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Abstract

Background Atopic dermatitis (AD), a highly pruritic, inflammatory skin disease, affects approximately 7% of adolescents
globally. A topical formulation of ruxolitinib, a Janus kinase (JAK) 1/JAK?2 inhibitor, demonstrated safety and efficacy among
adolescents/adults in two phase 3 studies (TRuE-AD1/TRuE-AD?2).

Objective To describe safety and efficacy of 1.5% ruxolitinib cream versus vehicle and long-term disease control of ruxoli-
tinib cream among adolescents aged 12—17 years from pooled phase 3 study data.

Methods Patients [> 12 years old with AD for > 2 years, Investigator’s Global Assessment score (IGA) 2/3, and 3-20%
affected body surface area (BSA) at baseline] were randomized 2:2:1 to ruxolitinib cream (0.75%/1.5%) or vehicle for 8
weeks of continuous use followed by a long-term safety (LTS) period up to 52 weeks with as-needed use. Patients origi-
nally applying vehicle were rerandomized 1:1 to 0.75%/1.5% ruxolitinib cream. Efficacy measures at week 8 included IGA
treatment success (IGA-TS; i.e., score of 0/1 with > 2 grade improvement from baseline), > 75% improvement in Eczema
Area and Severity Index (EASI-75), and > 4-point improvement in itch numerical rating scale (NRS4). Measures of disease
control during the LTS period included IGA score of 0 (clear) or 1 (almost clear) and percentage affected BSA. Safety was
assessed throughout the study.

Results Of 1249 randomized patients, 245 (19.6%) were aged 12—17 years. Of these, 45 patients were randomized to vehi-
cle and 92 patients to 1.5% ruxolitinib cream. A total of 104/137 (75.9%) patients continued on 1.5% ruxolitinib cream in
the LTS period [82/92 (89.1%) continued on 1.5% ruxolitinib cream; 22/45 (48.9%) patients on vehicle were reassigned
to 1.5% ruxolitinib cream], and 83/104 (79.8%) of these patients completed the LTS period. At week 8, substantially more
patients who applied 1.5% ruxolitinib cream versus vehicle achieved IGA-TS (50.6% versus 14.0%), EASI-75 (60.9% versus
34.9%), and NRS4 (52.1% versus 17.4%; P = 0.009). The mean (SD) reduction in itch NRS scores was significantly greater
in patients applying 1.5% ruxolitinib cream versus vehicle from day 2 [—0.9 (1.9) versus —0.2 (1.4); P = 0.03]. During the
LTS period, mean (SD) trough steady-state ruxolitinib plasma concentrations at weeks 12/52 were 27.2 (55.7)/15.5 (31.5)
nM. The percentage of patients achieving IGA score of 0 or 1 was sustained or further increased with 1.5% ruxolitinib cream;
mean affected BSA was generally low (< 3%; i.e., mild disease). Through 52 weeks, application site reactions occurred in
1.8% of adolescent patients applying 1.5% ruxolitinib cream at any time; no patients had serious adverse events. There were
no serious infections, malignancies, major adverse cardiovascular events, or thromboembolic events.

Conclusions Meaningful anti-inflammatory and antipruritic effects were demonstrated with 1.5% ruxolitinib cream in the
subset of adolescent patients with AD, comparable with those observed in the overall study population; long-term, as-needed
use maintained disease control and was well tolerated.

Clinical Trial Registration ClinicalTrials.gov identifiers NCT03745638 (registered 19 November 2018) and NCT03745651
(registered 19 November 2018).
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Treatment with 1.5% ruxolitinib cream in adolescent
patients with mild-to-moderate atopic dermatitis had
anti-inflammatory and antipruritic effects comparable
with those observed in the overall study population.

Long-term intermittent use of ruxolitinib cream was
well tolerated and provided disease control in adolescent
patients with atopic dermatitis.

1 Introduction

Atopic dermatitis (AD) is a highly pruritic, inflammatory
skin disease [1] that typically begins in childhood. Glob-
ally, the prevalence of AD is approximately 7% in adoles-
cents from 12 to < 18 years old, although reported rates
vary [2—4]. AD can negatively impact several aspects of the
quality of life (QoL) of children and adolescents, including
sleep quality (e.g., sleep disturbance), school performance,
and neurobehavioral function [5-7].

Available topical treatments for AD in adolescents
include corticosteroids, calcineurin inhibitors, and phos-
phodiesterase-4 (PDE4) inhibitors [8, 9]. Although topical
corticosteroids (TCS) are a common first-line treatment,
their use is limited by potential adverse events (AEs) and
toxicities that increase with long-term use [8]. In addition,
topical calcineurin inhibitors (TCI) and PDE4 inhibitors
have been associated with stinging and burning [8, 10]. In
a retrospective study of patients applying topical therapy
(including TCS, TCI, and the PDE4 inhibitor crisaborole),
AD in 24% of adolescent patients was not well controlled
per physician assessment. In the same study, physician- and
patient-reported treatment dissatisfaction was approximately
40% and 25%, respectively [11]. Thus, there is a need for
improved topical treatments for adolescents that are better
tolerated and provide enhanced disease control.

Janus kinases (JAKs) modulate inflammatory cytokines
involved in the pathogenesis of AD [12, 13]. Ruxolitinib is a
selective inhibitor of JAK1 and JAK?2 [14]; 1.5% ruxolitinib
cream is approved in the USA for the treatment of patients
12 years of age or older with mild-to-moderate AD, as well
as in the USA, United Kingdom, and the European Union for
nonsegmental vitiligo [15-17]. In two phase 3 randomized,
double-blind, multicenter studies of identical design [TRuE-
ADI1 (NCT03745638) and TRuE-AD2 (NCT03745651)],
ruxolitinib cream demonstrated anti-inflammatory activity
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with antipruritic action versus vehicle and was well-tol-
erated during the 8-week vehicle-controlled (VC) period
and 44-week long-term safety (LTS) period in the overall
population (adolescents and adults) with AD [18, 19]. Here
we report the safety and efficacy of 1.5% ruxolitinib cream
(the approved formulation strength in the USA [15]) versus
vehicle through week 8 and long-term disease control with
1.5% ruxolitinib cream monotherapy through week 52 in a
subset of adolescents using pooled data from the two phase
3 studies.

2 Methods
2.1 Study Design and Patients

The TRuE-AD1 (NCT03745638) and TRuE-AD2
(NCTO03745651) studies were conducted in ten countries
in North America and Europe, and the methods have been
previously published [18, 19]. Eligible patients were aged
12 years or older and had AD for more than 2 years, an
Investigator’s Global Assessment (IGA) score of 2 or 3, and
3-20% affected body surface area (BSA; excluding scalp).
Patients were excluded if they had an unstable course of
AD, other types of eczema, immunocompromised status,
or used systemic or topical therapies for AD (except bland
emollients) during the washout period.

Patients were randomized (2:2:1) to either ruxolitinib
cream at 0.75% twice daily (bid) or 1.5% bid, or vehicle
cream bid for 8 weeks of double-blinded treatment (VC
period). Patients were instructed to continue treating lesions
during the VC period, even if they improved. At week 8,
patients on ruxolitinib cream continued treatment for 44
additional weeks in the LTS period; patients initially rand-
omized to vehicle were rerandomized after week 8 (1:1) to
0.75% or 1.5% ruxolitinib cream. During the LTS period,
patients were instructed to treat skin areas with active AD
only and stop treatment 3 days after clearance of lesions.
Patients were to restart treatment with ruxolitinib cream at
the first sign of recurrence. Rescue treatment was not permit-
ted at any time during the study.

AEs of interest, those adverse events associated with oral
JAK inhibitors, were assessed in patients who applied rux-
olitinib cream at any time during the study. AEs of interest
included notable serious infections [e.g., pneumonia, sepsis,
coronavirus disease 2019 (COVID-19), and tuberculosis],
malignancies, major adverse cardiovascular events (MACE),
thrombosis, cytopenias (e.g., erythropenia, thrombocytope-
nia, and neutropenia), thrombocytosis, viral skin infections
[e.g., herpes zoster (HZ), herpes simplex virus (HSV), and
molluscum contagiosum], lipid elevations, and liver enzyme
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elevations. When AEs of interest were identified, the poten-
tial association with ruxolitinib cream was assessed through
review of pharmacokinetic data available at the onset of the
AE.

2.2 Assessments

Efficacy assessments in the VC period included the percent-
age of patients achieving IGA treatment success (IGA-TS;
defined as achieving an IGA score of 0 or 1 with a > 2-point
improvement from baseline) and the percentage of patients
achieving a > 50%, > 75%, and > 90% improvement from
baseline in Eczema Area Severity Index (EASI-50, EASI-75,
and EASI-90, respectively). IGA-TS and EASI-75 responses
were compared by age groups (12—17 years, 18—64 years,
and > 65 years) at week 8.

Itch numerical rating scale (NRS) score was reported each
evening by the patients, using an electronic diary; patients
were instructed to report their worst level of itch during the
past 24 h period from O (no itch) to 10 (worst imaginable
itch). The effect of ruxolitinib cream on itch was assessed
by the percentage of patients achieving a > 2-point (minimal
clinically important difference) or > 4-point (moderate dif-
ference) change in itch NRS score from baseline (itch NRS2
and itch NRS4, respectively) throughout the VC period and
the time to achieve NRS2 or NRS4 [20-22]. Itch NRS4
response was compared by age groups at week 8. Itch was
also evaluated using item 1 of the Patient-Oriented Eczema
Measure (POEM) at baseline and weeks 2, 4, and 8. POEM
is a seven-question quality-of-life assessment that evaluates
how many days the patient was bothered by various aspects
of their disease during the past 7 days [23].

The effect of ruxolitinib cream on sleep was evaluated by
the percentage of patients achieving a > 6-point improve-
ment in the Patient-Reported Outcomes Measurement Infor-
mation System Sleep-Related Impairment Score (PROMIS
8a) or Patient-Reported Outcomes Measurement Informa-
tion System Sleep Disturbance Score (PROMIS 8b) through-
out the VC period [24].

The effect of ruxolitinib cream on QoL was assessed by
mean scores in the children’s version of the Dermatology
Life Quality Index (CDLQI; patients 12—15 years old) or
the DLQI (patients 16 and 17 years old) at each study visit,
with higher scores indicating greater impact on QoL [25].

Disease control during the LTS period was evaluated by
the percentage of patients who achieved an IGA score of 0 or
1 [skin clear or almost clear of AD (i.e., no or minimal skin
lesions)] and the mean percentage of BSA affected by AD.

Safety and tolerability assessments included the fre-
quency of reported treatment-emergent adverse events
(TEAES), treatment-related adverse events (TRAES), appli-
cation site reactions, serious adverse events (SAEs), and

frequency of AEs leading to treatment discontinuation. All
TEAEs were graded according to Common Terminology
Criteria for Adverse Events version 4.03.

Other assessments included exposure to drug during the
VC period (as measured by quantity of cream used per week
and steady-state trough plasma concentrations, including
comparison by age groups), the time off treatment during
the LTS period in patients who completed the 52-week study
period (calculated as a proportion of the full LTS period
(i.e., approximately 44 weeks), and the time to retreatment
following complete clearing of skin lesions [IGA score of 0
at week 8 (end of the VC period)].

2.3 Statistical Analyses

Data were pooled from TRuE-AD1 and TRuE-AD2. The
efficacy and disease control populations excluded patients
from one study site for quality issues. The safety population
included all randomized patients who applied the study drug
at least once.

Statistical significance for daily itch NRS scores and
for mean changes from baseline in CDLQI and DLQI
were assessed using analysis of variance and covariance,
respectively. The percentages of patients achieving IGA-TS,
EASI-50, EASI-75, EASI-90, NRS2, NRS4, or > 6-point
improvement in PROMIS 8a or PROMIS 8b scores were
evaluated using logistic regression, and data for IGA-TS
and EASI-50/75/90 were analyzed by descriptive statistics.
Patients with missing postbaseline values were imputed as
nonresponders at weeks 2, 4, and 8. For the assessment of
NRS2 and NRS4, only patients with baseline NRS scores >
2 or > 4, respectively, were included. Cumulative incidence
plots were created for time to NRS2 or NRS4, and compari-
sons were made across treatment groups using a log-rank
test. In the PROMIS 8a or 8b analyses, only patients with
a PROMIS 8a or 8b score > 6 at baseline were included.
Disease control data (IGA 0/1 and BSA) are reported as
observed.

3 Results
3.1 Patient Disposition

Of 1249 randomized patients included in the trials, a sub-
set of 245 (19.6%) were aged 12—17 years at baseline. Of
these, 45 patients were initially randomized to vehicle and
92 patients to 1.5% ruxolitinib cream; at week 8, 104/137
(75.9%) patients continued on 1.5% ruxolitinib cream [82/92
(89.1%) continued to apply 1.5% ruxolitinib cream; 22/45
(48.9%) patients originally assigned to vehicle switched to
1.5% ruxolitinib cream].
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withdrawal by patient [z = 15 (14.4%)] and lost to follow-up
[n =4 (3.8%)]; lack of efficacy was not reported as a primary

Among the 104 patients on 1.5% ruxolitinib cream in the
LTS period, 83 (79.8%) completed the study (Fig. 1). The

most common reasons for treatment discontinuation were

Randomized patients aged 12-17 years

n=245

0.75% ruxolitinib cream,
n=108

Discontinued, n=3:
+ Withdrawal by patient, n=2
+ Lost to follow-up, n=1

Completed
treatment

n=19 (86.4%)

1.5% ruxolitinib

n=82

Discontinued, n=18:

Withdrawal by patient, n=13
Lost to follow-up, n=3
Noncompliance with study drug,
n=1

Other, n=1

Fig. 1 Patient disposition. LTS long-term safety. VC vehicle controlled
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Completed
treatment

n=64 (78.0%)

Vehicle .
- cream VC period
n=45
n=92
Discontinued, n=4: Discontinued, n=3:
+  Withdrawal by patient, n=3 Withdrawal by patient, n=3
+ Lost to follow-up, n=1
Completed treatment Completed treatment
n=41 (91.1%) n=89 (96.7%)
Did not continue [ Did not continue -
into LTS, n=2 into LTS, n=7
Vehicle to 0.75% ruxolitinib |__|
cream, n=17
Vehicle to 1.5% 1.5%
ruxolitinib cream n=22 ruxolitinib cream LTS period
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reason for treatment discontinuation by any patient applying
1.5% ruxolitinib cream during the LTS period.

3.2 Baseline and Clinical Characteristics

Distribution of baseline demographics and clinical charac-
teristics was similar across treatment groups (Table 1). In the
1.5% ruxolitinib cream group, median (range) age was 15.0
(12-17) years, 59 (64.1%) patients were female, 72 (78.3%)
were white, and 13 (14.1%) were Black. At baseline, mean
[standard deviation (SD)] affected BSA was 10.4% (6.0) and
mean (SD) itch NRS score was 4.3 (2.4); 69 (75.0%) patients
had a baseline IGA score of 3.

Table 1 Patient demographics and baseline clinical characteristics

3.3 Drug Exposure and Efficacy in the VC Period

During the VC period, patients randomized to 1.5% rux-
olitinib cream applied a median [interquartile range (IQR)]
of 20.1 (11.8-41.1) g of cream per week. The mean (SD)
trough steady-state plasma concentration (Cy) of ruxoli-
tinib averaged over weeks 2, 4, and 8 was 34.3 (48.8) nM
(Fig. 2A) and mean (SD) bioavailability was 5.2% (5.7%).
Mean (SD) ruxolitinib C, was similar across age groups
among patients applying 1.5% ruxolitinib cream [18-64
years, 33.7 (46.4) nM; > 65 years, 57.2 (112) nM].

At week 8, considerably more patients on 1.5% ruxoli-
tinib cream versus vehicle achieved IGA-TS [44/87 (50.6%)

Characteristic Adolescents
Vehicle 1.5% ruxolitinib
(n=45) cream (n = 92)

Age, median (range), years 14.0 (12-17) 15.0 (12-17)

Female, n (%) 23 (51.1) 59 (64.1)

Race, n (%)*

White 33 (73.3) 72 (78.3)
Black 11 (24.4) 13 (14.1)
Asian 1(2.2) 3(3.3)
Other 0 4(4.3)

Region, n (%)

North America 31 (68.9) 64 (69.6)
Europe 14 (31.1) 28 (30.4)

BSA, mean (SD), % 10.8 (5.3) 10.4 (6.0)

EASI, mean (SD) 8.2 (5.0) 8.0(5.2)

1GA, n (%)

2 13 (28.9) 23 (25.0)
3 32 (71.1) 69 (75.0)

Itch NRS score, mean (SD)" 4.52.4) 43 (2.4)
>2,n(%) 36 (80.0) 72 (78.3)
>4,n (%) 24 (53.3) 50 (54.3)

PROMIS sleep-related impairment score (8a), mean (SD)° 14.9 (4.9) 16.3 (6.0)
>6,n (%) 41 (91.1) 89 (96.7)

PROMIS Sleep Disturbance score (8b), mean (SD)° 16.7 (5.0) 17.1 (5.4)
>6,n (%) 38 (84.4) 87 (94.6)

Duration of disease, median (range), years 11.4 (2.9-16.9) 13.0 (2.4-17.9)

Facial involvement, n (%) 19 (42.2) 41 (44.6)

Number of flares in last 12 months, mean (SD) 6.7 (6.8) 6.2 (6.9)

BSA body surface area, FASI Eczema Area and Severity Index, /GA Investigator’s Global Assessment, NRS numerical rating scale, PROMIS

Patient-Reported Outcomes Measurement Information System
Patient self-identification

"Data missing from six patients at baseline (vehicle, n = 4; 1.5% ruxolitinib cream, n = 2)

“Data missing from seven patients at baseline (vehicle, n = 4; 1.5% ruxolitinib cream, n = 3)

4Minimum score for PROMIS 8a and 8b in this study was 8

®Data missing from 12 patients at baseline (vehicle, n = 7; 1.5% ruxolitinib cream, n = 5)
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281 nM = level above which bone marrow
suppression may be induced

300 .
2501
» 200 57.2
%1%-
@ 100- 343 33.7
[ =
é 501
04 I
-50 1
-100-
12-17 years =65 years
(n=89) (n=38)

Age Group

Fig.2 Mean (SD) C of ruxolitinib A by age group during the VC
period and B at weeks 12 and 52 for patients 12—17 years during the
LTS period. The ICs, for TPO-stimulated phosphorylated STAT3
inhibition was included from results from the phase 1 publication

versus 6/43 (14.0%); Fig. 3A). This was also true for the
secondary endpoints EASI-50 [73/87 (83.9%) versus 21/43
(48.8%); Fig. 3B), EASI-75 [53/87 (60.9%) versus 15/43
(34.9%); Fig. 3C), and EASI-90 [34/87 (39.1%) versus 3/43
(7.0%); Fig. 3D) at week 8. In addition, the efficacy out-
comes of IGA-TS and EASI-75 were similar between ado-
lescents and adults (Fig. 3E and F).

At week 8, no clear difference in sleep quality was noted
with 1.5% ruxolitinib cream versus vehicle as measured
by the percentage of patients who achieved a > 6-point
improvement in PROMIS 8a [13/84 (15.5%) versus 6/39
(15.4%); Supplementary Fig. 1A] or PROMIS 8b score
[11/82 (13.4%) versus 8/36 (22.2%); Supplementary
Fig. 1B].

Mean itch NRS score decreased rapidly among patients
who applied 1.5% ruxolitinib cream with evidence of a treat-
ment effect observed as early as day 1 (approximately 12 h
after first application; Fig. 4A). In addition, a significantly
greater reduction in itch versus vehicle was observed on day
2, approximately 36 h after the first application of 1.5% rux-
olitinib cream [mean (SD) change from baseline, —0.9 (1.9)
versus vehicle, —0.2 (1.4); P = 0.03]. Further reductions in
itch NRS scores were observed throughout 8 weeks.

Among patients with baseline itch NRS score > 2,
NRS?2 by day 3 was achieved by significantly more patients
who applied 1.5% ruxolitinib cream versus vehicle [28/62
(45.2%) versus 6/33 (18.2%); P = 0.009]. Most patients
applying 1.5% ruxolitinib cream achieved NRS2 by week
4; this effect was maintained to week 8 (Fig. 4B). Median
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[95% confidence interval (CI)] time to achieve NRS2 was
significantly shorter for patients who applied 1.5% rux-
olitinib cream versus vehicle [3.5 (3.0, 4.0) days versus
15.5 (5.0, 51.0) days; P = 0.0002; Fig. 4C). Similarly,
among patients with baseline itch NRS score > 4, signifi-
cantly more patients who applied 1.5% ruxolitinib cream
versus vehicle achieved a substantial reduction in their
itch level (NRS4) by day 4 [10/41 (24.4%) versus 1/22
(4.5%); P = 0.048]. At week 8, 25/48 (52.1%) patients
treated with 1.5% ruxolitinib cream versus 4/23 (17.4%)
with vehicle achieved itch NRS4 (P = 0.009; Fig. 4D). Itch
NRS4 achievement was similar between adolescents and
adults (Fig. 4E). Median (95% CI) time to achieve NRS4
was significantly shorter for 1.5% ruxolitinib cream versus
vehicle [7.0 (5.0, 16.0) days versus 38.0 (16.0, not estima-
ble) days; P = 0.0006; Fig. 4F). Finally, at week 8 more
patients applying 1.5% ruxolitinib cream versus vehicle
reported 0 days of itch in the previous 7 days, as assessed
by POEM Q1 [33/84 (39.3%) versus 5/38 (13.2%); Sup-
plementary Fig. 2].

Regarding the effect of ruxolitinib cream on adolescent
patients’ QoL, mean (SD) change from baseline in CDLQI
at week 8 was significantly greater for 1.5% ruxolitinib
cream versus vehicle [— 6.0 (6.5) versus —2.3 (6.3); P
= 0.0012; Supplementary Fig. 3] in patients aged 12—15
years. In patients aged 16—17 years, mean (SD) change
from baseline in DLQI at week 8 trended toward signifi-
cance for 1.5% ruxolitinib cream versus vehicle [— 5.1
(4.3) versus —4.3 (4.6); P = 0.06].
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«Fig.4 Itch assessments: A mean daily itch NRS score, B percentage
of patients achieving itch NRS2, C time to achieve NRS2, D per-
centage of patients achieving itch NRS4, E percentage of patients
achieving itch NRS4 at week 8 by age group, and F time to achieve
NRS4. BL baseline, NRS numerical rating scale, NRS2 > 2-point
improvement in itch NRS score from baseline (i.e., minimally clini-
cally important difference), NRS4 > 4-point improvement in itch NRS
score from baseline (i.e., more substantial improvement). **P < 0.01
versus vehicle. *#*#P < 0.0001 versus vehicle. "Patients with missing
postbaseline scores were imputed as nonresponders. Patients in the
analysis had an itch NRS score > 2 at baseline. *Patients in the analy-
sis had an itch NRS score > 4 at baseline

3.4 Drug Exposure and Disease Control in the LTS
Period

During the LTS period, patients who switched from vehicle
to 1.5% ruxolitinib cream applied a median (IQR) of 13.6
(7.5-26.6) g of cream per week. Patients originally rand-
omized to 1.5% ruxolitinib cream applied a median (IQR)
of 14.0 (8.8-29.9) g. Mean (SD) trough Cj of ruxolitinib at
weeks 12 and 52 was 27.2 (55.7) nM and 15.5 (31.5) nM,
respectively (Fig. 2B).

The percentage of patients with clear or almost clear skin
(IGA 0/1) was sustained or further increased during the LTS
period with as-needed use of ruxolitinib cream (Fig. 5A).
For patients who continued on 1.5% ruxolitinib cream from
the VC period, 53/77 (68.8%) had clear or almost clear skin
at week 8; 48/63 (76.2%) had clear or almost clear skin at
week 52. Among patients who switched from vehicle to
1.5% ruxolitinib cream during the LTS period, the percent-
age of patients with clear or almost clear skin was substan-
tially increased at week 12 versus week 8 [12/20 (60.0%)
versus 6/21 (28.6%], and this was sustained to week 52
[12/19 (63.2%)].

Mean affected BSA with as-needed use of ruxolitinib
cream during the LTS period was low [generally < 3% (i.e.,
mild disease); Fig. 5B]. For patients who continued in the
1.5% ruxolitinib cream group from the VC period, mean
(SD) affected BSA was 3.6% (4.3%) at week 8 and 2.2%
(3.6%) at week 52. Among patients who switched from vehi-
cle to ruxolitinib cream during the LTS period, mean (SD)
affected BSA was substantially decreased at week 12 versus
week 8 [5.1% (4.7%) versus 9.3% (5.7%)]; affected BSA
further decreased to week 52 [1.9% (3.0%)].

In patients aged 12—15 years, mean (SD) change from the
LTS period baseline in CDLQI at week 52 was — 8.5 (6.3)
for patients who continued on 1.5% ruxolitinib cream from
the VC period and — 3.6 (7.8) for patients who switched
from vehicle to 1.5% ruxolitinib cream. In patients aged 16
to 17 years, mean (SD) change from the LTS period base-
line in DLQI at week 52 was — 6.0 (4.7) for patients who
continued with 1.5% ruxolitinib cream from the VC period
and —2.5 (2.4) among patients who switched from vehicle
to 1.5% ruxolitinib cream.

3.5 Safety

Overall, 1.5% ruxolitinib cream was well tolerated through-
out the 52-week period (Table 2), with a total of 60/114
(52.6%) patients who applied 1.5% ruxolitinib cream at
any time during the study reporting a TEAE [VC period,
16/92 (17.4%) versus 17/45 (37.8%) for vehicle cream; LTS
period, 55/104 (52.9%)] for an exposure-adjusted incidence
rate (EAIR) of 66.8 per 100 person-years (Supplemen-
tary Table 1). No serious TEAEs were reported in patients
applying 1.5% ruxolitinib cream. Treatment-related AEs
were reported in 5/114 patients (4.4%; 5.6 per 100 person-
years) who applied 1.5% ruxolitinib cream at any time; none
occurred in greater than one patient. No patients discontin-
ued 1.5% ruxolitinib cream owing to an AE.

Treatment-emergent application site reactions occurred
in 2/114 (1.8%; 2.2 per 100 person-years) patients who
received 1.5% ruxolitinib cream at any time. These were
application site pain [1/114 (0.9%); 1.1 per 100 person-
years; treatment-related], and application site pustules
[1/114 (0.9%); 1.1 per 100 person-years].

Acne occurred in 2/114 (1.8%) patients. One patient
reported worsening of acne during the VC period (grade
2 on day 4, resolved by day 51 without interruption of rux-
olitinib cream; treatment-related). Another patient reported
treatment-emergent papulopustular acne during the LTS
period (grade 2 on day 182, resolved on day 243 without
interruption of ruxolitinib cream; not treatment-related).

3.6 AEs of Interest

AEs of interest (i.e., AE reported with orally administered
JAK inhibitors) occurred infrequently (Table 3). Viral
infections of the skin were infrequent during the study. One
patient reported grade 2 HZ in the LTS period (week 40
through week 45), which was treated with antiviral medica-
tion and resolved with continued therapy with ruxolitinib
cream [19]; the HZ was not observed at application sites.
The ruxolitinib plasma concentration preceding and at the
time of HZ onset was 34.6 nM. No patients reported HSV or
molluscum contagiosum. There were no serious infections.

Hematologic AEs were also infrequent in the study popu-
lation. Neutropenia (including decreased neutrophil count)
AEs were reported in two patients [developing at week 28
in one patient (plasma concentration of ruxolitinib at each
visit from week 12 to 28 was below the quantification limit)
and at week 9 through week 13 in the second patient (plasma
concentration of ruxolitinib at week 12 was 56.5 nM)]. Both
hematologic TEAEs were nonserious, were grade 1 or 2 in
severity and did not require treatment interruption.

The incidence of lipid or liver enzyme elevations was
low; any observed fluctuations were minor and not clinically
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Fig.5 Disease control assess-
ments: A patients achieving
IGA 0/1 and B mean total %
affected BSA. BL baseline, BSA
body surface area, /GA Investi-
gator’s Global Assessment, LTS
long-term safety, VC vehicle
controlled

A\ Adis

-#-- \/ehicle to 1.5% ruxolitinib cream —e— 1.5% ruxolitinib cream

A 100 -

LTS

vVC
S
3+
2
bl T
X3
£ X
s
o S
- ©
[ I —]
25
(&)
=<
=09
N
==
-oE 4
8
<=
[
o
0 4+—
BL2 4
Number of Patients
Vehicle to 1.5% ruxolitinib cream 2121
1.5% ruxolitinib cream 7777
B 141 v
12 -

Mean Total Affected BSA, % (95% Cl)

12 16 20 24 28 32 36 40 44 48 52
Time, wk

21 20 19 20 20 20 20 20 19 19 19 19
77 72 70 70 65 67 63 63 58 59 60 63

| LTS

0 —
BL2 4

Number of Patients
Vehicle to 1.5% ruxolitinib cream 212121
1.5% ruxolitinib cream 777677

|
|
|
|
8 12 16 20 24 28 32 36 40 44 48 52
Time, wk

21 20 19 20 20 20 20 20 19 19 19 19
77 72 70 70 65 67 63 63 58 59 60 63



Ruxolitinib Cream in Adolescent Patients With Atopic Dermatitis

Table 2 Adverse events in patients who applied 1.5% ruxolitinib cream at any time during the 52-week study period®

n, % Vehicle to 1.5% 1.5% Total 1.5%
ruxolitinib cream ruxolitinib cream ruxolitinib cream
(n=22) n=92) n=114)
Patients with TEAE 17 (77.3) 43 (46.7) 60 (52.6)
Most common TEAEP
Upper respiratory tract infection 3(13.6) 15 (16.3) 18 (15.8)
Nasopharyngitis 2(9.1) 7(7.6) 9(7.9)
Influenza 2(9.1) 5(5.4) 7(6.1)
Headache 2(9.1) 3(3.3) 5(4.4)
Pharyngitis 0 5(5.4) 54.4)
Rhinitis 2(9.1) 2(2.2) 4(3.5)
Streptococcal pharyngitis 1(4.5) 2(2.2) 3(2.6)
Cough 0 2(2.2) 2 (1.8)
Acne 0 2(2.2) 2 (1.8)
Neutropenia 209.1) 0 2(1.8)
Sinusitis 1(4.5) 1(1.1) 2 (1.8)
Patients with application site reactions 1(4.5) 1(1.1) 2(1.8)
Application site pain® 0 1(L.1) 1(0.9)
Application site pustules 1(4.5) 0 1(0.9)
Patients with treatment-related AE¢ 29.1) 33.3) 54.4)
Patients who discontinued due to a TEAE 0 0 0
Patients with serious TEAE 0 0 0

AE adverse event, TEAE treatment-emergent adverse event

*For patients who switched from vehicle after week 8, the period was 44 weeks

Occurring in > 2% in patients applying 1.5% ruxolitinib cream at any point in the study

‘Includes application site burning, stinging, and pain after application

4No treatment-related AE occurred in more than one patient in any group

relevant. There were no malignancies, major adverse cardio-
vascular events, or thromboembolic events.

4 Discussion

This analysis from two phase 3 AD studies focused on 1.5%
ruxolitinib cream because it is the approved formulation
strength in the USA [15] and demonstrated better efficacy
than 0.75% ruxolitinib cream in the overall study population,
with comparable safety and tolerability [18]. In this analy-
sis, the efficacy of 1.5% ruxolitinib cream in adolescents (as
measured by IGA-TS and EASI-75) was comparable to the
overall study population during the 8-week VC period [18].
Of note, the demographics and disease characteristics of the
adolescents were comparable to those of the overall study
population, of which 80.4% were adults [18].

In adolescents, ruxolitinib cream also demonstrated
substantially greater and faster improvement in itch com-
pared with vehicle. As with the overall study population,
significant itch improvement was observed approximately

36 h after the first application of ruxolitinib cream [26].
Although sleep disturbances have been reported in children
and adolescents with AD [27, 28], no clinically meaningful
improvement in sleep quality was observed during the VC
period in the adolescent subpopulation, in contrast to the
overall study population [18]. This may be owing to lower
mean baseline PROMIS 8a and 8b scores among adolescents
(16.8 and 15.8, respectively) versus the overall study popula-
tion [17.3 and 18.9, respectively (Incyte, data on file)]. It is
also possible that the small adolescent subpopulation means
that any underlying improvement in sleep quality is unable
to be detected.

In addition, adolescents achieved effective disease con-
trol with as-needed use of ruxolitinib cream during the LTS
period, including those who initially applied vehicle cream
(first 8 weeks), comparable with previously reported find-
ings in the overall patient population [19]. The percentage of
adolescents who completed the 52-week study was similar
to that of the overall study population, potentially reflect-
ing the effective long-term disease control experienced by
patients. Furthermore, as seen in the overall study popula-
tion, adolescents who switched from vehicle to ruxolitinib
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Table 3 AE:s of interest among adolescent patients who applied 1.5%
ruxolitinib cream at any time during the 52-week study period?

1.5% ruxolitinib
cream (n = 114)

Cytopenias® 2(1.8)
Neutropenia 2(1.8)
Viral skin infections 1(0.9)
Herpes zoster 1(0.9)
Herpes simplex virus 0
Molluscum contagiosum 0
Lipid elevations 0
Liver enzyme elevations 0
MACE 0
Malignancies 0
Notable serious infections 0
Thrombocytosis 0
Thrombotic events 0

AE adverse event, MACE major adverse cardiovascular event, TEAE
treatment-emergent adverse event

#Across all patients who initiated in the vehicle-controlled period,
even if they discontinued before the long-term safety period. Data
are for patients while applying ruxolitinib cream. For patients who
switched from vehicle, the period was 44 weeks

bCytopenias include erythropenia (anemia, microcytic anemia, nor-
mocytic anemia, and decreased hemoglobin), neutropenia (neutrope-
nia and neutrophil count decreased), and thrombocytopenia (throm-
bocytopenia and platelet count decreased)

cream exhibited disease control comparable to adolescents
who used ruxolitinib cream through the whole duration of
the studies.

Adolescent patients with AD experience unique QoL
effects. Patients may experience bullying and stigmatization
from peers owing to their disease, further reinforcing social
isolation and negative self-esteem [29, 30]. Compared with
students who do not have AD, adolescent students with AD
may have lower performance and worse behavior in school,
with higher absenteeism (especially chronic school absen-
teeism) and an increased risk of learning disabilities across
all severity strata [6, 7, 31, 32]. In the current study, adoles-
cent patients who applied ruxolitinib cream had substantial
improvement in QoL as measured by CDLQI and DLQI.
Treatment with ruxolitinib cream may address the burden
experienced by adolescents by reducing symptoms that can
interfere with learning and social interaction.

The safety profile of ruxolitinib cream in adolescents
throughout the 52-week study was comparable with the
overall population [19]. The frequency of application site
reactions was low, with application site pain and pruritus
being the only events reported in more than one patient and
no reports of application site folliculitis.
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A previous analysis in the overall safety population found
that AEs of interest were infrequent and were mostly con-
sidered unrelated to treatment [19]. In the current analy-
sis, the only reported treatment-related AE of interest was
neutropenia in one patient; this patient had neutropenia at
baseline and the grade remained stable, suggesting that neu-
tropenia may not have been directly related to the applica-
tion of ruxolitinib cream. Incidence of hematologic AEs was
comparable with the overall population [19]. Importantly,
no notable serious infections, malignancies, major adverse
cardiovascular events, or thromboembolic events occurred
in adolescents applying ruxolitinib cream.

The plasma concentrations of ruxolitinib measured in this
study were well below 281 nM, the half-maximal inhibitory
concentration for thrombopoietin-stimulated phosphorylated
STAT3 inhibition (a proxy parameter to assess JAK-related
myelosuppression in bone marrow) [14, 33]. Plasma con-
centrations of ruxolitinib after the application of 1.5% rux-
olitinib cream in the VC period were also comparable with
those from adults and were lower with as-needed use of 1.5%
ruxolitinib cream during the LTS period. These pharmacoki-
netic (PK) results, in addition to the safety data, suggest
that physiologically meaningful systemic JAK inhibition is
highly unlikely to occur in adolescents applying ruxolitinib
cream to lesions covering up to 20% of BSA. Indeed, 1.5%
ruxolitinib cream was generally well tolerated, with minimal
systemic absorption even in patients with very extensive skin
involvement (> 25% affected BSA at baseline) [34]. There
were no remarkable findings related to the tolerability of
ruxolitinib cream, including in patients applying ruxolitinib
cream to sensitive areas.

Other topical treatments studied in adolescents include
crisaborole [10, 35, 36] and the JAK inhibitor delgocitinib
[37]. The antipruritic action of crisaborole was modest in
clinical trials compared with vehicle [5, 36], and application
site reactions (e.g., pain) were frequently observed [35]. Del-
gocitinib is approved only in Japan [38]. Unlike long-term
studies with crisaborole and delgocitinib in adolescents with
AD [35, 37], the current study did not allow rescue therapy,
thereby enabling unconfounded assessment of the efficacy
and safety of ruxolitinib cream.

Subsequent to the TRUE-AD1 and TRuE-AD?2 studies,
a phase 3 study in children aged 2—11 years (TRuE-AD3;
NCT04921969) is currently being conducted [39]. Through
the 8-week VC period of that study, safety, PK, and efficacy
of 1.5% ruxolitinib cream bid were comparable with results
in adolescent patients. The LTS period of the TRuE-AD3
study is currently ongoing.

A limitation of this study was the relatively low num-
ber of adolescent patients compared with the overall study
population and the low number of Asian patients overall, so
results may not be broadly generalizable. Another limitation
is that application site reactions by body region were only
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partially captured. In addition, although patients were given
clear instructions on how to apply ruxolitinib cream, the
amount actually applied compared with what was dispensed
cannot be fully determined. Adherence may wane during
long-term use; however, as patients will be self-applying
cream in a real-world environment, the study methodology
represents actual use. Finally, patients with missing post-
baseline data were imputed as nonresponders, which may
result in a conservative estimate of underlying response
rates.

5 Conclusions

In adolescents with AD, 1.5% ruxolitinib cream demon-
strated anti-inflammatory and antipruritic effects that were
comparable with those in the overall study population. Fur-
ther, adolescents maintained disease control over 52 weeks
with as-needed use. Ruxolitinib cream was well tolerated.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40257-024-00855-2.
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