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Building better models to define 

therapeutic windows 

Selectivity is one of the main challenges faced by researchers, often making it difficult to balance 

potency and pharmacokinetics while avoiding severe toxicity. It is now understood that drug safety 

is difficult to achieve by solely taking into account affinity. The evaluation of residence time data for 

a drug complexed to the primary and collateral targets provides a better understanding of the in vivo 

drug behavior. 

 

The selectivity is commonly assessed by 

measuring the affinity (IC50, Kd) in assays 

performed at equilibrium, in which the drug 

and target are present at constant 

concentrations and the affinity accurately 

reflects the concentration of the drug-target 

complex1-3. 

 

However, in the human body the 

concentration of a drug constantly changes 

due to physiological processes such as 

absorption, metabolism and distribution. 

Hence, affinity is not the only relevant 

parameter that predicts occupancy and 

efficacy: binding kinetics provides a more 

complete picture of what drives target 

occupancy in vivo.  

 

In addition, selectivity evolves over the course 

of treatment as a function of the temporal 

binding between the drug and on- and off-

targets. As a result, therapeutic window is  

 

maximized when a drug shows long residence 

time when bound to its main target and short 

residence times for secondary targets. In 

contrast, a drug that displays a long residence 

time against a toxicity-mediating target will 

result in safety issues. 

 

Many reports link selectivity to the kinetic 

profile of the drugs. Besides the well-known 

example of Tiotropium and its kinetic 

selectivity for the diverse muscarinic 

receptors4-6, recent reports outline the role of 

kinetic selectivity of Methylphenidate in 

Dopamine and Serotonin Transporters7 and 

Abiraterone in CYP17A1-mediated androgen 

biosynthesis8. Several articles demonstrate 

the link between selectivity and residence time 

for GPCRs9-13. In the kinase family, it has been 

reported the structural rationale for the kinetic 

selectivity of Roniciclib for CDK214 and FAK 

inhibitors over PYK215.

KINETICfinder® helps you to modulate the therapeutic 

window and safety profile of your drugs 

 

 

 

 

 

 

 

 

 

 

 

Features and benefits 

 Accurate. 

 Robust. 

 Reproducible. 

 Sensitive. 

 Broad dynamic range. 

 Activated and non-activated 

targets. 

 Rapid turnaround. 

 

Applications 

 Modify the on- and off-target 

kinetics (kon, koff, residence time 

and Kd). 

 Modulate the therapeutic index 

and safety profile. 

 Understand PK/PD disconnects. 

 Guide the selection of 

compounds for further studies. 

 Drug repositioning. 
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How KINETICfinder® assays work 

KINETICfinder® is a highly tuned TR-FRET Kinetic Assay. Real-time binding of an active-site directed 

fluorescent probe is detected using a labeled anti-tag antibody, which binds to the target of interest. 

The binding of the probe and antibody to the target increases the TR-FET signal, whereas the 

displacement of the probe with a compound decreases the TR-FRET signal.  

Assay process 

1. Performance:  

 384 microplates containing the target of interest, a fluorescent probe and labelled 

antibody.  

 4-point 10-fold serial dilutions of test compounds and a reference compound. 

 Up to 32 total binding and non-specific binding controls. 

2. Detection: Reaction is monitored over time at room temperature.  

3. Analysis: Specific TR-FRET signals are fitted to the Motulsky-Mahan equation. Association 

(kon) and dissociation (koff) rate constants of test and reference compounds are determined 

and the Kd and residence time (values are calculated: 

𝐾𝑑 =
𝑘𝑜𝑓𝑓

𝑘𝑜𝑛
                  𝜏 =

1

𝑘𝑜𝑓𝑓
    

4. Quality control: S/B, Z-value and MSR (within and between-run variability) for each assay. 

Affinity doesn’t tell the whole story of MET inhibitor Foretinib 

The MET pathway is a promising target in Papillary Renal cell carcinoma (PRCC). Foretinib is an ATP-

competitive inhibitor that targets several members of the HGF and VEGF receptor tyrosine kinase 

families. Foretinib at 240 mg orally once per day on days 1 to 5 every 14 days (Cmax=300 nM) has 

demonstrated activity in patients with PRCC with a manageable toxicity profile and a high response 

rate in patients with germline MET mutations16.  

 

To study the effect of residence time on Foretinib’s selectivity profile, we characterized the compound 

in parallel with 18 different kinases using KINETICfinder®. As shown in previous studies17, Foretinib 

binds very tightly to MET kinase (0.96 nM), with a residence time of approximately 24 h. Despite 

Foretinib binding with high affinity (100 nM) towards the 18 kinases tested, it exhibits dramatically 

different kinetics such that the on and off-rates of the drug-target complexes differ by orders of 

magnitude (Fig1-2).  

 

Fig. 1. Kinetic selectivity profile of Foretinib. A) 

Kinetic plot. The kon is shown in the y-axis and the koff 

in the x-axis, in logarithmic scale. The dashed lines 

refer to the Kd values. B) Kd and kinetic values for 

representative kinases. Calculation of the selectivity 

ratio is based on the Kd, kon or residence time values 

for off-targets relative to the primary target MET. 
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Kinetic selectivity can exist even in the absence of affinity selectivity 

The figure 3 shows the kinome response to Foretinib. Considering only affinity interactions, Foretinib 

seems to bind similarly to all the kinases tested. However, when residence time is taken into account 

a kinetic selectivity pattern is clearly apparent. Whereas Foretinib dissociates rapidly (20 sec) from 

the secondary target ABL1, it remains bound to its main target MET for approximately 24 hours.  

Residence time provides a better understanding of the in vivo drug behavior 

These results may explain the outcomes obtained in clinical trials. Although Foretinib can potently 

inhibit 18 kinases at a therapeutic dose, only MET and to a lesser extent FLT3, KDR, CSFR, PDGFR 

and CDK9 will show a prolonged inhibition over the course of treatment. Consequently, its therapeutic 

index is maximized, exhibiting a manageable toxicity profile and a high response rate in patients 

with germline MET mutations. 

 

This study shows how kinetic selectivity can still exist even in the absence of affinity selectivity and 

highlights the importance of parallel affinity and kinetic profiling for modulating the safety profile and 

therapeutic window or identifying new therapeutic indications.  
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Fig. 2. Kinetic curves for three representative kinases obtained with KINETICfinder®.  

Fig. 3. Kinome response to Foretinib using KINETICfinder®. The right panel shows the kinome drug sensitivity 

based on Kd values. All the kinases tested display Kd values below 100 nM. The left panel shows the kinome drug 

sensitivity based on residence time values. The residence time of Foretinib extends over seconds to days. 
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