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Abstract
Background Pathogenesis of atopic dermatitis (AD) involves the Janus kinase (JAK)/signal transducer and activator of 
transcription (STAT) pathway. A cream formulation of ruxolitinib, a potent selective JAK1/JAK2 inhibitor, was developed 
for topical delivery.
Method Pharmacokinetic data were obtained from three double-blind, vehicle-controlled studies in patients with AD: a phase 
II study with ruxolitinib cream 0.15%, 0.5%, or 1.5% once daily or 1.5% twice daily (BID), and two phase III studies with 
0.75% or 1.5% BID. Effects of baseline characteristics on pharmacokinetics were examined. Correlations were attempted 
between plasma concentrations and change in hematological parameters over time.
Results Ruxolitinib plasma concentrations at steady-state (Css) increased with cream strength in a less-than-dose-proportional 
manner. In the phase III studies, overall mean (standard deviation [SD]) Css after ruxolitinib cream 0.75% and 1.5% BID 
(23.8 [35.0] and 35.7 [55.0] nM) were a fraction of the half-maximal inhibitory concentration for thrombopoietin-stimulated 
phosphorylated STAT3 inhibition (281 nM), a JAK/STAT signaling marker. Three covariates were identified for Css: dose, 
percent body surface area (%BSA) treated, and baseline Investigator’s Global Assessment score. Mean (SD) bioavailability 
of ruxolitinib cream 1.5% BID was 6.22% (7.66%). There were no correlations between Css and any hematological changes 
except for a transient increase in platelets at week 2.
Conclusions Plasma ruxolitinib concentrations after treatment with topical ruxolitinib cream in patients with up to 20% 
BSA affected by AD are not expected to lead to systemic plasma concentrations that may be associated with adverse effects 
commonly associated with oral JAK inhibitors.
ClinicalTrials.gov NCT03011892; NCT03745638; NCT03745651.

Key Points 

In patients with atopic dermatitis, plasma concentrations 
of ruxolitinib were minimal following topical application 
of ruxolitinib cream. Consistent with this observation, 
systemic adverse events commonly associated with oral 
JAK inhibitors were not observed.

1 Introduction

Atopic dermatitis (also known as atopic eczema) is a chronic, 
recurrent, inflammatory skin condition that is characterized 
by itchy skin (pruritus) [1–5]. It is among the 50 most preva-
lent diseases worldwide [6], affecting approximately 5–10% 
of adults and 10–20% of children globally [5, 7–11]. Atopic 
dermatitis is associated with significant comorbidities, for 
example, asthma and food allergies [12–14]. Moreover, 
atopic dermatitis ranks second among skin and subcutane-
ous diseases in direct disabling consequences such as itch 
and social stigmatization [6], and is associated with a sub-
stantial burden on quality of life, including sleep, mental 
health, physical functioning, social functioning, and work 
productivity [15–19].

Topical treatment options for patients with atopic der-
matitis typically include corticosteroids and calcineurin 
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inhibitors [20], which possess moderate to high efficacy, 
but are associated with local and systemic adverse events 
(AEs) that limit their long-term use. These AEs include 
skin atrophy (topical corticosteroids) and burning/stinging 
(topical calcineurin inhibitors) [17, 21–28]. Crisaborole 
ointment  (Eucrisa®; Pfizer Inc, New York, NY, USA) [29] 
is a nonsteroidal phosphodiesterase-4 inhibitor that abro-
gates inflammation by downregulating cytokine production 
and inflammatory markers, including helper T-cell pathways 
and epidermal hyperplasia and proliferation [29]. Although 
crisaborole ointment, which is indicated for mild-to-mod-
erate disease, is generally associated with fewer and mild 
AEs, it has relatively lower efficacy compared with topical 
corticosteroids and calcineurin inhibitors [17]. Moreover, 
none of the presently marketed external drugs for atopic 
dermatitis are able to control pruritus in this dermatosis in 
a direct and prompt manner, that is, by inhibiting the itch 
signal transmission. Therefore, there is an unmet need for 
more effective and better tolerated topical atopic dermatitis 
therapies that will enable longer-term use, while providing 
rapid and sustained relief from symptoms.

Janus kinases (JAKs), consisting of JAK1, JAK2, JAK3, 
and Tyk2, are intracellular signaling enzymes that act 
downstream of key proinflammatory cytokines, and each is 
known to contribute to the pathogenesis of atopic dermatitis 
[30–37]. Recent studies indicate that JAK mediates signaling 
underlying sensory nerve fiber function and may mediate 
pruritic effects [38, 39]. Therefore, JAK inhibitors for topi-
cal application (e.g., delgocitinib, tofacitinib, oclatinib, and 
ruxolitinib) have garnered interest as potential therapeutics 
for atopic dermatitis [40–44].

Ruxolitinib is a selective inhibitor of JAK1 and JAK2 
that is approved as an oral formulation for the treatment of 
patients with myeloproliferative neoplasms, including mye-
lofibrosis, polycythemia vera, and steroid-refractory acute 
graft-versus-host disease [45]. A topical cream formulation 
of ruxolitinib phosphate (ruxolitinib cream) was evaluated 
for the treatment of patients with atopic dermatitis in a phase 
II, dose-ranging study [43, 44], and was investigated in two 
controlled, randomized, identically designed, phase III stud-
ies followed by a 44-week follow-up period [46].

For any topical application, it is important to determine 
the bioavailability (i.e., the percentage of the amount of rux-
olitinib that is quantifiable in plasma against the total amount 
of ruxolitinib in the ruxolitinib cream that was applied onto 
the skin lesions) resulting from repeated drug applications, 
so that the systemic safety profile of this drug can be char-
acterized [47]. This study used plasma concentrations of 
ruxolitinib from phase II and III studies to characterize the 
pharmacokinetic (PK) profiles of ruxolitinib in patients 
treating their atopic dermatitis with ruxolitinib cream. Also 

tested were potential correlations between mean steady-state 
plasma concentrations (Css) and baseline patient characteris-
tics, as well as key efficacy and safety parameters.

2  Methods

2.1  Study Design and Patients

2.1.1  Phase II

A double-blind, 8-week, phase II study (ClinicalTrials.gov 
identifier: NCT03011892) was conducted in adult patients 
with atopic dermatitis randomized (1:1:1:1:1:1) to topical 
treatment with the following creams: ruxolitinib 0.15% once 
daily (QD), ruxolitinib 0.5% QD, ruxolitinib 1.5% QD, rux-
olitinib 1.5% twice daily (BID), vehicle BID, or active con-
trol (triamcinolone 0.1% BID) [43, 44]. Blood samples for 
pharmacokinetics were obtained pre-application on week 4 
of the study.

2.1.2  Phase III

The two identically designed vehicle-controlled, double-
blind, 8-week, phase III studies (ClinicalTrials.gov identi-
fiers: NCT03745638 [TRuE AD1]; NCT03745651 [TRuE 
AD2]) were conducted in adolescent and adult patients with 
atopic dermatitis [46]. Patients were stratified based on their 
Investigator’s Global Assessment (IGA) score (2 or 3) and 
region (North America or Europe), and randomized (2:2:1) 
to topical treatment with ruxolitinib 0.75% BID, ruxolitinib 
1.5% BID, or vehicle cream. After the 8-week efficacy study 
period, patients enrolled in each phase III study were given 
an option to proceed to a corresponding 44-week safety 
extension study period, in which patients initially rand-
omized to the vehicle treatment were randomized (1:1) to 
topical ruxolitinib 0.75% or 1.5% cream BID, whereas those 
initially randomized to a ruxolitinib cream remained on the 
same regimen. Blood samples were collected at pre-appli-
cation on week 2 (± 3 days), week 4 (± 3 days), and week 8 
(± 3 days) or end of treatment (in case of early discontinua-
tion of study treatment) during the vehicle-controlled (VC) 
period, and at pre-application on visits from week 12 to 52 
at every 4 weeks or end of treatment during the long-term 
safety extension period. If there was no untreated access area 
available for a PK blood sample, this was not drawn on that 
visit and that information was recorded.

The phase II and phase III study protocols were 
approved by the independent ethics committee or insti-
tutional review board at each study site, and the studies 
were conducted in accordance with the ethical principles 



557Pharmacokinetics of Ruxolitinib Cream in Patients With Atopic Dermatitis

of the Declaration of Helsinki, International Council for 
Harmonization E6 Good Clinical Practice consolidated 
guidelines, and all applicable local laws/regulations. All 
patients provided written informed consent before initiat-
ing treatment.

2.2  Treatment

Patients were instructed to apply the assigned cream as a thin 
film to the affected areas BID (~ 12 h apart, in the morning 
and in the evening, ≥ 1 h before bedtime). If sunscreen, 
makeup, or other cream had been applied to the areas to be 
treated, the study cream was applied after those areas were 
washed with mild soap and water, and patted dry. If topical 
anti-infection agents or other topical treatments had been 
used, application of the study drug was to occur ≥ 1 h before 
or after application of the other topical treatment.

For patients assigned to QD regimens of ruxolitinib cream 
in the phase II study, the evening application consisted of 
the vehicle cream (which matched the ruxolitinib cream in 
appearance). Treatment with the triamcinolone 0.1% cream 
(active control of matching appearance used in the phase II 
study) was limited to 4 weeks (owing to the safety considera-
tions for this drug) and was followed by treatment with the 
vehicle cream for an additional 4 weeks to ensure the appro-
priate blinding of treatment arms. On visit days, the study 
treatment was applied in the clinic by the patients under the 
supervision of the study personnel.

The amount of ruxolitinib cream used per application 
was determined by weighing the tube before and after each 
application at the clinic on the days of visit, and an aver-
age was calculated for the VC period. The average active 
pharmaceutical ingredient (API) dose was derived from the 
average amount of ruxolitinib cream multiplied by the for-
mulation strength. If new or expanding disease areas needed 
treatment during the study (per consultation with the treating 
physician), the study cream could be applied to these areas 
(≤ 20% body surface area [BSA]) as well, and the calcula-
tions used to determine the number of tubes to be provided 
to the patient were revised accordingly.

At week 8 of the phase III studies, patients who entered 
the safety extension study period received a pre-specified 
number of study cream tubes depending on whether BSA 
involvement was ≤ 5% or > 5% in the interactive response 
technology-based calculations. Atopic dermatitis lesions 
were re-evaluated every 4 weeks to confirm/determine 
whether treatment was required (i.e., IGA ≥ 1) or if the 
patient should continue/enter an observation only/no treat-
ment cycle (IGA = 0). Throughout the study extension 
period, patients were instructed to self-evaluate recurrence 

of lesions and treat all areas of active changes (≤ 20% 
BSA); if lesions cleared between study visits, treatment was 
stopped 3 days after clearing and restarted at the first sign 
of recurrence.

2.3  Pharmacokinetic Analyses

Collected blood samples were processed locally, per instruc-
tions from central laboratory providers, and plasma samples 
were shipped to the sponsor for analysis of ruxolitinib using 
a validated liquid chromatography–tandem mass spectrom-
etry assay with a linear range from 1 to 1000 nM (phase II 
study) or 0.3 to 300 ng/mL (i.e., 0.979–979 nM, phase III 
studies). Details of the assay were reported previously [48].

The steady-state plasma concentration (Css) of ruxolitinib 
was derived as the average of all observed plasma concentra-
tions during the VC period, that is, concentrations from pre-
application PK samples (Ctrough) at weeks 2, 4, and 8, if any. 
The bioavailability after topical administration of ruxolitinib 
cream was assessed, based on the following equation: F = 
CL × Css × 12/average application dose of API, where F, 
CL, and Css refer to the bioavailability (%), systemic clear-
ance [48], and steady-state plasma concentration after topi-
cal application, respectively.

2.4  Statistical Analyses

The ruxolitinib Css was analyzed as a function of the appli-
cation dose of ruxolitinib freebase (the API) using a linear 
model framework in which the concentration and dose data 
were transformed to the natural logarithm domain. Patient 
demographics (i.e., age, sex, race), baseline characteristics 
(geographical regions, %BSA treated), and baseline disease 
severity (Eczema Area and Severity Index [EASI] and/or 
IGA score) were evaluated as potential covariates. The cor-
relations between Css (by quartiles) and changes in platelet 
count, mean platelet volume, hemoglobin level, and abso-
lute neutrophil count were evaluated. Descriptive summary 
and statistical analyses were performed using SAS software 
version 9.4 (SAS Institute, Inc., Cary, NC, USA). Statistical 
plots of data were generated using SAS or R version 3.6.1 
[49].

3  Results

3.1  Patients

In the phase II study, 307 patients were enrolled and rand-
omized, and the PK population included 188 patients who 
were in one of the four ruxolitinib cream treatment groups. 
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For the phase II PK population, the median age was 37.0 
(range 18.0–70.0) years, 53.7% of patients were female, 
59.0% were white, mean (SD) total BSA involvement was 
9.54% (5.47%), and 69.1% of patients had an IGA score of 3.

In the phase III studies (TRuE AD1 and TRuE AD2) 
combined, 1249 patients were enrolled, randomized, and 
treated, 1119 completed treatment in the VC period, and the 
PK population for the VC period included 951 patients who 
were in one of the two ruxolitinib cream treatment groups. 
For the phase III PK population, the median age was 32.0 
(range 12–85) years, 61.5% of patients were female, 70.8% 
of patients were white; mean (SD) total BSA involvement 
in current atopic dermatitis episode was 9.76% (5.31%), and 
75.7% of patients had an IGA score of 3.

In both phase II and III studies, baseline demographics 
and characteristics were similar across treatment groups; for 
further details of patient characteristics, see [43, 46].

3.2  Pharmacokinetic Results

3.2.1  Phase II

The baseline characteristics of %BSA and lesion area and 
the PK results are shown in Table 1. In the phase II study, 
%BSA, lesion area, and product application rate are simi-
lar across the dose groups. The steady-state trough plasma 
concentrations (Ctrough) of ruxolitinib determined at week 
4 increased with the cream strength in a less-than-dose-
proportional manner (0.15% vs 0.5% QD vs 1.5% QD) 
(Table 1). The mean steady-state Ctrough at the highest 
dose of 1.5% BID was 47.7 nM. A simple linear regression 
slope between the Ctrough on week 4 and the average appli-
cation dose of ruxolitinib API, both transformed into the 
natural logarithm domain, is 0.805 (90% CI 0.658–0.951) 
for the three cohorts of QD regimens only (Table  2). 

Table 1  Descriptive summary of baseline patient characteristics and pharmacokinetic parameters

Values are presented as mean ± SD (median)
BID twice daily, BSA body surface area, NA not applicable, QD once-daily, SD standard deviation, VC vehicle-controlled
a Phase II study: Ctrough at week 4; phase III studies: averaged Ctrough at weeks 2, 4, and 8

Ruxolitinib 
cream treat-
ment

Num-
ber of 
patients

Percent BSA treated 
(%)

Area of lesion(s) 
treated  (cm2)

Study drug product 
application rate (mg/
cm2)

Steady-state trough 
concentration of 
ruxolitinib (nM)a

Bioavailability (%)

Phase II study (NCT03011892)
 0.15% QD 46 8.91 ± 5.34 (7.75) 1800 ± 1080 (1590) 2.15 ± 1.73 (1.82) 4.11 ± 9.06 (1.14) 8.90 ± 17.2 (2.60)
 0.5% QD 46 8.87 ± 5.03 (7.00) 1780 ± 1110 (1270) 2.04 ± 1.40 (1.51) 9.35 ± 15.5 (3.73) 6.06 ± 7.28 (4.88)
 1.5% QD 49 9.89 ± 6.18 (8.00) 1990 ± 1300 (1430) 2.00 ± 1.35 (1.83) 30.6 ± 44.2 (15.8) 7.23 ± 7.73 (4.56)
 1.5% BID 47 10.5 ± 5.21 (10.4) 2050 ± 1020 (2010) 1.92 ± 1.95 (1.36) 47.7 ± 79.6 (23.1) 5.68 ± 5.58 (4.17)
 Total 188 9.54 ± 5.47 (8.00) 1910 ± 1130 (1600) 2.03 ± 1.61 (1.72) NA NA

Phase III studies combined (NCT03745638 [TRuE AD1]; NCT03745651 [TRuE AD2]) (VC period only)
 0.75% BID 472 9.92 ± 5.32 (8.50) 1860 ± 1020 (1610) 1.44 ± 1.04 (1.22) 23.8 ± 35.0 (10.9) 7.68 ± 8.88 (4.75)
 1.5% BID 479 9.60 ± 5.30 (8.00) 1820 ± 1040 (1530) 1.49 ± 1.09 (1.26) 35.7 ± 55.0 (15.4) 6.22 ± 7.66 (3.64)
 Total 951 9.76 ± 5.31 (8.10) 1840 ± 1030 (1570) 1.47 ± 1.07 (1.23) NA NA

Table 2  Parameter estimates of dose-PK models

RSE = standard error/estimate × 100 (%)
Transformed %BSA was derived as log (%BSA/median) in which the observed median %BSA was 8.1%
API active pharmaceutical ingredient, BID twice daily, BSA body surface area, CI confidence interval, IGA Investigator’s Global Assessment, 
QD once daily, PK pharmacokinetic, RSE relative standard error, SLR simple linear regression between log-transformed concentrations and API 
dose

Analysis Parameter Estimate RSE (%) p-value 90% CI

Phase II SLR (QD only) Exponent on API dose 0.805 11.0 < 0.0001 0.658–0.951
Phase III SLR (BID only) Exponent on API dose 0.801 6.4 < 0.0001 0.717–0.886
Phase III final model Exponent on API dose 0.462 11.6 < 0.0001 0.356–0.567

Exponent on region = Europe 0.782 12.3 < 0.0001 0.594–0.970
Exponent on baseline IGA 3 0.322 31.5 0.0008 0.123–0.522
Exponent on transformed %BSA 0.602 14.0 < 0.0001 0.436–0.767
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Application of ruxolitinib cream 1.5% BID resulted in a 
less-than-proportional increase in the steady-state Ctrough 
compared with QD application of the same strength. The 
distribution of plasma concentrations around the mean was 
similar across the dose groups. The mean bioavailability 
of ruxolitinib after topical application was not dose- or 
strength-dependent. At 1.5% BID, the mean topical bio-
availability was 5.68%.

3.2.2  Phase III

After BID applications of ruxolitinib cream 0.75% and 
1.5%, the mean (SD) Css of ruxolitinib were 23.8 (35.0) nM 
(N = 472) and 35.7 (55.0) nM (N = 479), respectively, dur-
ing the VC period in pooled data from the phase III studies 

of TRuE AD1 and TRuE AD2 (Table 1). The time-course 
of Ctrough in the phase III studies is shown in Fig. 1. The 
median ruxolitinib Ctrough after topical applications of both 
0.75% and 1.5% BID ruxolitinib cream were stable across 
visits during the VC period, and then showed a decrease over 
week 12, and was stable beyond that visit. Ruxolitinib Css 
were compared between the two regions of North America 
and Europe, as well as between patients with mild (baseline 
IGA score of 2) and moderate (baseline IGA score of 3) 
disease. The ruxolitinib Css in patients from Europe with a 
baseline IGA of 3 trended higher compared with patients of 
other strata (i.e., baseline IGA of 2 from Europe and base-
line IGA of 2 or 3 from North America) (Fig. 2). A simple 
linear regression was applied between application dose of 
ruxolitinib API and  Css, with both values transformed into 

Fig. 1  Ruxolitinib trough 
concentration over time after 
treatment with the indicated 
concentrations of ruxolitinib 
cream in phase III studies 
combined. BID twice daily, LTS 
long-term safety, VC vehicle-
controlled
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natural logarithmic domain. The slope of the regression line 
was 0.801 (90% CI 0.717–0.886) (Table 2).

Impacts of covariates on the ruxolitinib Css in phase III 
studies were evaluated using a number of potential variables 
such as study, demographics (sex, age, race, ethnicity, and 
body surface area), baseline disease severity such as %BSA 
involvement with atopic dermatitis, treated lesion area, and 
EASI score. The clinical study design factors such as strati-
fications by IGA score (2 vs 3) and region (North America 
vs Europe) were also evaluated. The exploratory scatterplots 

for dose, EASI score, %BSA treated, and age are shown in 
Fig. 3. A trend line with positive slope was observed for 
dose, %BSA, and EASI score, whereas there was no such 
trend for the correlation with age.

The final dose-PK model includes the study design fac-
tors of geographical region (North America vs Europe) 
and baseline IGA score (2 vs 3), and the continuous 
covariate of %BSA involvement with atopic dermatitis at 
baseline (i.e., the %BSA treated during the VC period) 
as significant covariates and the parameter estimates for 
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Fig. 4  Forest plot of effects of 
covariates of interest on Css of 
ruxolitinib in phase III studies 
combined. BSA body surface 
area, Css steady-state plasma 
concentration, IGA Investiga-
tor’s Global Assessment
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these covariates are 0.782 (90% CI 0.594–0.970), 0.322 
(90% CI 0.123–0.522), and 0.602 (90% CI 0.436–0.767), 
respectively (Table 2). The ruxolitinib Css showed a less-
than-proportional relationship to amount/dose applied 
(treatment area) (Table 1, Table 2, and Fig. 4) with the 
exponent for dose being 0.462 (90% CI 0.356–0.567). The 
magnitudes of the covariates’ effects are shown in a forest 
plot in Fig. 4.

There was no apparent difference in the systemic bio-
availability between the two different strengths of ruxolitinib 
formulations used in the phase III studies (7.68% and 6.22%, 
respectively, for 0.75% BID and 1.5% BID) (Table 1). Also, 
no apparent differences were observed in the bioavailability 
across the range of %BSA treated or between the strengths 
or the two regions (Fig. 5).

3.3  Pharmacokinetic/Pharmacodynamic Values 
for Key Hematological Parameters

An attempt was made to correlate ruxolitinib Css with the 
three key hematological parameters: absolute neutrophil 
counts, hemoglobin, and platelets. There was no correlation 
between ruxolitinib Css quartiles and hemoglobin or absolute 
neutrophil count values; patients with ruxolitinib Css > 75th 
percentiles did not show any clinically relevant changes in 
these two hematological parameters (Online Resources 1 
and 2, see electronic supplementary material [ESM]). There 

was a transient increase in platelet count at week 2 with a 
spontaneous return to baseline by week 4, which was the 
next observation period after week 2. Such increases were 
minor in scale (< 30% change from baseline) and generally 
within the normal ranges for platelet counts. The change 
in platelet count at week 2 was dose- and ruxolitinib Css-
dependent (Fig. 6). The relationships between platelet counts 
at weeks 4 and 8 and ruxolitinib Css were flat. No change was 
observed in the mean platelet volume (Online Resource 3, 
see ESM).

4  Discussion

Efficacy and safety of treatment with ruxolitinib cream in 
adolescent and adult patients with atopic dermatitis with 
cream strengths up to 1.5% BID were reported in separate 
publications for the phase II trial [43, 44] and the two phase 
III studies [46, 50]. The plasma PK profiles after topical 
ruxolitinib treatment from the phase II and 3 studies are 
reported here.

The phase II study indicated dose-dependent efficacy and 
no significant treatment-emergent AEs suggestive of a sys-
temic JAK1/JAK2 inhibition. The PK data from the phase 
II study were instrumental in understanding the effect of 
dose and schedule dependency on pharmacokinetics as well 
as providing guidance on expected plasma concentrations 

Fig. 5  Bioavailability versus 
%BSA treated by treatment 
arm and geographical region in 
phase III studies combined. BID 
twice daily, BSA body surface 
area
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in the phase III studies. Mean plasma concentrations were 
4.11 nM at the lowest dose of 0.15% QD and 47.7 nM at the 
highest dose of 1.5% BID, that is, an approximate 10-fold 
increase with a 20-fold increase in dose applied, suggest-
ing a markedly sublinear dose versus plasma concentration 
relationship. The reason for such a sublinear relationship can 
be related to the release profile of ruxolitinib from the cream 
formulation and can indicate a transition from a first-order 
release of ruxolitinib from the stratum corneum to a zero-
order release in an asymptotic manner, from the lowest to 
highest dose applied, that is, forming a depot at the higher 
dose. A simple linear regression of data from the three QD 
treatments provided an estimate of regression slope of 0.805, 
indicative of a modestly sublinear increase in plasma con-
centrations of ruxolitinib with escalating QD doses over 
the range of 0.15–1.5%. The mean topical bioavailability 
at the highest topical dose was 5.68% ± 5.58%, which is, 
expectedly, substantially lower than the near-complete bio-
availability estimated after oral dosing [48]. The relatively 
high interpatient variability around the median plasma con-
centrations (Fig. 1) and the estimated bioavailability are 
also to be expected for a product with low bioavailability 
(e.g., < 10%) [51], regardless of route of administration. 
More importantly, the mean steady-state Ctrough at the high-
est dose of 1.5% BID is <20% of the ruxolitinib half-max-
imal inhibitory concentration  (IC50) for JAK2 inhibition in 
human whole blood assays [52], and this indicates a low 
probability of any systemic adverse effects associated with 
JAK1/JAK2 inhibition, such as bone marrow suppression. 
Overall, the plasma PK profile of ruxolitinib cream in the 

atopic dermatitis phase II study is similar to that observed 
in psoriasis patients [53].

The two phase III studies were identical in terms of inclu-
sion and exclusion criteria and the demographics and base-
line characteristics were similar as well. Therefore, all analy-
ses reported here are from pooled data from both studies. 
The mean Ctrough through the VC period for the 0.75% BID 
and 1.5% BID doses were 23.8 and 35.7 nM, respectively, 
that is, a less-than-proportional increase in plasma concen-
trations with a 2-fold increase in the formulation strength, 
which was similar to the dose versus plasma concentration 
relationship observed in the phase II study. A simple lin-
ear regression provided an estimate for the exponent to be 
0.801, which was similar to that obtained in the phase II 
study (0.805), in which the regression included three differ-
ent QD doses versus two different BID doses in the phase III 
study. The mean bioavailability of ruxolitinib after topical 
administration of ruxolitinib cream was similar for the two 
doses (7.68% and 6.22%, respectively, for 0.75% and 1.5% 
BID) in the phase III studies, similar to the range observed 
in phase II studies for the various doses (Table 1). It is inter-
esting to note that the mean bioavailability for ruxolitinib 
1.5% BID in the phase III studies (6.22%) was marginally 
higher compared with that in the phase II study (5.68%) 
despite a lower mean steady-state trough plasma concentra-
tion (35.7 nM vs 47.7 nM). This is likely related to differ-
ences in the drug product application rate (1.47 mg/cm2 in 
the phase III studies vs 1.92 mg/cm2 in the phase II study). 
It is possible that the higher drug product application rate in 

Fig. 6  Mean (95% CI) platelet 
count over time after application 
of ruxolitinib cream in the phase 
III studies combined. BQL 
ruxolitinib cream treatment but 
PK samples below the quanti-
fication limit, Css steady-state 
concentration, Q1 to Q4 1st to 
4th quartiles of ruxolitinib Css 
during VC period, PK pharma-
cokinetic, VC vehicle-controlled
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the phase II study is related to dispensing of excess product 
tubes in that study.

Besides the amount of the API used, the other param-
eter that was expected to influence plasma concentrations 
of ruxolitinib was %BSA treated with study drug product. 
The effect sizes for 90th or 10th percentile for %BSA were 
>2-fold change in Css compared with the median %BSA 
(Fig. 5), demonstrating the impact of %BSA on plasma 
concentrations of ruxolitinib. Analysis of the time course 
of plasma concentrations of ruxolitinib indicates that in 
the phase III studies, mean ruxolitinib  Ctrough were similar 
at 2, 4, and 8 weeks for each of the dose groups (Fig. 1). 
This is to be expected as patients were instructed to treat 
the entire baseline lesion area for 8 weeks, which repre-
sents the VC treatment period. Subsequent to week 8, the 
mean Ctrough were lower than those observed up to week 8 
but steady from weeks 12 to 52. The mean Ctrough during 
the long-term safety (LTS) period were lower than those 
of the VC period, likely driven by the decrease in amount 
of product applied, which in turn is due to decreases in 
affected BSA beyond the 8 weeks of the VC period. In 
the LTS phase of the protocol, patients are instructed to 
only apply the cream to active lesions, and therefore any 
resolution of lesions over the first 8 weeks would result 
in correspondingly less cream applied. Furthermore, at 
the time of blood sampling during the LTS period, some 
patients may have been in remission (off treatment), while 
others were on active therapy.

An attempt was made to stratify the plasma concentra-
tion data based on the two stratification factors used in 
the phase III studies: geographical region (US or Europe) 
and baseline IGA score (2 or 3) (Fig 2). There is a trend 
toward a higher plasma concentration in patients with 
baseline IGA of 3 versus IGA of 2 and for patients in 
Europe versus the US, and this difference was most pro-
nounced for patients in Europe with baseline IGA of 3. 
This trend was observed for each of the two strengths and 
in each of the individual phase III studies as well. Patients 
with an IGA of 3 are likely to have more extensive areas 
affected by their atopic dermatitis (and %BSA) compared 
with patients with an IGA of 2, and therefore the differ-
ence in plasma concentrations between the two groups 
is not surprising. This is also evident from the covariate 
analysis, where plasma concentration showed a positive 
correlation to EASI score as well as to %BSA (Fig. 3). The 
apparent regional differences, with an effect size of 2.18 
(Fig. 4), seem to arise from the imbalanced distributions 
of baseline IGA score and %BSA between North America 
and Europe. There was an approximately 13:1 ratio of 
patients with a baseline IGA score of 3 versus 2 in Europe 
and an approximately 2:1 ratio in North America. A higher 
proportion of patients with > 15% BSA was enrolled in 
the stratum of a baseline IGA score of 3 in Europe (131 

[46.5%] of a subtotal of 282 patients) than the stratum of 
a baseline IGA score of 3 in North America (77 [17.6%] 
of a subtotal of 438 patients) in the pooled phase III data, 
which is 1.6-fold higher; this difference was consistent 
with that observed in the individual phase III studies. 
Baseline IGA score and %BSA were positively correlated, 
because patients with a baseline IGA score of 3 tended to 
have higher %BSA affected. Therefore, it is likely that the 
higher plasma concentrations of ruxolitinib in patients in 
Europe are simply a function of the more severe disease 
status at baseline relative to patients in North America.

A statistical linear model was developed to quantita-
tively characterize the relationship between amount of 
API per application and the Css of ruxolitinib, with geo-
graphical region, baseline IGA score, and baseline %BSA 
identified as significant predictors, whereas inclusions of 
additional covariates such as baseline EASI score, sex, 
race, or age did not significantly improve the model fitness.

Treatments with oral JAK inhibitors are associated with 
AEs, such as thrombocytopenia, which are believed to be 
on-target for certain hematological conditions such as 
myelofibrosis, polycythemia vera, etc. [54]. Ruxolitinib, 
as a potent inhibitor of the JAK1/JAK2 and JAK/STAT 
pathway, can cause changes in hematological parameters 
including thrombocytopenia and anemia when dosed (up 
to 25 mg BID) orally in patients with myelofibrosis who 
have compromised bone marrow function [55, 56]. The 
maximum tolerated dose in patients with myelofibrosis, 
who suffer from compromised bone marrow function, 
is 25 mg BID (oral) [57], which corresponds to an aver-
age Css of ~ 350 nM [58], whereas the same dose and 
the corresponding plasma ruxolitinib concentrations were 
well tolerated in a healthy volunteer study [48]; in other 
words, subjects with normal bone marrow function are 
less susceptible to bone marrow suppression at a given 
dose or average plasma concentration of ruxolitinib. As a 
rule of thumb, the potential for bone marrow suppression 
increases when average plasma concentrations exceed the 
whole blood  IC50 for JAK2 inhibition for several hours/
days in a repeated fashion over the course of at least 2 
weeks. For ruxolitinib, this  IC50 value is 281 nM [52]. 
Any changes in hematological parameters of patients with 
atopic dermatitis after topical administration of ruxolitinib 
are therefore not expected, given that the mean Css are < 
40 nM, i.e., < 15% of the  IC50 value.

Consistent with this expectation, no clinically relevant 
changes in hematological parameters were observed in any 
of the three studies in atopic dermatitis, and therefore cor-
relation analyses could not be generated. The only hema-
tological change observed in the topical ruxolitinib studies 
was a transient and minor increase in platelets at week 2 
with spontaneous (while on treatment) normalization by 
the next visit at week 4 (Fig. 6), and this change was more 
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perceptible for the fourth quartile of ruxolitinib  Css. Platelet 
counts remained within normal limits at all visits, including 
week 2, and the mechanism behind this transient and modest 
increase in platelets at week 2 is not clear. However, given 
that there was no change in the mean platelet volume (indi-
cating a lack of increase in young platelets; Online Resource 
3, see ESM), the transient increase in platelets at week 2 may 
relate to an activity that is not associated with an effect on 
bone marrow.

5  Conclusion

In conclusion, the PK results from the studies in patients 
with atopic dermatitis with BSA ≤20% indicate that the 
overall bioavailability of ruxolitinib cream is low (a frac-
tion of that of the oral formulation) and that the average 
steady-state trough plasma concentrations at its highest 
strength (1.5% cream BID) are well below that required 
for clinically relevant systemic pharmacological activity. 
Consistent with the observed plasma concentrations and 
the expectations thereof, ruxolitinib cream was well tol-
erated and systemic safety concerns associated with oral 
JAK inhibitors were not observed in these three studies. 
The reported results lend support to the emerging profile 
of ruxolitinib cream as a promising treatment modality in 
atopic dermatitis.
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