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Abstract

The IL-13 and IL-31 cytokines and inflammatory pathways have been identified as
important for atopic dermatitis (AD) pathophysiology. Monoclonal antibodies against IL-13
have been studied for the treatment of asthma since 2011. More recently, two phase two
trials have been completed with these antibodies in atopic dermatitis treatment. In both
trials, significant reductions of Eczema Area and Severity Index (EASI) scores were seen.
IL-31 is thought to play a role transmitting itch sensation to the central nervous system,
and blocking IL-31 activity reduces itch in atopic dermatitis patients. One phase two trial
has been completed for a humanized antibody against IL-31 receptor alpha, one subunit of

the IL-31 receptor complex. This study showed significant dose-dependent reductions in
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pruritus, EASI scores, and markers of sleep quality. Initial clinical trials for monoclonal
antibodies against IL-13 and IL-31 receptor A all show promise, although long term safety
and efficacy data are lacking. Nevertheless, these medications will likely play a role in the
treatment of moderate-to-severe atopic dermatitis.
Capsule Summary
» |L-13 and IL-31 cytokines and pathways have been identified as important for atopic
dermatitis pathobiology.
» Initial clinical trials for tralokinumab, lebrikizumab, and nemolizumab all show
promise.
* These medications will likely play a role in the treatment of moderate to severe
atopic dermatitis, especially when other more cost-effective treatments fail.

IL-13 Antagonists

Mechanism of Action

Interleukin (IL)-13 is a pleiotropic T helper (Th) 2 cytokine that has been implicated in the
pathogenesis of atopic dermatitis (AD), asthma, and pulmonary fibrosis.* IL-13 is
predominately released from Th2 cells, but may also be secreted from granulocytes and
monocytes/macrophages. Free IL-13 binds to the receptor unit IL-13Ral on all human
cells, but in particular on monocytes and B-cells.?* This results in recruitment of IL-4Ra,
and together the two receptors form a signal transducer,® which activates Janus kinase
(JAK)1, JAK2, signal transducer and activator of transcription (STAT)-1, STAT 3, STAT6
and STAT dimerization, and in turn gene transcription (Figure 1).! IL-13 binds with a
relatively reduced affinity to IL-14Ra compared to IL-4, and these two cytokines seem to
compete for receptor binding. Secreted IL-13, but not IL-4, also binds with very high

affinity to IL-13Ra2. This receptor has been proposed to represent a decoy as it has no



73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

cytoplasmic tail. However, in vivo studies have suggested that IL-13Ra2 is pro-
inflammatory, whereas in vitro observations have suggested that it could have inhibitory
activities, e.g. through attenuating IL-4 activities.> More research is clearly needed to
clarify the exact role of IL-13Ra2. Moreover, IL-13 can down-regulate skin barrier proteins
including filaggrin, and therefore further impair the skin barrier in AD.*° Notably, serum
periostin and dipeptidyl peptidase-4 (DPP-4) represent promising biomarkers for 1L-13
activation in epithelia.®

Efficacy data

Specific monoclonal antibodies that bind and neutralize secreted IL-13 have been studied
for AD treatment. A randomized, placebo-controlled, double-blind, clinical phase 2b dose-
ranging study was performed with subcutaneous injections of tralokinumab in 204 adult
patients with moderate-to-severe AD (Table 1).” Included patients had an Eczema Area
and Severity Index (EASI) score = 12, SCORIng Atopic Dermatitis (SCORAD) 225,
Investigator’'s Global Assessment (IGA) = 3 and affected body surface area 210%. The
primary outcomes were change from baseline in total EASI at week 12, percentage of
patients achieving an IGA score of 0 or 1 (clear or almost clear), and at least a 2-grade
reduction from baseline at week 12. The mean EASI scores at baseline in the treatment
groups were 24.8-27.3 After a 2 week run-in period with topical corticosteroids (TCS), a
dose of 300 mg tralokinumab every other week resulted in a significant improvement in AD
compared to placebo. Thus, the adjusted mean changes in EASI scores from baseline
were -15.7 and -10.8, in the tralokinumab and placebo groups, respectively (P=0.011).”
Moreover, 26% of patients in the tralokinumab group achieved an IGA of 0-1 compared to
12% in the placebo group, but the difference was non-significant. Compared with placebo,

tralokinumab therapy significantly decreased the pruritus numeric rating scale (P=0.002),
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EASI75 (P =0.003) and EASI50 (P =0.025) scores, the number of staphylococcus aureus
colonized patients (P =0.015), as well as the levels of periostin, TARC/CCL17 and serum
IgE (all P =0.001).” Patients with elevated DPP-4 at baseline, indicating increased IL-13
levels, showed a better response to tralokinumab. Importantly, and as opposed to the
dupilumab trials,® AD patients in the tralokinumab study applied mid-strength TCS
throughout the trial, which could limit insight in the true effect size of tralokinumab. Side-
effects in both treatment and placebo groups included nasopharyngitis (16.7%), upper
respiratory tract infection (9.3%), headache (6.4%) and exacerbation of AD (6.4%).”
Nasopharyngitis and headache appeared to occur more frequently in tralokinumab treated

patients, whereas upper respiratory tract infections occurred equally frequent.

A phase 2 randomized, double-blind, prospective, placebo-controlled, multicenter study
has also been performed for lebrikizumab in 18-75 year olds with moderate-to-severe AD
with inadequate response to TCS (Table 1).>*° Inclusion criteria included EASI 214, IGA >
3, AD affecting = 10% of the body surface area, and pruritus visual analogue scale (VAS)
= 3. The primary outcome was the proportion of patients that achieved a 50% reduction of
their AD severity (EASI 50) at week 12. A 2-week TCS run-in period was performed in all
patients, and a mid-potency TCS (triamcinolone acetonide 0.1% or hydrocortisone 2.5%
cream [only for lesions affecting the face and intertriginous areas]) was used twice daily on
lesional skin during the entire trial period. A total of 209 patients were randomized to
placebo + TCS (n=53), single dose 125 mg lebrikizumab + TCS (n=52), single dose 250
mg lebrikizumab + TCS (n=53), or 125 mg lebrikizumab every 4 weeks + TCS (n=51). The
EASIS5O0 in the four groups were, respectively, 62.3, 69.2, 69.8, and 82.4. The difference

was significant when comparing the placebo group and the 125 mg lebrikizumab injected



121 every 4 weeks. Moreover, when comparing patients receiving 125 mg lebrikizumab every
122 4 weeks + TCS with the placebo + TCS group, significantly more patients achieved

123 EASI75 and EASI9O0 in the lebrikizumab group. No detailed written information on side
124 effects has yet been published, but an oral presentation at the 2016 European Academy of
125 Dermatology and Venereology Congress showed slightly higher rates of injection site

126 reactions and herpes infections in the lebrikizumab-treated patients compared to placebo-
127 treated patients.'* The occurrence of conjunctivitis was 8% in the placebo group, and 13%
128 inthe 125 mg lebrikizumab single dose group, 10% in the 250 mg lebrikizumab single
129 dose group and, finally, 6% in the 125 mg lebrikizumab every 4 week group.*

130 Besides AD, monoclonal antibodies against IL-13 have been examined in pulmonary

131 fibrosis and trialed for Hodgkins lymphoma, ulcerative colitis, and asthma. In the pivotal
132 52-week lebrikizumab phase 3 studies (LAVOTA | and Il) in patients with asthma, only
133 LAVOLTA | met its primary endpoint and reduced asthma exacerbation rates.*? In this
134 study, increased periostin levels did not predict treatment success. Lebrikizumab therapy
135 caused an increase in blood eosinophil counts, most likely due to reduced migration into
136 tissue. While there was no difference in the frequency of serious adverse events between
137 the study groups, five events in the lebrikizumab groups were related to eosinophilia

138 (Churg-Strauss, eosinophilic pneumonia and otitis media).*

139

140 The incidence of herpes zoster was also higher among lebrikizumab treated patients.

141 Tralokinumab also failed to meets its primary endpoint in a phase 2b trial in patients with
142 asthma,® i.e. reduction of asthma exacerbations in patients with severe uncontrolled

143 disease. No relevant difference in the frequency of serious adverse events between

144  treatment and placebo groups was observed. However, increased eosinophilia was noted
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in the tralokinumab groups. Finally, the first of two pivotal phase 3 trials (STRATOS 1)
examining the effect of tralokinumab in reducing annual asthma exacerbation rate in
severe, uncontrolled asthma patients failed to meet its endpoint.™

IL-31RA Antagonist

Mechanism of Action

There is increasing evidence that the inflammatory cytokine IL-31, a member of the
gp130/IL-6 cytokine family, plays a key role in AD pathogenesis and disease
propagation.’**® In particular IL-31 is thought to mediate itch in AD patients.™ Like IL-13,
IL-31 is released primarily by Th2 cells, and in particular CD4+ Th2 cells, but also to a
lesser extent from eosinophils, dendritic cells, and macrophages.'**® Notably, IL-31 is also
released by skin-homing CD45R0O+ cutaneous lymphocyte-associated antigen-positive T
cells in individuals with AD.'" IL-31 signaling is accomplished when IL-31 binds to a
heterodimeric receptor complex composed of oncostatin M receptor § (OSMRf) and IL-31
receptor a (IL-31RA)(Figure 1).***° Activation of IL-31RA drives signaling through multiple
pathways, most notably though JAK, STAT3 and mitogen-activated protein kinase (MAPK)
in epithelial cells, but also to a lesser extent STAT1, STAT5, c-Jun N-terminal kinase
(JNK), and protein kinase-B (AKT).*®!819 |-31 activation of this complex also drives
signaling through the OSMR@ receptor, including additional JAK/STAT activity, as well as
the ERK1/ERK2, JNK, and phosphatidylinositol-3-kinase (PI3K)/AKT pathways.'®*°
Several studies have shown that both lesional and non-leasonal skin in AD patients has
increased expression of IL-31 and IL-31RA compared to skin of healthy volunteers.*”?%-%2
Similarly, there is increased serum IL-31 in patients with AD and increased levels of IL-31
producing lymphocytes.?*?* Both serum and skin IL-31 levels have been shown to

correlate with AD severity.**
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Efficacy Data

There are currently two medications in development for the treatment of AD that utilize this
IL-31 pathway. The first, nemolizumab, is a humanized antibody against IL-31RA that has
now gone through phase one and two clinical trials with significant success (Table 1).24%°
From December 2013 through April 2015 a randomized, double-blind, placebo-controlled,
12-week, dose-ranging study was performed with subcutaneous injections of nemolizumab
in 264 patients with moderate-to-severe AD, not adequately controlled by topical therapies.
Included patients had EASI scores of at least 10 and IGA of at least 3.%° Mean EASI
scores at baseline in the treatment groups were 28.2-32.4.?° In contrast to clinical trials on
IL-13 antagonists, the primary end point for this study was percentage improvement of
pruritus based on a visual analogue scale. From baseline to week 12, significant
reductions in pruritus were seen in all three primary treatment arms (those receiving 0.1,
0.5 or 2.0 mg/kg nemolizumab every four weeks). Percent reductions were -43.7% (P =
0.002) in the 0.1 mg/kg group, -59.8% (P<0.001) in the 0.5 mg/kg group , and -63.1%
(P<0.001) in the 2.0 mg/kg group, compared with -20.9% in the placebo group.?®
Significant dose-dependent reductions in pruritus score based on a verbal rating scale,
improvements in four measures of sleep quality, improvement in Dermatology Life Quality
Index and dose-dependent reduction in EASI score were also found. In particular, EASI
score reduction from baseline was -23.0+7.5% in the 0.1 mg/kg group, -42.3£7.3% in the
0.5 mg/kg group and -40.9£7.5% in the 2.0 mg/kg group, compared with 26.6% in the
placebo group.?® Patients who did not have any improvement in the pruritus VAS or in
eczematous skin changes at 4 weeks were allowed use of potent TCS as rescue therapy

which may have artificially improved the study’s results.?® A two-part phase one trial (BMS-
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981164) with a monoclonal antibody against IL-31 itself, as opposed to IL-31RA was
completed in 2015 but no data have yet been published (NCT01614756).%’

The safety and side-effects profile for nemolizumab were evaluated in both the phase one
and two trials.>*?® In the initial phase one trial, no severe adverse events were noted in
either the placebo or treatment groups. Common side effects in the treatment groups
included elevated aspartate transaminase, alanine transaminase, creatinine kinase or C-
reactive protein levels, myalgia, folliculitis, exacerbation of AD and pharyngitis or
nasopharyngitis.>* Across all nemolizumab treatment groups 39/87 (44.8%) of participants
reported at least one adverse event compared with 11/29 (37.9%) of those in placebo
groups. However, no dose-dependent increase in the incidence of any of the adverse
events was noted.?* Adverse events were slightly more common in the phase two trial,
with 36/53(68%) of patients receiving placebo reporting adverse events compared with
151/211 (71.6%) of patients in the treatment groups, but like in the phase one trial, no
clear dose-dependent relationship was seen. In contrast to the phase one trial, there were
2 severe adverse events reported in the placebo arm and 1, 3, and 2 events in the 0.1
mg/kg every 4 weeks, 2.0 mg/kg every 4 weeks and 2.0 mg/kg every 8 weeks arms,
respectively.?® Like in the phase one trial, adverse events included AD exacerbation,
nasopharyngitis, and increased creatinine kinase levels, but also upper respiratory tract
infection and peripheral edema. However, only AD exacerbation and peripheral edema
were more common in the nemolizumab treatment groups.?

Unlike some of the other biologics undergoing trials for efficacy in AD treatment such as
ustekinumab and secukinumab, neither nemolizumab nor any other biologic targeting the
IL-31 pathway has been studied in other diseases. While IL-31 has been implicated in the

pathogenesis of inflammatory bowel disease, cutaneous T-cell ymphoma, asthma and
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airway hypersensitivity, no clinical trials and limited in-vivo studies have been performed.?®
30

Conclusions

The IL-13 and IL-31 cytokines and pathways have been identified as important for AD
pathobiology. Initial clinical trials for tralokinumab , lebrikizumab, and nemolizumab all
show promise and in the future these medications will likely play a role in the treatment of
moderate to severe AD, especially when other more cost-effective treatments fail. Exactly
where they will fit in in the growing AD armamentarium is unclear. More research is
needed both into these medications’ safety and efficacy but also how they differ from other

new biologics in development for AD patients.
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226  Figure Legend:

227  Figure 1: IL-31 and IL-13 signaling pathways
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Table 1: Monoclonal antibodies against IL-13 and IL-31RA in development

Trade name Target | Trial Patient Results Reported adverse | Studied for use
population events in other
diseases
Tralokinumab | IL-13 Placebo- 204 patients | Significant reductions in | Nasopharyngitis, | Asthma,
controlled with EASI scores, increased | upper respiratory | idiopathic
12-week moderate-to- | % of patients achieving | tract infection, pulmonary
phase 2B severe AD a IGA of 0-1, decreased | headache, fibrosis,
trial’ pruritus exacerbation of ulcerative colitis,
AD alopecia areata
Lebrikizumab | IL-13 Placebo- 209 patients | Significant reductions in | Injection site Asthma, nasal
controlled with EASI and SCORAD reactions, herpes | polyposis,
12-week moderate-to- | scores zoster infections, | idiopathic
phase 2B severe AD conjunctivitis pulmonary
trial fibrosis, Chronic
(TREBLE)™ obstructive
pulmonary
disease
Nemolizumab | IL- Placebo 264 patients | Significant reductions in | AD exacerbation, | None
31RA | controlled with pruritus and EASI nasopharyngitis,
12-week moderate-to- | scores, improvement in | increased
phase 2 severe AD DLQI and sleep quality | creatinine kinase
trial®® levels, upper
respiratory tract
infection,
peripheral edema
BMS-981164 | IL-31 Placebo Healthy Not published Not published None
controlled, subjects and
16 week patients with
phase 1 moderate-to-

trial?’

severe AD
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