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Abstract
Background Ruxolitinib cream is a topical formulation of ruxolitinib, an inhibitor of Janus kinase 1 and Janus kinase 2.
Objective We aimed to determine the safety, tolerability, and bioavailability of 1.5% ruxolitinib cream under maximum-use 
conditions in patients with atopic dermatitis. Efficacy was evaluated as an exploratory objective.
Methods Eligible patients aged ≥ 12–65 years with atopic dermatitis, an Investigator’s Global Assessment score ≥ 2, and 
≥ 25% affected body surface area were enrolled in an open-label, maximum-use phase I study conducted in the USA and 
Canada. Patients applied 1.5% ruxolitinib cream twice daily to lesions identified at baseline for the first 28 days and contin-
ued use only on active lesions for an additional 28 days (extension period). Safety was assessed by frequency, duration, and 
severity of treatment-emergent adverse events. Plasma concentrations of ruxolitinib and pharmacokinetic parameters were 
assessed as secondary endpoints.
Results Overall, 41 patients (median age, 17 years; 51% male) were enrolled and 37 (90.2%) entered the extension period, all 
of whom completed the study. Treatment-emergent adverse events were reported in 13 patients (31.7%). Treatment-related 
adverse events were reported in four patients (9.8%). The mean (standard deviation) steady-state plasma concentration was 
104 (309) nM during the first 28 days, well below the half-maximal inhibitory concentration of Janus kinase-mediated myelo-
suppression in the bone marrow (281 nM), and decreased further during the extension period. Higher plasma concentrations 
were detected in a few patients who were treated for a very high affected body surface area. At day 56, 94.6% of patients 
achieved ≥ 75% improvement in the Eczema Area and Severity Index.
Conclusions Under maximum-use conditions, ruxolitinib cream was generally well tolerated, with approximately one-third 
of patients experiencing treatment-emergent adverse events and few treatment-related adverse events. The mean steady-state 
plasma concentration of ruxolitinib was well below the level expected to affect bone marrow production of blood cells, with 
a small number of patients exhibiting higher plasma concentrations. In addition, ruxolitinib cream showed a high level of 
efficacy in patients with atopic dermatitis involving ≥ 25% affected body surface area.
ClinicalTrials.gov Identifier NCT03920852.
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1 Introduction

Atopic dermatitis (AD) is a chronic inflammatory skin dis-
ease that substantially impacts patients’ quality of life, in 

large part because of inadequately controlled chronic itch 
[1, 2]. Most patients with AD can be effectively managed 
without systemic therapy [3], and some patients or physi-
cians may prefer topical over systemic treatment, even for 
patients with large body surface area (BSA) involvement. 
Commonly used topical treatments include corticosteroids 
and calcineurin inhibitors, as well as the phosphodiesterase 
inhibitor, crisaborole ointment [4, 5].

Janus kinases (JAKs) transmit intracellular signals of 
inflammatory cytokines involved in the pathogenesis of AD 
and may directly control itch [6, 7]. Ruxolitinib has been 
demonstrated to be a potent, selective inhibitor of JAK1 and 
JAK2 in preclinical models [8]. A topical formulation was 
developed to maximize its clinical effect on the skin and 
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Key Summary Points 

In this open-label, phase I, maximum-use trial with 
twice-daily 1.5% ruxolitinib cream in 41 patients with 
atopic dermatitis, 31.7% experienced a treatment-emer-
gent adverse event, with 9.8% experiencing treatment-
related adverse events.

The mean steady-state plasma concentration of rux-
olitinib remained consistently below the half-maximal 
inhibitory concentration of Janus kinase-mediated 
myelosuppression.

Ruxolitinib cream substantially reduced inflammation 
and itch in patients with atopic dermatitis involving  
≥ 25% affected body surface area.

other types of eczema, immunocompromised status, or any 
serious illness or medical condition that could interfere with 
study conduct, interpretation of data, or patients’ well-being 
were excluded from the study. Use of AD drugs during the 
washout period before baseline (biologics, five half-lives or 
12 weeks; systemic immunomodulating agents, 4 weeks; 
topicals, 1 week) and during the study was prohibited.

Enrolled patients continuously applied 1.5% ruxolitinib 
cream BID for 28 days on all AD lesions identified at base-
line (except lesions on the scalp), regardless of the reduc-
tion in lesion size. Tubes were counted and weighed at each 
study visit to assess adherence. At day 28, patients with no 
safety concerns could continue to apply 1.5% ruxolitinib 
cream BID, but only to active lesions, for an additional 28 
days  (optional). All patients had follow-up assessments 
30 days after the last application of ruxolitinib cream. If 
patients used moisturizers before enrollment, they could 
continue throughout the study.

This study was conducted in accordance with Good 
Clinical Practice guidelines and the Declaration of Hel-
sinki. Written informed consent/assent was provided by all 
patients before enrollment. The protocols were approved by 
the relevant institutional review board or ethics committee 
at each study site.

2.2  Assessments

The primary objective was to assess the safety and toler-
ability of ruxolitinib cream. Safety was evaluated by the 
frequency, duration, and severity of adverse events (AEs). 
Changes from baseline in physical examinations, vital signs, 
and laboratory data for hematology, serum chemistry, and 
urinalysis were also analyzed. Secondary endpoints included 
the assessment of plasma concentrations of ruxolitinib and 
pharmacokinetic (PK) parameters, including maximum con-
centration (Cmax), time to Cmax, and area under the curve 
from 0 to 12 h. Blood samples for PK assessments were 
collected on days 1 (pre-application, 1, 2, 4, and 12 h post-
application), 15 (pre-application and 1 h post-application), 
and 28 (pre-application, 1, 2, 4, and 12 h post-application). 
Exploratory endpoints included the proportion of patients 
who achieved IGA treatment success (IGA score of 0/1 
with a ≥ 2-grade improvement from baseline), proportion 
of patients with a ≥ 75% improvement in the Eczema Area 
and Severity Index (EASI-75), proportion of patients with a 
≥ 4-point improvement in the itch Numerical Rating Scale 
(NRS4) score, total affected BSA, and EASI score. Efficacy 
endpoints were measured on days 15, 28, and 56. Mean 
change from baseline in daily itch NRS score through day 
56 was also assessed.

minimize the likelihood of systemic absorption. In studies 
in adults and adolescents with AD (affected BSA of 3–20% 
and Investigator’s Global Assessment [IGA] score of 2 or 3), 
1.5% ruxolitinib cream twice daily (BID) demonstrated sub-
stantial anti-inflammatory activity with antipruritic action vs 
vehicle and was well tolerated [9–11]. Ruxolitinib cream is 
approved by the US Food and Drug Administration for treat-
ing patients 12 years of age or older with mild-to-moderate 
AD with application to affected areas of up to 20% BSA 
[12].

The purpose of a maximum-use trial (MUsT) is to evalu-
ate the safety of a topical product when used in exaggerated 
conditions (e.g., large surface areas for an extended period 
of time) [13]. Such studies also allow insight into possible 
efficacy of a topical product in patients with more severe 
disease who would otherwise be candidates for systemic 
therapy. The objective of this MUsT was to determine the 
bioavailability, safety, and tolerability of 1.5% ruxolitinib 
cream applied BID for 4 weeks in patients with exten-
sive AD lesions. Efficacy was evaluated as an exploratory 
objective.

2  Methods

2.1  Study Design and Patients

An open-label MUsT of adolescents and adults with AD 
was conducted at one site in Canada and six sites in the 
USA from 20 June to 26 December, 2019. Eligible patients 
were aged ≥ 12–65 years with AD for ≥ 2 years, an IGA 
score ≥ 2, and BSA involvement ≥ 25%. Patients with an 
unstable course of AD (as determined by the investigator), 
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2.3  Statistical Analyses

The sample size was based on other PK studies with rux-
olitinib cream and was not based on statistical power cal-
culations. Enrollment of approximately 40 patients was to 
ensure ≥ 32 evaluable patients, ≥ 12 of whom were aged 
12–17 years (with ≥ 6 aged 12–15 years). The sample size 
was based on feasibility, a common practice for this type of 
study, and was considered adequate to achieve the objectives 
of the study, including characterization of PK parameters 
after a single application and at steady state [13–15]. Patient 
demographics, baseline characteristics, patient disposition, 
efficacy, and all safety analyses were conducted using the 
full analysis set (all patients enrolled in the study with one 
or more applications of ruxolitinib cream). Data were ana-
lyzed by descriptive statistics using  SAS® software (SAS 
Institute Inc., Cary, NC, USA; version 9.4). Sample size, 
frequency, and percentages were used for categorical meas-
urements; sample size, mean, median, standard deviation, 
standard error of the mean, range, and interquartile range 
(IQR) were calculated for continuous measurements. Data 
for continuous measurements are reported at baseline and 
at each visit (measured values, change from baseline, and 
percentage change from baseline, if applicable). The PK-
evaluable population consisted of all patients with one or 
more applications of ruxolitinib cream and one or more post-
application plasma PK samples with measurable concen-
trations of ruxolitinib. Pharmacokinetic concentration data 
were analyzed using descriptive statistics. Patients were also 
stratified based on the total affected BSA at baseline (25% 
to < 40% and ≥ 40%) and/or patient age (12–15, 16–17, and 
≥ 18 years). Pharmacokinetic parameters were calculated 
from serial PK concentration data on days 1 and 28 by a non-
compartmental analysis  (Phoenix®  WinNonlin® version 8.2; 
Certara, Princeton, NJ, USA). The steady-state plasma con-
centration  (Css) of ruxolitinib was calculated as the average 
of all plasma concentrations across visits on days 15 and 28.

3  Results

3.1  Patients

Forty-one patients were treated, with a median (IQR) age 
of 17 (15–36) years; 51.2% were male, and 68.3% were 
white (Table 1). The median affected BSA at baseline was 
31.2% (IQR, 28.6–44.0%; range, 25.0–90.0%), and the mean 
(standard deviation [SD]) baseline EASI score was 20.8 
(9.2). One patient had a treatment-emergent AE (TEAE) 
that led to study discontinuation (increased liver function 
test before the first treatment application, not considered 
related to treatment). One other patient discontinued, with 
the recorded reason being “Other.” Two additional patients 

completed the first treatment period but did not enter the 
extension period (reasons unknown). Thirty-seven patients 
(90.2%) continued with therapy in the extension period (days 
28–56). Per the protocol, all of these patients were consid-
ered to have completed the study, regardless of whether they 
completed 28 days of treatment during the extension period. 
The daily amount of ruxolitinib cream applied (mean [SD]) 
decreased from the first 28-day period (21.8 [13.1] g) to the 
extension period (9.0 [7.5] g), consistent with the treatment 
of only active lesions during the extension period.

Table 1  Patient demographics and baseline clinical characteristics

AD atopic dermatitis, BSA body surface area, EASI Eczema Area and 
Severity Index, IGA Investigator’s Global Assessment, IQR interquar-
tile range, NRS numerical rating scale, SD standard deviation
a No patients had a history of using cyclosporine, azathioprine, 
mycophenolate, or interferon-γ for the treatment of AD

Characteristic 1.5% Ruxolitinib 
cream (n = 41)

Age, median (IQR), years 17.0 (15–36)
Age category, years, n (%)
 12–15 14 (34.1)
 16–17 7 (17.1)
 ≥  18 20 (48.8)

Male, n (%) 21 (51.2)
Race, n (%)
 White 28 (68.3)
 Black 6 (14.6)
 Asian 2 (4.9)
 Other 5 (12.2)

BSA, median (IQR), % 31.2 (28.6–44.0)
 25% to < 40%, n (%) 28 (68.3)
 ≥  40%, n (%) 13 (31.7)

Baseline EASI, mean (SD) 20.8 (9.2)
Baseline IGA, n (%)
 2 13 (31.7)
 3 20 (48.8)
 4 8 (19.5)

Itch NRS score, mean (SD) 6.6 (1.7)
Duration of disease, median (IQR), years 14.2 (10.2–25.0)
Mean (SD) number of flares in the last 12 months 3.0 (4.5)
Facial involvement, n (%) 22 (53.7)
History of asthma, n (%) 19 (46.3)
History of allergies, n (%) 25 (61.0)
Previous systemic therapies for AD,a n (%)
 Antihistamines 11 (26.8)
 Corticosteroids 5 (12.2)
 Methotrexate 1 (2.4)
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3.2  Safety

Approximately one-third of patients (31.7%) experienced 
TEAEs, most of which were mild or moderate in severity 
(Table 2). One patient had a serious AE not on a treated 
area (abscess on the lower extremity [investigator deter-
mined likely due to a previous tendon surgery in that area 
approximately 3 months before baseline]), which resolved 
and was considered unrelated to treatment. No fatal TEAEs 
were reported. Treatment-emergent adverse events deter-
mined by the investigator to be possibly related to treatment 
were experienced by four patients (9.8%), for a total of six 
treatment-related TEAEs (all grade 1 [neutropenia, n = 1; 
aspartate aminotransferase increase, n = 2; alanine ami-
notransferase increase, n = 1] or grade 2 [dyspnea, n = 1; 
hemoglobin decrease, n = 1]). The patients with neutropenia 
and decreased hemoglobin both had plasma concentrations 
of ruxolitinib well below the ex vivo half-maximal inhibi-
tory concentration  (IC50) for inhibition of thrombopoietin 
(TPO)-stimulated phosphorylation of STAT3 (281 nM) 
in human whole blood, a surrogate marker to evaluate the 
potential effects on bone marrow production of blood cells 
(i.e., platelets) [8]. Both patients also had low neutrophil or 
hemoglobin levels, respectively, at baseline (Table 2). One 
patient, noted above, discontinued from the study because 
of an AE (sponsor and medical monitor’s decision) not con-
sidered to be related to treatment. This patient had increased 
baseline levels in alanine aminotransferase (43 IU/L; grade 
1), aspartate aminotransferase (117 IU/L; grade 2), and lac-
tate dehydrogenase (318 IU/L, grade 1). Three patients (as 
described above) had AEs that resulted in treatment inter-
ruptions (grade 1 neutropenia considered by the investigator 
as related to treatment, grade 2 dyspnea considered related to 
treatment when applying to lesions on the face [nonsmoker 
with no history of asthma or hay fever], and grade 3 lower 
extremity abscess considered not related to treatment). Min-
imal changes (decreases) in mean hemoglobin within the 
normal range were observed, as well as transient increases 
in platelets at day 15 that returned to baseline levels by day 
28 (Fig. 1). 

3.3  Pharmacokinetic Data

The mean (SD) Css of ruxolitinib was 104 (309) nM with a 
geometric mean of 26.5 nM (geometric coefficient of vari-
ation, 321%) during the first 28-day period in which all 
lesions at baseline were treated (Table 3). The overall mean 
plasma concentration peaked at 4 h after topical applica-
tion on day 1 (Fig. S1a of the ESM) at 241 nM, with lower 
peaks among patients treated for < 40% BSA (Fig. S1b of 
the ESM) and adolescents vs adults (Fig. S1c of the ESM). 
The overall median trough plasma concentration was stable 
during the first 28 days and was lower on day 56 (Fig. 2a), 

likely due to the treatment of only active lesions during 
the second 28-day period, which had decreased substan-
tially since baseline (Fig. 2b); concentrations were lower in 
patients treated for < 40% BSA (Fig. 2c), also likely due to 
fewer or a smaller area of treated lesions (Fig. 2d). The mean 

Table 2  Treatment-emergent adverse events (TEAEs)

AE adverse event, NA not available
a Neutrophil count at baseline, 1.06 ×  109/L; neutrophil count on day 
26, 1.12 ×  109/L; range of plasma ruxolitinib, below limit of quantita-
tion to 3.7 nM
b Ongoing at end of study
c Hemoglobin level at baseline, 110 g/L; hemoglobin level at day 41, 
90 g/L; range of plasma ruxolitinib, below limit of quantitation to 
67.9 nM

1.5% Ruxolitinib 
cream (n = 41)

Patients with a TEAE, n (%) 13 (31.7)
TEAEs in ≥  1 patient, n (%) [duration, days]
 Grade 1
  Aspartate aminotransferase increased 2 (4.9) [16, 16]
  Upper respiratory tract infection 2 (4.9) [4, 11]
  Alanine aminotransferase increased 1 (2.4) [16]
  Bronchitis 1 (2.4) [21]
  Burns first degree 1 (2.4) [22]
  Constipation 1 (2.4) [3]
  Cough 1 (2.4) [1]
  Headache 1 (2.4) [1]
  Liver function test increased 1 (2.4) [14]
  Madarosis 1 (2.4) [12]
  Muscle strain 1 (2.4) [12]
  Nausea 1 (2.4) [1]
   Neutropeniaa 1 (2.4) [21]
  Pruritus 1 (2.4)b
  Rash 1 (2.4) [16]
  Restlessness 1 (2.4)b

  Rhinitis allergic 1 (2.4) [8]
  Seasonal allergy 1 (2.4) [4]
  Skin hyperpigmentation 1 (2.4)b

  Toothache 1 (2.4) [NA]
 Grade 2
  Dyspnea 1 (2.4) [15]
  Hemoglobin  decreasedc 1 (2.4) [45]
  Hyperkalemia 1 (2.4) [28]

 Grade 3
  Limb abscess 1 (2.4) [24]

Patients with treatment-related AE, n (%) 4 (9.8)
Serious TEAE, n (%) 1 (2.4)
Discontinuation because of a TEAE, n (%) 1 (2.4)
Treatment interruption because of a TEAE, n (%) 3 (7.3)
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PK concentration–time profiles on day 28 were relatively 
flat (Fig. S1d of the ESM), with lower concentrations in 
patients treated for < 40% BSA (Fig. 1e). Overall, plasma 
concentrations were lower and the lesional area was smaller 
in adolescents vs adults (Fig. 2e, Fig. S1f of the ESM), con-
sistent with the smaller treated area in adolescents (and less 
drug applied; Fig. 2f, Table 3). The peak plasma concentra-
tions at steady state on day 28 were considerably lower than 
those observed after oral administration of ruxolitinib (15 
mg BID) in healthy volunteers on day 10 in a phase I study 
[16] (Fig. 3). Modest peak/trough ratios were observed at 
day 28 (mean Cmax/minimum concentration, 2.72; Table 3).

Five patients with the highest mean Css of ruxolitinib 
were further examined (Table S1 of the ESM). Of these 
patients, two patients with baseline affected BSA of 45% 
and 90% (average daily amount of 1.5% ruxolitinib applied 
during first 28 days, 45.5 g and 75.2 g, respectively; applica-
tion rate, 2.5 and 2.2 mg/cm2) had Css exceeding the  IC50 for 
TPO-mediated pSTAT3. In these two patients, plasma con-
centrations were above the  IC50 for TPO-stimulated STAT3 
phosphorylation on days 1, 15, and 28, and were below this 
threshold on day 56 (pre-application). No hematologic AEs 
were observed in these five patients with the highest mean 
Css of ruxolitinib during the full study period; one patient 
had a 57% reduction in platelets on day 28, but remained 
within the normal range throughout the study. Two of these 
patients reported no AEs during the study; one patient expe-
rienced grade 1 alanine aminotransferase (baseline, 18 IU/L; 

day 15, 94 IU/L) and aspartate aminotransferase elevations 
(baseline, 30 IU/L; day 15, 67 IU/L) that were considered 
related to treatment and resolved without dose modification; 
one patient (described above as a serious AE) had a grade 
3 limb abscess considered unrelated to treatment; and one 
patient had peripheral edema and skin rash (both grade 1) 
that were considered unrelated to treatment and resolved 
without dose modification.

Mean (SD) systemic bioavailability was 2.5% (3.6%). 
There was no increase in Cmax, concentration at 12 h post-
application, and area under the curve from 0 to 12 h between 
day 1 and day 28, suggesting no ruxolitinib accumulation 
in plasma after repeated applications of ruxolitinib cream 
BID for 28 days (Table 3). There was no consistent pattern 
between change in hematologic laboratory parameters and 
plasma exposure except a transient increase in platelet count 
on day 15 (first study visit) that was plasma ruxolitinib con-
centration dependent. The mean platelet counts spontane-
ously decreased with continuous treatment and returned to 
(or near) baseline values by day 28 (the next visit).

3.4  Efficacy

The proportion of patients achieving IGA treatment suc-
cess at day 15 was 20.0% and increased to 35.9% and 56.8% 
at days 28 and 56, respectively. Most patients had clear or 
almost clear skin (IGA score of 0/1) by day 28 (61.5%), with 
a further increase at day 56 (81.1%; Fig. S2 of the ESM); 
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Fig. 1  Hematologic parameters. Boxes represent the interquartile 
range, the middle lines represent the median, and the “X” inside the 
boxes represents the mean. Bars represent data within 1.5× the inter-
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no patient had an IGA score of 0/1 at baseline. The mean 
(SD) total affected BSA at days 15, 28, and 56 was 15.8% 
(11.4%), 6.5% (8.2%), and 3.1% (5.4%), respectively; for 
context, the mean (SD) BSA at baseline was 38.1% (16.3%). 
The onset of itch relief was rapid, with a mean change from 
baseline in itch NRS, as measured through patient-reported 
daily diaries, of − 1.9 at day 1 (approximately 12 h after 
the first application; Fig. S3 of the ESM). Mean itch NRS 
continued to decrease; the mean change was − 5.3 at day 
20, and reductions were maintained for the remainder of the 
study. The proportions of patients achieving NRS4 at days 
15, 28, and 56 were 58.6%, 82.6%, and 90.5%, respectively. 
The mean (SD) EASI score at days 15, 28, and 56 was 6.3 
(5.2), 2.4 (2.3), and 1.3 (2.2), respectively; for context, the 
mean (SD) score at baseline was 20.8 (9.2). The propor-
tions of patients achieving EASI-75 at days 15, 28, and 56 
were 30.0%, 79.5%, and 94.6%, respectively (Fig. S4 of the 
ESM). Representative clinical images are shown in Fig. S5 
of the ESM.

4  Discussion

This study evaluated the safety, pharmacokinetics, and effi-
cacy of ruxolitinib cream under maximum conditions of use 
in patients with extensive AD lesions (BSA involvement ≥ 
25%). Ruxolitinib cream was generally well tolerated, with 
most AEs of mild or moderate severity. Transient increases 
in mean platelet count at day 15 were observed, which were 
within the normal range and spontaneously returned to base-
line levels by day 28. The underlying mechanism is not clear; 
however, the increased platelet counts did not appear to have 
clinical implications.

The mean maximal plasma concentration of ruxolitinib at 
4 h after topical application on day 1 was 241 nM. At steady 
state, mean ruxolitinib plasma concentrations were relatively 
flat over the dosing interval and were lower than the peak 
on day 1. Over the first 28 days of treatment, during which 
treated BSA and daily dose of the product were kept con-
stant, plasma concentrations of ruxolitinib showed no sig-
nificant change (i.e., no sign of accumulation of ruxolitinib 

Table 3  Summary of ruxolitinib cream pharmacokinetic parameters

API active pharmaceutical ingredient, AUC (0–12h) area under the curve from 0 to 12 h, BSA body surface area, C12h concentration at 12 h post-
application, Cmax maximum concentration, Cmin minimum concentration, Css steady-state plasma concentration, PK pharmacokinetic, SD stand-
ard deviation, t1/2 half-life, tmax time to  Cmax

Data are mean (SD), except  tmax, which shows the median
a Mean (SD)  Cmax for patients aged 12–17 years was 110 (255) nM
b Mean (SD) AUC (0–12h) for patients aged 12–17 years was 801 (2020) h*nM

Patient age, years Affected BSA at baseline, % Overall

12–15 16–17 ≥ 18 25% to < 40% ≥ 40%

Baseline n = 14 n = 7 n = 20 n = 28 n = 13 n = 41
 Affected BSA, % 30.1 (4.6) 35.1 (10.1) 44.7 (20.4) 29.2 (2.6) 57.2 (17.1) 38.1 (16.3)
 Lesion area treated,  cm2 5140 (925) 6130 (1470) 7870 (3380) 5180 (762) 9780 (2910) 6640 (2760)

Day 1 n = 14 n = 7 n = 19 n = 27 n = 13 n = 40
 Cmax,  nMa 114 (305) 102 (118) 449 (883) 51.4 (69.7) 727 (1010) 271 (650)
 tmax, h 12.0 4.0 4.0 12.0 4.0 4.0
 AUC (0–12h), h*nMb 856 (2450) 690 (758) 3220 (6190) 359 (510) 5250 (7140) 1950 (4610)
 C12h, nM 60.7 (113) 47.4 (43.4) 188 (332) 39.0 (51.3) 284 (381) 119 (245)

Days 15 and 28 combined n = 14 n = 7 n = 19 n = 28 n = 12 n = 40
 Css, nM 43.8 (67.7) 20.2 (23.0) 179 (438) 30.9 (32.8) 274 (539) 104 (309)
 Average application amount 

of API, mg
143 (43.8) 89.2 (64.6) 182 (109) 133 (51.2) 197 (136) 152 (89.1)

 Bioavailability, % 1.84 (2.31) 1.91 (1.65) 3.30 (4.64) 1.49 (1.31) 5.00 (5.60) 2.54 (3.56)
Day 28 n = 14 n = 7 n = 17 n = 27 n = 11 n = 38
 Cmax, nM 66.2 (93.3) 24.5 (12.9) 242 (548) 49.2 (51.2) 353 (669) 137 (377)
 Cmax/Cmin 3.20 (2.39) 2.90 (1.59) 2.32 (1.66) 2.80 (1.89) 2.55 (2.05) 2.72 (1.91)
 tmax, h 12.0 1.0 4.0 4.0 1.0 4.0
 AUC (0–12h), h*nM 555 (863) 196 (149) 1970 (4230) 427 (499) 2830 (5170) 1120 (2930)
 t1/2, h 266 (442)

(n = 3)
18.3 (7.0)
(n = 2)

51.3 (49.0)
(n = 4)

159 (305)
(n = 6)

28.0 (26.0)
(n = 3)

116 (251)
(n = 9)

 C12h, nM 52.1 (75.0) 16.9 (15.2) 131 (232) 41.3 (48.8) 178 (284) 80.8 (166)
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Fig. 2  Boxplots of plasma trough concentrations and affected body 
surface area (BSA) in the (A, B) overall population and by (C, D) 
baseline BSA and (E, F) age groups. Boxes represent the interquartile 

range, the middle lines represent the median, and the bars indicate data 
within 1.5× the interquartile range of either quartile 1 or quartile 3
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Fig. 3  Steady-state plasma concentrations of ruxolitinib from ruxoli-
tinib cream (1.5% twice daily [BID]) on day 28 vs oral ruxolitinib (15 
mg BID) on day 10. Error bars represent standard error of the mean. 

The data for oral ruxolitinib were included in the phase I publication 
[16]. AD atopic dermatitis, IC50 half-maximal inhibitory concentra-
tion, TPO thrombopoietin
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in the systemic circulation upon repeated twice-daily appli-
cations of the cream). The ruxolitinib plasma concentrations 
were related to the amount of ruxolitinib cream applied and/
or percentage of treated BSA, and the relationship was sub-
linear, which is consistent with a previous report [17]. The 
observed decrease in trough plasma concentrations of rux-
olitinib beyond day 28 was consistent with the substantial 
decrease in percentage of affected BSA and the instruction to 
only treat affected areas after day 28. Plasma concentrations 
were lower in adolescents than adults, consistent with lower 
average affected BSA in adolescents.

The mean daily application amount of 1.5% ruxolitinib 
cream over the first 4 weeks was approximately 3.7-fold 
higher vs the phase III studies (20.2 vs 5.4 g; mean appli-
cation rate of 1.5 mg/cm2 for both), which only included 
patients with BSA ≤ 20% at baseline, and the mean Css 
was approximately 2.9-fold higher (104 vs 35.7 nM) [17]. 
However, the overall bioavailability of ruxolitinib in this 
study was 2.5% and was previously reported to be 7.7% 
for 0.75% ruxolitinib cream and 6.2% for 1.5% ruxolitinib 
cream in phase III studies [17]. The lower bioavailability 
in this MUsT may reflect the previously reported sublinear 
increase in exposure as the amount of drug product applied 
is increased (i.e., the power index of the correlation between 
the amount of drug product applied vs the plasma concentra-
tion is < 1) [17]. The small sample size (n = 41) and high 
interpatient variability (> 100% coefficient of variation) in 
bioavailability are also possible factors leading to the lower 
bioavailability observed in this study.

The peak plasma concentrations at steady state reported 
in this study were considerably lower than those observed 
after oral administration of ruxolitinib (15 mg BID) in 
healthy volunteers [16], with the exception of two patients 
(treated BSA, 45% and 90%). In clinical practice, patients 
with very high affected BSA are not usually treated with 
topical therapy alone. For these patients, clinicians should 
monitor the amount used and ensure that patients stop treat-
ing areas that are clear. In the overall study population, the 
mean Css of ruxolitinib cream over the first 4 weeks of treat-
ment (104 nM) was well below the  IC50 for TPO-mediated 
pSTAT3 (281 nM) [8]. Thrombopoietin-induced pSTAT3 
is driven by JAK2 and thus serves as a proxy parameter 
to assess JAK-related myelosuppression in bone marrow 
[8]. Two patients had Css above the  IC50 for TPO-mediated 
pSTAT3 but did not experience hematologic AEs, although 
one patient had a 57% reduction in platelets within the nor-
mal range. The current data suggest that a longer duration 
of treatment with ruxolitinib cream does not result in any 
further increase in Css over time, especially as affected BSA 
is reduced because of lesion clearance from treatment. Thus, 
ruxolitinib plasma concentrations would be expected to pro-
gressively diminish in line with the decrease in size of active 
lesions, as observed during the treatment extension period.

As is customary for maximum-use studies, this study used 
an open-label design and therefore lacked a vehicle control. 
The limited sample size precluded the ability to draw firm 
conclusions for efficacy outcomes; however, this sample size 
has conventionally been adequate for establishing PK infor-
mation. The small number of patients and the short duration 
of the study did not allow for the capture of potential rare 
long-term AEs.

Despite the small sample size, efficacy results were 
similar to improvements observed in phase III studies [11], 
which only included patients with BSA ≤ 20% at baseline. A 
majority of patients achieved EASI-75 and itch NRS4 by day 
28 in this MUsT, suggesting that patients with more exten-
sive disease may benefit from short-term treatment with rux-
olitinib cream. Although less ruxolitinib cream was applied 
in the extension period, patients continued to improve, with 
94.6% of patients achieving EASI-75 at day 56, indicating 
that patients may be able to maintain response by limited 
application of ruxolitinib cream to active lesions. The high 
response rate and maintenance of response when only active 
lesions were treated suggest that ruxolitinib cream could be 
considered as an alternative to systemic treatments in some 
patients with AD and high BSA involvement, although addi-
tional studies in this patient population are needed.

5  Conclusions

The results from this MUsT, in combination with previously 
reported phase III data [11], support ruxolitinib cream as 
a well-tolerated and effective topical treatment for patients 
with AD, with low bioavailability and Css well below the 
 IC50 for JAK-mediated myelosuppression for patients with 
affected BSA < 40%. Higher plasma concentrations of rux-
olitinib are likely in patients with very high affected BSA, 
although no hematologic AEs were observed in this study 
among patients with the highest mean Css.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s40257- 022- 00690-3.
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