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Antibody-drug conjugate (ADC) consists of a cytotoxic drug covalently bound to a monoclonal
antibody via a linker. Because of the complexity of ADC structure unique bioanalytical strategies are needed to identify, characterize and quantify the ADC species most relevant to safety
and efficacy. ADC bioanalysis need an integrated bioanalytical approach including ligand-binding assay (LBA) and LC-MS based assays to provide comprehensive characterization of the
exposure/response relationship. This mini-review will summarize recent publications on ADC
bioanalytical strategies and will focus on the publications within last three years on the advancement of hybrid ligand-binding/LC-MS methods for ADC PK and stability evaluation and for
intact ADC-DAR distribution measurement to profile ADC biotransformation and catabolism.
Special attention is paid to the publications on selection of ADC analytes, assay platforms and
DAR characteristics of LBA as well as on the transition of the bioanalytical testing strategy at
different phases of clinical development.
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Introduction
This article reviews the recent development and trends
in antibody-drug conjugate (ADC) bioanalytical strategy
and practices with a focus on the literature in last three
years.

gies of ADC bioanalysis. There are three key points from
these milestone publications on ADC bioanalysis:
1. These articles outline the bioanalytical strategies
to measure three PK analytes for non-clinical and
clinical studies: total antibody, conjugated-antibody
or antibody conjugated-drug, and free drug and its
metabolites using ligand-binding, LC-MS or hybrid
ligand-binding LC-MS assays [1,2]. They also point
out that the analytes measured for a particular ADC
could vary and the number of analytes could possibly be reduced late in clinical development.
2. Drug-to-antibody ratio (DAR) in vivo may change
due to deconjugation and/or different clearance
rates. The total-antibody and conjugated-antibody
assay should measure different DAR species equally
without DAR bias. DAR bias or DAR sensitivity has
been the most challenging and debated topic in ADC
bioanalytical assays.
3. Affinity capture LC-MS measurement of intact
ADCs to characterize DAR distribution change in
vitro and in vivo is important to understanding ADC
biotransformation in developing ADCs.

ADC bioanalytical strategies
With the US FDA approval of Adcetris® (brentuximab
vedotin) in 2011 and Kadcyla® (ado-transtuzumab emtansine) in 2013, antibody-drug conjugate (ADC) has
been a hot topic in industry. Because of the complexity
of an ADC, combining monoclonal antibody and small
molecule toxin, its bioanalysis has seen unprecedented
amount of discussion compared to other drug modalities. Two review articles, Stephan et al. [1] and Kaur et
al. [2], and an AAPS Drug Conjugate Working Group
position paper [3] best describe the challenges and strateCorrespondence:
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ADC bioanalysis was also outlined in a recent industry
white paper on ADME (Absorption, Distribution, Metabolism, Excretion) characterization of ADCs [4] and a
review of ADC analytical characterization by mass spectrometry [5]. It is fair to say that all literature and conference discussions and evolution on ADC bioanalysis
in recent years have been around the topics of selection
of analytes, DAR characteristics of the assay, and choice
of assay platform (LBA or hybrid). Significant progress
has been made in the increased applications and an improved understanding of various hybrid ligand-binding/
LC-MS assays for ADC biotransformation profiling and
PK (Pharmacokinetics) quantitation over last two-three
years.

curve of DAR 3 material. The assay has been applied
to PK sample analysis in a GLP cyno toxicology study.
Sanderson et al. [7] described a new version of the conjugated-drug assay for valine-citrulline-linked monomethyl
auristatin E (vcMMAE) ADCs. Protein A affinity capture and solid-phase cleavage was used to assess the difference in ex vivo drug-linker stability of native-cysteine
versus engineered cysteine ADCs. They found that papain, a more widely available and inexpensive protease,
could replace cathepsin B and cleave dipeptide linkers
and was used successfully in this assay. Wang et al. [8]
published strategies and methodology of antibody-drug
conjugate bioanalysis using ligand binding/LC-MS hybrid assays and discussed its correlation to ligand-binding assays. A series of ligand-binding and LC-MS hybrid
assays, through different combinations of anti-idiotype
(anti-id), anti-payload, or generic capture reagents, and
cathepsin B or trypsin enzyme digestion, were developed
and evaluated for the analysis of conjugated-payload as
well as analyte species that are traditionally measured by
ligand-binding assays: total-antibody and conjugated-antibody. Specific versus generic immuno-capture methodologies were compared for conjugated-payload assays in
preclinical and clinical studies. Immuno-capture hybrid
conjugated-antibody assays were compared and found
to be DAR insensitive using (AssayMAP) cartridge and
DAR sensitive using magnetic-beads when the same anti-payload capture reagent was used.

Hybrid ligand-binding/LC-MS assays
Conjugated-drug assay for ADC PK
Though discussed in the review articles [1,2], standalone
articles fully devoted to conjugated-drug using immuno-capture LC/MS approach did not appear in publication until 2015. Over the last two years, there has been
some breakthroughs in developing methodology for
measuring conjugated-drug for use in ADC PK. Liu et
al. [6] reported the assay development, validation and a
case study for the quantitative bioanalysis of a conjugated-drug in cynomolgus monkey plasma using a hybrid immuno-capture, cathepsin B cleavage, LC/MS assay for a
microtubule polymerization inhibitor with lysine random
conjugation through a protease cleavable linker. The immuno-capture was conducted on AssayMAP streptavidin
cartridge coated with the anti-idiotype capture reagent
operated on an Agilent AssayMAP BRAVO system (Agilent Technologies, Wakefield, MA, USA). Immuno-capture and cathepsin B cleavage were optimized in the assay. The ability of the assay to differentiate species based
on DAR characteristics was evaluated and the assay was
determined to be DAR proportional using enriched DAR
2 and 4 reference materials measured against the standard

DAR distribution-intact ADC measurement
Affinity (immuno-)capture LC-MS based assays in ADC
bioanalysis were initially used to characterize intact
ADCs by high resolution accurate mass measurement.
The pioneering publications were by Xu et al. [9,10]. The
affinity capture coupled with LC-MS or hydrophobic interaction chromatography (HIC) enabled measurement
of the relative abundance of individual ADC species
with different drug-to-antibody ratios for all three main
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drug conjugation platforms, linked via lysine, site-specific engineered cysteine or reduced inter-chain disulfide
cysteine residues. The data provided critical mechanistic
insights into ADC stability in vivo. Following these early
publications Hengel et al. [11] reported the measurement
of in vivo drug load distribution of cysteine-linked ADC
using microscale LC-MS. It was the first native LC-MS
bioanalytical method of cysteine-linked ADCs for in vivo
samples. ADC analytical characterization was described
in a similar article published by Debaene et al. [12] on
innovative native MS methodologies for ADC characterization: high resolution native MS and ion mobility (IM)MS for average DAR and DAR distribution assessment.
New publications in 2016 demonstrated advancement in
methodology and application of in vivo ADC DAR distribution assays. Su et al. [13] reported a custom-designed
affinity capture LC-MS F(ab’)2 assay for biotransformation assessment of site-specific ADCs. For the site-specific ADCs conjugated in the Fab region, the newly developed assay incorporated affinity capture of human lgGs
via binding to the Fab region, followed by on-bead IdeS
digestion to remove the Fc domain. The profiling of the
resulting F(ab’)2 fragment had improved sensitivity and
resolution over previous methodologies. The reduced
and optimized sample preparation time also minimized
assay artifacts that resulted from ex vivo drug metabolism.
Excoffier et al. [14] reported a new anti-human Fc method to capture and analyze ADCs for characterization of
drug distribution and the drug-to-antibody ratio (DAR)
in serum from pre-clinical species. The method profiled
ADC DAR distribution with inter-chain disulfide bonds
reduced after anti-human Fc capture. The article claimed
that the method is universal and can be used to analyze
stability of virtually all ADCs in serum for pre-clinical
studies. One clarification is that the method may only be
used for ADCs conjugated at a site-specific engineered
cysteine or at a reduced inter-chain disulfide bond. The
article also claimed good correlation of average DAR
profile calculated from the DAR distribution assay comparing with the profile as the ratio of ADC (conjugated-antibody) and total-antibody measured from LBAs.
Caution is needed about this comparison and correlation
when the DAR characteristics of the ADC and total-antibody LBAs are unclear. One interesting article from
Rago et al. [15] is on calculated conjugated-drug from
immunoassay and LC-MS intact protein measurements
of ADC. Their method consisted of an anti-human Fc
immuno-capture of inter-chain disulfide bonds conjugated ADC followed by LC-MS analysis of the light and
heavy chains. The PK profile of ADC (conjugated-antibody) measured using a ligand-binding assay and that
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of calculated conjugated payload (DAR x total-antibody)
were in good agreement. The methodology is a useful
tool for PK assessment while exploring ADC metabolism and stability in discovery.
ADC catabolism and in vivo biotransformation
Saad et al. [16] evaluated different bioanalytical approaches to qualitatively and quantitatively characterize ADC
catabolites using examples from Kadcyla® (T-DM1) and
a THIOMAB™ ADC to illustrate the process. Tumey et
al. [17] reported a survey of various types of biotransformation events that have been elucidated in recent years
to demonstrate the importance of having a thorough understanding of the structural integrity of the linker, the
payload and the conjugation site during biological exposure for linker-payload design and optimization.
Ligand-binding assays (LBA) for ADC PK
In addition to the discussion in the review articles [1-3]
one well-accepted opinion is that the assay format, using
different combination of capture and detection reagents,
could affect the DAR characteristics of total-antibody
and conjugated-antibody assays and hence the PK parameters [18,19]. Ideally, a DAR insensitive ADC conjugated-antibody assay is preferred [1-3,20]. Three recent
articles brought a different perspective for the preference
on DAR sensitivity of conjugated-antibody assays [2123]. Kumar et al. [21] proposed to develop DAR sensitive
conjugated-antibody assays during early Discovery and
DAR insensitive conjugated-antibody assays from IND
(Investigational New Drug) enabling toxicology studies
and into clinical development stage. Myler et al. [22,23]
proposed DAR sensitive conjugated-antibody assay be
used throughout the entire ADC discovery and development stages when safety and efficacy are antibody mediated and DAR dependent.
Sanderson et al. [7] pointed out that the conjugated-drug
assay is by nature sensitive to the drug-loading level of
the ADC while the conjugated antibody assay can be
configured to be insensitive to the drug-loading level or
alternatively it can be configured to be sensitive to the
drug-loading level. For a conjugated antibody assay to
be truly quantitative for drug loading, the assay response
must be exactly proportional to the drug load, which may
be challenging for assay development. Wang et al. [8] concluded that fully DAR proportional conjugated-antibody
LBA is equivalent to the hybrid ligand-binding/LC-MS
conjugated-drug assay.
Conclusion
Despite a significant improved understanding of ADC
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bioanalytical requirements and advancement of ADC
bioanalytical technologies, there is no industry consensus
for a few key factors in ADC PK measurement:
1. Selection of conjugated-antibody or conjugated-drug
as the ADC conjugate for pre-clinical and clinical PK
measurement.
2. Which conjugated-antibody assay, DAR sensitive or
insensitive, correlate more closely with ADC clinical
efficacy and safety and is the preferred analyte at different stages of ADC development?
3. Which assay platform is preferred when two assays
are equivalent, e.g., a fully DAR proportional conjugated-antibody in an LBA or a hybrid ligand-binding/LC-MS conjugated-drug assay?
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These topics and different perspectives were discussed
extensively in the overviews provided by Kaur et al. [2]
and Gorovits et al. [3] and the research reports from Kumar et al. [21] and Wang et al. [8] as well as in special reports [24-26]. Different bioanalytical strategies, e.g., stage
specific [21, 27] or discovery and development integrated
[8] for ADC PK were proposed. We are looking forward
to seeing these questions be thoroughly discussed in conferences and literature in the years to come and believe
an industry-wide harmonization will be achieved in the
near future.

10.

11.

12.

References
1. Stephan JP, Kozak KR, Wong WL. Challenges in developing bioanalytical assays for characterization of
antibody-drug conjugates. Bioanalysis 3(6), 677-700
(2011).
2. Kaur S, Xu K, Saad OM et al. Bioanalytical assay
strategies for the development of antibody–drug
conjugate biotherapeutics. Bioanalysis 5(2), 201–226
(2013).
3. Gorovits B, Alley SC, Bilic S et al. 2011 Bioanalysis
of antibody–drug conjugates: American Association of Pharmaceutical Scientists Antibody–Drug
Conjugate Working Group position paper. Bioanalysis 5(9), 997–1006 (2013).
4. Kraynov E, Kamath AV, Walles M et al. Current
Approaches for ADME Characterization of Antibody-Drug Conjugates: An Industry White Paper.
Drug Metab Dispos 44, 617-623 (2016).
5. Beck A, Terral G, Debaene F et al. Cutting-edge
mass spectrometry methods for the multi-level
structural characterization of antibody-drug conjugates. Expert Rev Proteomics 13(2), 157-183 (2016).
6. Liu A, Kozhich A, Passmore D et al. Quantitative
bioanalysis of antibody-conjugated payload in mon-

13.

14.

15.

16.

17.
29

key plasma using a hybrid immuno-capture LC–MS/
MS approach: Assay development, validation, and a
case study. J of Chromatogr B 1002, 54-62 (2015).
Sanderson RJ, Nicholas ND, Baker Lee C et al. Antibody-conjugated drug assay for protease-cleavable
antibody-drug conjugates. Bioanalysis 8(1), 55-63
(2016).
Wang J, Gu H, Liu A et al. Antibody-drug conjugate bioanalysis using LB-LC-MS/MS hybrid assays: strategies, methodology and correlation to
ligand-binding assays. Bioanalysis 8(13), 1383-1401
(2016).
Xu K, Liu L, Saad OM et al. Characterization of intact antibody-drug conjugates from plasma/serum
in vivo by affinity capture capillary liquid chromatography-mass spectrometry. Anal Biochem 412,
56-66 (2011).
Xu K, Liu L, Dere R et al. Characterization of
the drug-to-antibody ratio distribution for antibody-drug conjugates in plasma/serum. Bioanalysis
5(9), 1057-1071 (2013).
Hengel SM, Sanderson R, Valliere-Douglass J et al.
Measurement of in vivo drug load distribution of
cysteine-linked antibody-drug conjugates using microscale liquid chromatography mass spectrometry.
Anal Chem 86, 3420-3425 (2014).
Debaene F, Boeuf A, Wagner-Rousset E et al. Innovative native MS methodologies for antibody drug
conjugate characterization: high resolution native
MS and IM-MS for average DAR and DAR distribution assessment. Anal Chem 86, 10674-10683
(2014).
Su D, Ng C, Khosraviani M et al. Custom-designed
affinity capture LC-MS F(ab’)2 assays for biotransformation assessment of site-specific antibody drug
conjugates. Anal Chem 88, 11340-11346 (2016).
Excoffier M, Janin-Bussat MC, Beau-Larvor C et al.
A new anti-human Fc method to capture and analyze ADCs for characterization of drug distribution and the drug-to-antibody ratio in serum from
pre-clinical species. J of Chromatogr B 1032, 149154 (2016).
Rago B, Clark T, King L et al. Calculated conjuagted
payload from immunoassay and LC-MS intact protein analysis measurements of antibody-drug conjugate. Bioanalysis 8(21), 2205-2217 (2016).
Saad OM, Shen BQ, Xu K et al. Bioanalytical approaches for characterizing catabolism of antibody-drug conjugates. Bioanalysis 7(13), 1583-1604
(2015).
Tumey LN, Rago B, Han X. In vivo biotransforma-

WANG J							

18.

19.

20.

21.

22.

23.

24.

25.
26.
27.

J. APPL. BIOANAL

Funding/Manuscript writing assistance:
The author has no financial support or funding to report
and he also declared that no writing assistance was utilized in the production of this article.

tion of antibody-drug conjugates. Bioanalysis 7(13),
1649-1664 (2015).
Stephan JP, Chan P, Lee C et al. Anti-CD22-MCCDM1 and MC-MMAF conjuagtes: impact of assay
formation on pharmacokinetic parameters determination. Bioconj Chem 19, 1673-1683 (2008).
Kozak KR, Tsai SP, Fourie-O’Donohue A et al. Total antibody quantitation for MMAE-conjugated antibody-drug conjugates: impact of assay format and
reagents. Bioconjugate Chem 24(5), 772-779 (2013).
Dere R, Yi JH, Lei C et al. PK assays for antibody-drug conjugates: case study with ado-trastuzumab emtansine. Bioanalysis 5(9), 1025-1040
(2013).
Kumar S, King LE, Clark TH. Antibody-drug conjugates nonclinical support: from early to late nonclinical bioanalysis using ligand-binding assays. Bioanalysis 7(13), 1605-1617 (2015).
Myler H, Rangan VS, Kozhich A et al. Validation of
an integrated series of ligand binding assays for the
quantitative determination of antibody drug conjugate in biological matrices. Bioanalysis 8(6), 519-531
(2016).
Myler H, Rangan VS, Wang J et al. An integrated
multiplatform bioanalytical strategy for antibody–
drug conjugates: a novel case study. Bioanalysis
7(13), 1569-1582 (2015).
Rangan SV, Myler H, Kozhich A et al. Biotransformation and stability of antibody–drug conjugates:
payload metabolism and linker cleavage delineation.
Bioanalysis 7(11), 1319-1323 (2015).
Kaur S. Bioanalysis special focus issue on antibody-drug conjugates. Bioanalysis 5(9), 981-983
(2013).
Clark T, Han X, King L et al. Insights into antibody-drug conjugates: bioanalysis and biomeasures
in discovery. Bioanalysis 5(9), 985-987 (2013).
Gorovits B. Bioanalysis of antibody-drug conjugates. Bioanalysis 7(13), 1559-1560 (2015).

Competing interest:
The author has declared that no competing interest exist.

Citation:
Wang J. Current status of antibody-drug conjugate bioanalysis. J Appl Bioanal 3(2), 26-30 (2017).
Open Access and Copyright:
©2017 Wang J. This article is an open access article distributed under the terms of the Creative Commons Attribution License (CC-BY) which permits any use, distribution, and reproduction in any medium, provided the
original author(s) and source are credited.
30

