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The hypothesis …
Comparison of the fold-shift in EC50 for IL-6 
production with that predicted for anakinra dosed 
100mg QD SC indicates relative efficacy of the 
compound compared to anakinra, when whole blood 
from healthy volunteers dosed 0.3 to 282mg or 
placebo (n=6 active/3 placebo per group) is 
stimulated by 0.003 to 30 pg/mL IL-1�� (synovial fluid 
of RA patients has much higher concentration of IL-
1�� than IL-1�.).

�zA nonlinear mixed effects 1 compartment model 
including first order elimination with rate described by 
a power model in dose was fitted to the plasma 
concentration data using NONMEM VI.
�z Clearance (V/K) and volume (V) may be scaled 
allometrically from Cynomolgus PK, and absolute 
bioavailability (F) is unchanged across species.
�zCompound competitively antagonizes type 1 IL-1R 
binding with Schild slope S and concentration IC50 at 
half-maximal effect

�zValidate model using a 28-day GLP study in 
Cynomolgus and the whole blood binding assay 
study (Figure 2 ).
�z Predict pharmacokinetics and fold-shift of EC50 for 
IL-6 production based on kinetic profiles when whole 
blood from healthy volunteers dosed 0.3 to 282mg or 
placebo is stimulated by 0.003 to 30pg/mL  IL-1��
(Figures 3 to 5 ). 
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The target …
The type 1 IL-1 receptor binds both IL-1�. and IL-1��
pro-inflammatory cytokines resulting in intracellular 
signal transduction and downstream cellular 
responses. IL-1 receptor antagonist (IL-1ra) is an 
endogenous soluble inhibitor that also binds to the IL-
1 receptor and competitively inhibits both IL-1�. and 
IL-1��, and is believed to be important in buffering the 
actions of IL-1 in chronic and infectious disease. 
Anakinra (Kinaret®, Amgen: Thousand Oaks, CA) is 
a recombinant form of human IL-1ra that is currently 
an approved IL-1 pathway-specific treatment for 
rheumatoid arthritis (RA).

The compound …
The team developed an anti-inflammatory compound
targeting the IL-1 type receptor that was anticipated 
to have a more favorable dosing schedule owing to a 
longer half-life than anakinra dosed 100mg QD SC.

The assay …
In a healthy volunteer study to assess 
pharmacodynamic effect of the compound, circulating 
levels of interleukin-1 (IL-1a and IL-1b) cytokine were 
too low for ELISA quantitation. Ex-vivo stimulation of 
whole blood samples from dosed subjects with IL-1b 
resulted in quantifiable levels of interleukin-6 (IL-6).
We collected blood from > 10 healthy consented 
donors on about 3-4 occasions each and developed 
the assay based on IL-b  stimulation of donor whole 
blood spiked with the anti-inflammatory compound.
We selected the EC50 for IL-1b stimulation of IL-6 
release as response variable since the EC50  was 
less variable than the IL-6 release for which we 
observed considerable variability between donors 
and day to day variability within donors.

Figure 1 shows an exemplary plot of IL-6 release 
after IL-b stimulation of  donor whole blood spiked 
with no drug (red), 2.2 µg/mL (purple), 8.8 µg/mL 
(blue) and, 26.4 µ/gmL (cyan) respectively

During the healthy volunteer study, whole  blood 
samples drawn at screening and study days (-1, 
1,2,3,4,5,6,7,14,21,28) were plated on site onto 
custom-prepared lyoplates having wells containing 
lyophilized IL-1b  and control wells to which to which 
fresh compound was added. Plasma was harvested 
the following day and sent to a laboratory for IL-6 
analysis based on an MSD ELISA assay.

Figure 2: Human pharmacokinetics: 
mean profile and standard error of the mean 
observed and predicted from Cynomolgus

Pharmacokinetic analysis
�zThe elimination rate assessed by compartmental 
analysis decreased from 0.0348 /hour (100% CV) at 
30 mg to 0.00550 mL/hour (100 %CV) at 282 mg 
planned dose corresponding increase in terminal half-
life from 19.9h to 126h, suggesting target mediated 
disposition.
�z Cmax exposure was reasonably in line with 
prediction at 7.34 µg/mL geometric mean at 282mg 
dose.

Pharmacodynamic analysis
�zA Bayesian parametric Schild analysis based on the 
final PD model yielded an estimate of the Schild 
parameter pA2 = 7.58 corresponding to a population 
median IC50=1.41µg/mL (75.7% CV), somewhat less 
than the pA2 of 8.43 from the ex vivo whole blood 
binding assay, with corresponding population median 
EC50 for IL-6 secretion estimated to be 1.77ng/mL 
(116% CV).
�zThe model included fixed effects, subject specific 
random effects, subject-by-day specific random 
effects, and uninformative priors. The 90% confidence 
interval for the Schild slope included the value S = 1
implying competitive antagonism. 

Conclusions
�zThe compound is predicted to yield a peak 19.4-fold 
shift in median EC50 response at steady state when 
dosed 282mg QW SC to healthy volunteers.

Model assumptions

Figure 4: Human pharmacodynamics: residual versus 
predicted fold shift in EC50 for IL -6 secretion

(natural log scale)
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Figure 5: Fold shift in EC50 for IL -6 secretion when whole blood from healthy 
volunteers dosed compound 282mg SC single dose is stimulated by IL-1��

(red lines indicate predicted steady state peak and trough for a nakinra 100mg QD SC*)
*based on Yang, B. B. (2003), Clinical  Pharmacology  and Therap eutics, 74(1), 85 -94
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Figure 3: Human pharmacokinetics: population and 
individual predictions versus observed concentrations 

(µg/mL)

Figure 1: IL -6 release versus IL -1b 
stimulation for donor whole blood spiked 

with drug


