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Background

Therapeutic monoclonal antibodies (mAb) have the potential 
to treat a wide range of various diseases and disorders including 
cancer, chronic autoimmune and inflammatory diseases, 
allergies, infections, transplantations, and cardiovascular 
diseases [1]. They have several characteristics that make them 
useful and attractive options for the treatment of multiple 
conditions: First, their highly specific binding to their target 
antigen; Second, the relatively long half-life of a therapeutic 
mAb unlike most traditional small-molecule medicines 
that are usually dosed daily, that allow less frequent dosing 
intervals for mAb (weekly or monthly); Third, the lower risk for 
interactions with other drugs since mAb catabolism does not 
involve the cytochrome P450 system [2].

Like almost all therapeutic proteins, mAbs may have 

immunogenic (IG) responses when administered to patients; 
they may elicit anti-drug antibody (ADA) responses [3]. The 
first generation of therapeutic mAbs of murine origin (purified 
derived mouse Ab), showed high immunogenicity, which 
limited their efficacy and was associated with severe adverse 
reactions [4,5]. This resulted in the development of other 
generations of mAbs including chimeric (replacing murine 
constant regions with human constant regions); humanized 
(the variable antigen-binding regions of the murine mAbs 
were grafted onto a human monoclonal backbone, thus 
replacing most mouse sequences derived amino acids for 
human sequences, only the complementarity determining 
regions (CDRs) of the variable (v) regions of mouse sequence 
origin remain); fully human antibodies (mAbs completely 
derived from human sequences) introduced as a therapeutic 
agent to reduce these IG responses; however, even fully 
human mAbs were proved to be still immunogenic [6]. This 
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indicates presence of other factors than the murine sequences 
that determine the immunogenicity of mAbs. Different factors 
contributing to the risk of immunogenicity of therapeutic 
proteins include factors related to the nature of the therapeutic 
proteins as size and structural complexity, sequence variation 
from endogenous protein, aggregates, post-translational 
modification (e.g., glycosylation, pegylation), neoepitopes due 
to denaturation or fragmentation, the adjuvant potential of 
inactive ingredients and other impurities; factors related to the 
target disease and population as patient characteristics such 
as genetic background, comorbidity, tolerance to protein, pre-
existing immunodeficiency, use of immunosuppressive drugs 
or chemotherapy; factors related to the treatment regimen 
as dose, route of administration, frequency of treatment and 
duration of treatment [1,7].

ADAs are antibodies developed as a result of triggering the 
humoral immune response against the therapeutic proteins, 
they can be classified into two main groups according to their 
action: i) neutralizing ADAs (nADAs) or neutralizing antibodies 
(NABs), that affect the biological function of the biotherapeutic; 
ii) non-nADAs, ADAs that do not affect the biological function 
of the therapeutics. Others classify ADAs into three groups: 
NABs; non-NABs but have an impact on drug activity; and 
non-NABs with no impact on drug activity [8]. NABs prevent 
the therapeutic proteins from acting effectively by preventing 
them from binding to their pharmacological targets. However, 
even antibodies that do not directly affect the function of the 
proteins (also referred to as binding antibodies) can alter drug 
bioavailability and/or accelerate clearance from circulation 
[9]. In rare cases, immune responses can be severe, resulting in 
hypersensitivity reactions and even death [10].

Herceptin (trastuzumab) developed by Genentech Inc. 
(San Francisco, CA, USA) is the first of such agents which 
was registered for use in patients with HER2-overexpressing 
breast cancer; it has been served as a remarkable example of 
a successful therapy targeting breast cancer [11]. However, 
the cancer cells develop ways to become resistant during 
treatment with trastuzumab. Researches describe two types of 
resistance, either primary resistance (a substantial proportion 
of patients will not respond to trastuzumab-based regimens) 
or acquired resistance (also called secondary resistance 
when patients do respond will often lose clinical benefits). 
Nevertheless, trastuzumab resistance has been increasingly 
recognized as a major obstacle in the clinical management 
of this disease [12]. Many researchers studied and reviewed 
mechanisms of trastuzumab developing resistance and 
discussed ways to overcome this developed resistance [13-
15]. Like almost all medicines, trastuzumab might cause side 
effects (fever, nausea, vomiting, infusion reactions, diarrhea, 
infections, increased cough, headache, fatigue, dyspnea, rash, 
neutropenia, anemia, and myalgia.), some of them severe [16]. 
Other serious significant complications of trastuzumab have 
been reported including its effect on the heart, serious infusion 
reactions, and pulmonary toxicity [17]. Trastuzumab is often 
administered with chemotherapy, the mentioned above side 

effects are associated with chemotherapy too. Cancer patients 
are usually subjected to different treatment options and can 
develop adverse reactions that should be considered in the 
treatment protocols. In addition to all the above-mentioned 
side effects, trastuzumab as a biological therapeutic agent 
could induce immunogenic responses which may affect its 
efficacy as a therapeutic agent. Many studies reported the low 
immunogenicity of trastuzumab [18-21]. Nearly there were no 
clinical studies conducted on trastuzumab immunogenicity in 
Egypt [22].

Methods

Different assay methodologies including ELISA, 
radioimmunoassay, surface Plasmon resonance, and 
electrochemiluminescence-based techniques have been used 
to detect ADAs [23]. Different assays can have an impact on the 
determined immunogenicity rates and severity, as assays must 
be sensitive enough to detect low levels of ADA and be able 
to differentiate between the ADA and the therapeutic proteins 
including the mAbs. Two types of assays are commonly used 
for ADA identification: i) immunoreactivity assays that detect 
binding of ADAs to the therapeutics, and ii) neutralization 
assays for the identification of NABs [9]. Immunoreactivity 
assays detect the presence of any antibodies that bind to 
drugs in serum samples. The two immunoreactivity assay 
types commonly used to screen for the detection of ADAs 
are ELISAs (enzyme-linked immunosorbent assays) and RIAs 
(radio-immunoprecipitation assays). The automated ELISAs 
are rapid, robust, easy to perform, while RIAs are highly 
sensitive, but are expensive and require radiolabels [9]. 
Neutralization assays, in addition to determining the presence 
of antibodies, the neutralizing potential of assays must also be 
considered. Neutralizing antibodies (NABs) bind to epitopes 
within the active sites of the protein and thereby interfere with 
or neutralize the desired biological activity of a therapeutic. 
The NABs assays measure biological effects such as indications 
of cell proliferation, cytokine release, gene expression, and 
apoptosis. There are two types of NAB assays: i) cell-based, and 
ii) non-cell-based [24,25]. In cell-based assays, the sample is 
pre-incubated with the drug then added to cells, and if NABs 
are present, the assay response on the cells is inhibited because 
the drug is unable to bind to its target. In our study, we used 
the cell-based assay as a confirmatory assay to detect anti-
trastuzumab Ab in the serum sample that showed the highest 
Ab titer and to determine the neutralizing activity of the 
detected ADAs. We used three different regimens in loading 
the drug and serum preparations; the usage of different 
regimens might indicate the mechanism of neutralizing 
activity of the detected Ab, whether their effect on a cell line 
or on the drug itself, as detailed in our previous published 
work [22]. Non-cell-based NABs assays are typically simple and 
do not exhibit some of the technical limitations of cell-based 
assays. It is important to note that there are also instances 
where NABs are present with no impact on drug affinity and 
elimination [9]. A common limitation for the neutralization 
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assays is their low drug tolerance levels compared with typical 
immunoreactivity assays. Consequently, NABs may not be 
detected in samples that are ADA-positive, since it does not 
necessarily indicate the absence of NABs. So the true NABs 
incidence is difficult to determine [6].

The most common three types of ELISA assays for ADA 
characterization include: i) sandwich ELISA, the main issue 
with sandwich ELISA is lack of specificity; ii) competitive 
immunoassay, the main issue with this method no labeled Ag; 
iii) bridging assay, one of the most commonly used assays [9]. 
Bridging assays are highly sensitive and widely accepted by 
both regulators and the industry for the regulatory approval 
of mAb therapies. Limitations to bridging assays can be 
summarized as following: fist interference with soluble antigen 
or pre-existing Abs in plasma, which may cause drug molecules 
to bridge, resulting in false positives; second interference with 
a free drug in plasma, is a major issue as the presence of too 
much free drug can conceal the presence of low levels of 
ADA, that resulting in false negatives [3]. In our study, we used 
the Affinity Capture Elution (ACE) assay method for in vitro 
detection of anti trastuzumab Ab in patients’ sera withdrawn 
at different points during the treatment course, and also it was 
used to detect anti trastuzumab Ab developed in mice sera 
injected with trastuzumab. In case of in vitro detection of anti 
trastuzumab Ab in patients’ sera, sera were prepared from 
blood samples collected from patients diagnosed with breast 
cancer (stages I-IV as classified and categorized according to 
TNM [tumor, node, and metastasis] stage classification). Blood 
samples were collected from patients whose tumor biopsies 
were HER2 positive and under treatment with trastuzumab 
and were obtained from National Cancer Institute (NCI), Cairo, 
Egypt. Blood samples were withdrawn from 101 patients and 
these included: 18 patient’s serum samples withdrawn before 
the trastuzumab treatment course; 46 patient’s serum samples 
withdrawn at a single point during trastuzumab treatment 
course; serum samples of 32 patients withdrawn at 2 different 
points during trastuzumab treatment course; 5 patient’s serum 
samples withdrawn after trastuzumab treatment course. 
Clinical data for all patients included in the study were reviewed 
and any AEs were recorded. Nearly all patients (100 out of 
101) showed no observed AEs during the treatment course 
except infusion-related reactions (IRRs) like fever, redness, and 
swelling that were observed in few patients, and it was not 
known if these reactions were related to trastuzumab or any 
other combined drugs. Only one female out of 101 included 
patients, her clinical data showed unresponsiveness for 
treatment with trastuzumab, and the treatment was stopped 
after the 2nd dose. In case of in vivo immunogenicity testing of 
trastuzumab in lab animals, one control group and three test 
groups injected with different concentrations of trastuzumab 
were used. All statistical analysis of the results was done using 
Excel 2010 and validation of methods was done using IBM 
SPSS Statistics Data Editor. 

 Challenges of ADA measurement include the following: i) 
the absence of human ADA standards (positive control) to 

determine exact concentrations; ii) specificity of the assay, 
to ensure specific binding for the ADA, differentiate between 
ADA and drug product; and iii) sensitivity of the assay, to 
ensure that assay is sensitive enough to detect even low levels 
of ADA in the presence of an excess of free drug. In our study 
to overcome these challenges, the following were considered: 
i) to compensate the absence of human ADA standards, all 
serum samples obtained from human participants were 
analyzed first to determine samples’ levels of ADA, the sample 
that gave the highest level of ADA detected to indicate the 
strongest positive, this sample was considered as positive 
control and were run in parallel in each ELISA assay; ii) to ensure 
specific binding, the ACE assay method was used, non-specific 
binding was eliminated by the following: first acid treatment 
of samples to dissociate ADA-free drug complexes followed 
by neutralization in the presence of solid-phase drug allowing 
the ADA to be affinity captured. Second, washing away excess 
free drugs, then ADAs are eluted off with acid and allowed to 
bind to a fresh solid surface. Detection of the bound ADA was 
carried out by the addition of biotinylated drug followed by 
streptavidin- HRP and substrate; iii) to ensure assay sensitivity, 
ACE assay method is sensitive enough to detect low levels of 
free ADA as well as it involves the dissociation of ADA-drug 
complexes with acid treatment; this enables determination of 
total ADA developed in patient’s serum. Bourdage et al., study 
results indicate that the affinity capture elution (ACE) assay 
format is capable of detecting low levels of ADA (ng/ml) in the 
presence of a 1000-fold excess of free drug [26].

Some advanced techniques have been developed to improve 
ADA analysis assays with high sensitivity, including Gyrolab, 
immune-PCR, SQI SquidLite Technology, Immunocapture-
LC/MS, and Genaltye Maverick System. But for some of these 
assays, major limitations still apply [23].

Results

In our study, Kilany et al. [22] the results of measuring ADA 
developed against trastuzumab (humanized mAb) among 
Egyptian participants guided us to consider any low levels (<1) 
of anti-trastuzumab Ab detected in serum samples as artifacts. 
The assay cutoff point was calculated and it was found to be 1.

In vitro detection of anti-trastuzumab Ab levels in serum 
samples withdrawn during trastuzumab treatment course 
showed that some samples gave variable low levels of anti-
trastuzumab Ab titers. The levels of anti-trastuzumab Ab 
detected were lower in the higher administered doses as 
shown in Figure 1. Most samples showed either a marked 
decrease or no detectable Ab levels when they were assessed 
in the 2nd assay point (serum samples withdrawn from the 
same patient at a different time interval and subjected to 
analysis) as shown in Figure 2.

 Only one serum sample showed markedly high anti-
trastuzumab Ab level and reviewing her clinical data revealed 
that the patient with this serum sample experienced negative 
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Figure 1: Profile of anti-trastuzumab Ab levels developed in 46 patient`s serum samples giving titers ≥ 1. Serum samples were withdrawn 
from patients at a single point during the trastuzumab treatment course. The numbers above the histograms represent the number of 
administered doses before blood samples withdrawal.
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Figure 2: Profile of anti-trastuzumab Ab levels developed in serum samples of 32 patients that giving titers ≥ 1. Serum samples were 
withdrawn from the same patient at two different points during the trastuzumab treatment course. The numbers above the histograms 
represent the number of administered doses before the first assay point.
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clinical outcomes that ended by the stop of trastuzumab 
administration after the 2nd dose. MTT cytotoxicity assay 
was used as a confirmatory method and to determine the 
neutralizing activity of anti-trastuzumab Ab detected in this 
serum sample. Interaction between the Ab and the cell line 
depends on its degree of association/dissociation from its 
immunocomplex. In our study dilutions seems to dissociate 
immunocomplexes as reported by Aliza Kijlstra et al. of that 
immunocomplex dissociates by dilutions [27]. Also, acid 
treatment of samples could be a better way for dissociation 
of such like immunocomplexes that may interfere with ADA 
neutralizing effect on the cell level bioassays. Different methods 
that involve the use of acid steps to dissociate ADA-drug 
immune complexes include ELISA and cell-based neutralizing 
immunoassays. New methods also describe other procedures 
used for complexes dissociation in immunogenicity assays 
[28].

Conclusion

In our study, trastuzumab showed results that indicate its 
low immunogenicity as a biological therapeutic agent in pre-
clinical and clinical studies. Only one patient showed a high 
level of Ab that might of an impact on his clinical outcomes. 
So it is much recommended to take into consideration 
detection of immunogenicity of mAbs in patients showing 
unresponsiveness to treatment or any serious adverse events 
after starting treatment course. In the case of trastuzumab, 
ADA developed in most patients seems to be transient as 
they decreased progressively along the treatment course. 
ADA can be either persistent or transient; transient ADA rarely 
impacts clinical outcomes and causes adverse events [29]. 
This could be due to the tolerance developed by the body 
after the initial administered doses. Low immunogenicity of 
trastuzumab could also be explained in the view that patients 
with breast cancer are considered as having a severe disease 
or immunocompromised patients, so they are with less 
incidence to induce immunogenic responses [6].

Future Prospectives

With the steep development of new biotherapeutics including 
the mAbs, immunogenicity testing will continue to grow 
in the future. The assay methods used for immunogenicity 
testing are of critical importance and should be accompanied 
with critical clinical data observations. Recently the increase in 
reporting the incidence of ADAs development against mAbs is 
a result of the following three main factors: the development 
of highly sensitive assays; most ADA assays improve ways for 
drug-tolerant limit; establishment of regulatory guidance 
for increasing assay sensitivity as FDA recommendations 
to increase assay sensitivity. This increase in reported ADA 
does not mean that these ADAs have an impact on clinical 
outcomes [6].

It is important in reporting immunogenicity of any 
therapeutic proteins that the reported data include the 

following information: not only the presence of ADAs, but 
the relative amount (titer) is also important and the duration 
of response (it indicates the transient or persistent type of 
ADAs developed). Variability of the reported ADA responses 
even for the same patient populations was attributed to the 
use of different assays. So, we recommend the presence of a 
standard assay system for reporting immunogenicity for each 
therapeutic protein, the assays have to be validated during 
clinical trials in the drug development stage by regulators. 
Development of studies that support possible molecular 
mechanisms of how therapeutic mAbs elicit ADAs is a helpful 
way to decrease the probability of mAbs to induce ADAs [8,30].

Further researches for studying mAb immunogenicity in 
different populations is required as still the question “why some 
patients have the inherit to develop this kind of IG responses 
than other patients?” could not be answered yet. So, researches 
that involve the study of biotherapeutics immunogenicity 
can make steep progress that helps practitioners in selection 
of appropriate treatment options for various patients’ types 
taking into consideration the risk-benefit ratio.
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