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Perspective

Investigating the potential side effects of
anti-TNF therapy for rheumatoid arthritis:
cause for concern?

There are now five anti-TNF drugs available for clinical use, and it will not be long
before they are joined by biosimilar drugs. Some patients treated with selective TNF
drugs may develop adverse events such as infections, malignancies, acute infusion
and injection reactions, autoimmunity and cardiovascular effects. Registry data
consistently show that, particularly during the first 6 months, anti-TNF drugs slightly
increase the risk of serious infections of the skin, soft tissues and joints, but it does
not seem to increase the risk of cancer other than nonmelanoma skin cancers. A
number of studies have shown that the administration of biological agents can lead
to the formation of neutralizing and nonneutralizing antibodies. Lipid levels increase,
but the atherogenic index remains stable and qualitative changes to lipid particles
may reduce the risk of cardiovascular diseases. Patients treated with anti-TNF drugs
therefore need to be monitored regularly.

Keywords: anti-TNF therapy e autoimmunity e cancer e infections e lipid profiles

Background
TNF-a, a key cytokine in the pathogenesis of
rheumatoid arthritis (RA) (1), is mainly pro-
duced by activated macrophages, T lympho-
cytes and NK cells, but is also expressed
at lower levels by fibroblasts, and smooth
muscle and tumor cells. Its complex immune
functions include the stimulation of inflam-
mation, cytotoxicity, the regulation of cell
adhesion and the induction of cachexia [2].
Clarifying the role of TNF-a in the
pathogenesis of RA has been important for
the development of drugs capable of con-
trolling the clinical signs and symptoms
of the disease, and halting its radiographic
progression. The five anti-TNF drugs cur-
rently approved in Europe for treating RA
patients are the three monoclonal antibod-
ies (infliximab [INF], adalimumab [ADA]
and golimumab [GLM]), the recombi-
nant TNF receptor etanercept (ETN) and
pegylated certolizumab (CTZ) (3], which
all have different structures, morphology,
pharmacokinetic properties and activity.
However, although they have revolution-

ized the therapeutic approach to patients
with active RA who fail to respond to
conventional therapy, they may also cause
adverse events such as infections, malignan-
cies, acute infusion and injection reactions,
autoimmunity and cardiovascular (CV)
effects.

The aim of this review is to consider
the clinical significance of adverse events
developing during anti-TNF inhibitors.

Search strategy

In order to be included in this review, the
studies had to be systematic reviews or
observational studies (i.e., cross-sectional,
noninterventional case—control or cohort
studies) evaluating the risk of complications
such as infections, CV involvement, malig-
nancies, etc. in patients exposed to biologi-
cal disease modifying antirheumatic drugs
(DMARD:s). A search was made of the
PubMed databases from 1998 to Decem-
ber 2014 using the keywords: ‘rheumatoid
arthritis’ or ‘arthritis’, and ‘anti-TNF drugs’
and adverse events.
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Infections

Registries have greatly improved our understanding
of the risk profiles of anti-TNF drugs since they were
first introduced more than 10 years ago (4] not only
because they contain data relating to thousands of
patients with ‘real world’ disabilities and co-morbid-
ities, but also because they include those who would
not be considered eligible for randomized controlled
trials (RCTs). Patients with RA are at risk of infec-
tions because of their underlying disease and the use
of immunosuppressants, and registry data have consis-
tently shown a slightly increased risk of severe oppor-
tunistic infections during the first months of anti-TNF
drugs, although this is more true of the monoclonal

antibodies than ETN [4].

Mycobacterium infections

By binding its transmembrane receptors TNFRI and
TNFRII, TNF-a (a crucial cytokine involved the
pathogenesis of inflammatory autoimmune diseases)
contributes to immunity against various infective
agents including Mycobacterium tuberculosis. In vitro
and 77 vivo studies have shown that the presence of
TNF-a is needed to overcome infections due to myco-
bacteria by means of phagocytosis or granuloma forma-
tion. The interaction between TNF-o and its receptors
leads to various intracellular molecular pathways rang-
ing from proliferation and inflammation (via NF-kB)
to apoptosis (via FADD or caspase-8). TNF-o. may
have a soluble or transmembranous form (tm TNF-a),
of which the latter plays an important role in maintain-
ing granulomatous inflammatory diseases because, in
addition to acting as a TNFRI and TNFRII ligand,
it may act as a receptor and generate an intracellular
cascade in carrying cells. This outside-to-inside or
reverse signal mechanism has been demonstrated in
the case of NK lymphocytes, monocytes-macrophages
and T cells, and secems to amplify or tune the immune
response [5]. INF and ADA have greater affinity for tm
TNF-a, but also form stable complexes with soluble
TNF-a in a 2:2 ratio. ENT has greater aviditity for
soluble TNF-o but dissociates from it more quickly
than monoclonal antibodies. Their increased ability to
bind TNF-a molecules makes monoclonal antibodies
more effective in clearing them from the bloodstream,
but simultaneously favors antibody- or complement-
mediated cytolysis. By binding tm TNF-a., INF and
ADA have a greater effect on granulomatous diseases
such as Crohn’s disease but, by inhibiting or killing
cells expressing tm TNF-a., they may increase the risk
of disseminating pathogens that generate granuloma-
tous infections such as tuberculosis (Figure 1). More-
over, it has been demonstrated that ADA and INF play
a major inhibitory role in interferon-gamma (IFN-y)-

driven phagosome maturation containing Mycobacte-
rium species, another mechanism involved in defense
against this bacteria [6]. IFN and ADA also have a
more pronounced effect on CD4+ cell activation
against mycobacteria than ETN [7]. Given the above,
the opportunistic infection most frequently associated
with anti-TNF drugs is tuberculosis (TB), which is
highly likely to lead to complicated, widespread extra-
pulmonary infection (8], and is mainly caused by the
reactivation of latent tuberculous foci as a result of
a destabilized balance between host immunity and
pathogen virulence [9].

A recent meta-analysis of RCTs and long-term exten-
sion studies has shown that there have been 31 cases of
TB during anti-TNF drugs with an odds ratio of 1.92
(95% CI: 0.91-4.03, p = 0.085). The incidence was
higher in RA patients treated with anti-TNF mono-
clonal antibodies (307.71, 95% CI: 184.79-454.93)
than in those treated with ETN (67.58, 95% CI:
12.1-163.94), and in areas in which TB is more fre-
quent [10]. All candidates for anti-TNF drugs should
therefore be screened for TB by means of a history,
physical examination, purified protein derivative skin
test and chest radiography, and it is strongly recom-
mended that any latent TB be treated before starting
anti-TNF therapy [11], particularly in endemic areas.
Immunosuppressed patients (especially those receiv-
ing anti-TNF drugs) are at high risk of progressing
from latent TB infection to TB disease. The diagnosis
of latent TB infection is mainly based on the patient’s
medical history and a physical examination, a tuber-
culin skin test (TST) or interferon-gamma release
assays (IGRAs), and chest radiographs. According to
the CDC guidelines, the main disadvantages of TSTs
are the need for training in interpreting the results,
the time required for the reaction and the influence of
Kock Bacillus vaccination on the findings [12]. These
problems have been partially overcome by the use of
IGRAs although there are still limited data concerning
the use in some populations, such as patients recently
exposed to TB, children aged <5 years and immuno-
compromised subjects. The guidelines suggest prefer-
ring the use of IGRAs in patients who have poor rates
of return on TSTs and those who have undergone
BCG vaccination, and preferring TSTs in children
aged <5 years; however, there are no clear indications
concerning which test is more appropriate in patients
receiving immunosuppressive therapy [13].

Bacterial, viral & fungal infections

The other most frequently encountered viral and bacte-
rial infections in patients treated with anti-TNF drugs
are respiratory infections (including pneumonia), infec-
tions of the skin and soft tissue, and urinary tract infec-
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Figure 1. Different immunological properties of anti-TNF drugs. Monoclonal antibodies (infliximab and
adalimumab) bind both trimeric and monomeric sSTNF-a and Tm TNF-o with a higher avidity than etanercept. The
molecular structure of monoclonal antibodies also induces a major activation of the immune system via antibodies

or complement-mediated cytotoxicity.

FC: Fragment crystallizable; PEG: Polyethylene glycol; sTNF-a: Soluble TNF-a; Tm TNF-a: Transmembrane TNF-a.

tions (14]. Dixon e al. [15) found that patients undergoing
anti-TNF drugs have a fourfold increased risk of skin
and soft tissue infections, which suggests that TNF
plays a greater physiological role in host defenses of the
skin and soft tissue than in those of other tissues. Cryp-
tococcosis, histoplasmosis and coccidioidomycosis have
all been associated with anti-TNF drugs in endemic
areas [16], which indicates that anti-TNF drugs should
be started with caution in patients who live in or visit
regions with endemic mycoses. Patients receiving anti-
TNF drugs may also be at increased risk of Preumocystis
jiroveci and Nocardia infectious diseases [16].

The incidence of septic arthritis is also increased
by anti-TNF drugs, and this could delay the healing
of surgical wounds [17]. Many reports have also sug-
gested an increased risk of Listeria infection due to
foods made using unpasteurized milk and Salmonella
infection due to undercooked eggs or meat [15], and a
study by the British Society for Rheumatology Biolog-
ics Register has shown that advising patients to avoid
high-risk foods when starting anti-TNF drugs may
reduce the risk [18].

Herpes zoster (HZ), a neurocutaneous disease char-
acterized by a painful vescicular dermatomal rash due
to the reactivation of varicella zoster virus, is one of the
most frequently observed adverse events in clinical tri-
als of anti-TNF drugs, and this has been confirmed by
the German Rheumatoid Arthritis Observation of Bio-

logic Therapy (RABBIT) register [19]. A recent meta-
analysis of seven registries found that the pooled risk
ratio for HZ was 1.61 (95% CI: 1.16-2.23; p = 0.004),
and that severe HZ occurred in 4.9-20.9% patients
treated with anti-TNF drugs as against 2.0-5.5% of
those treated with conventional DMARDs [20]. The
same meta-analysis revealed a significantly increased
risk of HZ in up to 61% of patients with systemic
inflammatory diseases receiving anti-TNF drugs, thus
raising the question as to whether systematic prophy-
lactic treatment should be given to those with a known
history of HZ and whether previously unaffected
patients should be vaccinated [20].

A relative lack of TNF or decreased T-cell activation
and IFN production may reactivate hepatitis B virus
(HBV), and a number of reports indicate that INF may
be associated with the reactivation of stable HBV infec-
tion [21]. We studied a cohort of 72 anti-HBc carriers
and found no evidence of HBV reactivation, but such
patients should always be carefully monitored [22]. These
data have been confirmed by a recent systematic review
and meta-analysis based on 10 eligible studies showing
that the prevalence of HBV reactivation was 3.9% (95%
CI: 1.1-8.4%, I (2): 51.1%) for patients treated with
ETN and 4.6% (95% CI: 0.5-12.5%, 1 (2): 28.7%) for
these treated with ADA [23]. Furthermore, for patients
without any antiviral prophylaxis the pooled reacti-

vation was 4.0% (95% CI: 1.2-8.3%, I (2): 75.6%).
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In conclusion, HBV reactivation rate is relatively low
in patients treated with anti-TNF drugs for rheumatic
conditions; however, the antiviral prophylaxis would be
recommended in patients with overt chronic HBV infec-
tion [23.24]. There are limited data concerning the use of
anti-TNF drugs in chronic carriers of hepatitis C virus
(HCV) infections, but all patients should be screened for
HCV before starting anti-TNF drugs [23]. Preliminary
data suggest that anti-TNF drugs are safe in patients
with chronic hepatitis C [24], but should be administered
together with antiviral therapy in those with hepatitis B.

Malignancies

RA patients are at increased risk of developing hema-
tological and solid neoplasias (lung cancer and non-
melanoma skin cancer), and a large Swedish study has
shown that the prognosis of non-Hodgkin lymphoma
and cancer in general is worse in RA patients [2526].
Given the role of T and B cells in the pathogenesis
of systemic rheumatic diseases and lymphoprolif-
erative disorders, the risk of lymphoma is greater in
RA patients, particularly those with overlapping RA
and Sjogren’s syndrome (pSS), because of persistent
antigenic stimulation [27]. Their risk of developing
lymphoproliferative disorders (particularly non-Hodg-
kin lymphoma) is two- to three-times higher than that
of the general population, and there is some evidence
that anti-TNF drugs increase the risk of skin cancers,
including melanoma [28]. For example, a study of
18,572 RA patients found that standardized incidence
ratio of neoplasia 2.9 in those treated with anti-TNF
drugs as against 1.7 in those treated with methotrex-
ate, although this difference was probably due to the
more active disease of the former [29].

Various observational studies have found a similar
incidence of hematological malignancies or solid neo-
plasias in patients treated with biological therapy or
DMARDs [30-32], but a meta-analysis found differences
in the risk of lymphoproliferative disorders in RA patients
depending on their treatment and the type of immuno-
suppressant: the standardized incidence ratio was 5.1
(95% CI: 0.9-28.6) in those receiving DMARDs and
11.5 (95% CI: 3.7-26.9) in those treated with biological
agents [33]. Although a recent meta-analysis did not find
any evidence of an excess cancer risk among adult RA
patients receiving anti-TNF drugs, but it did not rule
out the possibility that prolonged treatment might lead
to such a risk emerging as there was a trend toward an
increased rate of nonmelanoma skin cancer [34].

In conclusion, although the data are controversial,
they suggest that patients treated with anti-TNF drugs
should be monitored carefully in order to prevent the
development of neoplasia or ensure that it is treated
early.

Infusion- or injection-related skin reactions
& immunogenicity

It has been shown that the administration of biological
agents can lead to the formation of neutralizing and
nonneutralizing antibodies (3536]. The structure of
monoclonal antibodies, which contain domains such
as the complementarity determining regions, raise the
risk of immunogenicity by involving the idiotype-anti-
idiotype network [37]. It has been shown that, although
ETN has a fragment constant (Fc) domain, it is less
likely to induce complement-mediated cytotoxicity
than monoclonal drugs, perhaps because of its more
rigid region and the lack of a heavy chain (CH)1
domain. These immunological features lead to a risk of
anti-drug antibody formation that may cause ADCC
or complement-dependent cytotoxicity. The novel
CTZ pegol anti-TNF drug has a pegylated Fab’ frag-
ment and, as it lacks an Fc domain, does not seem to
induce ADCC or complement-dependent cytotoxicity;
however, the recognition of tmTNF or sTNF-alpha
may induce cytolysis or apoptosis through alternative
pathways involving, for example, the FADD-caspase8
cascade (Figure 1).

However, the immunogenicity of INF and ETN is
better characterized than that of the other anti-TNF
agents because they have been used for longer, and it is
known that the immunogenicity of INF is increased by
its chimeric structure, dose, administration route and
frequency of administration.

The human anti-chimeric antibodies (HACAs)
produced during INF therapy favor the formation
of immune complexes that give rise to adverse events
such as acute infusion reactions, which occur within
1-2 h of administration and include fever, nausea,
breathlessness and headache [36,38], but no association
has been found between antibodies against anti-TNF
drugs and delayed hypersensitivity reactions, which
occur 3-12 days after infusion and are characterized
by myalgia, arthralgia, pruritus, facial or peripheral
edema, sore throat and headache [38]. The effect of
ADA immunogenicity on infusion reactions is still
unclear, but we have recently demonstrated that the
correlation between the presence of anti-drug anti-
bodies and infusion reactions depends on the type of
antibody (IgG, IgM or IgA) [38]. The rates of injection
site reactions are 36% for ETN, 15% for ADA, 6.4%
for CTZ and 5.8% for GLM, and it is well known
that their incidence is higher among the patients who

develop HACAs [36].

Autoimmunity

It has been reported that RA patients treated with
selective anti-TNF drugs develop various auto-
antibodies: antinuclear antibodies, anti-double-
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stranded DNA (anti-dsDNA) antibodies [353¢] and
anti-phospholipid antibodies. Autoantibodies have
been anecdotally associated with clinical manifesta-
tions suggesting drug-induced systemic lupus erythe-
matosus [39], and it was originally thought that this
may be due to the occurrence of low-affinity anti-
dsDNA IgM or IgA antibodies rather than the anti-
dsDNA IgG antibodies more typically associated with
systemic lupus erythematosus (SLE) [39].

However, during the course of the BIOGEAS proj-
ect, the Autoimmune Diseases Study Group of the
Spanish Society of Internal Medicine identified 233
cases of autoimmune disease following the administra-
tion of anti-TNF drugs, including 92 cases of lupus
(mainly in RA patients receiving INF or ETN) [40].
The most frequent manifestations were cutaneous
lesions, arthromyalgia and general symptoms (fever,
malaise, asthenia), but most of the patients did not
fulfil 24 SLE criteria. Serositis was more frequent in
patients receiving INF, whereas cutaneous involve-
ment occurred more frequently in those treated with
ETN [40]. In a recent study, Moulis ez a/. [41] analyzed
data coming from the French registries for anti-TNF
drugs from 2000 to 2012 and found a significant trend
for IFN and ADA in the induction of lupus or lupus-
like syndromes, confirming on the other hand a safer

profile for ETN.

Cardiovascular disease

INE, ETN and ADA have greatly improved the out-
comes of severe RA, and reduced the burden of CV
disease, which is the leading cause of death in patients
with severe RA [42]. Jacobsson et /. [43] found that the
age/gender-adjusted incidence of a first CV event was
14.0/1000 person-years at risk (95% CI: 5.7-22.4) in
patients treated with anti-TNE drugs, but 35.4/1000
person-years (95% CI: 16.5-54.4) in those not treated,
possibly because of the effects of anti-TNF drugs on
inflammation. A systematic review of 16 publications
and a meta-analysis of 11 showed that anti-TNF drugs
were associated with a reduced risk of all CV events
(pooled adjusted RR: 0.46, 95% CI: 0.28-0.77), myo-
cardial infarction (MI; pooled adjusted RR: 0.81, 95%
CI: 0.68-0.96) and cerebrovascular accident (pooled
adjusted RR: 0.69; 95% CI: 0.53—0.89) in cohort
studies, and the meta-analysis of RCTs also produced
a point estimate indicating a lower risk of CV events,
although this was not statistically significant (pooled
RR: 0.85, 95% CI: 0.28-2.59) [44]. A British Soci-
ety for Rheumatology Biologics Register study found
that RA patients treated with anti-TNF drugs do not
have a lower incidence of MI than those treated with
traditional DMARDs [45], but the risk of MI was
markedly reduced in those who respond to anti-TNF

Anti-TNF drugs & adverse events Perspective

drugs within 6 months, thus supporting the idea that
inflammation plays a pivotal role in MI [4s]. It has been
shown in a recent systematic review and meta-analy-
sis of cohort studies that anti-TNF drugs are associ-
ated with a reduced risk for all CV events (pooled
adjusted RR: 0.46, 95% CI: 0.28-0.77), MI (pooled
adjusted RR: 0.81, 95% CI: 0.68-0.96) and cerebro-
vascular accidents (pooled adjusted RR: 0.69, 95% CI:
0.53—0.89). Furthermore, a meta-analysis of RCTs led
to a point estimate indicating an albeit not statistically
significant lower CV risk (pooled RR: 0.85, 95% CI:
0.28-2.59) (46]. This suggests that the difference in
the findings of observational studies and RCTs relates
to outcomes but not the overall trend, and this sup-
ported by the fact that recent American studies have
confirmed that the use of anti-TNF-a drugs is associ-
ated with a lower risk of CV events in RA patients than
the use of DMARD:s [47].

Taken together, the published findings suggest that
anti-TNF drugs have favorable effects on the risk of
CV disease. However, despite the findings of the meta-
analysis, the lack of any suitable placebo-controlled
studies makes it impossible to draw any definite conclu-
sions. On the basis of the similarities in the underlying
inflammatory processes of RA and atherosclerosis, the
potentially favorable effect of anti-TNF drugs on CV
risk may be due to attenuated intima media thickness
(IMT) progression (or even a reduction in IMT). The
few studies that have investigated the effect of a TNF
blockade on IMT in RA patients indicate no progres-
sion or even the regression of IMT, but these involved
small numbers of patients and had sub-optimal meth-
odological designs. Furthermore, we have demon-
strated the efficacy of long-term DMARD treatment
(with methotrexate and anti-TNF drugs) in reducing
disease activity, and delaying or even reversing the pro-
gression of endothelial dysfunction and atherosclero-
sis as a result of an increase in coronary flow reserve,
with no changes in IMT (48]. However, it is interesting
to note that a cross-sectional study has suggested that
blocking TNF reduces the number of unstable plaques
in comparison with treatment with DMARDs alone.
In their review of the effect of anti-TNF drugs on arte-
rial stiffness as evaluated by means of pulse wave veloc-
ity and the augmentation index, Dulai ¢z a/. [49] found
that, despite the limitations of the studies themselves,
the evidence suggests that anti-TNF drugs may have a
beneficial effect on arterial stiffness and therefore CV
risk. However, although patients with severe chronic
heart failure (CHF) have higher circulating levels of
TNF than healthy subjects, it has been found that
ETN has no effect on CHF, and that high-dose INF
has detrimental effects on patients with moderate to
severe CHF: consequently, severe heart failure contra-
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indicates the use of anti-TNF drugs in patients with
RA [s0].

In conclusion, the CV effects of anti-TNF drugs are
both protective and negative. Furthermore, a system-
atic review and meta-analysis of 32 articles (including
13 prospective before/after studies) showed that long-
term anti-TNF treatment is associated with increased
levels of high-density lipoprotein, total cholesterol and
triglycerides, whereas low-density lipoprotein levels
and the atherogenic index remain unchanged, and
the levels of apolipoprotein B/A decrease [s1]. The pre-
sumed cardioprotective effects of anti-TNF drugs in
RA therefore do not seem to be explained by quanti-
tative lipid changes: the increased high-density lipo-
protein levels may have some benefit, but this needs
to be confirmed by prospective studies with long-term
follow-up. Moreover, most of the studies found that
the variation in lipid profiles was associated with a
reduction in disease activity.

Finally, although recent observational studies do not
indicate that anti-TNF-drugs have a detrimental effect
on cardiac function, some investigators recommend
echocardiography before starting anti-TNF therapy.

Conclusion

Despite their efficacy, the immunomodulatory proper-
ties anti-TNF drugs have raised many safety concerns,
and prompted careful evaluations in clinical trials and
intensive postmarketing surveillance. It seems that INF
is the most immunogenic of the anti-TNF drugs and
ETN the least immunogenic (52]. It also seems that the
immunogenicity of INF may explain a significant pro-
portion of the associated infusion reactions, but the lack
of standardized antiglobulin assays has limited detailed
research that would lead to more rational prescrib-
ing [52]. Registry data have consistently shown that anti-
TNF drugs are associated with a slightly increased risk
of serious infections of the skin, soft tissues and joints,
particularly during the first 6 months [14,52], and that
this risk increases with age and the concomitant use of
corticosteroids. Severe opportunistic infections, partic-
ularly granulomatous infections, occasionally occur in
patients treated with the monoclonal antibodies (again
more frequently in patients who are also receiving cor-

ticosteroids), but are less often encountered in those
treated with ETN [52,53] and so, although the shorter
dosing interval of the latter might be considered less
convenient by some patients, it is potentially safer.

Registry data indicate that anti-TNF therapy does
not seem to increase the risk of cancers other than non-
melanoma skin cancer [52:53]. The potential advantage
of registries over RCTs when evaluating safety is due
to the fact that they are based on unselected, routinely
treated patients followed up for a long period of time,
and therefore more closely reflect everyday clinical
practice. However, the true risk of anti-TNF drugs in
patients with a history of malignancy is still unclear
and, in the case of a malignancy occurring during or
after a first anti-TNF drug, it is not known whether it
is safer to start treatment with a biological agent that
has a different mechanism of action.

Anti-TNF therapy is associated with an increase in
lipid levels, but the atherogenic index remains stable
and qualitative changes in lipid particles may reduce
the risk of CV disease, although more research is still
required in this area.

Future perspective

The ideal for both patients and clinicians would be
to optimize and personalize medical care in order to
improve the risk/benefit ratio of prescribed medica-
tions and simultaneously reduce costs. It is known that
approximately one-third of patients currently fail to
respond satisfactorily to their first anti-TNF therapy
and others encounter side effects, but the future use
of demographic data, clinical characteristics and prob-
ably biomarkers will target the most appropriate agent
to each patient in order to achieve a prompt response
and prevent adverse events. Many pharmacogenetic
studies have attempted to link gene polymorphisms to
anti-TNF response, infection or cardiovascular events
but, although some interesting findings have emerged,
very few of have been validated by independent groups
in distinct patient cohorts.
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