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The cancer is one of the leading causes of death in the
world, producing 10 million of deaths in 2020.
Although many of these deaths could not have been
avoided, there are some that could, with an early
diagnosis and advanced treatments (1). The
chemotherapy was developed as a strategy against
cancer during the 1940s by Goodman’s team and it
brought great hope for a cure against cancer, but
without forgetting the high levels of systemic toxicity.
In the 1970s, the use of monoclonal antibodies as an
alternative treatment started to develop thanks to
Milstein and Kohler, which gave rise to a decrease in
systemic side effects with a new mechanism of action.
After this new approach, the development of antibody-
drug conjugates (ADCs) did not take long, since in
1983 the first clinical trial was carried out. It is also
important to mention that almost 100 years before, in
1913, Paul Ehrlich the founder of chemotherapy
postulated the magic bullet concept, what meant the
creation of medicines that achieve their intended cell-
structure targets without damaging the normal tissues
(2-5).

ANTIBODY-DRUG CONJUGATES (ADCs)

The antibody-drug conjugates consist of small
molecules (payloads) covalently bound to a
monoclonal antibody via a chemical linker (Fig. 1) and
are designed to deliver a cell-killing agent (the
payload) to a targeted cell, while limiting the systemic
toxicity (4). Most of them has been created as
anticancer therapy, but there are few in study phase
destined to treat intracellular bacterial infection or act
as anti-inflammatories (6,7).

In 2000, the first ADC was approved by the Food
and Drug Administration (FDA) (gentozumab-
ozogamicin), butin 2010 was withdrawn because
the post-approval studies failed. After this, in
2011 the brentuximab-vedotin was the second
approved ADCs, both of them for non-solid
tumors. Finally, in 2013 the FDA approved the
first ADC against a solid tumor, the ado-
trastuzumab-emtansine for patients with breast
cancer. After this, much more ADCs have been
developed and nowadays the FDA has approved
11 and the European Medicines Agency (EMA) 7;
6 of them (approved by both agencies) are
collected in Table 1 along with their parts types
and disease indication (3,8).

Table 1. Parts, drug-antibody ratio (DAR), indication and
year of approval for 6 ADCs approved by the FDA and EMA.

COMPOSITION OF THE ADCs

As it is already said, the ADCs consist of three
different parts that has to be optimized to
accomplish its function.

The antibody used is predominantly monoclonal
(mAb) with two main characteristics to be
chosen: high specificity and high affinity to the
target. Additionally, it is preferable to find an
antibody with low immunogenicity, long half-life
during circulation, the lowest cross-reactivity

Figure 1. Structure of the antibody-drug conjugates. possible and be able to promote the
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internalization via the receptor-mediated
endocytosis. Most of the ADCs use an IgG subtype
antibody across its history, although the use of Fc-
silent mAbs has been increased recently (9-11).

The payload is an antineoplastic drug or a cytotoxin
with high potency. The plasma stability, small
molecular weight, low immunogenicity and long half-
life are desirable features for the payloads. The most
frequently used are microtubule disruptors and DNA-
damaging agents with a high cytotoxic potential, that
if used unconjugated produce an unacceptable
systemic toxicity (3,4,6,9,10).

The linker should be a chemical substance capable of
being stable in the blood, but being disrupted once the
conjugated has entered the cell. The linker is an
important part of the ADCs because it plays an
important role in their pharmacokinetics and
pharmacodynamics properties. There are two main
types, the cleavable and the non-cleavable. The first
ones depend on the physiological conditions of the cell
to free the payload and are acid and protease sensitive
with low blood stability, and glutathione sensitive that
are blood stable and are only cleaved inside the tumor
cell, where there is a high concentration of
glutathione. The non-cleavable ones (thioether
bound) form non-reducible bound with the antibody
so they have longer half-life and are more stable in
blood. All the ligands have to be attached to the Ab in
the constant fragment since if they are attached to the
variable region may block the recognition site. Some
examples of the main linker structures are hydrazone,
disulfide, peptide and thioether (Fig. 2) (6,9,10,12).

Figure 2. Main linker structures used in ADCs.

Apart from these components, it is also very important
the selection of the target antigen as to accomplish the
safety and efficacy of the ADCs. Some needed
characteristics are the abundance of the antigen in the
tumor cell compared with the normal cells, low
heterogeneity across the tumor, minimal secretion to
circulation and the most important property is the
need to have an adequate and high efficiency
internalization ability, even after binding with the
ADC, as the internalization is the first step of the
mechanism of action of the ADCs (10,11). In Table 2

are collected different types of target antigens
studied for different cancers.

As the biomarker used as the target site of the
tumor cell can be shared for different tumors,
Table 2, exists the possibility of the use of one
ADC for different treatments. Taking this fact in
consideration, a future perspective is the
development of antigen maps of cancers, what
will lead to the identification of most likely
tumors to benefit from particular conjugates (4).

Table 2. Tumor type indication and biomarkers used as
target antigens.

Indications Target antigen
Acute myeloid leukemia CD25, CD23, FLT3
Breast cancer CD25, CD174, CD228, HER2, HERS3, IGF-1R
Lung cancer CD25, CD228, HER3, FAP, IGF-1R, EGFR

Gastric cancer CD25, CD228, FLOR1

Despite the primary purpose of the ADC therapy
is reducing the side effects generated by the
systemic chemotherapy, this objective has been
only achieved partially. Several reasons like the
free circulating payload (cytotoxic agent), that
produces off-target toxicity due to a high drug
antibody ratio (DAR), type of linker (unspecific
cleavable) or the structural differences in the
molecule can explain some side effects. But not
only free payload is the cause, as the conjugated
agents can produce on-target off-tumor toxicity,
due to the target antigen expression in other
tissues, or the presence of underlying diseases,
previous treatments or genomics of each patient
(4). These factors must be taken into account
when establishing the safety and use of these
therapies.

In order to solve the free payload off-site toxicity,
anew generation of ADCs with better site-specific
conjugation of the payload and uniform DAR for a
more controlled delivery of the cytotoxic drug is
the new challenge. Some of the strategies
proposed are engineered cysteines, synthetic
amino acids and transpeptidases, while the
off-tumor toxicities can be minimized by the
pharmacogenomics (4,7,11).

MECHANISM OF ACTION OFADCs

The simplest definition of ADCs mechanism of
action could be a pharmaceutical Trojan horse
mechanism (4), and this is due to the unique
design of the ADCs. However, how it really acts is
due to the monoclonal antibodies are designed to
recognize, via their hypervariable region
(paratope), a specific epitope of a biomarker
expressed in the membrane of a tumor cell. These
epitopes are usually over expressed receptors

(9).
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Once the union has occurred the ADC is internalized
via endocytosis with the formation of a clathrin-coated
early endosome that will later fuse with a lysosome
full of enzymes. Once in the endosome the release of
the cytotoxic compound will occur. The cleavable
linkers will disrupt in the endosome early stages,
while the no-cleavable will need the enzymes from the
lysosome (3,9,10).

After the cleavage, the payload is released to the
cytoplasm where can mediate its action by
microtubule disruption (auristatins and maytansines)
or DNA-damage (duocarymycins, calicheamicins and
PBD dimers and a-amanitin), resulting in apoptosis or
other types of cell death like the activation of the
complement system via the antibody dependent
cellular toxicity (3,10,12,13). In Figure 3 a scheme of
the mechanism of action of ADCs is showed.

Figure 3. Mechanism of action of the ADCs.

ANALYTICAL METHODOLOGIES FOR THE
DETERMINATION OF ADCs

Bioanalysis of ADCs requires multiple assays that can
selectively characterize and quantify individual
components that make up ADCs, what means
quantification of total antibody (all ADC-DAR species),
antibody conjugates and unconjugated drug (4,7).

CTI Laboratory Services in collaboration with
FARMARTEM group at the University of the Basque
Country (UPV/EHU) are involved in the development
of the required analytical methodologies for the
analysis of a new ADC to evaluate its pharmacokinetic
profile in blood samples of clinical trial patients.

For the quantification of the ADCs, two parts can be
differentiated and measured, the large-molecules
(antibodies) and the small-molecules (payloads).

The antibodies are large molecules with a well-defined
tertiary structure, so are suitable for ligand-binding
assays (LBAs). The LBAs are based on the binding
affinity between two molecules. The ELISA (enzyme-
linked immunosorbent assay) is the most common
LBAs used and the best option for the analysis of large
molecules in complex biological samples. ELISA is “any

antibody- or antigen- coated solid phase
immunoassay with an enzyme involved in the
signal generation process” with a basic procedure
that involves plate coating, blocking and signal
generation before the measurement; Figure 4.
The most critical part of the ELISA development
is the selection of the reagents: the antibody or
antigen to coat the plate with (capture molecule);
and the detection and signal generation antibody
since the binding affinity between the molecules
(antigen-antibody) are the key characteristics
for the LBA sensitivity, precision and robustness

(6,14,15).

Enzyme

Substrate
Enzyme (
[l ecundary antibo
conjugate

Substrate
Enzyme (

Direct ELISA Indirect ELISA

Figure 4. Types of ELISA.

Sandwich ELISA

On the other hand, the predominant technique
for the bioanalysis of small-molecules of ADCs is
the liquid chromatography coupled to tandem
mass spectrometry (LC-MS/MS) after the analyte
extraction from the matrix (15).

This technique has been established as the most
sensitive and selective analytical technique for
biological samples analysis. The major advantage
are the many options for adjusting LC conditions,
MS/MS parameters and sample preparation
protocols. Also, the use of isotopic analogs like
13C or 15N labelled standards (6,16) as internal
standards improve precision and it allows the
response of a given analyte to be normalized,
compensating possible variations of analyte
concentration during sample preparation,
injection or variability in the analysis due to the
equipment (6,16,17).

In the case of ADCs, the free payload can be
measured by LC-MS/MS, previous extraction step
(protein precipitation, SLE, LLE...) (Fig. 5). Even
the payload should not be as a free molecule in
the samples, it can be found due to its release
during the circulation or the catabolism that may
suffer the ADCs. Because of this, the main
challenge is to obtain a method with enough
sensitivity to detect the predictable small
concentration of this free payload present on the
samples (6,15).
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Figure 5. Analytical process for the bioanalysis of a) the free payload and b) the total amount of antibody.

In addition, the total amount of antibodies is
represented by the un-conjugated antibody and the
drug conjugated antibody and despite being a large-
molecule, the quantitative analysis with LC-MS/MS
can be carried out by performing an enzymatic
digestion with trypsin to detect the signature
peptide after a SPE extraction in our particular case.
The signature peptide is mostly obtained from the
constant region in the case of animal samples and
from the variable region in humans to avoid the
interferences with endogenous human
immunoglobulins (6). The procedure followed to
quantify by LC-MS/MS a large-molecule, like an
antibody is represented in Figure 5.

As a conclusion, it can be said that a combination of
different analytical techniques is required to
determine the different parts of the ADCs in order to
obtain a reliable information of these complex
molecules in biological matrixes (15).
Until the date we have already developed and
validated the LC-MS/MS method for the
quantification of the free payload and the total
antibody. The ELISA method is on the validation
process and we expect to receive the blood samples
as soon as the clinical trial starts. After the analysis
of the blood samples, the pharmacokinetic profile
will be generated by the data analysis of the results
obtained in the bioanalysis.
In addition to the previously described it is
important to mention that the whole development
and analysis has to be performed following the GLP
and GCP statements and the bioanalytical methods
have to be validated according to the FDA and EMA
guidelines. This is because this project is related to a
clinical trial of an ADC intended to achieve the
market access.
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