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Abstract
The goal of this narrative review was to summarize immunogenicity data of biosimilars or biosimilar candidates for rheu-
matic diseases, plaque psoriasis, or inflammatory bowel disease (IBD), available in peer-reviewed publications or regulatory 
documents. PubMed records and regulatory documents were searched for immunogenicity data of TNFα or CD20 inhibitor 
biosimilars or biosimilar candidates. Data collected included the proportion of patients positive for anti-drug antibodies 
(ADAbs), proportion with neutralizing antibodies (nAbs) among ADAb-positive patients, ADAb/nAb assay characteristics, 
cross-reactivity, and the effects of ADAbs on pharmacokinetics, pharmacodynamics, efficacy, and safety. We identified eight 
biosimilars or biosimilar candidates for adalimumab (BI 695501, SB5, ABP 501, GP2017, PF-06410293, MSB-11022, FKB-
327, ZRC-3197) four for etanercept (SB4, GP2015, CHS-0214, LBEC0101), and three each for infliximab (SB2, CT-P13, 
GP1111) and rituximab (CT-P10, GP2013, PF-05280586) with immunogenicity data. Randomized, head-to-head trials with 
reference products varied in design and methodology of ADAb/nAb detection. The lowest proportions of ADAb-positive 
(0–13%) and nAb-positive patients (0–3%) were observed in the trials of etanercept and its biosimilars, and the highest 
with adalimumab, infliximab, and their biosimilars (ADAbs: ≤ 64%; nAbs: ≤ 100%). The most common method of ADAb 
detection was electrochemiluminescence, and ADAb positivity was associated with nominally inferior efficacy and safety. 
Overall, there were no significant immunogenicity differences between biosimilars and reference products. However, there 
are many discrepancies in assessing and reporting clinical immunogenicity. In conclusion, immunogenicity data of biosimi-
lars or biosimilar candidates for TNFα or CD20 inhibitors were collected in trials that varied in design and procedures for 
ADAb/nAb detection. In general, immunogenicity parameters of biosimilars are similar to those of their reference products.
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1 Introduction

Over the past few decades, the introduction of therapeutic 
proteins, also known as ‘biologics’, has resulted in signifi-
cantly improved and, in some cases, transformative clinical 
outcomes in patients with rheumatic diseases [1–3], psoria-
sis [4], and inflammatory bowel disease (IBD) [5]. How-
ever, use of these highly effective biologic disease-modify-
ing agents (bDMARDs) has been limited by high costs [6, 
7]. With the expiration of patent protection for many of the 
original biologics, we have witnessed the development of 
less expensive competitor products of sufficient similarity, 
called ‘biosimilars’. To attain regulatory approval, biosimi-
lars are required to be ‘highly similar’ to their reference 
products in terms of molecular structure, pharmacokinet-
ics, pharmacodynamics, clinical efficacy, and safety [8–10]. 
Registration procedures for biosimilar products, as estab-
lished by the US Food and Drug Administration (FDA), 
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the European Medicines Agency (EMA), and the World 
Health Organization (WHO), differ from those used for 
the registration of reference products, and follow a more 
streamlined process based on the “totality of evidence” [8]. 
It is generally hoped that biosimilar entry into the market 
place will greatly improve patient access to these biologics.

Use of a biologic agent can trigger an immune response 
that may result in reduced efficacy, treatment failure, or 
adverse effects [11]. Detailed immunogenicity evaluations 
are required for approval of biosimilars [8–10], and the 
types of assays and sensitivity of detection are described 
in updated regulatory guidance documents [12, 13]. For 
example, the FDA recommends a sensitivity of 100 ng/mL 
for screening and confirmatory assays for anti-drug anti-
bodies (ADAbs), together with acid dissociation pre-treat-
ment or other approaches to disrupt circulating ADAb-
drug complexes, which are expected to improve assay drug 
tolerance [13]. The assay method should specifically detect 
the ADAbs and not the biologic agents themselves (which 
are often antibodies), non-specific endogenous antibodies, 
or antibody reagents used in the assay. For patient popula-
tions with a high incidence or prevalence of rheumatoid 
factor (RF), the sponsor should demonstrate that RF does 
not interfere with the detection method [13].

However, regardless of the methodology by which they 
were obtained, immunogenicity data can be challenging to 
interpret [14]. For example, current assays are more sensitive 
and assay requirements more stringent than those used ini-
tially for the reference products [15], which complicates his-
torical comparisons. In addition, the ability to detect ADAbs 
can vary greatly between various assay types [16]. Further, 
interpretation of the clinical impact of ADAbs is more read-
ily understood at the group level than in individuals, where 
considerable variability in immune responses to therapy may 
be observed. Finally, the effect of immunogenicity on phar-
macokinetics is less frequently reported than the incidence/
titer of ADAbs and kinetics of their appearance [17], which 

also contributes to the lack of standardization when report-
ing immunogenicity data [14, 18].

In light of the increasingly complex and expanding lit-
erature on the topic, we decided to summarize the immuno-
genicity data for biosimilars and biosimilar candidates for 
treatment of rheumatic diseases, plaque psoriasis, and IBD, 
with the focus on agents licensed by the EMA and FDA. 
Those regulatory agencies were selected because of their 
established, rigorous procedures for evaluation and approval 
of therapeutic proteins, and because of readily available doc-
umentation for each approved agent.

2  Literature Search and Data Collection

In this review, we summarized available immunogenicity 
data on biosimilars approved or investigated for rheumatic 
diseases, plaque psoriasis, or IBD by the EMA or FDA. 
PubMed records, clinical summaries, or assessment reports 
submitted to the EMA or FDA were searched for immu-
nogenicity data from randomized, controlled trials (RCTs), 
open-label extensions, or post-approval observational studies 
of biosimilars or biosimilar candidates in patients with rheu-
matic diseases, psoriasis, or IBD, as well as early studies in 
healthy volunteers. (The exceptions are biosimilar candi-
dates for rituximab: their B-cell-depleting effect at the thera-
peutic doses would preclude studies in healthy volunteers.) 
In addition, abstracts from the key annual American and 
European conferences in rheumatology (American College 
of Rheumatology and the European League Against Rheu-
matism), dermatology (American Academy of Dermatology 
and European Academy of Dermatology and Venereology), 
and gastroenterology (American College of Gastroenterol-
ogy and the United European Gastroenterology Week) were 
searched for agents that are currently in phase III develop-
ment but whose immunogenicity data have not been pub-
lished in peer-reviewed publications. Initial searches con-
ducted using the terms ‘immunogenicity AND biosimilar 
AND (rheum* OR psoriasis OR bowel OR IBD OR colitis 
OR Crohn*) AND (adalimumab OR etanercept OR inflixi-
mab OR rituximab)’ were supplemented by additional ones 
(e.g., ‘anti-drug antibody’, ‘switch*’, ‘assay’) and by review 
of similar publications, as provided by search engines. Stud-
ies involving pediatric patients were excluded. The databases 
were last searched in April 2019.

Wherever available, data collected included immuno-
genicity assay type, time of sample collection, type of anti-
body detected  (IgG1 or  IgG1 and  IgG4), proportions (%) of 
patients positive for ADAbs, proportions (%) of patients 
with neutralizing antibodies (nAbs) among ADAb-positive 
patients, impact of immunogenicity on pharmacokinetic, 
pharmacodynamic, or clinical parameters, impact of ADAbs 
on safety, impact of switching (i.e., replacing reference 

Key Points 

Immunogenicity of biosimilars currently approved for 
rheumatic diseases, plaque psoriasis, or inflammatory 
bowel diseases is similar to that of their reference prod-
ucts.

The lowest proportions of anti-drug antibodies were 
reported in trials of etanercept and its biosimilars, and 
the highest in the trials of adalimumab, infliximab, and 
their biosimilars.

There are many discrepancies in assessing and reporting 
clinical immunogenicity.
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product with biosimilar) on immunogenicity, and data on 
cross-reactivity, defined as the ability of ADAbs developed 
as a response to reference product to recognize the biosimi-
lar molecule, and vice versa.

3  Summary of Literature Searches

3.1  Studies

Overall, we identified 52 trials of 18 biosimilars or biosimi-
lar candidates that fit our search criteria.

There were 14 studies in healthy volunteers with immu-
nogenicity data available in publications or regulatory docu-
ments, for five biosimilars (BI 695501 [19], SB5 [20], ABP 
501 [21], FKB327 [22], and GP2017 [23]) and one biosimi-
lar candidate (MSB11022 [24]) of adalimumab, two biosimi-
lars (SB4 [25] and GP2015 [26]) and one biosimilar candi-
date (LBEC0101 [27]) of etanercept, and two biosimilars of 
infliximab (SB2 [28] and CT-P13 [29]). As expected (see 
Sect. 2), we could not identify immunogenicity data from 
healthy volunteer studies of rituximab biosimilars (Supple-
mentary File, Tables 1 and 2, see electronic supplementary 
material [ESM]).

For rheumatic diseases, we were able to identify 25 stud-
ies with immunogenicity data for 15 biosimilars or biosimi-
lar candidates: six with adalimumab as the reference prod-
uct (biosimilars BI 695501 [30], SB5 [31], ABP 501 [32], 
and FKB327 [33], and biosimilar candidates PF-06410293 
[34], and ZRC-3197 [35]) and three each with etanercept 
(biosimilar SB4 [36] and biosimilar candidates CHS-0214 
[37] and LBEC0101 [38]), infliximab (biosimilars SB2 [39], 
CT-P13 [40–45], and infliximab-qbtx [46]), and rituximab 
(biosimilars CT-P10 [47–49] and GP2013 [50, 51] and a 
biosimilar candidate PF-05280586 [52, 53]) (Supplementary 
File, Tables 1 and 2, see ESM).

Immunogenicity data for patients with plaque psoriasis 
were available with two biosimilars of adalimumab (ABP 
501 [54] and GP2017 [55]) and one biosimilar of etanercept 
(GP2015 [56]), with one study each (Supplementary File, 
Tables 1 and 2, see ESM). CT-P13 was the only biosimilar 
with immunogenicity data for IBD, obtained from 10 trials 
(Supplementary File, Tables 1 and 2, see ESM) [57–66]. 
Of note, the NOR-SWITCH trial included patients with 
IBD, rheumatic diseases, and psoriasis, but was categorized 
within the IBD group because those patients comprised over 
50% of participants [63].

Studies in both healthy volunteers and patients varied 
in methodology of ADAb/nAb detection (Supplementary 
File, Table 1, see ESM), as well as in design and dura-
tion (Supplementary File, Table 2, see ESM). In addition, 
reporting of both the ADAb/nAb assay methodology and 

immunogenicity parameters was not standardized and the 
details, such as the exact numbers of patients with ADAbs or 
nAbs, were occasionally presented in supplementary materi-
als or regulatory documents only.

3.2  Characteristics of Anti‑drug Antibody (ADAb) 
and Neutralizing Antibody (nAb) Assays

Overall, publications and regulatory agency summaries were 
not sufficiently detailed to allow for methodical compari-
sons between the assays used. The most common method of 
detecting ADAbs was the electrochemiluminescence (ECL) 
assay, which was used in 86% (12/14) of trials in healthy vol-
unteers [19–26, 28] and 55% (21/38) of trials in patients with 
rheumatic diseases, plaque psoriasis, or IBD (Supplemen-
tary File, Table 1, see ESM) [30–32, 34, 36, 38–42, 44–49, 
52–56]. The second most commonly used detection method 
was the enzyme-linked immunosorbent assay (ELISA), 
which was employed in 7% (1/14) of trials in healthy vol-
unteers [29] and in 21% (8/38) of patient trials [50, 51, 57, 
59–61, 64, 65]. Of note, ELISA was predominantly used 
in open-label trials of the infliximab biosimilar CT-P13 in 
patients with IBD (Supplementary File, Table 1, see ESM) 
[57, 59–61, 64, 65]. The radioimmunoassay (RIA) was used 
in two (5%) patient trials [43, 66]. The remainder of the trials 
used either an affinity capture elution assay [healthy volun-
teers, 7% (1/14)] [27], an automated assay on autoDELFIA 
platform [patients, 5% (2/38)] [58, 62], non-specified assay 
methodology [patients, 11% (4/38)] [33, 35, 37], or, in the 
case of the NOR-SWITCH trial of the infliximab biosimilar 
CT-P13, assessed the presence of nAbs only, using a non-
specified, in-house assay (Supplementary File, Table 1, see 
ESM) [33]. In general, nAbs were detected using competitive 
ligand-binding assays or cell-based assays, but their detection 
was sometimes not reported or not performed, most notably 
in open-label trials of CT-P13 in patients with IBD (Supple-
mentary File, Table 1, see ESM) [58–62, 64–66].

An initial acid dissociation step, recommended by the 
FDA and aimed at dissociating ADAb-drug complexes [13], 
was mentioned in 43% (6/14) of trials in healthy volunteers 
[19, 24, 26, 27] and in 5% (2/38) of patient trials [36, 56]. 
Of note, the use of acid dissociation, although probably 
included in the protocols of most trials, could not be con-
firmed if it was not mentioned in publications or the regula-
tory summaries.

Regardless of the type of trial, reporting of assay sensitiv-
ity, drug trough levels, or drug tolerance was sporadic, which 
did not allow for meaningful comparison between studies. 
The only detailed descriptions of assay methodology were 
found in the FDA Briefing Documents for the infliximab 
biosimilar CT-P13 and the rituximab biosimilar CT-P10 
[67, 68].
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3.3  ADAb and nAb Incidence

Across all trials and treatment groups, the incidence of 
ADAbs ranged from 0 to 100% (Supplementary File, 
Table 2, see ESM; Figs. 1a, 2a). A very high incidence of 
ADAbs (range 70–100%) was observed in phase I single-
dose studies in healthy volunteers of adalimumab biosimilars 
BI 695501 [19], SB5 [20], ABP 501 [21], and FKB327 [22, 
33] and an adalimumab biosimilar candidate MSB11022 
[24] (Supplementary File, Table 2, see ESM; Fig. 1a).

In patients, the highest incidences of ADAbs and nAbs 
were observed in trials of adalimumab [23, 30–35, 54, 55, 
69, 70] and infliximab [39–46, 58–66, 71–78] biosimilars 
(ADAbs: up to 64%; nAbs: up to 100%), and the lowest in 
studies of etanercept [36–38, 56, 79–81] biosimilars (ADAbs 
0–13%; nAbs 0–3%) (Supplementary File, Table 2, see 
ESM; Fig. 2a, b).

Regardless of the trial duration or type of participants 
(healthy volunteers or patients), the incidence of ADAbs in 
individuals treated with adalimumab, infliximab, and their 
biosimilars appeared to exceed that of etanercept, rituximab, 

and their biosimilars (Figs. 1a, 2a). In addition, the inci-
dence of ADAbs in adalimumab and infliximab trials gener-
ally increased with trial duration (reaching, in patient trials, 
a plateau after 12–24 weeks of treatment), a phenomenon 
that was not observed in trials of etanercept, rituximab, and 
their biosimilars (Figs. 1a, 2a). Of note, rituximab treatment 
regimens consisted of Course 1, which included two doses 
2 weeks apart, and ADAbs assessment at week 24. In Course 
2, patients in need of additional treatment received another 
dose, 16–24 weeks after the second one from Course 1, and 
ADAbs were assessed at week 48 [49, 82].

In addition, ADAb incidence in various clinical condi-
tions (rheumatic diseases, plaque psoriasis, IBD) appears 
similar within biosimilars for each reference product 
(Fig. 2a). However, it needs to be taken into account that 
the trials in rheumatic diseases (n = 25) greatly outnumbered 
those in plaque psoriasis (n = 3) and IBD (n = 10), which, 
together with differences in trial design, assay type, and 
patient populations, makes such comparisons very limited.

Consistent with the designation of biosimilarity, 
the proportions of ADAb- and nAb-positive patients in 

Fig. 1  Incidence of ADAbs (in treatment groups overall) and nAbs (in ADAb-positive individuals) in healthy volunteers, by study week. a, b 
Incidences of ADAbs and nAbs, respectively. ADAbs anti-drug antibodies, nAbs neutralizing antibodies
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individual RCTs were similar between reference products 
and their biosimilars (Supplementary File, Table 2, see 
ESM; Figs. 1, 2). Of note, in a 52-week trial of etaner-
cept and its biosimilar SB4, the cumulative incidence of 
ADAbs from baseline to week 52 was significantly lower 
with SB4 than etanercept [1% (3/299) vs 13% (39/296), 
p < 0.001], the majority being transient [79]. This dif-
ference resulted mostly from samples collected at weeks 
4 and 8, when 37/39 ADAbs in the etanercept group and 
2/3 in the SB4 group were detected, and was not reflected 

in the incidence of nAbs and efficacy or safety of etaner-
cept (Supplementary File, Table 2, see ESM). In a recent 
report, it was noted that there was no association between 
ADAbs and injection-site reactions in this trial [83].

3.4  Effect of ADAbs on Pharmacokinetics, 
Pharmacodynamics, Clinical Efficacy, and Safety

A majority of studies reported pharmacokinetics, pharma-
codynamics, efficacy, or safety parameters by ADAb status 

Fig. 2  Incidence of ADAbs (in treatment groups overall) and nAbs 
(in ADAb-positive individuals) in patients with rheumatic diseases, 
plaque psoriasis, or inflammatory bowel disease, by study week* 

[results of switching treatments are excluded]. a, b Indicate inci-
dences of ADAbs and nAbs, respectively. ADAbs anti-drug antibod-
ies, nAbs neutralizing antibodies
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(Supplementary File, Table 2, see ESM), but the information 
was often presented in supplementary materials or regula-
tory documents only. Typically, ADAb-positive individuals 
had lower drug concentrations and higher clearance rates 
compared with ADAb-negative individuals, with effects 
comparable between reference products and biosimilars 
(Supplementary File, Table 2, see ESM). A typical effect 
of ADAbs on pharmacokinetic parameters is illustrated in 
Fig. 3, using the example of the adalimumab biosimilar ABP 
501 [21].

Overall, there is evidence that the formation of ADAbs 
is associated with worsening of certain pharmacodynamic 
parameters such as C-reactive protein or erythrocyte sedi-
mentation rate and diminished clinical efficacy and safety 
(Supplementary File, Table 2, see ESM), but the statistical 
significance of those differences was generally not examined 
in individual trials. Examination of the impact of ADAbs on 
pharmacokinetics, pharmacodynamics, safety, and efficacy 
was not reported in trials of etanercept and its biosimilars 
or biosimilar candidates, due to the very low incidence of 
ADAbs.

3.5  ADAb Cross‑Reactivity

The ability of ADAbs to bind both the reference and biosimi-
lar products has been reported in four RCTs in rheumatic 
diseases: one with adalimumab and its biosimilar FKB327 
[33], two comparing infliximab and the biosimilar CT-P13 
[40, 44], and one with rituximab and the candidate biosimi-
lar PF-05280586 [52]. In the adalimumab-FKB327 trial 
(ARABESC), cross-reactivity was reported for all ADAb-
positive participants [33]. In RCTs of CT-P13 in rheumatoid 
arthritis (RA) (PLANETRA) [44] and ankylosing spondyli-
tis (PLANETAS) [40], 89–100% ADAbs and nAbs against 
infliximab were also reactive to CT-P13, indicating that 
the two macromolecules share similar immunodominant 
epitopes [84]. In addition, a single-center study in rheumatic 
diseases demonstrated that ADAbs against infliximab were 
reactive to CT-P13 in all patients assessed [85], and two 
studies in patients with IBD showed that ADAbs against 
CT-P13 were cross-reactive to infliximab [57, 86]. Both 
studies in IBD found an overlap in epitopes between biosimi-
lar and reference products [57, 86]. In the RCT comparing 
rituximab and PF-05280586, approximately 83% of ADAb-
positive samples were cross-reactive [52]. Cross-reactivity 

Fig. 3  The effect of ADAbs on serum concentration of adalimumab 
and its biosimilar ABP 501 after a single dose in healthy volunteers. 
Reproduced from Kaur P et  al, Ann Rheum Dis. 2017;76:526–533 
[21], with permission, under the license CC BY-NC 4.0 (https ://creat 

iveco mmons .org/licen ses/by-nc/4.0/). Lines represent individual 
pharmacokinetics profiles of adalimumab (US or EU) and ABP 501 
in ADAb-negative (blue) and ADAb-positive patients (orange). Bold 
lines represent mean values. ADAbs anti-drug antibodies

https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
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assessments available in regulatory documents only, for 
adalimumab’s FKB327 [22], etanercept’s GP2015 [26], 
and rituximab’s CT-P10 [68], suggest full cross-reactivity 
between ADAbs for biosimilars and reference products.

3.6  Effect of Switching on ADAb Incidence

Replacement of reference products with biosimilars in 
patients’ treatment regimens raises the question whether 
switching treatments affects immunogenicity. In the stud-
ies identified in our searches, the effect of switching was 
assessed with one or more cross-over steps in RCTs or their 
open-label extensions [30, 33, 45, 48, 54–56, 63, 69, 70, 78, 
80, 81], or, subsequent to approval, in real-world observa-
tional studies [43, 58, 63–66, 73, 75, 76, 87]. Available data 
for the biosimilars of adalimumab (ABP 501 [54, 69], BI 
695501 [30], SB5 [70], GP2017 [55], and FKB327 [33]), 
etanercept (SB4 [80] and GP2015 [56, 81]), infliximab 
(CT-P13 [43, 45, 63], SB2 [78], and unspecified [87]), and 
rituximab (CT-P10 [48]) indicate that switching resulted in 
no changes in quantitative or qualitative immunogenicity.

4  Discussion

Overall, the ranges of ADAb incidences in pivotal RCTs 
of reference products [88] are lower than those reported in 
recent trials comparing them to their biosimilars (Supple-
mentary File, Table 2, see ESM), which may be a result 
of improvements in assay methodology (including sample 
handling, drug trough levels, validation techniques, sample 
storage, number of replicates), sensitivity (currently man-
dated by regulatory agencies [12, 13]), as well as patient 
disease status and trial design employed [89].

ECL assays used for detection of ADAbs in biosimilar 
RCTs are usually more sensitive, specific, and less affected 
by drug interference or RF presence than ELISAs and RIAs 
used in the trials of reference products, and should include 
an acid dissociation step to dissociate ADAb–drug com-
plexes [12, 13, 90]. However, a majority of trial reports did 
not provide detailed descriptions of the ADAb/nAb assays 
employed and their specifications, including the FDA-rec-
ommended acid dissociation step [13], and it needs to be 
pointed out that all the trials cited here were designed and 
conducted before the FDA recommendation was issued, in 
2019. As a result, meaningful comparisons between immu-
nogenicity trials are challenging, if not impossible. A reli-
able comparison of immunogenicity effects is possible only 
if the same, validated test is used for both the reference prod-
uct and the biosimilar within the same trial. In addition, the 
non-standardized reporting of immunogenicity parameters 
obtained in clinical trials is a recognized problem that has 
prompted initiatives and proposals for resolution [14, 18].

With all this in mind, comparisons of ADAb and nAb 
rates between different trials and different molecular entities, 
such as those presented in Figs. 1 and 2, are for illustra-
tive purposes only and should be interpreted with caution, 
with full awareness of the aforementioned limitations. We 
think such comparisons are more valuable when examining 
the time profiles of ADAb development. For example, the 
observation that the incidence of ADAbs and nAbs increases 
with trial duration in cases of adalimumab and infliximab 
biosimilars (and reference products), which appears not to be 
the case with etanercept and rituximab (with the caveat that 
rituximab dosing is intermittent), should be independent of 
the differences in assay methodology between trials.

Cross-reactivity data were reported for only a small 
number of biosimilars or biosimilar candidates (CT-P13, 
FKB327, and PF-05280586 in publications and CT-P10 and 
GP2015 in regulatory documents), and they suggest that the 
ADAbs against reference products are cross-reactive with 
those generated against biosimilars. To date, epitope recog-
nition by cross-reactive ADAbs has been compared only in 
a study by Goncalves et al. [86], which revealed, on a group 
level, a complete overlap in epitopes recognized by ADAbs 
against reference infliximab and CT-P13. In addition, there 
is no evidence that switching between reference products to 
biosimilars (in some cases in various sequences [33]) affects 
the incidence of ADAbs or the quality of the immunogenic 
response, and consequently does not impact pharmacokinet-
ics, efficacy, or the incidence of adverse events.

Similar profiles in terms of ADAb/nAb incidence and the 
effect of ADAbs on pharmacokinetics, pharmacodynamics, 
and clinical parameters all imply that, for the most part, 
reference products and biosimilars induce a very similar 
immunological response. Interestingly, some reports exist 
indicating differences in the effects of reference products 
and biosimilars on the immune system, which may not be 
reflected in the development of ADAbs. For example, a 
small study conducted using an in vitro stimulation test of 
mononuclear cells collected from 55 patients with RA and 
10 healthy participants suggests that T-helper-9 cells are 
involved in responses to infliximab but not the biosimilar 
CT-P13 [91].

5  Conclusion

Immunogenic responses to the approved biosimilars or 
biosimilar candidates have been shown to be similar to 
those of their reference products. These results indicate 
that the biosimilar development guidelines in the US and 
Europe have led to the approval of biosimilars with a 
highly similar within-class immunogenicity and have not 
resulted in immunogenic differences between biologic 
agents of the same class. Finally, our literature confirmed 
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previous observations about the many discrepancies in 
assessing and reporting clinical immunogenicity [18]. We 
hope that, in the future, journals will take a more resolute 
stance and consider requesting some form of standard-
ized reporting of immunogenicity data, along the lines 
of the Innovative Medicines Initiative ABIRISK (Anti-
Biopharmaceutical Immunization Prediction and Clini-
cal Relevance to Reduce the Risk) consortium [18] and 
similar to the standardized list of CONSORT (Consoli-
dated Standards of Reporting Trials) requirements for 
randomized trials [92].
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