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RHEUMATOLOGY

Review

Drug safety and immunogenicity of tumour necrosis
factor inhibitors: the story so far

Meghna Jani'?, William G. Dixon'>** and Hector Chinoy**

Abstract

TNF-o inhibitor (TNFi) therapies have transformed the treatment of several rheumatic musculoskeletal
diseases. However, the majority of TNFi’s are immunogenic and consequent anti-drug antibodies forma-
tion can impact on both treatment efficacy and safety. Several controversies exist in the area of immuno-
genicity of TNFis and drug safety. While anti-drug antibodies to TNFis have been described in association
with infusion reactions; serious adverse events (AEs) such as thromboembolic events, lupus-like syn-
drome, paradoxical AEs, for example, vasculitis-like events and other autoimmune manifestations have
also been reported. The expansion of the biologic armamentarium, new treatment strategies such as
introduction/switching to biosimilars and cost-saving approaches such as TNFi tapering, may all have a
potential impact on immunogenicity and clinical sequelae. In this review we evaluate how evolution of
biologics relates to drug safety and immunogenicity, appraise relevant evidence from trials, spontaneous
pharmacovigilance and observational studies and outline the areas of uncertainty that still exist.
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Rheumatology key messages

« Differences in biologic structure may lead to differential immunogenicity rates and subsequent adverse events.
o Risk of infusion-reactions, lupus and vasculitis-like events may be mitigated by addition of concomitant DMARDs.
o Treatment stratification using therapeutic drug monitoring to predict safety and effectiveness may be possible.

Introduction

Biologic agents such as TNF-o inhibitors (TNFi’s) have
significantly improved outcomes in rheumatological con-
ditions, including RA, PsA and AS. However, up to 40% of
patients do not respond to TNFis from the outset or lose
response over time, the latter often being attributed to
immunogenicity of the drug. Immunogenicity refers to
the ability of a biotherapeutic to induce an immune re-
sponse, leading to anti-drug antibodies (ADAbs), with its
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potential effects on pharmacokinetics and bioavailability.
TNFi drug levels and ADAbs are promising biomarkers of
treatment response in rheumatic diseases [1-5], although
impact on drug safety is less well understood and is often
misinterpreted in the literature.

Immunogenicity of TNFi’s has been linked to serious ad-
verse events (AEs) including infusion/allergic reactions,
thrombotic events, autoimmune reactions [such as drug-
induced lupus (DIL)] and paradoxical AEs, for example, vas-
culitis. However, often the study design and data source
make conclusions about causal associations between
ADAbs and AEs challenging. Repeated drug exposure
can result in a break in immune tolerance to self-antigens,
leading to allergic reactions, immune complex disease and
subsequent AEs [6]. In drug safety assessment, immuno-
genicity testing is now mandatory prior to approval of new
biopharmaceuticals by both the US Food and Drug
Administration (FDA) [7] and the European Medicines
Agency (EMA) [8]. Nevertheless, historic examples of life-
threatening consequences of immunogenicity to other
biopharmaceuticals have been well described, often emer-
ging later in the drug life-cycle. The discussion around
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Drug safety and immunogenicity

immunogenicity has recently intensified with the introduc-
tion of biosimilars, concerns about switching from generics,
the continual discovery of novel drug targets and subse-
quent biotherapeutics (with immunogenic potential). In this
review, we therefore examine the association between im-
munogenicity and drug safety, specifically in the context of
rheumatic diseases, as well as describing future strategies
in TNFi management, where such understanding is relevant.

Historic significance of immunogenicity
and drug safety

We now know several factors may affect immunogenicity
(Fig. 1); however, it was initially attributed to a protein’s
foreign composition. Immunological complications of
animal insulin therapy for diabetes mellitus became evi-
dent almost a century ago. IgG-insulin antibodies lead to
immune-mediated insulin resistance, lipoatrophy and ser-
ious allergic reactions such as serum sickness [9]. With
the breakthrough of recombinant DNA technology, came
the introduction of human homologues (such as hor-
mones, growth factors and interferons), produced on the
basis of sequences identical to those found in human
genes. However, these were also found to induce
ADADbs [10], with consequent altered pharmacokinetics,
efficacy and reported immunogenic reactions, including
lupus-like events (LLEs) and cutaneous vasculitis [11, 12].

One of the more alarming instances of immunogenicity
leading to life-threatening safety concerns is pure red cell
aplasia (PRCA) in chronic renal failure patients treated with
recombinant human erythropoietin (EPO). EPO-induced
antibodies neutralize all exogenous recombinant EPO and
cross-react with endogenous EPO, leading to severe
sudden onset anaemia. Despite widespread use of recom-
binant human EPO, this complication remained undiscov-
ered until a published case series in 2002 linking PRCA with
anti-EPO antibodies [13], prompting larger-scale investiga-
tions by FDA and European regulators. It was later dis-
covered this occurred due to relatively minor drug
formulation changes, following replacement of human
serum albumin with glycine and polysorbate 80 in 1998.

Aspects within the manufacturing process can result in
altered properties that may significantly affect patient safety
[14]. These include minor structural changes in sequence
variation and glycosylation to use of concomitant therapies
[15] (Fig. 1). A major consideration leading to confusion re-
garding immunogenicity rates for biologics is the assay type
used for detection (Fig. 1). ELISAs, frequently used in trials
and some observational studies, often underestimate
ADADbs in circulation in the presence of free drug compared
with more drug-tolerant assays [16]. The FDA and EMA
outline recommendations for risk mitigation in relation to
such factors in their respective guidelines [7, 8].

Evolution of biologics and differences in
TNFi structure

The first mAb OKTS3, licensed in 1986 by the FDA, had
significant problems due to immunogenicity. It was a fully
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Fic. 1 Factors affecting immunogenicity of
biotherapeutics
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This figure illustrates the main factors that may influence
immunogenicity of a biologic at different stages in the
drug’s life-cycle. Multiple sources of protein aggregation
exist at various points such as product manufacture,
storage, shipping and drug infusion. In addition, con-
tainers of the product may lead to exposure to foreign
particles such as rubber or silicone particles from stop-
pers and may act as immunological adjuvants. Post
manufacture and drug approval, treatment-related factors
and the detection of anti-drug antibodies (green and blue
boxes) are potential modifiable factors on immunogenicity
from a clinician perspective.

murine immunoglobulin targeting the CD3 receptor to
reduce post-transplant rejection [17]. However, OKT3
induced strong human anti-murine antibody responses
when administered to patients, resulting in reduced effect-
iveness and anaphylactic reactions. Initial improvements in
mADb technology led to development of chimeric proteins,
with murine variable but human constant regions and a
more favourable clinical risk-benefit profile. Infliximab is a
chimeric antibody containing 25% mouse-derived amino
acids and 75% human-derived amino acids; consequently,
human anti-chimeric antibodies can ensue.

To reduce the proportion of murine sequences, further
engineering of MAb led to humanization, the grafting of
murine regions for human sequences, resulting in a signifi-
cantly less immunogenic product (although complementar-
ity-determining regions of variable regions remain of murine
origin). Certolizumab pegol is a humanized protein contain-
ing mouse-derived amino acid sequences in the comple-
mentarity-determining regions. A third approach was the
development of fully human antibodies (e.g. adalimumab,
golimumab). Fully human and humanized antibodies should
carry a lower risk for inducing immune responses in humans
than murine or chimeric antibodies. However, adalimumab
and golimumab still have the potential to induce marked
immune responses.

Infliximab, adalimumab and golimumab are full-length,
bivalent IgG mAbs, whereas certolizumab pegol is a
monovalent fragment antigen-binding 1 (Fab1) antibody
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Fic. 2 Hierarchy of evidence and assessment of drug safety in association with immunogenicity

Systematic reviews/
Meta-analysis

High levels of heterogeneity in outcomes
and assays used for measuring ADAbs
Dependent on the quality and eligibility
criteria of original studies

/L -\

Randomised
Controlled Trials

- Short follow up & restrictive eligibility criteria

- MNon-standardised assays, low rates of
immunogenicity often detected (affecting
attribution of risk)

- Low numbers of safety events

Cohort and Prospective
Observational Studies

- Advantage of studying medium to long-term
AE's, rare events and accurate assessment of
exposure

- Resulting biases and confounding

Case reports and case series

(Spontaneous pharmacovigilance, includes
national/international monitoring centre data ) risk or whether such cases represent an

- Useful for drug safety signal detection
{e.g. PRCA and recombinant EPO)
- No available denominator to calculate

increased risk above background rate

Spontaneous pharmacovigilance data includes adverse event monitoring by the FDA and MHRA. While randomized
controlled trials are the gold standard in the assessment of efficacy, prospective observational cohort studies provide the
most useful information in the assessment of risk of reported safety events in association with immunogenicity. Each
study design has its benefits and outlined limitations in the assessment of drug safety. AEs, adverse events; EPO,

erythropoietin; PRCA, pure red cell aplasia.

fragment covalently linked to polyethylene glycol, but
devoid of the crystalline fragment (Fc) portion of IgG.
Etanercept differs from other TNFi biologics, as it is a
fully human, recombinant dimeric fusion protein consist-
ing of the Fc fragment of human IgG1 fused to two extra-
cellular binding portions of human TNFR2/p75. The
fusion/hinge portion of the molecule may contain new epi-
topes that could be recognized as foreign by the immune
system, thus leading to ADAb formation. Biosimilars are
protein equivalents of generic biologic drugs that arrive
onto the market after patent expiration of an originator
therapeutic protein [18]. The complexities in the manufac-
turing of such biotherapeutics mean that even subtle and
undetectable differences from their originator products
may lead to unexpected alterations in their biological
function and immunogenicity, and potential changes in
their safety and efficacy [19].

Immune-mediated adverse events

Immunogenicity of TNFi agents resulting in adverse drug
reactions is well documented. Classic phenomena
mediated by immune complexes [including serum sick-
ness, bronchospasm and Arthus reactions (local vasculitis,
with deposition of immune complex and complement
activation)] have been described in RA and IBD [20].
However, several uncertainties exist due to (i) issues with
traditional study designs (Fig. 2), (i) lack of well-phenotyped
patients assessed with reliable assays and (jii) lack of long-
term data. Recent concerns include risk of AEs such as
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infusion reactions (due to formation of ADAbs) with newer
intravenous biosimilars, relevance of autoantibody sero-
conversion (secondary to immunogenicity, with risk of auto-
immune reactions such as LLE), paradoxical reactions [e.g.
vasculitis-like events (VLEs)] and thromboembolic events.
We discuss these areas next in relation to published evi-
dence. Randomized control trials (RCTs) and spontaneous
pharmacovigilance data are referred to, especially if there
are few data (Fig. 2); however, where possible safety evi-
dence from observational studies are discussed.

Infusion/hypersensitivity reactions

Infliximab and biosimilar infliximab

Infusion reactions are the most frequently reported in
ADAb-positive infliximab-treated patients, ranging be-
tween 4 and 15% [21-26]. Other related AEs have also
been observed, including urticarial rashes [21, 27], exan-
thema [21] and Quincke’s oedema [25], and rarely inflix-
imab-induced allergic dyspnoea and Guillain-Barré
syndrome in small observational studies [25, 27]. ADAbs
to infliximab are mainly of the IgG isotype, also associated
with neutralizing potential. Since infliximab-related severe
reactions (chest tightness, hypotension, respiratory dis-
tress) can resemble type | allergic reactions, the role of
IgE-ADADbs has been considered [28]. However the major-
ity of infusion reactions do not appear to be IgE-ADAb
mediated [29]. Use of concomitant MTX lowers immuno-
genicity rates and subsequent infusion reactions, as
observed as early as the initial trials [30].

https://academic.oup.com/rheumatology
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Drug safety and immunogenicity

While observational data from biosimilar agents is cur-
rently lacking, infusion-related reactions in association
with ADAb formation have been reported in RCTs. In the
PLANETRA trial, comparing CT-P13 and originator inflix-
imab in RA, detection of immunogenicity was comparable
by 30 weeks (48.4% vs 48.2%, respectively) [31]. Infusion-
related reactions occurred in 20 (6.6%) CT-P13 patients,
of which 9 were ADAD positive, and in 26 (8.3%) patients
on originator infliximab, of whom 18 were ADADb positive.
In the PLANETAS trial that compared the same drugs in
AS [32], of the 11 (9.1%) and 13 (11%) patients who de-
veloped ADAbs by 30 weeks in the CT-P13 and infliximab
groups, respectively, infusion reactions were observed in
1 (3.1%) and 3 (11.1%) patients. Therefore, trials thus far
seem to demonstrate a comparable rate of ADAbs with
biosimilar and originator infliximab, but with some initial
differences in infusion reactions reported.

Association of auto-antibodies and immunogenicity

All TNFi agents have been associated with asymptomatic
immunological alterations to autoimmune pathology with
systemic manifestations. The development of ANA posi-
tivity has been reported in 31-63% of infliximab-treated
patients, in 16-51% of adalimumab-treated patients and
in 12-48% of etanercept-treated patients, within pro-
spectively observed RA cohorts [33, 34]. However, the
significance of seroconversion in the absence of clinical
manifestations has been questioned.

Recent observational data has suggested that a propor-
tion of patients on mAb-based TNFi agents may develop
ANA and dsDNA antibodies due to immunogenicity,
which may act as a surrogate marker of impending
treatment failure —as seen in two small studies in psoriasis
[35, 36]. ANA/dsDNA seroconversion rates have also been
observed at higher rates in TNFi-treated secondary non-
response patients in RA [34, 37] and psoriasis patients
[35], with a direct association with ADAbs seen in inflix-
imab-treated patients [36]. Similarly in IBD patients,
pPANCA positivity may predict lower clinical response in
mAb-treated patients [38]. Feasibly, patients predisposed
to developing immunogenicity, may also be prone to sero-
conversion of other antibodies, for example, ANA, dsDNA
and ANCA. At the extreme end of this autoantibody spec-
trum, clinical evolution to LLE and VLE appears less
frequent.

Lupus-like events

While TNFi safety has been studied extensively over the last
17 years with acceptable safety and tolerability profiles, rare
autoimmune-mediated phenomena have more recently
emerged as a concern. Within the sub-group of autoim-
mune-driven AEs, LLE and VLE appear to be the most
common, with the vast majority of cases occurring in RA
[39]. The association of TNFi’s with DIL or symptoms within
the lupus spectrum has been well reported; however, the
association directly with immunogenicity has been less
clear. LLE may present with classical dermatological
signs, low complement levels and an increased frequency

https://academic.oup.com/rheumatology

of anti-dsDNA antibody titres, but unlike in typical DIL, the
incidence of anti-histone antibodies is low [40].

RCTs and spontaneous pharmacovigilance

Induction of autoantibodies and LLE was observed initially
in the earliest clinical trials of infliximab [41, 42]. Similarly,
one case of LLE was observed in the PREMIER study
(adalimumab monotherapy arm) [43] and RAPID2 study
in certolizumab-treated RA patients [44]. While, the major-
ity of early TNFi trials reported no cases of LLE [45-49],
ANA and dsDNA seroconversion was commonly reported.

Most evidence about LLE characteristics comes from
spontaneous pharmacovigilance. Following RCT reports
of ‘infliximab-induced lupus,” concerns were raised
about etanercept in the year 2000 following publication
of a case series of four LLE events [50]. Further case
series have been published by de Bandt et al. (n=12)
[561], Ramos-Casals et al. (n=92) [39] and Costa et al.
[52] in RA and PsA. The latest LLE and VLE figures were
obtained from the Medicines and Healthcare products
Regulatory Agency (MHRA) drug analysis prints, and are
as shown in Table 1. It is worth noting that the earliest
reported event for both certolizumab and golimumab
was almost a decade later than the other three TNFi
agents reflecting their licensing dates, which may explain
the low event numbers in Table 1.

Interpretation of risk using spontaneous pharmacosur-
veillence poses a number of challenges. One of the few
studies attempting to quantify drug-specific risk of LLE
between mAb and etanercept used French pharmacovigi-
lance data [53]. A disproportionality analysis was used
and reporting odds ratios (RORs) were calculated. RORs
are based on the rationale that in the absence of an as-
sociation between the reaction of interest (LLE) and the
treatment (TNFi), the ratio of LLEs observed with TNFi to
the total number of reactions observed with TNFi should
be the same as the ratio of LLEs observed with all other
drugs to the total reactions observed with all other drugs
[54]. The authors concluded that there was a significant
association between TNFi agents and LLE (ROR = 7.72,
95% Cl: 5.50, 10.83). The highest ROR was for infliximab
and adalimumab, with almost half for etanercept, although
Cls overlapped and were wide. However, first, the ana-
lysis included patients on TNFi’s for all indications. There
are likely to be differences between the baseline risk of
diseases (for instance RA is likely to have a high baseline
risk as SLE overlap is recognized), limiting the external
validity of the results. Second, patients with known SLE
overlap were not systematically excluded; therefore, the
risk of incident events attributed to TNFi is difficult to as-
certain. Third, any notoriety bias (increased reporting of
adverse drug reactions following an index case/safety
alert) during the immediate post-TNFi-licensing years
may significantly impact on signal detection in spontan-
eous reporting systems. Therefore, while useful for poten-
tial safety signals, it does not replace estimates derived
from prospective observational studies.

1899


Deleted Text: Whilst 
Deleted Text: &thinsp;
Deleted Text: .
Deleted Text: +&thinsp;
Deleted Text: +&thinsp;
Deleted Text: &thinsp;
Deleted Text: in infliximab-treated patients 
Deleted Text: -
Deleted Text: 16
Deleted Text: --
Deleted Text: -51&percnt; 
Deleted Text: 12
Deleted Text: --
Deleted Text: -48&percnt; in etanercept 
Deleted Text: monoclonal antibody
Deleted Text: - 
Deleted Text: perinuclear anti-neutrophil cytoplasmic antibodies (
Deleted Text: )
Deleted Text: onoclonal antibody
Deleted Text: e.g. 
Deleted Text: Whilst 
Deleted Text: &thinsp;
Deleted Text: TNFis
Deleted Text: ,
Deleted Text: , 
Deleted Text: ,
Deleted Text: Whilst
Deleted Text: ,
Deleted Text: <?A3B2 show [AuthorQuery id=
Deleted Text: onoclonal antibodies
Deleted Text:  is
Deleted Text: the 
Deleted Text: : 
Deleted Text: TNFis
Deleted Text: recognised
Deleted Text: due 
Deleted Text: ADRs
Deleted Text:  
Deleted Text:  
Deleted Text: whilst 
Deleted Text: as 

Meghna Jani et al.

TasLE 1 Lupus and vasculitis-like events on TNFi agents reported to the UK regulatory agency

Reported LLE

cases (n)

Reported vasculitis
cases (n)

Drug (licen-

sing date UK Earliest reported

for RA) event to MHRA

Infliximab 23 July 1999
(2002)

Etanercept 30 September 1999
(2002)

Adalimumab 24 March 2000
(2007)

Lupus-like syndrome (63)
SLE (32)
Cutaneous lupus (3)

Lupus-like syndrome (7)
SLE (15)

Cutaneous lupus (13)
Lupus vasculitis (2)
Lupus-like syndrome (25)
SLE (25)

Cutaneous lupus (11)

Vasculitis (29)

ANCA-+ve vasculitis (2)

Cerebral vasculitis (2)

Vasculitic rash (8)

Granulomatosis with Polyangiitis (1)
Bechet’s syndrome (1)

DM (1)

Vasculitis (21)

Necrotising vasculitis (2)
Granulomatosis with Polyangiitis (1)
Bechet’s syndrome (1)

Vasculitis (24)

Cutaneous vasculitis (11)
Necrotising vasculitis (2)

Certolizumab 25 February 2010

Lupus-like syndrome (3)

Gastrointestinal vasculitis (2)
Cerebral vasculitis (2)
Granulomatosis with Polyangiitis (1)
Bechet’s syndrome (5)

Vasculitis (1)

(2010) Cutaneous lupus (1) Skin vasculitis (1)
Panniculitis (1)
Golimumab 3 December 2010 Lupus-like syndrome (3) Vasculitis (3)

(2011) SLE (8)

Skin vasculitis (1)

Figures from Drug Analysis Prints 31/5/2017 report, MHRA (includes biosimilars as not listed separately). The Drug Analysis
Prints give a complete listing of all UK spontaneous suspected adverse drug reactions reported through the Yellow Card
Scheme to the MHRA and the Government’s independent scientific committee on medicines safety, the Commission on
Human Medicines. There is a high-level grouping by System Organ Class (the highest level in Medical Dictionary for
Regulatory Activities) that groups together reactions that affect similar systems/organs in the body, followed by a more
detailed breakdown, as outlined above. LLE, lupus-like events; MHRA, Medicines and Healthcare Products Regulatory

Agency.

Observational studies and registries

Registry data assessing risk of LLE are scarce, but allow
more robust estimates of absolute risk in real-world set-
tings. The British Society for Rheumatology Biologics
Register for RA (BSRBR-RA) evaluated risk of first LLE in
TNF-treated RA patients compared with in TNFi-naive pa-
tients on non-biologic DMARDs (nbDMARDs) [55]. The in-
cidence of first LLE was low at 10/10000 person-years in
the TNFi-treated cohort (95% CI: 8, 13) (Table 2). Infliximab
conferred the highest unadjusted hazard ratio (HR); how-
ever, the Cl overlapped between TNFis post adjustment
[65]. Following adjustment of baseline differences such as
DAS28 and HAQ, the overall HR fell to 1.86 (95% CI: 0.52,
6.58) for TNFis. Risk factors for LLE included being female,
non-white ethnicity and minocycline use, all of which have
been associated with the risk of SLE itself [56]. Therefore, in
the majority of patients, LLE may be attributed to the pa-
tient characteristics of those who receive the TNFi’s (some
who may have a pre-existing predisposition to SLE, even if
this was not clinically evident pre-treatment), rather than to
the drug itself, but the risk remains small.

Interestingly, high DAS28 and HAQ scores were also
associated with higher rates of the event, while use
of nbDMARDS was associated with lower rates [55],
similar to the development of immunogenicity [1, 4, 5].

1900

A limitation of the study was that patients did not have
measurements of ANA pre-treatment or ADAbs during
treatment to establish a potential association. A trend
was observed in patients who subsequently switched to
another TNFi, to have recurrent LLEs compared with
switching to rituximab. It is not clear whether such obser-
vations may be immunogenicity-mediated; however,
switchers with anti-infliximab antibodies may be more
likely to develop ADAbs against adalimumab [57].
Switching within class (i.e. another TNFi mAb) may not
be preferable either in the context of secondary inefficacy
or development of autoimmune AEs, if alternative options
are available. Thus a causal link between ADAbs and LLE
remains under review, and it does not explain the LLEs
reported in etanercept-treated patients, in whom immuno-
genicity is low. Studies endeavouring to quantify the risk
of LLE (often with a different primary outcome) are
summarized in Table 2.

Paradoxical adverse events: vasculitis-like events

While TNFs have been used as effective treatments in
severe vasculitis, they have been also reported as a
cause of drug-induced vasculitis [62], and hence termed
‘paradoxical.” Patients on TNFi agents have been reported
to develop a spectrum of vasculitis-like events (VLEs),

https://academic.oup.com/rheumatology
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ranging from cutaneous to life-threatening systemic mani-
festations, including large-vessel vasculitis [63, 64] and
Granulomatosis with Polyangiitis [65, 66]. Serology can
be consistent with lupus and/or ANCA positivity/aPLs
[58, 66, 67]. Complement activation may be induced by
immune complexes (in reaction to the drug) that deposit
on small vessels [68]. The cytokine imbalance secondary
to TNF-a inhibition may also play a role, with a shift from a
Th1 to a Th2 profile (upregulating antibody production)
[68, 69].

RCTs and spontaneous pharmacovigilance

Initial RCTs for the five TNFi’s did not reveal a signal of
concern regarding VLEs [30, 48, 49, 70, 71]. Ramos-
Casals and colleagues [39] reported on behalf of the
Spanish Society of Internal Medicine Study Group on
Autoimmune Diseases (including the cases reported and
quarterly MEDLINE searches of autoimmune manifest-
ations while on TNFi’s). Cutaneous leucocytoclastic vas-
culitis was the most common manifestation, reported in
79 cases, with cases also of cutaneous necrotizing vas-
culitis (n=8), peripheral neuropathy (n=6), cutaneous
lymphocytic vasculitis (n=4), Henoch-Schoénlein purpura
(n=2), APS (n=2), polyarteritis nodosa, temporal arteritis,
urticarial vasculitis (n =1 for each) and unspecified vascu-
litis (n =6). Similarly a French national retrospective survey
[69] revealed 39 VLE cases (21 in etanercept, 15 in inflix-
imab, 2 in adalimumab and 1 in an investigational TNFi
drug), with no denominator of the total exposed patients
to calculate an accurate incidence.

Observational studies

Few studies have evaluated the risk of vasculitic manifest-
ations on TNFi agents (summarized in Table 2 [59-61]).
From a single-centre RA cohort, 454 patients on biologic
agents were evaluated to assess whether serial ANA
monitoring provided any additional clinical benefit over a
median follow-up of 4.8 years [34]. The two VLEs
described occurred in seropositive patients and de-
veloped cutaneous involvement requiring change in treat-
ment (one ANA positive, one without). Although ADAbs
were not formally measured, there was an association be-
tween secondary inefficacy and ANA seroconversion in
this study.

Data from the BSRBR-RA suggests the risk of both sys-
temic and cutaneous VLE is low in TNFi-treated RA pa-
tients, with a crude incidence of 15/10000 person-years
(95% CI: 12, 19), the risk highest being in the first year of
TNFi treatment [55]. Factors associated with higher rates
of VLE were seropositivity, high disease duration, baseline
DAS28 and HAQ scores—all associated with rheumatoid
vasculitis. Following adjustment, the VLE risk for TNFi-
compared with for noDMARD-treated patients was not
significant (HR = 1.27; 95% CI: 0.40, 4.04), supporting
the likelihood that the majority of VLEs may indeed be
rheumatoid vasculitis driven by disease activity, rather
than associated with TNFi’s (as adjusting for confounding
by indication using propensity scores alters the HR to
non-significant). In rare cases, systemic features,
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including renal vasculitis and cANCA PR-positive vascu-
litis with life-threatening manifestations, were reported,
with three deaths in the TNFi group. Factors associated
with lower rates of VLEs included again being on con-
comitant nbDMARDs (MTX, SSZ), were also associated
with lower immunogenicity [15, 72]. Causality and a
clear association is difficult to ascertain between ADAbs
and VLE due to a lack of well-characterized studies and
the rarity of such events. It can be difficult to distinguish
between rheumatoid vasculitis and TNFi-induced reac-
tions, as the former is associated with high disease activ-
ity, which in turn is the indication for TNFi.

Thromboembolic events

RCTs, spontaneous pharmacovigilance and observa-
tional studies

RCTs have not signalled a safety concern in relation to
venous thromboemboli (VTE) in exposed TNFi patients
[30, 48, 49, 70, 71]. Case series with TNFi’s such as eta-
nercept have reported a possible association with VTE
[73]. In a study evaluating 85 spontaneous reports of
thromboembolic events on TNFi’'s, 23 had their autoanti-
bodies measured, of whom 13 had either ANAs and/or
aPLs [74]. It may be plausible that patients who serocon-
vert to ANA-positive status are more likely to develop
ADADs; the combination of TNF-inhibition and the predis-
position of some patients to LLE, including APS, leads to
an increase in reported thromboemboli [75].

One of the most concerning reports linking adalimumab-
induced ADAbs and thromboemboli was by Korswagen et
al. [76] in 2011, who reported a higher incidence of VTE,
serious arterial thromboembolic events and vasculitis-type
phenomena. While highlighting a potential safety signal, this
association has not been replicated and there were issues
with the measurement of risk. First, the initial three cases
prompted a retrospective review of all cases in ADAb-phe-
notyped patients to specifically look for thromboembolic
events, inadvertently introducing reporting bias in a study
not established to measure safety. Second, there may be
an issue of misclassification, because events included
myocardial infarction, strokes, transient ischaemic attacks
(TIAs), peripheral arterial thrombosis, and digital ischaemia,
as well as superficial vein thrombosis, deep vein throm-
bosis and pulmonary emboli. However, from subsequent
literature there may be differential effects of TNFi’s on the
risk of arterial thromboemboli and VTE. Myocardial infarc-
tion risk may be reduced due to beneficial effects on in-
flammation [77], while VTE risk may be increased initially
[78] or unchanged [79]. Third, we know from published
work using the same cohort [1], that there were baseline
differences in disease severity between patients with and
without ADAbs: these were not adjusted for and therefore
introduce confounding by indication. RA patients with high
disease severity may simply be more likely to develop
thromboemboli. Indeed, there does appear to be an
increased risk of VTE in RA patients compared with in the
general population, regardless of their ADAb status [80].
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Two large prospective observational studies to date
investigating the question of thromboembolic risk in
TNFi-treated patients compared with noDMARD patients
did not find an associated overall increased risk [78, 79],
although stratification by ADAb status was not possible.
The former study did report an increased risk of VTE over
the first 180 days in all biologics, not just TNFi-agents [78],
suggesting the effect may be related to disease activity
(but this could not measured in the US claims database).
Therefore, at present an increased thromboembolic risk
does not appear to be a concern in the majority of TNFi-
exposed or reported ADAb-positive patients; however,
whether there is a strata of patients who may benefit
from closer monitoring is not clear.

Future strategies in TNFi-treated patients

The landscape of biologic treatment is rapidly evolving.
The introduction of biosimilars has led to another para-
digm shift in the use of biologics, with potential wider
access of high-cost drugs and significant impact on
health-care budgets. Strategies for minimizing costs to
health-care systems, such as tapering, are regularly
being tested and advocated in patients in remission [81].
Such changes, however, may have an impact on immuno-
genicity, which is discussed next.

Tapering, immunogenicity and drug safety

Interruption in therapy or dose reduction has been asso-
ciated with an increase in immunogenicity (Fig. 1). In one
of the early dose-tapering studies, van den Bembt et al.
[82] tested whether infliximab dose in 18 RA patients trea-
ted with 5mg/kg could be reduced to 3 mg/kg. Detectable
ADAbs were found in two and four patients, respectively,
before and after dose decrease. Most patients success-
fully reduced their dose, with the exception of two pa-
tients. One developed a persistent flare, which subsided
following increasing the infliximab dose, while the other
developed LLE that required drug cessation. More re-
cently, several RCTs have tested a variety of TNFi tapering
strategies: while the primary outcome has been efficacy,
to date there have not been any safety signals suggesting
increased AEs in the tapering subgroup [83-85]. However,
due to the rarity of immune-mediated AEs, the small num-
bers of patients in RCTs and the lack of well-characterized
observational studies, an association of higher rates of
ADAbs and a subsequent increase in immune-mediated
AEs is difficult to quantify.

Switching to biosimilars

Currently, one of the main concerns of switching from ori-
ginator products to a biosimilar is immunogenicity and drug
safety, and this has led to stricter FDA and EMA regulations
regarding interchangeability. Long-term extension of original
RCTs or national trials such as NOR-SWITCH, evaluating
switching, have not highlighted potential serious safety
concerns; however, again these studies are limited by low
numbers of events and patients [86, 87]. In the NOR-
SWITCH study, infusion reaction rates were comparable be-
tween the originator and biosimilar infliximab (4% vs 2%),
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and one patient on biosimilar infliximab developed a femoral
arterial thrombus (their ADAb status was not specifically
reported).

A national Danish study described 1-year outcomes of
802 infliximab-treated patients who switched to a biosimi-
lar [88]. While ADAbs were not measured, in RA, biosimilar
retention rate was poorer following switching, with mono-
therapy associated with lower retention. Of the 16% who
stopped treatment, 28% (n=37) stopped due to AEs,
including skin rashes, infusion/allergic reactions, dys-
pnoea and fever/flu-like illness (all relevant to immunogen-
icity). Recently, the first case report of serum sickness
post switching from infliximab to inflectra in RA has also
been reported [89]. The rarity of such AEs requires on-
going vigilance via adequately designed registries in
order to obtain conclusive exclusion of any meaningful
risk.

Stratification of benefit and risk

While switching between TNFi’s and biologics occurs
commonly (either within class or to non-TNFi therapy),
currently there is conflicting evidence regarding the best
subsequent strategies following treatment failure or devel-
opment of AEs on a population level [57, 90]. Stratification
based on measurement of immunogenicity and drug
levels, has been proposed on the basis of observational
studies [2, 4, 91, 92], and early pharmacological monitor-
ing may predict which patients will benefit from an earlier
shift to alternative treatment, thereby individualizing treat-
ment approaches. In addition, patients on higher doses of
TNFi drugs are more susceptible to serious infections, as
evidenced by a recently published large meta-analysis
across 106 trials [93]. Therefore, it may be feasible that
patients with higher drug levels may be more susceptible
to certain AEs such as infection. Well-designed pragmatic
trials and integration of clinical, patient-reported outcome
data, biomarkers and drug-safety signals within electronic
patient records may offer opportunities to eventually allow
better identification of the strata of patients who may have
differential safety and effectiveness profiles.

Conclusions

Structural and functional differences between TNFi agents
may lead to differential consequences, including immuno-
genicity, disease-specific efficacy and AEs. Lessons can
be learnt from historic instances of unforeseen immuno-
genicity and AEs following minor structural changes to the
drug, with newer agents such as biosimilars. While there is
clear evidence that immunogenicity is associated with in-
fusion reactions to intravenous TNFi’s such as infliximab,
there is a paucity of data to allow robust associations with
longer-term effects of ADAbs on drug safety. Incidence of
the most common immune-mediated AEs such as LLE
and VLE appears low. Since the initial report of VTEs
being associated with ADAbs, no prospective cohort stu-
dies have replicated this finding; however, stratification by
immunogenicity status has not been possible. The issue of
immunogenicity and drug safety is likely to receive more
attention in relation to future treatment strategies and
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biosimilar switching/interchangeability and requires fur-
ther evaluation to understand how best to utilize such
tests as pharmacological biomarkers [82] in relation to
both safety and effectiveness in clinical practice.

Acknowledgements

M.J. is supported by a National Institute for Health
Research clinical lectureship and was a Medical Research
Council Clinical Training Fellow supported by the North
West England Medical Research Council Fellowship
Scheme in Clinical Pharmacology and Therapeutics,
which is funded by the Medical Research Council (grant
number G1000417/94909), ICON, GlaxoSmithKline,
AstraZeneca and the Medical Evaluation Unit.

Funding: No specific funding was received from any fund-
ing bodies in the public, commercial or not-for-profit sec-
tors to carry out the work described in this manuscript.

Disclosure statement: H.C. has received grant support from
Novartis and UCB, provided consultancy to Neovacs,
received travel support from Abbvie and received honoraria
from UCB, Janssen and Novartis. M.J. has previously
received travel expenses/speaker's fees from Abbvie,
UCB and Pfizer. W.D. has declared no conflicts of interest.

References

1 Bartelds G, Krieckaert C. Development of antidrug anti-
bodies against adalimumab and association with disease
activity and treatment failure during long-term follow-up.
JAMA 2011;305:1460-8.

2 Vincent FB, Morand EF, Murphy K et al. Antidrug antibo-
dies (ADADb) to tumour necrosis factor (TNF)-specific
neutralising agents in chronic inflammatory diseases: a
real issue, a clinical perspective. Ann Rheum Dis
2013;72:165-78.

3 Garcés S, Demengeot J, Benito-Garcia E. The immuno-
genicity of anti-TNF therapy in immune-mediated inflam-
matory diseases: a systematic review of the literature with
a meta-analysis. Ann Rheum Dis 2013;72:1947-55.

4 Jani M, Chinoy H, Warren RB et al. Clinical utility of
random anti-tumor necrosis factor drug-level testing and
measurement of antidrug antibodies on the long-term
treatment response in rheumatoid arthritis. Arthritis
Rheumatol 2015;67:2011-9.

5 Jani M, Isaacs JD, Morgan AW et al. High frequency of
antidrug antibodies and association of random drug levels
with efficacy in certolizumab pegol-treated patients with
rheumatoid arthritis: results from the BRAGGSS cohort.
Ann Rheum Dis 2017;76:208-13.

6 Bandyopadhyay A. Complexities of protein therapeutics
and immunogenicity. J Bioanal Biomed 2015;7:70-4.

7 FDA. Guidance for industry: immunogenicity assessment
for therapeutic protein products. U.S. Department of
Health and Human Services, August 2014. https://www.
fda.gov/downloads/drugs/guidances/ucm338856.pdf (1
December 2017, date last accessed).

8 European Medicines Agency. Guideline on immunogen-
icity assessment of biotechnology-derived therapeutic

1904

proteins. European Medicines Agency, 2017. http://www.
ema.europa.eu/docs/en_GB/document_library/Scientific_
guideline/2017/06/WC500228861.pdf (1 December 2017,
date last accessed).

9 Schernthaner G. Immunogenicity and allergenic potential
of animal and human insulins. Diabetes Care 1993;16
(Suppl 3):155-65.

10 Schellekens H. Immunogenicity of therapeutic proteins.
Nephrol Dial Transplant 2003;18:1257-9.

11 Arrue |, Saiz A, Ortiz-Romero PL et al. Lupus-like reaction
to interferon at the injection site: report of five cases.
J Cutan Pathol 2007;34:18-21.

12 Szilasiova J, Gdovinova Z, Jautova J et al. Cutaneous
vasculitis associated with interferon B-1b treatment for
multiple sclerosis. Clin Neuropharmacol 2009;32:301-3.

13 Casadevall N, Nataf J, Viron B et al. Pure red-cell aplasia
and antierythropoietin antibodies in patients treated with
recombinant erythropoietin. N Engl J Med 2002;346:469-75.

14 Schellekens H. Bioequivalence and the immunogenicity of
biopharmaceuticals. Nat Rev Drug Discov 2002;1:457-62.

15 Jani M, Barton A, Warren RB et al. The role of DMARDs in
reducing the immunogenicity of TNF inhibitors in chronic
inflammatory diseases. Rheumatology 2014;53:213-22.

16 Jani M, Isaacs JD, Morgan AW et al. Detection of anti-drug
antibodies using a bridging ELISA compared with radio-
immunoassay in adalimumab-treated rheumatoid arthritis
patients with random drug levels. Rheumatology
2016;55:2050-5.

17 Weir N, Athwal D, Brown D et al. A new generation of high-
affinity humanized PEGylated Fab’ fragment anti-tumor
necrosis factor-o. monoclonal antibodies. Therapy
2006;3:535-45.

18 Brinks V. Immunogenicity of biosimilar monoclonal anti-
bodies. Generics Biosimilars Initiat J 2013;2:188-93.

19 Dérner T, Strand V, Castafieda-Hernandez G et al. The
role of biosimilars in the treatment of rheumatic diseases.
Ann Rheum Dis 2013;72:322-8.

20 Bendtzen K. Is there a need for immunopharmacologic
guidance of anti-tumor necrosis factor therapies? Arthritis
Rheum 2011;63:867-70.

Krintel SB, Grunert VP, Hetland ML et al. The frequency of
anti-infliximab antibodies in patients with rheumatoid
arthritis treated in routine care and the associations with
adverse drug reactions and treatment failure.
Rheumatology 2013;52:1245-53.

22 Plasencia C, Pascual-Salcedo D, Alcocer P et al. The
timing of serum infliximab loss, or the appearance of
antibodies to infliximab (ATI), is related with the clinical
activity in ATl-positive patients with rheumatoid arthritis
treated with infliximab. Ann Rheum Dis 2013;72:1888-90.

23 Arstikyte |, Kapleryte G, Butrimiene | et al. Influence of
immunogenicity on the efficacy of long-term treatment
with TNF o blockers in rheumatoid arthritis and spondy-
loarthritis patients. Biomed Res Int 2015;2015:604872.

24 Pascual-Salcedo D, Plasencia C, Ramiro S et al. Influence
of immunogenicity on the efficacy of long-term treatment
with infliximab in rheumatoid arthritis. Rheumatology
2011;50:1445-52.

25 Ducourau E, Mulleman D, Paintaud G et al. Antibodies
toward infliximab are associated with low infliximab

2

—_

https://academic.oup.com/rheumatology


Deleted Text: utilise 
https://www.fda.gov/downloads/drugs/guidances/ucm338856.pdf
https://www.fda.gov/downloads/drugs/guidances/ucm338856.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2017/06/WC500228861.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2017/06/WC500228861.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2017/06/WC500228861.pdf

Drug safety and immunogenicity

concentration at treatment initiation and poor infliximab
maintenance in rheumatic diseases. Arthritis Res Ther
2011;13:R105.

26 Maini RN, Breedveld FC, Kalden JR et al. Therapeutic ef-
ficacy of multiple intravenous infusions of anti-tumor ne-
crosis factor alpha monoclonal antibody combined with
low-dose weekly methotrexate in rheumatoid arthritis.
Arthritis Rheum 1998;41:1552-63.

27 Hoshino M, Yoshio T, Onishi S et al. Influence of antibo-
dies against infliximab and etanercept on the treatment
effectiveness of these agents in Japanese patients with
rheumatoid arthritis. Mod Rheumatol 2012;22:532-40.

28 Vultaggio A, Matucci A, Nencini F et al. Anti-infliximab IgE
and non-IgE antibodies and induction of infusion-related
severe anaphylactic reactions. Allergy 2010;65:657-61.

29 van Schie KA, Ooijevaar-De Heer P, Kruithof S et al.
Infusion reactions during infliximab treatment are not
associated with IgE anti-infliximab antibodies. Ann Rheum
Dis 2017;76:1285-8.

30 Lipsky PE, van der Heijde DM, St Clair EW et al. Infliximab
and methotrexate in the treatment of rheumatoid arthritis.
Anti-Tumor Necrosis Factor Trial in Rheumatoid Arthritis
with Concomitant Therapy Study Group. N Engl J Med
2000;343:1594-602.

Yoo DH, Hrycaj P, Miranda P et al. A randomised, double-
blind, parallel-group study to demonstrate equivalence in
efficacy and safety of CT-P13 compared with innovator
infliximab when coadministered with methotrexate in pa-
tients with active rheumatoid arthritis: the PLANETRA
study. Ann Rheum Dis 2013;72:1613-20.

32 Park W, Hrycaj P, Jeka S et al. A randomised, double-blind,
multicentre, parallel-group, prospective study comparing
the pharmacokinetics, safety, and efficacy of CT-P13 and
innovator infliximab in patients with ankylosing spondylitis:
the PLANETAS study. Ann Rheum Dis 2013;72:1605-12.

33 Benucci M, Saviola G, Baiardi P et al. Anti-nucleosome
antibodies as prediction factor of development of auto-
antibodies during therapy with three different TNFa
blocking agents in rheumatoid arthritis. Clin Rheumatol
2008;27:91-5.

34 Takase K, Horton SC, Ganesha A et al. What is the utility of
routine ANA testing in predicting development of biolo-
gical DMARD-induced lupus and vasculitis in patients with
rheumatoid arthritis? Data from a single-centre cohort.
Ann Rheum Dis 2014;73:1695-9.

35 Pink AE, Fonia A, Allen MH et al. Antinuclear antibodies
associate with loss of response to antitumour necrosis
factor-alpha therapy in psoriasis: a retrospective, obser-
vational study. Br J Dermatol 2010;162:780-5.

36 Hoffmann JHO, Hartmann M, Enk AH, Hadaschik EN.
Autoantibodies in psoriasis as predictors for loss of re-
sponse and anti-infliximab antibody induction. Br J
Dermatol 2011;165:1355-8.

37 Yukawa N, Fujii T, Kondo-Ishikawa S et al. Correlation of
antinuclear antibody and anti-double-stranded DNA anti-
body with clinical response to infliximab in patients with
rheumatoid arthritis: a retrospective clinical study. Arthritis
Res Ther 2011;13:R213.

38 Nguyen DL, Nguyen ET, Bechtold ML. pANCA positivity
predicts lower clinical response to infliximab therapy
among patients with IBD. South Med J 2015;108:139-43.

3

g

https://academic.oup.com/rheumatology

39 Ramos-Casals M, Brito-Zerén P, Mufioz S et al.
Autoimmune diseases induced by TNF-targeted therapies:
analysis of 233 cases. Medicine 2007;86:242-51.

40 Katz U, Zandman-Goddard G. Drug-induced lupus: an
update. Autoimmun Rev 2010;10:46-50.

41 Elliott MJ, Maini RN, Feldmann M et al. Randomised
double-blind comparison of chimeric monoclonal antibody
to tumour necrosis factor alpha (cA2) versus placebo in
rheumatoid arthritis. Lancet 1994;344:1105-10.

42 Maini R, St Clair EW, Breedveld F et al.; ATTRACT Study
Group. Infliximab (chimeric anti-tumour necrosis factor
alpha monoclonal antibody) versus placebo in rheumatoid
arthritis patients receiving concomitant methotrexate: a
randomised phase lll trial. Lancet 1999;354:1932-9.

43 Breedveld FC, Weisman MH, Kavanaugh AF et al. The
PREMIER study: a multicenter, randomized, double-blind
clinical trial of combination therapy with adalimumab plus
methotrexate versus methotrexate alone or adalimumab
alone in patients with early, aggressive rheumatoid arth-
ritis who had not had previous methotrexate treatment.
Arthritis Rheum 2006;54:26-37.

44 Smolen J, Landewé RB, Mease P et al. Efficacy and safety
of certolizumab pegol plus methotrexate in active
rheumatoid arthritis: the RAPID 2 study. A randomised
controlled trial. Ann Rheum Dis 2009;68:797-804.

45 Moreland L, Baumgartner S, Schiff MH et al. Treatment of
rheumatoid arthritis with a recombinant human tumour
necrosis factor receptor (p75)-Fc fusion protein. N Engl J
Med 1997;337:141-7.

46 Keystone EC, Schiff MH, Kremer JM et al. Once-weekly
administration of 50 mg etanercept in patients with active
rheumatoid arthritis: results of a multicenter, randomized,
double-blind, placebo-controlled trial. Arthritis Rheum
2004;50:353-63.

47 Kavanaugh A, Krueger GG, Beutler A et al. Infliximab
maintains a high degree of clinical response in patients
with active psoriatic arthritis through 1 year of treatment:
results from the IMPACT 2 trial. Ann Rheum Dis
2007;66:498-505.

48 van de Putte LBA, Rau R, Breedveld FC et al. Efficacy and
safety of the fully human anti-tumour necrosis factor alpha
monoclonal antibody adalimumab (D2E7) in DMARD re-
fractory patients with rheumatoid arthritis: a 12 week,
phase Il study. Ann Rheum Dis 2003;62:1168-77.

49 Emery P, Fleischmann RM, Moreland LW et al.
Golimumab, a human anti-tumor necrosis factor alpha
monoclonal antibody, injected subcutaneously every four
weeks in methotrexate-naive patients with active
rheumatoid arthritis: twenty-four-week results of a phase
Ill, multicenter, randomized, double-blind, placebo-con-
trolled study of golimumab before methotrexate as first-
line therapy for early-onset rheumatoid arthritis. Arthritis
Rheum 2009;60:2272-83.

50 Shakoor N, Michalska M, Harris CA et al. Drug-induced
systemic lupus erythematosus associated with etanercept
therapy. Lancet 2002;359:579-80.

51 De Bandt M, Sibilia J, Le Loét X et al. Systemic lupus
erythematosus induced by anti-tumour necrosis factor

alpha therapy: a French national survey. Arthritis Res Ther
2005;7:R545-51.

1905



Meghna Jani et al.

52 Costa MF, Said NR, Zimmermann B. Drug-induced lupus
due to anti-tumor necrosis factor alpha agents. Semin
Arthritis Rheum 2008;37:381-7.

53 Moulis G, Sommet A, Lapeyre-Mestre M et al. Is the risk of
tumour necrosis factor inhibitor-induced lupus or lupus-
like syndrome the same with monoclonal antibodies and
soluble receptor? A case/non-case study in a nationwide
pharmacovigilance database. Rheumatology
2014;53:1864-71.

54 de Boissieu P, Kanagaratnam L, Abou Taam M et al.
Notoriety bias in a database of spontaneous reports: the
example of osteonecrosis of the jaw under bisphospho-
nate therapy in the French national pharmacovigilance
database. Pharmacoepidemiol Drug Saf 2014;23:989-92.

55 Jani M, Dixon WG, Kearsley-Fleet L et al. Drug-specific
risk and characteristics of lupus and vasculitis-like events
in patients with rheumatoid arthritis treated with TNFi: re-
sults from BSRBR-RA. RMD Open 2017;3:e000314.

56 Wallace D, Hahn BH. Dubois’ lupus erythematosus and
related syndromes. 8th edn. US Elsevier Health
Bookshop, 2012. http://www.us.elsevierhealth.com/
rheumatology/dubois-lupus-erythematosus-and-related-
syndromes-expert-consult/9781437718935/ (4 April 2015,
date last accessed).

57 Bartelds GM, Wijbrandts CA, Nurmohamed MT et al. Anti-
infliximab and anti-adalimumab antibodies in relation to
response to adalimumab in infliximab switchers and anti-
tumour necrosis factor naive patients: a cohort study. Ann
Rheum Dis 2010;69:817-21.

58 De Bandt M, Sibilia J, Le Loet X. Systemic lupus erythema-
tosus induced by anti-tumour necrosis factor alpha therapy:
a French national survey. Arthritis Res Ther 2005;7:R545-51.

59 Flendrie M, Vissers WHPM, Creemers MCW et al.
Dermatological conditions during TNF-alpha-blocking
therapy in patients with rheumatoid arthritis: a prospective
study. Arthritis Res Ther 2005;7:R666-76.

60 Lee H-H, Song I-H, Friedrich M et al. Cutaneous side-ef-
fects in patients with rheumatic diseases during applica-
tion of tumour necrosis factor-alpha antagonists. Br J
Dermatol 2007;156:486-91.

61 Grénhagen CM, Fored CM, Linder M et al. Subacute cu-
taneous lupus erythematosus and its association with
drugs: a population-based matched case-control study of
234 patients in Sweden. Br J Dermatol 2012;167:296-305.

62 Ortiz-Sanjuan F, Blanco R, Hernandez JL et al. Drug-
associated cutaneous vasculitis: study of 239 patients
from a single referral center. J Rheumatol 2014;41:2201-7.

63 Cestelli V, Spinella A, Campomori F et al. Large vessel
vasculitis occurring in rheumatoid arthritis patient under
anti-TNF therapy. Case Rep Med 2014;2014:624184.

64 Osman M, Aaron S, Noga M et al. Takayasu’s arteritis
progression on anti-TNF biologics: a case series. Clin
Rheumatol 2011;30:703-6.

65 Parekh K, Ching D, Rahman MU et al. Onset of Wegener’s
granulomatosis during therapy with golimumab for
rheumatoid arthritis: a rare adverse event?. Rheumatology
2010;49:1785-7.

66 Ortiz-sierra MC, Echeverri AF, Tobon GJ et al. Case report
developing of Granulomatosis with Polyangiitis during
etanercept therapy. 2014;2014:2-5.

1906

67 Jarrett SJ, Cunnane G, Conaghan PG et al. Anti-tumor
necrosis factor-o therapy-induced vasculitis: case series.
J Rheumatol 20083;30:2287-91.

68 Toussirot E, Aubin F. Paradoxical reactions under TNF-
alpha blocking agents and other biological agents given
for chronic immune-mediated diseases: an analytical and
comprehensive overview. RMD Open 2016;2:e000239.

69 Saint Marcoux B, De Bandt M. Vasculitides induced by
TNFalpha antagonists: a study in 39 patients in France.
Joint Bone Spine 2006;73:710-3.

70 Bathon JM, Martin RW, Fleischmann RM et al. A com-
parison of etanercept and methotrexate in patients with
early rheumatoid arthritis. N Engl J Med 2000;343:1586-93.

71 Fleischmann R, Vencovsky J, van Vollenhoven RF et al.
Efficacy and safety of certolizumab pegol monotherapy
every 4 weeks in patients with rheumatoid arthritis failing
previous disease-modifying antirheumatic therapy: the
FAST4WARD study. Ann Rheum Dis 2009;68:805-11.

72 Krieckaert CL, Nurmohamed MT, Wolbink GJ.
Methotrexate reduces immunogenicity in adalimumab
treated rheumatoid arthritis patients in a dose dependent
manner. Ann Rheum Dis 2012;71:1914-5.

73 Makol A, Grover M, Guggenheim C et al. Etanercept and
venous thromboembolism: a case series. J Med Case Rep
2010;4:12.

74 Petitpain N, Gambier N, Wahl D et al. Arterial and venous
thromboembolic events during anti-TNF therapy: a study
of 85 spontaneous reports in the period 2000-2006.
Biomed Mater Eng 2009;19:355-64.

75 Masson PL. Thromboembolic events and anti-tumor ne-
crosis factor therapies. Int Immunopharmacol
2012;14:444-5.

76 Korswagen LA, Bartelds GM, Krieckaert CLM et al.
Venous and arterial thromboembolic events in adalimu-
mab-treated patients with antiadalimumab antibodies: a
case series and cohort study. Arthritis Rheum
2011;63:877-83.

77 Low ASL, Symmons DPM, Lunt M et al. Relationship be-
tween exposure to tumour necrosis factor inhibitor therapy
and incidence and severity of myocardial infarction in
patients with rheumatoid arthritis. Ann Rheum Dis
2017;76:654-60.

78 Kim SC, Solomon DH, Liu J et al. Risk of venous
thromboembolism in patients with rheumatoid arthritis:
initiating disease-modifying antirheumatic drugs. Am J
Med 2015;128:539.e7-17.

79 Davies R, Galloway JB, Watson KD et al. Venous throm-
botic events are not increased in patients with rheumatoid
arthritis treated with anti-TNF therapy: results from the
British Society for Rheumatology Biologics Register. Ann
Rheum Dis 2011;70:1831-4.

80 Chung W-S, Peng C-L, Lin C-L et al. Rheumatoid arthritis
increases the risk of deep vein thrombosis and pulmonary
thromboembolism: a nationwide cohort study. Ann Rheum
Dis 2014;73:1774-80.

81 Smolen JS, Landewé R, Breedveld FC et al. EULAR rec-
ommendations for the management of rheumatoid arthritis
with synthetic and biological disease-modifying antirheu-
matic drugs: 2016 update. Ann Rheum Dis
2017;76:960-77.

https://academic.oup.com/rheumatology


http://www.us.elsevierhealth.com/rheumatology/dubois-lupus-erythematosus-and-related-syndromes-expert-consult/9781437718935/
http://www.us.elsevierhealth.com/rheumatology/dubois-lupus-erythematosus-and-related-syndromes-expert-consult/9781437718935/
http://www.us.elsevierhealth.com/rheumatology/dubois-lupus-erythematosus-and-related-syndromes-expert-consult/9781437718935/

Drug safety and immunogenicity

82 van den Bemt BJF, den Broeder AA, Snijders GF et al.
Sustained effect after lowering high-dose infliximab in
patients with rheumatoid arthritis: a prospective dose ti-
tration study. Ann Rheum Dis 2008;67:1697-701.

83 Smolen JS, Nash P, Durez P et al. Maintenance, reduction,
or withdrawal of etanercept after treatment with etaner-
cept and methotrexate in patients with moderate
rheumatoid arthritis (PRESERVE): a randomised controlled
trial. Lancet 2013;381:918-29.

84 Fautrel B, Pham T, Alfaiate T et al. Step-down strategy of
spacing TNF-blocker injections for established rheuma-
toid arthritis in remission: results of the multicentre non-
inferiority randomised open-label controlled trial (STRASS:
Spacing of TNF-blocker injections in Rheumatoid
ArthritiS). Ann Rheum Dis 2016;75:59-67.

85 van Herwaarden N, van der Maas A, Minten MJM et al.
Disease activity guided dose reduction and withdrawal of
adalimumab or etanercept compared with usual care in
rheumatoid arthritis: open label, randomised controlled,
non-inferiority trial. BMJ 2015;350:h1389.

86 Park W, Yoo DH, Miranda P et al. Efficacy and safety of
switching from reference infliximab to CT-P13 compared
with maintenance of CT-P13 in ankylosing spondylitis:
102-week data from the PLANETAS extension study. Ann
Rheum Dis 2017;76:346-54.

87 Joergensen KK, Olsen IC, Goll GL et al. Switching from
originator infliximab to biosimilar CT-P13 compared with
maintained treatment with originator infliximab (NOR-

https://academic.oup.com/rheumatology

SWITCH): a 52-week, randomised, double-blind, non-in-
feriority trial. Lancet 2017;6736:30068-5.

88 Glintborg B, Serensen IJ, Loft AG et al. A nationwide non-
medical switch from originator infliximab to biosimilar CT-
P13 in 802 patients with inflammatory arthritis: 1-year
clinical outcomes from the DANBIO registry. Ann Rheum
Dis 2017;76:1426-31.

89 Scherlinger M, Schaeverbeke T, Truchetet M-E;
Fédération Hospitalo Universitaire ACRONIM. Serum
sickness-like disease after switching to biosimilar inflixi-
mab. Rheumatology 2017;56:2032-4.

90 Gottenberg J-E, Brocq O, Perdriger A et al. Non-TNF-
targeted biologic vs a second anti-TNF drug to treat
rheumatoid arthritis in patients with insufficient response
to a first anti-TNF drug. JAMA 2016;316:1172.

91 Jamnitski A, Bartelds GM, Nurmohamed MT et al. The
presence or absence of antibodies to infliximab or adali-
mumab determines the outcome of switching to etaner-
cept. Ann Rheum Dis 2011;70:284-8.

92 Jamnitski A, Krieckaert CL, Nurmohamed MT et al.
Patients non-responding to etanercept obtain lower eta-
nercept concentrations compared with responding pa-
tients. Ann Rheum Dis 2012;71:88-91.

93 Singh JA, Cameron C, Noorbaloochi S et al. Risk of ser-
ious infection in biological treatment of patients with
rheumatoid arthritis: a systematic review and meta-ana-
lysis. Lancet 2015;386:258-65.

1907



