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A Review on LBA and LC-MS Platforms for Supporting 
Large Molecule Pharmacokinetics Bioanalysis

Abstract
Over the past ten years, the global market for large molecule therapeutics has rapidly grown for the treatment of a variety of diseases. LBA and LC-MS are two platforms widely used 
in pharmacokinetic bioanalysis. In this review, we compare LBA and LC-MS and summarize their strengths and limitations. Strategies for platform selection are provided according to 
the study purpose, study phase, analyte types, assay requirements and other factors.
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Introduction

Driven by an increase in the geriatric population and the prevalence of 
chronic diseases such as cancer, diabetes, inflammatory and autoimmune 
diseases, large molecule-based therapeutics are the fastest growing class 
of drugs under development in both academic and industrial sectors in the 
past ten years. During drug development, the precise quantification of the 
therapeutic drug concentration is key to delineating the relationship between 
drug exposure and safety or/and efficacy of the molecule [1-4]. Because of 
this need, significant efforts have been spent in developing and improving 
bioanalytical methods to support sample analysis. Among commonly used 
assay platforms, Ligand Binding Assays (LBA) and Liquid Chromatography 
and Mass Spectrometry (LC-MS) remain the two most popular options 
for Pharmacokinetic (PK) assay development. In this review, the key 
parameters of both bioanalytical platforms are reviewed and at the end, the 
recommendations are given for selecting a method with regard to different 
types of therapeutics, including oligonucleotides, proteins, antibody drug 
conjugates and bispecific antibodies.

Literature Review

Ligand binding assay

A Ligand binding assay is a common analytical procedure that takes 
advantage of the highly specific interaction of a ligand and a receptor, an 
antibody, or another macromolecule (collectively called “affinity recognition 
reagent”) (Figure 1) [5]. This principle has been widely used for the 
accurate, precise and sensitive quantification of large molecule analytes for 
PK assessment from drug discovery to preclinical and clinical phases [6]. In 
LBA, the analytes are detected through the formation of the ligand-receptor 
complexes. The sensitivity and specificity of the assay depend highly on 
the affinity between the two binding partners and on the specificity of their 
interaction. The parameters of the assay also need to take into account the 
inherent properties of these molecules such as their stability, sensitivity to 
pH or temperature and accessibility of their binding sites.LBA assays are 
designed to reach and maintain the equilibrium constant of the reactants in 

order to provide suitable assay performance in terms of assay sensitivity, 
accuracy, and reproducibility. Based on the method of detection, LBAs can 
be categorized into optical density-, fluorescence-, and luminescence-
based approaches. The Enzyme-Linked Immunosorbent Assay (ELISA), 
Meso Scale Discovery (MSD), Gyro and Luminex are popular LBA platforms 
for PK assay development [7-9].

Among these approaches, ELISA is the most commonly applied 
approach for accurate quantification of biological therapeutics in the 
context of PK assessment for both preclinical and clinical studies [10-13]. 
As schematically illustrated in Figure 1, a capture reagent is coated onto a 
polystyrene plate, the analyte (i.e., drug) is diluted and incubated in order 
to bind to capture reagents. Unbound analyte is removed from the plate by 
a washing step and a detection reagent is added, binding to the captured 
analyte, thereby forming a sandwich complex. The detection reagent is 
linked to a reporter enzyme (usually Horseradish Peroxidase (HRP)) that 
is used to generate the assay signal by adding the enzyme’s substrate to 
the plate.

ELISA is a sensitive, specific, reliable and cost effective approach [14-
16]. However, the assay sensitivity is limited by two important factors: the 
affinity of the detection antibody and the detection limit of the absorption 
spectrophotometer. While ELISA can in theory detect concentrations lower 
than 1 pg/mL the actual sensitivity of many assays is often only in the ng/mL 
range. Fluorescence-based detection methods have been implemented into 
traditional ELISA to improve the assay sensitivity. Fluorescence decay is, 
however, one challenge that sometimes renders this approach less robust 
and limits this platform in applications. Electrochemiluminescent detection 
technology (e.g., MSD) using SULFO-TAG label as detection reagent is 
another approach to increase ELISA sensitivity [17, 18]. The bottom of the 
MSD multi-well plates is equipped with carbon electrodes, which conduct 
electricity from the MSD instrument leading to light emission by the SULFO-
TAG labels. The assay signal can be amplified by multiple excitation cycles. 
At the same time the MSD platform holds promises for low background 
noise because electric stimulation is decoupled from the light signal, so that 
only labels near the electrode surface can be detected. Thus, MSD is able 
to provide great assay sensitivity (pg/mL) and a broad dynamic range (3-4 
logs). The main disadvantage of the MSD plate form are the costs of the 
plates that are much more expensive than ELISA plates. 

The Gyrolab is a nanoliter-scale immunoassay that uses flow-through 
affinity columns which reduce background and matrix effects. The use of micro 
fluidic technology, automated control of centrifugal and capillary forces and a 
built-in fluorescence system allows not only to minimize sample volumes but 
also provides great assay sensitivity and reproducibility without the need of 
manual pipetting [19-22].  
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the LC-MS platform following protein G purification. Among all three 
monoclonal antibodies, the quantification accuracy was within 15% at 
different concentrations tested [26]. 

Drug development is a highly competitive business. Naturally there is 
high pressure to shorten the timelines for drug candidates both in the actual 
development and in the evaluation phase. Compared to LBA, LC-MS is less 
limited by reagent availability and quality (e.g., the need for high affinity and 
specificity capture and detection reagents). Therefore, LC-MS is favored 
especially in early discovery phases whenever the study purposes can be 
served. Several highly sensitive LC-MS approaches have been established, 
but in most cases the sensitivity for bio macromolecules is at ng/mL level. In 
addition to the intact drug, LC-MS also capable of measuring its metabolites or 
truncations [31-33] Because of these advantages. LC-MS has been extensively 
used to quantify a wide variety of therapeutics, including peptides, proteins, 
monoclonal antibodies, oligonucleotides, and bispecific antibodies [32, 33]. 
One main limitation of generic LC-MS methods is inability to differentiate the 
measured drug at different status (e.g., free or bound) [34, 35]. Immunocapture 
approaches have been developed for extending LC-MS application for these 
purposes.  

Assay Development Considerations

Sensitivity

Assay sensitivity is one of most important considerations in developing 
a PK method for studies across all phases, though the exact requirements 
differ with each study phase. Pre-clinical evaluation is focused on 
establishing the safety and maximal/tolerable dose of the drug. The drug 
efficacy is investigated in late clinic studies. The quantification range of the 

LC-MS

LC-MS is a platform which combines two analytical technologies. LC 
provides a simple method for the physical separation of a target substance 
from the biofluid which contains a complex mixture of components. 
Solubilized analytes in the mobile phase are passed through a column 
packed with the stationary phase which separates the compounds based on 
size, affinity, charge or hydrophobicity. In the interface between LC and MS 
the separated analytes are fragmented and ionized, after which they can 
be identified by MS with high specificity. A major limitation of LC/MS-based 
quantification in comparison to LBAs is the need for sample purification/
extraction and enzyme digestion prior to the analysis. Quantification by MS 
also requires the quantification of selected signature or surrogate peptides 
derived from the pure target analyte to be used as reference standard 
(Figure 2) [23-25]. 

As it is challenging to ensure consistent analyte recovery from each 
step of sample pre-treatment (e.g., extraction and digestion), a constant 
amount of a chemical substance referred to as Internal Standard (IS) is 
spiked into calibration standards, Quality Controls (QCs) and samples. 
The amount of IS in each sample is quantified and used to normalize the 
assay compensating for variations encountered during sample preparation, 
injection and instrumental analysis [26, 27]. A Stable Isotope-Labeled (SIL) 
form of the analyte is usually the preferred choice for the IS since it mimics 
the behavior of the intended analyte in the assay. When the ideal IS (e.g., 
SIL protein) is not available, SIL-peptides or structural analogues of the 
protein analyte can be used as surrogates [28, 29]. With the incorporation 
of IS, the assay accuracy has been significantly improved in LC-MS. Yang 
et al. developed a LC-MS method for quantification of therapeutic proteins, 
demonstrating the accuracy within 15% [30]. Chiu et al. quantified three 
IgG-based drugs (Bevacizumab, Nivolumab and Pembrolizumab) using 

Figure 1. Schematic principles of ligand binding assays.
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assay should be designed to cover the concentrations of most samples. It 
is not recommended to develop an ultra-sensitive method when it is not 
required by the study since this may compromise the assay robustness. 
Additionally, the resulting low ULOQ limit requires sample dilutions, which 
introduces further analytical variability. 

Selectivity/specificity

Selectivity/specificity is the ability of a method to measure an analyte 
in the presence of other potentially interfering or related substances, such 
as rheumatoid factors, a concomitant compound or structurally related 
molecules in test samples. A selectivity/specificity test should be designed 
and performed based on the anticipated levels of an interfering compound 
and analyte estimated from literature and from the study protocol. In LBA, 
the analyte is bound between the capture and the detection reagents. The 
selectivity/specificity of the assay stands and falls with the quality and the 
specificity of the capture and detection reagents used. Antibodies with 
insufficient specificity will bind to other compound, leading to variable levels 
of background signal which poses a major challenge to assay development. 
In LC-MS, the analyte is extracted and digested to the peptide level. A unique 
peptide is identified and selected as signature peptide for quantifying the 
analyte. The non-specific binding related issues does not impair selectivity 
and specificity in LC-MS.

Accuracy and precision

Another major concern for assay development is the accuracy and 
reproducibility of the results. A very sensitive method is of little use for 
bioanalytical purposes, if the measurements are unreliable. Therefore, 
assay validation has to demonstrate that the accuracy and precision of 
the method are within acceptable ranges. Accuracy is the closeness of 
agreement between the reference value and the test results. In bio-analysis, 
the accuracy assessment takes into account a combination of random and 
systematic bias components. Precision is defined as the variability among 
the repeated measurements under stipulated conditions. There are two 
types of precision, including repeatability and reproducibility. Repeatability 
compares results from identical testing conditions, i.e. the experimental 
factors are not changing and thereby do not contribute to the variability. In 
contrast, under reproducibility testing condition, the experimental factors 
vary and contribute to the variability, leading to a greater overall variability 
in the test results.

When evaluating the accuracy and precision of a bioanalytical method, 
QC samples are prepared as reference by spiking analyte into biofluid at 
different levels, including lower Limit of Quantification (LLOQ), Low Quality 
Control (LQC), Medium Quality Control (MQC), high Quality Control (HQC) 
and Upper Limit of Quantification (ULOQ). According to FDA guidance on 
bioanalytical method, LBA requires accuracy and precision to be within 20% 
absolute bias and variation for LQC, MQC and HQC levels, while 25% are 
acceptable for LLOQ and ULOQ. In LC-MS, the testing result is calculated 
by referencing the IS that is normally added in sample preparation phase. 
The incorporation of IS helps to improve the data quality by offsetting lab 
variations (e.g., extraction and pipetting). FDA recommends LC-MS method 
to be within 15% absolute bias and variation for LQC, MQC and HQC levels, 
and within 20% for LLOQ. In both platforms, assay accuracy and precision 
can be compromised when the assay quantification range is inappropriately 
set. For example, when the LLOQ level does not generate significant signal 
to noise ratio or when the ULOQ level is located in the plateau range. 

Recovery

Drug escalation dose is often used in the studies to explore the 
safety and efficacy assessment. This leads to a wide range of the drug 
concentrations which cannot be covered by the assay quantification range. 
Samples are diluted in biofluid or assay buffer until they fall into the validated 
quantification range. Dilution recovery is assessed during validation to 
ensure that the dilution of samples does not impact the analyte recovery in 
the measurement. Recovery samples at the estimated Cmax or 2 × Cmax 
level of the analyte are usually prepared for this assessment. The samples 
should be measured within the acceptable accuracy and precision range 

post dilution. Dilution recovery can be a challenge for both LBA and LC-
MS methods. The analyte may interact with endogenous matrix molecules 
leaving most of the analyte after multiple dilutions in a bound state. This 
results in low analyte recovery in free PK assays. Corrective measures such 
as interference molecules depletion should be considered. To ensure that 
the recovery test responds well in study samples, samples with ultra-high 
drug concentrations should be evaluated in a parallelism test.

Robustness

Robustness is the assay’s capacity to remain unchanged despite 
inevitable variations of method conditions. Robustness tests include critical 
assay conditions (e.g., incubation time and temperature), reagent lots (e.g., 
different batches), and instrument variation (same model but a different 
unit). When establishing a LBA or LC-MS method, the assay condition 
parameters that potentially could be changed during bioanalytical analysis 
should be assessed in the robustness test. While high quality reagents 
are critical for both LBA and LC-MS to produce accurate and reproducible 
results, performance of LBA is more sensitive to changes in assay reagents, 
often even between lots of the same reagent. LBA also requires the labeling 
of capture and detection reagents with functional groups (e.g., Horse 
Radish Peroxidase, SULFO-TAG), thereby harboring additional variability. 
The labeling, handling and storage of the assay reagents are critical to 
control in order to minimize assay variability. The replacement of critical 
assay reagents with a different lot should be avoided across the study, 
especially with LBA. The test results from LC-MS are both reagent- and 
instrument-dependent. Thus, the robustness test of a LC-MS method also 
requires evaluating different instrument units.

Free, bound and total drug

The accurate quantification of large molecule drugs in preclinical or 
clinical studies is important because these drug concentration data reveal 
the relationship between drug exposure and safety or efficacy. In certain 
studies, the availability of drug concentrations in free versus bound state in 
circulation is useful in interpreting PK and PD results and their interactions. 
To better serve the study purposes, bioanalytical assays are designed to 
measure free drug, bound drug and/or total drug. LC-MS is suited best to 
measure total drug concentrations because it is detecting the drug through 
signature peptides whose presence is not affected by binding. Since LBA is 
based on the availability of binding site on the analyte for both capture and 
detection reagents it is commonly used to detect the free drug.

Therapeutic Types and Assay Platform

Oligonucleotide

Oligonucleotides (OGNs) have been developed as therapeutics to treat 
a variety of diseases, including cancer, cystic fibrosis, Alzheimer’s, hepatitis 
B, HPV, Duchenne muscular dystrophy, asthma and inflammatory arthritis. 
Currently there are numerous types of therapeutic OGNs in development, 
including Antisense Oligonucleotides (ASOs), Small Interfering RNAs 
(siRNA) and aptamers [36]. Quantitative Polymerase Chain Reaction 
(qPCR)-based assay, hybridization ligand binding assay, and LC-MS can 
be used to measure OGNs in human plasma, urine or various tissues [37].

In a hybridization LBA, the oligonucleotide drug from the sample is 
hybridized to capture and detection probes. The complimentary design of 
both probes ensures adequate affinity and specificity for their oligonucleotide 
drug. The assay signal comes from the labels on the detection probes. 
Three types of hybridization LBA formats are available, including ligation 
hybridization ELISA, nuclease-based hybridization ELISA, and dual probe 
hybridization ELISA. In ligation hybridization assays the oligonucleotide 
drug is hybridized to a capture probe with an overhang at the 5’ end. The 
overhang binds to the detection probe which is then ligated to the drug 
using T4 DNA ligase. This approach is not desirable for oligonucleotide 
drug with long sequences. Nuclease-based hybridization assays utilize a 
single complementary sequence that serves both as capture and detection 
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probe with biotin on one end and a detection labeled on the other end. 
This approach requires great efforts in labeling and purifying the dual 
labeled molecules. Dual probe hybridization assays detect the drug using 
two separated sequences both complimentary to the drug with biotin and 
detection tag labelled, respectively. As each complementary sequence 
needs sufficient base pairs for effectively and specifically binding, this 
approach may not be applicable to drugs with a short sequence.

One merit of the hybridization LBA is the high throughput made possible 
by excluding a purification step, providing the ability to run hundreds of 
samples per day. LBA equipped with electrochemiluminescence detection 
offers a high degree of sensitivity with Lower Limits of Quantification (LLOQ) 
as low as 10 pg/mL. However, hybridization LBA has poor selectivity for the 
intact drug, especially when dealing with large metabolites of the intended 
target. Contrary to LBA, LC-MS has been demonstrated to provide excellent 
selectivity, but LC-MS does not offer the same degree of assay sensitivity. 
In addition, the LC-MS methods are of low throughput due to the long and 
sophisticated sample extraction procedures. Therefore LC-MS methods are 
less suitable to support late phase clinical trials where the sample count is 
significant.

Protein

Protein-based therapeutics, including monoclonal antibodies (mAB), 
hormones, enzymes, transporters, immune defenders, and receptors are 
very common drugs for medical treatment. The increasing demand of protein 
therapeutics necessitates the development of bioanalytical techniques to 
support the drug development process. LBA and LC-MS methods have 
both been used for bioanalysis of protein drugs (10, 25, 27 and 30). Both 
methods provide decent assay sensitivity, assay selectivity and specificity. 
The method is often selected based on the study purpose (free or total 
drug), availability of reagents and timeline. 

Antibody-Drug Conjugates

Antibody-Drug Conjugates (ADC) are one of the most recent additions 

to the therapeutics class and have demonstrated potential in treating 
cancer [38]. The ideal cancer treatment only targets the cancer cells with 
toxin, leaving the normal cells unharmed. An ADC generally has these 3 
components: a mAb, a cytotoxic payload, and a chemical linker. The mAb 
is a highly selective agent, which allows the ADC to target only cancerous 
cells. The cytotoxic payload is a highly toxic drug, which can damage 
or kill the targeted cells. The combination of these two components, 
through conjugation via a linker, produces a highly selective therapeutic. 
Structural complexity and inherent heterogeneity of ADCs create additional 
challenges for bioanalysis. Both LBA and LC-MS methods have been used 
for ADC bioanalysis [39]. Investigating the metabolism and disposition of 
ADC and interpreting the relationship of exposure-efficacy and exposure-
safety in the context of their various catabolites is important in designing 
and subsequently developing clinically successful ADC. For bioanalytical 
analysis of ADC, the assay should be able to measure intact ADC, total 
antibody, payload and relevant metabolites.

Both LBA and LC-MS methods have been developed and extensively 
employed to perform quantitative analysis of ADCs in biological matrices 
[40]. LBAs, relying on capture and detection reagents to bind to the different 
components of ADC, have been widely used for measuring intact ADC and 
total antibody. LBA, however, has a very limited capability for payload 
quantification as the payload is typically a small molecule compound and 
LBA reagents for such compounds are lacking. On the other hand, LC-MS 
is well accepted as method for the accurate and precise quantification 
of ADCs for bioanalysis. In addition, LC-MS can measure the payload. 
By sequencing signature peptides, LC-MS is capable of measuring both 
payload and mAb moieties [41]. The incapability of high assay sensitivity 
limits its application in certain studies.

Bispecific antibodies

Recently the development of bispecific antibodies as therapeutic 
agents has showed clinical potential for disease intervention. Unlike regular 

Therapeutic 
Type

Assay Method Strengths Limitations

Oligonucleotides Hybridization LBA 
[43-45]

•	 Excellent sensitivity for large OGNs (> 20 
meters)

•	 Little or no sample cleanup required
•	 High throughput

•	 Needs specific reagents
•	 Relatively narrow assay quantification range 

(20 fold -50 fold)
•	 Lack of metabolite information

LC-MS [46-48] •	 Excellent specificity, precision and accuracy
•	 Large assay quantification range
•	 No specific reagents required

•	 Lack of sensitivity
•	 requires intensive sample cleanup
•	 Low throughput

Proteins LBA [49,50] •	 Excellent sensitivity
•	 No purification step

•	 Potential cross-reactivity between antibodies 
in a multiplexed immunoassay

•	 Needs specific reagents
LC-MS [51-53] •	 Generally acceptable sensitivity

•	 Excellent specificity, precision and accuracy
•	 Complex sample preparation
•	 Low throughput

ADCs LBA [54,55] •	 Excellent sensitivity
•	 No purification step
•	 High throughput

•	 Unable to measure payload, the drug to antibody 
ratio (DAR) or the overall drug load

•	 Lack of structural/sequence 
information of the ADCs

•	 Limited multiplexing capability
•	 Needs specific reagents

LC-MS [56-58] •	 Able to provide ADC analyte structure 
Information

•	 Could be highly multiplexed;

•	 Relatively low sensitivity for intact ADC 
analysis

•	 Lower throughput due to additional steps such 
as proteolytic digestion and chromatographic 
separation requiring samples to be injected one at 
a time

Bispecifics LBA [59-61] •	 Excellent sensitivity
•	 Detects the intact molecule

•	 Need specific reagents
•	 Lack of metabolite information

LC-MS [51,62,63] •	 Generally acceptable sensitivity
•	 Excellent specificity, precision and accuracy

•	 difficult to simultaneously detect two functional 
domains

Table 1. the bioanalytical comparison of LBA and LC-MS.
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antibody therapeutics, bispecifics are recombinant antibodies that can 
simultaneously recognize two different antigens [42].

Both LBA and LC-MS have been employed to quantitate bispecific 
antibodies. In LBA, the capture and detection reagents are designed to 
bind to the different binding arms of a bispecific antibody. This ensures 
that the assay signal is coming from the intact molecule, rather than from 
its metabolites. LC-MS is designed to bind one arm of a bispecific Ab and 
select signature peptides specific for the other arm. The assay development 
should consider the study need, availability of reagents and the selection of 
signature peptide (Table 1).

Conclusion

The complexity and diversity of large-molecule therapeutic agents under 
development require an optimized use of bioanalytical assay platforms to 
support the pharmacokinetic studies from early discovery to preclinical 
and clinical phases. In this paper, both LBA and LC-MS, the two major 
bioanalytical assay platforms, have been reviewed and their strengths and 
limitations comparatively summarized in the table above. The key assay 
parameters have been discussed and recommendations have been given 
on both platforms in the context of different types of therapeutic molecules.

References
1.	 Jang Garemsa, Harris Ranxzas and Lau Deutemo. “Pharmacokinetics and its 

role in small molecule drug discovery research.” Medicinal Research Reviews 
21 (2001): 382-396.

2.	 Pandey, Saurabh, Preeti Pandey, Gaurav Tiwari, and Ruchi Tiwari, et al. 
“Bioanalysis in drug discovery and development.” Pharm Methods 1 (2010): 
14-24. 

3.	 Reichel, Andreasand, Philip Lienau. “Pharmacokinetics in Drug Discovery: An 
Exposure-Centred Approach to Optimising and Predicting Drug Efficacy and 
Safety.” Handb Exp Pharmacol 232 (2016): 235-260.

4.	 BE, Gidal, Jacobson MP, Ben Menachem E and Carreno M, et al. “Exposure 
safety and efficacy response relationships and population pharmacokinetics of 
eslicarbazepine acetate.” Acta Neurol Scand 138 (2018): 203-211.

5.	 Hulme, Edward C and Mike A Trevethick.: Ligand binding assays at equilibrium: 
validation and interpretation.” Br J Pharmacol 161 (2010): 1219-1237.

6.	 RC, Pillutla. “Ligand-Binding Assays: Development, Validation and Implementation 
in the Drug Development Arena.” Bioanalysis 3 (2011): 271-273.

7.	 Soderstrom, Catherine I, Franklin P Spriggs, Wei Song and Sarah Burrell, et al.. 
“Comparison of four distinct detection platforms using multiple ligand binding assay 
formats.” Journal of Immunological Methods 371 (2011): 106-113.

8.	 Leary, Beth A, Rosemary Lawrence-Henderson, Carolyn Mallozzi and Mireia 
Fernandez Ocaña, et al. “Bioanalytical platform comparison using a generic 
human IgG PK assay format.” Journal of Immunological Methods 397 (2013): 
28-36.

9.	 Fraser, Stephanie, Mark Dysinger, Catherine Intrieri Soderstrom and Max 
Kuhn, et al. “Active glucagon-like peptide quantitation in human plasma: 
A comparison of multiple ligand binding assay platforms.” Journal of 
Immunological Methods 407 (2014): 76-81.

10.	 Zafra, Órpez T, Pavía J, Pinto-Medel MJ and Hurtado-Guerrero I, et al. 
“Development and validation of an ELISA for quantification of soluble IFN-β 
receptor: assessment in multiple sclerosis.” Bioanalysis 7 (2015): 2869-2880.

11.	 Darwish, Ibrahim, Mona M Alshehri and Manal A. El-Gendy. “Development of 
New ELISA with High Sensitivity and Selectivity for Bioanalysis of Bevacizumab: 
A Monoclonal Antibody Used for Cancer Immunotherapy.” Current Analytical 
Chemistry 14 (2018): 174-181.

12.	 Desvignes, Céline, Soujanya R Edupuganti, François Darrouzain and Anne-
Claire Duveau, et al. “Development and validation of an enzyme-linked 
immunosorbent assay to measure adalimumab concentration.” Bioanalysis 7 
(2015): 1253-1260.

13.	 Tremblay, Guy A, and Philip R Oldfield. “Bioanalysis of siRNA and 

oligonucleotide therapeutics in biological fluids and tissues.” Bioanalysis 1 
(2009): 595-609.

14.	 Ramesh, KK, Xiavour S, Latha S and Kumar V, et al. “Anti-Human IgG-
Horseradish Peroxidase Conjugate Preparation and its Use in ELISA and 
Western Blotting Experiments.” J Chromat Separation Techniq 05 (2014): 1-20.

15.	 Magnarelli, LA, J M Meegan, J F Anderson and W A Chappell, et al. 
“Comparison of an indirect fluorescent-antibody test with an enzyme-linked 
immunosorbent assay for serological studies of Lyme disease.” J Clin Microbiol 
20 (1984): 181-184.

16.	 Farrell, CD, Rowell FJ and Cumming RH. “A rapid fluorescence ELISA for 
ceftazidime.” Analytical Proceedings including Analytical Communications 32 
(1995): 205-206.

17.	 Meina Liang, Scott L Klakamp, Cherryl Funelas and Hong Lu, et al. “Detection 
of High- and Low-Affinity Antibodies against a Human Monoclonal Antibody 
Using Various Technology Platforms.” ASSAY and Drug Development 
Technologies 5 (2007): 655-662.

18.	 K, Morioka, Fukai K, Sakamoto K and Yoshida K, et al. “Evaluation of 
Monoclonal Antibody-Based Sandwich Direct ELISA (MSD-ELISA) for Antigen 
Detection of Foot-and-Mouth Disease Virus Using Clinical Samples” PLOS 
ONE 9 (2014): e94143.

19.	 Mora, Johanna R, Linda Obenauer-Kutner and Vimal Vimal Patel. “Application 
of the Gyrolab™ platform to ligand-binding assays: a user’s perspective.” 
Bioanalysis 2 (2010): 1711-1715.

20.	 Liu, Xiaodong F, Xun Wang, Roni J Weaver and Laurelle Calliste, et al. 
“Validation of a gyrolab™ assay for quantification of rituximab in human serum.” 
Journal of Pharmacological and Toxicological Methods 65 (2012): 107-114.

21.	 Mikulskis, Alvydas, Dave Yeung, Meena Subramanyam and Lakshmi 
Amaravadi, et al. “Solution ELISA as a platform of choice for development of 
robust, drug tolerant immunogenicity assays in support of drug development.” 
Journal of Immunological Methods 365 (2011): 38-49.

22.	 Fraley, Kristy J, Lee Abberley, Charles S Hottenstein and John J Ulicne, et al. 
“The Gyrolab™ immunoassay system: a platform for automated bioanalysis 
and rapid sample turnaround.” Bioanalysis 5 (2013): 1765-1774.

23.	 Jemal, M. “High-throughput quantitative bioanalysis by LC/MS/MS.” Biomed 
Chromatogr 14 (2000): 422-429.

24.	 Van de Merbel, Nico C. “Protein quantification by LC–MS: a decade of progress 
through the pages of Bioanalysis. Bioanalysis 11 (2019): 629-644.

25.	 Kang, Lijuan, Naidong Weng and Wenying Jian. “LC-MS bioanalysis of intact 
proteins and peptides.” Biomed Chromatogr (2019): 346: e4633.

26.	 Hsuan Chiu, Huai, Hsiao-Wei Liao, Yu-Yun Shao and Yen-Shen Lu, et al. 
“Development of a general method for quantifying IgG-based therapeutic 
monoclonal antibodies in human plasma using protein G purification coupled 
with a two internal standard calibration strategy using LC-MS/MS.” Analytica 
Chimica Acta (2018): 1019: 93-102.

27.	 Bronsema, Kees J, Rainer Bischoff and Nico C van de Merbel, et al. “Internal 
standards in the quantitative determination of protein biopharmaceuticals 
using liquid chromatography coupled to mass spectrometry.” J Chromatogr B 
Analyt Technol Biomed Life Sci (2012);893-894: 1-14.

28.	 Yang, E, Wang S, Kratz J and Cyronak MJ, et al. “Does a stable isotopically 
labeled internal standard always correct analyte response: A matrix effect 
study on a LC/MS/MS method for the determination of carvedilol enantiomers 
in human plasma.” Journal of Pharmaceutical and Biomedical Analysis 43 
(2007): 701-707.

29.	 Wieling, J. “LC-MS-MS experiences with internal standards.” Chromatographia 
55 (2002): S107-S13.

30.	 Yang, Ziping, Michael Hayes, Xinping Fang and Michael P Daley, et al. “LC−
MS/MS Approach for Quantification of Therapeutic Proteins in Plasma Using a 
Protein Internal Standard and 2D-Solid-Phase Extraction Cleanup.” Analytical 
Chemistry 79 (2017): 9294-9301.

31.	 Heudi, Olivier, Samuel Barteau, Dieter Zimmer, Joerg Schmidt, et al. “Towards 
absolute quantification of therapeutic monoclonal antibody in serum by LC-
MS/MS using isotope-labeled antibody standard and protein cleavage isotope 
dilution mass spectrometry.” Anal Chem 80 (2008): 4200-4207.

32.	 Rauh, Manfred. “LC-MS/MS for protein and peptide quantification in clinical 



J Bioanal Biomed, Volume 12:3, 2020Zhang X, et al.

Page 6 of 6

chemistry.” J Chromatogr B Analyt Technol Biomed Life Sci (2012); 883-884: 
59-67.

33.	 Dubois, Mathieu, François Fenaille, Gilles Clement and Martin Lechmann, et 
al.” Immunopurification and Mass Spectrometric Quantification of the Active 
Form of a Chimeric Therapeutic Antibody in Human Serum.” Analytical 
Chemistry 80 (2008): 1737-1745.

34.	 Wang, Yan, Ying Qu, Chris L Bellows and John S Ahn, et al. “Simultaneous 
quantification of davalintide, a novel amylin-mimetic peptide, and its active 
metabolite in beagle and rat plasma by online SPE and LC-MS/MS.” 
Bioanalysis 4 (2012): 2141-2152.

35.	 Blackburn, Michael. “Advances in the quantitation of therapeutic insulin 
analogues by LC-MS/MS.” Bioanalysis 5 (2013): 2933-2946.

36.	 Takakura,, Kazuki Atsushi Kawamura, Yuichi Torisu and Shigeo Koido, et al. 
“The Clinical Potential of Oligonucleotide Therapeutics against Pancreatic 
Cancer.” Int J Mol Sci 20 (2019): 3331.

37.	 McGinnis, Cary A, Buyun Chen and Michael G Bartlett. “Chromatographic 
methods for the determination of therapeutic oligonucleotides.” J Chromatogr 
B Analyt Technol Biomed Life Sci (2012);883-884: 76-94.

38.	 Alitappeh, Abdollahpour M, Majid Lotfinia, Tohid Gharibi and Jalal Mardaneh, 
et al. “Antibody-drug conjugates (ADCs) for cancer therapy: Strategies, 
challenges, and successes.” J Cell Physiol 234 (2019): 5628-5642.

39.	 Faria, Morse, Marlking Peay, Brandon Lam and Eric Ma, et al. “Multiplex 
LC-MS/MS Assays for Clinical Bioanalysis of MEDI4276, an Antibody-
Drug Conjugate of Tubulysin Analogue Attached via Cleavable Linker to a 
Biparatopic Humanized Antibody against HER-2.” Antibodies 8; (2019) (1): 11.

40.	 Myler, Heather, Vangipuram S Rangan, Alex Kozhich and Brian Hoffpauir, et al. 
“Validation of an integrated series of ligand-binding assays for the quantitative 
determination of antibody-drug conjugates in biological matrices.” Bioanalysis 
8 (2016): 519-531.

41.	 Rago, Brian, Tracey Clark, Lindsay King and Jenny Zhang, et al. “Calculated 
conjugated payload from immunoassay and LC-MS intact protein analysis 
measurements of antibody-drug conjugate.” Bioanalysis 8 (2016): 2205-2217.

42.	 Labrijn, Aran F, Maarten L Janmaat, Janice M Reichert and Paul WHI Parren, 
et al. “Bispecific antibodies: a mechanistic review of the pipeline.” Nat Rev 
Drug Discov 18 (2019): 585-608.

43.	 Neubert, Hendrik, An Song, Anita Lee and Cong Wei, et al. “2017 White Paper on 
recent issues in bioanalysis: rise of hybrid LBA/LCMS immunogenicity assays 
(Part 2: hybrid LBA/LCMS biotherapeutics, biomarkers & immunogenicity 
assays and regulatory agencies’ inputs).” Bioanalysis 9 (2017): 1895-1912.

44.	 Lee, Hyeon Se, Jianlin Wang, Lu Tian and Hongmei Jiang, et al. “Sensitivity of 
70-mer oligonucleotides and cDNAs for microarray analysis of gene expression 
in Arabidopsis and its related species.” Plant Biotechnol J 2 (2004): 45-57.

45.	 Fenart, Stephane, Malika Chabi, Sophie Gallina and Rudy Huis, et al. “Intra-
platform comparison of 25-mer and 60-mer oligonucleotide Nimblegen DNA 
microarrays.” BMC Res Notes (2013): 6: 43.

46.	 Ewles, Matthew, Lee Goodwin, Anneliese Schneider and anja Rothhammer-
Hampl, et al. “Quantification of oligonucleotides by LC–MS/MS: the challenges 
of quantifying a phosphorothioate oligonucleotide and multiple metabolites.” 
Bioanalysis 6 (2014): 447-464.

47.	 Van Dongen, William D and Wilfried M A Niessen. “Bioanalytical LC–MS of 
therapeutic oligonucleotides.” Bioanalysis 3 (2011): 541-564.

48.	 John Lin, Zhongping, Wenkui Li and Guowei Dai. “Application of LC–

MS for quantitative analysis and metabolite identification of therapeutic 
oligonucleotides.” Journal of Pharmaceutical and Biomedical Analysis 44 
(2007): 330-341.

49.	 Mora, Johanna, Allison Given Chunyk, Mark Dysinger and Shobha 
Purushothama, et al. “Next Generation Ligand Binding Assays-Review of 
Emerging Technologies’ Capabilities to Enhance Throughput and Multiplexing.” 
The AAPS Journal 16 (2014): 1175-1184.

50.	 Khushalrao, Lokesh T, Rangari N and Mahajan U. “A Review on Bioanalytical 
Method Development and Validation.” Asian Journal of Pharmaceutical and 
Clinical Research 9 (2016): 6-10.

51.	 Broek, Van den I, Niessen WMA and Van Dongen WD. “Bioanalytical LC–
MS/MS of protein-based biopharmaceuticals.” Journal of Chromatography 
(2013);B929: 161-179.

52.	 Chen, Guodong, and Birendra N Pramanik “LC-MS for protein characterization: 
current capabilities and future trends.” Expert Review of Proteomics 5 (2008): 
435-444.

53.	 Ewles, Matthew, and Lee Goodwin. “Bioanalytical approaches to analyzing 
peptides and proteins by LC–MS/MS.” Bioanalysis 3 (2011): 1379-1397.

54.	 Stephan, Jean Philippe, Katherine R Kozak and Wai Lee T Wong. “Challenges 
in developing bioanalytical assays for characterization of antibody–drug 
conjugates.” Bioanalysis 3 (2011): 677-700.

55.	 Kumar, Seema, Lindsay E King and Tracey H Clark. “Antibody–drug 
conjugates nonclinical support: from early to late nonclinical bioanalysis using 
ligand-binding assays.” Bioanalysis 7 (2015): 1605-1617.

56.	 Van den Broek, Irene, and William D van Dongen. “LC–MS-based quantification 
of intact proteins: perspective for clinical and bioanalytical applications.” 
Bioanalysis 7 (2015): 1943-1958.

57.	 Rousset, Wagner E, Janin-Bussat MC, Colas O and Excoffier M, et al. 
“Antibody-drug conjugate model fast characterization by LC-MS following IdeS 
proteolytic digestion.” mAbs 6 (2014): 173-184.

58.	 Shen, Jim X, Guowen Liu and Yue Zhao. “Strategies for improving sensitivity 
and selectivity for the quantitation of biotherapeutics in biological matrix using 
LC-MS/MS.” Expert Review of Proteomics 12 (2015): 125-131.

59.	 Lee, Jean W, Yow-Ming Wang, Michael Moxness and Binodh DeSilva, 
et al. “Bioanalytical considerations in the comparability assessment of 
biotherapeutics.” Bioanalysis 3 (2011): 613-622.

60.	 Clark, Tracey H and Lindsay E King “Discovery biotherapeutics bioanalysis: 
challenges and possible solutions.” Bioanalysis 4 (2012): 1003-1007.

61.	 Ma, Mark,Kelly Colletti, Tong-Yuan Yang and Sheldon Leung, et al. 
“Bioanalytical challenges and unique considerations to support pharmacokinetic 
characterization of bispecific biotherapeutics.” Bioanalysis 11 (2019): 427-435.

62.	 Yang, Xiaoyu, Ying Zhang, Fengqiang Wang and Larry Jin Wang, et al. 
“Analysis and purification of IgG4 bispecific antibodies by a mixed-mode 
chromatography.” Analytical Biochemistry (2015);484: 173-179.

63.	 Woods, Jeremy R, Michael Hongwei Xie, Thomas Spreter Von Kreudenstein 
and Gordon YK Ng, et al. “LC-MS characterization and purity assessment of a 
prototype bispecific antibody.” mAbs 5 (2013): 711-722.

How to cite this article: Linglong Zou, Xiaolong Zhang, Zhaoyang Zhang and 
Weiping Shao, et al. "A Review on LBA and LC-MS Platforms for Supporting 
Large Molecule Pharmacokinetics Bioanalysis". J Bioanal Biomed 11 (2020) 
doi: 10.37421/jbabms.2020.12.227


