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SUMMARY  

[5] In one aspect, this disclosure provides a method of measuring the binding of a drug to a 

target in a subject that has been treated with a drug over a treatment period, wherein the method 

comprises: contacting a probe with extracellular vesicles (EVs) from samples obtained from the 

subject at different time points of the treatment period, wherein the probe is capable of competing 

with the drug in binding to the target in the EVs, and detecting the binding of the probe to the EVs 

in the samples, wherein a decrease in the binding of the probe to the EVs as treatment period 

progresses indicates an increase in the binding of the drug to the target in the subject. 

[5a] In another aspect, provided herein is a method of measuring binding of a drug to target 

molecules in a subject that has been treated with a drug over a treatment period, wherein the method 

comprises: 

 contacting a probe with extracellular vesicles (EVs) from samples obtained from the 

subject at different time points of the treatment period, 

  wherein the probe is capable of competing with the drug in binding to the target 

molecules in the EVs, and 

 detecting the binding of the probe to the target molecules in the EVs in the samples,  

  wherein a decrease in the binding of the probe to the EVs as treatment period 

progresses indicates an increase in the binding of the drug to the target in the subject. 

[6] In some embodiments, contacting the probe with EVs from the samples obtained from the 

subject comprises: for each sample, i) contacting the EVs from the sample with a sensor, wherein 

the EVs are captured to the sensor, ii) contacting the probe with the EVs captured on the sensor, 

wherein the probe binds to target molecules on the EVs that are not already bound by the drug, 

wherein the probe’s binding to the target molecules results in a signal P.  In some embodiments, the 

signal P is in situ enzymatic amplification of signal corresponding to the binding of the probe to the 

target molecules. In some embodiments, contacting the EVs with the sensor results in a signal M, 

and wherein the method further comprises determining the binding of the drug to the target based 

on the signal P and the signal M. 

[7] In another aspect, this disclosure provides a method of comparing the potency of a first 

drug relative to a second drug on a subject comprising: contacting the first drug and the second drug 

with extracellular vesicles (EVs) obtained from a sample of the subject separately, adding a probe 

to the EVs that have been contacted with the first drug and to the EVs that have been contacted with 

the second drug, wherein the probe is capable of competing with both the first drug and the second 

drug in binding to the target molecules in the EVs, and detecting the binding of the probe to the EVs 
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that have been contacted with the first drug and EVs that have been contacted with the second drug, 

wherein a lower binding of the probe to the EVs that have been contacted with the first drug relative 

to the second drug indicates that the first drug is more potent than the second drug, and wherein a 

higher binding of the probe to the EVs that have been contacted with the first drug relative to the 

second drug indicates that the first drug is less potent than the second drug in the samples. 

[8] In some embodiments, the contacting the EVs with varying increasing concentrations of a 

first drug and a second drug, contacting the EVs that have been contacted with varying increasing 

concentrations of the first or the second drug with a probe, determining the drug occupancy at each 

concentration of the first and second drug, determining an IC50 of the drug occupancy of the first 

drug and an IC50 of the drug occupancy of the second drug, determining that the first drug is more 
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WHAT IS CLAIMED IS: 

1. A method of measuring binding of a drug to target molecules in a subject that 

has been treated with a drug over a treatment period, wherein the method comprises: 

contacting a probe with extracellular vesicles (EVs) from samples obtained from the 

subject at different time points of the treatment period, 

wherein the probe is capable of competing with the drug in binding to the 

target molecules in the EVs, and 

detecting the binding of the probe to the target molecules in the EVs in the samples,  

wherein a decrease in the binding of the probe to the EVs as treatment period 

progresses indicates an increase in the binding of the drug to the target in the subject. 

2. The method of claim 1, where contacting the probe with EVs from the 

samples obtained from the subject comprises: for each sample, 

i) contacting the EVs from the sample with a sensor, wherein the EVs are captured 

to the sensor,  

ii) contacting the probe with the EVs captured on the sensor, wherein the probe binds 

to target molecules on the EVs that are not already bound by the drug,  

wherein the binding of the probe to the target molecules results in a signal P. 

3. The method of claim 2, wherein the signal P is in situ enzymatic amplification 

of signal corresponding to the binding of the probe to the target molecules.  

4. The method of claim 2, wherein contacting the EVs with the sensor results in 

a signal M, and wherein the method further comprises determining the binding of the drug to the 

target based on the signal P and the signal M. 

5. The method of claim 4, wherein the determining the binding of the drug to 

the target at different time points in the treatment period comprises: 

determining a probe labeling index µ based on the ratio of the signal P to the signal 

M,  

normalizing the probe labeling index µ to a reference probe labeling index µ0 to 

produce a normalized probe labeling index µ/µ0,  

wherein the reference probe labeling index µ0 is determined on a control 

sample,  
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wherein the control sample is obtained from a subject that has not been treated 

with the drug, 

determining a drug occupancy index based on the normalized probe labeling index. 

6. The method of any of claim 1-5, wherein the different time points are at 

intervals after start of the treatment period,  

wherein the method comprises determining drug occupancy at each time point, and 

determining the drug is effective if the drug occupancy at a later time point is higher than the drug 

occupancy at an earlier time point.  

7. The method of any one of claims 2-5, wherein the EVs are captured by 

binding to one or more capture agents immobilized on the sensor.  

8. The method of claim 7, wherein the captured EVs comprise two or more 

different subpopulations, each subpopulation binding to a different capture agent immobilized on a 

discrete area on the sensor, thereby the captured EVs bind to two or more different capture agents,  

wherein the method comprises calculating a composite drug occupancy based on the 

drug occupancies determined for the two or more different subpopulations using a multiple linear 

regression model.  

9. The method of any one of claims 1-5, wherein the drug is an EGFR inhibitor. 

10. The method of claim 1, wherein the probe contains a tag, wherein the tag 

can ligate to an enzyme, and 

wherein the enzyme is capable of catalyzing a reaction to produce an insoluble optical 

product and producing a detectable signal. 

11. The method of claim 10, wherein the enzyme is conjugated to tetrazine or 

dibenzocyclooctyne (DBCO), or a tetrazine-conjugated horseradish peroxidase (HRP).  

12. The method of claim 10, wherein the drug is an EGFR inhibitor and its target 

is EGFR, and the probe has substantially similar binding and/or functional activity to the EGFR 

inhibitor.  

13. The method of any of claims 10-12, wherein the probe has a structure of  
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14. The method of claim 7, wherein the EVs are captured on the sensor before 

contacting the probe or wherein the EVs are immobilized on the sensor after contacting the probe. 

15. The method of claim of any one of claims 1-5, wherein the target is a cancer 

marker selected from the group consisting of MUC1, EpCAM, and EGFR. 

16. The method of claim 9, wherein the EGFR inhibitor is any one of afatinib, 

osimertinib, erlotinib, dacomitinib, CNX2006, and WZ4002. 

17. The method of any one of claims 2-5, wherein the sensor comprises a 

sensing element, wherein the sensing element comprises nanogap structures patterned on a 

conductive layer that is deposited on a glass substrate, 

wherein the nanogap structures are patterned to form nanogaps between adjacent 

nanostructures, and wherein the average size of nanogap is 20 to 500 nm, 

wherein illumination of the nanogap structures produces a surface plasmon 

resonance. 

18. The method of claim 17, wherein the average size of the nanogaps is 20 to 

500 nm. 

19. The method of claim 17, wherein the nanogap structures are nanorings, 

wherein the nanogaps are formed between an outer circular shape and an inner circular shape 

wherein the outer circular shape has an outer diameter in a range from 200 nm to 500 nm, and /or 

the inner circular shape has an inner diameter in a range from 30 nm to 250 nm. 
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