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Biosimilar monoclonal antibodies (mAbs) are making their way onto the drug market. Because these are complex molecules in terms 
of structure and function, assessing similarity between originator and biosimilar mAb is challenging. This review discusses the hall-
marks of similarity testing between originator products and mAb biosimilars in terms of product quality attributes, non-clinical and 
clinical studies, with a focus on immunogenicity. Sparse data on immunogenicity of biosimilar mAb products is given.
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Introduction
The upsurge of antibody-induced pure red cell aplasia during 
erythropoetin alpha treatment more than a decade ago triggered 
the awareness that immunogenicity of therapeutic proteins can 
be a serious health risk [1]. Since then, multiple reports have 
shown that antibodies formed against therapeutic proteins 
such as factor VIII, interferon beta, and monoclonal antibodies 
(mAbs) can change pharmacokinetics, lower effi cacy, and can 
lead to hypersensitivity reactions [2-5]. In fact, current belief 
is that all biotech-derived products can be immunogenic [6]. 
Therefore, appropriate immunogenicity testing is required for 
authorization of new therapeutic proteins on the US and EU 
drug market by the US Food and Drug Administration (FDA) 
and European Medicines Agency (EMA) respectively.

Since the development of so-called biosimilar products, the 
discussion on immunogenicity has intensifi ed. Biosimilars are 
protein equivalents of generic chemical drugs that come onto 
the market after patent expiration of an originator therapeutic 
protein. However, the size and complexity of proteins make it 
virtually impossible to produce an exact copy of an originator 
product, hence the name ‘similar’. A major concern with bio-
similars is that small (undetectable) differences compared with 
originator products might lead to unexpected immunogenicity 
in patients [7].

Up to now 16 biosimilars have been approved by EMA, includ-
ing erythropoietin, growth hormone and granulocyte colony-
stimulating factor products [8]. With the exception of a report 
on unexpected immunogenicity of the biosimilar erythropoietin 
alpha HX575 [9], these products seem to be of equal or perhaps 
better quality compared with the originator products [10].

Unfortunately, there is very limited clinical data on the immuno-
genicity of mAb biosimilars, since they have not yet entered the 
EU or US drug market.

Monoclonal antibodies are often considered a separate class of 
therapeutic proteins because of their increased complexity in 
structure and function compared to non-mAb proteins. Analysis 
of mAbs, including their physicochemical  characterization, in 
vitro functioning, in vivo safety and immunogenicity, is  therefore 

challenging. Several researchers have indicated that similarity 
testing between originator mAbs and biosimilar mAbs is more 
diffi cult than similarity testing between non-mAb originator and 
biosimilar products [11, 12]. EMA and FDA have acknowledged 
the diffi culty in assessing similarity between mAb products, and 
in 2012 EMA published specifi c guidelines for similarity and 
immunogenicity testing of biosimilar mAbs [13, 14]. This diffi -
culty in assessing similarity fuelled the discussion on immunoge-
nicity, but now with a focus on mAb biosimilars. Again a major 
concern is whether small (undetectable) differences between 
originator mAb and biosimilar mAb might lead to unexpected 
immunogenicity in patients.

This review discusses similarity assessment between biosimilar 
mAbs and their originator products in terms of (i) product qual-
ity attributes; (ii) non-clinical, and (iii) clinical studies, with a 
focus on immunogenicity. It ends with a summary of the sparse 
clinical data on immunogenicity of mAb biosimilars.

How to assess similarity – quality attributes
Monoclonal antibodies are very big molecules with complex 
structures and functions that partly rely on their production 
processes. Detailed information on the production processes of 
originator products is not publically available, and production 
technologies are improving. Therefore, companies develop-
ing a biosimilar mAb will use distinct production conditions 
compared with the conditions used to produce the originator 
mAb. Differences in expression system, culture conditions, puri-
fi cation processes and primary packaging can evoke distinct 
product quality attributes such as differences in structure, post-
translational modifi cations, biological activity and stability of the 
protein [15, 16]. As such, biosimilar mAb products should be 
tested for similarity of product quality attributes compared with 
the originator product before continuing with in vitro and in 
vivo comparability exercises.

First, a full physicochemical characterization of the mAb bio-
similar is performed [17], and subsequently its characteristics 
are compared with the originator product. This last comparison 
is proof of biosimilarity at the quality level. Without going into 
detail on the exact methodology, it is important to mention that 
multiple orthogonal methods are used to study and  compare 
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the physicochemical characteristics of the mAbs. These charac-
teristics include primary (amino acid) sequence, protein fold-
ing, truncations, post-translational modifi cations (glycosylation), 
the amount of mAb protein, the presence of degradation prod-
ucts and presence of aggregates [18-20]. The suitability of dif-
ferent excipients and primary packaging (vials, for example) 
will be tested, and the presence of host-cell impurities will be 
determined.

Regarding immunogenicity, several product quality attributes 
have been shown to be of importance [21]. First, the primary 
sequence can have an effect on immunogenicity. When the 
human immune system is exposed to a non-human protein, the 
protein will be recognized as foreign, and will induce an adap-
tive immune response. Early mAbs were of murine origin and 
caused an antibody response that greatly decreased their effi -
cacy, most likely due to their foreignness [22]. After the devel-
opment of recombinant DNA techniques, chimeric, humanized 
and fully human mAbs have been brought onto the market. 
Indeed, these mAbs are thought to be less immunogenic [23], 
however, it has been shown that even fully human mAbs such 
as adalimumab can be immunogenic [24].

The second quality attribute shown to affect immunogenicity 
of therapeutic proteins, including mAbs, is aggregation. [25-29]. 
Interestingly, not all aggregates are immunogenic, but rather a 
specifi c subset is. However, there is only limited data on the 
exact types of aggregates that are triggering immunogenicity, 
and on the amounts of aggregates needed to induce anti-drug 
antibodies. So, for now the aim is to lower aggregate content in 
the fi nalized product to a minimum. Why aggregates can induce 
immunogenicity is not exactly known, one hypothesis sug-
gests that uptake of aggregates by antigen presenting cells and 
subsequent activation of the immune system is more effi cient 
compared with uptake and activation of the immune system by 
protein monomers [30], while another hypothesis suggests that 
aggregates might mimic the structure of microorganisms [31].

Another quality attribute associated with immunogenicity of 
therapeutic proteins is host-cell impurities. Purifi cation pro-
cesses may be insuffi cient to completely eliminate impurities 
such as DNA, host-cell proteins, or endotoxins from the fi nal 
product. As a result, therapeutic proteins might contain low 
 levels of host-cell impurities. A study performed at FDA has 
shown that trace levels of lipopolysaccharide from Escherichia 
coli and DNA impurities containing CpG motifs can activate 
the immune system and therefore increase immunogenicity of 
therapeutic proteins in mice [32].

Additionally, post-translational modifi cations such as glycosyla-
tion can have a signifi cant impact on immunogenicity. Glyco-
sylation is a common post-translational modifi cation that can 
affect physicochemical properties of the protein such as solu-
bility, folding, stability and biological activity. Glycosylation is 
species dependent, and is infl uenced by the cell line and cul-
ture conditions used during production processes [33]. Glyco-
sylation of cetuximab is a well-known example of how glycan 
structures can affect immunogenicity. Cetuximab is a  chimeric 
mouse–human IgG1 mAb used to treat colorectal cancer and 
squamous cell carcinoma of the head and neck, and contains 

galactose-α-1,3-galactose (α-Gal). This glycan can induce IgE 
responses within minutes of fi rst exposure to cetuximab, leading 
to severe hypersensitivity reactions [34, 35]. α-Gal is not endog-
enously expressed by humans, but the cell line used to produce 
 cetuximab (the murine Sp2/0 cell line) does give rise to this type 
of glycan. Possibilities to prevent α-Gal glycosylation are geneti-
cally modifying the gene encoding for α 1,3- galactosyltransferese, 
the enzyme involved in the synthesis of α-Gal in the Sp2/0 cell 
line, or changing to another expression system [21].

Last, the presence of metal and glass particles in the fi nal prod-
uct can cause immunogenicity. Spiking glass and metal particles 
into low immunogenic therapeutic proteins such as growth hor-
mone and interferon beta has been shown to increase immu-
nogenicity in mice [36, 37]. Additionally a clinical study showed 
that low amounts of tungsten present in the syringes of an eryth-
ropoietin biosimilar caused denaturation and aggregation of the 
protein and increased the incidence of immunogenicity [38].

Similarity – non-clinical studies
After determining similarity in product quality attributes between 
the originator and biosimilar mAb, subsequent preclinical in 
vitro and in vivo similarity assessment takes place. These tests 
are designed to optimally investigate and compare the complex 
biological activity of the multiple domains of the mAb and its 
biosimilar. These domains are the Fab region, which includes 
the variable domains, and which is involved in target interac-
tion, and the Fc region, which is involved in antibody depen-
dent cell mediated cytotoxicity and in complement dependent 
cytotoxicity. The Fc region, but sometimes also the Fab region, 
is glycosylated, and the type and size of glycan is important in 
effector function [39].

The EMA guideline on similar biological medicinal products 
containing monoclonal antibodies includes crucial steps in simi-
larity testing—non-clinical and clinical issues are summarized 
below [14].

The fi rst step describes in vitro testing. The guideline states that 
‘because in vitro assays may be more specifi c and sensitive than 
studies in animals, these assays can be considered  paramount 
in the non-clinical comparability exercise’. Comparative in vitro 
 studies are thus considered very important, if not the most impor-
tant when assessing preclinical similarity in biological functioning. 
In these tests, the originator and biosimilar mAb should show sim-
ilar: (i) binding to target antigen(s); (ii) binding to  representative 
isoforms of the three Fc gamma receptors; (iii) Fab-associated 
functions, e.g. neutralization of a soluble ligand, receptor activa-
tion or blockade; and (iv) Fc-associated functions, e.g. antibody 
dependent cell mediated cytotoxicity, complement dependent 
cytotoxicity and complement activation.

Importantly, the studies should be designed to detect minute 
differences between the biosimilar and in the original product 
in the relationship between protein concentration and biologi-
cal activity, and should not just assess the response per se. Also, 
multiple batches should be included in similarity testing.

The second step describes the need for animal studies [14]. Impor-
tant considerations when deciding if animal studies are  necessary 
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for similarity assessment are the presence of: (i) relevant quality 
attributes in the mAb biosimilar that have not been detected in the 
originator product, such as differences in post-translational modifi -
cation; (ii) signifi cantly different numbers of quality attributes than 
those present in the originator product; and (iii) relevant differ-
ences in formulation, e.g. use of excipients that are not commonly 
used for mAbs. If no concerns are identifi ed, in vivo animal studies 
could be unnecessary, especially because suitable animal models 
are often unavailable. However, if concerns are identifi ed, addi-
tional animal studies on pharmacokinetics, pharmacodynamics 
and/or safety might be necessary [14].

Nevertheless, in vivo similarity assessment between mAb origi-
nator and biosimilar in terms of pharmacokinetics, pharmaco-
dynamics and safety (including immunogenicity) is often tested 
fi rst in clinical studies. The following section describes how 
immunogenicity testing and comparison takes place during 
these clinical studies.

Similarity – clinical studies
There are multiple patient and treatment-related factors that 
can affect immunogenicity of therapeutic proteins during clini-
cal studies [40]. These include the disease state of the patients, 
genetic factors, age, concomitant medication, duration and route 
of administration, and previous exposure to similar proteins. 
Additionally, the sampling schedule and the assay used to detect 
antibodies will infl uence immunogenicity assessment [40, 41]. 
Therefore, before starting a clinical study measuring immunoge-
nicity, all these factors need to be taken into account, and an opti-
mal study design should be chosen depending on the product.

Concerning immunogenicity testing of mAb, and their biosimi-
lars, in particular, several critical factors should be considered 
in the EMA guidelines on (1) immunogenicity assessment of 
monoclonal antibodies intended for in vivo clinical use, and 
(2) similar biological medicinal products containing monoclonal 
antibodies—non-clinical and clinical issues [13, 14].

First, well-validated assays to detect anti-drug antibodies should 
be in place, and these tests should be the same for the mAb 
biosimilar and originator product. Assays used to detect anti-
bodies against mAb can be technically challenging. Often, con-
ventional ELISAs and radio-immunoprecipitation assays involve 
the use of anti-immunoglobulin reagents to detect antibodies 
bound to the drug. However, in the case of anti-mAb antibody 
assays, these anti-immunoglobulin reagents will not only bind 
to the antibodies bound to the drug, but also the drug itself [42]. 
As a result, different assay approaches should be developed for 
mAbs. These can include the bridging format ELISA, electro-
chemiluminescence-based detection of anti-drug antibodies, or 
surface plasmon resonance-based assays. For these assays, the 
matrix interference due to serum or plasma components, inter-
ference due to the presence of the mAb, sensitivity and specifi c-
ity should be assessed. If antibodies are detected, it is expected 
that the neutralizing capacity of the antibodies will be tested. 
The guideline on immunogenicity assessment of monoclonal 
antibodies intended for in vivo  clinical use  suggests that com-
petitive ligand binding assays may be the choice of assay [13].

Second, the best population to study immunogenicity should 
be chosen. That means that immunogenicity might be tested 

during a population pharmacokinetics study, in which sparse 
sampling and determination of drug concentration together with 
anti-drug antibody detection is acceptable. However, for some 
mAb, immunogenicity can be better detected in healthy vol-
unteers, who develop a strong immune response after a single 
dose within a few days [14].

Third, the dose of the originator and biosimilar mAb used during 
clinical studies should be optimal for antibody assessment. The 
EMA guideline on similar biological medicinal products con-
taining monoclonal antibodies—non-clinical and clinical issues 
states that ‘some mAbs inhibit antibody formation when admin-
istered at high doses, and therefore studies conducted with low 
doses can be more sensitive to compare immunogenicity of the 
mAb biosimilar and original product’ [14].

The guidelines also stress that studies on immunogenicity are 
of particular importance when a different expression system is 
used to produce the biosimilar mAb compared with the origi-
nator product. Differences in post-translational modifi cations 
like glycosylation, could affect biological activity and immuno-
genicity. Therefore, they describe that ‘In some instances, IgE 
testing prior to clinical administration needs to be considered 
for patients if the mAb contains non-human carbohydrate struc-
tures, e.g. α-Gal, in order to prevent severe anaphylaxis’ [13].

An important consideration in developing biosimilar mAbs 
is that products with lower immunogenicity than the original 
products would not be excluded for market approval. However, 
higher immunogenicity than the originator mAb would question 
biosimilarity between the two products.

Furthermore, if the incidence of immunogenicity is expected 
to be rare and thus unlikely to be measured before market 
approval, an additional post-marketing study designed to detect 
subtle differences in immunogenicity may be requested.

MAb biosimilar products under development
It is expected that eight mAb products will encounter patent 
expiration in the EU and US before 2020, see Table 1 [43, 44], 
opening the drug market for the development of biosimilar 
mAb products. Until now (August 2013), mAb biosimilars have 
not yet entered the EU or US markets, however, two products 
have received recommended approval from EMA’s Committee 
for Medicinal Products for Human Use (CHMP). Between 2003 
and 2011, about 40% of all requests for scientifi c advice EMA 
received were for biosimilar mAbs [45], indicating the exten-
sive interest in developing these products. This is not surpris-
ing as the monoclonal antibody products on the market are 
very profi table and can generate huge revenues. For example, 
global sales of Infl iximab (Johnson & Johnson) are estimated at 
US$6.1 billion, and those of adalimumab (Abbott) are estimated 
at US$9.3 billion [45]. Because of the high number of biosimi-
lar mAbs under development, only those with ongoing market 
approval, with ongoing clinical trials (clinicaltrials.gov), or with 
publically accessible clinical data are discussed.

Infl iximab
Infl iximab is a chimeric human–mouse antitumour necrosis 
 factor alpha monoclonal antibody used for the treatment of 
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autoimmune diseases such as rheumatoid arthritis, Crohn’s 
 disease and ankylosing spondylitis. It is expected that the EU 
patent of infl iximab will expire in 2014, followed by the US 
 patent in 2018, see Table 1.

In July 2012, the Korean FDA approved an infl iximab biosimi-
lar (Remsima) for the Korean market, and in June 2013 two 
biosimilar infl iximab products (Remsima and Infl ectra) received 
recommended approval from EMA’s CHMP for the EU market 
[46].

There are two clinical studies published on Remsima that could 
give an indication on the immunogenicity risk of this product. 
A phase III study by Yoo et al. performed in patients with active 
rheumatoid arthritis showed that besides similar effi cacy and gen-
eral safety, immunogenicity incidences are also similar between 
the originator and biosimilar product. For both products, an 
incidence of antibody positive patients of ∼25% was found after 
14 weeks of treatment and ∼50% at 30 weeks of treatment [47]. 
The authors mention that the effect of antibody formation on 
treatment effi cacy was tested, but they do not clearly show these 
results. Nevertheless, no signifi cant difference in response was 
found between infl iximab and the biosimilar mAb. A phase I 
study by Park et al. in patients with active ankylosing spondyli-
tis showed antibody incidences of 9.1% in patients treated with 
the infl iximab biosimilar and 11.0% in infl iximab treated patients 
at week 14. At week 30, patients treated with the  infl iximab bio-
similar displayed  antibody  incidences of 27.4%, and 22.5% of 
the patients treated with infl iximab were  antibody positive [48]. 
In this study the authors do not report on the use of a bioas-
say (or similar) to check the antibodies for neutralizing activ-
ity, however, post hoc analysis revealed that antibody positive 
patients had a less robust response to the drug. No signifi cant 
differences were found between the infl iximab biosimilar and 
infl iximab.

Etanercept
Etanercept is a fusion protein 
consisting of a portion of the 
human tumour necrosis factor 
receptor linked to the Fc portion 
of human IgG1, and is used to 
treat infl ammatory conditions. 
It is expected that in 2015 the 
EU patent for etanercept will 
expire, and the US patents are 
expected to expire in 2013 and 
2023, depending on the formu-
lation, see Table 1.

Gu et al. have performed a study 
in which they showed compa-
rable tolerability and pharma-
cokinetics in 19 healthy Korean 
men between  etanercept and 
its biosimilar [49], however, 
no immunogenicity data has 
been published for this study. 
A similar study by Yi (2012) 
in 37 healthy volunteers also 
showed comparable tolerability 
and pharmacokinetics between 

etanercept and its biosimilar (HD203) [50]. It is unclear from 
these reports if the same biosimilar product was used.

Trastuzumab
Trastuzumab is a humanized mAb that interferes with the HER2/
neu receptor, and is used to treat HER2 positive cancers, includ-
ing HER2 breast cancer. Celltron, the Korea-based biosimilar 
company that launched the Infl iximab biosimilar Remsima on 
the Korean market, is also pursuing the market approval of a 
 trastuzumab biosimilar. On 6 June 2013, they applied for approval 
at the Korean Ministry of Food and Drug Safety (MFDS, formerly 
the Korea Food and Drug Administration). Clinical comparison 
trials have been executed for approval, however, detailed data 
on immunogenicity are not yet publically available. In addi-
tion, Synthon has a global licensing agreement with Amgen and 
 Watson Pharmaceuticals for the development of a biosimilar tras-
tuzumab. A clinical phase I trial shows bioequivalence between 
Synthon’s trastuzumab biosimilar and the originator product, and 
they are now starting a phase III study with this biosimilar.

Rituximab
Rituximab is a humanized mAb used to treat CD20-positive non-
Hodgkins lymphoma, chronic lymphocytic leukaemia and rheu-
matoid arthritis, see Table 1. Sandoz, Celltrion and  Biocad have 
ongoing clinical trials for similarity testing of their  rituximab 
 biosimilars (clinicaltrials.gov; search ‘biosimilar’). Sandoz is 
 starting a phase III trial to compare the effi cacy, safety and phar-
macokinetics of their rituximab biosimilar (GP2013) to rituximab 
in patients with advanced stage follicular lymphoma (identifi er: 
NCT01419665). Celltrion has an ongoing phase I study designed 
to demonstrate comparable pharmacokinetics between their 
biosimilar (CT-P10) and rituximab in patients with active 
rheumatoid arthritis (identifi er: NCT01534884). In addition, 
 Celltrion is starting a phase I study to provide  initial evidence 
of safety, pharmacokinetics, pharmacodynamics, and effi cacy 

Table 1: Expected patent expiry dates of monoclonal antibody products

mAb products Indications Expected expiry date

Bevacizumab 
(Avastin)

Metastatic colorectal cancer, HER2-negative 
 metastatic, breast cancer

2022 (EU)
2019 (US)

Trastuzumab 
(Herceptin)

HER2-positive breast cancer,  metastatic breast 
 cancer that  overexpresses HER2

2014 (EU)
2019 (US)

Palivizumab 
(Synagis)

Respiratory diseases caused by  respiratory 
 syncytial virus

2015 (EU and US)

Cetuximab 
(Erbitux)

EGFR-expressing metastatic colorectal  cancer, 
squamous cell carcinoma of the head and neck 

2014 (EU)
2016 (US)

Etanercept 
(Enbrel)

Rheumatoid arthritis, juvenile idiopathic  arthritis, 
 ankylosing spondylitis, plaque psoriasis

2015 (EU)
2013/2023 (US, dependent 
on the formulation)

Adalimumab 
(Humira)

Rheumatoid arthritis, psoriatic arthritis,  ankylosing 
 spondylitis, Crohn’s disease

2018 (EU)
2016 (US)

Infl iximab 
(Remicade)

Crohn’s disease, ulcerative colitis,  rheumatoid 
arthritis,  ankylosing  spondylitis, psoriatic arthritis

2014 (EU)
2018 (US)

Rituximab 
(Rituxan)

CD20-positive non-Hodgkins  lymphoma, chronic 
 lymphocytic  leukaemia,  rheumatoid arthritis

2013 (EU)
2018 (US)

mAb: monoclonal antibody; EGFR: epidermal growth factor receptor.
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of their rituximab biosimilar in patients with diffuse large B-cell 
 lymphoma (CT-P10; identifi er: NCT01534949). Lastly, Biocad is 
starting a phase III trial to prove that effi cacy, safety and immu-
nogenicity of their rituximab biosimilar (BCD-020) is equiva-
lent to rituximab in patients with rheumatoid arthritis (identifi er: 
NCT01759030). Unfortunately, no information on the outcome 
of these trials is available yet.

Conclusion
Immunogenicity is a major concern when developing biosimilar 
mAb. Despite the limited clinical data currently available, fi rst 
reports show similar immunogenicity between infl iximab and 
infl iximab biosimilars. Although these data are encouraging, 
post-marketing surveillance of these products, and additional 
clinical studies, will be needed to obtain a good overview on 
immunogenicity of biosimilar mAb.
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