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Quantitation of monoclonal antibodies in serum:
new technologies ECL, Gyrolab, and LC-MS/MS vs
gold standard ELISA

KEY POINTS

+ Ligand Binding Assays and chromatographic methods (LC-MS/MS) remain the two most popular
options for PK assessment in pre-clinical and clinical studies,

- Different technology platforms claim various advantages over the gold standard ELISA, including
increased sensitivity, decreased matrix interference, wider dynamic range, lower sample volume
and easier implementation in a regulated environment,

«  Fluorescence (Gyrolab) and electrochemiluminescent (MSD)-based detection methods have been
implemented into traditional ELISA improving assay sensitivity, wider dynamic range and reduced
background noise.

Monoclonal antibodies (mAbs) are a rapidly growing group of targeted therapeutics. In three decades,
mADbs have revolutionized the treatment of different indications, including cancers, immune-mediated
disorders, infectious diseases, cardiovascular/hemostasis, and others [1-3,10]. In addition, new
therapeutic modalities based on mAbs, including bispecific antibodies (BsAbs) and antibody-drug
conjugates (ADCs), have been approved or are in clinical trials [4,5]. In 2021, the FDA announced that it
approved the 100" monoclonal antibody therapeutic [6], and by 2023, about 170 mAb-based products
are expected to be in the market (to date, are in regulatory review or are approved) [11]. In 2022, 5 of
the top 10 best-selling drugs in the global market were mAbs [5].

The complexity and diversity of monoclonal antibodies requires the use of optimized bioanalytical assay

platforms during their pre-clinical and clinical development. Regulatory requirements for non-clinical
and clinical data, especially for pharmacokinetics (PK) assessment, are becoming increasingly restrictive.
It is entirely understandable because during the development of therapeutic monoclonal antibodies,
accurately determining the drug concentration is crucial in delineating the relationship between drug
exposure and safety and efficacy [1-4]. Consequently, significant efforts have also been spent on
improving and standardizing the bioanalytical methodologies for quantifying monoclonal antibodies in

different biological matrices.

In January 2021, the European Medicine Agency (EMA) replaced the EMA 'Bioanalytical method
validation — Scientific guideline' with ICH guidance on validating biological assays ‘M10 Bioanalytical
Method Validation and Study Sample Analysis' [7,8]. The US Food and Drug Administration (FDA)
adopted the final ICH guidance in November 2022, which completed the international acceptance of a
unified approach to validating and conducting bioanalytical assays. Among commonly used assays,
Ligand Binding Assays and chromatographic methods remain the two most popular options for
pharmacokinetics assessment.

Which assay type is the most appropriate for quantification of specific mAb?
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The primary driver of bioanalytical strategy development is the intended use of the collected data.
Depending on the development phase, the selected quantitative assay may capture either free or total
protein. In certain studies, the availability of serum drug concentrations in free vs. bound states helps
interpret PK, PD, and immunogenicity data and their interactions. Among the commonly used assays,
Ligand Binding Assays (LBA) and chromatographic methods (LC-MS/MS) remain the two most popular
options for PK assessment. Chromatographic techniques are best suited to measure the total drug
concentrations because they detect the drug through signature peptides which presence is not affected
by binding. Since LBA is based on the availability of binding sites on the analyte for both capture and
detection reagents, it is commonly used to detect the free drug, but it could also be designed to measure
the total drug. However, confirming the measured forms under the specified conditions can be
technically challenging. The selected features of the assay that should be considered in the first stage of
method selection for drug quantification are summarized in Table 1.

Table 1 Selected LBA and LC-MS method features critical during the assay selection step.

Parameter LC-MS LBA

Type of assay Chemical properties of the analyte  Biological binding

Quantifying form of drug Total Total/Free

Selectivity /Matrix effect No impact - analyte is extracted Matrix components can interfere
from the matrix and digested to with the assay
the peptide level

Specificity Highly specific at the molecular Comparatively less specific for
level and have the capacity for discriminating drug from its
multiple component analysis metabolites

Sensitivity Comparatively less sensitive Higher sensitivity(ng/mL)

(hg/mL)
Anti-drug antibodies (ADA) - Yes No/Yes*

resistant method

Required sample volume Comparatively high sample volume  Lower sample volume (especially
with new-generation platforms)

*Additional sample preparation steps, such as acid dissociation before bioanalysis of mAbs, are required to design an ADA-
resistant LBA.

Anti-drug antibodies (ADA) could affect the accuracy of LBAs. In their presence, only the free form of
the drug is measured since the therapeutic mAbs trapped by ADA are incapable of being quantified.
Additional sample preparation steps, such as acid dissociation before bioanalysis of mAbs, may be
required to design an ADA-resistant LBA assay. However, this could result in decreased sensitivity of the
developed assay and a larger sample volume needed. Designing anti-drug antibodies (ADA)-resistant
PK assay is critical in indications where the immunogenicity is predicted to be high (see our article: Impact

of immunogenicity on efficacy and safety of biosimilars — importance of ADA and nAb testing during the

clinical development). All stakeholders must appropriately communicate and understand the bioassay

format (ADA-sensitive or ADA-resistant) as the program proceeds through drug development. As the
chromatographic method includes pre-digestion of the sample, this method is considered ADA-
resistant.
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Switching from ELISA to advanced LBA platforms (Gyrolab and MSD)

ELISA is the gold standard approach for accurately quantifying large molecule-based therapeutics in the
context of PK assessment for pre-clinical and clinical studies. As mentioned before, depending on the

specific critical reagents used, ELISAs may detect one of the multiple forms of mAbs in circulation,
including free mAb, antigen-bound mADb, total antibody, and ADA-mAb immunocomplex. Different
technology platforms claim various advantages over the ELISA, including increased sensitivity, decreased
matrix interference and wider dynamic range, lower sample volume and easier implementation in a
regulated environment [13]. These factors and others described herein are essential in selecting an
appropriate platform for quantitative assay development and use.

Figure 1 shows the scheme of IgG quantitative assay with MSD (Meso Scale Discovery), Gyrolab xPlore,
and LC-MS/MS platforms compared to gold standard ELISA. As presented, fluorescence (Gyrolab) and
electrochemiluminescence (MSD)-based detection methods have been implemented into traditional
ELISA, which results in improved assay sensitivity, wider dynamic range and reduced background noise.

Figure 1 Schematic presentation of different platforms dedicated to human IgG quantification
(Fo).
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Table 2 Differences between LBA methods: ELISA, MSD and Gyrolab.

Parameter ELISA MSD Gyrolab XPlore

CD with 12/14 segments.
96-well plate equipped Each segment is divided

Assay Format 96-well polystyrene plate with carbon electrodes into 8 individual
microstructures

Data point per assay 96 96 96/112

Spherical effect* Observed NA NA

Carry Over NA NA Observed**

Readout Colourimetric ECL Fluorescence

Automation Manual Manual Automated

I[)Jlated sample volume 50-100 10-25 510

Assay time 8h 25h 1h

Dynamic range 2 logs 3-4 logs 3-4 logs

* Refers to the increased imprecision of data points derived from the corner and edge.
** Concerning analyte and reagents, the manufacturer provides the procedure to eliminate the carry-over effect.

Gyrolab is a fully automated nanoliter-scale immunoassay that utilizes flow-through affinity columns to
minimize the matrix effects and reduce assay background. It also provides excellent assay sensitivity and
reproducibility without manual pipetting. The reaction is performed on a compact disc (Bioaffy CD),
divided into 12-14 segments and 96-112 microstructures coated with streptavidin beads. The
biotinylated capture antibody/target is immobilized on the beads to bind the analytes. The detection
antibody is conjugated with fluorochrome. The CD is automatically transferred to a laser-induced
fluorescence detector to determine the amount of fluorescence (i.e., the amount of captured analytes)
per structure. Most importantly, microfluidic technology, automated control of centrifugal and capillary
forces and a built-in fluorescence system minimize the required sample volumes (5-10 pL samples
diluted to assay MRD).

Electrochemiluminescent technology with the SULFO-TAG label conjugated to detection antibodies (e.g.,
MSD) is another option to increase the LBA assay sensitivity. The reaction takes place on multi-well plates
equipped with carbon electrodes. Carbon electrodes conduct electricity from the instrument to excite
the SULFO-TAG, leading to light emission. Because MSD separates the light signal from electric
stimulation, only conjugates near the electrode surface can be detected, resulting in low background
noise. Thus, this method provides high sensitivity (pg/mL) and a broad dynamic range (3-4 logs). MSD
platform has the significant disadvantage of its costs, which are much higher than ELISA plates.

Why did we transfer our ELISA method to the Gyrolab platform?

Table 3 below presents the parameters obtained by Mabion for rituximab quantification assays (ELISA
and the Gyrolab PK method). The desired sensitivity of the method was 1 pg/mL.
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Table 3 Mabion S.A. analytical strategy to quantify rituximab in rheumatoid arthritis-derived
matrices to support biosimilar drug development.

Parameter ELISA PK assay Gyrolab PK assay

Matrix Human Serum-Rheumatoid Arthritis

Desired assay sensitivity ’

[Hg/pL]

Dynamic range [ng/mL] 2-500 20-1280
Minimal Required Dilution [x] 500 50
Neat sample volume [pL] 10 5

Total assay time [h] 10 3

Test sample results per single assay 12-14 29

Method effectiveness (passed/total

runs) [%] >70 >90

To conclude, from our experience, Gyrolab generates high-quality data in a short time, which makes it
an ideal alternative to the manual ELISA method in support of GLP-compliant pre-clinical and clinical PK
studies.

If you are interested in our approach to PK assay, please do not hesitate to contact us. Our scientists
consider the biological properties of Mabs, the requirements for its intended application (predicted
therapeutic area), and the customer needs to develop a suitable bioassay for PK assessment. Therefore,
several techniques for developing the quantitative assay are available at our facility, including ligand
binding assays (LBAs) and liquid chromatography-mass spectrometry (LC-MS/MS). For LBAs, we use an
enzyme-linked immunosorbent assay (ELISA) or an automated fluorescent immunoassay on the Gyrolab
XPlore platform.
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