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The model (cont.) …
Equations (14) and (15) respectively describe the 
proportion of  mature B cells secreting idiotypic (G1) 
and anti-idiotypic (G2) antibodies.

Reference [2] describes a multiplicative gain in 
antibody affinity during the GCR of about 2 to about 
20 in about 8±3 discrete cycles up to about day 16.  
Equation (16) describes an approximate affinity 
maturation process based on a stochastic differential 
equation implementing geometric brownian motion.

Model simulations were based on a discretized 
implementation of this process using N=8 steps and 
parameters r=ln(20)/16 , �0=0.1.

Equation (17) shows scaled parameters for the model 
based on equations (1-16) and, the unit of time is the 
immature B cell life time. The parameters �. and ��
increase and �1decreases with increasing affinity K.

The parameters …
�zTypical model parameters for bivalent IgG are 
reported here (reference [2] addresses polyvalent 
IgM).
�zImmature B cell death rate is about dB=0.25/day.
�zInitial human B cell clone comprises about m=64 
cells per day after about 4 days transit from bone 
marrow to germinal center.
�zActivated B cells proliferate at about p=1.5/day .
�zMature B cell transit compartment parameters are 
about k tr=0.269/unit and n=3 corresponding to about 
43 day mature B cell mean life in units of immature B 
cell life.
�zRatio of human spleen interstitial volume to plasma 
total volume is about v=1.12%, based on reference 
[4].
�zIgG antibodies secreted within human isolated 
perfused spleen have residence time about �2=0.012 
day (based on physiological modeling according to 
reference [4]).
�zIgG catabolic turnover is about  dA=0.033/day
corresponding to about 21 day half-life.
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The objective …
The objective is to explore the feasibility of predicting 
the time course of therapeutic antibody 
pharmacokinetic concentration (PK), target 
concentration (PD) and polyclonal anti-drug antibody 
average titer and affinity (IM) based on observations 
of PK, PD and IM, by extending concepts developed 
in references [1-3].

The model …
An exemplary model describes PK, PD and IM for a 
therapeutic antibody IgG drug cleared by peripheral 
target mediated disposition.  The drug raises a 
neutralizing idiotypic and a neutralizing anti-idiotypic 
family of B cell clones, whose average affinity 
matures within splenic germinal centers, and who 
switch class to secrete IgG antibodies into spleen 
and plasma.  The idiotypic antibodies bind the drug 
and the anti-idiotypic antibodies, while the anti-
idiotypic antibodies bind the idiotypic antibodies and 
the target.

Consider the log bell-shaped activation function f(h)
defined by equation (7). This function describes the 
proportion of splenic B cells that proliferate in 
response to antigenic stimulus h and relates to a 
microscopic theory of B cell activation based on 
receptor cross-linking [1].

The model is further defined by the following 
equations that relate to a two-clone CABG model of B 
cell dynamics [2,3] and to a stochastic process 
describing affinity maturation within germinal centers.  
B cells are produced from bone marrow at rate �1and 
traffic to spleen, where Germinal Center Reactions 
(GCRs) activate B cells that mature in affinity and 
proliferate at rate �! f until they are released for 
circulation, trafficking and death with time delay 
described by n transit compartments with each 
compartment providing k tr time delay.

Equations (8) and (9) respectively model the count of 
idiotypic (B1) and anti-idiotypic (B2) clones located 
within spleen as they proliferate in response to 
antigenic stimulation by drug (Ct), secreted anti-
idiotypic antibodies (A2), secreted idiotypic antibodies 
(A1) and, target (R).

Equations (10) and (11) respectively describe change 
in idiotypic and anti-idiotypic antibody concentration 
within spleen. An indirect response model describes 
antibody secretion, catabolic turnover with first order 
rate constant �/, complex formation with affinities µ
and µ2 and, transport from spleen to plasma with first 
order rate constant ��. Complex formation is typically 
rapid enough for the concentration of each complex 
to be about that at chemical equilibrium.

Equations (12) and (13) respectively describe change 
in idiotypic and anti-idiotypic concentration in plasma 
where the ratio of spleen interstitial volume to plasma 
volume is denoted by v.

The parameters (cont.) …
�zIgG antibodies are secreted within spleen at rate 
about s=3.09x10 -6 µg/mL/cell/day .
�zGearing parameter is about g=0.07 corresponding to 
about 14 day delay from GCR initiation to IgG 
antibody secretion.
�z Initial affinity of bivalent IgG interactions is about 
1/K=150 µg/mL corresponding to equilibrium 
constant about 106 /mol.
�zAntibody-antibody complex elimination mean life is 
about dC=17/day . 
�zBased on above values, initial values of scaled 
parameters are about v=2, m=64, �.=75 µg/mL , 
��=1.6x105, ��=0.28,  �/=0.132, ��=10, ��=333, µ0=136, 
�!=6 and, �1=1.79x10-6.

The assessment …
�zA single subject model with high drug dose (100mg 
Q4W) was simulated. 
�zFigure 1 above shows the relative inhibition of target 
after 100mg Q4W IV dose while the inset figure
shows a logarithmic phase plane plot of anti-idiotypic 
versus idiotypic B cells in spleen.

Conclusions
The results show that target inhibition may be 
predicted from the exemplary model when the 
structural model and parameters have known values. 
The splenic B cell count becomes chaotic with  an 
attractor at high count in both idiotypic and anti-
idiotypic moieties.  Reference [5] describes a method 
of estimating parameters for chaotic systems by 
asymptotic (t�:�’ ) synchronization that may enable 
identification of such anti-drug antibody systems.
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Figure 1:Relative Inhibition of Target After 100mg Q4W IV Dose
(inset figure shows logarithmic phase plane plot for splenic B c ells)


