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ABSTRACT: Therapeutic drug monitoring (TDM) is the clinical practice of measuring pharmaceutical drug concentrations 

in patients’ biofluids at designated intervals, thus allowing a close and timely control of their dosage. To date, TDM in oncol-

ogy can only be performed by trained personnel in centralized laboratories and core facilities employing conventional ana-

lytical techniques (e.g. MS). CPT-11 is an antineoplastic drug that inhibits topoisomerase type I, causing cell death, and is 

widely used in the treatment of colorectal cancer. CPT-11 was also found to directly inhibit acetylcholine esterase (AChE), 

an enzyme involved in neuromuscular junction. In this work, we describe an enzymatic biosensor, based on AChE and Cho-

line oxidase (ChOx), which can quantify CPT-11. ACh (acetylcholine) substrate is converted to choline, which is subsequent-

ly metabolized by ChOx to give betaine aldehyde and hydrogen peroxide. The latter one is then oxidized at a suitably polar-

ized platinum electrode, providing a current transient proportional to the amount of ACh. Such enzymatic process is ham-

pered by CPT-11. The biosensor showed a ∼60% maximal inhibition towards AChE activity in the clinically relevant concen-

tration range 10-10,000 ng/mL of CPT-11 in both simple (phosphate buffer) and complex (fetal bovine serum) matrices, 

while its metabolites showed negligible effects. These findings could open new routes towards a real-time TDM in oncology, 

thus improving the therapeutic treatments, and lowering the related costs. 

Biosensor, Therapeutic Drug Monitoring, Chemotherapeutic Drug, Irinotecan, Acetylcholine Esterase. 

 

Therapeutic drug monitoring (TDM) is the clinical prac-

tice of measuring pharmaceutical drug concentrations in 

patients’ biofluids at designated intervals allowing a close 

and timely control of their dosage. The main advantage of 

TDM is the rapid medical intervention in case of toxicity-

related issues and/or adjustment of dosage to better fit the 

therapeutic demand.1  

It becomes particularly important in the treatment of 

cancer diseases, since antineoplastic drugs often show a 

narrow therapeutic range (the concentration range in be-

tween non-efficacy and toxicity), which might cause under 

dosage and subsequent therapeutic failure, or over dosage 

and therefore severe adverse effects. 

Once the clinical conditions of the patients are assessed, 

along with individual characteristics, such as weight, age, 

and other concomitant drug therapy, an initial dosage reg-

imen is determined and TDM begins. In fact, each patient 

might respond differently to the same therapy, given that 

the pharmacokinetics of any drug depends on the metabol-

ic processes of each individual.  

Currently, TDM in oncology is performed in centralized 

laboratories and core facilities within specific clinical re-

search programs, still far from the routine practice. Con-

ventional instruments, such as mass spectrometer (MS), 

are employed, which can be run only by qualified and 

trained personnel. Moreover, the time required to collect, 

process and analyze the samples, and to process the re-

sults, together with the related financial cost, severely lim-

its the application of TDM in medical practices. Therefore, 

a new generation of analytical tools is necessary to re-

spond to the timely need of drug administration or reduc-

tion aiming at effectively treating cancer patients.2,3 

Colorectal cancer is the third most common form of can-

cer worldwide, it also represents the second major cause 
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of death in both male and female patients, accounting for 

9.4% of all incident cancer in men and 10.1% in women. It 

was estimated that about 850,000 new cases and 500,000 

deaths occur yearly worldwide.4,5 

Irinotecan (7-ethyl-10-[4-(1-piperidino)-1-piperidino]-

carbonyloxycamptothecine), namely CPT-11, is derived 

from the natural alkaloid camptothecine, and is widely 

used in the treatment of colorectal cancer. 6–9 

CPT-11 is in fact a pro-drug, which is metabolized in the 

liver and converted in its active form, 7-ethyl-10-

hydroxycamptothecin (SN-38), by the liver carboxylase 

(CE),6,10–13 as summarized in Scheme1. Following the met-

abolic pathway, SN-38 is then converted into 7-Ethyl-10-

hydroxy-camptothecin-10-O-β-D-glucuronide(SN38-G), by 

hepatic UDP-glucuronyltransferase (UGT1A1/7), and final-

ly excreted through urine.14,15 Several metabolites of CPT-

11 were also identified, which include 7-ethyl-10-[4-N-(5-

aminopentanoic acid)-1-

piperidino]carbonyloxycamptothecin (APC) and 7-ethyl-

10-(4-amino-1-piperidino)carbonyloxycamptothecin 

(NPC), which are generated by cytochrome P-450 3A4 

(CYP3A4).12,13,16,17 Other minor metabolites, whose meta-

bolic pathways and biologic activities have not been identi-

fied yet, also exist.16  

 

Scheme1. Metabolic pathway of CPT-11 and its main metabolites. 

 

 

SN-38 irreversibly inhibits the nuclear enzyme topoiso-

merase type I (Topo-I), which is involved in the relaxation 

of supercoiled DNA,18 and plays a key role during replica-

tion, recombination, transcription, and reparation of DNA. 

Its inhibition by SN-38 triggers the tumor cell death 

through apoptosis.10  

Typically, the levels of SN-38 in patients treated with iri-

notecan are about 100-fold lower than irinotecan. Howev-

er, such concentrations are relevant, as SN-38 is up to 

1000-fold more cytotoxic than the parent compound.13 

To date, there is no clinical instrumentation devised to 

detect and monitor the levels of CPT-11 in biofluids during 

therapeutic treatment. This would be extremely useful to 

help a prompt medical intervention, thus avoiding severe 

adverse effects while administering the therapy, therefore 

effectively ameliorating the quality of life of oncological 

patients and reducing the costs for the Healthcare 

System.19 

So far, few examples of biosensors were reported to de-

tect CPT-11 through optical and/or electrochemical meth-

odologies. Among them it is worth to mention an enzymat-

ic biosensor that exploits the interaction of CPT-11 with 

Topo-I, immobilized on a gold chip, to determine the anti-

cancer drug via surface plasmon resonance (SPR).20 An-

other type of biosensor, which was based on the interac-

tion between the drug and DNA-modified electrodes, al-

lowed quantification of CPT-11 through cyclic and differ-

ential pulse voltammetry.21 Both examples, performed in 

buffer, were not aimed at TDM or clinical application, but 

at the analysis of specific molecular interaction mecha-

nisms. 

Other devices were developed, which employed the thin 

layer chromatography coupled with gold and silver nano-

particles for Raman-SERS detection.22,23 

In addition to the Topo-I inhibition activity, CPT-11 di-

rectly inhibits acetyl cholinesterase (AChE), which occa-

sionally produces acute cholinergic side effects.24,25,17 In 

vitro experiments showed the inhibition effect of CPT-11 

toward the active site of different AChE isoforms.26 

AChE, which metabolizes the neurotransmitter acetyl-

choline, is found in the neuronal muscular junction and in 

the central nervous system. Biosensors employing the en-

zyme AChE were first developed as colorimetric assay to 

detect organophosphoric poison or pesticide in food and 

environmental samples, since this kind of molecules are 

known to have an inhibitory effect on AChE.27 Biosensors, 

relying on the same enzymatic mechanism, were also suc-

cessfully employed to detect therapeutics used in the 
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treatment of Alzheimer’s disease.28 Other electrochemical 

biosensors were developed, where AChE was directly im-

mobilized on electrodes, suitably modified with gold nano-

particles-polypyrrole nanowires,29 platinum nanoparticles-

graphene-nafion.30 However, to the best of our knowledge, 

to date no clinical applications in oncology and chemo-

therapeutics of the above-mentioned biosensors have been 

reported.  

Herein we describe the development of an enzyme-

based electrochemical biosensor aimed at detecting and 

quantifying the antineoplastic pro-drug CPT-11 in the con-

centration range 10-10,000 ng/ml, which is typically found 

in plasma sample of patients under chemotherapeutic 

treatment.31 Taking advantage of the inhibition capability 

of irinotecan towards AChE, the biosensor was devised by 

employing the enzyme couple AChE/ChOx.  

Few examples of biosensors employing this enzymatic 

couple were developed to determine the inhibition effect 

of some chemicals towards AChE.28,32–36 Upon addition of a 

suitable amount of ACh, the following enzymatic reactions 

take place at the sensor surface (Scheme 2):  

Scheme 2. Enzymatic reactions involving AChE and 

ChOx 

 

Acetylcholine is converted to choline and acetic acid by 

AChE (1). Choline becomes the substrate for ChOx, which 

oxidizes it to betaine aldehyde and hydrogen peroxide (2). 

The latter one can be amperometrically detected at the 

surface of a suitably polarized electrode (3). In fact, hydro-

gen peroxide is electrooxidized, thus providing a current 

transient, whose intensity is related to the original concen-

tration of ACh.  

The inhibition mechanism involving CPT-11 is hamper-

ing the first enzymatic reaction (1), thus reducing the 

amount (or even avoiding its formation) of available cho-

line (2), and therefore H2O2 (3). The outcome is a decrease 

of the current intensity. Such inhibition allows for an indi-

rect quantification of CPT-11 present in the sample.  

EXPERIMENTAL SECTION 

The chemicals used in this work, mass spectrometry 

work station and other experimental details, metabolic 

pathway for CPT-11, and Michaelis-Menten kinetics for the 

electrochemical biosensors are provided in the Supporting 

Information.  

Biosensor Fabrication. The Teflon insulation was re-

moved from Teflon-coated platinum wires (Advent Re-

search Materials), and bare platinum electrodes (1 mm 

length and 125 μm diameter) were then immersed into a 

freshly prepared ortho-phenyldiamine (oPD) solution (300 

mM). A constant potential of +0.7 V versus Ag/AgCl was 

then applied for 30 min to form a polymeric film of poly-

phenyldiamine (PPD). The electrode wire was then washed 

with bidistilled water and dipped at room temperature (25 

ºC) into a solution containing 20 U ml−1 (0.52 mM) of AChE 

and 10 U ml−1 (0.2 mM) of ChOx for 5 minutes, and then 

into a solution of polyethyleneimine (PEI) 1% (w/v). Ac-

cording to specific sensor design, the electrode wires were 

dip coated into the enzyme couple and then PEI solutions, 

followed by 5 minutes dip coating into BSA 2% solution 

and finally by 5 minutes into 1% glutaraldehyde (GA) solu-

tion, which was allowed to dry at 37 ºC for 15 minutes.36–38 

A schematic representation of the biosensor is shown in 

Scheme 3 and discussed in the following section. 

Taking into account the procedure described above, the 

sensors were prepared according to the following design 

scheme: Pt/PPD/[AChE-ChOx + PEI(1%)]z/ 

BSA(2%)1/GA(1%)1, where z is the number of dip coatings 

into the enzyme couple and PEI solutions. Ten types of 

sensors (1-10) were prepared (see Supporting Infor-

mation). 

Electrochemistry. A platinum wire served as counter 

electrode, and a Ag/AgCl chloride wire was used as refer-

ence electrode. The chronoamperometry experiments 

were carried out in PBS and FBS solutions, employing a 

three-electrode configuration electrochemical cell. A CHI 

1040C electrochemical workstation (CH Instruments, Aus-

tin, TX, USA) was used. Each biosensor design 1-10 was 

tested and characterized with the substrate acetylcholine. 

The enzymatic reaction, which was found to follow the 

Michaelis-Menten kinetics (see Supporting Information for 

further details), was evaluated by adding increasing con-

centrations of acetylcholine to PBS or FBS solutions. A non-

linear regression of the data plot, according to the Michae-

lis-Menten, was performed to evaluate the kinetic parame-

ters, VMax and KM. 

Concerning the detection of the analyte, once the biosen-

sors were activated with ACh, increasing concentration of 

CPT-11 were injected in PBS or FBS solutions to determine 

the extent of inhibition of the antineoplastic drugs toward 

the AChE, and a calibration plot was then obtained. The 

same procedure was also performed for CPT-11 metabo-

lites.  

Statistical Analysis. The response of biosensors toward 

ACh and CPT-11 was evaluated at day 1, right after fabrica-

tion. Each current step response was averaged over 100 

data points, upon each addition of ACh or CPT-11. The con-

centration range for ACh was 5 µM-10 mM, while for CPT-

11 was 16 nM-16 µM, obtained from stock solutions in PBS 

and FBS at room temperature (25 °C). Statistical analysis 

was performed with Graphpad Prism® (La Jolla, CA, USA), 

which allowed calculating Michaelis-Menten parameters 

(VMax and KM.), IC50 and the extent of enzyme inhibition. As 

described in Supporting Information (equation 2), KM and 

VMax were calculated by employing the Michaelis-Menten 

kinetics, expressed in terms of current response. To evalu-

ate the inhibition effect of the anticancer drugs toward the 
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enzymatic activity, a 100% enzymatic activity was as-

sumed before the addition of the drugs.  

Limit of detection (LOD) and limit of quantification 

(LOQ) were evaluated by using the equations LOD = 3sb/A 

and LOQ = 10sb/A, where sb is the standard deviation of 

the blank and A is the slope of the calibration curve.39,40 

IC50 is the inhibitor concentration needed to reach 50% 

enzymatic activity inhibition. 

RESULTS AND DISCUSSION 

Biosensors Characterization. The biosensors were 

prepared as described in the Experimental Section, accord-

ing to the designs 1-10 and following the procedure previ-

ously described by us.36–38 A schematic representation of 

the biosensor is shown in Scheme 3. The difference be-

tween the designs 1-10 (for details, see Supporting Infor-

mation) is the amount of enzymes and PEI layers, due to 

the increased number of dip coatings in the corresponding 

solutions, whereas albumin and glutaraldehyde content 

remain constant. 

Scheme 3. Biosensor design and working principle. 

 

 

All biosensor designs were calibrated with the substrate 

ACh in the concentration range 5 µM-10 mM, both in sim-

ple (PBS) and complex (FBS) matrix solutions. As it will be 

described later in this section, design 5 proved to be the 

best-performing.  

Figure 1 shows the response of the biosensor (red plot) 

and the negative control (blue plot), provided by a dummy 

biosensor, toward ACh addition in the concentration range 

5 µM-10 mM. The latter one contains only ChOx enzyme 

and was prepared to assess (i) the specificity of the system 

toward ACh, and (ii) the role played by interferences, 

which might be present in the matrices (matrix effect).  

The biosensor and the negative control were inserted in 

the electrochemical cell containing the electrolyte solution 

(PBS or FBS) and a constant potential of +0.7 V (vs 

Ag/AgCl reference electrode) was applied to record the 

chronoamperometric profile. Once the current transient 

was stable (typically 10-15 minutes), ACh was added in 

solution, and the cascade of enzymatic reactions, described 

by (1) and (2), immediately took place. Hydrogen peroxide 

was then immediately oxidized at the platinum electrode 

(3), thus making the current increase. Each addition of ACh 

in solution corresponded to an increase in the current re-

sponse that reached the steady state when ACh concentra-

tion reached 10 mM, as shown in Figure 2.  

 

 

Figure 1. Chronamperometric profile for the calibration of the 

biosensor design 5 (red line) and dummy biosensor (blue 

line) with the substrate ACh in (a) PBS and (b) FBS. ACh was 

sequentially added in solution (black arrows) to reach the 

following concentrations: (from left to right) 0.005, 0.01, 0.05, 

0.1, 0.2, 0.5, 1, 2, 3, 5, 10 mM.  

 

Figure 2. Michaelis−Menten kinetics plot for biosensor design 

5 in (a) PBS and (b) FBS are also shown. 
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Upon evaluation of the Michaelis-Menten kinetics, the 

parameters VMax and KM were calculated, and their values 

are reported for PBS in Table 1.  

Table 1. VMax and KM values in PBS for biosensors 1-10. 

Design VMax (nA) KM (µM) 

1 40.55±4.54 2.32±0.65 

2 27.83±2.72 1.32±0.38 

3 25.10±2.53 1.57±0.44 

4 28.80±2.88 1.33±0.39 

5 61.85±2.53 0.58±0.09 

6 57.32±5.88 0.94±0.31 

7 23.88±5.35 12.24±0.42 

8 18.56±5.04 15.54±6.07 

9 23.68±4.98 10.74±3.58 

10 25.01±5.81 10.39±3.86 

 

Furthermore, acetaminophen, which might be also ad-

ministered during the chemotherapeutic regimen as pain 

and fever relief, was also tested, since it can be oxidized at 

a potential close to that of hydrogen peroxide. The results 

(see Supporting Information, Figure S1) showed a negligi-

ble effect due to acetaminophen, thus indicating that the 

poly-o-phenylendiamine layer shielded the platinum elec-

trode, without preventing hydrogen peroxide to be oxi-

dized, as previously described with respect to other inter-

ferences, such as ascorbic acid.36,37 

PBS is commonly used as media for biosensing, whereas 

FBS offers an excellent surrogate of a biological environ-

ment to test and improve the biosensor performances, in 

view of its application to human samples and TDM imple-

mentation within clinical practice. Our findings indicate 

that, under optimized experimental conditions, the biosen-

sors 5 show similar performances in both simple and com-

plex matrices. In fact, VMax is 61.8±0.25 nA (PBS) and 

76.9±0.34 nA (FBS), while KM is 0.58±0.09 µM (PBS) and 

0.57±0.10 µM (FBS), thus indicating that the matrix effect 

on the biosensor performance is negligible. Similar results 

were obtained for the other biosensor designs. 

The biosensors were tested to assess which design was 

the best performing in terms of sensitivity and dynamic 

range. The test was performed only in PBS. Two parame-

ters were taken into account: (i) the amount of enzymes 

necessary to provide a measurable signal (hydrogen per-

oxide produced during the enzymatic reaction) and (ii) the 

amount of ACh required to activate and to calibrate the 

biosensor in the CPT-11 concentration range of interest for 

clinical application (10-10,000 ng/ml). These parameters 

mainly depend on the values of VMax and KM. In particular, 

the latter one plays an important role since it determines 

both the amplitude of the linear region slope (LRS = 

VMax/KM), and the concentration range in the linear re-

sponse (~1/2KM).41  

The higher the KM the lower the affinity of the enzyme 

for the substrate.42 In this case, binding of CPT-11 may also 

occur to unsaturated AChE sites that would not result in 

any measurable inhibition, since the ACh hydrolysis would 

not be hampered. Instead, the lower the KM, the higher the 

affinity of the enzyme for the substrate ACh and the wider 

the LRS, so that the biosensor reaches saturation very rap-

idly. Therefore, the optimal condition to assess AChE inhi-

bition by CPT-11 is within the linear region of Michaelis-

Menten plot (see Figure S2). On the other hand, a high val-

ue for VMax also helps increasing the LRS, and a lower con-

centration of ACh is required to reach saturation, thus en-

hancing the observable inhibition effect by CPT-11. 

As reported in Table 1 and shown in Figure 3, 5 proved 

to be the best performing sensor design, since it showed 

the lower and the highest values for KM and VMax, respec-

tively. In fact, KM decreased from design 1 to reach a mini-

mum value for design 5, and then increased again from 

design 6 to 10. while VMax showed an opposite trend. We 

hypothesize that the amount of enzymes on the biosensor 

can be conveniently increased to optimize KM and VMax to 

the point where a higher concentration of enzymes in the 

biosensors hamper the normal enzymatic activity, which 

then decrease. Design 5 was therefore selected for all sub-

sequent experiments. 

Figure 3. (a) Michaelis−Menten kinetics plot for biosensor 

designs 1-10. (b) Histograms representing the VMax (green 

bars) and KM (dark red bars) for biosensor designs 1-10. 

Biosensor specificity towards CPT-11 and its metab-

olites. Upon activation of the biosensor with one single 

injection of ACh (30 µM), the current increased due to the 

oxidation of hydrogen peroxide. Once the current transient 

stabilized, CPT-11 was added in solution and inhibition of 

AChE occurred immediately, thus causing the decrease of 

hydrogen peroxide concentration, proportionally to the 

amount of antineoplastic drug (see Figure 4). As a conse-

quence, the current also decreased stepwise upon each 
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consecutive addition of CPT-11. Figure 4b shows a zoom-in 

of the chronoamperometric profile upon sequential addi-

tion of CPT-11 to better appreciate the current decrease, 

whose order of magnitude is in the high pA range 

(0.14±0.04 nA) per each step. Multiple additions of CPT-11 

in the solution then allowed for the calibration of the sen-

sor. Characterization was performed in PBS and FBS solu-

tions in the concentration range 10-10,000 ng/ml (16 nM-

16  µM), which is usually found in the plasma of patients 

under therapeutic regimen.31  

Concerning the amount of ACh, 30 µM was chosen within 

the LRS to activate and to calibrate the biosensor. Howev-

er, it is worth noting that a higher concentration of ACh 

(e.g. 50 µM) would have caused the initial current change 

to be so intense that the subsequent current steps, related 

to the CTP-11 injections, would have been negligible com-

pared to the baseline (data not shown).  

Our results also showed (Figure 5a) that the residual ac-

tivity of AChE was 40.6±4.5 % (PBS) and 39.9±3.5 % (FBS) 

when the concentration of CPT-11 reached its maximum 

value (10,000 ng/ml). Concerning IC50, values of 0.47  µM 

(295 ng/ml) in PBS and 0.43 µM (268 ng/ml) in FBS were 

obtained.  

A linear calibration curve was obtained (Figure 5b), by 

plotting the value for each current step, obtained from the 

average of 8 biosensors working in parallel, against the 

logarithm of CPT-11 concentration. The plot also showed a 

higher sensitivity for CPT-11 in FBS (-1.59±0.08) than PBS 

(-0.59±0.07), therefore evidencing a better response of the 

biosensor operating in a biological matrix rather than sim-

ple PBS buffer.  

 

Figure 4. (a) Full chronoamperometric profile related to the 

biosensor calibration with CPT-11 (red plot) with respect to 

the dummy biosensor (blue plot). 30 µM ACh was used to ac-

tivate the biosensor, subsequently CPT-11 was added in the 

concentration range 10-10,000 ng/ml. (b) Zoom-in of the 

chronoamperometric profile related to CPT-11 addition. 

 

Figure 5. (a) Residual activity of AChE in PBS (black line) and 

FBS (blue line) after sequential addition of CPT-11. (b) Cali-

bration plot for CPT-11 in PBS (black line) and FBS (blue line). 

Moreover, we found LODs of 1.6 ng/ml and 1.5 ng/ml, 

and LOQs of 4.7 ng/ml and 4.5 ng/ml for PBS and FBS re-

spectively, thus witnessing that our system can detect CPT-

11 at very low concentration levels to cover the entire 

pharmacokinetic curve.31 

We also tested SN-38, the active metabolite of CPT-11, as 

well as the other metabolites SN-38G, APC, NPC to assess 

whether some effect on AChE activity could be observed, 

and the results are shown in Supporting Information, Fig-

ure S3. The biosensor was activated as described above. 

However, upon sequential additions of the metabolites, no 

or negligible change in current response was observed. It 

is worth mentioning that only SN-38 in the concentration 

of 1000 ng/ml (2.5 mM) showed an inhibition of 8.9±0.7 % 

in PBS, and 7.6±0.5% in FBS, for AChE activity. However, 

SN-38 is usually found at concentration level below 100 

ng/ml in plasma samples: while testing this drug dose in 

the system, the observed inhibition was 7.2±0.6% in PBS 

and 6.1±0.7%in FBS. Therefore, we can confidently state 

that SN-38 did not represent a significant interference. The 

IC50 of SN-38 was found to be 0.48 µM (1.9 ng/ml) in PBS 

and 0.36 µM (1.4 ng/ml) in FBS. 

As a final step, we calibrated the biosensors with ne-

ostigmine, a powerful reversible inhibitor for AChE that is 

used in anesthesia. Neostigmine produced an 80% inhibi-

tion of the enzymatic activity, thus providing a positive 

control (Supporting Information, Figure S4). 

Repeatability Test. The repeatability was evaluated on 

(i) the performance of the biosensor toward the substrate 

acetylcholine and (ii) the measurement of CPT-11 concen-

tration. Six biosensors were prepared the same day em-

ploying the same batch of reagents and solutions and test-

ed in parallel under identical experimental conditions. The 
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results are summarized in the Supporting Information, 

Table S1 and S2. 

(i) Concerning the performance of the biosensor toward 

acetylcholine, KM and VMax were evaluated using the same 

concentration of ACh in six replicates. We found an aver-

age 13.2% and 14% coefficient of variation (CV%) for KM 

and VMax, respectively, within an array of eight different 

biosensors, thus indicating a reliable observed current 

change (Figure 4b) and an excellent reproducibility in the 

performance of the biosensor.  

(ii) We repeated a calibration test using 10 different in-

creasing CPT-11 concentrations. The results showed excel-

lent back-calculated concentration values within an aver-

age imprecision, expressed by CV%, of 9% over six repli-

cates (see Supporting Information, Table S2). Residual 

enzyme activity was also assessed as 40% in six different 

biosensors. Nevertheless, we found a discrete variability of 

the current intensity, measured within 8 biosensors work-

ing in parallel (Figure 5). This issue can be ascribed to 

slightly different surface area for each biosensor, which 

can be overcome with an automated fabrication process. 

Comparing enzyme-based biosensor with HPLC-MS. 

As for comparison, ten calibration standards were ana-

lyzed by both the biosensor and the HPLC-MS to assess the 

quality and performances of our enzyme-based biosensor. 

In fact, HPLC-MS is considered the reference standard 

methodology in the analysis of small drug molecules in 

biological samples, including therapeutic drugs when re-

quired by oncologists for specific clinical research pro-

grams. The results, summarized in the Supporting Infor-

mation (Table S3), showed a good correlation between the 

two techniques with a Pearson coefficient (R2) of 0.9984, 

as depicted in the Deming plot (Supporting Information, 

Figure S5). Moreover, such comparison showed an excel-

lent accuracy with respect to HPLC-MS, given the value of 

0.998 ± 0.016 for the slope of the linear regression. 

Effect of aging and temperature on biosensor stor-

age. Furthermore, to assess the stability of the biosensors 

over time and storing conditions a study on aging was per-

formed on 3 biosensors fabricated following the design 5. 

Their performances (in terms of VMax and KM) and stability 

were checked upon storing at +4, -20 and -80 ºC for a peri-

od time ranging from 1 up to 40 days. Results are reported 

in the Supporting Information, Table S4 and Figure S6. 

The best storing condition in terms of stability and per-

formances were attained at -20 ºC. This analysis also evi-

denced the robustness of the biosensors that can be easily 

stored dry and used several days after fabrication with 

minimal loss of sensitivity and performances. Robustness, 

durability, and reliability of biosensors are rather im-

portant features in view of a future application of these 

tools in TDM at the bedside. 

CONCLUSIONS 

In this work, we described the fabrication and character-

ization of an enzymatic biosensor capable of detecting 

CPT-11 in simple and complex matrices. The biosensor can 

discriminate between CPT-11 and its metabolites, SN-38, 

SN-38G, APC, NPC. To the best of our knowledge, this is the 

first biosensor specifically devised for CPT-11. Our find-

ings showed that CPT-11 can be detected in real time in 

simple and complex matrix solutions in the clinically rele-

vant range 10-10,000 ng/ml. No or negligible interference 

by metabolites and co-therapeutic drugs was noted.  

Even though the methodology has to be further imple-

mented, validated and engineered, we believe that detect-

ing a new class of antineoplastic drugs is indeed of rele-

vance for the community. Furthermore, thanks to ease 

fabrication process, robustness, durability, and reliability, 

the application of such biosensing platform might set the 

foundation to develop next-generation diagnostics tools 

aimed at evaluating in real time patients’ response to the 

chemotherapeutic regimen, which might have tremendous 

fallouts into the clinical practice, the Healthcare System 

and, most importantly, the quality of life of oncological 

patients. 

Next step of our research work will concern testing the 

biosensor in human plasma samples, while implementing 

and engineering the technology to device a portable diag-

nostic tool. In perspectives, we envision that a point-of-

care development and use of such tools in the clinical prac-

tice will allow to easily, precisely and rapidly monitoring 

patients response at the bedside, while reducing dramati-

cally the costs, related to the traditional analytical methods 

employed in the core facilities. This will be beneficial not 

only for the Healthcare System, but will also improve the 

treatment of patients in the developing Countries and re-

mote areas. 
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