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Background: Itch, the most bothersome symptom in atopic dermatitis, is largely mediated by pruritogenic cytokines via
Janus kinase 1 signaling in cutaneous sensory neurons.

Objectives: The aims of the studywere to assess themagnitude and rapidity of itch relief with the Janus kinase 1 selective
inhibitor abrocitinib and to evaluate the extent to which the effect of abrocitinib on itch relief is independent of overall disease
improvement.

Methods: Pooled data from 1 phase 2b (NCT02780167) and 2 phase 3 (NCT03349060, NCT03575871) double-blind,
randomized, placebo-controlled monotherapy trials in moderate to severe atopic dermatitis (N = 942) were analyzed.

Results:Abrocitinib produced significant and clinicallymeaningful itch relief versus placebo fromweek 2 throughweek 12
(end of treatment) that was associated with marked sleep and quality-of-life improvements. Mean percentage reductions in
itch scores 24 hours after the first dose were greater for both abrocitinib doses (200 and 100 mg) versus placebo. Itch im-
provement occurred regardless of baseline itch severity, sex, race, body mass index, or Investigator Global Assessment re-
sponse, suggesting that abrocitinib-associated itch relief is at least partially independent of overall disease improvement.

Conclusions: Abrocitinib showed a rapid and profound antipruritic effect, partially independent of improvement in
overall disease.
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Atopic dermatitis (AD) is a common and heterogeneous chronic
inflammatory skin disease. Patients with AD are more likely

to be dissatisfied with life and have a poorer health rating than pa-
tients without AD, with the degree of dissatisfaction being propor-
tional to disease severity.1 Itch is the most bothersome symptom
for patients with AD.1,2 Chronic itch (ie, itch lasting >6 weeks) is
a central feature of AD and has a profoundly negative impact on
quality of life (QoL).1,3–5 Daily itch is common, and more pro-
nounced in the evenings.6 Although oral antihistamines are
broadly used to treat itch associated with AD, there is minimal ev-
idence to support their efficacy, and they are likely used for their
ability to promote somnolence, thereby overcoming nocturnal
itch.7,8 In a recent systematic review and network meta-analysis,
cyclosporine and dupilumab were associated with moderate (stan-
dardized mean difference, −0.8 for both) improvements in itch
compared with placebo, whereas azathioprine and methotrexate
were associated with smaller (standardized mean difference, −0.2
to −0.3) improvements.9

The maintenance of chronic itch in mammals relies on neuronal
Janus kinase 1 (JAK1) signaling. Janus kinase 1 simultaneously pro-
motes the neuronal signaling of T helper type 2 (TH2) inflammatory
cytokines (ie, interleukin [IL] 4 and IL-13) and the responsiveness of
these same pruriceptive skin sensory neurons to a variety of other
itch-inducing factors (eg, IL-31).10 The anti-itch effects of JAK1 inhibi-
tion aremediated predominantly through direct neuronal JAK1 inhibi-
tion rather than through the suppression of skin inflammation.10

Keratinocyte-derived thymic stromal lymphopoietin (TSLP), which is
also dependent on JAK1 for intracellular signaling, has been shown
to directly activate cutaneous sensory neurons to promote itch.11 Thus,
selective JAK1 inhibition represents a strategy to simultaneously sup-
press multiple cytokine-mediated itch circuits in AD and alleviate itch
indirectly (ie, by decreasing inflammation) and directly (ie, through in-
hibition of neuronal signals).
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Abrocitinib is an oral once-daily JAK1 selective inhibitor under
investigation for the treatment of moderate to severe AD. In addi-
tion to inhibiting signaling of IL-4 and IL-13, abrocitinib inhibits
signaling of other cytokines (eg, IL-31, IL-22, TSLP) important in
AD pathogenesis and itch via shared reliance on JAK1 for intracel-
lular signaling.12,13 This analysis was conducted to assess the efficacy
and speed of action of abrocitinib on itch relief in AD and the degree
to which these anti-itch effects are mediated independently of over-
all disease improvement.
METHODS

Study Designs

Data were pooled for patients who received abrocitinib 200 mg,
abrocitinib 100 mg, or placebo in 3 abrocitinib monotherapy trials
for the treatment of moderate to severe AD, including a phase 2b
trial (NCT02780167) and 2 phase 3 trials (JADE MONO-1,
NCT03349060; JADE MONO-2, NCT03575871). Patients were
randomly assigned 1:1:1:1:1 in the phase 2b study to receive
abrocitinib (200, 100, 30, or 10mg) or placebo and 2:2:1 in the phase
3 studies to receive abrocitinib (200 or 100 mg) or placebo. The
primary end point in the phase 2b study was the proportion of
patients achieving Investigator Global Assessment (IGA) re-
sponse (clear [0] or almost clear [1] with ≥2-grade improvement)
at week 12; the coprimary end points in the phase 3 studies were the
proportion of patients achieving IGA response and the proportion of
patients achieving 75% or more improvement in Eczema Area and Se-
verity Index (EASI14), both at week 12. The 3 trials had similar study
designs,15 and complete details of the study designs can be found
elsewhere.16–18

Study Participants

Study participants were patients aged 18 to 75 years (phase 2b) or
12 years or older (phase 3) with clinical diagnosis of moderate to se-
vere AD (IGA ≥3, EASI ≥12 [phase 2b] or ≥16 [phase 3], percentage
of body surface area involvement [%BSA] ≥10, Peak Pruritus Numer-
ical Rating Scale [PP-NRS19; used with permission from Regeneron
Pharmaceuticals, Inc, and Sanofi] ≥4 [phase 3 only]) for 1 or more
years and recent (within 12 months in phase 2b; within 6 months
in phase 3) history of inadequate response to topical medications
(corticosteroids or calcineurin inhibitors) given for 4 or more weeks
or an inability to receive topical treatment because it wasmedically in-
advisable. Previous dupilumab use was permitted in all 3 studies if it
had been discontinued for more than 6 weeks before study initiation.
Patients who previously used JAK inhibitors within 12 weeks (phase
2b) or ever (phase 3) or oral immunosuppressant agents (ie, cyclo-
sporine, azathioprine, methotrexate, mycophenolate mofetil, and sys-
temic corticosteroids) within 4 weeks or 5 half-lives (whichever was
longer) were excluded. Rescue medication, including topical cortico-
steroids, was prohibited during the study. Full inclusion and exclusion
criteria are published elsewhere.16–18
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The study protocol and informed consent documents were re-
viewed and approved by the institutional review board and/or inde-
pendent ethics committee at each of the investigational sites. All
patients provided written informed consent. The study was con-
ducted in accordance with the ethical principles of the Declaration
of Helsinki, the International Council for Harmonization Good
Clinical Practice guidelines, and all local regulatory requirements.

Assessments and End Points

For phase 2b trial, Pruritus-NRS (self-report of itch in the last 24 hours)
was assessed daily for the first 15 days, and for 2 phase 3 trials, PP-NRS
(self-report of worst itch in the last 24 hours) scores were recorded
daily by patients in an eDiary for the first 15 days. Afterward, for all
3 trials, Pruritus-NRS/PP-NRS (hereafter referred to as PP-NRS for
simplicity) was assessed only on study visit days at weeks 4, 6 (phase
2b only), 8, and 12. Additional end points measured at these
study visits were the IGA, EASI, SCORing of Atopic Dermatitis
(SCORAD),20 and Dermatology Life Quality Index (DLQI,21 for pa-
tients aged ≥18 years). The SCORAD includes a sleep instrument
surveying sleep quality over the preceding 3 nights rated using a
patient-reported visual analog scale (VAS) from no sleeplessness
(0) to worst imaginable sleeplessness (10).

The proportion of patients achieving 4-point or greater reduc-
tion in PP-NRS (PP-NRS4) at weeks 2, 4, 8, and 12 were measured
in all trials; values at weeks 2, 4, and 12 were key secondary end
points (multiplicity controlled) in the phase 3 trials. Subgroup mul-
tivariate analyses stratified by baseline characteristics (ie, itch sever-
ity, sex, race, and body mass index [BMI]) were performed. The
proportions of patients achieving PP-NRS 0/1 (ie, near resolution
of itch) and/or DLQI 0/1 (ie, no effect on QoL) at week 12; percent-
age change from baseline in PP-NRS scores at days 2–15 and
at weeks 4 (day 29 ± 2), 8 (day 57 ± 3), and 12 (day 85 ± 3); times
to PP-NRS4 response and 3-point or greater reduction in PP-NRS
(PP-NRS3); and changes from baseline in mean SCORAD sleep
VAS scores at week 12 were also calculated. A mediation analysis
was performed to estimate the direct effect of abrocitinib on itch re-
lief (ie, PP-NRS4 response) independent of overall disease improve-
ment (ie, IGA response).

Statistical Analysis

The primary analysis population for efficacy was the full analysis set,
which included patients who received 1 or more doses of randomized
treatment with abrocitinib 200mg, abrocitinib 100mg, or placebo. Bi-
nary end points were analyzed using the Cochran-Mantel-Haenszel
test, adjusted by randomization strata. Patients who permanently
discontinued the studywere defined as nonresponders at all visits after
the last observation. Continuous end points were analyzed using a
mixed-effects model with repeated measures based on all observed
data. The model included factors for treatment group, randomization
strata, visit, treatment-by-visit interaction, and relevant baseline
value. No explicit imputations were made for missing data, and the
mixed-effects model with repeated measures yielded valid inferences
under assumption of missing data at random mechanism. Times
to achieve PP-NRS3 and PP-NRS4 responses were analyzed using
Kaplan-Meier methods based on observed data only (no imputa-
tions) with times to event censored at treatment discontinuation
or last observation if no response was achieved. Subgroup analyses
by baseline characteristics were performed for the week 12 PP-NRS4
response. A multivariate, linear regression analysis was performed to
assess the factors associated with PP-NRS4 response at week 2. Factors
included in this model were study treatment, age group, sex, race, re-
gion of participation, baseline %BSA group, baseline IGA, baseline
EASI group, baseline PP-NRS4 group, baseline BMI, baseline comor-
bidities (yes/no), and previous use of AD medications (systemic/
topical). A mediation analysis22 was performed to estimate the direct
effect of abrocitinib on PP-NRS4 response and the indirect effect of
abrocitinib on PP-NRS4 response mediated through IGA response
(mediator). The percentage of direct effect of the total effect was re-
ported based on this analysis.
RESULTS

Demographics and Baseline Disease Characteristics

Overall, 942 patients received abrocitinib 200mg (n = 363), abrocitinib
100 mg (n = 369), or placebo (n = 210) and were included in this
analysis. The median age was 31 years (range = 12–84 years), and
13.2% were adolescents. Most patients were male (56.2%) and
White (66.3%). Of the patients, 62.7% had moderate disease (IGA
3), and 37.3% had severe disease (IGA 4). The mean (SD) baseline
EASI score was 28.8 (12.7), and the median (range) %BSA was 43
(10–100). The median (range) DLQI was 14 (1–30), and 43.7% of
the patients had used systemic treatment in the preceding year, of
whom 4.8% had used dupilumab. The mean (SD) PP-NRS score
was 7.0 (1.9). When stratified by baseline disease severity, the mean
(SD) PP-NRS scores were 6.7 (1.9) and 7.5 (1.9) for moderate (IGA 3)
and severe (IGA 4) disease, respectively.

The baseline characteristics and demographics of patients were
similar among the 3 individual trials.15

Rapid and Clinically Meaningful Itch Improvement
With Abrocitinib Versus Placebo

After 12 weeks of abrocitinib monotherapy, 57.3% (200 mg), 42.9%
(100 mg), and 16.5% (placebo) of the patients experienced clinically
meaningful itch improvement (PP-NRS4; Fig. 1). Regardless of
baseline characteristics, higher PP-NRS4 response was observed in
both abrocitinib groups compared with placebo at week 12 (Fig. 2).
On multivariate analysis, the female patients (difference in response
rate [95% confidence interval] = 3.1% [−2.6% to 8.8%]) and the pa-
tients with more severe baseline itch (PP-NRS = 8–10; 11.9% [6.2%
to 17.7%]) had a higher PP-NRS4 response rate (Fig. S1, http://links.
lww.com/DER/A73).

Twenty-four hours after receiving the first dose (day 2), the
mean percentage reductions in PP-NRS scores were greater for both

http://links.lww.com/DER/A73
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Figure 1. The PP-NRS4 response. Formal hypothesis testing was not performed for monotherapy pool. Formal hypothesis testing performed in
phase 3 trials MONO-1 and MONO-2 for the key secondary end point (PP-NRS4 response at weeks 2, 4, and 12): abrocitinib 200 mg and
100 mg were superior to placebo at all time points (P < 0.05 for all). CI, confidence interval; PP-NRS4, 4-point or greater improvement in Peak Pru-
ritus Numerical Rating Scale.
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doses of abrocitinib versus placebo; this difference was maintained
through week 12 (Fig. 3). Overall, the median time to achieving a
PP-NRS3 response was 9, 13, and 59 days after initiating abrocitinib
200mg, abrocitinib 100mg, and placebo, respectively. For PP-NRS4
response, the median time to response in the 200- and 100-mg
groups was 15 and 57 days, respectively; the median time to response
in the placebo group was beyond the duration of the study (Fig. 4). A
significant proportion of the patients also achieved itch-free or vir-
tually itch-free status (ie, PP-NRS 0/1) at week 12 with abrocitinib
200 or 100 mg (36.6% and 23.4%, respectively) compared with pla-
cebo (5.3%).

Abrocitinib Itch Relief Is Associated With Marked
Improvements in Disease-Related QoL and Sleep

Achievement of PP-NRS4 response was a strong driver for improve-
ment in disease-related QoL. Among PP-NRS4 responders at week
12, similar proportions of the patients achieved DLQI 0/1 (ie, no ef-
fect on QoL) regardless of treatment (49.0%, 41.7%, and 37.9% for
abrocitinib 200 mg, abrocitinib 100 mg, and placebo, respectively).
Likewise, the PP-NRS4 nonresponders at week 12 were similarly
Figure 2. The PP-NRS4 response at week 12 subgroup analyses: baselin
interval; PP-NRS, Peak Pruritus Numerical Rating Scale; PP-NRS4, 4-poin
unlikely to achieve DLQI 0/1 regardless of treatment (9.4%, 4.9%,
and 4.8%, respectively). Among the patients receiving either dose
of abrocitinib who achieved itch-free or virtually itch-free status at
week 12, proportions of the patients achieving DLQI 0/1 were
86.8%, 71.0%, and 83.3% for abrocitinib 200 mg, abrocitinib 100 mg,
and placebo, respectively. For these same patients, the median
SCORAD sleep VAS scores improved from 5.4, 5.9, and 6.0 at
baseline, respectively, to 0.0 for all groups at week 12.

Abrocitinib-Associated Itch Relief Occurs Partially
Independent of Overall Disease Improvement

To explore whether the observed anti-itch effects of abrocitinib were
independent of an anti-inflammatory effect, the proportion of the
patients who experienced overall disease improvement (IGA response)
was compared with the proportion of the patients who experienced
clinically meaningful itch improvement (PP-NRS4 response) at weeks
2 and 12. Among the patients who achieved IGA response at week 2,
58.3% (200 mg), 38.6% (100 mg), and 15.4% (placebo) also achieved
a week 2 PP-NRS4 response. However, 32.1% (200 mg), 19.9%
(100mg), and 5.3% (placebo) of the week 2 IGA nonresponders still
e itch severity, sex, race, and BMI. BMI, body mass index; CI, confidence
t or greater improvement in Peak Pruritus Numerical Rating Scale.



Figure 3. Least squares mean percentage change from baseline in PP-NRS. CI, confidence interval; PP-NRS, Peak Pruritus Numerical Rating Scale.
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achieved a PP-NRS4 response at this time (Table S1, http://links.
lww.com/DER/A74). At week 12, 86.1% (200 mg), 81.3% (100 mg),
and 61.5% (placebo) of the IGA responders achieved PP-NRS4 re-
sponse, whereas 43.7% (200 mg), 34.3% (100 mg), and 19.5% (pla-
cebo) of the IGA nonresponders still achieved PP-NRS4 response
(Table S1, http://links.lww.com/DER/A74). For either dose, approxi-
mately 62% of the total treatment effect on PP-NRS4 response at
week 12 could be attributed to the treatment, whereas approximately
38% was attributable to an indirect effect mediated through overall
disease improvement.
DISCUSSION

We demonstrated that abrocitinib induces rapid, profound, and
clinically meaningful itch relief both associated with and indepen-
dent of overall disease improvement as measured by IGA response.
Itch relief was generally observed regardless of baseline itch severity,
sex, race, or BMI. A considerable percentage of patients achieved
itch-free or virtually itch-free status by week 12, which was also asso-
ciated with a significant improvement in sleep and disease-relatedQoL.
Itch relief seems to have been mediated by both a direct effect of
Figure 4. Time to achieve PP-NRS3 and PP-NRS4 response. Values repr
improvement in Peak Pruritus Numerical Rating Scale; PP-NRS4, ≥4-point
abrocitinib (ie, neuronal JAK1 inhibition) and an indirect effect via
overall disease improvement (ie, IGA response). This is supported by
a recent report of marked itch relief in patients with no evidence of
skin inflammation or primary dermatologic disorders treated with
the JAK1/3 inhibitor tofacitinib.23 The dynamics of AD itch relief
occurring independently of improvement in overall disease sever-
ity is further supported by recent work investigating how proin-
flammatory mediators promote itch.10,24,25 In a 2017 study,
Oetjen et al10 demonstrated that the maintenance of chronic itch
in mammalian skin sensory neurons relies on JAK1, which simul-
taneously promotes neuronal signaling of TH2 inflammatory cyto-
kines (eg, IL-4, IL-13) and the neuronal responsiveness to other
itch-inducing factors (eg, IL-31).10 As such, antipruritic effects of
JAK1 inhibition are mediated predominantly through direct neu-
ronal JAK1 inhibition rather than through the suppression of skin
inflammation.10 Keratinocyte-derived TSLP (also dependent on JAK1
for intracellular signaling) directly activates cutaneous sensory neurons
to promote itch.11

The emergence of dupilumab, an injectable monoclonal antibody
against the common IL-4 and IL-13 receptor, has shown the impor-
tance of these TH2 inflammatory cytokines in AD pathophysiology
esent median (95% CI). NE, not evaluable; PP-NRS3, 3-point or greater
improvement in Peak Pruritus Numerical Rating Scale.
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and has enhanced treatment options available for patients with moder-
ate to severe AD.26 Nevertheless, fewer than 40% of dupilumab-treated
patients achieve IGA and/or PP-NRS4 responses at week 16.26 In addi-
tion, the majority of itch improvement (as measured by PP-NRS4) is
observed after week 2, with much of the improvement happening after
week 4.26 In contrast, themajority of itch improvementwith abrocitinib
occurred in the first 2 weeks. These cross-study findings indicate that
targeting a broader set of pruritogenic cytokines may result in faster
and more profound itch relief that is mediated through a combination
of direct effects on cutaneous sensory neurons and indirect effects via
improvement of skin inflammation and overall disease severity. How-
ever, additional research is necessary to confirm this.

Limitations of these analyses include the short duration of the
trials (12 weeks) and that patients were not allowed to use topical
medications, which may not reflect real-world clinical practice. In
addition, there was a key limitation to accurately estimate the
median time to PP-NRS4 response observed for abrocitinib 100 mg;
assessments were daily for the first 15 days, but thereafter, the as-
sessment was less frequent (days 29, 57, and 85). Therefore, the true
median time to PP-NRS4 response for abrocitinib 100 mg may be
between day 16 and day 56.

CONCLUSIONS

Abrocitinib rapidly and profoundly relieves AD itch, partially inde-
pendent of overall disease severity, which is associated with marked
improvements in sleep- and disease-related QoL. These findings sup-
port that the anti-itch effects of abrocitinib are likely mediated both
directly through neuronal JAK1 inhibition and indirectly through
suppression of skin inflammation and subsequent improvement of
overall disease severity. This may be explained by the dependence
of pruritogenic cytokines on JAK1 signaling in skin sensory neurons
and the capacity of this signaling to also enhance the responsiveness
of sensory neurons to a variety of pruritogenic stimuli. Whether
broader targeting of such cytokines via selective JAK1 inhibition re-
sults in additional or more rapid anti-itch activity in AD will be ad-
dressed in forthcoming studies that directly compare dupilumab
and abrocitinib in the treatment of moderate to severe AD.
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