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Abstract Over the last decade, biologic therapeutic pro-
teins have advanced the treatment of diseases such as rheu-
matoid arthritis (RA). Therapeutic antibodies such as
infliximab, adalimumab, rituximab, tocilizumab, golimu-
mab, certolizumab pegol, the receptor construct etanercept,
and abatacept, an anticluster of differentiation (CD)80/anti-
CD86 fusion protein, are used as treatment for RA and
ankylosing spondylitis (AS). Infliximab, adalimumab, goli-
mumab, certolizumab pegol, and etanercept are inhibitors of
tumor necrosis factor (TNF), a key regulator of inflamma-
tion. Left untreated, progression of rheumatic diseases due
to inflammation can lead to irreversible joint damage and
serious disability. One limitation for the use of thera-
peutic antibodies is immunogenicity, the induction of
antibodies by the adaptive immune system in response
to foreign substances. The development of antidrug anti-
bodies (ADAs) has a varying impact on the clinical
efficacy of biologic agents for the treatment of RA
and AS, depending on whether the ADAs are neutraliz-
ing or non-neutralizing. Studies have indicated that neu-
tralizing ADAs are associated with a reduced efficacy,

decreased drug survival, increased instances of dose
escalation, and adverse events. Comparison studies of
anti-TNF biologics have demonstrated that each drug
has a different sustained efficacy profile depending on
immunogenicity. The purpose of this review is to pro-
vide rheumatologists with information regarding the effect of
neutralizing antibodies on the sustainable efficacy of anti-TNF
biologic therapies. This information will be of value to prac-
ticing rheumatologists in Africa and the Middle East who
should take into account the potential for changes in the
efficacy and safety of biologic therapies and closely monitor
patients under their care.
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Introduction

Over the last decade, biologic therapeutic proteins have
advanced the treatment of diseases such as rheumatoid
arthritis (RA) [1]. Biologics are drugs that are either com-
prised of native proteins such as hormones, cytokines, and
growth factors or engineered molecules such as therapeutic
monoclonal antibodies, antibody fragments, or protein con-
structs [1]. The fastest growing class of human biologics is
monoclonal antibodies, with many approved for the treat-
ment of rheumatic diseases [1]. Therapeutic antibodies such
as infliximab, adalimumab, rituximab, tocilizumab, golimu-
mab, certolizumab pegol, the receptor construct etanercept,
and abatacept, an anticluster of differentiation (CD)80/anti-
CD86 fusion protein, are widely used as treatment for RA
and ankylosing spondylitis (AS) [1–9]. Infliximab, adalimu-
mab, golimumab, certolizumab pegol, and etanercept are
inhibitors of tumor necrosis factor (TNF), a key regulator
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of inflammation [10]. Left untreated, progression of RA due
to aberrant inflammation can lead to irreversible joint dam-
age and serious disability [11]. In Africa and the Middle
East, the limited numbers of rheumatologists have an addi-
tional responsibility of raising awareness of the treatable
nature of RA and AS while utilizing current long-term
safety and efficacy data to make treatment decisions for
patients under their care [12, 13]. The purpose of this review
is to provide rheumatologists in Africa and the Middle East,
as well as others in similar practices with critical informa-
tion regarding the effect of neutralizing antibodies on the
sustainable efficacy of anti-TNF biologic therapies.

Immunogenicity

One of the main limitations for the use of therapeutic anti-
bodies is immunogenicity [14]. Immunogenicity refers to
the induction of antibodies by the adaptive immune system
in response to foreign substances. Immunogenicity of bio-
logic drugs is unpredictable and unforeseeable, and small
changes in a macromolecule can completely shift its immu-
nogenic profile [1]. Many biologic therapies cause an im-
mune response leading to the development of antidrug
antibodies (ADA); this can reduce efficacy and sometimes
lead to life-threatening complications [1, 14]. The propensi-
ty of a biologic therapy to induce immunogenicity depends
primarily on its structural properties [15]. The immune
response against a native biologic (human hormones,
growth factors, and cytokines) differs from the immune
response against designed biologics containing new foreign
epitopes or murine-derived molecules [1, 15]. This immune
response occurs only when the natural tolerance against
these biologics is broken; however, this type of reaction
occurs infrequently [1].

Immunogenic mechanisms and the evolution of biologics

Immunogenicity against designed therapeutic biologics is a
normal immune response against a foreign antigen [1]. The
first therapeutic antibodies were of mouse origin and close
to 90 % of patients treated with these drugs developed
human antimouse antibodies. These extreme reactions lim-
ited clinical use of therapeutic antibodies derived from mu-
rine sources [16]. Immunogenicity of therapeutic antibodies
has been reduced by replacing murine constant regions with
human ones, resulting in chimeric antibodies such as inflix-
imab and rituximab [1]. However, these antibodies have
been shown to induce the formation of human antichimeric
antibodies, which can also reduce efficacy and cause allergic
reactions [15]. Humanization of the variable regions of the
therapeutic antibodies further reduces immunogenicity;

however, fully human antibodies may also lead to the pro-
duction of human antihuman antibodies [15, 16].

Immunogenicity of fusion proteins like etanercept and
abatacept depends on their similarity to native proteins
[1]. The fusion portion of these biologics may contain
new epitopes that can be recognized as foreign by the
immune system. Antibody formation had been described
in patients treated with etanercept; however, the anti-
bodies do not affect the TNF binding domain [5].
Differences in immunogenicity between the most com-
mon anti-TNF biologics are discussed in a later section.
For practicing physicians, it is important to consider
that immunogenicity is a gradual process, developing
and changing over time, and continuation of treatment
may either induce tolerance or stimulate further antibody
production in patients treated with anti-TNF biologics.
Frequent, careful monitoring of patients treated with anti-
TNF biologics is critical in preventing reduced long-term
efficacy or adverse reactions.

Pharmacologic implications of immunogenic
mechanisms

Continued immune responses can have varying consequen-
ces, depending on their severity and if the response is caused
by neutralizing or non-neutralizing antibodies [1]. There is
no structural difference between neutralizing antibodies and
non-neutralizing antibodies; however, the key difference is
in the effect they have on the efficacy of a biologic.
Neutralizing antibodies may neutralize or inactivate the
biologic molecule, rendering it therapeutically ineffective.
These antibodies cause altered pharmacokinetics and, over a
long duration, may be responsible for the loss of efficacy
observed in patients treated with biologics [17]. For exam-
ple, antibodies to infliximab, adalimumab, and other mono-
clonal antibodies can lower biologic serum levels and
therefore “neutralize” the efficacy of these agents [15,
18–20]. Non-neutralizing antibodies do not affect the action
of the drug and may not affect clinical outcomes. However,
rare but serious autoimmune responses such as anaphylaxis,
infusion reaction, cross-reactivity to endogenous proteins, or
other adverse events (AEs) can be life-threatening [17].
Importantly, immunogenicity can only be revealed through
clinical trials, as the assessment of ADAs is quite complex [1].

Differences in immunogenicity between the different
anti-TNF biologics

All monoclonal antibodies that are used in the treatment of
RA are associated with antibody formation, and neutralizing
antibodies have been associated with most of them [2–6]. As
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previously discussed, the ability of a biologic therapy to
induce ADAs depends primarily on its structural properties
and the body’s response to these structures as foreign [15,
21]. Etanercept differs from other anti-TNF biologics in that
it is a fully human, recombinant dimeric fusion protein
consisting of the extracellular ligand-binding portion of the
human TNF receptor linked to the Fc portion of human
immunoglobulin G1 [5]. The non-neutralizing antibodies
that are developed in response to etanercept bind to the
fusion region of the protein, leaving the TNF binding site
unobstructed [22].

In contrast, adalimumab, golimumab, and infliximab are
all monoclonal antibodies, with adalimumab and golimu-
mab being fully human monoclonal antibodies [2, 8] and
infliximab being a humanized mouse monoclonal antibody
[2]. Antibodies developed in response to these monoclonal
antibodies are elicited to the hypervariable complementary-
determining regions on the Fab portions of the antibodies
[22]. These neutralizing antibody immune responses ob-
struct the TNF binding site, which reduces the ability of
the monoclonal antibodies to effectively bind TNF [22]. The
unbound TNF is released, free to bind to its cellular recep-
tors, thus inducing the inflammatory cascade. In addition to
factors associated with the treatment, immunogenicity also
seems to be the result of factors associated with the patient.
Additionally, immunosuppressors, such as methotrexate,
limit the formation of these antibodies [21]. These differ-
ences in antibody formation between the anti-TNF biologics
have important implications for sustained efficacy in the
treatment of rheumatic diseases.

Effect of ADAs on drug concentrations in RA patients

Previous short-term studies have indicated that the immu-
nogenicity of monoclonal antibodies led to associations
between ADA development and decreased serum drug

levels, and ultimately a decreased treatment response [20].
Up until this point, however, little was known about the
long-term impact of ADAs on drug concentrations. In a
long-term follow-up study of 272 (55 % completed follow-
up) RA patients treated with adalimumab, Bartelds et al.
[20] assessed serum adalimumab concentrations and anti-
adalimumab antibody titers after follow-up at 156 weeks.
Clinical outcomes were compared between patients with
and without anti-adalimumab antibodies. As shown in
Fig. 1, anti-adalimumab antibodies were found in 76
patients (28 %), and 51 of 76 (67 %) of anti-adalimumab
antibody-positive patients developed anti-adalimumab anti-
bodies during the first 28 weeks of treatment [20]. Patients
with anti-adalimumab antibodies discontinued participation
more often due to treatment failure [n029 (38 %); hazard
ratio (HR)03.0; 95 % confidence interval, 1.6–5.5; P<
0.001] compared with anti-adalimumab antibody-negative
patients [n028 (14 %)]. Patients with anti-adalimumab anti-
bodies also experienced a reduced treatment efficacy, with
only 10 of 76 (13 %) in a state of minimal disease activity,
compared to 95 of 196 patients (48 %) without anti-adali-
mumab antibodies [20]. Furthermore, only 3 of 76 patients
(4 %) with anti-adalimumab antibodies achieved sustained
remission (disease activity score in 28 joints≤2.6) compared
with 67 of 196 anti-adalimumab antibody-negative patients
(34 %). These data provide evidence that the development
of ADAs in response to biologic therapy is associated with
reduced drug serum levels and a diminished likelihood of
achieving minimal disease activity or clinical remission.

Clinical impact of ADA development on RA and AS
treatment

Several studies have demonstrated that ADA development
has important clinical consequences in patients with RA and
AS. Wolbrink et al. [23] evaluated the clinical impact of

Fig. 1 Percentage of patients
with anti-adalimumab
antibodies over time. Note that
51 of 76 (67 %) of anti-
adalimumab antibody-positive
patients developed anti-adalimu-
mab antibodies during the first
28 weeks of treatment [20].
Number of patients with available
serum samples are shown. Adap-
ted with permission fromBartelds
et al. [20]
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anti-infliximab antibodies in 51 patients with RA using
European League Against Rheumatism (EULAR) estab-
lished response criteria. The results of the study demonstrat-
ed that the production of anti-infliximab antibodies was
associated with a reduction in the clinical response
(Fig. 2). However, patients without anti-infliximab antibod-
ies responded to therapy [23]. The development of ADAs
also has a negative impact on clinical response in AS
patients. In a study conducted by de Vries et al. [25],
patients with AS were treated with infliximab and clinical
responses were measured according to the AS Assessment
of SpondyloArthritis International Society scale of 20 %
(ASAS20) response at 54 weeks. The authors found that
approximately 75 % of patients without anti-infliximab anti-
bodies achieved an ASAS20 response; in contrast, there was
a significant reduction in patients that achieved an ASAS20
response in patients with anti-infliximab antibodies [25].
Overall, the presence of anti-infliximab antibodies with AS
patients was associated with undetectable serum infliximab
levels, reduced treatment response, and an increased risk of
infusion reaction [25].

The production of anti-adalimumab antibodies and result-
ing alterations in clinical responses are observed with ada-
limumab treatment in patients with RA and AS [26, 27].
Bartelds et al. found that in RA patients treated with adali-
mumab, the presence of anti-adalimumab antibodies had an
inverse relationship with improvements in EULAR response
[26]. As shown in Fig. 2, the proportion of RA patients with
a good response increased as the anti-adalimumab antibody
concentration decreased, and there were no good responders
among patients who developed high concentrations of anti-
adalimumab antibodies [26]. In a recent study conducted by
Arends et al. [27], approximately 30 % of AS patients
treated with adalimumab developed anti-adalimumab antibod-
ies. These patients also had significantly lower serum levels of

adalimumab compared to AS patients without anti-ada-
limumab antibodies and had significantly diminished
clinical treatment responses [27]. Importantly, adminis-
tration of infliximab or adalimumab in combination with
methotrexate has been shown to reduce the production of
ADA [27, 28].

Treatment with etanercept has been shown to induce antibody
production in patients with RA but not AS [29, 30]. Importantly,
clinical responses in RA patients are not altered [29], and serum
levels of etanercept are not affected by simultaneous use of
methotrexate [5]. The impactive difference affecting anti-
etanercept antibodies on clinical response is likely due
to etanercept being a fully human fusion protein, the
ability of maintaining stable drug serum levels, and the
non-neutralizing nature of the anti-etanercept antibodies
[30]. These findings suggest that etanercept efficacy
should be sustained without dose escalation.

It is common in clinical practice to switch from one TNF
inhibitor to another in case of inadequate response or AEs
[31]. Generally, treatment responses after switching are bet-
ter in patients who stopped their first-course TNF inhibitor
due to AEs rather than inefficacy [32–34]. A recent study by
Jamnitski et al. [35] demonstrated that patients who previ-
ously discontinued infliximab or adalimumab treatment and
who had antibodies against these drugs achieved a clinical
response after switching to etanercept that did not differ
from patients who were anti-TNF naive. In contrast, switch-
ers without antibodies against adalimumab or infliximab
had a significantly lower response to etanercept compared
to switchers with antibodies and patients who were TNF
naive. These results suggest that there are different types of
nonresponders with different underlying mechanisms caus-
ing nonresponse and determining immunogenicity can be
helpful in deciding if patient switching could be a beneficial
treatment regimen.

Fig. 2 Decreased EULAR
clinical response in patients
with anti-infliximab and anti-
adalimumab antibodies [23, 24]
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Impact of ADAs on biologic discontinuation rates in RA

The development of ADAs has been shown to have an
impact on discontinuation rates of anti-TNF biologic thera-
py in RA. Strangfeld et al. [36] compared drug discontinu-
ation rates in combination therapy with a TNF inhibitor
(infliximab, adalimumab, or etanercept) plus methotrexate
or leflunomide in 1769 patients from the German RA
Observation of Biologic Therapy (RABBIT) registry.
Figure 3 reveals that discontinuation rates at all time points
for biologics in combination with the disease-modifying
antirheumatic drugs (DMARDs) methotrexate and lefluno-
mide in RABBIT were highest for infliximab, intermediate
for adalimumab, and lowest for etanercept [36]. In a sepa-
rate study, Marchesoni et al. [37] used data from the
Lombardy Rheumatology Network registry to evaluate drug
survival in 1,064 patients treated with infliximab, adalimu-
mab, or etanercept. Data showed that long-term survival of
etanercept was better than that of both infliximab and ada-
limumab. The authors concluded that the risk of discontinu-
ing infliximab was mainly due to primary or secondary loss
of efficacy, whereas the risk of discontinuing adalimumab
was mainly due to AEs [37]. Hetland and colleagues [38]
conducted another direct comparison of drug adherence
with infliximab, adalimumab, and etanercept using data
from 2,326 patients from the Danish Registry for

Biological Treatment in Rheumatology registry. Patients
with RA who failed one or more DMARDs and initiated
adalimumab (675 patients), etanercept (517 patients), or
infliximab (1,134 patients) as the first biologic agent were
included in the analysis [38]. The investigators found that
adherence was highest in patients treated with etanercept
(56 %) and lowest in patients treated with infliximab (41 %)
[38]. These differences in discontinuation rates among the
anti-TNF biologics are important for rheumatologists to
consider when choosing an appropriate treatment strategy
for patients under their care.

Impact of ADAs on dose escalation in RA treatment

In instances of reduced serum levels of biologic monoclonal
antibodies due to ADAs, some patients may benefit from
increased dosages [2, 3]. There are several reports of dose
escalation in patients treated with anti-TNF biologics [39],
and the prescribing information of adalimumab and inflix-
imab suggest that dose escalation may be considered in
patients experiencing a reduction in clinical response [2,
3]. In a recent report, Moots et al. [39] evaluated the prev-
alence of dose escalation in a retrospective observational
study of 739 patients with RA receiving continuous treat-
ment with etanercept, adalimumab, or infliximab for

Fig. 3 Discontinuation rates in
patients treated with etanercept,
infliximab, or adalimumab in
combination with either
methotrexate or leflunomide:
data from the RABBIT registry.
Note that etanercept therapy
resulted in the lowest
discontinuation rates across all
time points [36]

Fig. 4 Occurrence of dose
escalation is significantly
greater in patients treated with
adalimumab and infliximab
than in patients treated with
etanercept [39]. *P<0.001.
Adapted with permission from
Moots et al. [39]
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18 months. As shown in Fig. 4, dose escalation occurred
during therapy with adalimumab (3–5 times higher) or
infliximab (10 times higher) compared with patients treated
with etanercept [39]. The investigators also evaluated sec-
ondary escalation, which was defined as intensifying the
dose of the biologic or DMARD component of the therapy.
The prevalence of secondary escalation was significantly
higher during therapy with adalimumab or infliximab
compared to therapy with etanercept [39]. Since antie-
tanercept antibodies do not alter clinical responses, dose
escalation is not recommended, when compared with
monoclonal antibody drugs [2, 3, 5]. These factors are
also important for rheumatologists to consider, as increased
drug concentrations can lead to increased costs and a greater
risk of AEs.

Conclusions

Immunogenicity is the primary factor limiting the use of
anti-TNF biologics. The development of ADAs has a vary-
ing impact on the clinical efficacy of biologic agents for the
treatment of RA and AS, depending on whether the ADAs
are neutralizing or non-neutralizing. Several studies have
indicated that neutralizing ADAs are associated with a re-
duced likelihood of achieving a minimal disease activity
state or clinical remission, decreased drug survival, in-
creased instances of dose escalation, and AEs. Comparison
studies of anti-TNF biologics have demonstrated that each
drug has a different sustained efficacy profile depending on
immunogenicity. The impact on long-term efficacy and
safety should be considered by practicing physicians when
making therapeutic decisions for patients with RA or AS.
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