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Abstract

Tumor necrosis factor a (TNF-a)-targeted therapies have expanded the therapeutic options for
patients with inflammatory bowel disease (IBD), rheumatoid arthritis (RA), psoriasis, and
psoriatic arthritis (PsA) and have significantly improved patients’ quality of life. Paradoxically,
anti-TNF-a agents may induce psoriatic eruptions or worsen preexisting psoriatic skin disease.
Currently, there is no standard approach for the management of TNF inhibitor-induced psoriasis.
Here, we conduct a literature review on TNF inhibitor-induced psoriasis and introduce a novel
treatment algorithm for maintaining otherwise effective anti-TNF therapy versus switching to a
different class as appropriate in the management of patients with IBD, RA, psoriasis, or PSA.
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Introduction

There is substantial evidence to support the role of tumor necrosis factor a. (TNF-a) in the
pathogenesis of several inflammatory conditions which has led to the increased use of TNF-
a-targeted therapies to treat inflammatory bowel disease (IBD), rheumatoid arthritis (RA),
psoriasis, and psoriatic arthritis (PsA).1:2 Currently, there are 5 existing TNF-a inhibitors
approved by the Food and Drug Administration (FDA): etanercept, infliximab, adalimumab,
certolizumab pegol, and golimumab. The development of these biologic drugs expanded the
therapeutic options for patients with these conditions and has significantly improved their
quality of life.3-5
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Paradoxically, anti-TNF-a agents may also induce and/or worsen psoriatic skin lesions in
about 0.6% to 5.3% of patients, with Crohn disease and RA being the most common
underlying diseases.® This cutaneous reaction can be present clinically as plaque psoriasis
(15.8%-50%), palmoplantar pustular psoriasis (33.3%—45%), psoriasiform (19.9%), guttate
(7%-15%), generalized pustular psoriasis (5.3%-12%), and inverse psoriasis(1.7%-4%).
11 Eryptions can also appear on the nails and scalp.® Interestingly, patients can exhibit
lesions with different morphological features.12

The histopathologic features involve a spectrum of cutaneous reactions that include
psoriasis-like patterns, eosinophilic hypersensitivity reactions, lichen planus—like dermatitis,
or a sterile pustular folliculitis.12:13 In our experience, aside from the palmoplantar variant,
the presentation of a psoriasiform dermatitis with clinical overlapping features of
eczematous hypersensitivity and psoriasis (supported by histopathology of a spongiotic
psoriasiform dermatitis with eosinophils) is one of the more common presentations
suggestive of this entity.1?

In the current literature, infliximab (52.6%—-62.5%) is the most reported TNF-a inhibitor to
elicit psoriasiform eruptions; etanercept (12-29%), adalimumab (14.4-34%), certolizumab
pegol (1%), and golimumab (0.5%) have also been implicated.®79:10 Because these lesions
have been reported with all TNF-a inhibitor agents, TNF inhibitor-induced psoriasis is
suggested to be a class effect.1

Currently, there is no standard approach for the management of TNF inhibitor-induced
psoriasis. Here, we present a literature review on TNF inhibitor-induced psoriasis and
introduce a treatment algorithm for maintaining otherwise effective anti-TNF therapy versus
switching to another class as appropriate in the management of patients with IBD, RA,
psoriasis, or PsA in the setting of TNF inhibitor-induced psoriasis.

Tumor Necrosis Factor Inhibitor-Induced Psoriasis in Inflammatory

Conditions

Rheumatoid Arthritis

The prevalence of psoriasis during anti-TNF treatment in RA is estimated at 2.3% to 5%.
15,16 Data from a large prospective cohort in the United Kingdom evidenced that the
incidence rate of psoriasis in patients with RA treated with anti-TNF agents is significantly
higher (1.04; 95% confidence interval [CI]: 0.67-1.54 per 1000 person years) compared to
patients treated with conventional diseasemodifying antirheumatic drugs (rate of O; upper
97.5% CI: 0.71 per 1000 person-years) in a 5207 person-years of follow-up. Furthermore,
they found that the incidence rate of psoriasis among those treated with adalimumab was
significantly higher compared to those treated with etanercept and infliximabl’; these
findings were later supported by Joyau et al. Interestingly, Hernandez et al found a global
incident rate of 2.3/1000 patient-years, but subanalysis among different biologic agents does
not show significant differences.18 Overall, patients with RA developing anti TNF-induced
psoriasis tended to be females, with no family history of psoriasis, and the median time from
initiation of therapy to the onset of psoriasis was about 6 months.1” Pustular psoriasis was
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the phenotype most described followed by plaque psoriasis.® Of note, treatment with
certolizumab pegol and golimumab has also been associated with anti-TNF-induced
psoriasis in RA.19:20

Inflammatory Bowel Disease

Although the prevalence of TNF inhibitor-induced psoriasis in IBD is estimated at 1.6% to
2.7%,21.22 the psoriasis incidence rate is 0.53% per patient year with a cumulative incidence
estimated at 1% at year 1, 2.5% at 5 years, and 4.5% at 10 years.23 Of note, being a smoker
or having history of smoking was associated with a higher risk of developing TNF inhibitor-
induced psoriasis in several studies.23 Furthermore, Guerra et al also found that female sex
increased the risk of anti-TNF-induced psoriasis in patients with IBD.23 Although a higher
absolute frequency number of cases have been reported among patients treated with
infliximab, the incident rate of TNF inhibitor-induced psoriasis was similar for all anti-TNF
agents.23 A possible explanation for the high absolute frequency is that adalimumab was
introduced as an IBD therapy later compared to infliximab.22 In general, patients with IBD
presenting with TNF inhibitor-induced psoriasis did not have personal or family history of
psoriasis, the median time from initiation of therapy to the development of skin lesions was
12 months (maintenance period), and the most common phenotype of psoriasis was
palmoplantar pustulosis.?1=23 Interestingly, in 1 case series of 14 pediatric patients with IBD
treated with anti-TNF-a therapy, psoriasis lesions most commonly occurred during IBD
remission.24

Psoriasis and PsA

Tumor necrosis factor inhibitor-induced psoriasis has also been reported in patients with
psoriasis and PsA, though the prevalence of new-onset TNF-induced psoriasis is unclear.
25,26 These paradoxical psoriatic eruptions sometimes manifest in originally unaffected skin,
suggesting de novo psoriasis rather than exacerbation of previous lesions.%1 Importantly,
patients may exhibit a new or different morphology from their original presentation of
psoriasis.®9 Indeed, patients with a history of plaque or guttate psoriasis may develop
pustular lesions after TNF-a inhibitor therapy.8 Moreover, patients with psoriasis with no
history of guttate psoriasis may develop guttate lesions during TNF-a inhibitor therapy.1! In
fact, the prevalence of guttate psoriasis in these patients is estimated at 53% to 78%.8.°
Paradoxical onset of PsSA was also observed by Napolitano et al in a cohort of 327 patients
receiving biologic therapy.28 This study identified 22 cases, of which 18 patients were
receiving anti-TNF therapy and 4 were receiving ustekinumab. The majority of the cases
presented with peripheral arthritis, with oligoarthritis being the most common presentation.
26 Unlike the cases in RA and IBD, women and men were equally affected in these studies.

Proposed Pathogenesis of TNF-a Inhibitor Induced Psoriasiform Dermatitis

The mechanism of TNF inhibitor-induced psoriasis remains unclear. Several theories have
been proposed to explain the etiology of this cutaneous reaction, which are briefly discussed
below.
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Increased Type 1 Interferon

Classical psoriasis is thought to be initiated by skin plasmacytoid dendritic cells (pDCs),
which are normally downregulated by TNF-a..2” These pDCs produce type 1 interferons
(IFNs) which induce the autoimmune response by promoting activation and maturation of
conventional dendritic cells that stimulate CD8* T cells to migrate into the epidermis and
promote the growth of psoriatic lesions.28Accordingly, one theory regarding the mechanism
of TNF-a inhibitor-induced psoriasis hypothesizes that blocking TNF-a allows an increased
and uncontrolled production of type 1 IFNs by pDCs, which may induce and/or worsen
psoriasiform lesions.8 Indeed, skin lesions from patients with TNF-a inhibitor-induced
psoriasis, when compared to those with classical psoriasis, are characterized by increased
levels of type I IFNs and pDC.2° Furthermore, treatment with IFN-a has been implicated to
induce and exacerbate psoriasis.3°

Interleukin-23/T-helper 17 Axis Theory

The role of interleukin (1L)-23/T-helper (TH)-17 axis has also been implicated in the
pathogenesis of TNF inhibitor-induced psoriasis.®31-34 Interleukin-23 is a proinflammatory
cytokine that promotes TH-17 activation that has been implicated in the pathogenesis of
chronic inflammatory diseases such as RA, IBD, and psoriatic disease.3>:3¢ Interestingly,
patients with Crohn disease with TNF inhibitor-induced psoriasis were more likely to be
homozygous for polymorphisms in the IL-23 receptor gene compared to disease-matched
controls.32:37 Histological analysis of anti-TNF-induced psoriasis lesions showed an
increased number of IFN-y-secreting Th-1 and IL-17-/IL-22- secreting Th17 cells, similar to
genuine psoriasis. Accordingly, Tillack et al demonstrated for the first time the efficacy of
ustekinumab, an 1L-12/23 antagonist, for paradoxical anti-TNF psoriasis. Furthermore, they
showed that patients with severe forms of anti-TNF-induced psoriasis requiring ustekinumab
presented a higher number of IL-17A-expressing T cells compared to patients not requiring
ustekinumab.32 In short, the emerging evidence for the role of IL-23/TH-17 axis has
suggested that this is a new potential target for therapy.

Permissive Infections

Infections are a known trigger for psoriatic lesions.38 Patients receiving anti-TNF-a therapy
have increased risk for infection.3940 Accordingly, infection may play a role in the
manifestation of TNF inhibitor-induced psoriasis. It has been suggested that exposure to
infectious organisms may induce keratoderma blennorhagicum, histologically
indistinguishable from pustular psoriasis, which may be the lesions described as TNF
inhibitor-induced psoriasis.*! These palmoplantar psoriasiform lesions have been linked to
chlamydial infection, for which TNF-a has been implicated in controlling and limiting.42

Already at Risk for Psoriasis

It is well established that patients with chronic rheumatologic and gastrointestinal
inflammatory disease such as IBD have higher incidence of psoriasis.*344 The prevalence of
IBD in patients with psoriasis is estimated to be around 1.4%.%° In contrast, the prevalence
of psoriasis in patients with IBD is approximately 9.6% of patients with Crohn disease and
5.7% of patients with ulcerative colitis.*647 Indeed, in a retrospective chart review of
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patients with IBD, those with TNF-a. inhibitor-induced psoriasiform eruptions had a greater
genetic predisposition for psoriasis compared to patients who did not develop psoriasis while
receiving TNF-a inhibitor therapy.#8 Thus, patients who have a history of these diseases
may be predisposed to TNF inhibitor-induced psoriasis.

Treatment of Anti-TNF-Induced Psoriasis

The treatment of TNF-inhibitor-induced psoriasis is challenging. The decision to continue,
suspend, or replace the anti-TNF therapy has to be carefully discussed with the patient
considering the severity of the skin eruption, the needs of the underlying disease, and the
availability of other treatment options. Of note, the severity of skin eruption should be
defined considering the extent of the psoriatic eruption (eg, body surface area) as well as its
impact on the quality of life of the patient (eg, involvement of palms, soles, face, genitals,
and psychological impact) as recommended by the National Psoriasis Foundation.® Thus, in
this review, we will define mild psoriatic eruption as those cases in which both the extension
of the disease and the impact on quality of life are considered tolerable by the patient, and
moderate to severe otherwise. Here, we propose an algorithm illustrating different options
for the treatment of TNF inhibitor-induced psoriasis in Figure 1.

Mild Skin Eruption

Controlled underlying disease.—In the setting of mild TNF inhibitor-induced psoriasis
and when a patient’s underlying disease state is otherwise well managed on current anti-
TNF therapy, a “treat-through” approach with typical therapies for psoriasis may be the most
prudent. The psoriasis therapies to be considered include topical steroids, UV therapy,
methotrexate, cyclosporine (although not favored long-term therapy option), or acitretin, as
appropriate. Notably, we consider cyclosporine with some caution in combination with other
biologics, as this therapy is typically used only for short-term bridge therapy when necessary
and not as a long-term agent. Indeed, adverse events with administration of concomitant
anti-TNF agents and cyclosporine in patients with severe IBD, most notably infections and
at least 2 deaths,%9°1 have been reported in the literature.

This “treat through” strategy has demonstrated complete resolution in 26% to 41% of the
cases and a partial response in 25% to 57.4% (Table 1).”-10 Historically, “treating through”
TNF inhibitor-induced psoriasis has been important for patients with IBD given the evidence
that discontinuation of biological therapy can aggravate gastrointestinal symptoms and the
limited therapeutic class options.>2

Pustular psoriasis, which is one of the most frequently observed clinical presentation of anti-
TNF induced psoriasis, can be treated with dapsone or acitretin. Dapsone is an “anti-
neutrophil” agent that has been shown to improve pustular psoriasis in patients who had
previously failed several topical and systemic therapies.>3 Of note, dapsone has fewer side
effects than other systemic therapies.>* Furthermore, topical dapsone 5% gel has a safe side
effect profile given its low systemic absorption.>® In addition to dapsone, clinicians can also
consider acitretin, an oral retinoid used as the first-line therapy to treat generalized pustular
psoriasis.®® Indeed, there has been one case report of ustekinumab-induced pustular
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psoriasis that resolved after acitretin treatment, with no recurrence of these lesions at the
patient’s 6-month follow-up.>’

Uncontrolled underlying disease.—When patients present with mild TNF inhibitor-
induced psoriasis and the underlying disease state is not well controlled, we propose
switching to a different anti-TNF agent while maintaining psoriasis-specific therapy.
However, the rate of success of this approach is limited since complete resolution was only
observed in 5% to 36.7% of cases, with partial response in 18.4% (Table 1).6-9

Moderate to Severe Skin Eruption

Controlled underlying disease.—When patients have moderate to severe skin eruption
and their underlying disease is well controlled, switching to a different anti-TNF agent can
be considered. As cited before, complete regression of psoriasis lesion was seen in only 5%
to 36.7% of cases (Table 1).5-9

Uncontrolled underlying disease and refractory cases.—For patients with
moderate to severe anti-TNF-induced psoriasis whose underlying disease is active despite
anti-TNF-therapy and refractory cases, agents outside the anti-TNF class should be
considered, combined with topical or systemic therapy for psoriasis as appropriate. Indeed, it
has been reported that in up to approximately 64.3% of cases, patients who discontinue TNF
inhibitors and switch to therapies outside the TNF class experience resolution of their
psoriasiform lesions.6 Below, we discuss different alternative therapies for RA, I1BD,
psoriasis, and PsA. An overview of these agents is presented in Table 2.

Rheumatoid Arthritis

Non-anti-TNF biologic agents have been demonstrated to be, in some cases, as or more
effective treatment compared to a second anti-TNF drug for patients with RA with
insufficient primary response to anti-TNF-a inhibitor, suggesting the need for a different
mechanism of action.® Indeed, tocilizumab, rituximab, abatacept, and tofacitinib have been
significantly more effective in treating RA when compared to placebo in these patients.®
Importantly, abatacept and tofacitinib are an FDA-approved drugs for PSA.

Inflammatory Bowel Disease

Although TNF-a inhibitors have improved clinical outcomes for patients with IBD, many
patients fail to attain remission with anti-TNF-a. therapy.%8 For this patient population that
have failed TNF-inhibitor therapy, we recommend ustekinumab specifically in the setting of
Crohn disease or vedolizumab as viable treatment options for patients with IBD. Notably,
both ustekinumab and vedolizumab seem to have the same response and remission rate in
patients with Crohn disease who failed prior TNF-a inhibitor therapy.?® Of note, substantial
evidence supports the long-term efficacy and safety of ustekinumab in the treatment of
psoriasis in both clinical trials and clinical settings.1%0 Accordingly, Guerra et al reported 8
cases of TNF-induced psoriasis cases treated with ustekinumab, of which 75% experienced
complete resolution.23 Furthermore, Pugliese et al achieved complete clearance of skin
lesions in all 3 cases treated with ustekinumab.101
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Additionally, we also recommend discussions with IBD-treating physician or
gastroenterology regarding traditional IBD treatments such as immunosuppressive agents
including 6-mercaptopurine and azathioprine versus newer biologic therapies.

Psoriasis and PsA

Several treatment options are available for patients with psoriasis and PsA who failed TNF-
a inhibitor therapy. Guselkumab is a viable treatment option for patients with psoriasis,
while ustekinumab, ixekizumab, secukinumab, and apremilast have demonstrated efficiency
in treating patients with both psoriasis and PsA. Finally, tofacitinib and abatacept are viable
treatment options for patients with PsA only.

Discussion

Tumor necrosis factor inhibitor-induced psoriasis is not uncommon. This cutaneous reaction
can manifest in several forms including plaque psoriasis, palmoplantar pustular psoriasis,
psoriasiform, guttate, and inverse psoriasis.1? Growing evidence supports the notion that
paradoxical psoriasis is a class effect.%” The increasing incidence of TNF-a induced
psoriasis in a crowded landscape of therapeutic options supports the need for algorithmic
guidance to treat TNF inhibitor-induced psoriasis. Here, we propose an algorithm from a
dermatologic standpoint in which the severity of the skin eruption and the characteristics of
the underlying disease guide the medical decision. In contrast, previously published
algorithms in the rheumatologic literature founded their treatment choices exclusively on the
severity of skin disease.8 Taken together, our algorithm outlines specific therapies for each
underlying disease, including the most recently approved agents by the FDA.

Our algorithm proposes that for those cases with mild induced psoriasis in patients whose
underlying disease is well controlled, a “treat through” approach with traditional therapies
for psoriasis is the preferred option. Conversely, for those patients with mild skin eruption
and uncontrolled underlying disease or patients with moderate-to-severe induced psoriasis
with good control of underlying disease, temporal withdrawal of anti-TNF therapy or
switching to other anti-TNF agents could be considered. However, it is important to
acknowledge that more than half of the patients may experience recurrence of skin lesions
after the reintroduction of either the same or a different anti-TNF.23.102.103 Thys, for
refractory cases of induced psoriasis as well as for patients with moderate to severe skin
eruption whose underlying disease is not well controlled, our algorithm emphasizes
switching the drug class to increase the likelihood of resolution of the paradoxical psoriasis.

Understanding the inflammatory pathways involved in the onset of this adverse event and
that of the underlying disease is of paramount importance to select the most appropriate
treatment for patients who have failed or are otherwise intolerant to anti-TNF-a. agents.
Indeed, the identification of the role of the IL-23/Th-17 axis in paradoxical psoriasis has
become critical in the management of these cases. For example, ustekinumab is an anti-
IL12/23 agent that had led to resolution of skin lesions in more than 75% of the cases in
patients with 1BD.32:104.105 | jkewise, the efficacy of anti-1L17 agents in genuine psoriasis
and PsA suggests anti-1L17 agents as another promising class of agents for paradoxical
psoriasis. Of note, anti-1L17 agents should be used with caution in patients with both

J Psoriasis Psoriatic Arthritis. Author manuscript; available in PMC 2019 May 13.



1duosnuey Joyiny asuel||y yaseasay yiesH

1duosnuey Joyiny aduel|ly yoseasay yiesH

Lietal.

Page 8

psoriasis and IBD, since there is evidence that they may exacerbate or induce IBD in
patients with psoriatic disease.106

Despite the advances in the pathogenesis of paradoxical psoriasis, significant gaps remain as
this cutaneous reaction has also been described for some of the alternative therapies
described in this review. Indeed, paradoxical psoriasis and PSA have been described in
patients treated with ustekinumab.19% Then rituximab has been associated with de novo and
flare of existing psoriasis in patients with seronegative RA and systemic lupus
erythematosus.107:108 Similarly, new onset of psoriasis and exacerbation of previous
psoriasis were observed in a few patients with RA and PsA treated with abatacept.109.110
Finally, 2 cases of de novo psoriasis were described in patients with RA treated with
tocilizumab,111.112

Other indications of anti-TNF agents include uveitis, ankylosing spondylitis, and juvenile
RA. As paradoxical psoriasis in these conditions has been less frequently reported compared
to RA, psoriatic disease, and IBD, we did not include them in our discussion.

Conclusion

Funding

Tumor necrosis factor inhibitor-induced psoriasis is not uncommon and has been observed to
be a class effect. Here, we propose a novel algorithm that incorporates new treatment options
for patients with RA, IBD, psoriasis, and PsA with TNF inhibitor-induced psoriasis and
highlights the strategy to switch therapy outside the TNF class when clinically appropriate.
Because paradoxical psoriasis has also been described for some of these classes of drugs,
further studies are required to better characterize the safety and efficacy of this approach.
Thus, we recommend discussing these treatment options in a case-by-case basis and
incorporating multidisciplinary care physicians for treating the underlying disease.
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Anti-TNF induced Psoriasiform Skin Eruption

Mild skin eruption Moderate-to-severe skin eruption

Controlled underlying Uncontrolled underlying Controlled underlying Uncontrolled underlying
disease* disease* disease** disease*
“Treat through” SWITCH to a different ANTI-TNF SWITCH to a different CLASS and

Continue anti-TNF and treat
psoriasis symptoms:
topicalsteroids,

UV therapy methotrexate,
cyclosporine, acitretin

and treat psoriasis symptoms:

topicalsteroids, UV therapy, methotrexate,

cyclosporine, acitretin

Pustular psoriasis: consider Dapsone

treat psoriasis symptoms**:
topical steroids, UV therapy,
methotrexate, cyclosporine, acitretin

RA: Tocilizumab, Rituximab, Abatacept,

Pustular psoriasis: consider resolution in only 3% of pati

*Controlled underlying disease: rheumatoid arthritis, inflammatory bowel disease, psoriasis or psoriatic arthritis
** Consider also cases in which anti-TNF therapy is required or favored (eg. in uveitis)

and Tofacitinib.
Switching to a different TNF inhibitor leads to complete

PsA: Secukinumab, Tofacitinib, and
Dapsone Abatacept.

PsO: Guselkumab.
PsO/PsA: Ixekizumab, Apremilast, and

Continuing TNF inhibitor leads to Ustekinumab.
complete resolution in only 29% of

Recalcitrant/worsens — s——
1BD: Ustekinumab, Vedolizumab, other
(6MP, AZA).

Switching the treatment class leads to complete
resolution in up to 64% of lesions.

Figurel.
Upon the onset of anti-TNF-induced psoriasiform skin disease, the severity of the skin

eruption and the efficacy of the anti-TNF drug on the underlying primary disease (RA, IBD,
psoriasis, and PsA). For those patients with mild psoriasiform disease and stable underlying
disease, we propose a “treat through” strategy in which the anti-TNF therapy will be
continued and conventional psoriasis-specific therapy will be added (eg, topical steroids, UV
therapy, methotrexate, cyclosporine, and acitretin). If the skin eruption is recalcitrant or
worsens, or if the primary condition is poorly controlled, we propose switching to another
anti-TNF or to another class. For patients with moderate to severe skin eruption and stable
underlying disease, we propose switching to a different anti-TNF and treat the psoriasis
symptoms concomitantly. If this fails, a different class should be considered. Instead, for
those cases in which the underlying disease is not well controlled with an anti-TNF, we
suggest switching to another class. *Controlled underlying disease: rheumatoid arthritis,
inflammatory bowel disease, psoriasis, or psoriatic arthritis. **Consider also cases in which
anti-TNF therapy is required or favored as in uveitis. IBD indicates inflammatory bowel
disease; PsA, psoriatic arthritis; RA, rheumatoid arthritis; TNF, tumor necrosis factor.

J Psoriasis Psoriatic Arthritis. Author manuscript; available in PMC 2019 May 13.




Page 16

Lietal.

*1030B} SIS0J99U JOWN) ‘4N :UOIRIASIGY

(9t (8)8 JNL-NUE JUSIBHIP € UIM PaLINda) PUe SN L-HUE JJO PAA|0SaY
(67Y) 22 (%) u yuswanoidwi oN
(¥81) 6 (%) u ‘panoudw]
(L'9¢) 8T 9kt (95 (21974 (%) u ‘dn-mo]|0} Je 30UB1INIAI OU/PIN|0SBY
6v=N €T=N abe 4N 1 1UaI3LIP 01 PBYIUMS
911 )y PaUIGIOD UONN|0Sal OU JO [erJed
QT @9y (%) u uawanocidwi oN
(6T)v (cov) 0g (%) u ‘panoudw]
(29)zt (L2v) 1€ (¥e) 05 (%eT) v1 (%) u ‘panjosay
T¢=N S9=N Adesayr 4N L HO panunuodsiq
paUIqWOI UOIIN|0Sal OU 1O [ellied
(€2)s (86)8 (Me () (%) u ‘uswanoidwi oN
(9e)8 (¥'L8) Ly (s2) 25 (te)ze (%) u ‘panoudw]
(tv)6 (62¢) L2 (92) €5 (0e) T (%) u ‘panjosey
2¢=N 28=N Adesayr 4N 1L Uo panunuo)
(95=N) (9te= (20¢ = (T =N) (Let=N)
ZT0Z o7' PR IPIWYOS N) ZT0Z ,'fe ® umo.g u)0TOZ ¢'le 1 PWe|0D  800Z g'fe I BWe|I0D  ¢600Z ‘fe © OX

*3In1eJalIT] ayl ul papodey saseasiq BulALiapun a1diNIA SS0I0Y SISBLIOSH Padnpul-4NL-Nuy Joj All[epoA uawieal] Jad SawoonQ [ealuld Jo Arewwns

‘TalqeL

Health Research Alliance Author Manuscript Health Research Alliance Author Manuscript

J Psoriasis Psoriatic Arthritis. Author manuscript; available in PMC 2019 May 13.



Page 17

Lietal.

g BLUNUIYNIBS 0] asuodsal Jareald

B 9ARY 01 WAas qeunuIyadIsn Ylm paleal) uaaq Ajsnolnald aney oym sd yum siuaited ‘aiowayund
62'SHOU0D paoualIadxa-e-4N L-11ue pue aAreu-e-4N_L-1ue Y} y1oq Ul \sd Buneai) ur aaosyse

1S0W 8} 8Q 0} PUNOJ SEM (RLINUIYNIAS ‘WSd 10} SIUBLLILAIY [RIBASS JO SSBUBAIaYS ay) Buliedwod
MBIABI D1JRWRISAS JUBdal € U] g,+,,"Adesay e-4N.L Jold pajie) oym vsd Yum syusited Jeai Ajaaiosye
ued 1ey} sd pue siseriosd anbe|d alanss 0} ajelapow Joy uondo Juswieal) e i qewnuIynoas

9175L
*Aoeo1)a qewnzijopan 19ae Apuealyiubis Jou saop siusle e-4N 1 -nue 0] Juswieas) snolrsid ybnoyy
“1sed 8y} Ul susfie e-4N_L-1ue LIIM Paresi] a19M OUM 3SOU) LBy UOISSIWaI pue asuodsal Jo sajel
J1ayBiy pey gewnzijopan paA1adal AjLiewiid oym agl yim siuaied ‘81ou 1O 4,,¢, Adeiay Jongiyul
B-4N.L 10 JusWILal) [euonUaAU0I Jotid pajres oym siuaired 1oy uondo 1uswIeal] € SI gewnzijopas

2,°9S83SIP UYOID JO AIOISIY B YlIMm

juaied e ui sisojmsnd Jejuejdowjed paonpui-i0)qiyul 4N panoadwir Ajpuesisiubis ospe sey Adetayy
QRWNUINBISN 1, Cewnualsn snoaueInagns o) papuodsal siusied JO 9"/ ‘8SeasIp Uyold yum
sjuaiyed JuelsISal 4N L-1Ue JO 10Y0D B Ul “JBA0BIOIN ;g9 0LUNUINBISN UL JUSLUIE3I) I3 SUOIS3)|
oreriosd Jo uonnjosas pauodal aney syuabe e-4N_L-13Ue pajie) ALY OUYM 3SeasIp UYoiDd UM sjuaiied

g9-29’AdeIBUY JoNgIyut e-4N 1L Joud pajre) oym sjuaired Ul vy panosduwi
31EX3J10U13W YHM UOIJRUIGUIOD Ul Pasn qiuIoejo] ‘A|[eucnippy o4 Buliean u qewnuwijepe
0} A2UB191JJ8 Je|IWIS SABY 0} PaYeJISUOWAP PUE /Y YN Sjuaiyed Jo) uondo Juswieasd e si qiuIoejol

9'UOMRUIQUIOD Ul pasn aJam saldesay] g 85y} Uaym panasqo

SEM SJUBAS 3SIBAPE SNOLISS Ul asealoul ue se ‘idaoelede ynm Buiess) aioyaq uswieas) 1dadisuels
aNUIUOJSIP PINOYS SUBIDIUIID ‘AJGeION 4¢'SLAUOW 9 40} 1dadereqe ym paleal) uaym uonouny [eaisAyd
u1 Juswanoidwi atow Apueaiiubis pamoys Adesays J03igiyul B-4N 1 J01id pajie) Oym Y aA1oe

Ynum syuaned "(sayving) sbnip anrewnayinue BuiAyipow-asessip 1o saidesay Jodgiyul e-4N 1 10w
10 3UO P3|IE) OUM /¥ 213ASS 0 8)eJapow Yiim sjusited 1oy uondo Juswieas) a|qeIA e si 1dasereqy

c9v29'SHNSAI JR[ILLIS pajelisuowap
aney saIpns 1810 slualted aAnisodosas Ut Bunjuis Aprenanied sem 108448 SIYL gu0NqIYUl
4N.L puodss e 0} Adelay} payo)ms oym asouy} 03 paredwod 7y J18ys Ut Juswwisaoidwi Juesiiubis
MBS (ewIxXnli 0} payalms oym Adesayl Jongiyul 4N L pajies Ajsnoiasid oym wy Yim sjusiied

09+65 A0EIBUIOUOW S Pasn UM Uy} 81eXa.10U1sW
UMM PaUuIquIod USYM aA18)Jd 810w 8 AewW (ewWNZI|190} ‘80U JO gqAdesay) Jongiyur e-4NL
pajiey aAeY OYM o Ynim sjuaied 1oy uondo Juswieal) 8|qeIA e aq 01 PajeJsuowap ey qewnzijino)

Vsd

siseriosd
anbe|d alanss
0} 91eIapON

SIj0d
9AITRI90|N pUe
aseasIp uyoid
aseasIp uyoid

Vsd
siseriosd

anbe|d aJenss
0} d1eJapoN

Vsd
vd

vd

vd

vd

Apognue [euojoouow v/ 1-TI-HuUY

Apoqnue
Jeuojoouow isiuoBeiue ulibaul /glye

Apoqnue
leuojoouow gz-"|-nue pue ZT-1|-uy

Jouqryu
(M0 aseury pajeloosse-snuep

18)00]( UOITRINWISOD |[39-1 dAIN08|9S

Apognue [euojoouow 0zdD-NuY

Apognue [euojoouow 9-T1-nuy

xA1U8S0D/gRWNUINNI8S

V/sdysiseliosd

OIAKIUZ/CeWNZI|OPaA

BIR[31S/qRWNUIN&ISN

agi

zuefjox/qiunioejoL

e1oUaI0daoeleqy

uexn)Y/qewIxniy

BIWBIOY/qRWNZI|190]

vd

SUOITe BPISUOD [e1090S

aouenspy
jo (s)uoiredlpu
pano.ddy-vad

UoINY JO WsIueys N

aweN pue.ig/bniqg

"SISBLI0Sd PaoNpul-10MgIyul ANL YN VSd PUe ‘siselosd ‘adl ‘v YHM siuaired 1oy suondo Adessy jo Arewwns

‘¢ slqeL

Health Research Alliance Author Manuscript

Health Research Alliance Author Manuscript

available in PMC 2019 May 13.

1

ipt

Arthritis. Author manuscr

'S Psoriatic

riasi

J Pso,



Page 18

Lietal.

*10J0B SIS0J03U JOWN} ‘AN L ‘SIHLYLE PIofeWNay) ‘v ‘SLyLe oieLiosd sd ‘Uuiynajiaiul ‘| ‘asessip [amoq Alorewweyul ‘g ‘uonensiuiwpy Bnig pue pood ‘a4 :SUoneInsIqay

e /Adeiay) INL-nue Joud pajrey pey oym siseriosd yim syusited Buesiy ui aA1198)48 8 0) UMOYS
usaq sey gewnyjasnb ‘Apueniodu] y6,eq's1selI0sd Bueal) 1oy gewnwijepe o) pasedwod Aoeoiys
Jouadns payelisuowap sey Jey siseriosd 81aA8S 0 a1eapow Joj uondo Juswiless) B i gqewny|asn

'siseriosd 1eal) 0} panoidde a4 10U s qunidesol ‘A|qeIoN 45’ SAYVING INBYIUAS

|euonUAAUOD 0 asuodsal ayenbapeul snoiAaid YIm sd Yim sjuaiied 1eal AjaAiioage 0] Umoys

Uusaq Os[e sey qIuIIdes0] ‘A|[eUONIPPY 15 /Adesayl Jongiyul 4N L Jorid pajie) oym wsd yum sjuaiied ul
AUAIIR 8SESSIP 89NPal 0} UMOYS Usaq Sey Jeul Sd Yim sjusired Joj uondo Juswieasl e si qluioejol

0668 V/Sd JO SUONEISB}IUEW [e18]8xsojnasnu Buiroiduwir ur Asejnaired
‘Adesayy 4NL-1ue Joud pajie) aney oym sd Yum siuaned Burieasy ui 1dadereqe o Aoediys ayy
1oddns sa1pnis [eJanss "pajiey aAey sBNIp Jaylo alaym pasn sd 1oj uondo juswiyeal e s 1daoereqy

gg JRLUNUIMSISN L1IM JUaLWIeaI) JalE Paregladexs
sem siseriosd asoym Adesays gqewiixijyul pajies Ajsnoinaid oym ajew pjo-1esA-Qg e 4o 1odas ased T
uaaq sey atay ‘A|Bunisalalu] ,g'padnpul JONGIYUI SN L-HUE SeM UY2IYm Jo auo ‘sisojnsnd sejuejdowyed
JURIIID[RI3I JO SBSED 7 Buileal) A||nyssadons ul payedljdwi usag OS[e Sey gewnuiyaisn ‘aiowlayund
og'SUIUOW € AJaAa qelnuI@ISN YIM Pajeal] WSd YIIM Saewa) Ul qewunuuljepe 0} A/epuodss

suondnia wuojiseriosd Jo uonn|osal mes suodal 8sed 0 ¢g'SISeliosd paonpul-10)giyul 4N L yeal
AUBIDIYa UBD UYDIYM ‘WSd pue Siseriosd a1aAas 0} aresapow 1oy uondo Juswiiealy e SI qewinuiyaisn

»gAPMIS 31w H3917 8Y) ul paioddns si siseriosd Buneasy ul 1sejiwaide 0] 1dsolauels Wwoly

Buiyonms Jo Aoeoiys pue Ajajes ay L ¢g1sed auy Ul sa160j01q 10 SGYVINQ UM pajeal) 8iam OUM \/sd
aA119e UM sjualied Buireas) ul ajes pue aA1Ida))a ag 0} palesisuowap usaq sey isejiwaide ‘sionqiyul
e-4N L pajres oym swuaned ul ysd Jo siseriosd Bunealy ui isejiwaide Jo AoUalolya syl Uo elep paiwi|
aJe a1yl ybnoyl|v "wsd pue siseriosd anbejd a1anss 0] ayesspow Joj uondo Juswieal; e si isejiwaldy

2¢'00908|d pue 1dsoisuels 01 pasedwod Adelsyy

qewnzijaxi 03 sasuodsal Jarealf panqgiyxa siseliosd anbejd a1anss 01 sjesspow Y sjuaired ‘sfery
HIAODINN 8U} Ul ‘810U JO 1g/Adesay) e-4N L-1ue Jolid pajre) oym vsd Ynm spusiied ul gewunziyaxi
UHM JuBWIEa.] JO SYaaM {7z Jaye swoldwAs pue subis panoidwi payensuowsap Apnis T ‘sionqiyul
e-4N L pajre} oym aseasip oneriosd yum syuaired Buireasy ur qewinziyaxi Jo Aouaioiys ay) Buipiehal
e1ep pallwl| ale aJay ] ‘sisellosd a1aAss 0} 81elapowl 3Npe 1oy Uondo Juswiieal) e Si qewinziyax|

siseriosd
anbe|d alanss
0} d1eIapoN

Vsd
vd

vd

aseasIp uyosD
Vsd

siseriosd
anbe|d a1anas
0} ayeJapoN

Vsd

siseriosd
anbe|d alanas
0} ayelapoN

Vsd

siseriosd
anbe|d alanss
0} 9JeIapoN

Apognue [euojoouow £2-1-nUy

Jonauyur
Av‘_/\O 9seu pajeloosse-snuer

195000 UOIRINWIASOD |[39-1 9AIII3|9S

Apoqnue
|euojoouow gg-1-hue pue ZT-7|-nuy

Jonquyui-p-asessisaipoydsoyd

Apognue [euojoouow v ZT-11-uy

eAjWal ] /qewnyjasne

zueljax/qiunioeyol

eIoURIOAdaoRIEgY

BIR[31S/qRWNUINAISN

e|za10/se|waldy

Z)|e] /qewnzixax|

SUOIfe BPISUOD [21090S

aouenpy
jo (S)uoirealpu|
panoiddy-va4

UOIDY JO WSILIRLDS

awreN pueig/bniqg

Health Research Alliance Author Manuscript

Health Research Alliance Author Manuscript

available in PMC 2019 May 13.

1

ipt

Arthritis. Author manuscr

'S Psoriatic

riasi

J Pso,



	Abstract
	Introduction
	Tumor Necrosis Factor Inhibitor-Induced Psoriasis in Inflammatory Conditions
	Rheumatoid Arthritis
	Inflammatory Bowel Disease
	Psoriasis and PsA

	Proposed Pathogenesis of TNF-α Inhibitor Induced Psoriasiform Dermatitis
	Increased Type 1 Interferon
	Interleukin-23/T-helper 17 Axis Theory
	Permissive Infections
	Already at Risk for Psoriasis

	Treatment of Anti-TNF-Induced Psoriasis
	Mild Skin Eruption
	Controlled underlying disease.
	Uncontrolled underlying disease.

	Moderate to Severe Skin Eruption
	Controlled underlying disease.
	Uncontrolled underlying disease and refractory cases.

	Rheumatoid Arthritis
	Inflammatory Bowel Disease
	Psoriasis and PsA

	Discussion
	Conclusion
	References
	Figure 1.
	Table 1.
	Table 2.

