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ORIGINAL ARTICLE

Anti-TNF antibody-induced psoriasiform skin lesions
in patients with inflammatory bowel disease are
characterised by interferon-y-expressing Th1 cells
and IL-17A/IL-22-expressing Th17 cells and respond
to anti-IL-12/IL-23 antibody treatment
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ABSTRACT

Background We analysed incidence, predictors,
histological features and specific treatment options of
anti-tumour necrosis factor o (TNF-or) antibody-induced
psoriasiform skin lesions in patients with inflammatory
bowel diseases (IBD).

Design Patients with IBD were prospectively screened
for anti-TNF-induced psoriasiform skin lesions. Patients
were genotyped for /L23R and /L 12B variants. Skin
lesions were examined for infiltrating Th1 and Th17
cells. Patients with severe lesions were treated with

the anti-interleukin (IL)-12/IL-23 p40 antibody
ustekinumab.

Results Among 434 anti-TNF-treated patients with
IBD, 21 (4.8%) developed psoriasiform skin lesions.
Multiple logistic regression revealed smoking (p=0.007;
OR 4.24, 95% Cl 1.55 to 13.60) and an increased body
mass index (p=0.029; OR 1.12, 95% CI 1.01 to 1.24)
as main predictors for these lesions. Nine patients with
Crohn’s disease and with severe psoriasiform lesions
and/or anti-TNF antibody-induced alopecia were
successfully treated with the anti-p40-IL-12/IL-23
antibody ustekinumab (response rate 100%). Skin
lesions were histologically characterised by infiltrates of
IL-17A/IL-22-secreting T helper 17 (Th17) cells and
interferon (IFN)-y-secreting Th1 cells and [FN-a--
expressing cells. IL-17A expression was significantly
stronger in patients requiring ustekinumab than in
patients responding to topical therapy (p=0.001). /L.23R
genotyping suggests disease-modifying effects of
rs11209026 (p.Arg381GIn) and rs7530511
(p.Leu310Pro) in patients requiring ustekinumab.
Conclusions New onset psoriasiform skin lesions
develop in nearly 5% of anti-TNF-treated patients with
IBD. We identified smoking as a main risk factor for
developing these lesions. Anti-TNF-induced psoriasiform
skin lesions are characterised by Th17 and Th1 cell
infiltrates. The number of IL-17A-expressing T cells
correlates with the severity of skin lesions. Anti-IL-12/IL-
23 antibody therapy is a highly effective therapy for
these lesions.

Significance of this study

What is already known about this subject?

» Anti-tumour necrosis factor (TNF) antibodies
may induce psoriasiform skin lesions but
predictors, histological features and specific
treatment options of these lesions are largely
unknown.

What are the new findings?

» We performed the first prospective study on
anti-TNF-induced psoriasiform skin lesions
allowing for calculation of an incidence rate for
these lesions which is almost 5% in
anti-TNF-treated patients with inflammatory
bowel diseases (IBD), therefore identifying
these lesions as a relevant side effect of
anti-TNF therapy. In addition, we identified
smoking as the main risk factor for these
lesions.

» Anti-TNF-induced psoriasiform skin lesions are
characterised by infiltrates of interleukin
(IL)-17A/1L-22-expressing T helper (Th17) cells
and interferon (IFN)-y-expressing Th1 cells, and
the severity of skin lesions correlates with the
density of Th17 cell infiltrates.

» This is the first study in patients with
anti-TNF-induced psoriasiform skin lesions and
severe anti-TNF-induced alopecia that shows a
very high treatment response to the anti-IL-12/
IL-23 antibody ustekinumab which inhibits Th1
and Th17 cell differentiation.

» We provide a detailed genotype analysis of IBD-
and psoriasis-associated /L23R, IL23, IL12B gene
variants in patients with anti-TNF-induced skin
lesions, suggesting disease-modifying effects
of rs11209026 (p.Arg381Glin) and rs7530511
(p.Leu310Pro) in patients with severe lesions
requiring ustekinumab.
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Significance of this study

How might it impact on clinical practice in the

foreseeable future?

» Our study suggests that the anti-IL-12/IL-23 antibody
ustekinumab, which targets Th1 and Th17 cells, is highly
effective and the first disease-specific treatment option in
patients with severe anti-TNF-induced psoriasiform skin
lesions and anti-TNF-induced alopecia.

INTRODUCTION
Anti-tumour necrosis factor oo (TNF-0)) antibodies such as inflixi-
mab and adalimumab are used for the treatment of moderate to
severe Crohn’s disease (CD) and ulcerative colitis (UC). Although
anti-TNF antibodies are regarded as safe agents,! potential side
effects include allergic reactions, opportunistic infections including
reactivation of tuberculosis, and an increased risk of lymphoma,
particularly when given simultaneously with thiopurines.” * In add-
ition, recent studies indicate that anti-TNF antibodies may cause
psoriasiform skin lesions in a subgroup of anti-TNF-treated patients
with inflammatory bowel disease (IBD).* * This side effect seems to
be paradox given that TNF-o plays a key role in the pathogenesis
of psoriasis and anti-TNF inhibitors are used for the treatment of
severe psoriasis. Furthermore, the pathogenesis of this side effect is
not well understood and only very few larger case series of
anti-TNF antibody-treated patients with IBD have been pub-
lished.* ® In addition, there is currently no specific treatment avail-
able for these skin lesions and treatment is mostly limited to topical
steroid therapy or termination of anti-TNF therapy in severe cases.
Although the detailed pathogenesis of IBD is not completely
understood, it is assumed that CD and UC develop in a genetically
susceptible host and are caused by an exaggerated immune
response against the intestinal bacterial flora. CD is characterised
by increased T helper 1 (Thl) and Th17 cytokine expression,
while UC shows a modified Th2 cytokine response and an
increased expression of Th17 cytokines.”™"" Similarly, there is an
enhanced expression of Th17 cytokines such interleukin (IL)-17A
and IL-22 in skin lesions of patients with psoriasis.!*™**
Genome-wide association studies identified single nucleotide poly-
morphisms (SNPs) in the IL23R and IL12B gene as susceptibility
variants for CD, UC and psoriasis.’*™'* Moreover, anti-IL-12/IL-23
therapy has been approved for the treatment of psoriasis and
recent studies showed some efficacy in the treatment of CD.2%3
Given that the epidemiology and pathogenesis of anti-TNF
antibody-induced psoriasiform skin lesions are largely unknown, we
aimed to characterise the incidence, clinical manifestations, histo-
logical characteristics, associated risk factors and treatment modal-
ities of these lesions in a well characterised cohort of patients with
IBD. Considering the key role of IL-12 and IL-23 in the pathogen-
esis of CD and psoriasis, we performed the first study using the
anti-IL-12/IL-23 p40 antibody ustekinumab in severe cases of
anti-TNF-induced psoriasiform skin lesions. Moreover, this study
contains a detailed genetic analysis of the role of IBD- and
psoriasis-associated IL23R and IL12B gene variants regarding the
development of anti-TNF-induced psoriasiform skin lesions.

METHODS

Study population

Patients treated with anti-TNF antibodies (infliximab and/or
adalimumab) in the IBD centre of the University Hospital

Munich—Grosshadern from January 2010 to September 2011
were included in this study. The study population included
n=434 patients with IBD of Caucasian origin (patients with
CD: n=331; patients with UC: n=103). Written, informed
consent was obtained from all patients before IL12B, IL23R and
IL23A genotyping and before treatment with anti-TNF anti-
bodies and/or ustekinumab. The Ethics committee of the
Medical Faculty of the Ludwig Maximilians University Munich
approved the genotyping and the study adhered to the ethical
principles for medical research involving human subjects of the
Helsinki Declaration. We collected clinical disease characteristics
from patients’ charts, a detailed written questionnaire, and an
interview at the time of enrolment. The diagnosis of CD or UC
was made using clinical, endoscopic, histopathological and
radiological criteria.*

Dermatological evaluation, skin biopsies

and immunohistochemical staining

All patients with IBD with skin lesions were examined by an
independent, experienced, board-certified dermatologist. The
skin lesions were classified into four major categories based on
their clinical appearance and the histological examination:
palmoplantar psoriasis, pustular palmoplantar psoriasis (type
Barber-Konigsbeck), guttate psoriasis, and psoriasis of the scalp
including psoriasis-associated alopecia. Diagnostic punch biop-
sies were performed for histological examination and immuno-
histochemical staining in severely affected patients. Written
consent was obtained for all invasive procedures. Details of the
immunohistochemical staining procedure are given in the online
supplementary information. In addition to H&E staining,
immunhistochemical staining with antibodies against IL-17A,
IL-22, interferon (IFN)-y, [FN-o, TNF-0,, CD3 and CD4 was per-
formed. Semiquantitative evaluation of the immunohistochem-
ical stainings was performed using the following grading: no
staining (0), weak positive staining (1), moderate positive staining
(2) and strong positive staining (3) for the respective antibody.

Treatment of psoriasiform skin lesions with the
anti-IL-12/IL-23 antibody ustekinumab

Following consultation with an experienced, board-certified
dermatologist, patients with severe psoriasiform skin lesions not
improving under topical therapy requiring cessation of anti-TNF
treatment were switched to the anti-IL-12/IL-23 antibody usteki-
numab (Stelara), which is approved for moderate to severe
plaque psoriasis in Europe, the USA and Canada. Before treat-
ment, all patients were informed that ustekinumab is currently
approved only for psoriasis and that it has been used for treat-
ment of CD in clinical trials only.?°2® Ustekinumab was given
at week 0 and 4 (45 mg each subcutaneously) and every
12 weeks thereafter, using the treatment protocol for psoriasis,
unless stated otherwise. All patients weighed less than 100 kg
(for patients > 100 kg a dose increase to 90 mg ustekinumab
subcutaneously has been recommended).

DNA extraction and genotyping of the IL12B, IL23R

and IL23A variants

A total of 17 SNPs of IBD- and psoriasis-associated IL23R,
IL12B and IL23A gene variants (rs1004819, rs7517847,
rs10489629, rs2201841, rs11465804, rs11209026, rs1343151,
rs10889677, rs11209032, rs1495965, rs12131065, rs7530511,
rs3212227, rs6887695, rs2082412, rs10045431, rs2066808)
were genotyped by PCR and melting curve analysis using a pair
of fluorescence resonance energy transfer probes in a
LightCycler 480 Instrument (Roche Diagnostics, Mannheim,
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Germany). Details of the genotyping procedure were described
in detail in previous publications'® **72® and are given in the
online supplementary information and supplementary table S1.

Statistical analyses

For comparison between categorical variables, Fisher’s exact test or
x” test was used when appropriate. Each genetic marker was tested
for Hardy—Weinberg equilibrium in the control population.
Single-marker allelic tests were performed with Pearson’s % test.
Student’s t test was applied for quantitative variables. For modelling
the dichotomous outcome ‘psoriasiform skin lesion’, we used the
logistic regression model. First, for each predictor of a set of poten-
tial predictors (shown in table 1), the OR, the corresponding 95%
CI and the p value resulting from the Wald test were estimated.
Second, a multiple logistic regression model was built with predic-
tors selected from the set of candidate predictors using a backward
elimination algorithm with complete cases and the variable selec-
tion level for all predictors was set to 0.05. All tests were two
tailed, considering p values <0.05 as statistically significant. Data
were evaluated by using the SPSS V.13.0 software and R 2.13.2.
(http:/cran.r-project.org).

RESULTS

Incidence and predictors of psoriasiform skin lesions

in patients with IBD

From January 2010 to September 2011, 434 patients with IBD
were treated with anti-TNF antibodies infliximab (n=416) and/or
adalimumab (n=141) in our IBD centre. Of these 434 patients,
n=21 (4.8%) developed psoriasiform skin lesions; 19 of these 21
patients (90.5%) had CD and 2 (9.5%) had UC. In contrast, there
were 312 patients with CD and 101 patients with UC in the
anti-TNF-treated patient group without psoriasiform skin lesions
(p=0.14 for comparing CD prevalences in the subgroups with
and without skin lesions; table 1). Of the patients with skin lesions,

Table 1
psoriasiform skin lesions (univariate analysis)

11 (52.4%) were women and 10 (47.6%) were men. Patient char-
acteristics, clinical and histological features of the skin disorders are
listed in table 2 (online only). Comparing anti-TNF-treated patients
with IBD with and without skin lesions, we found significant differ-
ences in the smoking status, body mass index (BMI) and IBD dur-
ation (table 1). We confirmed these three disease characteristics as
predictors of anti-TNF-induced psoriasiform skin lesions in mul-
tiple logistic regression analysis. Multiple logistic regression showed
smoking (defined as active smoking or a history of smoking;
p=0.007; OR 4.24, 95% CI 1.55 to 13.60), an increased BMI
(p=0.029; OR 1.12,95% CI 1.01 to 1.24) and a short disease dur-
ation (p=0.029; OR 0.92, 95% CI 0.85 to 0.99) as predictors for
these skin lesions. Based on the results of our multiple logistic
regression model, we calculated probabilities for developing psoria-
siform skin lesions depending on these three major predictors—
smoking, BMI and disease duration, which are shown in figure 1
for a disease duration of 1 and 10 years, respectively. The associ-
ation with short disease duration could also be related to a more
severe disease phenotype in patients with psoriasiform skin lesions,
resulting in a faster (‘step-up’) use of anti-TNF agents. This is sup-
ported by higher percentages of patients with stenoses and fistulas
in the group with psoriasiform skin lesions; however, these differ-
ences were statistically not significant compared with the patient
group without skin lesions. In addition, there was a trend for
higher use of adalimumab in the group with skin lesions (52.4%)
compared with the group without skin lesions (32.2%; p=0.06)
which may also be related to more severe disease and infliximab-
refractory IBD in patients with skin lesions.

Incidence of non-psoriasiform skin lesions

in anti-TNF-treated patients with IBD

In 78 of 434 patients in the study group (18.0%), non-
psoriasiform skin lesions or transient skin reactions including
eczematiform skin lesions, skin infections, allergic injection site

Comparison of demographic and clinical characteristics of anti-TNF-treated patients with IBD with and without anti-TNF-induced

Anti-TNF-treated patients with IBD without

Anti-TNF-treated patients with IBD with

psoriasiform skin lesions (n=413) psoriasiform skin lesions (n=21) p Value OR 95% ClI
Median age (years), n=434 38.0 31.0 0.48 0.99 0.95 to 1.02
IQR 28.0-47.0 28.0-44.0
Gender (% women), n=433 201 (48.8%) 11 (52.4%) 0.75 1.15 0.48 to 2.83
Crohn's disease, n=434 312 (75.5%) 19 (90.5%) 0.14 3.08 0.87 to 19.51
Ulcerative colitis, n=434 101 (24.5%) 2 (9.5%) 0.14 0.33 0.05 to 1.15
Stenosis, n=414 227 (57.8%) 14 (66.7%) 0.42 1.46 0.59 to 3.93
Fistulas, n=411 175 (44.9%) 13 (61.9%) 0.13 2.00 0.82 to 5.15
Median IBD duration (years), n=431 10.0 7.0 0.049 0.94 0.87 to 0.99
IQR 5.0-18.0 3.0-11.0
Median BMI (kg/mz), n=384 22.7 24.9 0.007 1.13 1.03 to 1.24
IQR 20.0-25.5 23.4-27.3
History of smoking or active 165 (42.6%) 16 (76.2%) 0.005 4.31 1.65 to 13.38
smoking, n=408
Treatment with infliximab, n=434 387 (93.7%) 21 (100.0%) 0.36 N/A* N/A*
Treatment with adalimumab, n=425 130 (32.2%) 11 (52.4) 0.06 2.32 0.95 to 5.70
IQR 3.0-13.0 5.0-13.25
Treatment with azathioprine or 377 (93.1%) 19 (90.5%) 0.65 0.71 0.19 to 4.57

6-mercaptopurine, n=426

p Values, OR and 95% Cls are given for the comparison of each demographic and clinical variable between anti-TNF-treated patients with psoriatic skin lesions (n=21) and without
psoriatic skin lesions (n=413). The number of patients with detailed information on the respective demographic or clinical characteristic is given for each variable as ‘n=...".

Since all patients in the group with anti-TNF-induced skin lesions received infliximab, no meaningful OR can be calculated due to the division by zero. There were statistically
significant differences in the prevalences of smokers, BMI and disease duration between the two study groups; these three variables were confirmed as predictors of anti-TNF-induced

psoriasiform skin lesions by multiple regression analysis.
BMI, body mass index; IBD, inflammatory bowel diseases; TNF, tumour necrosis factor.
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Figure 1
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Probability plots for developing psoriasiform skin lesions based on the three main predictors identified in the multivariate analysis

(smoking status, body mass index (BMI), disease duration). (A) Probability of developing psoriasiform skin lesions based on smoking status, BMI and
an assumed disease duration of 1 year. (B) Probability of developing psoriasiform skin lesions based on smoking status, BMI and an assumed
disease duration of 10 years. Smoking includes active smokers and ex-smokers.

reactions to adalimumab or transient skin reactions (eg, erythema)
due to infliximab-related infusion reactions were observed (see
online supplementary table S2). The most common non-
psoriasiform skin disorders were infusion reactions to infliximab
with skin erythema (5.8%), followed by viral skin infections
(2.5%), eczematiform skin lesions (2.1%), xerosis cutis (2.1%) and
bacterial skin infections (1.4%).

Clinical subtypes of psoriasiform skin lesions observed

in anti-TNF-treated patients with IBD

Next, we further characterised the 21 patients who developed
psoriasiform skin lesions under anti-TNF therapy. Some of the
patients with psoriasiform skin lesions showed skin manifesta-
tions of different subtypes simultaneously (figure 2). The most
common psoriasiform skin lesions were palmoplantar lesions
(n=11) and guttate psoriasis (n=7) (figure 2). Of the 11
patients with anti-TNF-induced palmoplantar lesions, 8 were
diagnosed with palmoplantar psoriasis, while 3 were affected by
pustular palmoplantar psoriasis type Barber—Konigsbeck. In nine
patients, typical psoriasiform lesions were seen on the scalp.

m Palmoplantar psoriasis

B Palmoplantar pustular
psoriasis

Guttate psoriasis

N Psoriasis capillitii

O Psoriatic alopecia

Figure 2 Spectrum of anti-tumour necrosis factor (TNF)-induced
psoriasiform skin lesions. The figure represents the affected skin areas
in the 21 patients with anti-TNF psoriasiform skin lesions. Nine patients
had psoriasis capillitii-like lesions (n=6) or alopecia (n=3). Out of these
nine patients, n=1 had guttate psoriasis, n=1 palmoplantar pustular
psoriasis, n=2 palmoplantar psoriasis, while in three patients the main
diagnosis was alopecia (n=1) or psoriasis capillitii-like lesion (n=2).
Therefore, the diagram represents 27 affected skin areas in 21 patients
(palmoplantar psoriasis: n=8; palmoplantar pustular psoriasis: n=3;
guttate psoriasis: n=7; psoriasis capillitti: n=6; psoriatic alopecia: n=3).

Three of these patients developed an additional diffuse alopecia
(see details in the online supplementary information).

Lupus-associated autoantibodies in patients with
anti-TNF-induced psoriasiform skin lesions

Anti-TNF-induced skin lesions do not always completely follow
a psoriasiform pattern, but also share in some cases clinical
characteristics of lupus erythematosus. Although IFN-o has been
suggested as a key cytokine in the pathogenesis of psoriasiform
skin lesions,” it plays also a key role in the pathogenesis of
cutaneous discoid lupus erythematosus. We therefore analysed
lupus-associated autoantibodies in all patients with psoriasiform
skin lesions. A common feature found in 85.7% of patients with
these skin lesions was elevated titres of antinuclear antibodies
(ANAs). This percentage was not significantly higher than
in anti-TNF-treated patients with IBD without skin lesions
(figure 3A, online only). Of the 21 patients with skin lesions,
only 3 had non-detectable ANA titre. One-third of the patients
with psoriasiform skin lesions (33.3%) had high ANA titres of
at least 1:1920, another third had titres between 1:240 and
1:960 and the remaining third had titres below 1:240 or no
detectable ANA titres. Nominally, there was a higher percentage
of patients with ANA titres >1:960 in the group of patients
with psoriasiform skin lesions compared with patients without
skin lesions receiving anti-TNF agents (33.3% vs 13.7%);
however, this difference was statistically not significant
(p=0.15535; figure 3A, online only). Three patients with psoria-
siform skin lesions and elevated ANA titres showed lupus-like
features in the skin biopsies or during the dermatological exam-
ination (table 2, online only). In five patients (23.8%) with psor-
iasiform skin lesions, anti-dsDNA antibodies >9 U/ml were
detected. However, in all cases the anti-dsDNA titres were lower
than 23 U/ml and clinical signs of anti-TNF-induced lupus-like
syndrome (eg, arthralgias, swollen joints) were found in only
one patient. Overall, the distribution of dsDNA titres in patients
with anti-TNF-induced psoriasiform skin lesions was statistically
not different from the titre distribution in patients with IBD
without anti-TNF-induced skin lesions (figure 3B, online only).

Efficacy of switching anti-TNF antibodies (infliximab vs
adalimumab) for treatment of anti-TNF-induced skin lesions
All 21 patients who developed psoriasiform skin lesions
had been treated or were actively treated with infliximab. In
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16 patients, skin lesions developed under the current therapy
with infliximab, in § patients under adalimumab therapy
(figure 4). In three patients with infliximab-induced psoriasi-
form skin lesions, therapy was switched to adalimumab due to
skin lesions. However, the change of the anti-TNF antibody
resulted in a slight improvement in anti-TNF-induced psoriasi-
form skin lesions in only one patient, while the skin lesions wor-
sened in one patient and another patient developed an allergy
against adalimumab (figure 4). In the patient with worsened
skin lesions under adalimumab therapy, treatment was switched
to certolizumab. However, the skin lesions did not improve
under certolizumab therapy. Therefore, our results suggest that
psoriasiform skin lesions may develop under all anti-TNF
agents, suggesting that this is likely a class-dependent effect and
not specific for a certain anti-TNF antibody. Therefore, switch-
ing between different anti-TNF antibodies because of
anti-TNF-induced skin lesions has limited therapeutic efficacy.

Figure 4 Therapeutic strategies in
the 21 patients with anti-tumour
necrosis factor (TNF)-induced
psoriasiform skin lesions found in the

The different therapeutic strategies applied in the 21 patients
with psoriasiform skin lesions are shown in figure 4.

Anti-TNF therapy-induced psoriasiform skin lesions

and anti-TNF-induced alopecia respond to anti-IL-12/IL-23
antibody treatment with ustekinumab

Considering the successful use of ustekinumab in patients with
plaque psoriasis,”* % we switched the treatment of patients
with severe psoriasiform skin lesions, requiring cessation of
anti-TNF therapy and lacking response to topical anti-psoriatic
treatment, from TNF blockers to ustekinumab. Ustekinumab is
a monoclonal antibody directed against the p40 subunit of
IL-12 and IL-23. In total, n=7 patients were treated at the
Munich IBD centre with ustekinumab (figure 4). All seven
patients (100%) treated with ustekinumab showed a marked
improvement in their skin lesions using this IL-12/IL-23 anti-
body. All ustekinumab-treated patients had severe anti-TNF-

Anti-TNF-treated patients with IBD

n=434

\

Munich inflammatory bowel disease
(IBD) cohort of 434 anti-TNF-treated
patients. In addition to the seven

Psoriasiform skin lesions
n=21

No psoriasiform skin lesions
n=413

patients treated with ustekinumab
from the Munich cohort, two patients
with IBD with anti-TNF-induced skin
lesions from the Medical University of
Vienna were successfully treated with
ustekinumab. ADA, adalimumab;

IFX, infliximab.

y

Under IFX treatment
n=16

4

IFX and topical therapy

/

Under ADA treatment

=

ADA and topical therapy

n=16 n=5
v \ / h 4
Improvement No improvement Improvement | | No improvement
=11 n=5 n=2 n=3
Switch to ADA Switch to ustekinumab Switch to ustekinumab
n=3 n=2 n=3
v \
Improvement No improvement Allergy against ADA
n=1 n=1 =1
Switch to
certolizumab
=1
Y v h 4
No improvement » Switch to ustekinumab | ] Ustekinumab therapy
n=1 n=2 n=7
X
Improvementunder
ustekinumab therapy
n=7
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Table 3 Clinical and demographic details of patients treated with the anti-IL-12/IL-23 antibody ustekinumab

Patient no. Age Sex Type of IBD Type of skin lesions

CDAI before ustekinumab CDAI at week 16* Change of skin lesions

2 286 M (D Palmoplantar pustular psoriasis, psoriasis capilliti  N/A 84 ++
3 27 F (@) Diffuse alopecia 0 (complete remission) 0 (complete remission) +++
9 22 M O Palmoplantar psoriasis, alopecia 62 101 ++
1 20 M (D Guttate psoriasis, psoriasis capillitii 69 69t ++
12 30 F (@)) Pustular palmoplantar psoriasis 49 183% ++
14 61 M (D Psoriasis capillitii, features of psoriasis and LE 0 (complete remission) 508 +++
20 40 F (@) Palmoplantar psoriasis, psoriasis capillitii 313 2149 ++
48 F D Palmoplantar psoriasis with nail involvement 279 103 +++
B 31 F (@) Psoriasis inversa 341 348 ++

Severity of Crohn's disease was evaluated by using the Crohn’s Disease Activity Index (CDAI). Clinical improvement of psoriasiform skin lesion was determined by an independent
dermatologist using a semiquantitative score (— worsened; 0 no change; + slight improvement; ++ marked improvement; +++ healed).

*CDAI was calculated at week 16 after two ustekinumab injections (on the day of the third ustekinumab injection but before the third ustekinumab injection).

tThe patient is a stoma carrier. Therefore, the CDAI of this patient is shown without including the score for stool frequency into the total CDAI score.

+At week 16, the patient was diagnosed with Campylobacter jejuni infection.
§Three ustekinumab injections (45 mg at week 0, 45 mg at week 4, 90 mg at week 10).

9IPrior to week 16, the patient was treated with prednisolone due to a disease flare (20 mg for 1 week and then reducing the dose by 2.5 mg per week).

CD, Crohn's disease; f, female; IBD, inflammatory bowel disease; m, male.

induced palmoplantar psoriasis or anti-TNF-induced alopecia.
Detailed disease characteristics of all the patients are given in
the online supplementary information and are summarised
in table 3. Representative images of the skin lesions and their
improvement under ustekinumab therapy are shown in
figures 5-9 (figures 5, 7 and 8 online only). Interestingly, all
ustekinumab-treated patients who had severe psoriasiform
lesions were patients with CD.

Confirmation of the treatment efficacy of ustekinumab

in an independent patient cohort

Based on our treatment success of ustekinumab in anti-TNF-
induced psoriasiform skin lesions, we also treated two patients
with adalimumab-induced psoriasiform skin lesions from an
independent patient cohort (IBD centre of the Medical

Figure 6 Severe anti-tumour necrosis factor-induced alopecia in a
woman with Crohn's disease. (A) Psoriasiform skin lesions in the frontal
scalp region. (B) Severe loss of hair in the vertex region after three
injections of adalimumab. (C) and (D) Complete healing after three
injections of ustekinumab.

University Vienna) with the anti-IL-12/23 antibody ustekinu-
mab. Details of both patients (patient A and patient B) are given
in the online supplementary information and are summarised in
table 3. Representative images are shown in figure 10 (online
only). In both patients, the skin lesions showed an excellent
response to treatment with ustekinumab.

CD activity under ustekinumab therapy

The activity of CD was monitored in all nine patients treated
with ustekinumab and is shown for the first 16 weeks of usteki-
numab treatment in table 3. At start of ustekinumab therapy, six
patients were in remission (defined as CD Activity Index (CDAI)

Figure 9 Woman with severe anti-tumour necrosis factor-induced
palmoplantar psoriasiform skin lesions. (A) Severe infliximab-induced
plantar psoriasiform skin lesion. (B) Complete healing of the lesions
after therapy with ustekinumab and alitretinoin.
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<150), while three patients (33.3%) had active disease. At week
16 after the start of ustekinumab, the percentage of patients
with active disease was unchanged (33.3%), although two
patients with active disease at week 0 had a significant decrease
in their CDAI and one of these patients reached remission at
week 16. Conversely, one patient who was in remission at week
0 (CDAI=49) had an increase in disease activity (CDAI=183) at
week 16 (table 3). However, this patient was also diagnosed as
having a Campylobacter jejuni infection at week 16, suggesting
that the disease flare was (at least partially) caused by the
Campylobacter infection.

Analysis of IBD- and psoriasis-associated IL23R, IL23A

and IL12B gene variants

Considering the excellent treatment response seen with the
anti-IL-12/IL-23 antibody ustekinumab in all patients with
anti-TNF-induced skin lesions and the association of IL23R and
IL12B gene variants with both IBD and psoriasis,’>™'” we next
analysed whether IL23R, IL12B and IL23A gene variants are
associated with anti-TNF-induced psoriasiform skin lesions. In
our study, none of the patients had a family member with severe
psoriasis, which is statistically not different from the number of
expected psoriasis-affected family members (n<1, based on a
psoriasis prevalence of a maximum of 5% in IBD populations
and 2% in the general population; p=1.000, Fisher’s exact
test). Interestingly, in the study by Rahier et al,* 12.9% of the
patients with IBD with psoriasiform skin lesions had a positive
family history of psoriasis, which supports the hypothesis of
common susceptibility genes shared with psoriasis. Previously,
we and others demonstrated for 10 IL23R SNPs strong associa-
tions with CD and partly also with UC,'® ¢ and an association
with IL-22 serum levels.” Five of these 10 IL23R variants
increased the IBD risk, while five other variants decreased the
IBD risk.'® We therefore analysed whether these IL23R variants
are associated with psoriasiform skin lesions in patients with
IBD (table 4, online only). However, none of these variants was
overrepresented in patients with psoriasiform skin lesions.
Similarly, we did not find significant differences in the minor
allele frequencies of IL12B and IL23A variants (table 4, online
only), for which associations with IBD and/or psoriasis were
demonstrated previously.'” 333> However, all patients with
severe psoriasiform skin lesions and/or anti-TNF-induced alope-
cia, requiring ustekinumab therapy from the Munich IBD
centre, were G/G wildtype carriers for the rare coding IL23R
variant rs11209026 (p.Arg381Gln). The wildtype status of this
SNP is associated with increased Th17 cytokine production,>®”
3% while in carriers of the minor allele, the secretion of Th17
cytokines such as IL-22 is decreased.’ Similarly, there was a
trend towards a higher number of C/T heterozygotes of the
IL23R SNP rs7530511 (p.Leu310Pro) in the seven patients with
severe skin lesions requiring ustekinumab therapy compared
with anti-TNF-treated patients with IBD without skin lesions
(42.9% vs 21.6%; p=0.05).

Severe anti-TNF antibody-induced psoriasiform skin lesions
are characterised by infiltrates of IFNy-expressing Th1 cells
and IL-17A/IL-22-expressing Th17 cells, and the IL-17A
expression correlates with the requirement for ustekinumab
therapy

Given the response of all patients to anti-IL-12/IL-23 treatment,
the requirement of IL-23 for differentiation of Th17 cells,
and the G/G wildtype status of IL23R SNP rs11209026
(p-Arg381GlIn) in all patients with severe psoriasis requiring
ustekinumab, we performed a detailed histological analysis of

skin lesions regarding Th17 cell infiltrates in patients with
severe new-onset psoriasiform lesions. Representative images of
the immunohistochemical analysis including staining of control
patients with genuine (ie, not anti-TNF-a induced) plaque psor-
iasis are shown in figure 11 (online only) and online
supplementary figure S1. Characteristic histological features
found in the majority of patients with psoriasiform skin lesions
who underwent skin biopsy sampling were acanthosis, parakera-
tosis and hyperkeratosis, neutrophil infiltrates in the epidermis
and lymphohistiocytic infiltrates in the dermis (online
supplementary figure S1A; table 2, online only). The inflamma-
tory cell infiltrate in the skin was composed mainly of lympho-
cytes (figure 11A online; online supplementary figure S1B) and
particularly of CD4 lymphocytes (figure 11B online; online
supplementary figure S1C). In most patients, infiltrates of
IL-17A-secreting T cells (figure 11C online; online
supplementary figure S1D) and IL-22-secreting T cells (figure
11D online; online supplementary figure S1E) were detected.
This cytokine profile (IL-17A+/IL-22+) is characteristic of
Th17 cells?® In addition, we found strong infiltrates
of IFN-y-expressing Th1 cells in all patients (figure 11E online;
online supplementary figure S1F). We also found positive immu-
nostaining for IFN-o (figure 11F online; online supplementary
figure S1G), which has been implicated in the pathogenesis of
anti-TNF-induced psoriasiform skin lesions, and immunostain-
ing for TNF-a (figure 11G online; online supplementary figure
S1H), which has also been found to be a key player in the
pathogenesis of genuine (ie, not anti-TNF-induced) psoriasis.*

We performed semiquantitative analysis of immunostaining
for all antibodies used in this analysis (CD3, CD4, IL-17A,
IL-22, TFN-y, IFN-o, TNF-a; figure 12) and compared the cyto-
kine expression levels in patients with anti-TNF-o-induced psor-
iasiform skin lesions requiring ustekinumab with those of
patients who did not require ustekinumab. We also included
tissue from patients with non-anti-TNF-o-induced genuine
plaque psoriasis as controls, which showed a slightly denser
CD3 lymphocytic infiltrate than anti-TNF-induced psoriasiform
skin lesions but showed no significant differences in the expres-
sion of the investigated cytokines in comparison to biopsy tissue
from patients with anti-TNF-induced psoriasiform skin lesions
(figure 12). The only significant difference between patients
requiring ustekinumab compared with those not requiring uste-
kinumab was higher expression levels of infiltrating IL-17A+
T cells (p=0.001; figure 12C). All patients with moderate and
severe IL-17A staining (score 2 or 3) had very severe skin
lesions requiring systemic ustekinumab therapy, while only one
of the seven patients in the group with weak or no IL-17A
staining required systemic ustekinumab therapy (p=0.0047,
Fisher’s exact test for comparing the requirement of ustekinu-
mab therapy between the group with an IL-17A staining
score of 0 or 1 vs the group with a score of 2 and 3 com-
bined; figure 12H).

DISCUSSION

In this study, we demonstrate that anti-TNF antibodies, which
are approved for the treatment of psoriasis, may paradoxically
cause psoriasiform skin lesions in patients with IBD. This study
contributes significantly to our understanding of these lesions
and differs from previous retrospective case series for a number
of reasons. In contrast to previous studies, the data were col-
lected prospectively and all patients with skin lesions were seen
by the same board-certified dermatologist. This allowed for the
calculation of incidence rates of these lesions. We identified
smoking as the major risk factor for these lesions. In addition,
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Figure 12 Semiquantitative analysis of immunohistochemical staining
of anti-tumour necrosis factor (TNF)-induced psoriasiform skin lesions.
Semiquantitative analysis of (A) CD3, (B) CD4, (C) IL-17A (*p=0.001 for
ustekinumab treated vs no ustekinumab), (D) IL-22, (E) IFN-y, (F) IFN-o
and (G) TNF-o staining. The semiquantitative analysis was performed
blind to the clinical disease characteristics and blind to the information
of ustekinumab therapy. All 13 patients who underwent biopsy
sampling are included in this analysis. The staining intensity was
compared between patients with inflammatory bowel disease with
anti-TNF-induced skin lesions requiring ustekinumab (before
ustekinumab therapy; n=7) and patients without the need for
ustekinumab (n=6). Patients with genuine (not anti-TNF induced)
plaque psoriasis (n=3) served as controls. Semiquantitative evaluation
of the immunohistochemical stainings was performed using the
following grading: no staining (0), weak positive staining (1), moderate
positive staining (2) and strong positive staining (3) for the respective
antibody. (H) All patients with moderate or severe IL-17A staining were
found in the group of patients with anti-TNF-induced psoriasiform skin
lesions requiring ustekinumab (p=0.0047, Fisher's exact test for
comparing the requirement of ustekinumab therapy between the group
with an IL-17A staining intensity score of 0 or 1 vs the group with a
score of 2 and 3 combined). IFN, interferon; IL, interleukin.

this study contains a detailed histopathological analysis and pro-
vides, for the first time, evidence that Th1 and Th17 cells play a
key role in the pathogenesis of these lesions, suggesting similar-
ities in the pathogenesis of anti-TNF-induced psoriasiform skin

lesions and that of psoriasis. We also provide first proof of prin-
ciple that anti-IL-12/anti-IL-23 antibody therapy, which is direc-
ted against Th1 and Th17 cells, is highly effective in patients
with severe anti-TNF-induced psoriatic skin lesions. In addition,
we performed a detailed genotype analysis of IBD- and
psoriasis-associated IL23R, IL23, IL12B gene variants in patients
with anti-TNF-induced skin lesions.

Psoriasiform and eczematiform skin lesions are the most fre-
quently observed dermatological adverse events in patients
treated with anti-TNF antibody.* *' #* Several case series ana-
lysing severe skin lesions in patients with IBD caused by
anti-TNF inhibitors have been published.* ¢ **=*7 Due to the
retrospective nature of the majority of previous studies, the
exact prevalence of psoriasiform skin lesions in patients receiv-
ing anti-TNF antibodies is largely unknown. In our prospective
study, almost 5% of all anti-TNF-treated patients developed
psoriasiform skin lesions, which is consistent with data derived
from anti-TNF-treated patients with rheumatoid arthritis.*®
Rahier et al* extrapolated data from a French IBD centre and
suggested that the risk of developing inflammatory skin lesions
(psoriasiform or eczematiform) is around 5% in anti-TNF-
treated patients with IBD and the definitive need to withdraw
anti-TNF treatment due to uncontrolled skin lesions is around
19%. Similarly, in our study, in 7 of 434 anti-TNF-treated
patients with IBD (1.6%) anti-TNF treatment had to be
stopped due to severe skin lesions. In our study, most patients
with psoriasiform lesions had palmoplantar psoriasis, which
was also one of the most common skin manifestations in other
studies.* ©

Similar to our study, in which 90.5% of patients with
anti-TNF-induced psoriasis had CD, the majority of patients in
other studies were diagnosed with CD and not UC.* ® This is in
agreement with the clinical observation that there is a stronger
overlap between psoriasis and CD compared with UC, which
may be related to the stronger association of CD and psoriasis
with IL23R and IL12B SNPs than observed in UC.'® 7
However, considering the later approval for infliximab and ada-
limumab for the treatment of UC (compared with CD), this
may partially reflect a prescription bias of anti-TNF inhibitors in
patients with IBD.

Smokers seem to be especially prone to psoriasiform skin
lesions. In our study, 76.2% of the patients with psoriasiform
skin lesions were active smokers or ex-smokers. In multivariate
analysis, being a smoker or having a history of smoking was
the strongest predictive factor for developing psoriasiform
skin lesions (p=0.007; OR 4.24, 95% CI 1.55 to 13.60).
In addition, we identified an increased BMI as a risk factor for
developing these lesions (p=0.029; OR 1.12, 95% CI 1.01 to
1.24). Interestingly, smoking and an increased BMI have also
been shown to increase the risk for psoriasis,* suggesting simi-
larities in the disease pathogenesis of anti-TNF-induced psoriasi-
form skin lesions and psoriasis.

We had to stop anti-TNF therapy in 7 of 21 patients with skin
lesions (33.3%) due to the severity of lesions and the lack of effi-
cacy of topical therapy. In the study by Rahier ef al,* 40% of the
patients had to stop anti-TNF therapy despite a number of other
therapeutic manipulations. Similarly, in our study, switching from
infliximab to adalimumab improved the skin lesions only in one
patient, while in another patient the skin lesions did not improve
after switching from infliximab to adalimumab and then to
certolizumab. Discontinuing anti-TNF therapy as a major part of
treatment of anti-TNF antibody-induced palmoplantar pustulosis
has also been described in the Mayo study and other case
reports.*® > Overall, all currently approved anti-TNF inhibitors
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may cause psoriasiform skin lesions, suggesting that this is a
class-related side effect. In our study, the majority of patients
with skin lesions were treated with infliximab. However, this may
reflect the earlier approval and longer use of infliximab, which is
also shown by the fact that more patients without skin lesions
were treated with infliximab than adalimumab.

To unravel genetic risk factors associated with anti-TNF-
induced psoriasiform skin lesions, we performed a detailed geno-
typing analysis of IBD- and psoriasis-associated IL23R and IL12B
gene variants. Although there were nominally no significant dif-
ferences in the minor allele frequencies of these gene variants
when anti-TNF-treated patients with IBD with and without skin
lesions were compared, all patients with severe psoriasiform skin
lesions and/or anti-TNF-induced alopecia requiring ustekinumab
therapy were G/G wildtype carriers for the rare coding IL23R
variant rs11209026 (p.Arg381Gln). In contrast to carriers of the
rare minor A allele, this is associated with higher Th17 cytokine
production,®! suggesting a role of Th17 cells in the pathogenesis
of these skin lesions. A role for IL23R in the disease pathogenesis
of psoriasiform skin lesions has also been suggested by a study of
a smaller paediatric IBD cohort.>?

Currently, the pathogenesis of psoriasiform skin lesions caused
by anti-TNF therapy is only poorly understood. Considering that
TNF-a plays a key role in the pathogenesis of IBD and psoriasis,
the occurrence under anti-TNF therapy seems to be paradoxical.
According to one hypothesis, plasmacytoid dendritic cells
(pDCs) may play a role in the formation of anti-TNF antibody
induced psoriasiform lesions.”® pDCs have been described by us
in psoriasis lesions for the first time** and are known producers
of IFN-o. TNF-o inhibits pDC maturation from haematopoietic
progenitor cells and consequently inhibits IFN-o production.>®
Therefore, anti-TNF treatment may result in unlimited IFN-a
production by pDCs. In agreement with this hypothesis, we
found IFN-o protein expression in all patients who underwent
skin biopsy for sampling anti-TNF-induced psoriasiform skin
lesions. Similarly, increased IFN-a expression has been found in
the skin vasculature and in perivascular lymphocytic infiltrates of
skin lesions in patients treated with anti-TNF antibodies.’”
However, our immunohistochemical staining also demonstrates
TNF-a expression in the majority of patients. This suggests that
despite TNF-a inhibition being a trigger for psoriasiform skin
lesions, TNF-a participates in the secondary inflammatory skin
reaction which is similar to genuine psoriasis*® and consistent
with our analysis of TNF-o expression in patients with genuine
psoriasis (figure 12G). Other studies suggested that altered
lymphocyte migration caused by anti-TNF treatment may also
contribute to skin lesions through the expression of CXCR3
ligands.”® We recently demonstrated increased expression of
CXCR3 ligands in active IBD,’® which may be an additional risk
factor for developing these skin lesions.

In addition to these findings, our histological analysis revealed
for the first time an increased number of IFN-y-secreting Th1
and IL-17-/IL-22-secreting Th17 cells in anti-TNF-induced psor-
iasiform skin lesions. This is similar to the cytokine profile in
genuine psoriasis, in which increased expression of the Th17
cytokines IL-17A and IL-22 has been demonstrated.'* 7
Importantly, we found strong IL-17A expression significantly
more often in very severe psoriasiform skin lesions requiring
ustekinumab therapy than in less severe lesions responding to
topical therapy. Two very recent studies demonstrated that anti-
body therapy directed against IL-17A or its receptor IL-17RA is
effective in psoriasis.’® °° In addition to IL-17A, IL-22 plays a
key role in the pathogenesis of psoriasis'® ** ® and increases
the expression of proinflammatory genes in keratinocytes.®!

A clinical trial evaluating fezakinumab (ILV-094), an antibody
directed against IL-22, has been initiated in patients with psoria-
sis.®> Psoriasis is histologically characterised by hyperplasia of
the epidermis (acanthosis), infiltration of leukocytes into the
dermis and epidermis, and dilation and growth of blood
vessels,*® ¢ all features found in many of our patients who
underwent skin biopsy sampling. A recent study demonstrated
that IL-22 mediates IL-23-induced acanthosis and dermal
inflammation through the activation of STAT3 (signal transduc-
tion and activators of transcription 3) in vivo,** providing a
rationale for anti-IL-23 and anti-IL-22 therapy in psoriasis.
Based on our detailed histopathological analysis, we hypothesise
that Th1 and Th17 cells play a major role in the disease patho-
genesis of anti-TNF-induced psoriasiform skin lesions.
Additional studies are required to clarify the effects of type I
interferons on Th17 cytokines in the disease pathogenesis of
these lesions. For example, worsening of Th17 cell-mediated
psoriasis has been reported in patients with psoriasis and hepa-
titis C treated with type I IEN,®® while IFN-B may inhibit Th17
cell differentiation in mice.®® ¢’

This study is the first detailed report on the successful use
of the anti-IL-12/IL-23 antibody ustekinumab for anti-TNF-
induced psoriasiform skin lesions. Ustekinumab has been
approved for the treatment of plaque psoriasis in the USA and
Europe. Pilot trials and a large study indicate some efficacy in
CD.* In all nine patients treated with ustekinumab, psoriasi-
form skin lesions improved dramatically after the first two injec-
tions. Moreover, in the majority of these patients, CD activity
was controlled with ustekinumab. However, it is likely that CD
requires a higher ustekinumab dose than psoriasis for mainten-
ance of remission, which is currently being investigated in
ongoing trials. Inhibition of IL-23 also limits IL-17A and IL-22
production® and Th17 cytokine-induced skin and gut inflam-
mation, while inhibition of IL-12 limits Thl-induced IFN-y
expression. Due to the limited number of patients with psoriasi-
form skin lesions and considering the severity of skin lesions
and the complicated IBD in most patients, our study does not
contain a comparison group in which anti-TNF therapy was
stopped. However, the results of Rahier et al* suggest that stop-
ping anti-TNF therapy may be effective in many patients.
Interestingly, in one of the nine ustekinumab-treated patients
with psoriasiform skin lesions, there was a slight recurrence of
these lesions at the end of the ustekinumab injection interval,
which suggests that—at least in some patients—stopping
anti-TNF therapy is not sufficient to completely heal these
lesions. This could also be the case in patients who convert to
‘true’ (genuine) psoriasis, triggered by anti-TNF therapy.

In conclusion, new onset psoriasiform skin lesions develop in
approximately 5% of anti-TNF-treated patients with CD. Active
smoking or a history of being a smoker is the strongest predict-
ive factor for developing psoriasiform skin lesions. These lesions
are characterised by IFN-o expression and infiltrates of IL-17A/
IL-22-secreting Th17 cells and IFN-y-secreting Th1l cells.
Anti-IL-12/IL-23 antibody therapy is highly effective in treating
anti-TNF-induced psoriasis and psoriasiform alopecia. Given the
previously shown efficacy of anti-IL-12/IL-23 antibody therapy
in CD, ustekinumab may be a suitable alternative to anti-TNF
therapy in patients with CD with anti-TNF-induced psoriasi-
form skin lesions.
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