  
mg/kg/day	
  

5	
  –	
  40	
  ug/mL	
  

Seizure	
  Free	
  
(N	
  =	
  11)	
  

6.85	
  –	
  40	
  	
  
ug/mL	
  

Non	
  
Responders	
  	
  
(N	
  =	
  7)	
  

1.89	
  –	
  46.66	
  
ug/mL	
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Authors’	
  Conclusions	
  

•  “Our	
  results	
  suggest	
  that	
  LEV	
  is	
  a	
  broad	
  
spectrum	
  an,convulsant	
  in	
  children	
  and	
  can	
  
be	
  used	
  with	
  great	
  success	
  also	
  in	
  pa,ents	
  
with	
  generalized	
  epilep,c	
  syndromes.	
  Its	
  great	
  
safety	
  profile,	
  its	
  lack	
  of	
  drug	
  interac,on	
  and	
  
its	
  efficacy	
  in	
  special	
  popula,ons	
  are	
  novel	
  
arguments	
  for	
  its	
  u,liza,on	
  in	
  children	
  with	
  
benign	
  as	
  well	
  as	
  refractory	
  epilepsies.”	
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Analysis	
  
•  Observa,onal	
  
•  Small	
  sample	
  size	
  
•  Mul,ple	
  confounders	
  and	
  missing	
  baseline	
  informa,on	
  
•  Single	
  LEV	
  concentra,on	
  drawn	
  
•  No	
  men,on	
  of	
  compliance	
  
•  Adult	
  pa,ents	
  included	
  
•  Poor	
  repor,ng	
  of	
  sta,s,cal	
  methods/results	
  
•  No	
  discussion	
  on	
  rela,onship	
  between	
  adverse	
  events	
  and	
  
serum	
  concentra,on	
  

•  No	
  informa,on	
  on	
  ,ming	
  of	
  blood	
  samples	
  taken	
  rela,ve	
  
to	
  LEV	
  dose	
  

•  Not	
  all	
  assay	
  characteris,cs	
  reported	
  
•  Author	
  made	
  no	
  conclusions	
  regarding	
  TDM	
  of	
  LEV	
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Summary	
  
Mortality	
   Seizure	
  

Reduc/on	
  
Adverse	
  Events	
  

Mathew	
  et	
  al	
   ✖	
   ✖	
   ✖	
  

Lancelin	
  et	
  al	
   ✖	
   ✖	
   ✖	
  

Giroux	
  et	
  al	
   ✖	
   ✖	
   ✖	
  

38	
  

Correla/on	
  to	
  
Clinical	
  Efficacy	
  

Correla/on	
  to	
  
Toxicity	
  

Suggested	
  
Therapeu/c	
  
Range	
  

Mathew	
  et	
  al	
   ✖	
   ✖	
   ✖	
  

Lancelin	
  et	
  al	
   ?	
   ✖	
   >	
  11	
  ug/mL	
  

Giroux	
  et	
  al	
   ✖	
   ✖	
   ✖	
  



Conclusion	
  

•  No	
  apparent	
  correla,on	
  between	
  serum	
  LEV	
  
concentra,on	
  and	
  clinical	
  efficacy	
  or	
  toxicity	
  

•  No	
  established	
  therapeu,c	
  reference	
  range	
  
•  LEV	
  does	
  not	
  possess	
  pharmacological	
  
characteris,cs	
  typically	
  requiring	
  TDM	
  

•  Rou,ne	
  monitoring	
  of	
  LEV	
  levels	
  is	
  not	
  
recommended	
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Ques,ons?	
  
40	
  



Cost	
  

•  Texas	
  Children’s	
  Hosp,al:	
  $	
  45	
  dollars	
  to	
  run	
  
one	
  leve,racetam	
  level	
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Assay	
  Characteris,cs	
  
•  Sensi/vity:	
  smallest	
  concentra,on	
  that	
  can	
  be	
  reliably	
  
measured	
  by	
  an	
  analy,cal	
  method	
  

•  Specificity:	
  ability	
  to	
  measure	
  par,cular	
  drug	
  with	
  
interference	
  (or	
  cross	
  reac,vity)	
  by	
  other	
  compounds	
  

•  Precision:	
  reproducibility;	
  the	
  extent	
  to	
  which	
  a	
  
measurement	
  procedure	
  gives	
  the	
  same	
  results	
  when	
  
repeated	
  under	
  iden,cal	
  condi,ons	
  

	
  
•  Accuracy:	
  the	
  closeness	
  of	
  the	
  expected	
  value	
  to	
  the	
  true	
  
value	
  of	
  the	
  measured	
  quan,ty	
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Sensi,vity	
  and	
  Specificity	
  
43	
  



Likelihood	
  Ra,os	
  

•  Odds	
  of	
  given	
  test	
  result	
  in	
  pa,ent	
  with	
  disease	
  
	
  	
  	
  	
  Odds	
  of	
  given	
  test	
  result	
  in	
  pa,ent	
  without	
  disease	
  
•  LR	
  (+):	
  ability	
  to	
  rule	
  in	
  disease	
  

–  2	
  –	
  5:	
  poor	
  to	
  fair	
  test	
  
–  >	
  10:	
  good	
  test	
  

•  LR	
  (-­‐):	
  ability	
  to	
  rule	
  out	
  disease	
  
–  0.5	
  –	
  0.2:	
  poor	
  to	
  fair	
  test	
  
–  <	
  0.1:	
  good	
  test	
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ROC	
  
45	
  

AUROC:	
  
-­‐  Measure	
  of	
  diagnos,c	
  

accuracy	
  
-­‐  Measure	
  of	
  how	
  well	
  a	
  

parameter	
  can	
  dis,nguish	
  
between	
  two	
  diagnos,c	
  
groups	
  


