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(57) ABSTRACT 

Herein is reported a method for the determination of the 
binding affinity of a binder and its ligand comprising the step 
of determining based on the result of an immunoassay the 
fraction of free binder in a sample comprising binder, ligand 
and binder-ligand-complexes for at least two different binder: 
ligand ratios in the sample, and if the determined fraction of 
free binder is not comparable for all used binder:ligand ratios 
then the binder:ligand ratio in the sample is lowered and the 
sample is re-analyzed by the same immunoassay, and calcu 
lating based on the fraction of free binder in the previous step 
the binding affinity for the binder to its ligand. 
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Fig. 6 
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Fig. 7 
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IMMUNOASSAY-BASED DETERMINATION 
OF IN-SOLUTION BINDING KINETICS 

0001. Herein is reported an immunoassay-based determi 
nation of in-solution binding kinetics in buffer or serum/ 
plasma samples. 

BACKGROUND OF THE INVENTION 

0002 The pharmacological effect of a systemically acting 
drug is a function not only of the intrinsic activity of the drug, 
but also of its absorption, distribution, metabolism, and excre 
tion within the human body. These characteristics are com 
bined under the term “pharmacokinetics.” Pharmacokinetics 
is commonly referred to as the study of the time courses (i.e., 
kinetics) associated with the dynamic processes of absorp 
tion, distribution, metabolism, and excretion of a drug and/or 
its metabolites within a living organism, and is closely inter 
related with the fields of biopharmaceuticals, pharmacology, 
and therapeutics. 
0003 Because the body delays the transport of drug mol 
ecules across membranes, dilutes them into various compart 
ments of distribution, transforms them into metabolites, and 
eventually excretes them, it is often difficult to predict the 
pharmacological effect of a drug in vivo. Researchers, how 
ever, commonly use pharmacokinetic studies as one method 
to predict the efficacy of a drug at a site of action within the 
body. 
0004 Traditionally, researchers involved with preclinical 
absorption, distribution, metabolism, and excretion studies 
have used pharmacokinetic/mathematical models coupled 
with actual drug concentration data from blood (or serum or 
plasma) and/or urine, as well as concentration data from 
various tissues, to characterize the behaviorand way of a drug 
within living organisms. 
0005 Having pharmacokinetic information at hand it may 
be seen (1) whether the drug was poorly absorbed to yield 
Sub-therapeutic circulating levels, or (2) whether the drug 
experienced pre-systemic metabolism to an inactive metabo 
lite. Such information may also provide guidance for Subse 
quent decisions, such as (1) whether to improve drug absorp 
tion by altering the salt form or formulation, (2) whether to 
investigate the possibility of making prodrugs, or (3) whether 
to consider a different route of administration. 
0006. In addition to the foregoing, pharmacokinetic/math 
ematical models are also generally considered useful for, 
among other things: (1) predicting plasma, tissue, and urine 
drug levels with any dosage regimen; (2) calculating the 
optimum dosage regimen for an individual patient; (3) esti 
mating the possible accumulation of drugs and/or metabo 
lites; (4) correlating drug concentrations with pharmacologic 
and toxicological activity (i.e., pharmacodynamics); (5) 
evaluating differences in the rate or extent of availability 
between formulations (i.e., bioeduivalence); (6) describing 
how changes in physiology or disease affect the absorption, 
distribution, and/or elimination of the drug; and (7) explain 
ing drug-drug and food-drug interactions. 
0007 Pharmacokinetic absorption, distribution, metabo 
lism, and excretion data has also become an integral part of 
the pharmacological characterization process of promising 
new drug candidates. 
0008 Thus, an essential part of the drug development 
process is the characterization of pharmacokinetics (PK) and 
toxicokinetics (TK) of the drug and the establishment of an 
understanding of the relationship between the pharmacoki 
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netic and pharmacodynamic (PD) effects (PK/PD). Prerequi 
site for PK/TK assessment is the availability of reliable bio 
analytical methods. In contrast to Small molecule drugs which 
are commonly quantified using liquid chromatography-mass 
spectrometry (LC-MS) based methods, the bioanalytical gold 
standard technology for therapeutic proteins is a ligand bind 
ing assay (LBA). Besides high sensitivity and high-through 
put capabilities, a major advantage of LBAS is the possibility 
to analyze either total drug concentrations or specifically only 
ligand binding competent drug molecules (“free drug'). 
0009. A clear understanding of the capabilities and limi 
tations of a bioanalytical assay used for drug quantification is 
essential to enable a plausible data interpretation. Prerequi 
site to determine the free drug concentration is the use of a 
LBA which enables the analysis of ligand binding competent 
drug molecules in complex matrix, e.g. by use of a target 
capture assays. However, the selection of an appropriate 
assay format alone is not necessarily sufficient for accurate 
determination of the free drug concentration. Drug and target 
interact in a reversible non-covalent manner governed by the 
law of mass action. In addition, LBAS are equally based on 
reversible non-covalent interaction between the drug/analyte 
and the assay reagents. Consequently, assay results are easily 
confounded by any interference in the equilibrium of the 
binding partners. Such assay interferences have been 
addressed in the current literature, but not been discussed in 
detail yet (see e.g. Lee, J. W., et al., AAPS.J. 13 (2011) 
99-110, Kuang, B., et al., Bioanal. 2 (2010) 1125-1140). 
0010 Standard technology for bioanalysis of therapeutic 
proteins are ligand binding assays (LBA). A major advantage 
of LBAs is the possibility to differentiate between total drug 
and target binding competent drug concentrations. However, 
the selection of an appropriate assay format alone is not 
necessarily sufficient for accurate determination of the free 
drug concentration. Drug, target and assay reagents interact 
in a reversible non-covalent manner governed by the law of 
mass action. Consequently, assay results are easily con 
founded by any interference in the equilibrium of the binding 
partners. A clear understanding of the possibilities and limi 
tations of an assay is, however, essential to enable a plausible 
data interpretation (see e.g. Staack, G., et al., Bioanalysis 4 
(2012) 381-395). 
(0011. In WO 2008/005674 methods of analyzing binding 
interactions are reported. Methods for preparation and use of 
a Coomassie brilliant blue/protein complex are reported in 
U.S. Pat. No. 6,057,160. Azimzandeh, A. and Van Regenmor 
tel, M.H.V., report the measurement of affinity of viral mono 
clonal antibodies by ELISA titration of free antibody in equi 
librium mixtures (J. Immunol. Meth. 141 (1991) 199-208). 
Lee, J. W., et al. (AAPSJ. 13 (2011) 99-110) report bioana 
lytical approaches to quantify “total and “free’” therapeutic 
antibodies and their targets. Mathematical simulations for 
bioanalytical assay development are reported by Staack, R. 
F., et al. (Bioanalysis 4 (2012)381-395). In WO 2011/094.445 
engineered polypeptide agents for targeted broad spectrum 
influenza neutralization are reported. 

SUMMARY OF THE INVENTION 

0012. There has been a need for the determination of free 
drug/binder in a sample comprising a mixture of free drug/ 
binder, target-drug/ligand-drug complexes and free target/ 
ligand. 
0013. It has been found that the determination of affinity 
and binding kinetics (K, rate constant for on- and off-rate) of 
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a binder and its ligand in buffer or serum/plasma samples can 
be effected with a very limited/small number of measure 
ments/samples, i.e. one or two (and providing an appropriate 
calibration). The method is based on the finding that the 
determination of free binder or free ligand is possible if the 
determination is performed within the linear/constant plateau 
range of the curve (at low binder/highligand concentration no 
changes in free binder fraction, or likewise at high binder/low 
ligand concentration no changes in free ligand fraction). 
0014. It has been found that the determination of a single 
(one) value (i.e. e.g. one value for the amount of free binder) 
is sufficient for the determination of affinity. If a further 
second value is determined, which is optional, the method 
also comprises an intrinsic quality control of the determined 
result. Thus, with the method as reported herein no difficult 
plot of data points has to be acquired and analyzed. It is even 
not necessary to perform a best fit of the determined data 
points. 
00.15 Determination of binding kinetics is possible with 
the determination of one value, if the affinity is known. 
0016. It has been found that the measurement should be 
performed with Samples with excess of one partner (excess of 
binder over ligand (high binder:ligand ratio) or excess of 
ligand over binder (high ligand: binder ratio)). 
0017. In one embodiment the excess of one partner is at 10 
times. In one embodiment the excess of one partner is at least 
40 times. In one embodiment the excess of one partner is at 
least 100 times. 
0018. It has been found that the method as reported herein 
can be used with a sample comprising serum or plasma. 
0019. In the method as reported herein is the concentration 
of the ligand or binder kept constant while the concentration 
of the respective other partner (i.e. binder or ligand) is varied. 
0020. In one embodiment of the method as reported herein 

is the concentration of the binder kept constant while the 
concentration of the ligand is varied. 
0021. It has been found that at a low binder:ligand ratio 

(i.e. below 1) a free binder plateau can be observed, which is 
ligand concentration and K-specific, thus, at low binder: 
ligand ratios a constant value for the free binder fraction is 
obtained. Likewise, at a high binder:ligand ratio (i.e. above 1) 
a free ligand plateau can be observed, which is binder con 
centration and K-specific, thus, at high binder:ligand ratios 
a constant value for the free ligand fraction is obtained. 
0022. One aspect as reported herein is a method for the 
determination of the binding affinity (K, value) of a binder to 
its ligand comprising the following steps: 

0023 determining the fraction of free (i.e. non-com 
plexed) binder, which specifically binds to a ligand, in a 
sample comprising binder, ligand and non-covalent 
binder-ligand-complexes in the free binder plateau, and 

0024 calculating based on the fraction of free (non 
complexed) binder determined in the previous step the 
binding affinity (K, value) for the binder to its ligand. 

0025. One aspect as reported herein is a method for the 
determination of the binding affinity (K, value) of a binder to 
its ligand comprising the following step: 

0026 determining the fraction of free (i.e. non-com 
plexed) ligand, which specifically binds to a binder, in a 
sample comprising binder, ligand and non-covalent 
binder-ligand-complexes in the free ligand plateau, and 

0027 calculating based on the fraction of free (non 
complexed) ligand determined in the previous step the 
binding affinity (K, value) for the ligand to its binder. 

Jun. 18, 2015 

0028. One aspect as reported herein is a method for the 
determination of the binding affinity (K, value) of a binder to 
its ligand comprising the following step: 

0029 determining the fraction of binder-ligand-com 
plexes in a sample comprising binder, ligand and non 
covalent binder-ligand-complexes in the free binder pla 
teau or free ligand plateau, 

0030 calculating the fraction of free (non-complexed) 
binder or ligand based on the determined binder-ligand 
complexes, and 

0.031 calculating based on the fraction of free (non 
complexed) binder or ligand calculated in the previous 
step the binding affinity (K, value) for the ligand to its 
binder. 

0032. One aspect as reported herein is a method for the 
determination of the binding affinity (K, value) of a binder to 
its ligand comprising the following step: 

0033 determining the fraction of free (i.e. non-com 
plexed) binder, which specifically binds to a ligand, in a 
sample comprising binder, ligand and non-covalent 
binder-ligand-complexes for at least two different bind 
er:ligand ratios in the sample, and if the determined 
fraction of free (non-complexed) binder is not compa 
rable for all used binder:ligand ratios then the binder: 
ligand ratio in the sample is lowered (i.e. the amount of 
binder is reduced by constant amount of ligand) and the 
sample is re-analyzed, 

0034 or 
0035) determining the fraction of free (i.e. non-com 
plexed) ligand in a sample comprising a binder, which 
specifically binds to the ligand, ligand and non-covalent 
binder-ligand-complexes for at least two different bind 
er:ligand ratios in the sample, and if the determined 
fraction of free (non-complexed) ligand is not compa 
rable for all used binder:ligand ratios then the binder: 
ligand ratio in the sample is increased (i.e. the amount of 
ligand is reduced by constant amount of binder) and the 
sample is re-analyzed, and 

0.036 calculating based on the fraction of free (non 
complexed) binder or calculating based on the fraction 
of free (non-complexed) ligand determined in the previ 
ous step the binding affinity (K, value) for the binder to 
its ligand. 

0037 
analysis. 
0038. In one embodiment the method does not require 
linearization of the data points. 
0039. In one embodiment the method does not require the 
calculation of ECso or ICso values. 
0040. In one embodiment two or three different binder: 
ligand ratios are used. 
0041. One aspect as reported herein is a method for the 
determination of the binding affinity (K, value) of a binder to 
its ligand comprising the following steps: 

0.042 determining the fraction of free (non-complexed) 
binder in a sample comprising binder, ligand and binder 
ligand-complexes for a first binder:ligand ratio in the 
Sample, 

0.043 whereby the binder:ligand ratio is equal or less 
than a binder:ligand ratio for which the determined frac 
tion of free (non-complexed) binder is comparable for at 
least two different binder:ligand ratios, 

In one embodiment the method is not a scatchard 
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0044 determining the fraction of free (non-complexed) 
binder in a sample comprising binder, ligand and binder 
ligand-complexes for at least a second binder:ligand 
ratio in the sample, 

0045 whereby the second binder:ligand ratio is differ 
ent from the first binder:ligand ratio by increasing or 
reducing the amount of ligand in the sample and by 
maintaining the amount of binder in the sample, 

0046 whereby the fraction of free (non-complexed) 
binder is comparable for the binder:ligand ratio with 
increased or reduced amount of ligand in the sample for 
an increased or reduced amount of binder in the sample, 

0047 calculating based on the fraction of free (non 
complexed) binder determined in the previous step the 
binding affinity (K, value) for the binder to its ligand. 

0048 One aspect as reported herein is a method for the 
determination of the binding affinity (K, value) of a binder to 
its ligand comprising the following steps: 

0049 determining the fraction of free (non-complexed) 
ligand in a sample comprising binder, ligand and binder 
ligand-complexes for a first binder:ligand ratio in the 
Sample, 

0050 whereby the binder:ligand ratio is equal or higher 
than a binder:ligand ratio for which the determined frac 
tion of free (non-complexed) ligand is comparable for at 
least two different binder:ligand ratios, 

0051 determining the fraction of free (non-complexed) 
ligand in a sample comprising binder, ligand and binder 
ligand-complexes for at least a second binder:ligand 
ratio in the sample, 

0.052 whereby the second binder:ligand ratio is differ 
ent from the first binder:ligand ratio by increasing or 
reducing the amount of binder in the sample and by 
maintaining the amount of ligand in the sample, 

0053 whereby the fraction of free (non-complexed) 
ligand is comparable for the binder:ligand ratio with 
increased or reduced amount of binder in the sample for 
an increased or reduced amount of ligand in the sample, 

0054 calculating based on the fraction of free (non 
complexed) ligand determined in the previous step the 
binding affinity (K, value) for the binder to its ligand. 

0055 One aspect as reported herein is a method for the 
determination of the binding affinity (K, value) of a binder to 
its ligand comprising the following steps: 

0056 determining the fraction of free (non-complexed) 
binder in a sample comprising binder, ligand and binder 
ligand-complexes for a first binder:ligand ratio in the 
Sample, 

0057 whereby the binder:ligand ratio is equal or higher 
than a binder:ligand ratio for which the determined frac 
tion of free (non-complexed) ligand is comparable for at 
least two different binder:ligand ratios, 

0.058 determining the fraction of free (non-complexed) 
binder in a sample comprising binder, ligand and binder 
ligand-complexes for at least a second binder:ligand 
ratio in the sample, 

0059 whereby the second binder:ligand ratio is differ 
ent from the first binder:ligand ratio by increasing or 
reducing the amount of binder in the sample and by 
maintaining the amount of ligand in the sample, 

0060 whereby the fraction of free (non-complexed) 
binder is comparable for the binder:ligand ratio with 
increased or reduced amount of binder in the sample for 
an increased or reduced amount of ligand in the sample, 
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0061 calculating based on the fraction of free (non 
complexed) binder determined in the previous step the 
binding affinity (K, value) for the binder to its ligand. 

0062 One aspect as reported herein is a method for the 
determination of the binding affinity (K, value) of a binder to 
its ligand comprising the following steps: 

0.063 determining the fraction of binder-ligand-com 
plex in a sample comprising binder, ligand and binder 
ligand-complexes for a first binder:ligand ratio in the 
Sample, 

0.064 whereby the binder:ligand ratio is equal or higher 
than a binder:ligand ratio for which the determined frac 
tion of binder-ligand-complex is comparable for at least 
two different binder:ligand ratios, 

0065 determining the fraction of binder-ligand-com 
plex in a sample comprising binder, ligand and binder 
ligand-complexes for at least a second binder:ligand 
ratio in the sample, 

0.066 whereby the second binder:ligand ratio is differ 
ent from the first binder:ligand ratio by increasing or 
reducing the amount of binder in the sample and by 
maintaining the amount of ligand in the sample, 

0067 whereby the fraction of binder-ligand-complex is 
comparable for the binder:ligand ratio with increased or 
reduced amount of binder in the sample for an increased 
or reduced amount of ligand in the sample, 

0068 calculating based on the fraction of binder 
ligand-complex determined in the previous step the 
binding affinity (K, value) for the binder to its ligand. 

0069. One aspect as reported herein is a method for the 
determination of the binding affinity (K, value) of a binder to 
its ligand comprising the following steps: 

0070 determining the free binder fraction in at least two 
samples with different binder:ligand ratios, 
0071 whereby in the at least two samples the amount 
of binder is kept constant (is the same) and the amount 
of ligand is different in each sample, with the proviso 
that the sample comprises excess ligand compared to 
binder, 

0072 or 
0.073 determining the free ligand fraction in at least two 
samples with different binder:ligand ratios, 
0074 whereby in the at least two samples the amount 
of ligand is kept constant (is the same) and the amount 
of binder is different in each sample, with the proviso 
that the sample comprises excess binder compared to 
ligand, 

0075 calculating based on the fraction of free (non 
complexed) binder or calculating based on the fraction 
of free (non-complexed) ligand determined in the previ 
ous step the binding affinity (K, value) for the binder to 
its ligand for each sample, 

0.076 whereby the binding affinity has been determined 
if the at least three K values are comparable, 

0.077 whereby if the at least two K values are not 
comparable the method is repeated using samples in 
which either 

0078 i) the amount of ligand is reduced at constant 
amount of the binder, or 

0079 ii) the amount if binder is reduced at constant 
amount of the ligand, compared to the samples used in 
the previous determination. 

0080. In one embodiment of all aspects as reported herein 
the binder/ligand is selected from the group comprising anti 
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gen/antibody, cell/label, drug/target, receptor/receptor 
ligand, enzyme? enzyme Substrate, and complexant/metalion. 
0081. In one embodiment of all aspects as reported herein 
the binder is selected from the group comprising Small mol 
ecule drug, biologically active polypeptide, and antibody. 
0082 In one embodiment of all aspects as reported herein 
the antibody is selected from the group comprising full length 
antibody, antibody fragment, and antibody conjugate. 
0083. In one embodiment of all aspects as reported herein 
the antibody is selected from the group comprising monospe 
cific antibody, bispecific antibody, trispecific antibody, tet 
raspecific antibody, and hexaspecific antibody. 
0084. In one embodiment of all aspects as reported herein 
the antibody is selected from bivalent antibody, trivalent anti 
body, tetravalent antibody, and hexavalent antibody. 
0085. In one embodiment of all aspects as reported herein 
the sample comprises serum or plasma. 
I0086. In one embodiment of all aspects as reported herein 
the determining is by an immunoassay. In one embodiment 
the re-analyzing is by the same immunoassay. In one embodi 
ment the immunoassay is a heterogeneous assay. 
0087. In one embodiment of all aspects as reported herein 
the drug/binder is an antibody and the target/ligand is the 
antigen that is specifically bound by the antibody. 
0088. In one embodiment of all aspects as reported herein 
the binder or the ligand is immobilized on a solid phase. 
0089. In one embodiment of all aspects as reported herein 
for the calculation of the K value the following equation is 
used: 

K (free drug binder fraction)*(targetfligand concen 
trationnM)/(1-free drug?binder fraction). 

0090. One aspect as reported herein is the use of a single 
data point (determined using an appropriate calibration) 
determined at the free binder plateau for the determination of 
in Solution affinity (K). 
0091. One aspect as reported herein is the use of a method 
as reported herein for the determination of K, for the deter 
mination of binding kinetics/rate constants (k, and k), by 
determination of free binder or ligand concentrations in the 
association or sample dilution induced dissociation phase of 
binder and ligand. 
0092. One aspect as reported herein is the use of a method 
as reported herein for the determination of in solution binding 
kinetics/rate constants (k, and k). 
0093. One aspect as reported herein is the use of a method 
as reported herein for the determination of in solution k, 
values. In this case the K value is known. 
0094. One aspect as reported herein is the use of a method 
as reported herein for the determination of in solution k. 
values. 

DESCRIPTION OF THE FIGURES 

0095 FIG. 1 Dependency of the free drug/binder fraction 
on variable drug/binder and target/ligand concentrations 
assuming typically encountered affinities (K, fixed (0.1 nM 
(1x10'M)), target/ligand-variable, drug/binder variable). 
0096 FIG. 2 Schematic description of ELISA test proce 
dure (1). 
0097 
dure (2). 
0098 

FIG. 3 Schematic description of ELISA test proce 

FIG. 4 Assay calibration curve. 
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(0099 FIG. 5 Exemplary Free Drug/binder concentration 
curve showing the dependency of free drug/binder fraction by 
variable total drug/binder concentration. 
0100 FIG. 6 Dependency of free drug/binder fraction by 
time and after buffer dilution after reaching equilibrium. 
0101 FIG. 7 Mutual dependency between drug/binder 
concentration, target/ligand concentration and affinity/K. 
0102 FIG. 8 Free drug/binder fraction depending on drug/ 
binder concentration at constant target/ligand concentration 
determined for an anti-VEGF antibody as drug/binder and 
VEGF as target/ligand. 
0103 FIG.9K, is constant independent from drug/binder 
concentration within free drug/binder plateau. 
I0104 FIG. 10 K, is constant independent from target/ 
ligand concentration within free drug/binder plateau. 
0105 FIG. 11 Schematic description of immunoassay 
based binding kinetics determination. 

DETAILED DESCRIPTION OF THE INVENTION 

0106. It has been found that the determination of affinity 
and binding kinetics (K, rate constant for on- and off-rate) of 
a binderto its ligandinbuffer or serum/plasma samples can be 
effected with a small number of samples based on the deter 
mination of free binder or free ligand whereby the determi 
nation should be performed within the linear/constant plateau 
range of the curve, i.e. at low binder/ligand concentration, no 
changes in free binder fraction, or likewise at high binder/ 
ligand concentration, no changes in free ligand fraction). 
0107. It has been found that at a low binder:ligand ratio a 
free binder plateau can be observed, which is ligand concen 
tration and K-specific, thus, at low binder:ligand ratios a 
constant value for the free binder fraction is obtained. Like 
wise, at a high binder:ligand ratio a free ligand plateau can be 
observed, which is binder concentration and K-specific, 
thus, at high binder:ligand ratios a constant value for the free 
ligand fraction is obtained. 
0108. The term “free binder plateau” denotes the binder 
concentration range at a constant ligand concentration in 
samples comprising varying binder concentrations, constant 
ligand concentrations and respective non-covalent binder 
ligand-complexes where the free binder fraction stays con 
stant (see e.g. FIG. 5). 
0109 The term “free ligand plateau denotes the ligand 
concentration range at a constant binder concentration in 
samples comprising varying ligand concentrations, constant 
binder concentrations and respective non-covalent binder 
ligand-complexes where the free ligand fraction stays con 
Stant. 

0110. The term “comparable' denotes that the relative 
difference (% Diff) of two determined values is less than 
100%. In one embodiment the difference is less than 50%. In 
one embodiment the difference is less than 30%. The differ 
ence (% Diff) is calculated with the following formula: 

% Diff=(highest value)-(lowest value)/(arithmetic 
mean of the values). 

0111 For example, in a first determination 10% free 
binder has been determined and in a second determination 
13% free binder has been determined. According to the for 
mula above this results in a difference of 26% (13-10)/((13+ 
10)/2)=26%). 
0112 The term “not-comparable' denotes that the relative 
difference (% Diff) of two determined values is more than 
100%. In one embodiment the difference is more than 50%. In 
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one embodiment the difference is more than 30%. The differ 
ence (% Diff) is calculated with the following formula: 

% Diff=(highest value)-(lowest value)/(arithmetic 
mean of the values). 

0113. The current invention is exemplified in the follow 
ing with a drug as example of a binder and a target as example 
of a ligand. The drug specifically interacts with the target. 
0114. As shown in FIG. 7 a mutual dependency between 
drug concentration, target concentration and affinity (K) 
exists. 
0115. At a low drug: target ratio a free drug plateau can be 
observed, which is target concentration and K-specific. An 
experimentally determined free drug fraction depending on 
the drug concentration at constant target concentration is 
shown in FIG.8. It can be seen that at low drug:target ratios a 
constant value for the free drug fraction is obtained. 
0116. Likewise at high drug: target ratios a similar plateau 
can be observed. This plateau can also be used for the deter 
mination of the K value. Therefore, all aspects and embodi 
ment that are directed to a low drug target ratio (excess of 
target) can also be performed with a high drug:target ratio 
(excess of drug). 
0117 Likewise the method can be varied by determining 
the free target concentration if an excess of drug is used. 
Therefore, all aspects and embodiments that are directed to a 
drug can also be performed when directed to a target. 
0118. It has been found that the free drug fraction and 
correspondingly the K value is constant independent from 
drug concentration within the free drug plateau (see FIG.9). 
0119. It has been found that the K value is constant inde 
pendent from target concentration within free drug plateau 
(see FIG. 10). 
0120 To determine drug-target affinity and binding kinet 
ics (K, rate constant for on- and off-rate) in buffer or serum/ 
plasma samples, samples were generated with different 
expected free drug/analyte concentration (for K estimation 
the equilibrium has to be reached). The free drug/analyte 
fraction has to be in the linear/constant plateau range of the 
curve (low drug/analyte concentration, no changes in free 
drug fraction). For a first estimation of the free drug/analyte 
fraction FIG. 1 gives the corresponding concentrations. The 
real free drug/analyte fractions were analyzed. The affinity 
(K) and rate constants (k. k.) were calculated by using the 
determined free drug fraction. 
0121 Thus, any method that is suitable for the determina 
tion of free drug fraction can be used in the method as 
reported herein. 
0122 Alternatively the free drug fraction can be deter 
mined indirectly by using an assay setup for the determina 
tion of the formed complex. 
0123 For example, to determine the free drug/analyte 
concentration in buffer or serum/plasma samples two serial 
sandwich enzyme linked immunosorbent assays (ELISA) can 
be used. 
(0.124 FIGS. 2 and 3 show the different steps of the ELISA 
based assay procedure. 
0.125. In more detail, biotinylated capture protein (target 
Bi), drug/analyte, mAb-drug/analyte-Dig and anti-Digoxi 
genin-POD are successively added to a streptavidin (SA) 
coated microtiter plate (MTP), incubating each reagent for 1 
hour on a MTP shaker. For an assay speed up alternatively 
mAb<drug/analytes-POD can be used instead of the combi 
nation of mAb-drug/analyte-Dig and anti-Digoxigenin 
POD. 
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0.126 For an accurate image of the free drug/analyte con 
centration in Solution drug/analyte is incubated for about 5 
min. (compromise between signal generation and minimum 
interference of the equilibrium). 
I0127. After each step the MTP is washed three times and 
residual fluids are removed. Finally, the formed immobilized 
immune complexes are visualized by addition of TMB solu 
tion, a POD substrate, which is converted to a colored reaction 
product. The color development should be photometrically 
monitored (absorption at 680 nm-450 nm reference wave 
length) and be stopped by addition of 1 MHSO when the 
highest calibrator reaches an OD of 0.65. Finally, the color 
intensity is photometrically determined (absorption at 450 
nim-690 nm reference wave length) and is proportional to the 
analyte concentration in the serum/plasma/buffer sample. 
The quantification of drug/analyte is performed by back 
calculation of the absorbance values using the corresponding 
standard curve with a non-linear 4 parameter Wiemer-Rod 
bard curve fitting function. 
I0128. After recalculating the free drug concentration of 
the incubated samples a curve, similar to that shown in FIG. 
5 can be plotted. At least two comparable free drug values at 
the plateau should be obtained (direct quality control of the 
assay, e.g. oligomerization of target). 
I0129. For the calculation of the K value the following 
equation is used: 

K (free drug fraction)*(target concentrationnM). 
(1-free drug fraction) 

0.130 Exemplary calculation (see also Example 3): 
target concentration=1 nM=constant 

I0131 drug concentration: 17 ng/mL leads to a free Drug 
fraction of 9.2% 

I0132) drug concentration: 8.5 ng/mL leads to a free Drug 
fraction of 7.6% 

0.133 thus, K, 0.1 nM and 0.08 nM 
I0134. With the method as reported herein a low amount of 
drug is required and high affinity drugs can be analyzed/ 
characterized. 

I0135. One aspect as reported herein is the use of the 
method as reported herein for the determination of the K, 
value of bivalent drugs, such as antibodies. 
I0136. In one embodiment the determination of the K, 
value is by dilution induced dissociation of drug target com 
plexes starting from a sample at equilibrium. 
0.137 The intrinsic problem of all in solution approaches 
for determining the K value of bivalent drugs is the presence 
of an equilibrium between total free drug (no Valency occu 
pied), partial free drug (one Valency occupied) and bound 
drug (both Valencies occupied) because the in Solution 
approach is based on the determination of free drug. 
0.138 Generally a sample used for the determination of the 
K. Value of a bivalent drug comprises a known amount of 
drug and target. The readout of a free drug assay is via a free 
drug calibration curve correlated to an amount of the free drug 
present in the sample. For bivalent drugs the free drug is a 
mixture of total free drug and partially free drug whereby the 
individual fractions thereof are distributed according to a 
statistical distribution. The actual free drug concentration can 
be determined using the statistical distribution of total free 
drug and partially free drug which result in the determined 
total amount of binding competent drugs. 
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0.139. The method can comprise the following steps: 
0140 l) immobilization of target, e.g. coating of cap 
ture protein (target-Bi) on Streptavidin coated Solid 
phase (e.g. microtiter plate) 

0141 2) incubation with samples, QCs and calibrators 
0.142 3) detection of captured drug with labeled anti 
drug antibody, e.g. mAb-drug/analytes-Dig 

0.143 4) detection of primary antibody with labeled 
secondary antibody, e.g. with anti-digoxigenin-POD 

0144. Furthermore, step 3 and Step 4 can be replaced by 
incubation with mAb-drug/analytes-POD. 

(0145 5) Readout 
0146 6) Data analysis 
0147 The mean values of each standard and each 
sample dilution is calculated. 

0.148. A standard calibration curve is generated by a 
non-linear 4 parameter fit using a Wiemer-Rodbard 
function (e.g. by using XLfit): 

B 

1 + C XP 

A -- B - OD 
X = P - 

C: (OD - A) 

0149 A and B are responsible for signal deviation 
(approximated Start and end of the calibration curve). 
C and D are responsible for the curve shape. 

0150 Reproducible and reliable calculations of test 
sample dilutions are achieved within a concentration 
range between 0.033 ng/mL (lower limit of quantifi 
cation) and 8.0 mg/mL (assay concentrations). 
Samples are diluted to fit into this range. 

0151. A typical calibration curve (calculation with 
weighting on target concentration) and corresponding 
data of the assay is shown in FIG. 4. 

0152 One aspect as reported herein is the use of the 
method as reported herein for the determination of the bind 
ing kinetics of binders. 

OD = A + 

0153. This method comprises three steps: 
0154) 1) sample generation, 
0155 2) free drug or free target quantification, and 
0156 3) binding kinetic calculation. 

0157. In principle two approaches are possible: 
0158 a) an association and equilibrium approach, and 
0159 b) an equilibrium and dissociation approach by 
dilution induced dissociation of drug target complexes 
in a sample starting from equilibrium conditions. 

(0160 For a given K, only onek, and k, can result infree 
drug fractions at two given time points (see FIG. 6). 
0161 For the determination of the rate constant of an 
interaction two methods are possible. For the calculation of 
the rate constant both methods use the K value as a constant 
which has to be determined. One possible approach is to mix 
both binding partners and measure during the association 
phase e.g. free drug fraction (“association-equilibrium 
approach'). The other possibility for the determination of the 
rate constant is to perturbate an equilibrated mixture by dilu 
tion and measure e.g. the free drug fraction during the disso 
ciation phase before the equilibrium is reached (“equilib 
rium-dissociation approach'). For each approach only one 
data point of the not equilibrated sample is necessary. The 
calculation of the rate constant is performed by solving the 
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differential equations of the system (e.g. reaction 2" order). 
There is only one pair ofk, (rate constant for the association) 
and k (rate constant for the dissociation) possible which 
represents the system with the known K value. Application 
of both approaches can be used for mutual confirmation of the 
determined kinetic parameters. 
(0162 For the calculation of the rate constants a fit of the 
estimated free drug fraction at least at one not equilibrium 
time point (see FIG. 6) to a calculated solution of the follow 
ing differential equation can be made. The affinity (K) is a 
mandatory value to have an anchor for calculation. By varia 
tion of k, or k, the fit is optimized. 
0163. Differential equation: 

d/dt(drug)=-k *drug target:+k(*complex 

d/dt(target)=-k *drug target:+k, complex 

d/dt (complex)=k*drug target-k, complex 

0164. For the determination of binding kinetics the immu 
noassay as reported herein for the determination of free drug 
can be used. 
0.165 FIG. 11 show the different steps of the assay proce 
dure. 
0166 The assay comprises the following steps: 

0.167 1) Sample preparation 
0168 low drug concentration and high target concen 
tration, or 

0169 high drug concentration and low target concen 
tration 

0170 2) Incubation and complex formation 
0171 3) Free drug quantification or free target quanti 
fication 
(0172 see example 2 

0173 4) Calculation of free drug fraction or free target 
concentration 

e.g. FreeFraction B = AB+B 

0.174 5) Calculation of K value 

D = FreeFraction B: A 
T (1 - FreeFraction B) 

0.175. Thus, the methods as reported herein have charac 
teristic features such as 

(0176 for the determination of the binding affinity (K, 
value) 
0177 i) one partner is present in (large) excess (either 
drug or target), 

0.178 ii) the analysis/determination of two or three 
samples is sufficient for the determination of the KD 
value, and 

0179 iii) most prominent an in-built quality control 
for checking if the samples are within the plateau 
region, 

0180 for the determination of the binding kinetics (k, 
and k-value) 
0181 i) determination of binding kinetics using an 
immunoassay (no requirement of real time analysis), 
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0182 ii) the analysis/determination of two samples is 
sufficient for the determination of the k, and k, 
values, and 

0183 iii) most prominent using a dilution approach 
for the determination of binding kinetics (by diluting 
a sample in which the equilibrium has been reached), 

0.184 for the determination of the bivalent drugs 
0185 i) most prominent using a statistical approach 
for the determination of total free and partial free drug 
in a sample. 

0186 The following examples and figures are provided to 
aid the understanding of the present invention, the true scope 
of which is set forth in the appended claims. It is understood 
that modifications can be made in the procedures set forth 
without departing from the spirit of the invention. 

ABBREVIATIONS 

0187 BLQ Below limit of quantification 
0188 BPA 1 Bovine plasma albumin 1 
(0189 CoA Certificate of analysis 
0.190 Conc. Concentration 
(0191 CV Coefficient of variation 
0.192 Dig Digoxigenin 
0193 ELISA Enzyme linked immunosorbent assay 
(0194 HSO Sulfuric acid 
(0195 IgG Immunoglobulin G 
(0196) mAb Monoclonal antibody 
(0197) MTP Microtiter plate 
(0198 OD Optical density 
(0199 PBS Phosphate buffered saline 
(0200 POD Polymerized horse-radish peroxidase 
0201 QC Quality control 
(0202 RPM Revolutions per minute 
(0203 RT Room temperature (+15° C. to +25° C.) 
(0204 SA Streptavidin 
0205 SD Standard deviation 
(0206 TMB 3.3,5,5-Tetramethylbenzidine 

EXAMPLES 

Materials 

Equipment 

0207 ELISA Reader for 96 well MTPs (Monitoring 
: 680/450 nm, Measuring-...: 450/690 nm) 

(0208 Microtiter plate (MTP) washer 
(0209 Microtiter plate (MTP)-shaker 
0210 Standard- and Multi-Pipettes 
0211 Reaction tubes 
0212 General laboratory equipment 

0213 Consumables 
0214 Streptavidin coated microtiter plates 
0215 TMB ready-to-use substrate solution 
0216 10xPBS Dilute 1:10 in deionized water to 
1XPBS. 

0217 Albumin, Bovine Plasma Albumin 1 (BPA 1) 
0218. Tween 20 

0219. Samples 
0220 Pool Serum/Plasma of a minimum of 10 healthy 
untreated human individuals (centrifuge serum samples 
to avoid pipetting of clotted or turbid serum into MTP 
wells). 
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0221 Buffers 
0222 Assay Buffer: 0.5% BPA1 in 1XBBS 
0223) e.g. dilute 5 g BPA1 in 1000 mL 1xPBS 
0224 Washing Buffer: 1XPBS/0.05% Tween 20 
0225 e.g. dilute 10 mL. Tween 20 in 2000 mL 1xPBS 
0226 Diluent Pool Serum/Plasma: 
0227 10% blank human Pool Serum diluted in Assay 
Buffer 

0228 e.g. mix 1 mL Pool Serum with 9 mL Assay 
Buffer 

0229 Reagents 
0230 Anti-Digoxigenin-POD(poly), Fab fragments 
(<Dig>-POD) 

0231. Second detection reagent 
0232 Lyophilized aliquot of 50 U, reconstitute with 1 
mL deionized water to 50 U/ml. 

Example 1 

General Assay Principle for K. Value Determination 
0233. To determine the free drug/analyte concentration in 
buffer or serum/plasma samples two serial sandwich enzyme 
linked immunosorbent assays (ELISA) had been established. 
0234 FIGS. 2 and 3 show the different steps of the assay 
procedure. 
0235 Biotinylated capture protein (target-Bi), drug/ana 
lyte, mAb-drug/analytes-Dig and anti-Digoxigenin-POD 
are Successively added to a streptavidin (SA) coated microti 
terplate (MTP), incubating each reagent for 1 hour on a MTP 
shaker. For an assay speed up alternatively mAbs drug/ana 
lytes-POD can be used instead of the combination of 
mAb<drug/analyted-Dig and anti-Digoxigenin-POD. 
0236. For an accurate image of the free drug/analyte con 
centration in Solution drug/analyte is incubated for about 5 
min (compromise between signal generation and minimum 
interference of the equilibrium). 
0237 After each step the MTP is washed three times and 
residual fluids are removed. Finally, the formed immobilized 
immune complexes are visualized by addition of TMB solu 
tion, a POD substrate, which is converted to a colored reaction 
product. The color development should be photometrically 
monitored (absorption at 680 nm-450 nm reference wave 
length) and be stopped by addition of 1 MHSO, when the 
highest calibrator reaches an OD of 0.65. Finally, the color 
intensity is photometrically determined (absorption at 450 
nim-690 nm reference wave length) and is proportional to the 
analyte concentration in the serum/plasma/buffer sample. 
The quantification of drug/analyte is performed by back 
calculation of the absorbance values using the corresponding 
standard curve with a non-linear 4 parameter Wiemer-Rod 
bard curve fitting function. 

Example 2 

Sample Analysis 

0238 Samples, quality control samples (QC) and positive 
control standards are analyzed in assay buffer. 
0239 All steps of the test procedure are performed at +15° 
C. to +25° C. (RT). 
0240. The volumes given are calculated for the prepara 
tion of a single MTP. If analyzing more than one MTP mul 
tiply the volumes indicated below by the number of MTPs. 
The minimal pipetting Volume is 2 LL. 
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0241 To ensure accurate measurements, all test samples, 
positive control sample dilutions (standard curve) and quality 
control samples should be analyzed in duplicate. 
0242 Preparation of Calibration Standards and Test 
Samples: 
0243 Prepare serial titrations of the standard of drug?tar 
get (mAb-target) as standard curve comprising 7 different 
calibrator concentrations and one blank value (serial dilution 
1:2.5 in 100% pooled buffer/serum/plasma). 
0244 Prepare several test samples (incubation of drug/ 
analyte with target) as estimated by FIG. 1. It is mandatory, 
that samples for the determination of the affinity reach their 
equilibrium, at lowest possible drug/analyte concentrations. 
For the estimation of the rate constants it is mandatory to 
measure with accurate time scale and not at equilibrium. 
0245. The Assay Comprises the Following Steps: 
0246 1) Coating of capture protein (target-Bi) on 
streptavidin coated microtiter plates; 1 h incubation fol 
lowed by 3.x wash 
0247 12 mL of the capture reagent working solution 
target-Bi with a final concentration of e.g. 500 ng/mL 
was prepared in assay buffer. 

0248 100 uL of the working solution is pipetted into 
each MTP well. The MTP is covered with an adhesive 
cover foil and incubate for 1 hour on a MTP shaker 
(450 rpm). The MTP is washed three times with 300 
LL washing buffer per well and residual washing 
buffer is removed. Thereafter the standards and 
samples are added. 

0249 2) Loading of samples, QCs and calibrators on 
plate; about 5 min. incubation (as short as possible) 
followed by 3x wash 
0250 100 uL of standards and 100 uL of test sample 
dilutions are pipetted in duplicates to the designated 
wells of the MTP. The MTP is covered with an adhe 
sive cover foil and incubate for 1 hour on a MTP 
shaker (450 rpm). The MTP is washed three times 
with 300 uL washing buffer per well and residual 
washing buffer is removed. Thereafter the first detec 
tion antibody is added. 

0251 3) Detection with mAb-drug/analyted-Dig; 1 h 
incubation followed by 3x wash 
0252 For each MTP, 12 mL of the first detection 
reagent working Solution containing mAb-drug/ana 
lyte-Digata final concentration of e.g. 500 ng/mL in 
assay buffer is prepared. 

0253) 100 uL of the working solution is pipetted into 
each MTP well. The MTP is covered with an adhesive 
cover foil and incubate for 1 hour on a MTP-shaker 
(450 rpm). The MTP is washed three times with 300 
LL washing buffer per well and residual washing 
buffer is removed. Thereafter the second antibody is 
added 

0254 4) Detection with Anti-Digoxigenin-POD; 1 h 
incubation followed by 3x wash 
0255 For each MTP 12 mL of the second detection 
reagent working solution containing <Dig>-POData 
final concentration of 2.5 mU/mL in assay buffer is 
prepared. 

0256 100 uL of this solution is pipetted into each 
MTP well. The MTP is covered with an adhesive 
cover foil and incubated for 1 hour on a MTP-shaker 
(450 rpm). The MTP is washed three times with 300 
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LL washing buffer per well and residual washing 
buffer is removed. Thereafter the substrate reagent is 
added. 

0257 Step 3 and Step 4 can be replaced by incubation with 
mAb<Drug/Analyte>-POD. 

0258 5) Readout was done with TMB solution and 
stopped with HSO solution. The absorption was moni 
tored until OD680/450 reached 0.65. The absorption 
measurement was done until OD450/690 reached 1.8-2. 
2. 
(0259 100 uLTMB ready-to-use solution is pipetted 

into each MTP-well. The MTP can be incubated with 
shaking at 450 rpm with substrate solution. The 
absorption is monitored several times to achieve an 
OD680/450 of the highest standard solution (c-8.0 
ng/ml) of 0.65. The reaction is stopped with 50 uL 1 M 
HSO Solution and measure absorption several times 
to achieve an OD450/690 of the highest standard solu 
tion (c=8.0 ng/ml) of 1.8-2.2. 

0260 Monitoring wavelength: 680 nm (Reference 
wavelength: 450 nm) 

0261 Measuring wavelength: 450 nm (Reference 
wavelength: 690 nm) 

0262 6) Data analysis 
0263. The mean values of each standard and each 
sample dilution is calculated. 

0264. A standard calibration curve is generated by a 
non-linear 4 parameter fit using a Wiemer-Rodbard 
function (e.g. by using XLfit): 

B 

1 + C: XP 

A -- B - OD 
X = P - 

C: (OD-A) 

0265 A and B are responsible for signal deviation 
(approximated Start and end of the calibration curve). 
C and Dare responsible for the curve shape. 

0266 Reproducible and reliable calculations of test 
sample dilutions are achieved within a concentration 
range between 0.033 ng/mL (lower limit of quantifi 
cation) and 8.0 mg/mL (assay concentrations). 
Samples are diluted to fit into this range. 

0267 A typical calibration curve (calculation with 
weighting on target concentration) and corresponding 
data of the assay is shown in FIG. 4 and the following 

OD = A + 

table. 

TABLE 

assay sample calculated 
COCC- COC(l- average sample concen 
tration tration OD tration recovery 
ng/ml Ingml AU CV Ingml %) 

8.0 8O 2.198 1.2 85 107 
3.2 32 1516 1.3 32 99 
1.3 13 O848 1.3 13 99 
O.S1 S.1 O409 1.9 5.2 101 
O.20 2 O.179 O.8 2.0 1OO 
O.O82 O.82 O.O85 2.5 O.82 1OO 
O.O33 O.33 O.048 1.5 O.33 1OO 
O O O.O23 3.1 BLQ 
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Example 3 

Immunoassay-Based in-Solution K. Value 
Determination-Monovalent Binding Example Using 
a Bispecific Anti-EGFR/IGFR Antibody as Drug and 

EGFR as Target 
0268. The immunoassay and determination of free drug as 
well as the calculation of the Kvalue have been performed as 
outlined above. 
0269. The K determination (using 15 hour incubation 
time to assure equilibrium) has been performed with varying 
drug and target concentrations on different days. The results 
are shown in the following table. 

TABLE 

drug target free analyte calculated K average K. 
day ng/ml nM % value nM value nM 

1 17 10 1.37 O.14 O.10 
1 17 5 2.13 O.11 
1 17 1 9.18 O.10 
1 8.5 10 0.45** BLQ 
1 8.5 5 122 O.O6 
1 8.5 1 7.55 O.08 
2 17 10 1.OS O.11 O.11 
2 17 5 1.85 O.09 
2 17 1 9.47 O.10 
2 8.5 10 0.72** BLQ 
2 8.5 5 2.96 O.15 
2 8.5 1 8.57 O.09 
3 7.5 1 7.90 O.09 O.11 
3 7.5 O.S 20.73 O.13 

0270. It can be seen that the K value determination is 
reproducible and independent from drug concentration and 
from target concentration. 

Example 4 

Immunoassay-Based in-Solution K, Value 
Determination-Monovalent Binding Example Using 
a Bispecific Anti-EGFR/IGFR Antibody as Drug and 

IGFR as Target 
0271 The immunoassay and determination of free drug as 
well as the calculation of the K value have been performed as 
outlined above. 
0272. The K determination (using 15 hour incubation 
time to assure equilibrium) has been performed with varying 
drug and target concentrations on different days. The results 
are shown in the following table. 

TABLE 

drug target free analyte calculated K average K. 
day ng/ml nM % value nM value nM 

1 6.8 9.7 58 13.21 8.44 
1 6.8 4.85 60 7.32 
1 6.8 2.43 72 6.40 
1 3.4 9.7 51 9.98 
1 3.4 4.85 64 8.55 
1 3.4 2.43 68 S.18 
2 6.8 10 52 10.62 9.48 
2 6.8 5 55 6.12 
2 6.8 1 82 11.71 
3 6.8 10 62 16.56 11.21 
3 6.8 5 68 10.80 
3 6.8 2.5 71 6.26 
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Example 5 

Immunoassay-Based Binding Kinetics 
Determination—Association and Equilibrium 
Approach Using a Bispecific Anti-EGFR/IGFR 

Antibody as Drug and EGFR as Target 

0273. The bispecific antibody was used at a concentration 
of 17 ng/mL. EGFR (target) was used at a concentration of 1 
nM. The determined K value is 0.09 nM. 
0274 The determined free drug fraction after 30 min. 
incubation time (association phase) was 0.31 (first time point 
in FIG. 6). The determined free drug fraction after 180 min. 
incubation time (equilibrium) was 0.09. 
0275 Based on these experimental results the binding 
kinetics parameter k, was calculated to be 0.000073 (1/s) 
and the binding kinetics parameter k, was calculated to be 
7300000 (1/snM). 

Example 6 

Immunoassay-Based Binding Kinetics 
Determination—Equilibrium and Dissociation 
Approach Using a Bispecific Anti-EGFR/IGFR 

Antibody as Drug and IGFR as Target 

0276. The bispecific antibody was used at a concentration 
of 680 ng/mL. IGFR (target) was used at a concentration of 
200 nM. The determined K value is 9.4° 10 M. 
(0277. The determined free drug fraction at equilibrium 
was 0.07. The determined free drug fraction 15 min. after 
buffer dilution (dissociation phase) was 0.67. 
0278 Based on these experimental results the binding 
kinetics parameter k was calculated to be 0.0014854 (1/s) 
and the binding kinetics parameter k, was calculated to be 
158020 (1/snM). 

1. A method for the determination of the binding affinity of 
a drug to its target comprising the following step: 

determining the fraction of free drug or free target in a 
sample comprising drug, target and non-covalent drug 
target-complexes in the free drug plateau, and 

calculating based on the fraction of free drug or calculating 
based on the fraction of free target determined in the 
previous step the binding affinity for the drug to its 
target. 

2. The method according to claim 1, characterized in com 
prising the following steps: 

determining based on the result of an immunoassay the 
fraction of free drug in a sample comprising drug, target 
and drug-target-complexes for at least two different 
drug: target ratios in the sample, and if the determined 
fraction of free drug is not comparable for all used drug: 
target ratios then the drug target ratio in the sample is 
lowered and the sample is re-analyzed by the same 
immunoassay, 

O 

determining based on the result of an immunoassay the 
fraction of free targetina sample comprising drug, target 
and drug-target-complexes for at least two different 
drug: target ratios in the sample, and if the determined 
fraction of free target is not comparable for all used 
drug: target ratios then the drug:target ratio in the sample 
is increased and the sample is re-analyzed by the same 
immunoassay, 
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calculating based on the fraction of free drug or calculating 
based on the fraction of free target determined in the 
previous step the binding affinity of the drug to its target. 

3. The method according to claim 2, characterized in that 
one or two or three different drug:target ratios are used. 

4. A method for the determination of the binding affinity of 
a drug to its target comprising the following steps: 

determining based on the result of an immunoassay the 
fraction of free drug in a sample comprising drug, target 
and drug-target-complexes for a first drug:target ratio in 
the sample, 

whereby the drug:target ratio is equal or less than a drug: 
target ratio for which the determined fraction of free 
drug is comparable for at least two different drug target 
ratios, 

determining based on the result of an immunoassay the 
fraction of free drug in a sample comprising drug, target 
and drug-target-complexes for at least a second drug: 
target ratio in the sample, 

whereby the second drug: target ratio is different from the 
first drug:target ratio by increasing or reducing the 
amount of target in the sample and by maintaining the 
amount of drug in the sample, 

whereby the determined fractions of free drug is compa 
rable for the drug:target ratio with increased or reduced 
amount of target in the sample for an increased or 
reduced amount of drug in the sample and the starting 
drug.target ratio, 

calculating based on the fraction of free drug determined in 
the previous step the binding affinity of the drug to its 
target. 

5. A method for the determination of the binding affinity of 
a drug and its target comprising the following steps: 

determining based on the result of an immunoassay the 
fraction of free targetina sample comprising drug, target 
and drug-target-complexes for a first drug:target ratio in 
the sample, 

whereby the drug:target ratio is equal or higher than a 
drug:target ratio for which the determined fraction of 
free target is comparable for at least two different drug: 
target ratios, 

determining based on the result of an immunoassay the 
fraction of free targetina sample comprising drug, target 
and drug-target-complexes for at least a second drug: 
target ratio in the sample, 

whereby the second drug: target ratio is different from the 
first drug:target ratio by increasing or reducing the 
amount of drug in the sample and by maintaining the 
amount of target in the sample, 

Jun. 18, 2015 

whereby the fraction of free target is comparable for the 
drug: target ratio with increased or reduced amount of 
drug in the sample for an increased or reduced amount of 
target in the sample and the starting drug target ratio, 

calculating based on the fraction of free target determined 
in the previous step the binding affinity of the drug to its 
target. 

6. A method for the determination of the binding affinity of 
a drug to its target comprising the following steps: 

determining the free drug fraction in at least three samples 
with different drug:target ratios, 
whereby in the at least three samples the amount of drug 

is kept constant and the amount of target is different in 
each sample, with the proviso that the sample com 
prises excess target compared to drug, 

O 

determining the free target fraction in at least three samples 
with different drug:target ratios, 
whereby in the at least three samples the amount of 

target is kept constant and the amount of drug is 
different in each sample, with the proviso that the 
sample comprises excess drug compared to target, 

calculating based on the fraction of free drug or calculating 
based on the fraction of free target determined in the 
previous step the binding affinity of the drug to its target 
for each sample, 

whereby the binding affinity has been determined if the at 
least three K values are comparable, 

whereby the method is repeated if the at least three K, 
values are not comparable using samples in which either 

i) the amount of target is reduced at constant amount of the 
drug, or 

ii) the amount if drug is reduced at constant amount of the 
target, or compared to the samples used in the previous 
determination. 

7. The method according to any one of claims 1, 4, 5, 6 
characterized in that the sample comprises serum or plasma. 

8. The method according to any one of claims 1, 4, 5, 6, 
characterized in that the drug is an antibody and the target is 
the antigen that is specifically bound by the antibody. 

9. The method according to any one of claims 1, 4, 5, 6, 
characterized in that the target is immobilized on a solid 
phase. 

10. The method according to any one of claims 1, 4, 5, 6, 
characterized in that for the calculation of the K value the 
following equation is used: 

K (free drug fraction)*(target concentration nM), 
(1-free drug fraction). 
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