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“free” Drug Target/Ligand 

Free vs. Total Drug 

When do we need to differentiate? 

Drug-Target/Ligand Complex 

Questions 

 What target/ligand concentration has an     

    significant impact on free drug fraction?  

 Bioanalytical Strategy 

 Accurate free drug quantification? 

 Bioanalytical Challenges 
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“free” Drug 
Target/Ligand 

Concentration 

Free vs. Total Drug   

Variables for Mathematical Simulations 

Drug-Target/Ligand Complex 

1:1 stoechimetry of binding partners 

Affinity 

Total Drug  

Concentration 
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 Influence of soluble Target on Free Drug Fraction 
“Generic” Approach 

Assumption: KD= fixed (1x10-18 M), L = fixed,  Drug = variable 
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mAb concentration [µg/mL] 
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 Influence of soluble Target on Free Drug Fraction 
“Generic” Approach 

Assumption: KD= fixed (1x10-18 M), L = fixed,  Drug = variable 
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 Influence of soluble Target on Free Drug Fraction 

“Generic” Considerations 

10 
-3 

10 
-2 

10 
-1 

10 
0 

10 
1 

10 
2 

10 
3 

10 
4 0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1 

drug concentration [nM] 

fr
e

e
 d

ru
g

 f
ra

c
ti
o

n
 

  

  

10 
-3 

10 
-2 

10 
-1 

10 
0 

10 
1 

10 
2 

10 
3 

mAb concentration [µg/mL] 

    

„Significant“ Influence:  

80% 

Molar  

Drug:Target ratio 

≤5 Assumption: KD= fixed (1x10-18 M), L = fixed,  Drug = variable 
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 Influence of soluble Target on Free Drug Fraction 
“Generic” Considerations 

„Significant“ Influence:  

80% 

mAb drugs: 

„µg/mL- range“ 

1 
2 

Target [nM] 

Assumption: KD= fixed (1x10-18 M), L = fixed,  Drug = variable 

Molar  

Drug:Target ratio 

≤5 
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Influence of soluble Target on Free Drug Fraction  

“Realistic” Conditions 

fr
e

e
 d

ru
g

 f
ra

c
ti
o

n
 

  

  

0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1 

10 -3 10 -2 10 -1 10 0 10 1 10 2 10 3 10 4 

drug concentration [nM] 

10 -3 10 -2 10 -1 10 0 10 1 10 2 10 3 

mAb concentration [µg/mL] 

    

  

  

10 -3 10 -2 10 -1 10 0 10 1 10 2 10 3 10 4 

drug concentration [nM] 

10 -3 10 -2 10 -1 10 0 10 1 10 2 10 3 

mAb concentration [µg/mL] 

    

0.025 nM 0.25 nM 

Assumption: KD= fixed (0.1 nM (1x10-10 M) ), L = variable,  Drug = variable Assumption: KD= fixed (1 nM (1x 10-9 M)), L = variable,  Drug = variable 

0.2 nM 
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Influence of soluble Target on Free Drug Fraction 

Influence of Drug:Target Affinity 
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Assumption: KD= variable, L = fixed (25 nM),  Drug = variable 
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Bioanalytical Challenges 

Sample Dilution 

PK range: ~ 1ng/mL – 1 mg/mL Assay range: ~ 1ng/mL – 100 ng/mL 

Sample 

Dilution 

 Impact of Sample dilution on free drug fraction? 

 Impact of dilution solvent: buffer vs. matrix? 

Concentration 

S
ig

n
a

l 
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Assay range 

0.63 

Dilution 

0.63 0.67 

0.81 

0.95 

Target: 25 nM 

KD: 1x10-10 M 

Bioanalytical Challenges: Sample Dilution 

Buffer Dilution 
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Bioanalytical Challenges: Sample Dilution 

Matrix (target-containing) Dilution  
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Assay range 

0.63 

0.01 

Target: 25 nM 

KD: 1x10-10 M 
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Bioanalytical Challenges: Sample Dilution 

Typical Dilution Scheme 
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Target: 25 nM 

KD: 1x10-10 M 
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Bioanalytical Challenges: Sample Dilution 

Impact of Binding Kinetics 
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Equilibrium 

KD  

1 x 10-10 M  

Target  

25 nM 

Drug 

10 nM 

Dilution 

1:100  

ka=10000 M-1s-1;kd=0.000001 s-1 

ka=100000 M-1s-1;kd=0.00001 s-1 

ka=200000 M-1s-1;kd=0.00002 s-1 

ka=1000000 M-1s-1;kd=0.0001 s-1 

ka=10000000 M-1s-1;kd=0.001 s-1 
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Bioanalytical Challenges: Sample Dilution 

Normalization 
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Buffer 

1:10 

10% Matix 

1:5 

10% Matix 
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10% Matix 
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10% Matix 

1:5 
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1:5 
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1:5 

500 µg/mL mAb in 100% Serum 
10 µg/mL mAb in 100% Serum 
4 µg/mL mAb in 100% Serum 
2.7 µg/mL mAb in 100% Serum 
0.1 µg/mL mAb in 100% Serum 

Target: 25 nM 

KD = 0,1nM 

Drug: 

dilution 1 to X 
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Bioanalytical Challenges: Accurate Quantification 

Calibration 
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Bioanalytical Challenges: Accurate Quantification 

Quantification 

Concentration 

Signal 

Study Sample Assay Signal (Y) 
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Bioanalytical Challenges: Accurate Quantification 

Calibration: Target containing Matrix 
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Bioanalytical Challenges: Accurate Quantification 

Quantification: Calibration in Target containing Matrix 
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Bioanalytical Challenges: Accurate Quantification 

 Target free Calibration required 

Concentration 
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Summary & Conclusion 

 Definition of an appropriate bioanalytical strategy requires considerations of 

 target biology - (expected) drug concentrations - Drug:Target binding affinity/kinetics 

 Bioanalytical challenges: accurate free drug quantification 

 Prerequisite: suitable assay format (e.g. target capture assay)  

 Impact of sample processing needs to be considered 

 Appropriate calibration concept required 

 Mathematical simulation tools 

 Valuable tool for a rational evaluation of the bioanalytical challenges 

 Definition of the bioanalytical assay strategy 

 Assessment of capabilities and limitations of a given assay 

 Guidance during assay development 
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