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This entry briefly describes the recent drugs for the treatment of atopic itch.

Atopic dermatitis Itch

| 1. Background

Atopic dermatitis (AD) is a common chronic inflammatory skin disorder with a complex pathophysiology and clinical
heterogeneity in the age of its onset, morphology, and the distribution and severity of lesions L2, The prevalence
of AD is approximately 4% in adults and 10% in children, with 50% developing persistent skin disease as adults 2!,
The pathophysiology of AD involves complex interactions between epidermal barrier disruption, skin microbiome

dysbiosis, and altered type 2 immune responses 2141,

| 2. Treatment for Itch in AD

Despite numerous and extensive studies of the pathophysiology of itch in AD, currently available systemic
treatments have limited potency and restricted use due to safety concerns. Newly emerging biologic agents may
become superior AD treatments, and their efficacy and safety are now being investigated in systematic reviews and
meta-analyses. At the time of writing, dupilumab was the only biologic therapy being extensively investigated, and
although other drugs were promising, available data were insufficient. Longer follow-ups and larger population
studies are required to obtain reliable biologic safety profiles [2l. Recently developed biologic agents related to type

2 inflammation for the treatment of itch in AD are summarized in Table 1.

Table 1. Therapeutic potential of the biologic agent-type 2 inflammation-related regulation of itch in atopic

dermatitis.
Mediator Mechanism Drug Status il References
Effects
Improvement
Approved in pruritus
) for NRS by 24
IL-4, Ant-lL- Dupilumab moderate-  points; IGA, elzEal
IL-13 4Ra
to-severe EASI,
AD (FDA) SCORAD,
DLQI
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Mediator Mechanism Drug Status Effects References

Improvement
in pruritus
NRS by >4

points; EASI,
IGA, BSA,

POEM

IL-13 Anti-1L-13 Lebrikizumab Phase 2b

Improvement
in pruritus
NRS by >4
Tralokinumab Phase 3 points; IGA, [11]12]
BSA, EASI,
SCORAD,
POEM

IL-31 Anti-IL-31 BMS-981164 Phase 1 Data not yet https://clinicaltrials.gov/ct2/show/NCT01614756 (accessed on 15

released September 2021)
Improvement
A;;:'(;_ Nemolizumab ~ Phase 3 \/I,Zgra;t;g_ [L3114][15][16]
60%
O e
Japan and in pruritus —
. NRS by 24
JAK JAK1/JAK2 Baricitinib u;zgrggi‘ng points; IGA, https://clinicaltrials.gov/ct2/results?
inhibitor phase 3 EASI, cond=Atopic+Dermatitis&term=baricitinib&cntry=&state=&city=&dist=
tials in SQORAD, (accessed on 15 September 2021)
other skin pain,
) POEM, DLQI
countries
Approved
JAK1, for AD in
JAK2 Japan; ~ 'mPprovement e N
' . ! in pruritus https://clinicaltrials.gov/ct2/show/NCT049498417?
JAKS, and Delgocitinib undergoing . _ o _ . . _ _
atyrosine 0.5% (topical) phase 3 NRS points; term=delgocitinib&cond=Atopic+Dermatitis&draw=2&rank=6
. o IGA, EASI, (accessed on 15 September 2021)
kinase 2 trials in BSA
inhibitor other
countries
T Improvement
iiﬁ:;ilt/; 21/?32';22) Phase2a  in ISI; EASI, [21]
PGA, BSA
JAK1 Abrocitinib Phase 3 Improvement [22(23]
inhibitor (oral) in pruritus
NRS by >4
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Mediator Mechanism Drug Status Effects References
points; IGA,
EASI
Improvement
e in pruritus
Up""(?)":;l')“”'b Phase 3  NRS by >4 [24](25](26]
points; IGA,
EASI
Improvement
in the
Approved severity nd IL-13
PDE4 Crisaborole for mild-to- pruritus [271[28][29] ected on
PDE4 inhibitor 2% (topical) moderate scale & NRS
AD (FDA)[32]  points; 'pendent
IGA, AD
signs, DLQI 1€ genes
Improvement (23] ns were
in pruritus 6117
NRS points leli] and 2)
Anti- iiltwh:csa_IeD' [39] nCIUding
TSLP TSLPR Tezepelumab Phase 2a EASI. IGA, ol @@].
SCORAD
(Numerical
improvement Is 135]136]
*) .
Improvement 'rtICUIarly
Phase 2a  [35H3@)&ch 1eed for
#L-33 e ) proof-of- scores; 31 _
Anti-IL-33 Etokimab concept EASI, akly with
study SCORAD, )
IGA, DLQI arvations

for AEs are advised 238, Dupilumab was the first biologic to be approved by the US Food and Drug Administration
(FDA) as the first-line treatment for moderate-to-severe AD in patients aged 6 years and older in the USA and it

has also been approved for use in patients aged 12 years and older in the EU 4132,

The mechanism of action of dupilumab does not only involve the IL-4/IL-13 pathways. Mack et al. performed the
high-dimensional immune profiling of patients with AD and found deficiencies in specific subsets of natural killer
(NK) cells. NK cell defects were reversed after the blockade of type 2 cytokines in patients with AD. A treatment
with dupilumab was associated with the significant recovery of NK cells, as confirmed by clinical flow cytometry,
ST R S N e ey = S R
Apimmynareauiptory roje fn ype 2 infpmmation n AD, possiily viaghe l:4 nathway 56 o erity Index; SCORAD=
i?é?lﬂnﬁtﬁfﬁi_cl%ermatitis; DLQI= Dermatology Life Quality Index; VAS = Visual Analog Score; ISI = Itch Severity
Item; BSA = Body Surface Area; POEM = Patient-Oriented Eczema Measure.

Anti-IL-13 interrupts type 2 immune signaling by directly binding to soluble IL-13 L9 Agents for anti-IL-13 activity
include lebrikizumab, which selectively hinders the establishment of the IL-13Ral/IL-4Ra heterodimer receptor
signaling complex 29, and tralokinumab, which specifically binds to IL-13, thereby preventing any interplay with the

IL-13 receptor and subsequent downstream IL-13 signaling (111,
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A phase 2b placebo-controlled randomized clinical trial (RCT) on patients with moderate-to-severe AD
demonstrated that a 16-week treatment with lebrikizumab significantly improved pruritus NRS by >4 points, clinical
scores, and QoL in a dose-dependent manner with good safety 9. In two parallel 16-week phase 3 (ECZTRAL
and 2) trials on moderate-to-severe AD adults, tralokinumab monotherapy was more effective than a control
treatment after 16 weeks (improvement in pruritus NRS by >4 points, sleep interference, QoL, and clinical signs),
and was tolerated well at 52 weeks 22, An additional phase 3 (ECZTRAR) trial on these patients demonstrated that
the combination of tralokinumab and topical corticosteroids (TCS) as needed was effective and achieved similar
favorable outcomes and AEs to those in ECZTRAL and 2 111,

2.3. Anti-IL-31 Signaling
2.3.1. Anti-IL-31

An agent targeting IL-31 for clinical use (BMS-981164) was examined in a phase | study between 2012 and 2015

41 however, the findings obtained were not released until now (https://clinicaltrials.gov/ct2/show/NCT01614756,

accessed on 15 September 2021).

2.3.2. Anti-IL-31RA

Nemolizumab is a subcutaneously administered humanized mAb against IL-31Ra, which is involved in itch in AD
41 Among IL-31 strategies to alleviate pruritus, only nemolizumab has successfully completed late-stage clinical
studies. This drug binds to IL-31Ra in cells such as neurons, blocking the binding of IL-31, which inhibits IL-31
signaling 2. Moreover, nemolizumab has been investigated for the refinement of sleep, daily functioning, and QoL

disruptions in patients with AD 141,

In an RCT, double-blind phase I/Ib study, the administration of nemolizumab as a single subcutaneous dose
improved the pruritus visual analog score (VAS) score to approximately 50% by week 4, in contrast to 20% by a
control treatment. It improved sleep comfort and decreased the need to use hydrocortisone butyrate. Furthermore,

there were no serious AEs or discontinuation due to AEs [13],

In a phase 2 trial, nemolizumab significantly improved the pruritus VAS score (43.7%) vs. control (20.9%), which
was inadequately controlled by topical treatments in moderate-to-severe AD patients. The incidence and types of
AEs in the nemolizumab group were similar to those in the placebo group, except for exacerbations in AD and
peripheral edema, which were more prevalent in those receiving nemolizumab 3. In a phase 2B 24-week RCT
study, nemolizumab achieved improvements in pruritus NRS by >4 points, the NRS-sleep scale, Investigator
Global Assessment (IGA) response, EASI score, and SCORAD 26!,

In a 16-week double-blind phase 3 trial, moderate-to-severe pruritus AD patients with an inadequate response to
topical agents showed greater improvements in the pruritus VAS score with the subcutaneous administration of

nemolizumab plus topical agents (42.8%) than with placebo plus topical agents (21.4%). Injection-site reactions
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were more common in the nemolizumab group than in the placebo group. Longer and larger trials to establish the

long-lasting impact and safety of nemolizumab for AD are needed 24!,
2.4. JAK Inhibitors

The JAK and signal transducer and activator of transcription (JAK-STAT) pathway is used by cytokines as an
intracellular signaling pathway. The phosphorylation, dimerization, and translocation of specific STAT proteins
occur in the nucleus after the activation of JAK proteins, and each JAK protein then communicates with numerous
cytokine receptors involved in inflammatory diseases 42, The JAK-STAT pathway has been reported to encompass
several tyrosine kinase proteins that interact with the common y-chain of cytokine receptors and generate cytokine-

mediated responses, and is essential for T helper 2 cell differentiation 221431,

Baricitinib, an oral selective JAK1/JAK2 inhibitor, was the first oral JAK inhibitor to progress to phase 3 clinical trials
for AD 44l In two multicenter, double-blind, phase Il monotherapy trials (BREEZE-AD1 and BREEZE-AD2) on
moderate-to-severe AD adults, baricitinib attenuated the clinical signs of AD within 16 weeks with the prompt
amelioration of itch. AEs were similar between the baricitinib and control groups 14, In another phase 3 RCT
(BREEZE-AD7), moderate-to-severe AD adults with an inadequate response to TCS therapy who received 4 mg of
baricitinib plus TCS showed significant improvements in pruritus NRS by >4 points, the signs and symptoms of AD,
sleep, skin pain, and QoL. The safety profile was similar to that reported in previous studies on baricitinib for AD
(18] Baricitinib has been approved for AD in Japan and the EU, and is being investigated in phase 3 trials in other

countries (https://clinicaltrials.gov/ct2/results?cond=Atopic+Dermatitis&term=baricitinib&cntry=&state=&city=&dist=,

accessed on 15 September 2021).

Delgocitinib (formerly JTE-052) is a novel, small-molecule JAK inhibitor that is being developed in Japan. It exerts
inhibitory effects on JAK1, JAK2, JAK3, and tyrosine kinase 2 2. In a phase 3 RCT, double-blind open-label study,
0.5% delgocitinib ointment improved pruritus NRS points (daytime and nighttime) as well as clinical signs and
symptoms with good safety for up to 28 weeks in Japanese adults with moderate-to-severe AD 9], A Jong-term
study of the safety and efficacy of this ointment revealed that it was tolerated well and effectively improved pruritus
NRS points up to 52 weeks 29, Delgocitinib has been approved for the treatment of AD in Japan. It is being
investigated in phase 3 trials elsewhere (https://clinicaltrials.gov/ct2/show/NCT049498417?

term=delgocitinib&cond=Atopic+Dermatitis&draw=2&rank=6, accessed on 15 September 2021).

Tofacitinib citrate, an oral small-molecule JAK1/3 inhibitor that was initially approved to treat rheumatoid arthritis,
acts by blocking Th2 cytokine signaling (IL-4, -5, and -13). Tofacitinib is presently being examined for its potential
as a treatment for AD 2. The efficacy of topical tofacitinib was evaluated in 69 adults with mild-to-moderate AD in
a phase 2a, double-blind RCT. Tofacitinib 2% ointment showed significantly higher efficacy than a control treatment

for improvements in the Itch Severity Item score and clinical signs, with the early onset of effects and tolerable AEs
[21]
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Oral selective JAK1 inhibitors, such as abrocitinib and upadacitinib, have been shown to alleviate itch and clinical
manifestations in patients with moderate-to-severe AD. Two phase 3 RCTs demonstrated that abrocitinib
monotherapy for 12 weeks was effective and tolerated well, e.g., improvements in pruritus NRS by >4 points, EASI,
and IGA responses [22123] Upadacitinib has been approved for moderate-to-severe active rheumatoid arthritis, and
may disrupt JAK1 signaling followed by the Th2 cytokines involved, thereby alleviating chronic itch 2423l |n a
phase 2B dose-ranging RCT, 30 mg of upadacitinib was shown to improve pruritus NRS by >4 points as well as
clinical manifestations 24, The combination of upadacitinib and TCS in a phase 3 double-blind AD study achieved

similar clinical outcomes 22 and was tolerated well (28],

2.5. A Phosphodiesterase 4 (PDE4) Inhibitor

PDE4 inhibitors decrease cyclic adenosine monophosphate concentrations, which reduces the production of
proinflammatory cytokines involved in AD. Crisaborole 2% ointment was the first nonsteroidal PDE4 inhibitor used
to treat mild-to-moderate AD . Two pivotal phase 3 28-day, double-blind RCTs of crisaborole 2% in mild-to-
moderate AD adults showed the earlier achievement and greater proportion of itch improvements (measured by the
severity of pruritus scale and IGA scores) [ZZ. Moreover, a post hoc analysis revealed the significantly earlier

achievement of itch management by crisaborole than by a control treatment 28],

Another study reported that crisaborole reversed the biomarker profiles of skin inflammation (e.g., Th2 and
Th17/Th22 axes) and improved barrier function (e.g., immune cell infiltration and epidermal
hyperplasia/proliferation) with good clinical efficacy (pruritus NRS and clinical signs), thereby supporting the
therapeutic benefits of targeting PDE4 in AD patients 22, Crisaborole 2% ointment was approved by the FDA for

the treatment of mild-to-moderate AD in infants aged 3 months and older.

2.6. Anti-TSLP

Tezepelumab (AMG 157) is a human anti-TSLP monoclonal immunoglobulin G2A that specifically binds to human
TSLP and inhibits interactions with its receptor 8. In a double-blind, placebo-controlled study, a treatment with
tezepelumab attenuated allergen-induced bronchoconstriction and indexes of airway inflammation before and after
an allergen challenge in mild allergic asthma patients “€. A phase 2 clinical trial conducted among patients
receiving long-acting beta-agonists and medium-to-high doses of inhaled glucocorticoids showed lower rates of
clinical asthma exacerbation by tezepelumab than by a placebo. The incidence of AEs was similar among trial

groups 471,

A phase 2a study on tezepelumab- or placebo plus TCS-treated moderate-to-severe AD adults reported slight
improvements (clinical signs and pruritus) from the control following 12 weeks of treatment, and greater responses
at 16 weeks. In tezepelumab vs. placebo groups, pruritus NRS were 33.54 vs. 25.41 (p = 0.258), EASI50
responses were 64.7% vs. 48.2% (p = 0.091), and SCORAD50 were 41% vs. 29.4% (p = 0.219), respectively 9.,
Overall, these findings suggest that targeting TSLP is beneficial for the treatment of asthma, but may not be as

effective at attenuating dermatitis-related itch.
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2.7. Anti-IL-33

A previous study evaluated the efficacy of vaccination against IL-33 in a house dust mite (HDM)-induced airway
inflammation mouse model. The inhibition of HDM-induced airway hyperresponsiveness and inflammation and the
production of inflammatory cytokines were observed after the vaccination against IL-33 &l In a 6-week placebo-
controlled phase 2a study, a single dose of etokimab, an anti—-IL-33 biologic, was administered to desensitize
peanut-allergic adults. The findings obtained revealed the safety of etokimab, and that a single dose of etokimab
may desensitize peanut-allergic individuals and attenuate atopy-related AEs 49, Chen et al. investigated the
efficacy of etokimab in a proof-of-concept clinical study among moderate-to-severe AD. A single intravenous dose
of 300 mg of etokimab achieved improvements in 5D itch scores, EASI, SCORAD, IGA, and DLQI 29 days after
drug administration and was generally tolerated 1. The inhibition of IL-33 appears to be effective for alleviating

allergic disease symptoms, including AD; however, further studies on its efficacy are needed.
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