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Special Focus Issue: Antibody–drug conjugates

Antibody–drug conjugates (ADCs) contain a 
cytotoxic drug covalently bound to a mono­
clonal antibody via a synthetic linker. The con­
cept of an ADC is to deliver the highly potent 
cytotoxic agent specifically to tumors with 
minimal impact on normal tissues. This relies 
on designing the ADC to bind to target anti­
gens that are overexpressed on the surface of the 
tumor, but minimally expressed on normal tis­
sues. This is followed by internalization, traffick­
ing to the lysosome and cleavage of the linker, 
resulting in the release of the drug inside the 
tumor cell. Early ADCs used murine antibodies 
that were immunogenic, targeted antigens that 
were not sufficiently selective and carried drugs 
that lacked potency or used linkers that were 
too unstable. It has taken time to move forward 
and has required technological advancements 
across multiple fields. After more than 25 years 
we may be on the verge of realizing the promise 
of ADCs – treating cancer patients without the 
debilitating side-effects of conventional chemo­
therapies. There is considerable excitement in the 
industry with the US FDA approval of Adcetris® 

(brentuximab vedotin) in 2011 to treat Hodg­
kin’s lymphoma, and the recent approval of 
Kadcyla® (ado-trastuzumab emtansine) in 2013 
to treat women with advanced breast cancers, 
strongly positive for HER2 [1,101,102]. There is 
also a robust pipeline of ADCs in preclinical 
and clinical development [2]. This is therefore an 
opportune time for Bioanalysis to publish a spe­
cial issue focusing on ADCs. This issue includes 
examples of analytical approaches, as well as 
presenting data from research, nonclinical and 
clinical phases of ADC development. Examples 
include MS-based approaches to detect covalent 
DNA adducts that provide direct evidence for 
the mechanism of action for a DNA-alkylating 
ADC [3] and characterization assays to determine 
drug-to-antibody ratio (DAR) distributions of 
ADCs in serum/plasma [4]. A nonclinical immu­
nogenicity assessment example includes assays 

for the detection and epitope characterization 
of anti-ADC antibodies [5]. Nonclinical and 
clinical case studies of PK and immunogenic­
ity assays with the recently US FDA-approved 
ado-trastuzumab emtansine are presented [6,7]. A 
position paper on ADCs submitted by a working 
group from the American Association of Phar­
maceutical Scientists, including representatives 
from across the industry and the FDA, discusses 
factors to be considered for PK and immuno­
genicity assessment of ADCs and the need to 
align bioanalytical approaches to facilitate 
consistent interpretation of data [8].

Bioanalysis of ADCs is challenging com­
pared with small-molecule drugs and protein 
therapeutics [8,9] because ADCs have complex 
molecular structures, combining the molecu­
lar characteristics of small-molecule drugs 
with those of protein therapeutics. In addition, 
ADCs are heterogeneous, because conjugating 
the drug to the antibody results in a range of 
DARs with the cytotoxic drug covalently bound 
at multiple sites in the antibody. The degree of 
heterogeneity varies with the conjugation chem­
istry used; conjugation at lysine residues results 
in somewhat greater heterogeneity than conju­
gation at reduced interchain cysteine residues. 
Conjugation at engineered site-specific cysteine 
residues can be used to produce a homogeneous 
ADC. However, even for a homogeneous ADC, 
once in circulation, heterogeneity may arise due 
to biotransformations [10]. For small-molecule 
drugs or protein therapeutics, the target spe­
cies for bioanalysis is relatively straightforward 
and a single quantitative assay is generally suf­
ficient. In contrast, for ADCs, the situation is 
more complex, as there are multiple species in 
circulation that may provide an understand­
ing of clinical safety and efficacy. Therefore, 
ADC bioanalysis requires strategies to under­
stand the species in circulation and a variety of 
quantitative assays appropriate for dynamically 
changing mixtures [8,9].

Bioanalysis special focus issue on  
antibody–drug conjugates

Surinder Kaur
Genentech, 1 DNA Way, South San 
Francisco, CA 94080-4990, USA 
Tel.: +1 650 225 4776 
Fax: +1 650 225 1998 
Email: kaur.surinder@gene.com

“As knowledge emerges from the breadth of antibody–drug conjugates currently in development within the industry, 
it will help to shape best practices for bioanalysis of antibody–drug conjugates.”

981ISSN 1757-6180Bioanalysis (2013) 5(9), 981–98310.4155/BIO.13.68 © 2013 Future Science Ltd

For reprint orders, please contact reprints@future-science.com



Both l igand-binding methods and 
LC–MS/MS methods are used to quantify 
ADCs. There are some limitations to note 
with either approach. In the case of LC–MS/
MS, an a priori postulated form of the drug 
released by the ADC in circulation is measured; 
however, this may not correspond to the major 
form(s) of the drug released. It is theoretically 
possible that the released drug contains part 
of the linker, or that the released drug may 
bind covalently to plasma peptides or pro­
teins. In other words, the released drug assay 
may only measure a fraction of the drug that 
is actually released in circulation. For ligand-
binding assays, the calibration standard curve 
is composed of a reference standard that may 
not represent the changing DARs in vivo over 
time. This may be due to biotransformation, 
differing DAR clearance rates or a combina­
tion of both processes. Therefore, the standard 
curve may not be accurate for the species in vivo 
at all PK time points. It is critical to assess the 
accuracy of the assay by testing standards rep­
resenting the species that are expected to exist 
or be formed in circulation. 

Some methods developed specifically for 
ADCs combine aspects of ligand binding and 
MS, such as affinity capture LC–MS, to mea­
sure molecular masses of ADCs in vivo [4]. The 
molecular masses help to determine the DAR 
distribution and relative abundance of each spe­
cies. Another hybrid method involves affinity 
capture and LC–MS/MS to measure antibody-
conjugated drug [9]. In this case, the ADC 
is isolated from serum or plasma by affinity 
capture and the linker is cleaved to release the 

drug. Novel methods such as these, designed 
specifically for use with complex ADCs, can 
provide additional information that cannot be 
obtained from conventional approaches alone. 
Overall, integrated bioanalytical strategies 
using data from a variety of assay types are used 
to evaluate the PK of complex ADCs. Each 
assay provides insights into different aspects 
of the mixture. Over time, as the relationships 
between assay data and safety and efficacy are 
better understood, it may be possible to reduce 
the number of assays used for PK assessment.

The bioanalysis of ADCs is still new and 
evolving. Given the limited information that 
is currently available on ADCs in the clinic, 
it is not well understood which ADC species 
correlate best with safety and efficacy. Mov­
ing forward, it will be critical to continue to 
explore a diversity of existing and novel bio­
analytical approaches that provide accurate 
information, to help answer key questions for 
understanding safety and efficacy. In addition, 
it will be important for bioanalytical assays to 
help address questions unique to the develop­
ment of the ADC platform. For example, the 
structural stability of different types of linkers 
in vivo, the stability of functional moieties in 
the drug or the binding properties of the anti­
body after conjugation. It may be necessary to 
develop bioanalytical strategies on a case-by-
case basis depending on antibody–linker drug 
molecular properties. As knowledge emerges 
from the breadth of ADCs currently in develop­
ment within the industry, it will help to shape 
best practices for bioanalysis of ADCs. 
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