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Abstract Tumor necrosis factor (TNF)-o inhibitors are
an alternative to oral systemic therapies for psoriasis. Data
regarding the safety of TNF-a inhibitors from randomized
clinical trials may not fully reflect the effects on the clinic
patient population receiving the therapy, but other sources
of information are available. We performed a literature
review to assess the safety and tolerability of the treatment
of moderate-to-severe plaque psoriasis with TNF-or inhib-
itors. A literature search was conducted using PubMed for
articles dating from January 2000 to October 2013. Ran-
domized controlled, cohort, open-label, and observational
studies were included, as well as case reports and letters to
the editor. Articles found on PubMed describing the safety
of anti-TNF-a therapy in psoriasis patients were included,
while studies highlighting interleukin (IL)-12 and IL-23
inhibitors were excluded, as were non-English articles. In
total, 58 articles were included in the review. TNF-a
inhibitors exhibit both efficacy and tolerability in patients
with moderate-to-severe plaque psoriasis. Adverse effects
associated with these medications are not common and can
be minimized with routine clinical monitoring and patient
education. While the risk of severe adverse events is low,
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the lack of very large, long-term, randomized safety trials
limits the ability to fully define the safety of these agents.
TNF-a inhibitors have a good efficacy/safety ratio for use
in patients with moderate-to-severe psoriasis. Serious
adverse effects are not common, and common injection-site
reactions are usually manageable. The benefits of TNF-a
inhibitors outweigh the risks for moderate-to-severe pso-
riasis; however, there are potential adverse effects and the
patient populations at highest risk include the elderly and
those with a history of malignancy.

1 Introduction

Several treatment options exist for moderate-to-severe
plaque psoriasis patients; however, many of them—
including methotrexate, cyclosporine (ciclosporin), psora-
len plus ultraviolet A (PUVA) therapy, and retinoids (aci-
tretin)—can be inconvenient, costly, and risky.
Methotrexate and cyclosporine require diligent monitoring
by the physician in order to avoid life-threatening adverse
effects, including serious cumulative toxicity leading to
end-organ damage [1]. Their toxic thresholds limit pro-
longed use, and these drugs often require careful dosing
adjustments. Clinicians employ techniques such as com-
bination, rotation, sequential, and intermittent approaches
to best serve the patient during long-term treatment and
avoid serious adverse events (SAEs) [2]. Physicians often
opt out of prescribing powerful systemic treatments alto-
gether in favor of using only topical treatment, an approach
that leaves patients without adequate symptom relief [3, 4].

Tumor necrosis factor (TNF)-o is a pro-inflammatory
cytokine with multiple roles in the stimulation and regu-
lation of the immune system. It increases adhesion of
lymphocytes and neutrophils to the vascular endothelium,
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and serves as a key messenger in the induction of psoriasis
[5]. Three TNF-o inhibitors are currently approved for the
treatment of plaque psoriasis: etanercept, infliximab, and
adalimumab. While all three work to block TNF-a, inf-
liximab and adalimumab are monoclonal antibodies and
etanercept is a fusion protein that acts on TNF-o receptors.
Etanercept functions as a soluble receptor for TNF-o and
has higher affinity than the endogenous receptor. It acts to
neutralize the pro-inflammatory effects of TNF-o, pre-
venting binding of both TNF-a and TNF- to their mem-
brane receptors [6].

Anti-TNF-a therapy can be used alone or in conjunction
with other systemic treatments, such as methotrexate or
phototherapy. Combination therapy is used in order to
increase tolerability, or augment an inadequate response to
monotherapy [7, 8]. While TNF-a inhibitors can be used in

Table 1 Overview of reported adverse effects of

adalimumab

important

Common adverse events
URTI
Injection-site reactions
Headache

Uncommon adverse events
Infection (excluding URTI)
Reactivation of latent tuberculosis
Progression of recently acquired tuberculosis
Vasculitis
Drug-induced lupus
CNS demyelinating disorders
Increased risk of malignancy

Aggravation of congestive heart failure

CNS central nervous system, URTI upper respiratory tract infection

Table 2 Overview of reported adverse effects of

etanercept

important

Common adverse events
URTI
Injection-site reactions
Pruritus

Uncommon adverse events
Infection (excluding URTI)
Reactivation of latent tuberculosis
Progression of recently acquired tuberculosis
Vasculitis
Drug-induced lupus
CNS demyelinating disorders
Increased risk of malignancy
Aggravation of congestive heart failure
Aplastic anemia

CNS central nervous system, URTI upper respiratory tract infection
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Table 3 Overview of reported important adverse effects of

infliximab

Common adverse events
URTI
Acute infusion reaction (fever, nausea, chills)
Headache
Pruritus
Urticaria
Elevated transaminases
Uncommon adverse events
Infection (excluding URTI)
Reactivation of latent tuberculosis
Progression of recently acquired tuberculosis
Vasculitis
Drug-induced lupus
CNS demyelinating disorders
Increased risk of malignancy
Aggravation of congestive heart failure

Pancytopenia

CNS central nervous system, URTI upper respiratory tract infection

combination with disease-modifying antirheumatic drugs
(DMARD:), etc., the goal of this review is to compre-
hensively review the safety and tolerability of these drugs
when used as monotherapy.

2 Methods

We searched PubMed database for articles ranging from
January 2000 to October 2013 using the following key-
words: ‘anti-TNF therapy,” ‘TNF inhibitor,” “TNF antag-
onist,’ and ‘psoriasis.” Randomized controlled trials
(RCTs), cohort, observational, and open-label studies
emphasizing safety and tolerability in psoriasis patients
were reviewed, as well as case reports and letters to the
editor. The main sources of data referenced by these arti-
cles were also included in the review. A meta-analysis was
not conducted. The search generated 146 articles and 58 of
these were reviewed for this paper.

Stated according to PICOS (participants, interventions,
comparators, outcomes, and study design), the study
objectives and questions addressed were as follows:

e Participants: all humans of any age with psoriasis;

e [nterventions: treatment with any currently US FDA-
approved TNF-a inhibitor;

e Comparators: other systemic treatments for psoriasis;

e Qutcomes: reported adverse events from published
literature;

e Study design: RCTs, cohort, observational, and open-
label studies, case reports and letters to the editor.
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3 Results/Discussion

3.1 Anti-Tumor Necrosis Factor (TNF)-a Therapy:
Adverse Effects

Common (>2 %) adverse effects of TNF-o inhibitors in
moderate-to-severe plaque psoriasis patients include (1)
injection-site reactions; (2) headaches; (3) upper respira-
tory tract infections (URTIs); (4) cellulitis; (5) urticaria; (6)
elevated liver enzymes; and (7) pruritus (Tables 1, 2, 3).

Injection-site reactions have been observed with each of
the three FDA-approved TNF-o inhibitors, though more
cases occur for patients using etanercept than infliximab or
adalimumab [9]. Infliximab has been reported least likely
of the TNF-o inhibitors to cause injection-site reactions
[10]. Headaches have been reported in adalimumab and
infliximab patients, and it is not uncommon for patients
receiving anti-TNF-a therapy to experience URTIs. TNF-a
antagonists cause an increased susceptibility to URTIs in
psoriasis patients [11]. This has been the most frequently
reported SAE across adalimumab clinical trials for more
than 10 years [12].

Cellulitis has been reported in psoriasis patients treated
with adalimumab, and some cases have been reported of
infliximab causing urticaria and elevated liver enzymes.
Pruritus has been associated with those patients using
etanercept and infliximab [13]. Overall, infliximab has the
most diverse list of reported adverse effects. While the list
of common adverse effects for infliximab is longer than
those for etanercept and adalimumab, all TNF-o inhibitors
are associated with potential adverse effects in psoriasis
patients; clinicians must weigh the costs versus the benefits
in all patients who might benefit from anti-TNF-o therapy.

All FDA-approved TNF-a inhibitors have reported a
limited number of more severe adverse effects, though the
risks reported vary. During the initial year of treatment, the
likelihood of success with anti-TNF-o therapy in psoriasis
is several orders of magnitude greater than the likelihood of
serious toxicity [14]. Anti-TNF-a therapy has been asso-
ciated with a number of relatively rare adverse effects
(<2 % of patients treated) in psoriasis patients, including
severe infections, opportunistic infections, reactivation of
latent tuberculosis (TB) or progression of recently acquired
TB, new onset or exacerbation of central nervous system
(CNS) demyelinating disorders, possible increased risk of
malignancy (specifically lymphoma), drug-induced lupus,
exacerbation of congestive heart failure (CHF), and vas-
culitis [15]. The risk of a psoriasis patient developing
lymphoma as a result of TNF-a therapy is roughly equiv-
alent to that patient’s overall lifetime risk of developing
lymphoma without TNF-a therapy (2.3 %) [16].

While extremely rare, severe liver toxicity, lethal liver
failure, and drug-induced lupus have been reported [17—

19]. Biologic-induced CNS demyelinating disease is also
rare, occurring in 0.1-1.7 % of psoriasis patients receiving
anti-TNF-o therapy.

TNF-o inhibitors are associated with an increased risk of
reactivation of latent infections, particularly TB. Among
patients with autoimmune diseases, the initiation of anti-
TNF-o therapy, as compared with non-biologic treatments,
was not associated with an increased risk in hospitaliza-
tions for serious infections; however, TB is an exception
[20]. The risk of a psoriasis patient developing TB after
initiation of TNF-o inhibitors increased 57-fold (from a
0.3 % overall lifetime risk for psoriasis patients to 17.1 %);
therefore, adequate TB surveillance should be conducted in
patients receiving anti-TNF-o therapy [16]. Adequate
prophylaxis can successfully minimize the risk of reacti-
vation in patients with latent TB [21].

Rare, new-onset or “worsening” psoriasis on TNF-o
inhibitors has been described. Case reports describe a
pustular psoriasiform eruption of the palms and soles that
most often occurs during the process of initiating the
medication. Evidence does not yet exist regarding who
specifically is susceptible to this adverse effect, and dosing
changes have not been associated with such an eruption.
The underlying pathophysiological mechanism to this
adverse event remains elusive. A recent report suggests
chronic TNF-a inhibition may cause proliferation of plas-
macytoid dendritic cells and their unregulated proliferation
of interferon-a, predisposing to a psoriasiform eruption
[22]. Despite this theory, switching TNF-a inhibitors or
increasing the dose of the anti-TNF-o agent may remedy
the eruption; therefore, the mechanism by which these
drugs work to cause new-onset psoriasis is still unclear
[23]. New-onset psoriasis as a result of TNF-a inhibition
may respond to topical corticosteroid therapy [24].

A few rare (<2 %) adverse events have been associated
with specific TNF-o inhibitors. For example, cases of
etanercept-induced aplastic anemia have been reported.
Only infliximab has been associated with pancytopenia and
occasional severe infusion reactions, including anaphylaxis
[25].

While a number of adverse effects have been reported in
psoriasis patients treated with TNF-o inhibitors, patients
receiving even high-dose regimens of TNF-a therapy have
not shown more frequent adverse effects than those
patients receiving standard dosages. Etanercept and ada-
limumab dose escalation results in greater efficacy. How-
ever, dose escalation and reduction are considered off-label
regimens for biologics; therefore, the safety data are rela-
tively limited [26]. Increasing adalimumab dosage has
similar safety, though patients on high-dose therapy saw
results faster than those patients receiving lower doses [27].
High-dose regimens of etanercept (50 mg subcutaneous
injection twice weekly for 12 weeks) are highly effective
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and tolerable in psoriatic arthritis patients [28]. A longer
study with a larger population group would be needed to
further define TNF-a inhibitor safety at higher doses.

3.2 Adverse Effects: More Considerations

Psoriasis patients receiving anti-TNF-o therapy may have
an increased risk for non-melanoma skin cancers (NMSCs)
as compared with the general population; however, psori-
asis patients are more likely to have used PUVA—a known
cause of NMSC—than the general population [29]. An
increased risk of melanoma has also been observed; how-
ever, most of these patients were previously exposed to
cyclosporine, PUVA, retinoids, and other immunosup-
pressants that have been associated with an increased risk
of all skin malignancies [13]. The incidence of melanoma
is also increasing worldwide in the general population,
regardless of medication [30]. There is also evidence that
the chronic inflammation inherent to the conditions treated
with anti-TNF-o therapy is itself associated with an
increased potential for malignancy [31]. Therefore, the
increased risk of NMSC and melanoma in psoriasis patients
receiving adalimumab therapy could be the result of a
psoriatic mechanism, not the anti-TNF-a therapy.

Few psoriasis patients who have received anti-TNF-o
therapy have reported serious CHF events. A recent paper
concluded that epidemiologic data are currently insufficient
to reach definitive conclusions regarding the safety of TNF
inhibitors on cardiovascular outcomes in psoriasis patients
[32]. In one study, of the few psoriasis patients given
adalimumab who had serious CHF events, three had two or
more risk factors for CHF, including hypertension, hyper-
lipidemia, diabetes mellitus, myocardial ischemia, and
obesity [13]. Therefore, psoriasis patients with preexisting
heart or cardiovascular conditions should be carefully
monitored while on anti-TNF therapy, though it cannot be
concluded with certainty that anti-TNF-o therapy increases
the risk of CHF.

Overall, age, disease activity, co-morbidities, and
baseline corticosteroid use should be considered when
evaluating SAEs in anti-TNF-o therapy. These other fac-
tors could contribute to an adverse event that might
otherwise be solely attributed to TNF-o antagonists.

3.3 “Switching” Safety

Many patients begin TNF-a inhibitors when other treat-
ment options have failed, or as a result of harmful adverse
effects associated with other systemic treatments. One
study switched 124 plaque psoriasis patients previously
treated with traditional or biologic treatments to etanercept
and charted their progress [6]. Patients were previously on
such medications as cyclosporine (n = 104), PUVA
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therapy (49), retinoids (33), methotrexate (32), and biolo-
gics other than etanercept (27). Subjects were initially
evaluated using the mean Psoriasis Area and Severity
Index (PASI). After etanercept use, a substantial
improvement in PASI score was observed. The mean (£
standard deviation) PASI score decreased from 15.8 £+ 6.7
(week 0) to 5.1 + 4.3 (week 12), and to 3.0 &+ 3.6 (week
24).

Short-term safety/tolerability was also assessed. Those
with plaque-type psoriasis treated with etanercept experi-
enced the following: injection-site reactions (n = 11),
asthenia (9), cystitis (6), headache (5), herpes labialis (3),
pharyngitis (2), and otitis (1). In total, 37 of 124 plaque
psoriasis patients in this trial experienced an adverse event
after switching to etanercept. None of these adverse events
required therapy interruption, and all were resolved with
specific medication [6].

3.4 Randomized Controlled Trials and TNF-a
Inhibitors

The efficacy and safety of TNF-o inhibitors has been
studied extensively; however, these drugs are often tested
in RCTs that purposely exclude the patients at greatest risk,
including geriatric patients [33]. Some rheumatology
studies revealed that many patients prescribed biologics
would not be eligible for RCTs [34]. One study looked at
all patients who were put on TNF-a inhibitors from
1 January 2005 to 1 November 2010 at 13 dermatology
departments widely distributed across Spain. Of those
patients who received the medications, 29.8 % would have
been ineligible for RCTs for a variety of reasons, including
treatment of psoriasis other than chronic plaque psoriasis
(12.2 % of patients), age older than 70 years (7.4 %),
chronic hepatic disease (5.9 %), and a history of hepati-
tis B infection (4.5 %). Patients ineligible for RCTs were
more likely to experience SAEs. Previous cancer (exclud-
ing NMSC) and age older than 70 years show significant
associations with the risk of SAEs. For every 40 patients
treated that are not eligible for RCTs, one SAE would be
observed in a mean follow-up of 2.1 years compared with
eligible patients. A large percentage of psoriasis patients
that are placed on TNF-o inhibitors are not representative
of the data coming out of RCTs [35].

This study brings to light the issues surrounding the
need for safety data that better represent patients receiving
these medications; however, there is inherent risk in
obtaining safety data in at-risk patients. Observational
studies that follow these patients in a clinical setting would
be helpful towards our greater understanding of the adverse
effects of these medications; however, the findings of such
studies are limited by the lack of a randomized control
group for comparison.
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Biologics prescribed to these patients may not be
intrinsically more dangerous in patients ineligible for
RCTs; the use of these drugs may simply add to a previ-
ously higher baseline risk in these patients. Regardless,
dermatologists must be aware that the data coming out on
anti-TNF-o therapy does not always reflect the patient
populations seen in the clinic.

3.5 Who is at Greatest Risk?

Psoriasis is found across a broad population. Heritability
plays a significant role in susceptibility. As yet, there is
little information to define subsets of psoriasis patients at
greatest risk of adverse effects from anti-TNF-o therapy.
As use of these medications increase, additional research
will be necessary in order to identify underlying risk fac-
tors for development of anti-TNF adverse effects. Anti-
drug antibodies may be detected in patients who experience
adverse effects while on anti-TNF-a therapy [36]. Studies
like this show promise towards a better understanding of
the etiology of anti-TNF adverse effects in the future.
There is only limited information on the adverse effects
of anti-TNF-a therapy in children and adolescents with
psoriasis. Excluding etanercept, no randomized clinical
trials have been performed in patients with psoriasis during
childhood and adolescence [36]. Biologics are currently not
recommended for children with psoriasis unless the disease
is refractory to non-biologic therapies. Current recom-
mendations state that only children with severe, wide-
spread, refractory pustular, plaque, or psoriatic arthritis
should be considered for anti-TNF-o therapy. Of all the
currently available biologics, etanercept has showed the
fewest and least severe adverse effects in children and
adolescents [44]. To the extent that safety data can be
generalized across diseases, safety of anti-TNF-o therapy
for inflammatory arthritis in children gives some reassur-
ance for anti-TNF-a therapy use in children with psoriasis.
Over the past decade, TNF-a inhibitors have provided an
alternative treatment for pregnant women with moderate-to-
severe psoriasis [37, 38]. While acitretin and methotrexate
must be avoided in women of child-bearing potential (par-
ticularly acitretin, which is listed as pregnancy category X),
TNF-o inhibitors are listed as pregnancy category B,
although pregnant women are typically excluded from
controlled trials [39—41]. The risk to pregnant women may
be minimal, particularly as compared with more dangerous
options such as acitretin (pregnancy category X) and
methotrexate, which is an abortifacient [42, 43]. With more
safety research, TNF-o inhibitors may be deemed safe
enough for pregnant women to use without harming mother
or fetus. This would give clinicians an arguably safe alter-
native to more dangerous medications for women with
moderate-to-severe psoriasis who wish to become pregnant.

There is limited safety knowledge regarding TNF-o
inhibitors in pregnant women. TNF-a inhibitors are preg-
nancy category B, and have been on the market for more
than 10 years in the USA without reports of SAEs [45].
One study showed that direct exposure to anti-TNF-a
therapy during pregnancy did not lead to a higher incidence
of birth defects; however, this study only followed patients
with inflammatory bowel disease (IBD), not psoriasis [46].
Other studies have confirmed these data in patients with
other inflammatory diseases [47, 48]. Overall, the risk of
TNF-o antagonists has been described as relatively low and
the benefits may outweigh the risks [49].

Although elderly individuals have been safely treated
with anti-TNF-a therapy, this group is likely to experience
several concomitant illnesses that may lead to increased
SAEs. For example, age has a significant effect on the
likelihood of developing an SAE such as lymphoma. One
study reported an additional 122 cases of lymphoma per
100,000 per year among patients with psoriasis that were
65 years or older [50]. Elderly individuals are more likely
to have a prior malignancy than younger individuals due to
their advanced age, and clinicians should use caution when
prescribing TNF-o antagonists in the geriatric population
[40].

Another study found that patients older than 65 years
treated with TNF-a inhibitors have a higher rate of infec-
tions and mortality than younger patients or patients of the
same age that did not receive these drugs. However, this
study only included patients with IBD [51]. In contrast, a
study of psoriatic arthritis and psoriasis patients concluded
that anti-TNF-o therapy in this age group is a safe option,
and can even greatly improve elderly patients’ quality of
life [35].

The use of biologics in psoriasis patients who also have
chronic infections such as hepatitis B virus (HBV), hepa-
titis C virus (HCV), and HIV should be limited; however,
TNF-o inhibitors, particularly etanercept, appear to be safe
and well-tolerated in the setting of chronic HCV, without a
negative effect on the underlying HCV infection [52, 53].
Chronic HBV may reactivate during therapy with TNF-a
antagonists; however, this was found in a study involving
Crohn’s patients, not psoriasis patients [54]. The use of
anti-TNF-o agents in a short series of HIV-infected patients
was not associated with significant clinical adverse effects,
nor a negative effect in CD4 counts and HIV viral load
levels; however, definitive counseling or guidelines are
currently unavailable [55]. Again, this finding was limited
to a study that only included patients with rheumatic dis-
ease, not solely plaque psoriasis.

Intermittent use of biologic therapy has been associated
with a rebound phenomenon once treatment is discontin-
ued, despite a positive early response in these patients.
Some patients also experienced a decreased degree of
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response compared with the first treatment, particularly
with infliximab [56]. Most patients respond well to re-ini-
tiation of TNF-o inhibitors after a holiday, particularly
those patients receiving etanercept [57]. Due to concerns
regarding intermittent biologic use, anti-TNF-o therapy
seems more effective in a continuous than in an as-needed
setting [58].

4 Conclusions

Overall, TNF-oa inhibitors are considered safe for adults
with moderate-to-severe psoriasis; while a number of
uncommon (<2 %) adverse effects may occur, it is difficult
to ascertain whether these are due to the drug or to the
underlying disease. Thorough histories should be per-
formed in order to screen for pre-existing conditions; many
SAEs, such as NMSCs, melanoma, and cardiovascular
events, arise from such conditions or previous treatments.
Common adverse events observed in moderate-to-severe
psoriasis patients taking these drugs do not usually require
therapeutic interruption, and often resolve with specific
medication, though adjunctive topical therapy alone may
not be sufficient. Patient education concerning potential
adverse effects is critical. Putting the risks in proper per-
spective may be difficult. While there are inherent limita-
tions in our ability to precisely define how frequently
severe adverse effects occur and whether those adverse
effects are due to the drug or the underlying disease, we do
know that the frequency of SAEs is low.
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