GENERAL PAPERS
Ref: Ro J Rheumatol. 2022;31(2)
DOI: 10.37897/RJR.2022.2.4

Psoriasis, inflammatory bowel disease, and uveitis as
paradoxical adverse effects induced by TNF inhibitors
in patients with immune-inflammatory rheumatic
conditions
Damiana Margineanu1, Alexandra Burlui1,2, Anca Cardoneanu1,2, Luana Andreea Macovei1,2,
Ioana Bratoiu1, Patricia Richter1, Elena Rezus1,2
Department of Rheumatology and Rehabilitation, “Grigore T. Popa” University of Medicine and Pharmacy Iasi, Romania
2
Clinical Rehabilitation Hospital, Iasi, Romania

1

ABSTRACT
Despite their known benefits, tumor necrosis factor alpha inhibitors (TNFi) may cause certain unexpected side effects,
such as the aggravation of pre-existing autoimmune conditions or inducing the onset of new inflammatory conditions,
these reactions being called “paradoxical adverse effects’’ (PAEs). The spectrum of TNFi-induced PAEs is vast and may
include dermatological disease (frequently - psoriasiform skin reactions), gastroenterological disease (inflammatory
bowel disease), ophthalmological disease (uveitis) and other autoimmune conditions (lupus-like reactions, vasculitis).
PAEs are characterized by complex physiopathological mechanisms which remain a matter of further research and
may significantly impact the patients’ evolution and quality of life. Importantly, a large number of patients require the
cessation of TNFi treatment, as well as other types of therapeutic interventions. The present review aimed to analyze
recent findings regarding certain paradoxical adverse effects (psoriasis, inflammatory bowel disease, and uveitis) in
patients with RA, ankylosing spondylitis (AS), and PsA treated with TNFi.
Keywords: paradoxical adverse effects, rheumatoid arthritis, ankylosing spondylitis, psoriatic arthritis,
psoriasis, inflammatory bowel disease, uveitis

INTRODUCTION
Biological therapy with TNFi (tumor necrosis
factor alpha inhibitors), has revolutionized the
therapeutic management of various chronic inflammatory diseases in the fields of rheumatology, gastroenterology and dermatology [1]. TNFi such as
infliximab, etanercept, adalimumab, golimumab,
and certolizumab, have become a benchmark for
the treatment of rheumatoid arthritis (RA), spondyloarthritides (SpA), Crohn’s disease (CD), ulcerative
colitis (UC), psoriasis, psoriatic arthritis (PsA), having a great impact on reducing the symptoms and
inflammation marker levels (thus lowering disease
activity), as well as improving the patients’ quality
of life and slowing the progression of certain manifestations [2,3]. Moreover, apart from their efficacy,
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TNFi demonstrate good safety profiles, as shown in
numerous clinical studies [1].
Despite their known benefits, TNFi may cause certain unexpected side effects, such as the aggravation
of pre-existing autoimmune conditions or inducing
the onset of new inflammatory diseases [3,4]. These
are so-called “paradoxical adverse effects’’ (PAEs),
with an increasing number of cases reported. The
PAEs represent an exacerbation or the development
of a new inflammatory disease triggered by biologics
that are commonly used to treat the above-mentioned inflammatory condition. The spectrum of TNFi-induced PAEs is vast and may include dermatological disease (frequently - psoriasiform skin reactions),
gastroenterological disease (inflammatory bowel disease), ophthalmological disease (uveitis) and other
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autoimmune diseases (lupus-like reactions, vasculitis) [1,5].
A PAE may be referred to as “true” when it is directly induced by a therapy that may be used to treat
it (psoriasis, CD, and hidradenitis suppurativa),
while a “borderline’’ paradoxical reaction is triggered by a biological treatment that is not effective
in that specific condition (uveitis, scleritis, sarcoidosis, granulomatous diseases, vasculitis, alopecia
areata). The latter is defined as a particular immune-mediated effect developed under biological
treatment [6]. Importantly, PAEs are often resolved
not only by cessation of the drug or switching to another biologic agent, but also by using additional
therapies [6].
The pathogenesis of these reactions remains unclear. However, several cases of PAEs have been reported not only in association with anti-TNFα agents
but also with other biologics (rituximab, ustekinumab, secukinumab and ixekizumab). Prior to considering an adverse effect as paradoxical, it is necessary to apply a standardized tool, such as the
Naeanjo Adverse Drug Reaction Probability Scale, to
evaluate the causality of the manifestations [7-11].
The present review aimed to analyze recent findings regarding certain paradoxical adverse effects
(psoriasis, inflammatory bowel disease, and uveitis)
in patients with RA, ankylosing spondylitis (AS), and
PsA treated with TNFi.

PSORIASIS AS A TNFI-RELATED PAE
Paradoxical psoriasis represents the prototypical
cutaneous PAE, described as a class effect of TNFi, being the first described and the most common manifestation induced in rheumatologic and non-rheumatologic patients treated with TNFi [4]. Paradoxical
psoriasis is a rare, immune-mediated therapy-induced reaction that may be either new-onset psoriasis, or an exacerbation of preexisting psoriatic lesions
[12].
New-onset psoriasis or de novo psoriasis represents a temporary condition that occurs in patients
without a history of psoriasis, treated with anti-TNFα agents for an immune-mediated rheumatic or
non-rheumatic disease. The literature reported that
de novo psoriasis may adopt different clinical phenotypes [7]. This type of reaction is the most common and the most reported in the literature. The
TNFi-related worsening of psoriatic lesions represents a condition that occurs in patients with a history of psoriasis prior to the initiation of biological
treatment. The exacerbation of psoriasis after administration of TNFi may appear with or without
changes regarding the morphology of psoriasis lesions [12-15].
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Perez de Lis et al. found that paradoxical psoriasis was the most frequent biological treatment-induced PAE (of 12731 cases included in the study,
6375 developed psoriasis). The authors also established that TNFi were the most frequent biologic
agents involved, in almost 9133 cases [15]. In 2018,
Mylona et al. observed that between 2–5% of patients treated with anti-TNFα agents developed paradoxical psoriasis [3,4,16].
In most cases, this reaction does not depend on
the underlying disease or the type of TNFi used and
it regresses when the treatment is discontinued
(which emphasizes that it is not a new immune-mediated disease, but a treatment-induced reaction)
[3]. Some studies reported that the patients treated
with TNFi in association with a conventional synthetic DMARD (disease-modifying antirheumatic
drug) such as methotrexate, have a lower risk to develop PAEs compared to the patients under TNFi
monotherapy [17]. Other studies reported that the
co-medication with methotrexate has no clear protective role [6].
The risk for a rheumatic patient to develop a paradoxical skin reaction such as psoriasis during the
administration of TNFi therapy is higher during the
first year of treatment (60%) [4] and it occurs on average about 14 months after beginning the therapy
[18-20].
Regarding the distribution by sex, it has been observed that female patients had a higher risk of paradoxical psoriasis during TNF blockade therapy
than male patients [21].
According to the classification of inflammatory
skin disease, the appearance of paradoxical cutaneous reactions to TNFi can be explained by the interaction between several factors such as genetic predisposition, treatment-induced immune changes
and an abnormal cellular immune response pattern
[22-24]. The pathogenesis of this type of reaction is
considered to be different from that of classical psoriasis [20]. The most widely accepted pathogenic hypothesis was the imbalance of the TNFα and type
I-Interferons or IFNα (being typical for early psoriasis), with the overexpression of IFNα and the accumulation of plasmacytoid dendritic cells (pDC) in
the skin lesion [4,25,26]. The hypothesis regarding
the overexpression of IFNα was confirmed by skin
biopsy, which illustrated different results compared
to classic psoriatic findings [27-30].
At the level of the skin lesion, keratinocytes and
neutrophils release antimicrobial peptides (AMPs)
that form complexes with “self” genetic material
originating from damaged cells. The pDC are then
stimulated to release large quantities of IFNα and
the conventional dendritic cells (cDCs) produce
TNFα and IL23 (interleukin 23) [3,26] which subsequently leads to the perpetuation of the inflammato-
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ry process and the release of other proinflammatory cytokines (such as Th17, IL17, IL22) that induce a
hyperproliferation of keratinocytes, favor the accumulation of neutrophils at the level of the skin and
upregulate AMPs production [3].
In psoriasis lesions, TNFα may stimulate the maturation of cDCs and pDCs (which lose the capacity to
produce IFNα). TNFi block the maturation of pDCs
and stimulate an aberrant production of IFNα in the
skin, inducing the appearance of skin lesions in
some patients [3]. This type of reaction becomes a
trigger for the psoriatic skin phenotype. In paradoxical psoriasis, TNFα fails to activate the maturation
of cDCs. This may lead to a failure to activate T cells.
Therefore, paradoxical psoriasis is mostly independent of T-cells, contrary to the pathogenesis of
classical psoriasis [3,26].
According to the literature, there are various
rates of development of cutaneous paradoxical reactions during the treatment with anti-TNFα agents
that depend on the observation period, the patients
examined and specific patient-related factors, the
biological agent administered and the period of administration [11,31,32,33].
Paradoxical psoriasis under TNFi appears to be
more frequent in patients with RA without a history
of comorbid cutaneous inflammatory disease [6,
11]. Collamer and Battafarano found that, of 207
such cases, 43% were RA patients, 26% were SpA patients, and 20% were inflammatory bowel disease
(IBD) patients; 59% of these patients were treated
with infliximab, followed by adalimumab (22%),
and etanercept (19%). The most frequently reported
cutaneous paradoxical reaction was pustular psoriasis, followed by plaque psoriasis, and guttate lesions [34]. Brown et al. included in their review 216
cases of de novo psoriasis induced by TNFi. Similar
to previous studies, the authors confirmed that most
cases were RA patients (37%). Furthermore, the
most frequently reported paradoxical cutaneous reactions were plaque psoriasis (44,8%), followed by
palmoplantar pustular psoriasis (36,3%), psoriasiform lesions (19.9%), and guttate psoriasis in 11% of
cases [19,35]. Regarding the anatomical sites, the authors showed that the most widely involved body
areas were the plantar region (45.8%), extremities
(45.4%), palms (44.9%), scalp (36.1%) and trunk
(32.4%) [19].
Li et al. found that the prevalence of paradoxical
skin reactions during TNFi in RA patients was 2,3%5%. According to studies, the most widely described
cutaneous paradoxical reaction is plaque psoriasis
(15.8%–50% of cases), palmoplantar pustular psoriasis (PPP) (33.3%–45% of cases), psoriasiform lesions
(in 19.9% cases) and guttate psoriasis (in 7%–15 of
cases) [32]. Notably, the most frequently involved
anti-TNFα agents were infliximab (52.6%–62.5%),
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followed by adalimumab (14.4–34%) and etanercept
(12–29%).
The currently available literature also describes
cases in which the administration of TNFi led to a
worsening of preexistent psoriasis [6,12,32,34]. The
TNFi most frequently implicated in these cases were
etanercept (62%), infliximab (23%), and adalimumab (15%) [7,32].
Since these cutaneous paradoxical reactions
have been reported with all TNFi, TNFα inhibitor-induced psoriasis is considered to be a class effect
[36].
Baganz et al. analyzed a German RA cohort and
concluded that the RA patients that received anti-TNFα treatment had a higher risk to develop paradoxical psoriasis compared to those treated with
conventional synthetic DMARDs or other biologics.
The authors also demonstrated that the female gender and current smoking status may constitute considered additional risk factors for paradoxical psoriasis in RA patients [37].
Bae et al. conducted a retrospective cohort study
showing that the risk of the patients with AS developing de novo psoriasis or PPP was significantly increased, approximately 1.8% of AS patients reporting new-onset psoriasis lesions during the treatment
with TNFi. Furthermore, the authors found that
younger patients had a higher risk under treatment
with infliximab [38].
Based on literature data, most patients who developed paradoxical psoriasis discontinued the
treatment with TNFi [19,20]. Commonly, the prognosis of paradoxical psoriasis is favorable and it is not
always necessary to discontinue the therapy, especially when the underlying inflammatory disease is
well controlled and the patient does not have severe
skin lesions [7]. Nevertheless, the therapeutic of paradoxical psoriasis represents a challenge for clinicians. Apart from treating the cutaneous eruption
and the associated symptoms (pruritus, pain), it is
important to consider some relevant factors such as:
the severity of the skin lesions, the activity of the underlying rheumatic disease, the patients’ quality of
life, their comorbidities, other options to treat the
rheumatologic conditions, the risk of losing the
treatment response in case of switching or discontinuing the TNFi, the treatment of the psoriatic
eruption [4,39].
The therapeutic options for paradoxical psoriasis
include not only local treatment, symptomatic therapy and corticoids, but also in some case the cessation of the TNFi treatment. In milder cases, where
the affected body surface area (BSA) is less than 5%,
or in moderate cases (BSA 5-10%), it is not recommended to stop the biological treatment, but it is
necessary to apply a topical therapy (topical steroids, keratolytic agents, immunomodulators, vita-
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min D analogs) [7,12,34,40]. In moderate to severe
cases, the treatment may require UV-phototherapy
or systemic treatment (cyclosporine, methotrexate,
retinoids and systemic steroids, biologics). The systemic agents are required in 5% of cases [4]. In cases
of severe lesions (BSA more than 10%) such as severe plaque psoriasis or generalized pustular psoriasis which may significantly impact the patients’
quality of life, it is recommended to discontinue the
treatment with anti-TNFα agents. However, there
are some patients who demonstrate only a partial
improvement after the cessation of biological treatment [1,4,19].
To control the underlying rheumatologic disease,
the clinician may consider the change from one
TNFi to another one. In these cases, studies show the
improvement of the skin lesions only in 15% of cases, while 64% of patients showed an improvement
after switching to a biologic with a different mechanism of action. In this last case, the most effective
biologic used in cases of paradoxical psoriasis were
anti-IL12/23 and anti-IL6 agents [1,41,42,43].
Based on literature data, almost half of the patients with paradoxical reactions will present a
spontaneous improvement of cutaneous lesions after the cessation of the triggering biologic and only
45% of patients with paradoxical psoriasis may
present persistent skin lesions [4]. Because there is a
risk of recurrence of the paradoxical reaction when
using the same biologic after the remission of paradoxical psoriasis, it is important to evaluate the
treatment options by a double perspective: the underlying rheumatic disease and the availability of
alternative biological therapy options [4,44].

INFLAMMATORY BOWEL DISEASE-LIKE CHANGES AS
TNFI-RELATED PAES
Another example of a paradoxical reaction induced by BA is the development of inflammatory
bowel disease (IBD). The latter are chronic, relapsing intestinal inflammatory conditions including
Crohn’s disease (CD) and ulcerative colitis (UC)
[45,46]. These diseases have many common features
and can be differentiated by the location and the nature of intestinal inflammation [47,48]. UC is a lifelong superficial ulcerative disease, affecting only
the colon, and is characterized by the inflammation
of the mucosa and submucosa, extending proximally in a continuous manner [49]. UC may produce serious complications such as bleeding, toxic megacolon, fulminant colitis or colon carcinoma, which are
serious causes of morbidity and mortality in IBD
patients [50]. CD involves not only the colon, but
may affect any part of the gastrointestinal tract.
Usually, CD is characterized by a transmural inflammation which is extending deep into the intestinal
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wall, in a discontinuous manner. It is associated
with granuloma formation [51] and, similar to UC,
may produce some complications, such as fibrotic
strictures, fistulas, abscesses or carcinoma [48]. The
etiology of IBD is not fully elucidated. However, it
has been shown that disease progression depends
on various factors such as environmental triggers,
certain genetic factors, microbial flora, and aberrant immune responses [52].
According to the literature, IBD (UC and CD) may
constitute a paradoxical reaction to biologics in rare
cases (especially associated with TNFi). Perez de Lis
et al. showed that IBD induced by biologics was the
second most frequent paradoxical reaction developed in rheumatic patients (845 cases of 12.731)
[15]. Of all cases of IBD–like changes, the most frequent presentation was CD (355 cases), followed by
UC (228 cases), and non-classified IBD or nonspecific
colitis [53-55].
It has been stated that there are no clinical, endoscopic or histopathologic differences between classical IBD and paradoxical IBD [56]. The gastrointestinal reaction induced by biologics is considered to
be uncommon, affecting more frequently the populations with AS, PsA or psoriasis, as an extraarticular manifestation of these diseases [57]. It may also
affect the individuals treated or retreated with etanercept rather than with other TNFi [55,58]. The association between other autoimmune diseases and
IBD has been well studied, in particular with AS,
which is connected to IBD clinically, pathologically
and genetically [59].
Tolu et al. estimated that the prevalence of
new-onset IBD under TNFi in AS patients was around
0.15%, and the incidence was estimated at 2.2/100 patient-years with etanercept, and 0.2/100 patient-years
with infliximab. Additionally, AS patients with a history of IBD had a ten-fold risk increase for developing
IBD flares during treatment with etanercept [60].
Furthermore, some studies emphasized that the lesions of CD have been seen in up to 50% of patients.
Also, approximately 40%-60% of AS patients demonstrated endoscopic and histopathological lesions
identical to those of IBD [55].
Seeing as these paradoxical adverse effects are
rare, their pathomechanism is poorly understood.
Nonetheless, both diseases (CD and UC) have digestive inflammation in common as a pathogenic mechanism [53]. The normal intestinal mucosa is in a dynamic balance between factors that activate the
host immune system (such as luminal microbes, diets) and the host defense systems that reduce the
inflammation and maintain the integrity of the intestinal mucosa. Once this balance is disturbed, it
can lead to changes in the mucosal physiology and
cause the development of many gastrointestinal disorders, including IBD [61].
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It is widely accepted that the pathogenesis of IBD
is related to an aberrant immune response, through
the activation of CD4+ (Cluster of Differentiation 4) T
cells against the commensal microbiota [56,62]. Studies have revealed that the tissue of patients with active intestinal inflammation has higher levels of
CD3+ CD4+ T cells than healthy individuals [51]. This
dysregulated immune response has an important
role in the pathogenesis of IBD. It has been hypothesized that the intestinal inflammation observed in
CD could be explained by macrophage and/or neutrophil dysfunction, based on impaired secretion of
TNFα, which may incompletely remove the bacterial
antigens found in tissues [63]. CD4+ T cells have a
major role in the beginning and the development of
this pathologic response. The capacity of CD4+ T cells
(such as T helper cells Th1, Th2 and Th17) to initiate
and to shape the immune response is related to the
production of different cytokines [64,65].
According to the literature, the gut inflammation
in CD involves especially Th1 cells which produce
an aberrant production of IFNγ and TNFα which activate innate immune cells, such as neutrophils and
macrophages. Th1 is an important factor involved
in the protection against intracellular pathogens
[66]. The intestinal inflammation of UC is characterized by an aberrant production of Th2 cytokines, especially IL4, IL5 and IL13 being involved in allergic
disorders or asthma and in the protection against
extracellular microbes [66]. In the intestinal mucosa
of CD patients there is an increased level of TNFα,
interferon IFNγ and IL12, IL17A, IL21, IL23, while
intestinal mucosa of UC patients is an increased level of the cytokines IL13, IL5 [67,68].
Furthermore, some studies have emphasized a
correlation between the disease severity in patients
with CD and the levels of IFNγ in their blood. In contrast, in UC patients no similar association was found
[64].
Another important factor involved in the IBD
pathogenesis is Th17, which plays a significant role
in protection against microbial pathogens and is
considered to be a driver of autoimmune disease,
being correlated to multiple inflammatory conditions [51]. One of the cytokines secreted by Th17
cells is IL17A that plays an important role in chronic
infection and in mediating autoimmunity [69,70].
According to the literature, patients with active CD
and UC have a significantly higher number of IL17+
cells compared to inactive forms of disease. Moreover, the levels are undetectable in healthy individuals [64,66].
Hutchings et al. estimated that TNFi-induced paradoxical gastrointestinal reactions (new-onset IBD or
IBD flares) appear after approximately 4-40 months
of treatment (with a median value of 27 months) [53].
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Epidemiological studies have revealed a link between AS or PsA and inflammatory bowel disease–
like changes [71]. The AS or PsA patients have a significant independent risk (4 times higher) to develop
CD or UC [56,72], but the connection between these
immune diseases is not clearly understood [73]. Paradoxical IBD occurs more frequently among patients that are genetically susceptible and are treated with TNFi, with etanercept showing a stronger
connection to these reactions compared to monoclonal antibodies [73].
Recent studies show that the administration of
etanercept is ineffective in CD. Etanercept produces
a cytokine imbalance and may provoke an alteration of the inflammatory cytokine expression in the
bowel mucosa, leading to the development of IBD.
So, etanercept not only may trigger the development
of CD, but also, may accelerate this disease in genetically susceptible patients [73].
O’Toole et al. identified 49 cases of paradoxical
IBD under etanercept (44 CD, 5 UC). The most frequent immune rheumatic inflammatory disease involved was AS (11 CD, 3 UC), JIA (juvenile idiopathic
arthritis, 11 CD), RA (9 CD), RA (3 CD), PsA (7 CD, 2
UC), and psoriasis (3 CD). The mean duration before
paradoxical IBD onset was 3.58 months. After the
development of IBD, 34 patients discontinued the
treatment with etanercept, 19 patients switched to
another TNFi and 3 patients responded to the treatment with 5-aminosalicylic acid and continued the
administration of etanercept [74].
Puig identified 16 cases of new-onset IBD in patients with inflammatory rheumatic disease after
the administration of TNFi. The most frequent paradoxical IBD was CD, reported in AS patients after
receiving etanercept. Paradoxical UC was reported
in psoriasis patients during treatment with adalimumab [75].
Korzenik et al. examined a population-based cohort (17 018 individuals) and concluded that there
was a higher risk to develop de novo IBD among
rheumatologic or dermatologic patients during the
administration of TNFi. Specifically, they found that
etanercept was frequently associated with the development of new-onset UC and CD. Also, the risk
was lower for patients treated with infliximab or
adalimumab [62]. In 2019, Hutchings et al. found
that 3 of their patients developed paradoxical reactions under TNFi: 2 were affected by inflammatory
bowel disease-like changes, and 1 patient developed
sarcoid-like granulomas. After the cessation of the
treatment with TNFi, all three patients showed clinical improvement [53].
Recently, some case reports and clinical studies
have reported new-onset enterocolitis as a severe
form of paradoxical gastrointestinal reaction during
biological treatment. At least 158 cases of new-onset
enterocolitis were identified in patients with JIA
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and RA from the U.S. FDA registers (United States of
America Food and Drug Administration), frequently
during administration of etanercept (82%) [11].
In general, there were described two therapeutic
solutions for the patients with paradoxical IBD
treated with etanercept for an underlying rheumatic disease. If the patient is treated with etanercept in
monotherapy, then it is recommended to stop etanercept and add azathioprine and corticosteroids as
a solution. If the patients received etanercept in
combination with other disease-modifying antirheumatic drugs, then etanercept can be discontinued without adding any new drugs [55].

UVEITIS AS A TNFI-RELATED PAE
Another common paradoxical reaction to TNFi is
uveitis, an inflammatory eye disease that is responsible for 10% of legal blindness [76]. Uveitis occurs
due to inflammation of the uvea (the iris, ciliary
body, choroid) [77] and may be infectious or non-infectious [78]. Uveitis can constitute a manifestation
of various systemic diseases, such as RA, AS, PsA,
UC, CD, or sarcoidosis [79]. Between 23–63% cases of
uveitis are idiopathic (associated with inflammatory, traumatic and infectious conditions) [80], while
40% of uveitis is associated with systemic autoimmune diseases [77].
According to the International Uveitis Study
Group, uveitis may be classified depending on the anatomic position of inflammation: anterior, intermediate, posterior or involving all parts (panuveitis)
[81]. The anatomical classification is clinically essential, as it helps in the differential diagnosis of its etiology and therapeutic approach. In 2005, the Standardization of Uveitis Nomenclature (SUN) refines the
anatomical classification of uveitis by defining descriptors based on clinical onset (sudden or insidious), duration (limited <3 months, or persistent >3
months), and course (acute, recurrent and chronic)
[82].
Choi et al. estimated a rate of new-onset and recurrence of uveitis in AS patients at about 5.0% and
38.2%, over 46.7 months [83]. Based on the literature
data, anterior uveitis (AU) is the most frequent, being estimated at 50% of uveitis cases, while posterior uveitis is the least frequent [84]. Of all types of
uveitis, AU prevalence is slightly higher in AS patients, accounting for approximately 33% of cases,
while in patients with PsA the prevalence is about
6–9%, and 2–5% in patients with IBD [85]. Usually, in
AS patients, the uveitis is unilateral, while in IBD or
PsA patients, the uveitis is often bilateral [85].
Regarding the distribution by gender, there are
different results published. One meta-analysis described the prevalence of uveitis to be higher in
women (33%) than in men (29%). However, there
are studies that reported that the prevalence is high-
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er in male patients, while other research established
no difference between genders [86].
Paradoxical uveitis is defined as a rare, immune-mediated therapy-induced non-infectious reaction [78,79]. A number cases of uveitis have been
reported as paradoxical reactions to biologics, especially after TNFi therapy. Iqbal et al. state that certain drugs may induce the appearance of uveitis in
about 0.5% of cases [87] and, sometimes, may trigger a severe lesion that can be easily misdiagnosed
[81]. Because these paradoxical adverse effects are
uncommon, the pathogenesis remains poorly understood [88].
There are several theories regarding the development of different types of uveitis. In general, uveitis can be explained through the interaction between genetic predispositions, some trigger factors
(such as the microbiome, bacterial infection or
stress), and an abnormal response of the innate and
adaptive immunity [86,88].
According to the literature, the major genetic factor involved not only in AS, PsA, but also in uveitis,
is HLA-B27 (Human Leukocyte Antigen) [89]. The
prevalence of uveitis in HLA-B27 positive SpA patients is about 50% and only 14% in HLA-B27 negative SpA patients [86]. One hypothesis regarding the
development of uveitis in AS patients could be the
presence of abnormal forms of HLA-B27 that introduce the ‘uveitic’ antigens to CD4+ T cells and natural killer cells (NK) cells causing their autoreactivity.
In this manner they are able to induce inflammation in the joints or eye [90].
The pathogenesis of drug-induced uveitis remains
unclear. However, several hypotheses have been
proposed. One of them is that the drugs may induce
uveitis by direct mechanism, when the drug has direct contact with the eye (topical, intravitreal or intracameral administration) or through indirect mechanism when the drug may stimulate the immune
system to produce an anti-drug antibody [91]. Another possible mechanism involved in the development
of uveitis could be an aberrant inflammatory response of both adaptive and innate immune systems
or auto-inflammatory disease, which was suggested
as a mechanism for different types of uveitis [90].
Some authors proposed the hypothesis that the
microbiome plays an important role in the development of SpA and uveitis [92]. The destruction of the
intestinal barrier function allows the transfer of intestinal immune cells to extra-intestinal sites, such
as the eye, where they may induce a local inflammatory cascade. Another hypothesis that confirmed the
implication of the microbiome to the pathogenesis
of uveitis is the theory regarding the molecular
mimicry between HLA-B27 and some bacteria such
as Klebsiella [86].
Normally, there is a balance between inflammatory mechanisms and regulatory mechanisms. Once
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this immune balance is destroyed, the development
of uveitis may begin. In the context of intraocular
inflammation, the blood-retina barrier (BRB) is
compromised by pro-inflammatory agents such as
cytokines IL1, IL6 and TNFα, causing an accumulation of these cytokines [93]. For that reason, in order
to treat non-infectious uveitis, it is fundamental to
reduce the level of inflammatory cytokines [94]. The
latter can be produced by Th cells of the CD4+ lineage. CD4+ T cells may be differentiated into Th1,
Th17 or Th2. Th1 and Th17 cells play an important
role in inflammatory and the development of autoimmune uveitis, both of them being considered to
be pathogenic effectors, inducing, tissue lesions independently [95,96]. Furthermore, the Th17 line
predominantly enrolls granulocytic inflammatory
infiltrate into the eye, while the Th1 line favors the
formation of mononuclear infiltrates [96].
The Th1 cells produce a large quantity of IFNγ,
which is responsible for cellular immunity, Th2 produces IL4, IL 5, IL13 and is responsible for humoral
immunity, and Th17 produce IL17, IL21, and IL22
[97]. Another important cytokine is IL23, whose level is elevated in the serum of the patients with uveitis and AS. IL23 is produced by dendritic cells and
macrophages. It is known to play an important part
in the development of pathogenic Th17 cells. Without the presence of IL23, Th17 cells will develop, but
would not be pathogenic [97].
Some studies reported that TNFα is an activity
marker in patients with uveitis. The concentration
of TNFα in the aqueous humor of patients with idiopathic uveitis or HLA-B27+ individuals is increased
[94]. TNFα is considered a key factor of intraocular
inflammation, activating macrophages and T cells
and inducing the destruction of the BRB, which
causes the development of uveitis [77].
Drug-induced AU is frequently associated with all
TNFi, the inflammation being more frequently reported under etanercept, but may also be induced
under infliximab and adalimumab [81]. Commonly,
anti-TNFα therapy is administered to reduce the inflammation in patients with severe acute AU or in
patients with recurrent acute AU. To explain this reaction, it has been proposed the hypothesis that the
decreased TNFα levels produce an increased level of
interferon and a disparity of cytokines that lead to
autoantibody formation and increased inflammation.
Etanercept is the most frequently incriminated
agent, being associated with paradoxical uveitis in
AS patients. Additionally, observational studies emphasize that etanercept is not as effective as infliximab or adalimumab in preventing uveitis [83].
In the RHAPSODY trial, the authors demonstrated that treatment with Adalimumab reduces the occurrence of AU flare (in about 50% of the cases) in
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patients with AS [98]. In 2016, a multicenter, double-blind, randomized, placebo-controlled phase 3
trial (VISUAL II) found that adalimumab is safe and
effective compared to corticosteroid therapy, having
a decreased risk of inducing the recurrence of uveitis. Studies highlighted that adalimumab is more effective in preventing uveitis flares and in maintaining remission, being also well tolerated by patients
with different autoimmune diseases [99].
In 2017, Prez de Lis et al. showed in their review
that paradoxical uveitis occurred in 182 cases. They
established that the main underlying disease associated with this type of reaction was RA or JIA, about
69% [15].
Lie et al. reported in their study that the risk of
occurrence of uveitis in AS patients after administration of etanercept was 4 times higher compared
to those treated with Adalimumab during the first 2
years of therapy. Also, the risk of uveitis in AS patients after treatment with etanercept was 2 times
higher for AS patients compared to those treated
with Infliximab [100]. The protective role of monoclonal anti-TNF antibodies against AU compared
with the soluble TNF receptor was described previously in several studies. Frant et al. confirmed the
conclusions of other similar previous studies that
the patients treated with etanercept have a significant risk to develop uveitis compared to monoclonal
antibody treatment (infliximab or adalimumab)
[101].
In 2020, Choi et al. highlighted the occurrence
(new-onset and recurrence) of non-infectious uveitis after administration of different types of TNFi
(adalimumab, etanercept, infliximab or golimumab) in an AS cohort of 175 patients. Of all 175 AS patients, 27 developed uveitis after receiving infliximab, adalimumab, golimumab or etanercept. The
authors reported (contrary to previous study results) that the etanercept is not associated with a
high risk of development of uveitis compared with
other TNFi. Also, they demonstrated that in the
group with a high risk of new-onset of uveitis, there
was no significant difference between the patients
receiving different anti-TNF agents. On the contrary,
the risk of recurrence of uveitis was 5.4 times higher
in AS patients after the administration of infliximab
than in those treated with adalimumab or golimumab [83].
In 2020, Gonzalez et al. conducted an observational study of 320 PsA patients finding 10 patients
with uveitis. Of these 10 patients, only 2 received biologics and developed uveitis during the treatment.
One patient developed new-onset uveitis during
etanercept, and the second one had a history of recurrent uveitis and developed new flares under
adalimumab, certolizumab and golimumab [102].
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In general, the therapeutic solution for paradoxical uveitis included (in almost all cases) the cessation or switching to another biological agent [78].

CONCLUSION
A large spectrum of PAEs has been reported in
patients with various immune-inflammatory diseases under administration of biologic therapy, especially under TNFi drugs. This type of reaction is
characterized by complex physiopathological mechanisms which remain a matter of further investigation. These paradoxical reactions may have a serious impact on the patients’ quality of life and, as a
consequence, require adequate knowledge and at-

tention from the clinician in choosing the therapeutic management.
The main priorities for the rheumatologist include the close surveillance of patients treated with
biologics in order to prevent, identify, monitor and
treat possible PAEs, while also ensuring the optimal
control of the underlying inflammatory rheumatic
disease.

Acknowledgements
Funding: This research received no external
funding.
Conflicts of Interest: The authors declare no conflict of interest.

REFERENCES
1.

2.

3.
4.
5.
6.

7.
8.
9.
10.
11.
12.
13.

Gawdzik A, Ponikowska M, Jankowska-Konsur A, Woźniak Z, Maj
J, Szepietowski JC. Paradoxical Skin Reaction to Certolizumab,
an Overlap of Pyoderma Gangrenosum and Psoriasis in a Young
Woman Treated for Ankylosing Spondylitis: Case Report with Literature Review. Dermatol Ther (Heidelb). 2020;10(4):869-879.
García-Lagunar MH, Gutiérrez-Cívicos MR, García-Simón MS,
Conesa-Zamora P, Jimenez-Santos E, Cano-Vivar P, GarcíaMárquez A et al. Reasons for Discontinuation and Adverse Effects of TNFα Inhibitors in a Cohort of Patients with Rheumatoid Arthritis and Ankylosing Spondylitis. Ann Pharmacother.
2017;51(5):388-393.
Mylonas Alessio, Conrad Curdin. Psoriasis: Classical vs. Paradoxical. The Yin-Yang of TNF and Type I Interferon. Frontiers in
Immunology. 2018;9:2746.
Garcovich S, De Simone C, Genovese G, Berti E, Cugno M, Marzano AV. Paradoxical Skin Reactions to Biologics in Patients with
Rheumatologic Disorders. Front Pharmacol. 2019;10:282.
Olteanu R, Zota A. Paradoxical reactions induced by tumor necrosis factor-alpha antagonists: A literature review based on 46
cases. Indian J Dermatol Venereol Leprol. 2016;82(1):7-12.
Toussirot É, Aubin F. Paradoxical reactions under TNF-α blocking
agents and other biological agents given for chronic immunemediated diseases: an analytical and comprehensive overview.
RMD Open. 2016;2(2):e000239.
Munera-Campos M, Ballesca F, Carrascosa JM. Paradoxical Reactions to Biologic Therapy in Psoriasis: A Review of the Literature. Actas Dermosifiliogr. 2018;109(9):791-800.
Naranjo CA, Busto U, Sellers EM, Sandor P, Ruiz I, Roberts EA,
et al. A method for estimating the probability of adverse drug
reactions. Clin Pharmacol Ther. 1981;30: 239-245.
Ibis N, Hocaoglu S, Cebicci MA, Sutbeyaz ST, Calis HT. Palmoplantar pustular psoriasis induced by adalimumab: a case report and literature review. Immunotherapy. 2015;7(7):717-20.
Mir-Bonafe JF, Lopez-Ferrer A, Laiz A, Puig L. Triple paradoxical reaction due to adalimumab. J Eur Acad Dermatol Venereol.
2017;31(2):e71-e73.
Kremenevski I, Sander O, Sticherling M, Raithel M. Paradoxical
Reactions to Biologicals in Chronic Inflammatory Systemic Diseases. Dtsch Arztebl Int. 2022;119(6):88-95.
Navarro R, Daudén E. Clinical management of paradoxical psoriasiform reactions during TNF- α therapy. Actas Dermosifiliogr.
Actas Dermosifiliogr. 2014;105:752–761.
Baeten D, Kruithof E, Van den Bosch F, Van den Bossche N,
Herssens A, Mielants H et al. Systematic safety follow up in a
cohort of 107 patients with spondyloarthropathy treated with
infliximab: a new perspective on the role of host defence in the
pathogenesis of the disease? Ann Rheum Dis. 2003;62(9):82934.

14. Sfikakis PP, Iliopoulos A, Elezoglou A, Kittas C, Stratigos A. Psoriasis induced by anti-tumor necrosis factor therapy: a paradoxical adverse reaction. Arthritis Rheum. 2005;52(8):2513-8.
15. Pérez-De-Lis M, Retamozo S, Flores-Chávez A, Kostov B, PerezAlvarez R, Brito-Zerón P, Ramos-Casals M. Autoimmune diseases induced by biological agents. A review of 12,731 cases (BIOGEAS Registry). Expert Opin Drug Saf. 2017;16(11):1255-1271.
16. Morelli M, Scarponi C, Madonna S, Albanesi C. Experimental
Methods for the Immunological Characterization of Paradoxical
Psoriasis Reactions Induced by TNF-α Biologics. Methods Mol
Biol. 2021;2248:155-165.
17. Pugliese D, Guidi L, Ferraro PM, Marzo M, Felice C, Celleno L
et al. Paradoxical psoriasis in a large cohort of patients with
inflammatory bowel disease receiving treatment with antiTNF alpha: 5-year follow-up study. Aliment Pharmacol Ther.
2015;42(7):880-8.
18. Šuler Baglama Š, Trčko K. Cutaneous adverse effects of biologic
drugs in psoriasis: a literature review. Acta Dermatovenerol Alp
Pannonica Adriat. 2021;30(4):149-156.
19. Brown G, Wang E, Leon A, Huynh M, Wehner M, Matro R et al.
Tumor necrosis factor-α inhibitor-induced psoriasis: Systematic
review of clinical features, histopathological findings, and management experience. J Am Acad Dermatol. 2017;76(2):334-341.
20. Lian N, Zhang L, Chen M. Tumor necrosis factors-α inhibition-induced paradoxical psoriasis: A case series and literature review.
Dermatol Ther. 2020;33(6):e14225.
21. Baganz L, Listing J, Kekow J, Eisterhues C, Wassenberg S, Zink A,
Strangfeld A. Different risk profiles of biologic agents for newonset psoriasis in patients with rheumatoid arthritis. Semin Arthritis Rheum. 2020;50(1):36-41.
22. Palucka AK, Blanck JP, Bennett L, Pascual V, Banchereau J. Crossregulation of TNF and IFN-alpha in autoimmune diseases. Proc.
Natl. Acad. Sci. U.S.A. 2005;102:3372–3377.
23. Grine L, Dejager L, Libert C, Vandenbroucke RE. An inflammatory triangle in psoriasis: TNF, type I IFNs and IL-17. Cytokine
Growth Factor Rev. 2015;26:25–33.
24. Verwoerd A, Hijdra D, Vorselaars ADM, Crommelin HA, van
Moorsel CHM, Grutters JC et al. Infliximab therapy balances
regulatory T cells, tumour necrosis factor receptor 2 (TNFR2)
expression and soluble TNFR2 in sarcoidosis. Clin. Exp. Immunol. 2016;185:263–270.
25. Marzano AV, Borghi A, Wallach D, Cugno MA comprehensive
review of neutrophilic diseases. Clin. Rev. Allergy Immunol.
2018;54:114–130.
26. Conrad C, Di Domizio J, Mylonas A, et al. TNF blockade induces a
dysregulated type I interferon response without autoimmunity
in paradoxical psoriasis. Nat Commun. 2018;9:25.

78
27. de Gannes GC, Ghoreishi M, Pope J, et al. Psoriasis and pustular
dermatitis triggered by TNF28. Yamanaka K, Yamamoto O, Honda T. Pathophysiology of psoriasis: A review. J Dermatol. 2021;00:1–10.
29. Kamiya K, Kishimoto M, Sugai J, Komine M, Ohtsuki M.
Risk Factors for the Development of Psoriasis. Int J Mol Sci.
2019;20(18):4347.
30. Ayala-Fontánez N, Soler DC, McCormick TS. Current knowledge on psoriasis and autoimmune diseases. Psoriasis (Auckl).
2016;6:7-32.
31. Puxeddu I, Caltran E, Rocchi V, Del Corso I, Tavoni A, Migliorini
P. Hypersensitivity reactions during treatment with biological
agents. Clin Exp Rheumatol. 2016;34:129–132.
32. Li SJ, Perez-Chada LM, Merola JF. TNF Inhibitor-Induced Psoriasis: Proposed Algorithm for Treatment and Management. J
Psoriasis Psoriatic Arthritis.2019;4(2):70-80.
33. Decock A, Van Assche G, Vermeire S, Wuyts W, Ferrante M. Sarcoidosis-like lesions: another paradoxical reaction to anti-TNF
therapy? J Crohns Colitis. 2017;11:378–383.
34. Collamer AN, Battafarano DF. Psoriatic skin lesions induced
by tumor necrosis factor antagonist therapy: clinical features
and possible immunopathogenesis. Semin Arthritis Rheum.
2010;40(3):233-40.
35. Aragon-Miguel R, Calleja-Algarra A, Vico-Alonso C et al. Psoriatic alopecia-like paradoxical reaction to certolizumab pegol.
Int J Dermatol. 2019;58:e118–e120.
36. Nguyen K, Vleugels RA, Velez NF, Merola JF, Qureshi AA. Psoriasiform reactions to anti-tumor necrosis factor alpha therapy. J
Clin Rheumatol. 2013;19(7):377–381.
37. Baganz L, Listing J, Kekow J, Eisterhues C, Wassenberg S, Zink A,
Strangfeld A. Different risk profiles of biologic agents for newonset psoriasis in patients with rheumatoid arthritis. Semin Arthritis Rheum. 2020;50(1):36-41.
38. Bae JM, Kwon HS, Kim GM, Park KS, Kim KJ. Paradoxical psoriasis following anti-TNF therapy in ankylosing spondylitis: A population-based cohort study. J Allergy Clin Immunol.2018;142(3):1001-1003.e2.
39. van Herwaarden N, den Broeder AA, Jacobs W, van der Maas
A, Bijlsma JW, van Vollenhoven RF, van den Bemt BJ. Down-titration and discontinuation strategies of tumor necrosis factorblocking agents for rheumatoid arthritis in patients with low disease activity. Cochrane Database Syst Rev. 2014;(9):CD010455.
40. Ramos-Casals M, Roberto-Perez-Alvarez, Diaz-Lagares C,
Cuadrado MJ, Khamashta MA; BIOGEAS Study Group. Autoimmune diseases induced by biological agents: a double-edged
sword? Autoimmun Rev. 2010;9(3):188-93.
41. Rueda-Gotor J, Gonzalez-Gay MA, Blanco Alonso R, GonzalezVela C, Lopez-Obregon C, Gonzalez-Lopez, MA. Successful effect
of tocilizumab in anti-TNF-alpha-induced palmoplantar pustulosis in rheumatoid arthritis. Joint. Bone. Spine 79. 2012;510–513.
42. Shimizu M, Hamaguchi Y, Ishikawa S, Ueno K, Yachie A. Successful treatment with tocilizumab of a psoriasiform skin lesion
induced by etanercept in a patient with juvenile idiopathic arthritis. Mod Rheumatol. 2015;25:972–973.
43. Cantini F, Niccoli L, Nannini C, Cassarà E, Kaloudi O, Giulio Favalli
E et al. Second-line biologic therapy optimization in rheumatoid
arthritis, psoriatic arthritis, and ankylosing spondylitis. Semin
Arthritis Rheum. 2017;47:183–192.
44. Wollina U, Hansel G, Koch A, Schönlebe J, Köstler E, Haroske G.
Tumor necrosis factor-α inhibitor-induced psoriasis or psoriasiform exanthemata. Am J Clin Dermatol. 2008;9:1–14.
45. McDowell C, Farooq U, Haseeb M. Inflammatory Bowel Disease.
Treasure Island (FL): StatPearls Publishing, 2022.
46. Lu Q, Yang MF, Liang YJ, Xu J, Xu HM, Nie YQ, Wang LS, Yao J,
Li DF.Immunology of Inflammatory Bowel Disease: Molecular
Mechanisms and Therapeutics. J Inflamm Res. 2022;15:18251844.
47. Yeshi K, Ruscher R, Hunter L, Daly NL, Loukas A, Wangchuk P.
Revisiting Inflammatory Bowel Disease: Pathology, Treatments,
Challenges and Emerging Therapeutics Including Drug Leads
from Natural Products. J Clin Med. 2020;9(5):1273.

Romanian Journal of Rheumatology – Volume 31, No. 2, 2022
48. Chang J. Pathophysiology of Inflammatory Bowel Diseases. New
England Journal of Medicine. 2020;383(27):2652.
49. Ungaro R, Mehandru S, Allen PB, Peyrin-Biroulet L, Colombel JF.
Ulcerative colitis. Lancet. 2017;389(10080):1756-1770.
50. Han YD, Al Bandar MH, Dulskas A. et al. Prognosis of ulcerative
colitis colorectal cancer vs. sporadic colorectal cancer: propensity score matching analysis. BMC Surg 17. 2017;28.
51. Tindemans I, Joosse ME, Samsom JN. Dissecting the Heterogeneity in T-Cell Mediated Inflammation in IBD. Cells.
2020;9(1):110.
52. Nunes S, Danesi F, Del Rio D, Silva P. Resveratrol and inflammatory bowel disease: The evidence so far. Nutrition Research
Reviews. 2018;31(1), 85-97.
53. Hutchings D, Miller JA, Voltaggio L. Paradoxical gastrointestinal
reactions in patients taking tumor necrosis factor inhibitors: a
rare event that broadens the histologic spectrum of medication-associated injury. Hum Pathol. 2019;85:202-209.
54. Oikonomou KA, Kapsoritakis AN, Tsiopoulos FD, Tsikouras
AN, Potamianos S. Emergence of Crohn‘s disease in juvenile idiopathic arthritis during treatment with etanercept: a
causal link or a mere coincidence?. J Gastrointestin Liver Dis.
2010;19(2010):342.
55. Iriarte A, Zaera C, Bachiller-Corral J, López-Sanromán A. Inflammatory bowel disease as a paradoxical effect of anti-TNF alpha
therapy. Gastroenterol Hepatol. 2017;40(2):117-121.
56. Penso L, Bergqvist C, Meyer A, Herlemont P, Weill A, Zureik M,
Dray-Spira R, Sbidian E. Risk of Inflammatory Bowel Disease
in Patients With Psoriasis and Psoriatic Arthritis/Ankylosing
Spondylitis Initiating Interleukin-17 Inhibitors:A Nationwide
Population-Based Study Using the French National Health Data
System. Arthritis Rheumatol. 2022 Feb;74(2):244-252. 2022.
57. Calvo I, Ibarguengoitia O, Montero D, et a. LSAT0320 Frequency
and characteristics of inflammatory bowel disease in spondyloarthritis with biological therapy. Study of 270 patients from the
same center. Annals of the Rheumatic Diseases. 2019;78:12381239.
58. Nehring P, Przybyłkowski A. Is Psoriasis Treatment a Risk Factor
for Inflammatory Bowel Disease? Pharm Med. 2020;34:257–
262.
59. Braun J, Baraliakos X, Listing J, Davis J, van der Heijde D, Haibel
H, Rudwaleit M, Sieper J. Differences in the incidence of flares
or new- onset of inflammatory bowel diseases in patients with
ankylosing spondylitis exposed to therapy with anti-tumor necrosis factor alpha agents. Arthritis Rheum. 2007;15;57(4):63947.
60. Tolu S, Rezvani A, Hindioglu N, Calkin Korkmaz M. Etanerceptinduced Crohn‘s disease in ankylosing spondylitis: a case report
and review of the literature. Rheumatol Int. 2018;38(11):21572162.
61. Khor B, Gardet A, Xavier RJ. Genetics and pathogenesis of inflammatory bowel disease. Nature. 2011;474(7351):307-317.
62. Korzenik J, Larsen MD, Nielsen J, Kjeldsen J, Nørgård BM. Increased risk of developing Crohn‘s disease or ulcerative colitis in 17 018 patients while under treatment with anti-TNFα
agents, particularly etanercept, for autoimmune diseases other
than inflammatory bowel disease. Aliment Pharmacol Ther.
2019;50(3):289-294.
63. Wéra O, Lancellotti P, Oury C. The Dual Role of Neutrophils in
Inflammatory Bowel Diseases. Journal of Clinical Medicine.
2016;5(12):118.
64. Gálvez J. Role of Th17 Cells in the Pathogenesis of Human IBD.
ISRN Inflamm. 2014;2014:928461.
65. Boden EK, Lord JD. CD4 T Cells in IBD: Crossing the Line? Dig Dis
Sci. 2017;62:2208–2210.
66. Imam T, Park S, Kaplan MH and Olson MR. Effector T Helper
Cell Subsets in Inflammatory Bowel Diseases. Front. Immunol.
2018;9:1212.
67. Nemeth ZH, Bogdanovski DA, Barratt-Stopper P, Paglinco SR,
Antonioli L, Rolandelli RH. Crohn’s disease and ulcerative colitis
show unique cytokine profiles. Cureus. 2017;9: e1177.

Romanian Journal of Rheumatology – Volume 31, No. 2, 2022
68. Sun M, He C, Cong Y, Liu Z. Regulatory immune cells in regulation of intestinal inflammatory response to microbiota. Mucosal Immunol. 2015;8(5):969-978.
69. Kuwabara T, Ishikawa F, Kondo M, Kakiuchi T. The Role of IL-17
and Related Cytokines in Inflammatory Autoimmune Diseases.
Mediators Inflamm. 2017;2017:3908061.
70. Khan D, Ansar Ahmed S. Regulation of IL-17 in autoimmune
diseases by transcriptional factors and microRNAs. Front Genet.
2015;6:236.
71. Fragoulis GE, Liava C, Daoussis D, Akriviadis E, Garyfallos A, Dimitroulas T. Inflammatory bowel diseases and spondyloarthropathies: From pathogenesis to treatment. World J Gastroenterol.
2019;25(18):2162-2176.
72. Egeberg A, Mallbris L, Warren RB, et al. Association between
psoriasis and inflammatory bowel disease: a Danish nationwide
cohort study. Br J Dermatol. 2016;175(3):487-492.
73. Forouzandeh M, Vazquez T, Nouri K, Forouzandeh B. The
Paradoxical Induction of Crohn’s Disease Following Treatment of Psoriatic Arthritis with Etanercept. J Drugs Dermatol.
2019;18(8):832-834.
74. O’Toole A, Lucci M, Korzenik J. Inflammatory bowel disease
provoked by etanercept: report of 443 possible cases combined from an IBD referral center and the FDA. Dig Dis Sci.
2016;61(6):1772–1774.
75. Puig L. Paradoxical Reactions: Anti-Tumor Necrosis Factor Alpha
Agents, Ustekinumab, Secukinumab, Ixekizumab, and Others.
Curr Probl Dermato. 2018;53:49-63.
76. Abraham A, Nicholson L, Dick A, Rice C, Atan D. Intermediate
uveitis associated with MS: Diagnosis, clinical features, pathogenic mechanisms, and recommendations for management.
Neurol Neuroimmunol Neuroinflamm. 2020;8(1):e909.
77. Jiang Q, Li Z, Tao T, Duan R, Wang X and Su W. TNF-α in Uveitis:
From Bench to Clinic. Front. Pharmacol. 2021;12:740057.
78. Nicolela Susanna F, Pavesio C. A review of ocular adverse events
of biological anti-TNF drugs. J Ophthalmic Inflamm Infect.
2020;10(1):11.
79. Iwahashi C, Ono H, Haruta M et al. New-onset or exacerbation
of uveitis with infliximab: paradoxical effects?. BMJ Open Ophthalmology. 2019;4:e000250.
80. Hermann L, Falcão-Reis F, Figueira L. Epidemiology of Uveitis in a Tertiary Care Centre in Portugal. Semin. Ophthalmol.
2021;36(1-2):51–57.
81. Iqbal KM, Hay MW, Emami-Naeini P. Medication-induced Uveitis: An Update. J Ophthalmic Vis Res. 2021;16(1):84-92.
82. Jabs DA, Nussenblatt RB, Rosenbaum JT. Standardization of
Uveitis Nomenclature (SUN) Working Group. Standardization of uveitis nomenclature for reporting clinical data. Results of the First International Workshop. Am J Ophthalmol.
2005;140(3):509-516.
83. Choi EY, Lee M, Lee CS. Uveitis occurrence in patients with ankylosing spondylitis according to the type of tumour necrosis
factor inhibitor: a cohort study of 175 patients. Clin Exp Rheumatol. 2020;38(6):1132-1137.
84. Duplechain A, Conrady CD, Patel BC, Baker S. Uveitis Treasure
Island (FL): StatPearls Publishing;2022.
85. Sharma SM, Jackson D. Uveitis and spondyloarthropathies.
Best Pract Res Clin Rheumatol. 2017;31(6):846–862.

79
86. Rademacher J, Poddubnyy D, Pleyer U. Uveitis in spondyloarthritis. Therapeutic Advances in Musculoskeletal Disease.
2020;12:1759720X20951733.
87. Anquetil C, Salem JE, Lebrun-Vignes B, Touhami S, Desbois AC,
Maalouf G, Domont F, Allenbach Y, Cacoub P, Bodaghi B, Saadoun D. Evolving spectrum of drug-induced uveitis at the era of
immune checkpoint inhibitors results from the WHO‘s pharmacovigilance database. J Autoimmun. 2020;111:102454.
88. Raffeiner B, Ometto F, Bernardi L, Botsios C, Punzi L. Inefficacy
or paradoxical effect? Uveitis in ankylosing spondylitis treated
with etanercept. Case Rep Med. 2014;2014:471319.
89. Hermann L, Falcão-Reis F, Figueira L. Epidemiology of Uveitis in a tertiary care centre in Portugal. Semin Ophthalmol.
2021;36(1-2):51-57.
90. Hysa E, Cutolo CA, Gotelli E, Pacini G, Schenone C, Kreps EO,
et al. Immunopathophysiology and clinical impact of uveitis in
inflammatory rheumatic diseases: An update. Eur J Clin Invest.
2021;51:e13572.
91. Moorthy RS, Valluri S, Jampol L M. Drug-induced uveitis. Survey
of ophthalmology. 1998;42(6), 557-570.
92. Choi RY, Asquith M, Rosenbaum JT. Fecal transplants in spondyloarthritis and uveitis: ready for a clinical trial? Curr Opin Rheumatol. 2018;30(4):303-309.
93. Mérida S, Palallcios E, Navea A, Bosch-Morell F. New Immunosuppressive cellstTherapies in Uveitis Treatment. Int J Mol Sci.
2015;16(8):18778-18795.
94. Maruyama K.Current standardized therapeutic approach for
uveitis in Japan. Immunol Med. 2019;42(3):124-134.
95. Zhang JM, An J. Cytokines, inflammation, and pain. Int Anesthesiol Clin. 2007;45(2):27-37.
96. Luger D, Caspi RR. New perspectives on effector mechanisms in
uveitis. Semin Immunopathol. 2008;30(2):135-143.
97. Weinstein JE, Pepple KL. Cytokines in uveitis. Curr Opin Ophthalmol. 2018;29(3):267-274.
98. Rudwaleit M, Rødevand E, Holck P, et al. Adalimumab effectively reduces the rate of anterior uveitis flares in patients with active ankylosing spondylitis: results of a prospective open-label
study. Ann Rheum Dis. 2009;68(5):696-701.
99. Nguyen QD, Merrill PT, Jaffe GJ, Dick AD, Kurup SK, Sheppard J,
et al. Adalimumab for prevention of uveitic flare in patients with
inactive non-infectious uveitis controlled by corticosteroids (VISUAL II): a multicentre, double-masked, randomised, placebocontrolled phase 3 trial. Lancet. 2016;388 (10050):1183-92.
100. Lie E, Lindström U, Zverkova-Sandström T, Olsen IC, Forsbladd‘Elia H, Askling J, et al. Tumour necrosis factor inhibitor treatment and occurrence of anterior uveitis in ankylosing spondylitis: results from the Swedish biologics register. Ann Rheum Dis.
2017;76(9):1515-1521.
101. Frantz C, Portier A, Etcheto A, Monnet D, Brezin A, Roure F,
Elhai M, Burki V, Fabreguet I, Koumakis E, Payet J, Gossec L,
Dougados M, Molto A. Acute anterior uveitis in spondyloarthritis: a monocentric study of 301 patients. Clin Exp Rheumatol.
2019;37(1):26-31.
102. González-Mazón I, Sanchez-Bilbao L, Palmou-Fontana N, et
al. Epidemiology, clinical features and biological treatment
of uveitis in 320 patients with psoriatic arthritis. Study from
a single university center. Annals of the Rheumatic Diseases.
2020;79:1686-1687.

