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ABSTRACT

This study describes, for the first time, the development of an automated sensitive flow
fluorescent noncompetitive immunoassay based on kinetic-exclusion analysis (KinExA) for the
quantitative determination of human plasma levels of monoclonal antibodies (mAbs) used for
cancer immunotherapy. The assay was adapted on KinExA™ 3200 biosensor and optimized and
validated for bevacizumab (BEV) and cetuximab (CET), as representative examples of the
mADs, using their specific antigens. These antigens were the human vascular endothelial growth
factor (VEGF) and epidermal growth factor receptor (EGFR) for BEV and CET, respectively.
The limits of detection were 1.28 and 52.64 ng mL* for BEV and CET, respectively. The
accuracy of the assay was demonstrated with analytical recovery of analytes from spiked plasma
at 96.2 —104.3 and 96.8 — 105.3% for of BEV and CET, respectively. The precision of the assay

was satisfactory as shown by relative standard deviation (RSD) at 2.2 — 5.7 and 2.5 — 6.1% for
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assay of BEV and CET, respectively. The high sensitivity of the assay allowed the use of very
small volumes (~ 1 yL) of plasma sample for analysis. Automated analysis by the proposed
KinExA-based assay facilitates the processing of large numbers of mAbs-containing specimens
in studies of pharmacokinetics (PK), pharmacodynamics (PD), and therapeutic drug monitoring
(TDM) of therapeutic mAbs. The proposed assay can be used to overcome the problems
encountered in the existing conventional immunoassays for mADbs.
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1. Introduction

Immunotherapy is a novel promising intervention, attracting much attention in cancer therapy
[1]. Drugs used for immunotherapy of cancer are human (or humanized) monoclonal antibodies
(mAbs) that can assist the body’s immune system in recognizing and attacking cancer cells [2—
6]. Compared to chemotherapeutic small-molecule drugs (e.g. tyrosine kinase inhibitors),
therapeutic mAbs are safer and provide better pharmacokinetic (PK) and pharmacodynamic (PD)
features. Therefore, developing therapeutic mAbs has become one of the fastest growing areas of
the pharmaceutical/biotechnological industries [7—10]. The US Food and Drug Administration
(FDA) has to date approved many mAbs for the immunotherapy of different types of cancers
[11]. The effects of most therapeutic mAbs depend on their concentrations and their
pharmacokinetic patterns which are not linear. This is partly attributed to the neonatal Fc
receptor which functions in catabolism of mAbs before reaching to the blood and binding to their
targets [12-15]. This necessitates a closer monitoring of their plasma levels during therapy.

Liquid chromatography coupled with tandem mass spectrometric detection (LC-MS/MS) is a
potential technique for measurement of therapeutic mADbs in biological specimens. However,
there are several challenges associated with the development of LC-MS/MS methods, such as the
complexity of sample matrices, time-consuming trypsin digestion, multi-step laborious
purification steps, and the absence of an efficient strategy to develop an optimal LC-MS/MS
method. In addition, its high cost and instrumentation complexity limit its routine application in
clinical laboratories [16]. Despite the development of several methods for improving and
speeding up the procedures of trypsin digestion [17,18] and sample purification [19],
complicated preparation procedures are still challenging, including, denaturation, reduction and
alkylation before digestion [20]. In addition, most of these methods still suffering from major
drawbacks, such as discrepancies in chromatography peaks [20], unsatisfactory precision and
sensitivity along with the time consuming and laborious nature of the analysis protocol [21,22].

Principally, immunoassays are the most recommended methods for quantitation of
macromolecules, such as therapeutic mAbs in biological fluids [23]. Different enzyme-linked
immunosorbent assays (ELISAS) have been described for the determination of therapeutic mAbs
to support pharmaceutical quality control, PK, PD, and TDM [24-26]. However, most of these
assays involve the use of an assay plate coated with commercial anti-idiotype antibodies to

capture therapeutic mAbs from their specimen solutions. This approach may cause false positive



results due to non-specific capturing of similar human 1gG antibodies in the specimens [25]. In
addition, inaccurate results were also observed with values of coefficients of variation of >20%
[26]. To overcome these drawbacks, we describe the development of an automated flow
fluorescent noncompetitive immunoassay with KinExA™ 3200 system for quantitative
determination of therapeutic mAbs in human plasma samples.

KinExA systems represent the most important technological progress with exceptional
unique features, in the field of biomedical analysis [27-30]. These systems offer a direct
interface of an immunochemical reaction with a fluorescent signal transducer, and the strength of
the generated signals is related to the analyte concentration. KinExA systems are used primarily
in determination of true-liquid phase equilibrium association/dissociation constants of antibodies
[31-33]. In previous studies, Darwish et al. [34-37] explored the use of KinExA systems for the
quantitative analysis of analytes of diverse nature. These KinExA-based assays offered several
advantages over conventional immunoassays (e.g. ELISA), such as eliminating the negative
effect of the immobilization of anti-analyte antibodies onto assay plates on the analytical results,
bypassing the mass transport limitations encountered with ELISA, and providing higher
sensitivities and better convenience. Although KinExA systems were previously used for
studying the binding affinities of the therapeutic mAbs; however, KinExA-based assays have not
yet been described for quantitative analysis in plasma samples.

Therefore, the present study describes, for the first time, the development of KinExA-based
automated sensitive fluorescent noncompetitive immunoassay for the measurement of plasma

levels of mADbs.

2. Experimental
2.1. Instruments

KinExA™ 3200 biosensor (Sapidyne Instruments Inc., Boise, ID, USA). Incubator (Model
MINI/18, Genlab Ltd. Widnes, UK). Nutating mixer (Taitec, Saitama-ken, Japan).
Microprocessor Laboratory pH meter, BT-500 (Boeco, Hamburg, Germany). Milli-Q water
purification system (Millipore Ltd., Bedford, USA).



2.2. Materials

BEV and CET were purchased from BOC Sciences (NJ, USA). Recombinant human vascular
endothelial growth factor VEGF-165 protein was purchased from R&D Systems (Lille, France).
Recombinant human epidermal growth factor receptor (EGFR) was purchased from Sigma-
Aldrich (St. Louise, MO, USA). PMMA beads (140-170 mesh, 98 um) were purchased from
Sapidyne Instruments Inc. (Boise, ID, USA). Bovine serum albumin (BSA) and FITC-IgG
conjugate were obtained from Sigma-Aldrich LLC (CA, USA). Human plasma was obtained
from Blood Bank of King Saud University Medical City (Riyadh, Saudi Arabia). All other

chemicals used throughout the work were of analytical grade.

2.3. Techniques and procedures
2.3.1. Coating of VEGF and EGFR onto PMMA beads

PMMA bead vials containing 200 mg (dry weight) of beads were coated separately with each
of VEGF and EGFR. The coating solution comprised of 1 mL of phosphate buffered saline
(PBS: 10 mM sodium phosphate, 137 mM NaCl and 3 mM KCI, pH 7.4) containing 50 pg/mL
of VEGF or EGFR. Bead vials containing the coating solution were kept on the nutating mixer
for 2 h at room temperature (25 + 2 °C). The bead vials were then taken off from the mixer and
the beads were allowed to settle down at the bottom of the vials. The supernatant was removed
and replaced with 1 mL of BSA solution (1%, w/v, in PBS). The bead vials were transferred
again to the nutating mixer for a further a period of 1 h to block the remaining protein-binding
sites on the coated beads. Later, the coated beads were removed and stored at 4 °C in refrigerator

and were stable for a period of 5 days after coating.

2.3.2. Analysis on KinExA™ 320 instrument

The KinExA™ 320 instrument has 14 sampling lines of which 12 lines were separately
placed into a sample tube containing BEV or CET (50 and 100 pg mL * mL in PBS containing
0.1%, wiv BSA, respectively), calibrator solutions or spiked plasma samples. The 13" line was
placed into a tube containing blank (zero concentration of BEV or CET), and the 14™ line was
placed into a tube containing FITC-1gG solution. The beads coated with VEGF or EGFR (for
assay of BEV or CET, respectively) were loaded into the bead reservoir of the KinExA™ 3200

instrument and further diluted with 30 mL of PBS. The bead reservoir contains a stirrer which



ensures even distribution of beads during each bead charge to form a microcolumn of beads. The
beads were charged twice at the start of the experiment to ensure appropriate bead height during
the experiment. The bead height can be monitored manually with the help of a camera installed
inside the flow cell. The column height is managed by altering either the flow time or the flow
volume from the bead reservoir. A flow volume of 583 pL at a flow rate of 1 mL min™* provided
the desired height of the bead column. The bead columns produced under these conditions were
identical and reproducible. The instrument analyzed the samples starting from inlet-1 to inlet-13.
Each aspirated sample (500 pL) at flow rate of 0.25 mL min* was passed for 120 sec over the
freshly generated bead column. A buffer wash using 125 pL of PBS for 30 sec followed sample
aspiration to remove free excess unbound BEV or CET molecules from the bead column. FITC-
IgG solution (500 pL of 0.2 and 2 pg mL™ in PBS containing 0.1%, w/v BSA for assay of BEV
and CET, respectively) was aspirated and passed over the bead column. A buffer wash using 1.5
mL of PBS for 90 sec at a flow rate of 1 mL min* was performed to remove any unbound FITC-
IgG. The camera used for monitoring the flow/ observation cell assisted with this procedure. The
data were collected by KinExA Pro 20.0.1.26 software provided with the KinExXA instrument,
and transformed using linear curve fitting to generate the calibration curve. The calibration curve

was used to measure the plasma concentrations of the mAbs.

3. Results and discussion
3.1. Strategy for selection of the target analytes and assay design

BEV and CET are mAbs frequently prescribed for immunotherapy of various types of cancer
(colon, renal, ovarian, certain types of lung cancers and glioblastoma) via targeting cancer cell
growth factor receptors [4,5]. BEV is a recombinant humanized mAb that targets VEGF [38],
leading to inhibition of its biologic activities and a reduction in microvascular growth of tumor
blood vessels [39,40]. CET is a chimeric (mouse/human) mAb that targets EGFR [41]. It blocks
the binding of ligands to EGFR, thereby inhibiting receptor phosphorylation and downstream
events [42]. The patent of BEV expired in April 2017 [43], and expectedly BEV biosimilars
and/or biobetters will be produced by many pharmaceutical companies. Similarly, CET patent
expired in February 2016, and some of its biosimilars have been recently produced [44].

Accordingly, there will be increasing demand for appropriate assays for the bioanalysis of BEV



and CET in their bioequivalence studies and therapeutic monitoring during therapy. These
reasons were behind our interest in selecting BEV and CET as representative examples of
therapeutic mAbs to be the target analytes in the development of the assay described herein using
their commercially available specific antigens; VEGF and EGFR for BEV and CET,
respectively.

For selecting the assay format, many different immunoassay formats could possibly be
adapted [45,46]; however, we selected noncompetitive binding format because it usually offers
high accuracy and limited variance at low analyte concentrations. Because of the aforementioned
advantages of KinExA-based assays, we decided to interface noncompetitive binding of BEV
and CET with their antigens with the KinExA™ 3200 system for signal transducer. Since BEV
and CET mAb are of IgG subtype, anti-human IgG antibody conjugated to FITC was used to
assess the binding reaction of BEV and CET to VEGF and EGFR, respectively. FITC was
considered as a fluorescence-generating label because of its documented high fluorescence
quantum yield that enables development of highly sensitive assays, in addition to its good

photostability and a low temperature coefficient [46].

3.2. Description of KinExA assay

Details of the KinExA™ 3200 system setup and working are described in its operation
manual and in previous reports [47-53]. Figure 1 provides a schematic presentation for the
operation of the KinExA system for conducting the assay described herein. Samples containing
varying concentrations of each of BEV and CET were drawn onto the bead microcolumn
containing PMMA beads coated with antigens (VEGF and EGFR for assay of BEV and CET,
respectively) for a very brief period of time. The BEV and CET molecules with free binding sites
interact with their corresponding immobilized antigens coated onto the beads. Any
remaining BEV and CET molecules present in the bead column were removed by an immediate
buffer wash. FITC-lgG was then aspirated over the bead column on which BEV and CET
molecules have been captured by their antigens coated onto the PMMA beads. Accordingly, the
amount of FITC-1gG retained on the beads is related quantitatively with the amount of BEV or
CET captured on the beads. After this, a wash step was performed to remove any excess
unbound FITC-IgG present on the bead column, and the fluorescence intensity was measured by

the photodiode provided in the KinExA™ 3200 system. The real trend-line fluorescence



responses (KinExAgram) generated in the assays of BEV and CET are given in Fig. 2. The
monitored fluorescence signals were those at the end of the KinExAgram, after the unbound

FITC-labeled antibody has been washed from the bead column.

3.3. Optimization of KinEXA signals

For analysis on KinEXA, two signals should be determined; these signals were the net and
nonspecific signals. The net signal was generated at a definite known concentration of the
analyte (BEV or CET) that bound to the antigen-coated PMMA beads. The nonspecific signal
was the signal generated due to nonspecific binding of the FITC-IgG to the antigen-coated beads
at zero concentration of the analyte (PBS buffer). For analysis, the nonspecific signal was
subtracted from the nonspecific signal. Therefore, it is worth mentioning that the reproducibility
of the results depends on low background noise due to the nonspecific signals attributed to
insufficient washing of the bead column as reagents stick to the column walls. In order to reduce

background noise, the instrument is thoroughly rinsed using fast- and overnight-wash.

3.4. Optimization of assay conditions
3.4.1. Selection of VEGF and EGFR concentrations for coating onto the PMMA beads
Because the assay involved noncompetitive binding of BEV and CET to their corresponding
antigens (VEGF and EGFR, respectively coated onto PMMA beads), the concentrations of these
antigens should be in excess to be able to capture all the possible BEV and CET molecules in the
samples. Therefore, high concentrations of BEV and CET (20 and 500 ng mL*, respectively)
were used to establish the optimum concentrations of their antigens required for coating PMMA
beads. Varying concentrations of each of VEGF and EGFR (6.25-100 ug mL ™) were coated the
beads and used in the assay. The signals (after subtraction of the background’s signals) were
plotted as a function of antigen concentration. It was found that the saturating concentrations of
VEGF and EGFR were 25 pg mL ™ for both BEV and CET (Fig. 3). However, to ensure excess
of VEGF and EGFR is used, a higher concentration (50 pg mL ™) of both antigens was used in

all the subsequent experiments.



3.4.2. Selection of FITC-1gG concentrations

In the KinExA-based analysis, it is most important to consider that the net signal (signal
generated due to antigen-antibody binding reaction) should be above zero and reasonably
reproducible. In addition, a reasonable goal is to obtain a net signal in the range of 0.5 — 1.5
millivolts [47]. In order to select the most appropriate concentration of the FITC-IgG required
for attaining the ideal signal, varying concentrations of FITC-1gG (25-500 ng mL ) for BEV
assay and (0.25 — 8.00 pg mL ™) for CET assay were used, and the signals were generated using
fixed concentrations of BEV and CET (20 and 500 ng mL™, respectively). The signals (after
subtraction of the background’s signals) were plotted as a function of FITC-lgG
concentration. It was found that the net signals increase as the FITC-1gG concentration
increases, and the reasonable constant net signals were obtained when the FITC-IgG
concentrations were in the range of 100 — 200 ng mL ' and 1 — 3 ug mL™* for BEV and CET,
respectively (Fig. 4). Beyond these concentrations, the signals decreased. FITC-IgG
concentrations of 200 ng/mL and 2 pg mL ™ were ultimately used for assay of BEV and CET,
respectively.

The established optimum conditions, in addition to other optimized instrumental conditions
for running the KinExA system were used in the present assay. A summary for these conditions

is provided in Table 1.

3.4.3. Analysis of mAbs by KinExA-based assay

The instrument starts to record the response as soon as the bead column is formed and keeps
on recording the response even during the buffer wash (to remove unbound samples). The
instrument responses as a function of time (KinExAgrams) for running various concentrations of
BEV and CET are shown in Fig. 2. The background signal recording lasts from 0 to 165 sec and
is generated while BEV or CET in the samples are exposed to the bead-packed microcolumn and
captured by their corresponding antigens coated onto the beads, and eventually, washed out of
the bead column. The next step is flow of FITC-1gG over the bead column and its capture by the
BEV and CET bound to antigens-coated beads. This process occurs at 166 — 280 sec followed by
a washing step at 281 — 385 sec to remove any excess FITC-1gG molecules trapped on the bead
column. The sample in inlets 1 — 12 contained varying concentrations of either BEV (1.25 — 20
ng/mL) or CET (50 — 500 ng mL ) and the sample inlet-13 did not contained any free BEV or



CET (0 concentrations, corresponding to the lowest curve in the KiExAgrams). The generated
signals are represented as square waves corresponding to the fluorescence of FITC-1gG during

transient passage over the beads in the observation cell of the KinExA system.

3.5. Validation of the assay
3.5.1. Calibration curve, assay precision and sensitivity

Under the established optimum conditions of the proposed KinExA assay, calibration curves
for the determination of BEV and CET were constructed by plotting the net fluorescence signals
(after subtraction of the background’s signals) were plotted as a function of the corresponding
concentrations (Fig. 5). The regression analysis of the data (Table 2) showed high determination
coefficients (r?), on the linear curve fit; the regression equations were:
For BEV: F =0.1782 + 0.0693C (r* = 0.994)
For CET: F =0.0163 + 0.0011C (r* = 0.987)

Where; F is the net fluorescence signal (millivolts); C is the concentration of BEV or CET in ng
mL

The linear dynamic ranges of the assays were 1.25 — 20 and 50 — 500 ng mL™* for BEV and
CET, respectively. The limits of detection (LOD) and limits of quantification (LOQ) of the
assays were determined as per the guidelines of the International Conference of Harmonization
(ICH) for validation of analytical procedures [54]. The following formula was used: LOD or
LOQ = xSD,/b; where: x = 3.3 for LOD and 10 for LOQ, SD; is the standard deviation of the
intercept, and b is the slope. For BEV, the LOD and LOQ were found to be 1.28 and 3.89 ng
mL?, respectively. For CET, the LOD and LOQ were found to be 52.64 and 159.52 ng mL ™,
respectively. This high sensitivity of the present KinEXA assay enables the determination of
BEV and CET in plasma samples as the reported average maximum concentrations were 323 and
228.9 pg mL* for BEV [55] and CET [42], respectively.

The precision profiles obtained from the results of calibration samples, assayed in duplicates,
are shown in Fig. 5. The relative standard deviation (RSD) values were less than 10% throughout

the entire working range of the assays.
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3.5.2. Effect of plasma matrix

The proposed assay was designed for quantitation of mAbs in plasma samples; therefore, it
was necessary to study the effect of plasma matrix on the assay accuracy to avoid false positive
or negative effects in the application of assay to plasma samples. In this study, drug-free plasma
samples were serially diluted in PBS and each dilution was separately spiked with the reported
therapeutic plasma levels of BEV and CET (323 and 229 ug mL?, respectively) and the samples
were diluted to attain the BEV and CET in the working range of their assays (15 and 400 ng
mL ™ of BEV and CET, respectively). The spiked-diluted samples were then analyzed by the
KIinEXA assay as a routine procedure; KinExAgrams are provided in Fig. 6 (panels A and B).
The matrix effects were assessed using the recovery levels calculated with the calibration curves
generated with 1x PBS. The recoveries as a function of plasma dilutions are shown in Fig. 6
(panel C). It is obvious that the recovery percentage values increase with the plasma dilution, and
then leveled off to ~100% when the plasma dilution was 32- and 64-fold for BEV and CET,
respectively (Fig. 6C). These data indicated that the assay could be suitable for direct application
on plasma samples diluted at least 32-fold with PBS before their analysis by the KinExA system.

It is worth mentioning that the reported therapeutic concentrations of BEV in plasma are in
the range of 100 — 323 pg mL™ [55] and the maximum plasma concentration of CET is 229 ug
mL ™ [42]. Therefore, plasma samples containing these high concentrations (in ug-scale) should
be diluted with PBS at least 20,000- and 1,400-fold (for BEV and CET, respectively) to attain the
concentrations of BEV and CET in the working range of the assay (LOQ was 3.89 and 159.5 ng
mL* for BEV and CET, respectively). These data proved the applicability of the assay to the
analysis of mAbs in plasma samples without any negative matrix effect on the assay results. In
addition, the high dilution of plasma samples required prior to the analysis allowed the use of
very small plasma samples from patients; 1 uL of plasma was adequate for dilution with PBS to
1 mL solution for analysis by the KinExA system. The use of very small plasma samples made

the assay convenient when applied in clinical laboratories.

3.5.3. Precision and accuracy
The intra-assay precision of the KinExA assay was determined at varying concentration
levels of BEV and CET (2-16 and 100-400 ng mL ", respectively) by analyzing 3 replicates of

each sample as a batch in a single assay run. The inter-assay precision was determined by
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analyzing the same samples as duplicates in three consecutive separate runs. According to the
recommendations of immunoassay validation [56], the assays gave satisfactory precisions; the
RSD did not exceed 6.1% (Table 3). The high precision of the proposed KinExA-based assay
was attributed mainly to the use of high excess concentration of capturing antigens-coated beads
with high surface area. This condition made the assay precision dependent only on the
concentrations of the mAb and FITC-1gG, which were dispended automatically with high
precision by the KinExXA instrument.

The accuracy of the proposed KinExA-based assay was evaluated by determination of the
recovery of varying concentrations (2 — 16 and 100 — 400 ng mL™* for BEV and CET,
respectively) spiked in plasma samples and diluted with PBS solution. The obtained recovery
values for BEV were 96.2 + 4.8 — 104.3 + 4.2%, and those for CET were 96.8 +5.3 — 105.3 +
5.2% (Table 4). These recovery values, as per the recommendations of immunoassay validation
[56], indicated the accuracy of the assay for BEV and CET.

3.5.4. Comparison of the proposed KinExA-based assay with ELISA

Different forms of ELISAs with varying sensitivities have been developed for determination
of BEV [24,57,58] and CET [25,26,59,60] in different sample matrices. The LOD values of these
assays were in the range of 0.05 — 3 ng mL *and 0.01 — 0.31 pg mL ™ for BEV and CET,
respectively. The variation in LOD values was attributed to the assay formats and enzyme labels/
enzyme substrates involved in the assay development. The LOD values of the proposed KinExA-
based assay were 1.28 and 52.64 ng mL ™ for BEV and CET, respectively. These values
indicated that the sensitivity of the KinExA-based assay for BEV is an intermediate among its
existing ELISAs. However, the KinExA-based assay for CET is higher than its existing ELISAS.

In order to make a realistic comparison between the present KinExA-based assays and
ELISA formats, we developed ELISA for BEV [61] and CET [62] in our laboratory using
identical reagents, and compared the sensitivities of both assay formats. The LOD values for our
ELISAs were 1.01 and 1.5 ng mL* for BEV and CET, respectively, compared with 1.28 and
52.64 ng mL* for KinExA-based assays, respectively. Although, the KinExA-based assay for
CET was less sensitive than its ELISA; however, the sensitivities of KinExA assays were

adequate for bioanalysis of both BEV and CET in their clinical samples.
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4. Conclusions

The present study described, for the first time, the development and validation of an
automated flow fluorescent immunoassay for the measurement of human plasma levels of mAbs
used for immunotherapy of cancers. The assay was developed using BEV and CET, as
representative examples of mAbs. The assay employed noncompetitive binding reaction
interface on a KinExA™ 3200 system for automated analysis of samples by measurement of
fluorescence signals directly onto bead column inside the flow cell of the KinExA system. The
assay was able to quantify BEV and CET at concentrations as low as 3.89 and 159.52 ng mL %,
respectively. The high sensitivity of the assay allowed use of very small volumes (~ 1 pL) of
plasma samples for analysis. The KinExA assay provides several advantages over the existing
conventional ELISA technique for mAbs such as reduction in mass transport limitation and
mobility effects. The ability of KinExA to run samples automatically makes the assay powerful
tool for high throughput analysis of plasma samples in studying PK, PD, TDM of
immunotherapy, and evaluating the biological equivalencies in discovery of biosimilars or
biobetters. Although the assay was developed and validated for BEV and CET, it can also be
adapted to the analysis of any mAb as long as a specific antigen is available.
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Figure legends

Figure 1. Schematic representation of the operation of the KinExA system (A) and principles of

flow fluorescent noncompetitive assay for mAbs: BEV and CET (B). Antigens coated on PMMA
beads are VEGF and EGFR for the assay of BEV and CET, respectively. Fluorescence of FITC-

IgG is continuously monitored during flow by a photodiode array detector facing the flow cell of

the instrument and the signals are recorded via a PC interface.

Figure 2. KinExAgrams obtained by the KinExA™ instrument for varying concentrations of
BEV (left-hand panels: A,B) and CET (right-hand panels: C,D). Bottom panels (B,C) are the
same signals of top-panels (A,C); however, they are presented on different scale of fluorescence
(volts).
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Figure 3. Titrations of antigens with corresponding antibodies. VEGF versus BEV (@) and
EGFR versus CET (V). Values are the mean of 3 determinations + SD.

Figure 4. Effect of FITC-1gG concentration on the fluorescence signals for measurement of the
immune complexes: VEGF-BEV (@, top axis) and EGFR-CET (¥, bottom axis) bound onto

PMMA beads. VValues are the mean of 3 determinations = SD.

Figure 5. Calibration curves (@) and their precision profiles (A) of the proposed KinExA-based
assay for measurement of BEV (A) and CET (B).

Figure 6. KinExAgrams obtained for varying plasma dilutions containing BEV (15 ng
mL™%) and CET (400 ng mL™) . Panels A and B are for BEV and CET, respectively. Panel
C represent the effect of plasma matrix on the analytical recovery on the assay of plasma-
spiked BEV (@) and CET (A); values are the mean of 3 determinations.
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Figure 2
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Figure 3
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Figure 4
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Figure 5
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Figure 6
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Table 1: Optimization of conditions for KinExA-based assay for BEV and CET

Optimum value

Condition

BEV CET
Coating antigen (ug mL™) VEGF (50) EGFR (50)
VVolume of beads suspension (pL) 583 583
Flow rate of beads suspension (mL min™) 1 1
Time of bead drawing (sec) 35 35
Secondary antibody (ng mL™) 200 2
Volume of sample (uL) 500 500
Time of samples drawing (sec) 120 120
Volume of secondary antibody (uL) 500 500
Flow rate (mL min?) 0.25 0.25

Table 2. Results of regression analysis for the calibration curves of KinExA for BEV and CET

Value

Parameter

BEV CET
Linear dynamic range (ng mL ™) 1.25-20 50 - 500
Intercept 0.1782 0.0163
Slope 0.0693 0.0011
Determination coefficient (r®) 0.994 0.987
LOD (ng mL ™) 1.28 52.64
LOQ (ng mL™) 3.89 159.52

Table 3. Precision and accuracy of the proposed KinExA-based assay for BEV and CET
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Intra-day precision

Inter-day precision

Spiked conc. Measured Recovery Spiked Measured Recovery
(ngmL™Y)  conc. (% + RSD) conc. conc. (%
(ngmL™) (ngmL™)  (hgmL™) RSD)
BEV
2 2.1 102.5+5.7 2 1.9 96.2+4.8
4 4.1 103.2 £ 3.6 4 4.0 99.2 £ 2.7
8 7.9 98.6 +3.9 8 8.3 104.3+4.2
16 16.2 101.4+2.8 16 16.6 103.6 +2.2
Mean 101.4+4.0 Mean  100.8 +3.5
CET
100 99.2 99.2+45 100 105.3 105.3+5.2
200 193.6 96.8+5.3 200 203.0 101.5+6.1
300 306.3 102.1 +5.7 300 298.2 99.4+25
400 390.0 97.5+ 34 400 414.8 103.7 + 3.7
Mean 98.9+4.7 Mean 1025+ 4.4
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HIGHLIGHTS

e  Automated flow fluorescent immunoassay was developed for bevacizumab (BEV) and cetuximab
(CET).

e BEV and CET are monoclonal antibodies used for immunotherapy of cancers.

e The assay employed the noncompetitive binding format on the KinExA™ biosensor.

e  The assay can accurately measure BEV and CET at concentrations as low as 3.9 and 159.5 ng mL™,
respectively.

o  The developed KinExA-based assay is superior to all the existing immunoassays.

e  The assay has a great value in therapeutic monitoring of BEV and CET.
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