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Volume 6, Issue 14, Sep 2024 Abstract
Rituximab, a chimeric monoclonal antibody targeting
Received: 15 July 2024 CD20, is widely used in the treatment of various
malignancies and autoimmune disorders. In this study,
Accepted: 25 Aug 2024 an ELISA was developed to quantitate the rituximab
levels, using mouse anti-rituximab (CDR specific)
Published: 05 Sep 2024 antibody as capture antibody. Accurate pharmacokinetic

(PK) monitoring is essential for optimizing dosing
doi: 10.48047/AFJBS.6.14.2024.12978-12997 regimens and improving therapeutic outcomes. Initially,
surface plasma resonance showed acceptable binding
kinetics (Kd) of 0.5x10" for rituximab and non-cross
reactive to human IgG. A standard curve of rituximab
(1.56ng/ml to 800ng/ml), with five quality control
points (6.25, 18.75, 25, 150, and 200ng/ml) was
evaluated for inter and intra-assay accuracy and
precision, using serum matrix, by four independent
validations. The linear range of the validated assay was
1.56ng/ml to 800ng/ml, and ULOQ and LLOQ were
200ng/ml and 6.25ng/ml, respectively. The assay
specificity was validated by testing cross-reactivity of
rituximab with adalimumab, which found to be non-
reactive. Further, the hook effect was over-ruled by
diluting the highest concentration of rituximab tested to
assay linear range, and dilution integrity was observed
for the entire concentrations within linear range (%RE
<20%), as recommended by European Medicines
Agency. Collectively, this binding-based ELISA method
is highly sensitive, reproducible, and useful for
monitoring rituximab.

Keywords: Rituximab, CD-20, Sandwich ELISA,
Pharmacokinetics, Validation, SPR, Bioanalysis, EMA.

1. Introduction

A chimeric anti-CD20 monoclonal antibody, rituximab (Mabthera, Roche Pharmaceuticals,
Basel, Switzerland) targets the CD20 antigen on the surface of B cells (Reff et al. 1994). IDEC
Pharmaceuticals initially created rituximab using a murine monoclonal antibody (mAb) with
high affinity (Reff et al. 1994). While the human Fc component enables the efficient application
of complement and cell-mediated lysis processes, the variable murine sections are unique to
the CD20 antigen (Tedder and Engel 1994). Mature B-cells produce CD20, which is found on
95% of B-cell lymphomas and is believed to function as a calcium channel that controls the
cell cycle's advancement(Tedder and Engel 1994). Anti-CD20 mAb cross-links CD20, which
causes apoptosis via a caspase-dependent mechanism. It can also result in antibody-directed
cell cytotoxicity (ADCC) or complement-dependent cytotoxicity (CDC) (Tedder and Engel

1994). Significant immunological impairment and increased susceptibility to infection have
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not been observed, despite the expected reduction of B-lymphocytes after rituximab treatment
(Maloney et al. 1994; Berinstein et al. 1998). Early in 1993, the first patient enrolled in phase
I dosage-escalation clinical trials of rituximab, demonstrating the safety of a weekly dose of
375 mg/m2 administered for four weeks. In the highest dose group, no dose-limiting toxicities
were found, and no maximum tolerated dose (MTD) was attained (Maloney et al., 1997a). Later
studies (Maloney et al. 1994; Berinstein et al. 1998) and the pivotal multicenter phase II trial
(Berinstein et al. 1998) also used this dose level, and in November 1997 the FDA approved it
for the treatment of follicular B-cell non-Hodgkin's lymphoma and low grade relapsed or
refractory lymphoma (Piro et al. 1999; Berinstein et al. 1998). Rituximab, which can be
administered alone or in conjunction with chemotherapy, has been the standard treatment for
many B-cell lymphomas since receiving FDA approval (Berinstein et al. 1998; Piro et al. 1999).
Rituximab has been tested in recent years for the treatment of many B-cell dependent
autoimmune diseases as well as non-malignant conditions such rheumatoid arthritis (Giircan et
al. 2009). Wide inter-individual heterogeneity has been observed in the pharmacokinetics (PK)
of rituximab, with high serum drug concentrations seeming to correspond with clinical
response (Berinstein et al. 1998). Higher rituximab concentrations are thought to enable more
successful tumour regression, even though serum rituximab concentrations may serve as a
proxy indicator of disease burden (Hampson et al. 2010b; Ward et al. 2009; Davis et al. 1999;
Davies et al. 2014; Berinstein et al. 1998). The ELISA for rituximab has been validated to
improve understanding of the drug's PK, its relevance to patient response and outcome, and the
development of more stratified patient dosage schedules. The use of polyclonal (Iacona et al.
2000; Beum, Kennedy, and Taylor 2004; Berinstein et al. 1998) or monoclonal (Cragg et al.
2004; Hong et al. 2004; Blasco et al. 2007; Hampson et al. 2010a; Ward et al. 2009; Hampson
et al. 2010b) antibodies in ELISA for measuring serum rituximab levels has been described in
previous studies. In this case, the assay has undergone sufficient validation to guarantee an
exact assessment of the rituximab levels in patient samples. As per the European Clinical Trials
Regulations (Cummings et al. 2010; 2008), this is to fully validate a serum rituximab assay for
use in clinical applications. We believe the level of validation performed on the assay, meets

the expected criteria (da Silva et al. 2014; Findlay et al. 2000; Smolec et al. 2005a; 2005b).

2. Materials and methods

2.1. Materials
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The anti-idiotypic mouse anti-rituximab monoclonal antibody 8 A12 was developed in-house,
HRP-conjugated goat anti-human IgG Fc specific for the Fc fragment was purchased from
Denovo Biolabs, India. Mabthera (rituximab) 100mg supplied as 2x10 mg/ml vials, as a
solution for infusion, was obtained from Roche Pharmaceuticals (Basel, Switzerland). All
reagents used were of the highest grade appropriate and are supplied by Sigma-Aldrich,
Qualigens (India), Himedia (India), Denovo Biolabs (India) of extra pure grade were procured,

unless otherwise stated.

2.2. Specificity by SPR

The affinity of the purified mouse anti-rituximab antibody and cross-reactivity to human IgG
was determined by using PASPR (Affinite Instruments, Canada). The 16-MHA coated Au-
sensor chip (Affinite Instruments, Canada) was used to covalently couple the rituximab and
human IgG onto the sensor surface using EDC/NHS-based coupling chemistry. Briefly, the Au-
sensor chip was equilibrated with the running buffer (1XPBS pH 7.4, 0.05% Tween-20) and
200ul of fresh EDC/NHS was injected for 4 minutes. The Sensor chip was washed with 250ul
of running buffer, followed by 250u1 of immobilization buffer (0.01M Sodium Acetate, pH 5.0)
for 10 seconds. Rituximab at 0.02mg/ml was injected and incubated for 10 minutes. The
channel was washed with 250ul of immobilization buffer for 60 seconds and blocked with
250ul of blocking buffer (1M ethanolamine pH 8.5), which was incubated for 4 minutes and
washed the channels. The mouse anti-rituximab f(ab) antibodies at different concentrations
(6.67, 13.33, 26.67, 53.33, 106.67nM) were injected and analyzed in 400 seconds. All the
above-mentioned steps were repeated for the immobilization of human IgG onto the sensor
surface and mouse anti-rituximab f(ab) antibodies at the concentrations mentioned above were
passed onto the human IgG immobilized channel to determine the cross-reactivity of anti-

rituximab antibody to human IgG.

2.3. Rituximab PK ELISA method

The mouse anti-rituximab antibody 8A12 was diluted to a concentration of 6pg/ml in a coating
buffer consisting of 1X PBS, pH 7.4. Corning™ Costar Plates (96-well, flat-bottom plates) were
coated with 100ul of the antibody solution and incubated overnight at 4°C. After coating, the
plates were blocked with 300ul/well of 3% (w/v) BSA, 0.05% tween-20, 1X PBS, pH 7.4 for
1 hour at room temperature (RT). The plates were washed three times with wash buffer
containing 1X PBS, pH 7.4, 0.05% tween-20 using ELISA microplate washer, with incubation

of 1 minute between each wash.
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The rituximab stock was prepared in a human serum matrix as per the dilutions and stored at -
80°C for the preparation of standards and quality control (QC), to mimic the clinical subject
samples received. The minimum required dilution of human serum matrix used for this assay
was 1:200, where the signal-to-noise (S/N) ratio was found to be optimum after evaluating S/N
of 1:10, 1:20, 1:100, and 1:200 dilutions. The human serum matrix at the described minimum
required dilution (MRD) was used as an assay matrix.

Rituximab calibration standards were prepared in the following concentrations: 800, 400, 200,
100, 50, 25, 12.5, 6.25, 3.125, 1.56 and Ong/ml, and 100ul of standard was added to the plate
in two replicates. Quality control samples (QC samples) 200, 150, 25, 18.75 and 6.25ng/ml
(ULOQ, HQC, MQC, LQC, LLOQ respectively) were prepared in the serum matrix diluted in
blocking (to mimic the clinical subject samples received) and to prevent nonspecific matrix
interference, all samples utilized in the validation procedure were diluted to a minimum of
1:200 and added to the ELISA plate. The plate was incubated for 60 minutes at RT. The plates
were washed three times with ELISA wash buffer.

A horseradish peroxidase (HRP)-conjugated goat-anti-human detection antibody, diluted
1:3000 in blocking buffer, was added at 100 pl per well and incubated for 1 hour at RT.
Following the incubation, the plates were washed three times with ELISA wash buffer.

For color development, 100 ul of 1X TMB/H20. was added and the plate was incubated in the
dark at RT for up to 15 minutes, and the reaction was stopped by adding 50ul/well of 2N
sulfuric acid. Absorbance was measured at 450 nm with reference measurement at 620nm in
an ELISA plate reader (F50, Tecan, Switzerland) and analyzed with Graph-pad prism-10 and
Microsoft excel software.

2.4. Assay validation

The drug calibration curve was developed using a total of ten calibrators ranging from 1.56
ng/ml to 800ng/ml. The calibrators were prepared by diluting the analyte rituximab in a diluent
buffer spiked with human serum matrix in 1:250 dilution. The back-calculated concentrations
of the calibrators were within 20% of the nominal value as per EMA guidelines, for at least
75% of calibration standards. The anchor calibrators do not require acceptance criteria, since
they are beyond the curve quantifiable range. The data analysis was performed using software
generating four parameter logistics (4PL) fit.

For the further validation parameters mentioned below, the calibration curve was run in the
assay followed by other sample in the parameters to be validated (Findlay et al. 2000; Smolec
et al. 2005a; da Silva et al. 2014; Cummings et al. 2010; 2008; Hampson et al. 2010b).
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2.5. Repeatability - Inter-assay precision

The QC samples were prepared and examined in twelve replicates on a single plate. Five
different concentrations of QC samples such as ULOQ, high-level quantification (HQC), mid-
level quantification (MQC), low-level (LQC), and LLOQ within the calibration range were
calculated based on the following criteria. Briefly, HQC is one-third of the ULOQ of the
calibration curve, MQC is near the midpoint on the calibration curve, and LQC is three times
the LLOQ. The repeatability was acceptable if the relative error (%RE) of the back-calculated
value for each level was <20% (< 25% at ULOQ and LLOQ), coefficient of variation (%CV)
<20% (< 25% at ULOQ and LLOQ), and total error (sum of the %RE and %CV) < 30% (<40%
at ULOQ and LLOQ).

2.6. Reproducibility - Intra-assay precision

The same set of QC samples as in repeatability section, was evaluated in duplicates by two
independent analysts to determine the reproducibility through intra-assay precision. The
reproducibility was acceptable if the relative error (%RE) of the back-calculated value for each
level < 20% (< 25% at ULOQ and LLOQ), coefficient of variation (%CV) <20% (< 25% at
ULOQ and LLOQ), and total error (sum of the %RE and %CV) < 30% (<40% at ULOQ and
LLOQ).

2.7. Sensitivity

The sensitivity of the assay is to detect the minimum analyte concentration (rituximab) reliably.
The QC at LLOQ (Lower limit of detection) was determined by testing the twelve replicates at
LLOQ concentration on four independent occasions. The coefficient of variation (%CV) and
relative error (%RE) < 25% and total error (sum of the %RE and %CV) <40% was acceptable

at LLOQ concentration.

2.8. Selectivity

The selectivity of the rituximab binding-based ELISA method was determined by testing 11
matrices by spiking rituximab at LLOQ. A minimum of 80% of the near-LLOQ QC samples
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should have assay values that are within 20% of the nominal concentration (or within 25% at
the LLOQ).

2.9. Dilution linearity
The rituximab was prepared at 1000X of 200ng/ml and diluted 10 times to the concentration
within the assay range, using an assay diluent. Different concentrations of rituximab were

prepared and the hook effect in the assay was determined.

2.10. Specificity

The specific binding of rituximab to anti-rituximab antibody was evaluated in the ELISA
during the method validation. A non-specific drug, adalimumab was tested against anti-
rituximab coated ELISA plate to ensure the specific binding of rituximab to anti-rituximab

antibody in presence of interfering drug adalimumab.

3. Results

3.1. Affinity of mouse anti-rituximab to rituximab

SPR-binding assay for the anti-rituximab Antibody showed specific binding to rituximab and
no cross-reactivity to human IgG. The Kq value of the anti-rituximab antibody was determined
to be 0.5x10”, which shows a high affinity against rituximab (Figure. ). Thus, confirming that

the antibody was an anti-idiotypic antibody to rituximab.

3.2. Calibration curve of rituximab

The calibration curve generated using 10 calibrator standards was fitted using the 4PL model
(Figure 2). The regression model was accepted as the %RE of the back-calculated value for at
least 75% calibrators, within 20% of nominal concentration. The standard curve was within the
acceptance criteria as %RE and %CV of < 20% and total error within 30% for all calibrators

(Table 1).

3.3. Precision and accuracy of ELISA
The precision and accuracy of ELISA were determined based on the data of inter-assay and

pooled intra-assay precision (%CV) accuracy (%RE) of five different concentrations of QC
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samples. For the inter batch assay the %CV was 9.3 to 13.78 and for pooled intra batch assay
the %CV was 4.78 to 15. The %RE were found to be <6.98 and total error was <20.76. All the
parameters analyzed were within <20% (<30% for total error), which is accepted for the ligand-

binding assay. (Figure 3a, 3b).

3.4. Selectivity of ELISA

The selectivity of the ELISA was determined by testing 11 different matrices by spiking
rituximab at ULOQ and LLOQ points. A minimum of 80% of the ULOQ and LLOQ samples
showed assay %RE values <20% of the nominal concentration, which showed the recovery of
spiked rituximab (Table 2).

3.5. Sensitivity of the ELISA

The sensitivity of ELISA was evaluated by inter and intra-batch accuracy and precision.
Notably, both inter and intra-batch accuracy and precision at LLOQ of 6.25ng/ml, with %CV
of 11.35 and 6.26 respectively. The %RE of 6% and total error of 17.35% of the LLOQ sample
was found to be <20% range (Figure 4a, 4b). This confirms the assay sensitivity of rituximab
at 6.25ng/ml.

3.6. Dilution linearity of the ELISA

The dilution linearity was expressed as %RE for QC samples tested. The Hook’s effect of the
developed ELISA was determined by measuring rituximab concentrations 1000x of 200ng/mi
to 1:10 till 0.25ng/ml concentrations. Further, it was found that the rituximab above the assay
range (>200 ng/ml) displayed the Hook effect (Figure 5). The QC samples were within the

linear range exhibiting the acceptance criteria (<20%) as per EMA guidelines (Table 3).

3.7. Specificity of ELISA

The specificity of rituximab was confirmed by measuring the levels of rituximab and in
presence of a high concentration of adalimumab. Notably, rituximab alone bound to the capture
antibody in a concentration-dependent manner pre-coated microtiter plate and not the
adalimumab, thus confirming the specificity and no cross-reactivity with a similar antibody.
The ELISA data analysis of the QC points prepared in presence of adalimumab showed values,
which was within the acceptance criteria as %RE and %CV of < 20% and total error within
30% for all calibrators (Table 4).
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4. Discussion

The development and validation of ELISA to quantify rituximab in human serum could help
validate immunoassays to quantify biopharmaceuticals and their pharmacokinetics. Therefore,
the present study aimed to develop a reliable, robust, and sensitive ELISA method to assess the
pharmacokinetics of rituximab in the serum matrices. An anti-rituximab antibody developed in
mice had a high affinity of 0.5x107, the specificity of which was confirmed by SPR technique.
This antibody also showed no cross-reactivity towards the human backbone of rituximab, and
was only specific to the CDR region. Moreover, this antibody binds to rituximab with a higher
affinity (Kq) which was comparable to the monoclonal antibody panel developed in rats against
rituximab (Tada, Suzuki, and Ishii-Watabe 2018). The sandwich ELISA developed and
validated in this study could detect rituximab rapidly, sensitively, and precisely in serum matrix

when compared to the previously reported methods (Desvignes et al. 2015).

The rituximab PK ELISA was validated for parameters including linearity, precision, accuracy,
specificity, selectivity, sensitivity and dilution linearity and the results obtained were within the
recommended guidelines of EMA (DeSilva et al. 2003; Smolec et al. 2005a; 2005b; Findlay et
al. 2000). The linearity results depicted that the standard calibrator curve range was determined

to be from 800ng/ml to 1.56ng/ml.

The precision and accuracy for the standard calibrator points in the inter and intra assay batches
the assay batches for the %CV were <13.8% and <12.1% respectively and the, %RE were
<6.5%, %Total error was <15.4%. For the quality control points in the inter and intra assay
batches the assay batch, the %CV were <13.78% and <15% respectively and the, %RE were
<6.98%, %Total error was <20.76%. The obtained values were within the limits of
recommended errors of <20% for %CV, %RE and <40% (LLOQ, ULOQ), <40% (for other QC

points), which were within the accepted limits.

Moreover, the sensitivity of the assay was tested and found to be 6.25 ng/ml, which qualifies
the acceptance criteria. The method developed was demonstrated to be robust, accurate,

sensitive, and reproducible for rituximab concentrations between 800ng/ml to 1.56ng/ml.

Of note, the Hook effect frequently observed in ligand-binding assays, is primarily due to high
antibody concentration leading to saturation and precipitation of antigen, and false negative
results. Hence, the Hook effect of the newly developed ELISA was determined by measuring

rituximab concentrations. Further, it was found that the rituximab above the assay range (>800
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ng/ml) displayed the Hook effect. Remarkably, reports emphasize the impact of assay matrix
and dilution linearity on the quality of the antibody-based assays(Cummings et al. 2008;
Keystone and Haraoui 2004; Li et al. 2022; Walker 2004; Tracey et al. 2008; Luchavez et al.
2011). In this line, the current ELISA was also validated using various levels of rituximab, and
found that the dilution linearity was maintained between 2.5ng/ml to 200ng/ml. However, due
to high variability in quantification below LLOQ, this assay might not be appropriate for
measuring rituximab concentrations below 2.5ng/ml. Furthermore, the serum matrix did not

affect the measurement of rituximab and thus ruled out matrix interference in the assay.

5. Conclusions

In this study, an ELISA method using a anti-rituximab antibody was used as capture antibody
in developed ELISA and validated to quantify high and low rituximab concentrations. Further,
the method was validated for its analytical performance, to ensure its robustness, sensitivity,
and reliability for therapeutic drug monitoring in the biological matrices. The overall outcome
of this study highlights the potential use of the validated ELISA as a standard procedure for
batch release in QC laboratories during the drug manufacturing, test for rituximab's
characterization and bio-comparability during the biosimilar development and routine tests

during drug therapy.
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Figure 1. Specificity of mouse anti-rituximab antibody to rituximab and human IgG
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Figure 2. Calibration curve determined for PK ELISA method
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Figure 3. Precision and accuracy determination showing the %CV, %RE and total error values
obtained during analysis of QC points in, (a) inter batch assay, (b) intra batch assay
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Figure 4. Precision and accuracy determination showing the %CV, %RE and total error values
obtained during analysis of LLOQ point in, (a) inter batch assay, (b) intra batch assay
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Std LULC Sd %CV %RE %Total error
(ng/ml)

S1 800.00 0.005 0.26 14.06 1433
2 400.00 0.018 0.96 13.66 14.62
S3 200.00 0.021 117 733 8.50
S4 100.00 0.010 0.60 0.47 1.07
S5 50.00 0.023 1.64 2.86 4.50
S6 25.00 0.009 0.83 5.78 6.62
S7 12.50 0.035 438 0.11 4.49
S8 6.25 0.018 3.2 19.01 2222
SO 3.13 0.013 2.57 14.54 17.11
S10 1.56 0.001 0.29 5.82 6.11

Table 2. Selectivity; ELISA data analysis and depiction of %CV, %RE and total error values

Serum ULOQ | Measured LLOQ | Measured

Matrix tested Mean %CV | %RE %Total | tested Mean %CV | %RE %Total
D conc. Conc error conc. Conc error

(ng/ml) | (ng/ml) (ng/ml) | (ng/ml)

1 237.30 1.290 | 18.65 | 19.94 5.66 10.31 | 9.36 19.67
2 198.65 1.793 | 0.68 2.47 5.49 0.28 | 12.21 12.48
3 201.63 4397 | 081 5.21 5.84 2.04 | 6.63 8.67
4 177.34 0.719 | 11.33 | 12.05 5.24 2.24 | 16.19 18.43
5) 182.44 0.000 | 8.78 8.78 5.34 0.56 | 14.51 15.07
6 200 173.08 2.167 | 13.46 | 15.63 6.25 6.03 9.29 | 357 12.86
7 207.50 2582 | 3.75 6.33 6.06 3.89 | 2.99 6.88
8 161.57 2.874 | 19.21 | 22.09 6.01 16.41 | 3.92 20.33
9 190.17 0.379 | 4.91 5.29 6.44 6.60 | 2.98 9.58
10 177.49 1.534 | 11.26 | 12.79 6.14 23.89 | 1.79 25.68
11 162.75 4.046 | 18.63 | 22.67 7.18 13.81 | 14.93 28.74
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Table 3. Dilution linearity; ELISA data analysis and depiction of %CV, %RE and total error

values
Predicted Measured o
QC Concentration | Concentration (Y %CV | %RE voTotal Result
Sample %AR error
(ng/ml) (ng/ml)

13801( 200000 AQL 1.2 1.99 | 98.83 100.8 AQL

é?_oé 20000 AQL 1.8 7.82 | 98.17 106.0 AQL
10X3DL_ 2000 AQL 36.0 | 39.20 | 64.05 103.2 AQL
ULOQ
1X DL.4 200 191.11 95.6 3.13 4.45 7.6 Passed

HD?% 150 148.59 99.1 1.15 0.94 2.1 Passed

HD?% 100 100.97 101.0 | 154 0.97 2.5 Passed
'\SEC? 50 4551 910 | 340 | 898 | 124 |Passed
'\SE% 25 25.01 1000 | 774 | 004 | 78 |Passed

IE)?_CQ 15 13.10 87.3 5.04 12.67 17.7 Passed
LLOQ

DL-10 5 5.27 105.4 | 4.53 5.40 9.9 Passed
BLLOQ

DL-11 25 2.26 90.5 0.65 9.51 10.2 | Passed
BLLOQ

DL-12 0.5 BQL 178.9 | 3.29 | 78.94 82.2 BQL
BLLOQ 0.25 BOL 346.4 | 147 | 24642 | 247.9 | BOL
DL-13

AQL: Above Quantitative Limits
BQL: Below Quantitative Limits

Table 4. Specificity; ELISA data analysis and depiction of %CV, %RE and total error values

_ : Recovered 0
QC Sample Rituximab in Average Conc. %AR %CV %RE YoTotal
(ng/ml) error
(ng/ml)

ULOQ 200 197.91 98.96 0.56 1.06 1.61
HQC 150 173.22 115.48 4.22 13.41 17.63
MQC 25 21.73 86.93 0.22 15.04 15.26
LQC 18.75 17.75 94.66 4.82 5.65 10.47
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LLOQ | 6.25 | 7.01 | 11222 | 216 |10.89| 13.04
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