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ABSTRACT
Paradoxical adverse events (PAEs) have been reported
during biological treatment for chronic immune-
mediated diseases. PAEs are defined as the occurrence
during biological agent therapy of a pathological
condition that usually responds to this class of drug.
A wide range of PAEs have been reported including
dermatological, intestinal and ophthalmic conditions,
mainly with antitumour necrosis factor α (TNF-α)
agents. True PAEs include psoriasis, Crohn’s disease
and hidradenitis suppurativa. Other PAEs may be
qualified as borderline and include uveitis, scleritis,
sarcoidosis and other granulomatous diseases
(granuloma annulare, interstitial granulomatous
dermatitis), vasculitis, vitiligo and alopecia areata.
Proposed hypotheses to explain these PAEs include an
imbalance in cytokine production, the differential
immunological properties between the monoclonal
antibodies and TNF-α soluble receptor, an unopposed
type I interferon production and a shift towards a
Th1/Th2 profile. Data from registries suggest that the
risk for paradoxical psoriasis is low and non-
significant. We discuss management of these PAEs,
which depends on the type and severity of the adverse
events, pre-existing treated conditions and the
possibility of alternative therapeutic options for the
underlying disease. Paradoxical adverse events are not
restricted to anti-TNF-α agents and close surveillance
of new available biological drugs (anti-interleukin-17/
23, anti-integrin) is warranted in order to detect the
occurrence of new or as yet undescribed events.

The introduction of biological agents on the
market has dramatically changed the thera-
peutic approach to a variety of systemic
immune-mediated diseases, such as chronic
inflammatory rheumatic diseases (rheuma-
toid arthritis (RA) and spondyloarthritis
(SpA)), plaque psoriasis and inflammatory
bowel diseases (Crohn’s disease (CD) and
ulcerative colitis (UC)). Currently, five

tumour necrosis factor α (TNF-α) blocking
agents are available: three monoclonal anti-
bodies (infliximab, adalimumab, golimu-
mab), a p75 TNF-α soluble receptor
(etanercept) and a Fab’ fragment associated
with a pegol molecule (certolizumab). With
the improved understanding of the patho-
physiology of immune-mediated diseases,
new relevant therapeutic targets have been
identified, leading to the development of
new biological drugs. In this setting,
anti-CD20 (rituximab), anti-interleukin
(IL)-1 (anakinra), anti-IL-6 (tocilizumab)
and a fusion protein inhibiting the costimula-
tory pathway (abatacept) have been devel-
oped for the treatment of RA. It has also
been shown that the Th17/ IL-23 pathway
plays an important role in psoriasis and
psoriatic arthritis (PsA), and thus ustekinu-
mab, an anti-p40 IL-12/23 monoclonal

Key messages

What is already known about this subject?
Different paradoxical adverse events have been
described under biological agents, mainly tumour
necrosis factor α inhibitors.

What does this study add?
A wide range of paradoxical adverse events have
been reported including dermatological, intestinal
and ophthalmic conditions, but their relationship
with the biological agent exposition remains still
debated.

How might this impact on clinical practice?
The clinician must know these paradoxical adverse
events as well as the therapeutic strategy to have
when such event occurs in a patient under a bio-
logical agent.
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antibody, has become available. Vedolizumab is a new
biological agent directed against the α4β7 integrin that
has been recently licensed in the treatment of CD.
Intriguingly, unexpected side effects have been

reported with the use of biological agents in clinical
practice. Indeed, dermatological, intestinal and ophthal-
mological paradoxical adverse events (PAEs) have been
described, mainly with anti-TNF-α agents. In this review,
we will focus on the different PAEs that have been
described with anti-TNF-α and other biological agents.
We will also attempt to analyse the potential mechanisms
that may explain this immunological phenomenon, and
finally we propose management strategies.

DEFINITION AND GENERAL CONSIDERATIONS
PAEs may be defined as the occurrence during therapy
with a biological agent, of a pathological condition that
usually responds to this class of drug. In this regard, the
incriminated biological agent must have previously
proven its efficacy in the treatment of the induced condi-
tion. In this case, the PAE is qualified as ‘true’ (or
“authentic”). This is well illustrated by the onset of (de
novo) psoriasis during anti-TNF-α therapy.1 In parallel,
the biological agent may worsen a pre-existing condition
(for instance, psoriasis may worsen when an anti-TNF-α
agent is started for psoriasis or PsA). In addition, some
PAEs are in fact extra-articular manifestations of the
disease (for instance, uveitis during anti-TNF-α therapy
for SpA). On the other hand, ‘borderline’ PAEs can be
defined as the development of certain immune-mediated
conditions that are observed during a biological treat-
ment that has not proven its efficacy in this specific condi-
tion, despite a rationale for its use. For instance,
sarcoidosis may occur during anti-TNF-α therapy, but
anti-TNF-α agents are not approved for the treatment of
this granulomatous disease.2 On the contrary, some spe-
cific adverse events occurring with biological drugs (for
instance, demyelinating diseases with etanercept, systemic
lupus erythematosus or antiphospholipid syndrome with
anti-TNF-α agents) are not considered as paradoxical.
PAEs are uncommon and were not observed during

the development programme of the biological agents.
They were subsequently reported as isolated cases or case
series. PAEs were mainly described with anti-TNF-α
agents (first in inflammatory rheumatic diseases, and
then in psoriasis and CD) and more rarely with the other
biological classes used in the treatment of RA and other
conditions. This may be explained by the fact that
anti-TNF-α agents were first introduced onto the market,
and have a large number of indications. PAEs are not
organ-specific, leading to the description of a wide range
of conditions, including cutaneous, intestinal, ophthal-
mological and also vascular adverse events (table 1).
Limited data are available concerning the incidence of

PAEs. From January 2002 to September 2009, 57 cases of
new onset or aggravation of pre-existing psoriasis were
declared to the French national pharmacovigilance

database.3 In a single primary referral centre in France, 12
PAEs (psoriasis, acute anterior uveitis and inflammatory
bowel disease (IBD)) were reported among 296 patients
with SpA treated by infliximab, etanercept or adalimu-
mab, giving an overall frequency of 1.9/100 patient-years.4

‘TRUE’ PAES
One of the most frequently described cutaneous PAEs is
psoriasis.5

Psoriasis
anti-TNF-α agents
Since an initial report in 2003,6 numerous cases have
been described, and two systematic literature reviews
have been performed, the most recent analysing 207
cases.7 8 Psoriasis occurring during anti-TNF-α therapy
may be induced or exacerbated by biological agents
without identified predisposing factors. In particular,
co-medication such as methotrexate given for the under-
lying disease is not a protective factor. Infections are not
observed as a triggering event. Paradoxical psoriasis has
been observed in men and women, with no apparent
age effect. Most of the patients have no previous per-
sonal or family history of psoriasis. All the diseases
treated by anti-TNF-α agents may develop paradoxical
psoriasis, but cases seem to predominate in RA with, in
general, good control of the disease by the drug.
Paradoxical psoriasis may occur at any time from a few
days to several years after drug initiation. The reported

Table 1 Paradoxical conditions described under

biological agents given for immune-mediated diseases

True PAE Borderline PAE

AE

Biological

agent AE

Biological

agent

Psoriasis Anti-TNF-α
Rituximab

Tocilizumab

Ustekinumab

Uveitis Anti-TNF-α
(etanercept)

Crohn’s

disease

and/or

ulcerative

colitis

Anti-TNF-α
(etanercept)

Scleritis Anti-TNF-α

Hidradenitis

suppurativa

Anti-TNF-α
(adalimumab)

Rituximab

Sarcoidosis Anti-TNF-α
(etanercept)

Granuloma

annulare

Anti-TNF-α

Interstitial

granulomatous

dermatitis

Anti-TNF-α

Vasculitis Anti-TNF-α
Alopecia areata Anti-TNF-α
Vitiligo Anti-TNF-α

ustekinumab

AE adverse events; PAE, paradoxical adverse events; TNF,
tumour necrosis factor.
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cutaneous lesions are plaque, pustular or guttate-type
psoriasis. The most frequently affected areas are the
scalp and flexures and palmoplantar areas.9 Pustular
psoriasis affecting the palm and soles seems to be fre-
quent and was reported in more than 50% of cases
(figure 1). The nails are involved less often, but typical
changes (onycholysis, discolouration and pitting) have
been described.7 8 The rate of new onset/exacerbation
of psoriasis in patients receiving anti-TNF-α agents has
been calculated from two registries. The incidence rate
of psoriasis in an RA population from the UK was esti-
mated at 1.04/1000 person-years (95% CI 0.67 to 1.54),
compared to a rate of zero in an RA group without bio-
logics10 (table 2). Interestingly, patients with adalimu-
mab had a significantly increased risk of psoriasis
compared to etanercept (incidence rate ratio (IRR) 4.6
(1.7 to 12.1)) and compared to infliximab (IRR 3.5 (1.3
to 9.3)).10 Data from the Spanish biological register
(BIOBADASER) found similar results, with a global inci-
dent rate of 2.31/1000 patient-years, but no highest inci-
dence was observed with a specific anti-TNF-α agent.11

One may remark that the risk for paradoxical psoriasis
in these registries was found to be low and non-
significant according to the large CIs. Paradoxical psor-
iasis has the same pattern of histological abnormalities
as conventional psoriasis lesions. In general, the
outcome of paradoxical psoriasis is favourable. Most
patients were able to continue their treatment with full
or partial resolution of the skin lesions. For patients who
were switched to another anti-TNF-α agent, half of them
experienced a recurrence of their lesions.7 Only a
minority of patients reported a severe course with ery-
throdermic lesions requiring systemic corticosteroids.
The treatments given were usually topical steroids and/
or vitamin D analogues and keratolytics.

Other biological agents
Psoriasis has also been reported as a PAE with some
other biological agents, albeit with a lower frequency.

Preliminary results from an open-label study suggested
that rituximab may be effective in patients with a periph-
eral form of PsA.12 Three cases of de novo psoriasis have
been reported in patients receiving rituximab for sero-
negative RA or systemic lupus erythematosus.13 In the
French AIR registry, seven patients were reported to
have experienced new-onset psoriasis or a flare up of
pre-existing psoriasis, resulting in incidence rates of
1.04/1000 person-years (0.13 to 3.8) and 2.6/1000
person-years (0.84 to 6.1), respectively (table 2).
However, rechallenge of the drug did not induce a
recurrence/exacerbation of psoriasis.14

Abatacept was shown to be effective in PsA in a rando-
mised, placebo-controlled trial and improving skin psori-
atic lesions.15 A limited number of cases of psoriasis
have been reported during abatacept therapy for RA or
PsA, but there is no specific signal for this event from
pharmacovigilance surveillance programmes.16–19

Tocilizumab was reported to be exceptionally asso-
ciated with reactivation of psoriasis in two patients.20

Another case of psoriasiform palmoplantar pustulosis
was reported in a patient with RA treated by tocilizumab
and the skin lesion disappeared after drug
discontinuation.21

Finally, a paradoxical flare of psoriasis was described in
two patients with psoriasis treated by ustekinumab.22 23

Alternatively, onset of PsA has been reported in a
series of 16 patients receiving efalizumab (an
anti-CD11a monoclonal antibody that was withdrawn
from the market) for severe psoriasis.24 Similarly, usteki-
numab was associated with the onset of disabling PsA in
a patient with severe plaque psoriasis.25 Finally, cases of
paradoxical inflammation of the joints have been
described in patients with IBD treated by anti–TNF-α
agents.26

Hidradenitis suppurativa
Hidradenitis suppurativa (HS) is a painful chronic skin
disease characterised by recurrent inflammatory nodules

Figure 1 Palmoplantar pustular psoriasis in a patient with spondyloarthritis under golimumab.
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Table 2 Occurrence of paradoxical adverse events in European and American registries

Registry

Reference PAE Disease

Biological

agent

Number of

participants Results

British society for

rheumatology biologics

register (BSRBR, UK)10

Psoriasis RA Anti-TNF-α
agents

9826 anti–TNF-α-
treated patients

2880 DMARD-treated

patients

Incident rate ratio for 1000

person-years (95% CI):

Global:

1.04 (0.67–1.54)

Adalimumab vs etanercept :

4,6 (1.7–12.1)

Adalimumab vs Infliximab:

3.5 (1.3–9.3)

Spanish registry for adverse

events of biological therapy

in rheumatic diseases

(BIOBADASER, Spain)11

Psoriasis Anti-TNF-α
agents

Incident rate/1000

patient-year:

2.31 (1.69–2.35)adalimumab:

3.2 (1.8–5.8) (etanercept:)

2 (1.1–3.6)

Infliximab:

2.2 (1.4–3.4)

Autoimmunity and rituximab

registry (AIR, France)14
Psoriasis RA Rituximab 1927 Incident rate/1000

person-years (95%CI):

New-onset psoriasis:

1.04 (0.13–3.8)

Flare of pre-existing

psoriasis:

2.6 (0.84–6.1)

Registry from the

Netherlands, Germany,

Finland, Denmark, Italy33

IBD JIA Etanercept ND Incidence rate of IBD/

100 000 person-years: 362

A WHO adverse event

database (Sweden) and

National registry of

drug-induced ocular side

effects (USA)41

Uveitis RA, SpA,

PsA and

CD

Anti-TNF-α
\xEF\x80

agents

ND 43 cases associated with

etanercept, 14 with infliximab

and 2 with adalimumab.

(the higher number of uveitis

with etanercept persists after

excluding patients whose

uveitis may result from the

underlying disease)

Swedish biologic registry

(ARTIS, Sweden)43
Uveitis AS Anti–TNF-α

agents

1385

Adalimumab: 406

Etanercept: 354

Infliximab: 605

Flare of uveitis before and

after anti-TNF-a agent

initiation/100 person-years

(95% CI)

Adalimumab 12.9 (11.7–

14.2) and 7.7 (5.9–9.6)

Etanercept: 9.6 (9.4–10.9)

and 20.2 (17.5–22.8)

Infliximab: 12.7 (11.5–13.8)

and 11.7 (10.1–13.3)

German Biologics in Pediatric

Rheumatology (BIKER,

Germany)44

Uveitis JIA Anti-TNF-α
agents or

MTX

3467 Rate of uveitis

MTX: 51/2884

Etanercept: 37/1700

Adalimumab: 13/364

Rate of new uveitis:

MTX: 3.2/1000 person-years

Etanercept: 1.9/1000

person-years

Etanercept+MTX: 0.9/1000

person-years

CD, Crohn’s disease; DMARD, disease modifying antirheumatic drugs; IBD, inflammatory bowel disease; JIA, juvenile idiopathic arthritis;
PAE, paradoxical adverse event; PsA, psoriatic arthritis; RA, rheumatoid arthritis; SpA, spondyloarthritis.
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and abscesses, sinus tract and fistula formation, purulent
drainage and subsequent scarring involving the apocrine
gland bearing areas.27 Adalimumab has recently been
approved as a new indication in the treatment of active
moderate to severe HS in patients who do not respond
to conventional drugs.28 There are a limited number of
reports of HS onset in patients receiving a biological
agent29 30 (figure 2). A recent multicentre nationwide
retrospective study reported a large series of new-onset
HS under biological agents. Twenty-five patients were
described who received mainly anti-TNF-α agents,
including adalimumab. The underlying diseases were
chronic inflammatory disease, CD or psoriasis. Complete
resolution of HS was observed after treatment discon-
tinuation or a switch to another biological agent.
Rechallenging the drug led to HS relapse in a limited
number of patients.31

Crohn’s disease and other IBD
We previously reported 16 cases of IBD occurring after
anti-TNF-α agent initiation for inflammatory rheumatic
disease.32 This series mainly included patients with anky-
losing spondylitis (AS) or related SpA. The type of IBD
observed under anti-TNF-α therapy was CD in 94%,
while UC was infrequent (6%). Most of the patients
received etanercept when intestinal symptoms occurred
(87.5%). The underlying inflammatory rheumatic
disease was generally well controlled by the anti-TNF-α

agent given at an appropriate dosage. All the reported
patients had a favourable intestinal outcome after dis-
continuing the anti-TNF-α agent or after switching to a
drug that is a monoclonal antibody.
The incidence of IBD in patients with juvenile idio-

pathic arthritis ( JIA) treated by etanercept was calcu-
lated from different European registries and found to be
362/100 000 patient-years, a result that was around 43
times higher than in the general population33 (table 2).

‘BORDERLINE’ PAES
Uveitis
Anti-TNF-α agents
Open-label studies and post hoc analysis of randomised
controlled trials in patients with SpA indicate that
anti-TNF-α agents may reduce the frequency of uveitis
flares.34–37 The results were more salient with infliximab
or adalimumab, compared to etanercept.38 On the
other hand, anecdotal reports have suggested that
uveitis can occur during anti-TNF-α therapy.39 The effect
of anti-TNF-α agents on new flares of uveitis in patients
with a previous history of uveitis was analysed in a
Spanish cohort of patients with SpA.40 The results
showed that infliximab reduced uveitis flares, whereas
the opposite appeared to be the case with etanercept.
An analysis from two drug event databases found similar
results, with a greater number of uveitis occurring under
etanercept as compared to infliximab or adalimumab.41

A recent study analysed 31 cases of new-onset uveitis in
patients under anti-TNF-α therapy.42 The majority of
patients had SpA, while the others had RA or JIA. In
this series, most cases occurred with etanercept (84%).
In the same paper, a systematic analysis of the literature
found 121 similar cases. Overall, in these reported cases,
etanercept was frequently associated with a greater rate
of uveitis than infliximab or adalimumab, while the
underlying disease requiring the anti–TNF-α therapy was
mainly SpA (72%) followed by JIA (11%) and RA
(10%). In general, treatment of uveitis was local, without
interrupting the biological agent. Treatment was discon-
tinued in a limited number of cases, and there was
recurrence of uveitis when the treatment was reintro-
duced.42 An analysis of the Swedish biologics registry
reported similar findings, namely that etanercept was
associated with a higher risk of recurrence of uveitis in
adult patients with SpA, while there was a reduction in
uveitis rates with adalimumab treatment and a slight
reduction with infliximab.43 Conversely, in an analysis
from the biologics in paediatric rheumatology registry,
only a few patients with JIA developed a first uveitis
event while taking etanercept44 (table 2).

Other biological drugs
Rituximab and tocilizumab may improve uveitis in
selected patients with refractory eye disease, but these
agents have not been specifically evaluated in this indica-
tion.45 There is no new onset or flare of uveitis

Figure 2 Hidradenitis suppurativa in a 29-year-old woman

with Crohn’s disease treated with adalimumab.
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associated with the use of rituximab, tocilizumab or
abatacept.

Scleritis
Infliximab has been tested in the treatment of scleritis,
with encouraging results.46 Conversely, three cases of
severe scleritis were reported during etanercept therapy
for RA. Ocular inflammation improved after treatment
discontinuation, with no other relapses. Rechallenge of
the drug in one case led to the reappearance of ocular
symptoms.47 Preliminary results indicate that rituximab
may be an effective treatment for non-infectious refrac-
tory scleritis, but conversely there is no case of scleritis
induced by this agent.48

Sarcoidosis
The use of anti-TNF-α drugs, especially infliximab, has
been investigated for the treatment of sarcoidosis, with
promising results in selected cases of refractory disease.2 A
randomised controlled trial in sarcoidosis with pulmonary
involvement was performed, showing a significant effect of
infliximab on forced vital capacity, though with a minimal
improvement (2.5%).49 In parallel, etanercept failed to
demonstrate efficacy in patients with ocular sarcoidosis.50

Owing to these negative results, anti-TNF-α agents are not
currently licensed for the treatment of sarcoidosis. In paral-
lel, cases of sarcoidosis and granulomatosis-like diseases
occurring under anti-TNF-α therapy have been
described.51 Ten cases of sarcoid-like granulomatosis were
reported in one series, describing the main clinical and
paraclinical characteristics and outcome of these patients.52

A previous literature review of 28 similar cases was available,
but additional cases have since been reported.2 Taking
these data together, etanercept was found to be the main
anti-TNF-α agent associated with the development of such
cases (57%), but sarcoidosis may also occur during treat-
ment with an anti-TNF-α monoclonal antibody (infliximab
or adalimumab). The underlying disease requiring the
anti-TNF-α agent was RA or SpA, and sarcoidosis was
started after a mean delay of 20 months after drug initi-
ation. Sarcoidosis under anti-TNF-α agents had no specific
features compared to spontaneous sarcoidosis, and there-
fore usual clinical manifestations were observed involving
the skin and lungs (figure 3). In most cases, the anti-TNF-α
agent was discontinued and additional treatment with cor-
ticosteroids given, leading to a favourable outcome.
Rechallenge was not performed, but a limited number of
patients switched therapy (in general from etanercept to a
monoclonal antibody) without relapse.2

Other aseptic granulomatous diseases
Granuloma annulare is a benign skin disease that typic-
ally consists of grouped papules in an enlarging ring
shape.1 Anecdotal cases suggest that anti-TNF-α therapy
may be beneficial in recalcitrant granuloma annulare.53

However, cases of granuloma annulare have also been
described during exposure to anti-TNF-α agents.1 One
series described the occurrence of nine cases of

granuloma annulare among 199 patients with RA.54 The
skin lesion appeared after a mean delay of 6 months and
adalimumab was the most frequently involved drug. The
outcome was good with resolution of the granuloma
with topical corticosteroids while maintaining the
anti-TNF-α agent in seven cases.54

Interstitial granulomatous dermatitis is a rare disease
that presents clinically as a pruritic and painful rash
revealing symmetric, erythematous and violaceous
plaques over the lateral trunk, buttocks and thighs. This
skin disease is reported to be associated with certain sys-
temic autoimmune disease such as RA, systemic lupus
erythematosus or vasculitis.1 Infliximab has been pro-
posed as an efficient drug for this disease. Conversely,
exceptional cases of interstitial granulomatous dermatitis
have been reported under infliximab, etanercept or ada-
limumab. The lesion can resolve after drug discontinu-
ation or can persist with its maintenance.55

Pulmonary nodulosis
We previously reported 11 cases of pulmonary nodulosis
or granulomatous lung disease (defined by aseptic and
non-caseating granulomatous inflammation) that devel-
oped under anti-TNF-α therapy.56 Biopsy was available
for eight patients showing typical rheumatoid nodules in
four cases and non-caseating granulomatous lesions in
the other cases. Five of the patients in this series had
pulmonary clinical symptoms. Six patients were treated
by etanercept and the others had infliximab or adalimu-
mab. The outcome was favourable for all the patients
after discontinuation or maintenance of anti-TNF-α
treatment.
There is no additional report of the appearance or

worsening of rheumatoid nodules in patients with RA
treated by other biological drugs. However, rituximab
was found to be effective in reducing the size and
number of pulmonary rheumatoid nodules in a retro-
spective analysis of 10 patients.57 It has also been
observed that tocilizumab may lead to the disappearance

Figure 3 Sarcoidosis with bilateral hilar lymph node

enlargement in a patient with rheumatoid arthritis treated by

adalimumab.
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of olecranon rheumatoid nodules,58 and this drug was
associated with a marked improvement in lung rheuma-
toid nodules in one patient.59

Vasculitis
Rituximab is an effective drug in the treatment of anti-
neutrophilic cytoplasmic antibody associated vasculitis.
Anti-TNF-α agents are not considered to improve vascu-
litis in patients with RA but they have become the leading
culprits in drug-induced vasculitis with over 200 cases
worldwide.60 In general, cutaneous small vessel vasculitis
was the most common finding, but systemic vasculitis with
peripheral nerves or renal involvement was also observed.
In a retrospective analysis from the Mayo Clinic, eight
cases were described.61 These patients had RA or CD/
UC. The mean time lapse between treatment initiation
and onset of vasculitis was 34.5 months. The skin was the
most affected organ, followed by the peripheral nervous
system and the kidney. The most common clinical mani-
festation was purpura and other cutaneous manifestations
included ulceration, blisters and erythematous macules.
The majority of patients improved after treatment inter-
ruption and rechallenge with anti-TNF-α therapy was not
attempted. The largest series of vasculitis appearing
during anti-TNF-α therapy involved 39 cases during a
nationwide survey conducted in France between 2004
and 2005.62 Most of these cases occurred in patients with
RA (87%), and the remainder in those with JIA or SpA.
Etanercept was the most frequently incriminated
anti-TNF-α drug (54%). Clinical manifestation of vascu-
litis involved the skin (82%), the peripheral nervous
system (28%), the central nervous system (7.7%) and the
lung/pleura or pericardium in the other cases. Most
patients had a biopsy showing non-necrotising vasculitis
(31%), necrotising vasculitis (18%) and various changes
in the other cases. Outcome was favourable after cessation
of therapy and high-dose corticosteroids or immunosup-
pressive drugs. Another series from the adverse events
reporting system of the US Food and Drug
Administration showed similar overall findings.63

Vitiligo
TNF-α has been identified as a potential cytokine involved
in the pathogenesis of vitiligo.64 Indeed, TNF-α inhibits
melanocyte differentiation from stem cells as well as mel-
anocyte function; it also destroys melanocytes by inducing
apoptosis. Thus, anti-TNF-α agents have been tested in
the treatment of vitiligo, giving mixed results.65 66 There
are accumulating cases reporting the development of viti-
ligo under anti-TNF-α therapy.67–69 In a multicentre
nationwide retrospective study, we described a large series
of 18 patients who developed new-onset vitiligo under a
biological agent. These patients had mainly psoriasis or
chronic inflammatory rheumatic diseases. Anti-TNF-α
agents were the most frequently involved biological agent
(72%), while ustekinumab (22.2%) was less represented.
The outcome was favourable in general, while maintain-
ing the biological agent.70

Other cutaneous PAE
Alopecia areata (AA) has been described under
anti-TNF-α therapy (figure 4). The largest series
described 29 patients.71 The underlying disease requir-
ing anti-TNF-α therapy was psoriasis in 40%, chronic
inflammatory rheumatic disease in 38% and IBD in
24%. The patients predominantly developed patchy AA.
Interestingly, seven patients had another PAE/auto-
immune disease such as vitiligo, psoriasiform eruption
or Hashimoto thyroiditis. Infliximab, etanercept and
adalimumab were associated with the development of
AA in equal proportions. The anti-TNF-α agent was dis-
continued in half of the patients, and maintained in the
other half, with a favourable outcome in 76% of cases,
regardless of anti-TNF-α interruption.71

MECHANISMS INVOLVED IN PAE
In general, PAEs are described as isolated events and
they are mainly reported with anti-TNF-α agents. This
may be explained by the long-term use of anti-TNF-α
agents compared to more recently introduced biological
drugs. Certain PAEs such as uveitis, CD or sarcoidosis
occur more frequently with the TNF-α soluble receptor
(namely etanercept) as compared to monoclonal anti-
bodies, suggesting the involvement of the differential
immunological properties of these two classes of
anti-TNF-α agents. Conversely, etanercept is used for
more than 15 years compared to the more recently avail-
able anti-TNF-α monoclonal antibodies. The pre-existing

Figure 4 Alopecia areata in a patient with psoriasis treated

with adalimumab.
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condition that requires TNF-α inhibition is in general
well controlled, indicating that the anti-TNF-α agent is
given at an adequate dosage or interval. However, some
PAEs correspond to conditions that usually require a
high dose regimen compared to the standard dose given
for inflammatory rheumatic disease. For instance, adali-
mumab treatment in CD and/or HS requires a loading
dose at initiation. This could potentially explain certain
PAEs observed with standard dose anti-TNF-α. The
hypothesis of an imbalance in the cytokine milieu is
advanced for most PAEs, especially for psoriasis, as well
as a shift towards a Th1 cytokine profile or unopposed
production of IFN-α.

Psoriasis
Three main hypotheses have been proposed for psoriasis
induced by biological agents. The most popular is a dis-
equilibrium in cytokine balance under the pressure of
TNF-α inhibition. Indeed, psoriasis is an autoimmune
disease that involves three major cytokines, that is,
TNF-α, IFN type I and the IL-23/Th17 axis. These cyto-
kines are interwoven in the pathogenesis of psoriasis
and are linked in a triangular interplay. Thus, targeting
one of these cytokines may have consequences on the
other two.72 In this sense, it is well known that TNF-α
suppresses the development of plasmacytoid dendritic
cells (pDCs), a major cellular component for the pro-
duction of IFN type I such as IFN-α 73 (figure 5).
Experimental data demonstrated that TNF-α regulates
IFN-α production by inhibiting the generation of pDCs
from CD34+haematopoietic progenitors and that neu-
tralisation of endogenous TNF-α sustains IFN-α secretion
by pDCs. In addition, patients with systemic JIA receiving
anti–TNF-α treatment display overexpression of IFN-α
regulated genes in their peripheral blood leucocytes.74

Plasmacytoid dendritic cells are expressed in the skin of
patients with psoriasis and IFN-α production favours the
development of psoriasis by stimulating and activating
pathogenic T cells, which in turn produce TNF-α. 75

IFN-α is an inducer of certain chemokine receptors on
T cells (CXCR3) that induce T-cell migration to the
skin. It was also demonstrated that serum IFN-α activity
increased in patients with Sjögren’s syndrome or inflam-
matory myopathy while receiving etanercept or inflixi-
mab, a mechanism that was proposed to explain the lack
of efficacy of these agents in these conditions.76 77 In
addition, in chronic inflammatory diseases such as RA,
TNF-α inhibition may induce a shift towards Th1 lym-
phocytes in the peripheral circulation. In this setting,
there is decreased traffic towards the inflammatory site
such as the synovium, a context that may subsequently
favour cell homing to other pathogenic sites such as the
skin.7 Polymorphisms of genes involved in cytokine pro-
duction, such as IL-23-R, are also probably involved. In
this sense, psoriasis-like lesions are described in patients
with SpA or CD, two conditions linked to the IL-23-R
polymorphism, arguing for a common genetic suscepti-
bility trait.

Hidradenitis suppurativa
To explain the occurrence of HS as a PAE, local modifica-
tion of cytokine balance and activation of alternate path-
ways such as IFN type I or IL-1β have been advanced.28

Alternatively, the biological agent may favour occult infec-
tion, which is a well-known trigger for HS.

Crohn’s disease
Cases of CD have been reported to occur mainly with
etanercept in patients with various inflammatory rheum-
atic diseases, predominantly SpA. A temporal relation-
ship has been observed between IBD onset and
anti-TNF-α therapy exposure. However, the development
of CD during anti-TNF-α therapy may be coincidental
and related to the underlying disease. In this sense, it is
well known that 40–60% of patients with SpA have sub-
clinical gut involvement with abnormal endoscopic
lesions similar to CD. In SpA, the frequency of flares or
new-onset IBD has been estimated from placebo-
controlled and open label extension trials at 2.2/100
patient-years with etanercept, and to 0.2/100 patient-
years with infliximab.78 It is thus probable that etaner-
cept is directly linked to the development of paradoxical
IBD. Indeed, infliximab can induce apoptosis of periph-
eral blood cells and lamina propria T cells in CD, but
not etanercept. In addition, etanercept may induce the
production of TNF-α and IFN-γ, favouring inflammation
in the bowel mucosa, and IFN-γ is thought to contribute
to granuloma formation32 (figure 6).

Uveitis
New-onset uveitis is mainly described with the use of eta-
nercept in patients with different immune-mediated

Figure 5 Pathogenic mechanisms involved in psoriasiform

skin lesions during anti-TNF-α therapy. TNF-α, IL-17 and

IFN-α are the main cytokines that contribute to the

development of psoriatic lesions. TNF-α inhibits the activity of

plasmacytoid dendritic cells (pDC), which are key producers

of IFN-α. During anti-TNF-α treatment, there is an unopposed

IFN-α production by pDC. In parallel, IFN-α leads to the

expression of chemokines such as CXCR3 on T cells,

favouring T cell homing to the skin. IFN-α also stimulates and

activates T cells to produce TNF-α and IL-17, sustaining

inflammatory mechanisms for psoriasis lesions. IFN-α,
interferon α; IL-17, interleukin 17; TNF-α, tumour necrosis

factor α.
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diseases, primarily SpA. Uveitis is a frequent extra-
articular manifestation of SpA, and thus new-onset
uveitis under anti-TNF-α therapy may be coincidental.
However, uveitis was also described in patients with dis-
eases other than SpA (eg, RA). Collectively, these data
suggest that new-onset uveitis is probably a PAE in
patients predisposed to this type of eye disease.42 In this
setting, the administration of etanercept is not (suffi-
ciently) effective for the control of eye inflammation.

Sarcoidosis
Cases of sarcoidosis as PAEs are mainly described with
etanercept in patients with inflammatory rheumatic dis-
eases. TNF-α play a central role in the formation/main-
tenance of granuloma, but the different anti-TNF-α
agents do not have the same effects on this phenom-
enon. Indeed, anti-TNF-α monoclonal antibodies bind
to soluble and membrane TNF-α, and are associated
with monocyte and T-cell apoptosis and decreased circu-
lating TNF-α. Conversely, the p75 soluble receptor eta-
nercept binds only to soluble TNF-α and does not
induce lymphocyte apoptosis. This agent is consequently
associated with partial TNF-α neutralisation that may
preserve granuloma formation, at least to some degree.
In addition, etanercept can enhance T cell production
of IFN-γ while infliximab inhibits it, and IFN-γ is a key
player in granuloma formation51 52 (figure 6).

Pulmonary nodulosis
The mechanisms that may explain such lung nodular
reactions are unclear, but closely related to those
involved in granulomatous PAEs. In fact, rheumatoid
nodules are characterised by low levels of apoptosis, and
etanercept, the most frequently involved drug, does not
induce apoptosis, unlike anti-TNF-α monoclonal anti-
bodies. Vasculitis is involved in rheumatoid nodule

formation and anti-TNF-α therapy may paradoxically
induce vasculitis.56 Finally, anti-TNF-α reduces cell traf-
ficking to the inflamed joints, and thus these agents may
favour cellular infiltration of other inflamed tissue such
as the skin, promoting nodule formation.

Vasculitis
In cases of vasculitis under anti-TNF-α agents, it is diffi-
cult to distinguish between rheumatoid vasculitis and
drug-induced reactions. Vasculitis has been described in
conditions other than RA, such as SpA. Other argu-
ments for a causal relationship include the short delay
of onset of vasculitis after anti-TNF-α initiation in certain
cases, the improvement after drug withdrawal and also
the symptom recurrence on re-initiation of anti-TNF-α
therapy. Immune complexes containing the drug may
deposit on small vessels and induce local complement
activation. The cytokine imbalance that is secondary to
TNF-α inhibition may also play a role, with a shift from a
Th1 to a Th2 profile, which can upregulate antibody
production.62

Vitiligo
The underlying mechanisms to explain vitiligo as a PAE
are that the biological agent may lead to local modifica-
tion of the cytokine balance and/or activation of alter-
native pathways, such as type I interferon.67 Inhibiting
TNF-α can also be associated with a decrease in Treg
production and activation, and reduced Treg skin
homing allows T cell autoreactivity against melano-
cytes.79 IFN-γ is a cytokine that plays a central role in viti-
ligo by suppressing Treg function and inducing
melanocyte apoptosis. A dual role of TNF-α inhibitors
on Th1/Th2 cytokine balance has been reported, espe-
cially in SpA, reducing (infliximab) or enhancing (eta-
nercept) IFN-γ production.80 81 Conversely, the

Figure 6 Mechanisms involved

in aseptic granulomatous

diseases occurring with anti–

TNF-α therapy. Anti–TNF-α
monoclonal antibodies and the

p75 soluble TNF-α receptor have

differential immunological

properties that may be associated

with granuloma formation and

thus with the development of

granulomatous diseases. Indeed,

anti TNF-α monoclonal antibodies

induce profound TNF-α inhibition,

whereas etanercept partially

respects the production of this

cytokine. Etanercept is

associated with IFN-α production,

which contributes to granuloma

formation, while anti–TNF-α
monoclonal antibodies inhibit

IFN-γ release. IFN-α, interferon α;
TNF-α, tumour necrosis factor α.
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co-occurrence of vitiligo with various inflammatory dis-
eases (including psoriasis, IBD, RA or SpA) is well
described, and thus the development or worsening of
skin depigmentation may be coincidental and related to
the underlying disease.

APPROACHES FOR THE SPECIFIC MANAGEMENT OF PAES
Whether the biological agent associated with PAE onset
may be maintained or not is a challenging issue that
depends on a number of factors, namely: the type of PAE
and its severity, the pre-existing condition that initially
required the biological agent, and the existence of alter-
native therapeutic options for the underlying disease.
Specific recommendations for the management of

psoriasis-induced lesions have been reported.7 First, the
diagnosis of skin psoriasis must be confirmed by a derma-
tologist. A skin biopsy may be required in some cases to
eliminate differential diagnosis for psoriasis mimickers. A
triggering event including infection or a stressful life event
must be systematically investigated. Intake of specific drugs
that can induce psoriasiform-lesions must also be identi-
fied. After diagnostic confirmation, the severity of psoriasis
should be evaluated by specific skin assessment. Most
of the time, psoriasis induced during anti-TNF-α therapy
is compatible with the maintenance of the drug.
Alternatively, if the patient develops severe skin disease or
does not wish to continue anti-TNF-α therapy, the drug
should be discontinued. In this situation, topical treat-
ment, phototherapy or methotrexate may be added to
treat the psoriasis lesions. Switching to another anti-TNF-α
agent or to a different class of biological agent is also an
option. In patients with PsA who worsen their skin disease,
ustekinumab is a valid alternative. It is also necessary to
evaluate disease activity of the pre-existing condition in
parallel. If an anti-TNF-α agent is strongly required for the
patient, switching to another anti-TNF-α agent must be dis-
cussed. In patients with RA, changing the TNF-α blocking
agent to another class of biologics is feasible. For patients
with CD who develop psoriasis and in severe cases, usteki-
numab (still not approved for CD), certolizumab or vedoli-
zumab are valuable biological alternatives.
For CD and other IBD that appears under anti-TNF-α

therapy, the patient must be managed with the gastro-
enterologist for diagnostic purposes and assessment of
severity. In most reported cases, the causal anti-TNF-α
(mainly etanercept) was stopped with improvement of
symptoms.32 Corticosteroids and immunosuppressive
drugs for the IBD are rarely required. Since the cases
were mainly described in patients with SpA, switching
from etanercept to a monoclonal antibody is the ideal
strategy. If a patient develops IBD under infliximab or
adalimumab, this drug must be stopped and the patient
switched to another anti-TNF-α monoclonal antibody.
Vedolizumab is another option.
Similarly, cases of uveitis have mainly been described

in patients with SpA and receiving etanercept. Diagnosis
and treatment must be managed together with the

ophthalmologist. In general, etanercept is maintained
and uveitis treated by local instillation of corticosteroids.
In some cases, cessation of the drug is mandatory due to
persisting and/or recurrent eye disease. If the under-
lying disease requires a biological agent, switching to an
anti-TNF-α monoclonal antibody may be proposed.40

In case of vasculitis occurring under anti-TNF-α
therapy, a tissue biopsy is required for histological ana-
lysis and diagnostic confirmation. In most cases, discon-
tinuation of the offending agent is the key management
step to be taken. In selected cases with mild symptoms
such as skin involvement, the biological agent may be
maintained but with close dermatological monitoring.
In case of severe organ involvement, anti-TNF-α therapy
must be unquestionably discontinued. Cessation of the
drug in general leads to control and/or resolution of
vasculitis-related manifestations, but on the other hand
corticosteroids (high-dose methylprednisolone) or
immunosuppressive drugs (cyclophosphamide) may be
necessary in cases with serious involvement.62 Rituximab
is a therapeutic option for the underlying disease, espe-
cially when vasculitis occurs in a patient with RA.
In case of sarcoidosis induced by anti-TNF-α agents,

recommended management is to perform tissue biopsy
to confirm diagnosis. When the diagnosis of sarcoidosis
is confirmed, clinical assessment and investigations for
multiorgan involvement (lung, skin, lymphadenopa-
thies) are required. In general, cessation of therapy is
sufficient to induce remission. Since paradoxical sarcoid-
osis has mainly been described with etanercept, when
the underlying disease requires restarting and/or con-
tinuing anti-TNF-α therapy, the best option is to choose
a monoclonal antibody. When sarcoidosis occurs with a
monoclonal antibody, switching to another anti-TNF-α
excluding etanercept may be proposed.
When HS occurs during biological therapy, the patient

must be referred to a dermatologist. After diagnostic con-
firmation, specific HS treatment should be proposed. In
case of HS with mild symptoms, the biological agent may
be maintained. For patients with moderate to severe
disease, the physician should consider interrupting the
biological agent and/or switching to an alternative,
including another drug from the same class. If the
patient had pre-existing disease that may benefit from
anti-TNF-α therapy, the choice may be adalimumab with
an adapted dosage to control HS. If HS occurs under
adalimumab, another anti–TNF-αmust be chosen.31

In cases of vitiligo or alopecia onset under a biological
agent, the drug is usually maintained with a favourable
outcome. Treatment withdrawal may be exceptionally
required with a switch to another anti-TNF-α agent or to
another class of biological agent.70

CONCLUSION
A wide range of PAEs have been described with the intro-
duction of biological drugs, and especially anti-TNF-α
agents. Some are potentially strongly linked to the
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biological drug (psoriasis, CD), while for others the link
with these agents seems more hypothetical (vasculitis, viti-
ligo). The leading class of drugs associated with these
unexpected reactions is anti-TNF-α agents, raising ques-
tions about the mechanisms involved. Among the different
theories that have been proposed to explain PAEs, a dis-
equilibrium in cytokine balance is probably the most real-
istic hypothesis. Biological agents modify the cytokine
milieu and create a favourable immunological context,
driving and/or redirecting new pathological pathways that
lead to PAE. Since chronic immune-mediated diseases are
complex, with the involvement of multiple immunological
pathways, the onset of PAEs is not surprising per se. In this
sense, close surveillance of newly available biological drugs
(anti-IL-17/23, anti-integrin) is necessary in order to
detect the occurrence of new and/or undescribed PAEs.
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