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χ2: p<0.0001  

Preparation Patients tested for NAb NAb positive  
N (%) 

High titer 
N (%) 

IFNβ-1b 239 74 (31%) 43 (18%) 
IFNβ-1a i.m. 202 11 (5%) 9 (4%) 
IFNβ-1a s.c. 405 118 (29%) 83 (20%) 

Total 846 203 (24%) 135 (16%) 

Multiple Sclerosis 2006; 12: 731-737 



Journal of pharmaceutical sciences, vol. 102, no. 3, march 2013 
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N IgG1 
N (%) 

IgG2 
N (%) 

IgG3 
N (%) 

IgG4 
N (%) 

IgA 
N (%) 

IgM 
N (%) 

Average 
age 
(years) 

Mean duration 
of therapy 
(months) 

NNAB 39 39 (100) 1 (3) 6 (15) 7 (18) 2 (5) 10 (26) 37.9 19.3 
NAB 20 20 (100) 6 (30) 4 (20) 11 (55) 3 (15) 7 (35) 39.1 17.4 
P value 0.005 0.72 0.003 0.32 0.45 0.65 0.39 

J Interferon Cytokine Res. 2001;21:167-71 
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32 peptides with 12 AA 
Offset 5 AA 

Peptide 1: res 1-12 
Peptide 2: res 6-17 
Peptide 3: res 11-22 
. 
. 
. 
. 
. 
 



1 - 12 121-132 151-162

NAB positive samples (n=37) 15 (41%) 23 (62%) 9 (24%)
NAB negative samples (n=34) 5 (15%) 24 (71 %) 2 (6%)
p value 0.02 ns 0.048

Residues



NAB-titer vs. BAB-titer 1 - 12 121 - 132 151 - 162 
r 0.27 0.55 0.1 0.17 
p 0.1 0.0005 0.55 0.31 
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Green: no change of binding and loss of activity 
Blue: slightly changed binding (a-c) 
Red: clear change of binding and activity 

Runkel et al. Biochemistry 2000;39:2538-51 



Multiple Sclerosis 2008; 14: 830–836 

R=0.74 dELISA 
R=0.70 cELISA 
R=0.54 EIA 



Low NAb titers

1.2 1.4 1.6 1.8 2.0 2.2
0

1

2

3

4

5

log NAB Titer

lo
g 

BA
B 

tit
er

 (
cE

LI
SA

)

Intermediate NAb titers
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high NAB titers
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r=0.09 r=-0.07 r=0.46 
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N=40, Betaferon 8MIU 
Ross et al. Ann Neurol. 2000 

Ø  3	
  LU/ml	
  (high	
  sensi>vity)	
  

Ø  10	
  LU/ml	
  (medium	
  sensi>vity)	
  

Ø  100	
  LU/ml	
  (low	
  sensi>vity)	
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Salmon	
  Journal	
  of	
  Interferon	
  Research	
  1996	
  





Nature Reviews Molecular Cell Biology 2, 378-386 (May 2001) 

X 



n. s. 

p=0.000 

p=0.000 

p=0.000 
p=0.001 

NAB neg detectable NAB NAB pos Controls 0 

2 

4 

6 

8 

10 

12 

p=0.000 

M
xA

 [n
g/

10
 5  P

B
L]

 

N=84 N=29 N=21 N=54 



Neurology® 2009;73:372–377 
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CNS Drugs 2009;23: 379-393 



Journal of Neuroimmunology 192 (2007) 198–205 

soluble	
  IFNb	
  receptors	
  detected	
  



Journal of the Neurological Sciences 215 (2003) 3 – 8 



Long-term development of NAbs 

Hegen	
  et	
  al.	
  submiVed	
  



All	
  IFNβ IFNβ-­‐1a IFNβ-­‐1b 

Sensi>vity	
  (%) 83.3 81.3 100 

Specificity	
  (%) 91.3 90.9 91.7 
Cut-­‐off	
  NAb	
  (ter	
  
(NU) >	
  344 >	
  258	
   >	
  460 

Predictive NAb cut-off titers 

Hegen	
  et	
  al.	
  submiVed	
  



¡  Common	
  terminology	
  and	
  according	
  defini>ons	
  are	
  needed	
  	
  
¡  IFNs	
  BAB	
  and	
  NAB	
  are	
  associated	
  
¡  There	
  is	
  a	
  complex	
  interac>on	
  between	
  an>bodies	
  and	
  PK/PD	
  
¡  Measuring	
  only	
  one	
  component	
  doesn‘t	
  show	
  the	
  whole	
  

picture	
  
¡  On	
  the	
  individual	
  level	
  NAB	
  tests	
  are	
  the	
  most	
  useful	
  single	
  

test	
  
¡  On	
  the	
  group	
  level	
  the	
  rela>onship	
  between	
  an>body	
  test	
  

and	
  PD	
  should	
  always	
  be	
  evaluated	
  
¡  Timing	
  is	
  a	
  confounder	
  regarding	
  >ters,	
  binding	
  strenght,	
  Ab	
  

kine>cs,	
  interpreta>on	
  of	
  test	
  results	
  (repor>ng)	
  



p<0.05 

Betaferon trial (months 19-36) 
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Neurology 1996;47:889-894; *approximately 



• NEUROLOGY 2005;65:48–55 



PRISMS-4: Neurology 2001;56:1628-1636 

p=0.002 

 Relapse Rate 
 with IFN-1a (Rebif 44)  

(years 3 and 4) 
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¡  Always	
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¡  Never	
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Source: developed by IPF 

Decision tree 
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Table 2: cost-effectiveness analysis 
Cost with NAB testing per Patient 3,590 Patients 
Cost per Relapse avoided within 5.5 
years 
 
Per year 

€ 124,261 
 

€ 22,593 

€ 446,096,393 
 

€ 81,108,435 

Effectiveness (relapses avoided) 0.420 

Cost of Illness and Markov with testing € 52,190 € 187,360,485 

Cost without testing 

Cost per Relapse avoided within 5.5 
years 
 
Per year 

€ 151,629 
 

€ 27,569 

€ 544,347,609 
 

€ 98,972,293 

Effectiveness (relapses avoided) 0.324 

Cost of illness w/o testing 
€ 49,117 

 
€ 176,331,610 

 
Difference effectiveness 0.096 
Difference cost of relapse avoided per 
year € -4,976 € -17,863,858 

With NAB Tests: 1400 relapses avoided! 





to my team and for your attention 


