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Abstract. In this work, asurface plasmon resonance (SPR)-based assay for the quantification of anti-
neoplastic drug irinotecan in human plasma samples has been developed for the first time. The
selective binding of irinotecan with an aptamer receptor, operating in human plasma, allowed to set-
up a novel analytical methodology to detect the drug in the analytical range of interest by using SPR
as detection technique. After hybridizing the aptamer to the sensing platform and optimizing the
sample preparation procedure, a quantitative assay was validated according to FDA regulatory
guidelines. The analytical working range was found between 100 and 7500 ng mL-! with negligible
interferences from plasma components and co-medication associated with the administration of

irinotecan. The utility of the new SPR assay was confirmed by analyzing plasma samples in parallel



with LC-MS as reference technique, providing a new analytical tool for the therapeutic drug

monitoring of irinotecan in patients under chemotherapy regimens.
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Introduction

Antineoplastic drug Irinotecan (CPT-11)is a camptotecin derivative, widely indicated in the first-line
treatment of patients with metastatic carcinoma of the colon or rectum [1, 2]. Chemotherapeutic
regimens involving CPT-11 often include the co-administration of other anticancer drugs such as 5-
fluorouracil (5-FU) and leucovorin (i.e. FOLFIRI treatment) [3, 4], or monoclonal antibodies, such
as cetuximab and bevacizumab [5, 6].

Antitumor activity of CPT-111is due to the generation of a 100-1000 fold more cytotoxic metabolite
SN-38 from metabolic processes (scheme 1), which is acting as a topoisomerase | inhibitor [7, 8].
This nuclear enzyme plays a key role in relaxing the supercoils of the DNA double helix during
replication, transcription and repair [9, 10]. Therefore, inhibition of this enzyme causes irreversible
DNA damage inducing death of cancer cells by apoptosis.

Other main metabolites known from the metabolic profile of CPT-11 are produced through the
cleavage of the (1,4’-bipiperidine) chain from the core structure of CPT-11. In particular, APC and
NPC are generated by cytochrome P-450 3A4 (CYP3A4), and SN-38is further converted into its
glucoronide derivative SN-38G by hepatic UDP-glucuronyltransferase, which is excreted through

urine (Scheme 1) [11].
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Scheme 1 Metabolic pathway of CPT-11 with its main metabolites. CYP3A4: cytochrome P-450; UGT1A1/7: UDP-

glucuronyltransferase; CE: liver carboxy lase.

CPT-11is administered viaintravenous infusion for 2 hrs at a dosage of 350 mg/m? every three weeks
in monotherapy, and 180 mg/m? every two weeks in combination with folinic acid and 5-FU [3, 4,
12]. The dose should be modified after the first administration according to the degree of adverse
effects observed in patients. The side effects of irinotecan are common to most antineoplastic agents
and include neutropenia, thrombocytopenia, anemia, acute cholinergic syndrome, alopecia and
gastrointestinal disorders [2, 13, 14].

In recent years, the practice of therapeutic drug monitoring (TDM) has received a growing interest to
personalize the drug dosage for any individual patient, but its application in oncology is still very
limited [15]. In this context, point-of-care testing (PoCT) and biosensing technologies would
represent a convenient strategy to extend TDM to a wide number of patients. Indeed, implementing
TDM in the clinical practice would ensure that the plasma level of administered drugs is maintained
within a therapeutic window of efficacy, preventing therefore most of toxic effects or treatment

failures [16].



The most common methodologies utilized in centralized laboratories for the quantification of drugs
in biological fluids, including CPT-11 and its main metabolites, are currently based on reverse-phase
high-performance liquid chromatography (RP-HPLC) coupled with mass spectrometry [17, 18, 12].
However, the development of novel analytical tools at a POCT level presents several technical
challenges related to the analysis of therapeutic drugs, which are often low-molecular weight organic
molecules, in biological fluids (blood, plasma, serum, or urine). As general considerations, new
analytical tools should minimize sampling procedures and avoid or simplify pre-analytical treatments
of biological samples with respect to standard chromatographic methods. Moreover, any analytical
method, utilized in the clinical practice, should be validated according to regulatory guidelines, in
order to provide clinicians and medical staff with reliable quantitative information to take critical
decisions. Finally, portable analyzers could be used to monitor patients in clinical settings, where
well-equipped laboratories are not available, such as at patients’ bedside, in medical practices or,
eventually, at home. This would allow testing to carried out without the need for personnel to receive
special training.

Example of sensing approaches for the detection of CPT-11 and its active metabolite SN-38 are
already described in the literature, evidencing the need for the development of new analytical tools
applied to anticancer drugs for TDM studies.

In particular, we previously reported an electrochemical biosensor to detect CPT-11, which was based
on measuring the inhibition of acetylcholine esterase enzyme in the presence of CPT-11, with
excellent selectivity toward its metabolites in simple and complex matrices [19]. An electrochemical
biosensor employing aptamer receptors was also developed for in-vivo detection of CPT-11 and
applied to animal models [20]. Instead, direct detection of CPT-11 in human samples was described
by using electrochemical methods, such as adsorptive stripping square-wave voltammetry and
differential pulse voltammetry. These techniques were successfully applied to the detection of CPT-
11 in biological samples [21, 22, 23]. A simple and efficient fluorimetric assay to detect the active

metabolite SN-38 was also validated in plasma [24].



Herein, we describe a protocol for the analysis of CPT-11 at clinically relevant concentrations by
using SPR as the detection technique, and an ss-DNA aptamer as a selective receptor operating in
human plasma.

Aptamers are single-stranded oligonucleotides (RNA or DNA), capable of recognizing and binding
different targets such as proteins, peptides, drugs and small molecules with high affinity and
specificity. They can fold into a large variety of secondary structures with specific structural motifs
that form along the nucleotide chain (hairpin, pseudo-knot, stem-loop / bulge and G-quadruplex),
providing a three-dimensional structure similar to those observed in proteins. Aptamers undergo
adaptive conformational changes and their three-dimensional folding creates a specific binding site.
In the presence of the target, the aptamer structure can be stabilized by the establishment of weak
interactions [25].

Our protocol was developed using SPR, which allowed the characterization of the steady-state affinity
of the aptamer-CPT11 interaction and to develop an assay for the quantification of CPT-11 in plasma
samples. The working principle of SPR is typically based on the real-time monitoring of the
interaction between the receptor, immobilized on the sensor surface, and analyte molecules in the
samples. When a mass change (deriving from such interaction) is occurring at the sensor surface, a
change of refractive index at the interface is originated. This SPR signal is recorded in response units
(RU). Large biomolecular systems such as antigen-antibody are commonly investigated with SPR
[26], while the interaction of low molecular weight targets (<1000 Da) with large biomolecular
receptors (typically >50000 Da) results in the generation of a significantly weaker SPR signals, due
to the small local variation of refractive index at the surface [27, 28]. This therefore presents a
challenge for monitoring small molecule interactions with high molecular weight affinity ligands
(such as antibodies). A typical SPR measurement is based on the sequential injection of the sample
across a ‘blank’ reference flow cell (FC1) and a working ‘receptor immobilized’ flow cell (FC2).

Information relating to the analyte-receptor binding can be therefore obtained through a differential



measurement (FC2-FC1), enabling subtraction of any interference generated by non-specific surface

interactions.
Materials and methods
Chemicals
Analytical standards of CPT-11 (7-ethyl-10-[4-(1-piperidino)-1-piperidino]-

carbonyloxycamptothecin, purity 97%), SN-38 (7-ethyl-10-hydroxycamptothecin, purity 98%) were
purchased from Sigma-Aldrich Co. (Milan, Italy). APC (7-ethyl-10-[4-N-(5-aminopentanoic acid)-
1-piperidino]-carbonyloxycamptothecin, purity 95%), NPC (7-ethyl-10-(4-amino-1-piperidino)
carbonyloxycamptothecin, purity 98%) and SN-38G (7-ethyl-10-[3,4,5-trihydroxy-pyran-2-
carboxylic acid]-camptothecin, purity 95%) were purchased from Toronto Research Chemicals, Inc.
(North York, Ontario, Canada). PBS buffer, magnesium chloride (MgCl.), acetic acid were purchased
from Merck Sigma-Aldrich (Milan, Italy). Tween20 was purchased from VWR (Milan Italy). CPT-
11 aptamer (100-mer), 5’biotin CPT-11 aptamer and 5’biotin immobilization oligomer (15-mer) (see
details in Supporting Information and in the recently reported patent [29]) were purchased from
Aptamer Group (York, UK). Lyophilized oligomers were solubilized with milli-Q water upon arrival,
aliguoted and stored at -20°C. Co-medications for selectivity tests, in particular dexamethasone,
atropine, chlorphenamine, 5-fluorouracil, ondansetron, loperamide and capecitabine, were provided
by the pharmacy of the National Cancer Institute (Aviano, Italy) and folinic acid was purchased from
Merck Sigma-Aldrich. LC-MS grade methanol, acetonitrile and camptotecin were supplied by Merck
Sigma-Aldrich. Control human plasma stabilized with K:EDTA for the preparation of daily standard
calibration curves and quality control (QC) samples was obtained from healthy volunteers and was

provided by the Transfusion Unit of the Centro di Riferimento Oncologico di Aviano (CRO), Italy.

SPR measurements



SPR measurements were performed using a Biacore X100 workstation (GE Healthcare Life
Sciences), at 25 °C, with a flow rate of 5, 10 and 30 yL min®. Streptavidin coated sensor chips (SA)

were purchased from GE Healthcare Life Sciences.

Binding analysis

Binding analysis was performed by using 13 different concentrations of CPT-11 from 0to 2.0 uM in
PBS buffer (10 mM, pH 6.0) containing NaCl (100 mM), KCI (2 mM) MgCkL (7.5 mM) and Tween
20 (0.05%) on a SA chip functionalized with 5’biotin CPT-11 aptamer (See Supporting Information,
Fig. S1 and S2). Experiments were performed in triplicate. Association and dissociation time were
120 and 180 s respectively, with the flow rate set to 30uL/min. Regeneration of the sensor surface
was performed with H2O for 20 s after each sample injection. Data processing was performed by
subtracting the signal recorded on FC1 (reference cell) from the signal recorded on FC2
(functionalized cell). FC2-FC1 data were further referenced by blank subtraction. Association curves
were thus evaluated by non-linear analysis with SPR kinetic evaluation software (BlAevaluation
Software, version 2.0.2 Plus Package, GE Healthcare Life Sciences) and the affinity constant was

obtained from a 1:1 steady state model.

Concentration analysis in buffered media

CPT-11 aptamer (1.2 uM) in PBS buffer (50 mM, pH 7.2) containing NaCl (685 mM), KCI (13.5
mM) and MgClk (5 mM), defined as hybridization buffer, was injected on FC2 of the SA chip
functionalized with 5’biotin immobilization oligomer (See Supporting Information, Fig. S1 and S3)
over 600s at 5 pl minl. After a stabilization time of 300 s, standard solutions of CPT-11 were
sequentially injected on FC1 and FC2 over 420 s at a flow rate of 10 uL/min. Calibration standards
of CPT-11 from 50 to 800 ng mL-! in PBS buffer (10 mM, pH 6.0) containing NaCl (100 mM), KCI

(2 mM) and MgCk (2.5 mM), were used. The running buffer was PBS (25 mM, pH 7.2) containing



NaCl (342 mM), KCI (6.75 mM) and Tween20 (0.05% v/v). Surface regeneration was performed at
the end of each run with a mixture of 8 mM NaOH and 160 mM NaCl for 20 s. A blank sample (0

ng/mL) was also included.

Concentration analysis in human plasma

Standards and quality control working solutions

A 1000 pg mLt stock solution of CPT-11 was firstly prepared in DMSO, aliquoted and stored at -20
°C. A series of working solutions (A to G) were obtained by diluting the stock solution with DMSO
to the concentrations reported in Table S1 (Supporting Information) and used to prepare calibration
standards and quality control (QC) samples at low (QCL), medium (QCM) and high (QCH)
concentrations. Aliquots of these solutions were stored at -20 °C in Eppendorf polypropylene tubes

and used for a maximum of three freeze-thaw cycles.

Preparation of standards and quality control samples

A newly prepared seven-point calibration curve was recorded every day during this study. Each
calibration and QC sample was prepared by adding 2 uL of working solution from A to G in 38 uL
of pooled human plasma in a0.5 mL Eppendorf polypropylene tube to obtain the final concentrations
reported in Table S1 (Supporting Information). Each calibration curve included a blank and three QC
samples, which were analyzed in triplicate. Calibration standards and QCs were diluted with 360 pL
of PBS buffer (12 mM, pH 5.0) containing NaCl (103 mM), KCI (2 mM) MgCl (2.5 mM) and Tween
20 (0.05%), named as incubation buffer, and thoroughly vortexed for 10 seconds three times. The
content of each tube was transferred on a centrifugal fitter (Millipore Amicon® Ultra 0.5 mL, 30 kDa

cut off) and centrifuged at 6200 rcf for 18 min at 25°C. Then, 350 puL of the filtrate were transferred



on 11 mm plastic vials (Scheme S1, Supporting Information) and analyzed as described below. CPT-

11 standards and samples were kept in ice bath until use.

Concentration analysis

Concentration analysis of plasma samples were performed with the SA chip functionalized with
5’biotin immobilization oligomer (Supporting Information, Fig. S1 and S3), using PBS (25 mM, pH
7.2) containing NacCl (342 mM), KCI (6.75 mM) and Tween 20 (0.05% v/v) as the running buffer.
For each run, CPT-11 aptamer (1.2 uM) in the hybridization buffer was firstly injected in FC2 for
600 s at 5 ul/min. After 300 s of stabilization time, CPT-11 standards were injected in both flow
cells at 10 ul/min for 480 s in the following order: blank, calibration standards, QCsin triplicate and

unknown samples. After each run, the chip surface was regenerated with a mixture of 8 mM NaOH

and 160 mM NacCl for 20 s.

Validation study

The validation of the method was carried out by following the guidelines of the Food and Drug
Administration (FDA) applied to ligand-binding assays (LBA) [30]. The parameters evaluated for the
validation included recovery, intra- and inter-day precision and accuracy, reproducibility, lower limit

of quantification (LLOQ), selectivity and matrix effects (see Supporting Information for full details).

Mass Spectrometry

Quantification of CPT-11 in plasma samples, collected from patients on therapy, was performed by
using tandem mass spectrometry, as the reference method to assess the quality of the SPR assay. The
analysis was conducted with a Shimadzu LC system coupled with an APl 4000 QT (Sciex) working
in multiple reaction monitoring (MRM) mode. Irinotecan was quantified in plasma samples applying

a LC-MS/MS method previously developed and validated, according to FDA/EMA guideline, by our



group.[12] In brief, 100 pL of the actual sample, calibrator or QC sample were transferred to a 1.5
mL polypropylene tube and mixed with 5 pL of the mnternal standard solution (camptothecin, 0.5
pg/mL), and successively with 300 puL of 0.1%CH3COOH/CH3OH for protein precipitation. The
solution was vortexed and centrifuged at 16000 g for 10 min at nominally 4°C. Then 150 pL of the
obtained supernatant were transferred to an autosampler glass vial for the analysis. Analytes
separation was obtained with gradient elution on a Gemmi C18 column (3 uM 110A, 100 x 2.0 mm)
coupled with a Security Guard Cartridge (Gemini-NX C18 4.0 x 2.0 mm) (column temperature set at
25°C). The mobile phases (MP) were 0.1% CH3COOH/double distilled water (MP A) and 0.1%
CH3COOH/acetonitrile (MP B). The ESI source operated in positive ion mode at 650°C and with ion
spray voltage of 5500 V. Quantification was performed using the following transitions: mvz 587 >

124 for CPT-11 and myz 349 > 305 for the internal standard.

Results and discussion

The CPT-11 aptamer was preliminary tested to establish the optimal experimental conditions to detect
CPT-11. Our approach included also the utilization of 5’biotin immobilization oligomer, which is a
short sequence (15-mer) complementary to a hybridization region within the CPT-11 aptamer (100-
mer) [29]. The functionalization of the SPR platform was easily carried out by using 5’biotin- CPT-
11 aptamer and immobilization oligomer, which were successfully immobilized on a streptavidin
coated (SA) sensor chip (see Supporting Information, Fig. S1). Indeed, the simple injection of a 5uM
solution of biotinylated DNA in 25 mM PBS buffer provided an immobilization yield of 1767 and
2092 RU on FC2 for 5’biotin- CPT-11 aptamer and immobilization oligomer respectively (see
Supporting Information, Fig. S2 and S3). The surface density for the aptamer and the immobilization

oligomer on the chip was estimated in 1.767 and 2.092 ng mm2 respectively, after conversion of the
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corresponding RU as reported for Biacore technology, in which a response of 1000 RU corresponds

to a change in surface density of about 1ng mm2 of proteins or DNA [31].

Steady state affinity study

The evaluation of the affinity constant (Kp) between CPT-11 aptamer and CPT-11 was carried out
using an SA chip prepared by immobilizing 5’biotin CPT-11 aptamer on FC2 only, as described in
Supporting Information (Fig. S2). After injecting CPT-11 in PBS buffer at a flow rate of 30 uL/min
across both FC1 and FC2, the response, obtained from the differential measurement (FC2-FC1),
rapidly achieved a plateau. As soon as the injection stopped, the signal decreased immediately,
demonstrating that both association and dissociation of CPT-11 from the aptamer were fast processes,

as shown in Fig. la.
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Fig. 1 (a) reference subtracted sensorgrams (FC2-FC1) and (b) steady state affinity curve obtained after injecting CPT-
11 in the concentration range 0 — 2.00 uM in PBS buffer (10 mM, pH 6.0) containing MgCl> (7.5 mM) and Tween 20

(0.05%) onthe SA chip functionalized with 5’biotin CPT-11 aptamer. To evaluate Kp, binding values were collected four

seconds before injection stop and were further referenced by blank subtraction. Experiments were performed in triplicate.
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The affinity constant (Kp) was evaluated by analyzing CPT-11 in a concentration range from O to 2
uM and fitting the steady state affinity curve, obtained by plotting the RU at the plateau against the
concentration of CPT-11 for each curve, with a 1:1 binding model (Fig. 1b, BlAevaluation Software,
version 2.0.2 Plus Package, GE Healthcare Life Sciences). Even though the binding of CPT-11
provided a relatively weak SPR response, the model gave a Kp of 285 + 17 nM, a typical value for

the binding of small molecules [28].

Detection of CPT-11 in buffered media

Although direct binding of CPT-11 with the aptamer immobilized on the sensor surface provided a
measurable SPR response, we pursued a different strategy to develop a concentration assay. In fact,
the aptamer has a molecular weight (MW) of 31000 Da, which is considerably higher than the CPT-
11 molecule (MW of 586.7). Binding of the aptamer has a higher refractive index change at the
interface and consequently results a higher SPR response from the binding process. Interferences
from non-target molecules (e.g. plasma proteins) would hamper the analysis of real samples. For this
reason, we were discouraged from follow the direct detection approach. We then moved to a strategy
based on functionalizing the SA chip with 5’biotin immobilization oligomer on both flow cells (see
Supporting Information, Fig. S3), followed by the hybridization of CPT-11 aptamer to form a duplex
structure on FC2. Under this configuration, the conformational change of the aptamer, in the presence
of CPT-11, would lead to the release of the aptamer from the duplex structure asshown in Fig. 2 [32].
As aresult, the mass decrease from the sensor chip would be significantly greater and more consistent
than the direct binding of CPT-11 to the aptamer immobilized at the surface.

During our investigation, we found a satisfactory hybridization level of CPT-11aptamer on SA sensor
chip by using a1.2 uM solution of the aptamer in 50 mM PBS containing 5 mM MgCl. (hybridization
buffer) over the sensor surface for 600 s at 5 uL/min. A PBS concentration of 50 mM was beneficial

to increase the hybridization level, even though higher salt concentrations were avoided to prevent
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the possible formation of salt precipitates in the microfluidic cell of the instrument. Moreover, PBS
concentration was kept at 25 mM in the running buffer to reduce the non-specific displacement of the
aptamer from the surface. On the other hand, the surface regeneration could be efficiently performed
with a solution of 8 mM NaOH and 160 mM NaCl for 20 sec, thus enabling the possibility to recycle

the SA chip after each experiment.

5' biotin
immobilization CPT-11
oligomer a aptamer
(CH)B
biotin

streptavidin
T i ~ /,-*"'/' -t
sensor surface .
regeneration
Fig. 2 Schematic representation of the SPR aptasensorto detect CPT-11. After hybridization of the CPT-11 aptamer on

the chip surface in FC2, the injection of a sample containing CPT-11 lead to the release of the aptamer from the chip

surface with the generation of a SPR response suitable for analytical quantification.

According to our tests, the aptamer hybridization level decreased from 1100 to 1000 RU after 400
runs with an average value of 1053 = 34 RU and a CV of 3.2% (see Supporting Information, Fig. S4).
After such usage, a loss of activity occurred due to an excessive degradation of the surface and the
chip was replaced. The aptamer was hybridized only on FC2, while FC1 remained unfunctionalized
and was used as reference cell, to exclude non-specific interactions of CPT-11 with the sensor surface
during data processing.

Upon hybridization of the aptamer on FC2, solutions of CPT-11 were sequentially injected in both
flow cells. Dissociation of aptamer from FC2 occurred with a decrease of SPR signal proportional to
the concentration of CPT-11 (Fig. 3a). Several buffer compositions were tested in order to optimize

the interaction between the aptamer and CPT-11, providing that 10 mM PBS at pH 6 containing
13



MgCL in the range 2.5—-7.5 mM could be used for the incubation. After the incubation step, the chip
was regenerated for the next run.

Sensorgrams were processed in two steps as follows. (i) SPR data of each run were referenced by
subtracting the response of FC1 (reference cell) from FC2 to provide FC2-FC1 data (Fig. 3a), and (ii)
sensongrams were further corrected by subtracting the blank from each non-zero sample and ‘flipping

of data’ to plot the aptamer dissociation as a positive response (Fig. 3b).
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Fig. 3 (a) Significant portions of sensorgrams for the overall calibration experiment (FC2-FC1). The three sections are
summarized as follows: (i) injection and hybridization of the aptamer on the sensorchip surface, (ij) sample injection and
(iii) regeneration of the chip surface. (b) Flipped sensorgrams obtained after blank subtraction, to plot the aptamer
dissociation as a positive response.(c) Calibration curves obtained by plotting ARU values, evaluated 200 s after the end

of sample injection, vs CPT-11 concentrations. Mg = MgClz. Experiments were performed in triplicate.

The correlation of ARU values, which were taken 200 s after the stop of each sample injection, against

the concentration of CPT-11, provided a response in the concentration range from 50 to 800 ng mL*
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that could be fitted by using a non-linear regression (Fig. 3c). A four parameter logistic (4PL) model
was applied following FDA guidelines for LBA validation (see Supporting Information for a brief
description of the model) [30]. We put a huge effort to obtain a linear response during this phase of
the method development, including the modification of the buffer composition as well as the
utilization of different contact times and flow rates. Unfortunately, any variation of experimental
conditions had an impact on the relative intensity of the SPR response but not in the shape of the
calibration curve. In general, more diluted buffers led to a higher response, whereas media with higher
ionic strength reduced the sensitivity of the method, due to an improved stability of the aptamer-
hybridized to the surface. As an example, the two calibration curves shown in Fig. 3c, obtained
diluting CPT-11 with a PBS buffer (10 mM) containing 2.5 and 7.5 mM MgCl. respectively, clearly
showed a higher response when using a more diluted buffer. The detection limit in buffered media
was evaluated by analyzing the blank variability (three times the standard deviation of the blank on

eight replicates) with the 4PL model, providing a LOD of 9.1 ng mL"L.

Detection of CPT-11 in human plasma

Having found a strategy suitable to detect and calibrate CPT-11, we next moved to the application of
our method to human plasma samples. Contrary to a simple buffered media; human plasma is a
complex matrix with a high protein content, especially albumin and o-glycoproteins, which are
known to bind 60-70% of CPT-11 [33].

The first step in our investigation was therefore the treatment of plasma samples for SPR analysis.
Direct injection of plasma samples into the flow cells of Biacore X100 instrument was avoided to
reduce the risk of blockages to the instruments microfluidics.

A 1:10 dilution step was applied to match the instrumental response, previously obtained between 50
and 800 ng mL!, with a concentration range of CPT-11 that can be reasonably found in plasma

samples, usually up to 5000 ng mL1 [12].
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Unfortunately, the simple dilution of plasma was not sufficient to allow SPR analysis, as plasma
proteins still contributed a significant response due to adsorption on the sensor surface, obscuring the
aptamer dissociation process. An additional step of microfiltration with 30 kDa centrifugal filters
before SPR analysis was introduced to completely avoid the response of large protein content
contained in plasma. In this case, sensorgrams corresponding to the analysis of plasma appeared
similar to those previously recorded in simple buffer (Fig. 3a and 3b). However, the response of CPT-
11 was too weak for analytical purposes, due to the binding with plasma proteins, which prevented
enough recovery of the drug in the filtrate. The addition of Tween 20 in the buffer successfully
reduced non-specific binding (NSB) and allowed a significant fraction of CPT-11 to pass the
centrifugal filter. Other surfactants (e.g. sodium dodecyl sulfate or cetyl trimethyl ammonium
bromide) or standard dextran NSB reducer [34] (GE Healthcare Life Sciences) did not provide
significant recovery from plasma. Tween 80 or PEG were also tested and found to be less effective
than Tween 20 (see Supporting Information, Fig. S5). The amount of surfactant in the buffer was
0.05%.

Concentration of MgClz in the incubation buffer was kept at 2.5 mM to have a good sensitivity,
analogously to the measurement in simple buffered media. As previously observed, the correlation
of SPR response against concentration of CPT-11 in plasma required a 4PL model to properly fit the
calibration points, as suggested also by LBA validation guidelines (see Supporting Information for a
brief description of the model) [30].

Next, once the procedure to prepare plasma samples for SPR analysis was defined, the aptamer-based
assay for the quantification of irinotecan assay was validated according FDA guidelines to assess the

suitability of the method.

Calibration curves
Accuracy and precision for each standard point were evaluated on six calibration curves recorded in

different working days, as summarized in Table 1. The SPR shift against the nominal concentration
16



of the analyte was used to obtain calibration curves by using a 4PL regression (Fig. 4a). Acceptable
back-calculated concentrations in a concentration range from 100 to 7500 ng mL-! were obtained with
a Pearson’s coeflicient of determination (R?) higher than 0.995 for each set of measurement, while
the accuracy was found between 94.5% and 105.2% and precision from 1.6% to 5.8% in terms of

CV%.

Table 1 Summary of validation data for the SPR analysis of CPT-11. N. C. = nominal concentration, B. C. = back

calculated concentration, SD = standard deviation, CV = coefficient of variation.

N. C. Mean B. C. + SD Precision  Accuracy
Y gy (ng mL) ORI
100 105+6 58 105.2
250 236 £8 34 94.5
calibration 500 508 + 26 51 1015
cUrves 1000 1004 + 26 2.6 100.4
2500 2504 + 62 25 100.2
5000 4977 + 153 31 99.5
7500 7521 + 118 16 100.3
200 200 £ 7 35 100.2
Intra-day 1500 1468 + 6 04 97.8
6500 6432 + 45 0.7 98.9
200 199 + 19 95 99.7
Inter-day 1500 1541 £ 71 4.6 102.7
6500 6489 + 492 7.6 99.8
Matrix
effect 100 103 + 10 95 102.9
200 181 +9 51 90.3
selectivity 1500 1470 + 26 18 98
6500 6216 + 138 22 95.6
Recovery (%) £ SD CV %
200 65.0 £6.1 94
Recovery 1500 64.3 +4.1 6.4
6500 73.7 £3.0 4.0
LOD =55ng mL! LLOQ =100 ng mL!
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Recovery

As previously described, the preparation of samples for the SPR analysis was carried out by diluting
plasma 1:10 with an incubation buffer followed by centrifugal microfilktration with 30 kDa cut-off
centrifugal fitters (Supporting Information, Scheme S1). To evaluate the recovery of CPT-11 from
the sample preparation procedure, the SPR response of QC samples, prepared by spiking CPT-11 in
plasma before the dilution and centrifugal microfiltration, was compared to the response of QCs in
which CPT-11 was added after the dilution and microfiltration of plasma. Recovery was evaluated at
three concentration levels and was found in the range 64.3 — 73.7% with CV < 10% (Table 1). The
significance of recovery, in our method, is referred to the efficiency of centrifugal microfiltration
procedure to recover the analyte from the sample, and indicates the fraction of CPT-11 found in the
filtrate, with respect to the theoretical amount present in the sample. Even though the microfiltration
step was found to result in a significant loss of the analyte, it must be considered that the same
procedure was applied to both calibration standards and samples. In fact, standards and QCs were
prepared by spiking working solutions of CPT-11 in plasma before the microfiltration, to simulate
the treatment of real samples as much as possible. To confirm this hypothesis, we prepared QCs using
independent stock solutions of CPT-11 than those utilized for calibration standards, and determined

intra- and inter-day accuracy and precision, as described below.

Intra-day and inter-day precision and accuracy and reproducibility

To establish the precision and accuracy of the method, we analyzed QC samples in triplicate (200,
1500, 6500 ng mL-1) within a single run for intra-day and over six sets of measurement for the inter-
day assessment. The intra- and inter-day accuracy was found in the range 97.8 — 100.2% and 99.7-
102.7% respectively. Moreover, the method demonstrated an excellent intra- and inter-day precision
(CV%) in the range 0.4-3.5% and 4.6-9.5% (Table 1). Inter-day precision and accuracy were also
evaluated by combining data collected from three different SA chips at the QC concentration levels,

in order to assess the reproducibility of the method using different chips. In particular, we found a
18



precision (CV%) of 5.7, 2.9 and 6.2% at 200, 1500 and 6500 ng mL"1, whereas accuracy at the same

concentrations was 99.4, 96.6 and 99.4% respectively.

Lower limit of quantification (LLOQ), limit of detection (LOD) and matrix effect

According to guidelines by FDA, a bias up to 25% is allowed at the LLOQ level for LBA tests, even
though a tighter value was suggested to be beneficial when fitting a model to the standards [35].
Having used a non-linear fitting for the preparation of the calibration curve, we evaluated LLOQ by
analyzing the biases of eight independent replicates for each standard, which were plotted against the
nominal concentration of CPT-11. Biases were within 15% for all calibrators except at 100 ng mL1,
in which a+17% value was found appropriate as the LLOQ and the lowest standard of the calibration
curve (see Supporting Information, Fig. S6). Lower concentrations were not considered, as the
absolute SPR response at 100 ng mL* was found between 7.5and 10.4 RU, which is, reasonably, the
lowest response for quantitative detection of CPT-11. Therefore, lower responses would have been
inaccurate. The LOD of the method was evaluated on eight replicates of the blank within a single set
analysis. The analysis of the blank variability (three times the standard deviation of the blank), with
the 4PL model, resulted a LOD of 55 ng mL! in plasma. Consequently, this method can be applied
to evaluate irinotecan in samples taken from patients up to 20 hrs after intravenous infusion, in which
the concentration of CPT-11is close to 100 ng mLt [12]. The method was also designed to detect
high concentrations of the drug, which are leading to excessive toxicity, enabling therefore to properly
adjust the administered dosage.

The evaluation of matrix effects and other interferences in the sample was tested at the LLOQ with
six sources of human plasma, obtained from different donors. The quantification through a calibration
curve, prepared with pooled plasma, provided the same back calculated concentration at 100 ng mL
Lwith a precision of 9.5% and accuracy of 103.0%. These values demonstrate that the microfiltration

of samples to remove most of the biological interference is effective, whereas the aptamer maintain
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the selectivity toward the recognition of CPT-11 against those low molecular-weight species

remaining in the sample.

Selectivity

Selectivity was evaluated by testing the interaction with other known interfering low-MW compounds
found in samples, which included co-medications such as dexamethasone, atropine, chlorphenamine,
5-fluorouracil, ondansetron, loperamide and capecitabine and folinic acid, commonly associated with
the administration of CPT-11, and the main metabolites of irinotecan SN-38, SN-38G, APC and NPC.
As expected, co-medications provided a SPR response similar to that of a blank sample,
demonstrating that no interaction takes place with the immobilized aptamer (see Supporting
Information, Table S2 and Fig. S7). Other camptotecins spiked in plasma in pure form provided an
average response of 2% for SN-38G, 11% for SN-38, 97% for NPC and 29% for APC with respect
to CPT-11 at the same concentrations of QCs (See Supporting Information, Table S3). However,
when analyzing QC samples containing a mixture of CPT-11 and the other metabolites, as found in
real samples, we found a negligible interference with respect to the response of QCs containing CPT-
11 alone. This was demonstrated from the quantification of CPT-11in QCs containing also a mixture
of metabolites having a composition of 8% APC, 4% SN38G, 1.5% SN38and 1.5% NPC with respect
to CPT-11, averaging those found in real samples (see Supporting Information, Fig. S8) [12, 34]. The
quantification of CPT-11 in the presence of metabolites provided in general a negative bias with
accuracies ranging from 90.3 to 98 % (Table 1), which is fully acceptable according to guidelines
(bias within 20%). Interestingly, the presence of metabolites decreased the efficiency of the aptamer
to detect CPT-11 and, in our opinion, this was ascribed to the ability of metabolites to inhibit the
aptamer, which is prevented to freely interact with CPT-11. However, we can conclude that validation

data confirmed the utility of the biosensing approach to the detection of CPT-11 in human plasma.
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Fig. 4 (a) Calibration curve of CPT-11 in plasma obtained upon blank subtraction and 4PL regression. Concentration of
CPT-11 corresponds to the concentration in plasma (Csn) reported in Table S1 (Supporting Information). Experiments
were performed in triplicate; (b) correlation of SPR and HPLC-MS data for the quantification of CPT-11 in plasma

samples; (c) Bland-Altman plot showing biases vs HPLC-MS.

Comparison of the SPR assay with HPLC-MS

The final test to assess the potential of our SPR assay for TDM application was the re-quantification
of patient’s samples previously analyzed by standard HPLC-MS reference technique. Our protocol
was applied to 72 available samples, taken from patients administered with irinotecan at the Centro
di Riferimento Oncologico di Aviano (CRO), Italy. The samples were processed following the same
procedure for standards and QCs (Supporting Information, Scheme S1). As shown in Fig 4b, the
correlation of the SPR assay with respect to HPLC-MS provided a slope of 1.09 and a Pearson

coefficient of 0.945. The mean difference of the values obtained from the two techniques was 0.035%,
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with 54 samples out of 72 (75%) analyzed with the SPR aptasensor which displayed a deviation from

the reference method lower than 20% (see Supporting

Information Table S4). Moreover, an

acceptable degree of correlation between the two techniques was obtained by analyzing data with the

Bland-Altman plot (Fig. 4c).

Analytical performances of our methodology, in terms of analytical range and LOD, were compared

to the recently reported (in the last five years) electrochemical and biosensing strategies for detecting

CPT-11 in biological samples (Table 2).

Table 2 Comparison of the analytical performances of recently reported methods for detecting CPT-11 in biological

samples.
Analytical range LOD Pre-treatment procedure
Method L L Sample type Reference
(ng mL™) (ng mL™) (sample volume, pL)
1:4 dilution with 0.1%
Plasma CH3COOH/CH30H followed
HPLC-MS 10 - 10000 0.116 (human) by Centrifugation 12
(100)
Pencil graphite electrodes 1:3 dilution with CHsOH
coupled with square wave 495 - 3639 131 Serum followed by centrifugation 21
cathodic adsorptive ' (human)
stripping voltammetry (450)
) ) Loading on SPE columns
Solid pha_se extraction Plasma followed by elution with
coupled with differential 312 - 5608 79.8 (human) CH3CN 23
pulse voltammetry
(125)
Amperometric enzy me- 10 - 10000 15 Fetal bovine No sample treatment 19
based sensor ' serum
(nfa)
Graphene quantum dots- 1:50 dilution with Britton-
polyaniline/zinc oxide 62 — 15579 8.7 Serum Robinson buffer 29
nanocomposites ' (human)
electrochemical sensor (n/a)
) In-vivo measurement after
Electrochemical aptamer- 60 - 10000 n/a Whole blood surgery 20
based sensor (rat)
(n/a)
1:10 dilution with incubation
buffer followed by centrifugal
SPR aptamer-based sensor 100 - 7500 55 (?Larir:r?) microﬁmgtion # This work

(40)

Although LOD is still far from the reference HPLC-MS method (0.116 ng mL!) [12], our SPR

aptasensor displayed a working range (100 — 7500 ng mL1) and a LOD (55 ng mL-!) of the same
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order of magnitude as reported for other detection approaches. The main advantage of the SPR
aptasensor with respect to chromatographic [12] and electrochemical [21][23] methodologies is that
no organic solvents are needed for the analysis, making our approach more suitable to be transferred
ata PoCT level. Moreover, our protocol for CPT-11 detection was applied to human plasma, instead
of simpler matrix, such as fetal bovine serum utilized to test our previously reported amperometric
enzyme-based sensor [19]. Although the analytical range and the LOD of our method do not achieve
better values than direct electrochemical [22] and electrochemical aptamer-based [20] sensors, we
developed our methodology to exclude interferences, especially by metabolites and co-medications
of CPT-11, and finally performed a cross-validation with HPLC-MS, to verify the utility of our
method. On the other hand, the two main limitations are represented by the sample pre-treatment and
the time to analysis. In particular, the centrifugal microfiltration of plasma limited the recovery of the
drug from the sample to 64.3 — 73.7% and was found a time consuming step. Overall time to process
and analyze samples, including the run time for SPR analysis, was around 1 hour. Ideally, this is
needing to be further shortened, in order to respond to the timely need for drug administration or
reduction.

Considering the excellent validation and cross-validation data of the method, obtained from this pilot
study, we conclude that a biosensing approach employing aptamers would be beneficial to the
development of novel analytical tools for the quantification of irinotecan in clinical samples. This is
a further example showing that advances in biosensor technology would extend the practice of TDM
in oncology to optimize the drug dosage during administration and prevent those toxicity events
occurring many hours or days after the administration of CPT-11, especially leuco-neutropenia and

diarrhea [11].

Conclusions
In conclusion, we described the development of an SPR assay to detect the anti-cancer drug irinotecan

in human plasma samples employing an aptamer as a selective biomolecular receptor. Although direct
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detection of small molecules with SPR provides typically a low response, we successfully developed
a Quantitative assay for irinotecan with consistent validation data covering the plasmatic
concentrations found in clinical samples. In our opinion, a significant technical result of this study is
that a simple procedure with inexpensive and non-toxic reagents can be used to prepare samples for
the analysis. Furthermore, this work demonstrates that biosensor-based strategies can be implemented
to the detection of small drug molecules in biological fluids with reliable validation data required for
clinical analysis by regulatory guidelines. We therefore prospect that aptamer-based assays will find
more space in the development of novel analytical tools aimed at improving the practice of TDM in

clinical oncology.

Declarations

Conflicts of interests. D. B. is a Co-founder and Director of Aptamer Group and therefore has
financial interest in Aptamer Group Ltd. A. P, M. Z, B. P, S. T. and G. T. have no conflicts to

declare regarding the publication of this manuscript.

Ethics approval. Plasma samples were collected from patients enrolled in a phase Ib clinical study
(CRO-2009-25, Prot. n. 0041793(09)-PRE.21-984) approved by the ethics committee of CRO-
National Cancer Institute of Aviano (Italy) and by Istituto Superiore di Sanita (ISS, Italy), which was
conducted according to the principles expressed in the Declaration of Helsinki. Informed consent was

obtained from all participants involved in the study.

Source of biological material. Control human plasma stabilized with K:EDTA for the preparation
of daily standard calibration curves and quality control (QC) samples was obtained from healthy
volunteers and was provided by the Transfusion Unit of the Centro di Riferimento Oncologico di

Aviano (CRO), ltaly.
24



Funding. This work was supported by the Italian Ministry of Health (Ricerca Corrente). We
acknowledge Regione Friuli-Venezia-Giulia trough the POR FESR 2014-2020 (project “Nano
Diagnostics and Automated Tools for Oncology”, NADIATools) and the grant AIRC 5X1000 (Rif.
12214) “Application of advanced nanotechnology in the development of mnovative cancer

diagnostics tools” for financial support.

References

1. Conti JA, Kemeny NE, Saltz LB, Huang Y, Tong WP, Chou TC, Sun M, Pulliam S, Gonzalez
C Irinotecan is an active agent in untreated patients with metastatic colorectal cancer. J Clin
Oncol 1996;14:709-15.

2. Rothenberg ML, Eckardt JR, Kuhn JG, Burris HA, Nelson J, Hilsenbeck SG, Rodriguez Gl,
Thurman AM, Smith LS, Eckhardt SG, Weiss GR, Elfring GL, Rinaldi DA, Schaaf LJ, Von
Hoff DD Phase Il trial of irinotecan in patients with progressive or rapidly recurrent colorectal
cancer. J Clin Oncol 1996;14:1128-35.

3. Tournigand C, André T, Achille E, Lledo G, Flesh M, Mery-Mignard D, Quinaux E, Couteau
C, Buyse M, Ganem G, Landi B, Colin P, Louvet C, de Gramont A FOLFIRI followed by
FOLFOX®6 or the reverse sequence in advanced colorectal cancer: a randomized GERCOR
study. J Clin Oncol 2004;22:229-37.

4, Guo Y, Shi M, Shen X, Yang C, Yang L, Zhang J Capecitabine plus irinotecan versus 5-
FU/leucovorin plus irinotecan in the treatment of colorectal cancer: a meta-analysis. Clin
Colorectal Cancer 2014;13:110-8.

5. Chen K, Gong Y, Zhang Q, Shen Y, Zhou T Efficacy and safety of addition of bevacizumab

to FOLFIRI or irinotecan/bolus 5-FU/LV (IFL) in patients with metastatic colorectal cancer:
25



10.

11.

12.

A meta-analysis. Medicine (Baltimore) 2016;95:25221.
https://doi.org/10.1097/MD.0000000000005221.

Kotaka M, Xu R, Muro K, Park YS, Morita S, lwasa S, Uetake H, Nishina T, Nozawa H,
Matsumoto H, Yamazaki K, Han S-W, Wang W, Ahn JB, Deng Y, Cho S-H, Ba Y, Lee K-W,
Zhang T, Satoh T, Buyse ME, Ryoo B-Y, Shen L, Sakamoto J, Kim TW Study protocol of the
Asian XELIRI ProjecT (AXEPT): a multinational, randomized, non-inferiority, phase Il trial
of second-line chemotherapy for metastatic colorectal cancer, comparing the efficacy and
safety of XELIRI with or without bevacizumab wversus . Chin J Cancer 2016;35:102.
https://doi.org/10.1186/s40880-016-0166-3.

Ohtsuka K, Inoue S, Kameyama M, Kanetoshi A, Fujimoto T, Takaoka K, Araya Y, Shida A
Intracellular conversion of irinotecan to its active form, SN-38, by native carboxylesterase in
human non-small cell lung cancer. Lung Cancer 2003;41:187-98.

Martino E, Della Volpe S, Terribile E, Benetti E, Sakaj M, Centamore A, Sala A, Collina S
The long story of camptothecin: From traditional medicine to drugs. Bioorganic Med. Chem.
Lett. 2017;27:701—7.

Liu LF DNA topoisomerase poisons as antitumor drugs. Annu Rev Biochem 1989;58:351-75.
Hsiang YH, Liu LF, Wall ME, Wani MC, Nicholas AW, Manikumai G, Kirschenbaum S,
Silber R, Potmesil M DNA Topoisomerase I-mediated DNA Cleavage and Cytotoxicity of
Camptothecin Analogues. Cancer Res 1989;49:4385-89.

Mathijssen RHJ, Van Alphen RJ, Verweij J, Loos WJ, Nooter K, Stoter G, Sparreboom A
Clinical pharmacokinetics and metabolism of irinotecan (CPT-11). Clin Cancer Res.
2001;7:2182-2194.

Marangon E, Posocco B, Mazzega E, Toffoli G Development and validation of a high-
performance liquid chromatography-tandem mass spectrometry method for the simultaneous
determination of Irinotecan and its main metabolites in human plasma and its application in a

clinical pharmacokinetic study. PLoS One 2015;10:1-18
26



13.

14.

15.

16.

17.

18.

19.

20.

https//doi.org/10.1371/journal.pone.0118194.

Canal P, Gay C, Dezeuze A, Douillard JY, Bugat R, Brunet R, Adenis A, Herait P, Lokiec F,
Mathieu-Boue A Pharmacokinetics and pharmacodynamics of irinotecan during a phase Il
clinical trial in colorectal cancer. Pharmacology and Molecular Mechanisms Group of the
European Organization for Research and Treatment of Cancer. J Clin Oncol 1996;14:2688—
95.

Chabot GG Clinical Pharmacokinetics of Irinotecan. Clin Pharmacokinet 1997;33:245-509.
Widmer N, Bardin C, Chatelut E, Paci A, Beijnen J, Levéque D, Veal G, Astier A Review of
therapeutic drug monitoring of anticancer drugs part two - Targeted therapies. Eur J Cancer
2014;50:2020-2036.

Meneghello A, Tartaggia S, Alvau MD, Polo F, Toffoli G Biosensing Technologies for
Therapeutic Drug Monitoring. Curr Med Chem 2018;25:4354—77.

Bardin S, Guo W, Johnson JL, Khan S, Ahmad A, Duggan JX, Ayoub J, Ahmad | Liquid
chromatographic-tandem mass spectrometric assay for the simultaneous quantification of
Camptosar® and its metabolite SN-38in mouse plasma and tissues. J Chromatogr A. 2005:
249-55.

D’Esposito F, Tattam BN, Ramzan I, Murray M A liquid chromatography/electrospray
ionization mass spectrometry (LC-MS/MS) assay for the determination of irinotecan (CPT-
11) and its two major metabolites in human liver microsomal incubations and human plasma
samples. J Chromatogr B Anal Technol Biomed Life Sci 2008;875:522-30.

Alvau MD, Tartaggia S, Meneghello A, Casetta B, Calia G, Serra PA, Polo F, Toffoli G
Enzyme-Based Electrochemical Biosensor for Therapeutic Drug Monitoring of Anticancer
Drug Irinotecan. Anal Chem 2018;90:6012-109.

Idili A, Arroyo-Curras N, Ploense KL, Csordas AT, Kuwahara M, Kippin TE, Plaxco KW
Seconds-resolved pharmacokinetic measurements of the chemotherapeutic irinotecan: In situ

in the living body. Chem Sci 2019;10:8164—70.
27



21.

22.

23.

24,

25.

26.

27.

Temerk YM, lbrahim H, Schuhmann W Square Wave Cathodic Adsorptive Stripping
Voltammetric Determination of the Anticancer Drugs Flutamide and Irinotecan in Biological
Fluids Using Renewable Pencil Graphite Electrodes. Electroanalysis 2016;28:372—79.
Hatamluyi B, Es’haghi Z, Modarres Zahed F, Darroudi M A novel electrochemical sensor
based on GQDs-PANI/ZnO-NCs modified glassy carbon electrode for simultaneous
determination of Irinotecan and 5-Fluorouracil in biological samples. Sensors Actuators, B
Chem 2019;286:540-49.

Bonazza G, Tartaggia S, Toffoli G, Polo F, Daniele S A fast method for the detection of
irinotecan in plasma samples by combining solid phase extraction and differential pulse
voltammetry. Anal Bioanal Chem 2020;412:1585-95.

Tartaggia S, Avau MD, Meneghello A, Casetta B, Polo F, Toffoli G Practical fluorimetric
assay for the detection of anticancer drug SN-38 in human plasma. J Pharm Biomed Anal
2018;159:73-81.

Dunn MR, Jimenez RM, Chaput JC Analysis of aptamer discovery and technology. Nat Rev
Chem 2017;1:0076. https//doi.org/10.1038/s41570-017-0076.

Hearty S, Leonard P, Ma H, O’Kennedy R Measuring Antibody-Antigen Binding Kinetics
Using Surface Plasmon Resonance. In: Newoltris D., Chames P. (eds) Antibody Engineering.
Methods in Molecular Biology. Humana Press, New York, NY. 2018;1827:421-55.
https://doi.org/10.1007/978-1-4939-8648-4_22.

Cannon MJ, Papalia GA, Navratilova I, Fisher RJ, Roberts LR, Worthy KM, Stephen AG,
Marchesini GR, Collins EJ, Casper D, Qiu H, Satpaev D, Liparoto SF, Rice DA, Gorshkova
Il, Darling RJ, Bennett DB, Sekar M, Hommema E, Liang AM, Day ES, Inman J, Karlicek
SM, Ullrich SJ, Hodges D, Chu T, Sullivan E, Simpson J, Rafiqgue A, Luginblhl B, Westin
SN, Bynum M, Cachia P, Li YJ, Kao D, Neurauter A, Wong M, Swanson M, Myszka DG
Comparative analyses of a small molecule/enzyme interaction by multiple users of Biacore

technology. Anal Biochem 2004;330:98-113.
28



28.

29.

30.

31.

32.

33.

34.

35.

36.

Chang AL, McKeague M, Liang JC, Smolkke CD Kinetic and equilibrium binding
characterization of aptamers to small molecules using a label-free, sensitive, and scalable
platorm. Anal Chem 2014;86:3273-78.

Bialas K, Reinemann C, Barnes E, Bunka D, Tolley A Aptamer Against Irinotecan. Patent
Application W02020128421 Al, 2020.

Food and Drug Administration, in: Guidance for Industry Bioanalytical Method Validation
draft guidance, 2013.
http/Aww. fda. gov/downloads/Drugs/GuidanceCompliance Regulatorylnformation/Guidance
s/UCM368107.pdf.

Liu Y, Wilson WD Quantitative Analysis of Small Molecule—Nucleic Acid Interactions with
a Biosensor Surface and Surface Plasmon Resonance Detection. In: Fox K. (eds) Drug-DNA
Interaction Protocols. Methods in Molecular Biology (Methods and Protocols), Humana Press.
2010;613:1-23. https:/doi.org/10.1007/978-1-60327-418-0_1.

Stoltenburg R, Nikolaus N, Strehlitz B Capture-SELEX: Selection of DNA Aptamers for
Aminoglycoside Antibiotics. J  Anal Methods Chem  2012;415697:1-14.
https://doi.org/10.1155/2012/415697.

Combes O, Barré J, Duché JC, Vernillet L, Archimbaud Y, Marietta MP, Tillement JP, Urien
S Invitro binding and partitioning of irinotecan (CPT-11) and its metabolite, SN-38, in human
blood. Invest New Drugs 2000;18:1-5. https//doi.org/10.1023/A:1006379730137.

Situ C, Wylie ARG, Douglas A, Elliott CT Reduction of severe bovine serum associated matrix
effects on carboxymethylated dextran coated biosensor surfaces. Talanta 2008;76:832—6.
Azadeh M, Gorovits B, Kamerud J, MacMannis S, Safavi A, Sailstad J, Sondag P Calibration
Curves in Quantitative Ligand Binding Assays: Recommendations and Best Practices for
Preparation, Design, and Editing of Calibration Curves. AAPS J 2018;20:22.
https://doi.org/10.1208/s12248-017-0159-4.

Corona G, Elia C, Casetta B, Toffoli G Fast Liquid Chromatography-Tandem Mass
29



Spectrometry Method for Routine Assessment of Irinotecan Metabolic Phenotype. Ther Drug

Monit 2010;32:638—46.

30



