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In recent years, many antibody drugs that play an important role in the pharmacotherapy of several 
diseases have been developed. Antibody drugs exhibit immunogenicity in vivo leading to the development of 
antibodies against the antibody drug (anti-drug antibody). Nonetheless, other factors also affect the pharma-
cokinetics of antibody drugs. Recently, therapeutic drug monitoring (TDM) of infliximab was introduced for 
personalized medicine. However, the usefulness of TDM in antibody therapy remains unclear. In addition to 
intervention studies, real-world data analysis is important. Unlike small-molecule drugs, antibody drugs do 
not have a uniform molecular weight; therefore, using the conventional analysis methods, it is impossible to 
determine the true pharmacokinetic outcomes of these agents. To analyze structural changes of antibody drugs 
in the body, new technologies are necessary. In the future, along with the development of new drugs, the estab-
lishment of novel analytical methods is essential to facilitate the promotion of personalized medicine.
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1. INTRODUCTION

In recent years, many biopharmaceuticals such as antibody 
drugs have been developed. Unlike small-molecule drugs, 
antibody drugs do not have uniform molecular weights be-
cause they are purified from cell-biosynthesized proteins. 
Post-translational modifications, such as glycosylation, inclu-
sion of disulfide bonds, and amino acid modifications, cause 
heterogenicity, making them mixtures of molecules of vari-
ous molecular weights.1) Therefore, unlike for small-molecule 
drugs, quantification using mass spectrometry is not usually 
possible for antibody drugs. In many cases, immunochemical 
measurement methods are used to determine the various mol-
ecules in antibody drugs. However, using the aforementioned 
techniques, metabolites of antibody drugs cannot and have not 
been identified to date; therefore, there is no information on 
how antibody drugs cause changes in the body.2) To analyze 
structural changes in antibody drugs, new characterization 
technologies are necessary.

2. ANTIBODY DRUGS

Antibodies produced by B cells are involved in biological 
defense mechanisms. The technology for producing hybrid-
omas was established in the 1970s, and since then, it has 
become possible to produce monoclonal antibodies by creat-
ing immortalized B cells. In 1982, Miller et al.3) used this 
technique to produce and administer a mouse monoclonal 
antibody that bound to a specific antigen (idiotype antibody) 
for patient-derived lymphoma. This was the first antibody-
associated therapeutic agent for patients with cancer. Applying 
the aforementioned manufacturing technology to make chime-
ric antibodies finally led to the birth of rituximab.4)

Human immunoglobulin, a protein of approximately 
150 kDa, consists of two heavy chains and two light chains 
connected by disulfide bonds (Fig. 1). Light chains and the 
N-terminal side of heavy chains are called fragment antigen 
binding (Fab) regions and bind to antigens. The C-terminal 
side of the heavy chain is called the fragment crystallizable 
(Fc) region and binds to Fc receptors. A carbohydrate is at-
tached to the Fc region on the Fab side, which can affect the 
binding ability of the Fc receptors. In addition, immunoglobu-
lins are classified into five classes based on the type of the 
heavy chain: immunoglobulin G (IgG), IgM, IgD, IgE, and 
IgA. All antibody drugs approved so far are of the IgG type. 
They are further divided into IgG1, IgG2, IgG3 (no approved 
drug), and IgG4. Molecular characteristics, such as antibody-
dependent cellular cytotoxicity, differ among these classes. 
Most antibody drugs approved for market in recent years are 
human antibodies (-umab) or humanized antibodies (-zumab). 
Previously, human and mouse chimeric antibodies (-ximab), 
such as rituximab, infliximab (IFX), and cetuximab have also 
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Fig. 1. Structure of Antibody Drugs
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been approved for use and are currently on the market.
Two major mechanisms of action of antibody drugs are 

behind their therapeutic efficacy. One is neutralizing activity, 
in which the antibody binds to the target molecule and inhibits 
the function of the molecule. In this molecular mechanism, 
antibody drugs can exert their efficacy by simply binding to 
an antigen. On the other hand, complex mechanisms are in-
volved in antibody-dependent cellular cytotoxicity (ADCC) and 
complement-dependent cellular cytotoxicity (CDC) (Fig. 2). For 
example, rituximab binds to CD20, which is expressed on the 
surface of cancer cells. However, it does not inhibit the activ-
ity of CD20. The Fc region of rituximab bound to CD20 is 
recognized by the FcγIII receptor on natural killer cells and 
releases interferon γ and perforin/granzyme to kill cancer 
cells. Similarly, in CDC, complement factors bind to the Fc 
region of rituximab, which then binds to CD20 and activates 
the complement pathway. Not only does the antibody drug 
bind to the antigen to elicit a response, but the activation of 
another mechanism via the Fc region is important. In addi-
tion, carboxylate chains attached to antibody drugs are vital 
for ADCC activation. It has been reported that ADCC activ-
ity increases 100-fold in antibodies in which fucose has been 
removed.5) Therefore, carboxylate chains have been shown to 
play an important role in drug efficacy.

3. PHARMACOKINETICS OF THERAPEUTIC 
ANTIBODIES

Unlike small-molecule drugs, antibody drugs do not dis-
appear following hepatic metabolism or urinary excretion. 
Generally, proteins are taken up by various cells, such as 
vascular endothelial cells, via endocytosis, and are transported 
to lysosomes for degradation.6) The half-life of antibody drugs 
is very long (approximately two weeks). The fetal Fc receptor 
FcRn is localized on the endocytic cell membrane and when 
the antibody drug binds to FcRn, it is excreted into the blood 
via a recycling mechanism without being transferred to the 
lysosomes. The action of FcRn is considered to contribute to 
the long half-life of antibody drugs. Therefore, if FcRn is not 
functional, the half-life of the drug is approximately 2–3 d.7)

Because an antibody drug is a large molecule, it exhibits 
immunogenicity in vivo. Antibodies against antibody drugs 
(anti-drug antibodies) are produced. In particular, chimeric 
antibodies are highly immunogenic and anti-drug antibodies 
frequently appear following their administration.8,9) When an 
anti-drug antibody is produced, the blood concentration of the 

antibody drug is significantly decreased, leading to a reduc-
tion in therapeutic efficacy. Antibody drugs may be used for a 
prolonged duration in the treatment of autoimmune diseases. 
However, the frequency of anti-drug antibody production 
increases, which has become a clinical issue as a cause of sec-
ondary ineffectiveness.

4. METHODS TO DETERMINE THE THERAPEU-
TIC EFFICACY OF ANTIBODY DRUGS

The blood concentrations of antibody drugs have been mea-
sured in clinical trials of drug development. Enzyme-linked 
immunosorbent assay (ELISA) is the gold standard for the 
quantification of therapeutic proteins in support of pharma-
cokinetics data. In the ELISA method, a molecule that binds 
to an antibody drug is immobilized on a plate and the target 
molecule is trapped. In many cases, an antibody that recog-
nizes a specific sequence of an antibody drug (mainly the 
Fab region) is immobilized on the plate. Owing to this, all the 
molecules to which the antibody can bind are measured. Even 
if part of the carboxylate chain is changed or the Fc region is 
modified, it is still detected as the same. Recently, a method 
for measuring blood concentrations of antibody drugs using 
LC-MS was developed using a simple pretreatment method.10) 
The nano-surface and molecular orientation limited prote-
olysis (nSMOL) method is one such technique that has been 
applied for LC-MS bioanalysis of antibody drugs.11) Unlike the 
ELISA method, it is not necessary to construct a measurement 
method for each antibody drug. Simultaneous measurements 
of various antibody drugs can be performed.12)

5. THERAPEUTIC DRUG MONITORING (TDM) OF 
THERAPEUTIC ANTIBODIES

IFX is a chimeric monoclonal antibody composed of human 
constant and murine variable regions that specifically bind to 
tumor necrosis factor alpha (TNF-α). IFX therapy has sub-
stantially improved the treatment of rheumatoid arthritis (RA), 
inflammatory bowel disease, and psoriasis. Previous studies 
have shown that approximately 10–60% of patients with RA 
receiving IFX developed anti-infliximab antibodies (ADAs) 
within the first 6 months.13) In addition to ADAs, baseline 
TNF-α levels were another factor that was reported to reduce 
serum IFX levels.14) A prospective, randomized, double-blind 
study (the RISING study) reported a significant correlation be-
tween serum IFX levels and disease activity score in 28 joints 

Fig. 2. Pharmacodynamic Mechanisms of Antibody Drugs in Cancer Treatment
ADCC: antibody-dependent cellular cytotoxicity, CDC: complement-dependent cellular cytotoxicity.
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(DAS28)-remission.15) Our real-world cohort data analysis sug-
gested that primary ineffectiveness can be avoided in clinical 
practice.16) Conversely, some patients showed a secondary loss 
of response to IFX following a lapse in continuous use. We 
thus proposed the development of a treatment algorithm based 
on IFX TDM, wherein IFX therapeutic efficacy can be exten-
sively re-evaluated when blood IFX concentrations are low 
under continuous use. In Japan, Remicheck®, a quantitative 
assay by which IFX concentrations can be examined, was ap-
proved for patients with RA in 2017. In clinical practice, TDM 
of antibody drugs has therefore been launched.

6. METHODS TO ANALYZE THERAPEUTIC ANTI-
BODIES IN WHOLE BLOOD

A method for measuring the blood concentration of anti-
body drugs using LC-MS has been developed using a simple 
pretreatment method,10) as alluded to above. However, because 
the drug concentration was determined using only the frag-
ment peptide, changes in the carboxylate chains could not 
be detected, with these potentially being important for drug 
efficacy. Therefore, pharmacokinetic analysis techniques of 
antibody drugs that determine the parameters of the entire 
active moiety, such as those applied in small-molecule drugs, 
are desired.

Since antibody drugs possess a similar sequence to immu-
noglobulins in the living body, it is necessary to isolate them 
from other IgGs during mass spectrometry analysis. Conse-
quently, we established a novel antibody drug analytical meth-
od.17) For example, in the analysis of rituximab, we isolated 
it from serum using magnetic beads bound to anti-rituximab 
antibody, treated it with papain, and subjected the resultant 
sample to Liquid Chromatography/Time-of-Flight Mass Spec-
trometry (LC/TOF-MS) analysis (Fig. 3). As a result, peaks 
corresponding to the Fab region, including the antigen recog-
nition site, the reduced fragment crystallizable (Fc/2) region, 
as well as the carboxylate chain structure were detected. Fab 
has the same molecular weight as its theoretical value.

We attempted to analyze human blood samples using 
this method.18) Structural analysis of rituximab was per-

formed using samples from 20 patients who received the 
drug for treatment of non-Hodgkin’s B-cell lymphoma 
(UMIN000016713). The total blood rituximab concentration 
decreased over time, and 17 patients showed a drug half-life of 
approximately two weeks. In contrast, an extreme decrease in 
blood concentration was observed in three cases, with a half-
life of approximately three days. One of them presented with 
urinary protein and thus the drug was assumed to have been 
excreted in the urine; however, the causes of the low half-life 
in the other two cases was unknown. When structural analysis 
was carried out 1 h and 3 weeks after administration, the pro-
portion of some carboxylate chains had significantly changed. 
In particular, extreme changes were observed in cases where 
the blood levels changed significantly. Since FcRn has a great 
effect on the pharmacokinetics of antibody drugs,7) it is as-
sumed that changes in carboxylate chains are also involved 
in drug pharmacokinetics. In the future, a detailed analysis 
behind this postulated mechanism is required.

7. CONCLUSION

Various new antibody drugs, modified protein drugs, nucle-
ic acid drugs, and cellular drugs are being developed. Using 
conventional analysis methods for small-molecule drugs, it 
is impossible to determine the true pharmacokinetics of the 
former molecules. In addition, the usefulness of TDM for 
antibody therapy remains unclear. In addition to intervention 
studies, real-world data analysis is important. In the future, 
along with the development of new drugs, the establishment 
of novel analytical methods is essential to streamline and pro-
mote personalized medicine.

Acknowledgments This study was supported in part by 
a Grant-in-Aid for Scientific Research (KAKENHI) from the 
Ministry of Education, Culture, Sports, Science and Tech-
nology of Japan (Grants-in-Aid for Scientific Research (B 
19H03389), by the Japan Agency for Medical Research and 
Development (AMED) under Grant No. 20mk0101152h0502, 
and by the Nakatomi Foundation to AY.

Fig. 3. Novel Method to Analyze the Structures of Antibody Drugs Using MS
TOF-MS: time-of-flight mass spectrometry.
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