
Vol.:(0123456789)

American Journal of Clinical Dermatology (2023) 24:315–324 
https://doi.org/10.1007/s40257-022-00741-9

ORIGINAL RESEARCH ARTICLE

Pharmacokinetics of Roflumilast Cream in Chronic Plaque Psoriasis: 
Data from Phase I to Phase III Studies

Archie W. Thurston Jr1 · David W. Osborne2 · Scott Snyder2 · Robert C. Higham2 · Patrick Burnett2 · David R. Berk2

Accepted: 20 October 2022 / Published online: 24 November 2022 
© The Author(s) 2022

Abstract
Background  Most patients with chronic plaque psoriasis receive topical treatment; however, available options lack a balance 
of efficacy with long-term safety and tolerability. Roflumilast cream 0.3% is a highly potent phosphodiesterase 4 (PDE4) 
inhibitor approved by the US FDA for treatment of psoriasis.
Objective  The aim of this study was to define the pharmacokinetic (PK) profile of roflumilast delivered topically from a 
phase I maximal usage study and data from phase II and phase III studies.
Methods  PK data for roflumilast and the active metabolite, roflumilast N-oxide, were determined from a phase I PK and 
safety maximal usage study of roflumilast cream 0.3% applied once daily for 14 days in patients with plaque psoriasis affect-
ing body surface area (BSA) ≥20% (N = 26). Serial plasma samples were obtained on Days 1 and 15 to determine maximum 
plasma concentration (Cmax) and area under the concentration-time curve (AUC). Plasma concentrations were also assessed 
at Weeks 3, 4, and 5 for terminal half-life (t½). Concentrations of roflumilast and roflumilast N-oxide in skin were assessed 
at Day 28 for 14 patients with psoriasis in a phase I/IIa study of once-daily roflumilast cream 0.5% and 0.15% for 28 days. 
Systemic exposure (Ctrough and AUC) of roflumilast and roflumilast N-oxide in two phase III trials (DERMIS-1, n = 245; 
DERMIS-2, n = 250) of roflumilast cream 0.3% for 8 weeks was assessed at Weeks 4 and 8.
Results  Bioavailability of roflumilast cream 0.3% after topical administration was 1.5%. Unlike after oral dosing, the plasma 
concentration-time curve was flat, with a peak-to-trough ratio of 1.2. Roflumilast N-oxide concentrations were eightfold higher 
than roflumilast concentrations. The t½ in adult patients was 4.0 days for roflumilast and 4.6 days for roflumilast N-oxide 
following the last dose administered. Steady state was reached by Day 15. Concentrations of roflumilast in skin were, on 
average, 126- and 61.8-fold higher than corresponding mean plasma Ctrough following administration of roflumilast cream 
0.15% and 0.5% daily for 28 days. Roflumilast N-oxide was quantifiable in only one skin sample (N = 27). Following 8 weeks 
of treatment in DERMIS-1, mean plasma Ctrough of roflumilast was 1.78 ng/mL, and 9.86 ng/mL for roflumilast N-oxide. In 
DERMIS-2, mean plasma Ctrough was 1.72 ng/mL and 10.2 ng/mL, respectively. In the maximal usage study (mean BSA: 
27.5%), eight patients (30.8%) experienced adverse events (AEs) and all were mild or moderate, with no reports of diarrhea, 
headache, insomnia, or application-site pain; no patients discontinued treatment due to an AE.
Conclusion  Topical administration of roflumilast cream 0.3% results in concentrations in skin 126- and 61.8-fold higher 
relative to plasma, which are much higher than expected to be achievable with oral dosing. PDE4 inhibition in the skin is 
likely due to roflumilast as compared with its active metabolite, as there is no significant conversion to roflumilast N-oxide 
in the skin. Consistent with reservoir formation and retention of drug in the stratum corneum, roflumilast is slowly released 
from the skin (t½ 4 days) and peak-to-trough ratio is 1.2.
ClinicalTrials.gov Identifiers  NCT04279119, NCT03392168, NCT04211363, NCT04211389.

 *	 David R. Berk 
	 dberk@arcutis.com

1	 Toxicology Solutions, San Diego, CA, USA
2	 Arcutis Biotherapeutics, Inc, 3027 Townsgate Road, Suite 

300, Westlake Village, CA 91361, USA

Key Points 

Roflumilast cream 0.3% is a potent inhibitor of phospho-
diesterase 4 (PDE4).

Topical application results in higher concentrations in 
the skin than plasma, suggesting local PDE4 inhibition 
in the skin.
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1  Introduction

Psoriasis is a chronic, inflammatory, dermatologic condition 
that negatively impacts quality of life [1]. In patients with 
psoriasis receiving prescription medication for management 
of their disease, the vast majority receive topical treatment 
[2, 3]. However, there is a lack of topical medications that 
effectively provide a balance of high level of efficacy with 
long-term safety and tolerability. With the introduction of 
oral apremilast, phosphodiesterase 4 (PDE4) inhibitors have 
been shown to be an effective mechanism for treatment of 
psoriasis [4]; however, diarrhea and nausea, the most com-
mon adverse events (AEs), may require modification to ini-
tial dose titration [5]. Crisaborole is a topical PDE4 inhibitor 
approved for use in atopic dermatitis [6], but is associated 
with stinging and burning at the application site [7–9]. Oral 
roflumilast, a highly potent PDE4 inhibitor (approximately 
25 to > 300 times more potent than apremilast or crisab-
orole) [10], is approved to reduce the risk of exacerbations in 
patients with chronic obstructive pulmonary disease (COPD) 
at a daily dose of 500 µg [11]. However, the most common 
AEs with oral roflumilast are gastrointestinal, and diarrhea 
and nausea were the most common reasons for discontinua-
tion from clinical trials [11].

Topical cream and foam formulations of roflumilast are 
undergoing clinical development for the treatment of pso-
riasis as well as other inflammatory conditions of the skin. 
Roflumilast cream 0.3% was effective and well tolerated in 
vehicle-controlled, randomized, phase II studies [12] and 
two identical phase III trials (DERMIS-1 and DERMIS-2) 
in patients with chronic plaque psoriasis [13]. In both phase 
III trials, the primary endpoint (achievement of Clear or 
Almost Clear plus ≥ 2-grade improvement from baseline on 
the Investigator Global Assessment at Week 8, roflumilast 
cream 0.3% compared with vehicle) was met (DERMIS-1: 
42.4% vs. 6.1%; DERMIS-2: 37.5% vs. 6.9%; p < 0.0001 
for both). Statistically significant differences in favor of rof-
lumilast cream versus vehicle were observed for multiple 
secondary endpoints. The incidence of treatment-emergent 
AEs (TEAEs), serious AEs, and TEAEs leading to discon-
tinuation were low with similar rates between roflumilast 
and vehicle across studies. Topical application of roflumilast 
cream 0.3% was well tolerated [13].

The primary difference in the safety profiles with oral 
versus topical administration is occurrence of gastrointes-
tinal AEs (oral roflumilast 500 µg: diarrhea 9.5%, weight 
decreased 7.5%, nausea 4.7% [11]; topical roflumilast cream 
0.3%: diarrhea 3.5% in DERMIS-1 and 2.8% in DER-
MIS-2, weight decreased and nausea occurred in < 1.5% 
of patients in both DERMIS-1 and DERMIS-2) [13]. This 
could be explained by their distinct pharmacokinetic (PK) 
profiles. Following a 500 µg oral dose, roflumilast was rap-
idly absorbed (about 1.25 h) and oral bioavailability was 

approximately 79% [14]. With multiple dosing of oral rof-
lumilast 500 µg in healthy volunteers, the peak plasma con-
centration (Cmax) was 6.01 ng/mL [14] (about 6% higher in 
COPD patients) with a peak-to-trough ratio greater than 10 
[15]. Roflumilast undergoes gut and hepatic first-pass metab-
olism via the cytochrome P450 (CYP3A4 and CYP1A2) 
system to form an active, but approximately threefold less 
potent, N-oxide metabolite [16]. Following oral administra-
tion of roflumilast, systemic exposure of roflumilast N-oxide 
was 12.4 times greater than that of roflumilast; however, 
formation of N-oxide metabolite is less extensive (7.4 times 
greater than roflumilast) following intravenous administra-
tion [14, 16]. After roflumilast is administered orally, the 
elimination half-life of roflumilast is 17 h, and 30 h for rof-
lumilast N-oxide [17].

The PK profile of roflumilast delivered topically in a 0.3% 
cream formulation was evaluated in a phase I maximal usage 
study. Additional data obtained during the clinical develop-
ment program provide further information to define the PK 
of roflumilast cream in patients with psoriasis. In this study, 
we describe the PK profile of roflumilast cream in patients 
with psoriasis from these studies.

2 � Methods

2.1 � Maximal Usage Pharmacokinetic (PK) 
and Safety Study (Study 107)

The objective of this phase I study was to evaluate the sys-
temic exposure and characterize the PK profile of roflumilast 
and its major N-oxide metabolite, when dosed under maxi-
mal usage conditions, e.g., in patients with psoriasis with 
extensive body surface area (BSA) involvement and at the 
upper range of disease severity. Safety and tolerability were 
also assessed in this open-label, single-arm, 2-week study 
of roflumilast cream 0.3% in adolescent and adult patients 
with chronic plaque psoriasis (ClinicalTrials.gov identifier: 
NCT04279119).

Enrolled patients included those diagnosed with psoria-
sis of at least 3 months’ duration, involving at least 10% 
of BSA in adolescents (12–17 years) and at least 20% of 
BSA (excluding the scalp) in adults (≥ 18 years of age), and 
Investigator Global Assessment score of at least moderate 
(3) at baseline. For this maximal usage study, a minimum of 
20% BSA was chosen because it is considered the maximal 
feasible BSA for topical application. Additional inclusion 
and exclusion criteria are provided in Electronic Supple-
mentary Table 1.

Roflumilast cream 0.3% contains 50% water, 25% dieth-
ylene glycol monoethyl ether (Transcutol® P), 15% moistur-
izers (petrolatum and isopropyl palmitate), hexylene gly-
col, emulsifiers, and methylparaben and propylparaben as 
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preservatives. It is formulated at physiological skin pH (5.5) 
without propylene glycol, polyethylene glycol, ethanol, or 
fragrances. Roflumilast cream was applied once daily (each 
evening) to areas with plaques, including body, face, and 
intertriginous/genital areas, but excluding the scalp. Patients 
were to apply roflumilast cream (2 mg/cm2) to all treated 
areas throughout the study, even if treatment areas cleared, 
and to any new lesions that appeared during the study.

Blood samples for PK analysis were obtained before 
application of roflumilast on Days 1 and 15; 1, 2, 4, 8, and 
24 h post-dose on Days 1 and 15; and 7, 14, and 21 days 
after the last application (Weeks 3, 4, and 5; optional for 
adolescents). PK parameters included maximum concentra-
tion (Cmax), area under the curve until the last quantifiable 
timepoint (AUC​last), time of maximum concentration (Tmax), 
and elimination half-life (t½) for roflumilast and its N-oxide 
metabolite. Cmax and AUC​last values were normalized per 
dose to allow more accurate assessment of differences in 
adolescents and adults.

Local tolerability was assessed by the investigator at 
Baseline and before the last application at Day 15; patients 
assessed the level of stinging and burning at 10–15 min after 
the first and last application of roflumilast. Safety assess-
ments included clinical laboratory, 12-lead electrocardio-
gram (ECG), vital signs, weight, Patient Health Question-
naire depression scale (PHQ-8 and modified PHQ-A), and 
Columbia-Suicide Severity Rating Scale (C-SSRS). BSA 
was assessed at Baseline and Day 15.

2.2 � Assessment of Roflumilast and Roflumilast 
N‑Oxide Levels in Skin from a Phase I/IIa Study 
(Study 101)

Levels of roflumilast and roflumilast N-oxide in the skin 
were assessed as part of a phase I/IIa study in two cohorts 
of patients with chronic plaque psoriasis (ClinicalTrials.
gov identifier: NCT03392168). The safety and efficacy 
results of this study have been published [18]. Skin sam-
ples could be obtained in Cohort 2, which was a parallel-
group, double-blind, vehicle-controlled study of once-daily 
roflumilast cream 0.5% and 0.15% for 28 days in patients 
with chronic plaque psoriasis for a duration > 6 months and  
≤ 5% BSA involvement. Patients could opt to allow a punch 
biopsy (4 mm) for assessment of levels of roflumilast and 
roflumilast N-oxide in skin, taken from a target plaque on 
Day 28. The punch biopsy included the epidermis, dermis, 
and subcutaneous skin layers. Plasma concentrations of rof-
lumilast and roflumilast N-oxide were assessed at Day 28 
before application, and 1, 2, 4, 6 and 24 h after the last dose.

2.3 � Phase III DERMIS‑1 and DERMIS‑2 PK 
Assessment (Studies 301 and 302)

DERMIS-1 (ClinicalTrials.gov identifier: NCT04211363) 
and DERMIS-2 (ClinicalTr ials .gov identif ier: 
NCT04211389) were identical, parallel-group, randomized 
(2:1), double-blind, vehicle-controlled trials of roflumilast 
cream 0.3% or vehicle applied once daily for 8 weeks to 
patients with chronic plaque psoriasis affecting 2–20% BSA. 
The safety and efficacy results of the DERMIS trials have 
been published [13]. Male or female children (2–11 years), 
adolescents (12–17 years), and adults (≥ 18 years) with 
chronic plaque psoriasis could be enrolled.

Roflumilast cream 0.3% or vehicle was applied once daily 
to all lesions (excluding the scalp) as identified by the inves-
tigator, even if lesions cleared during the study. New lesions 
were to be treated as well. Predose (Ctrough) plasma sam-
ples for roflumilast and roflumilast N-oxide were obtained 
at Baseline, Week 4, and Week 8. Ctrough concentrations were 
assessed from observed data, and given the flat PK profile of 
topical roflumilast, the AUC from time zero to 24 h (AUC​24) 
was extrapolated by multiplying the predose concentration 
value by 24.

2.4 � PK Analyses

In Study 107, the PK analysis was performed for roflumilast 
and the roflumilast N-oxide metabolite using noncompart-
mental analysis and following the Linear Trapezoidal Lin-
ear Interpolation calculation method. A minimum of three 
consecutive quantifiable concentrations were required to 
include a patient in the analysis. Cmax and the correspond-
ing Tmax values were determined by direct assessment of the 
concentration versus time data. Nominal dose values and 
sampling times were used for PK parameter estimations. The 
terminal elimination rate constant (lambda z, λz) was calcu-
lated following the last dose administered using the actual 
analysis day values. The Week 2, 24-h plasma concentration 
value, along with any quantifiable concentration at 1, 2, and 
3 weeks post the last dose administered, were used to derive 
a λz value by determining the slope of the regression line 
of the natural log-transformed concentrations versus time. 
Data from patients with at least two values were used. The 
terminal half-life (t½) was calculated as ln (2)/λz. Analysis 
of the PK data collected was performed with a CFR 21 Part 
11 compliant software package (Phoenix WinNonlin version 
8.3; Certara, Princeton, NJ, USA), which is in full compli-
ance with International Council for Harmonization Good 
Clinical Practice.
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2.5 � Drug Analysis

Roflumilast and roflumilast N-oxide plasma concentrations 
were measured using a validated liquid chromatography-tan-
dem mass spectrometry (LC-MS/MS) assay. The lower limit 
of quantification (LLOQ) was 0.100 ng/mL for roflumilast 
and roflumilast N-oxide. Skin samples from punch biopsies 
were immediately frozen until samples were assayed at a 
central location. Roflumilast and roflumilast N-oxide con-
centrations were quantified in skin homogenates using an 
LC-MS/MS assay for assessment of tissue concentrations 
of roflumilast and roflumilast N-oxide.

2.6 � Study Ethics

These studies were conducted in accordance with the ethi-
cal principles set forth in the Declaration of Helsinki and 
the International Council for Harmonization harmonized 
tripartite guideline regarding Good Clinical Practice (2016 
guidance). Approval by the investigational review board 
was obtained from each investigator’s institution and writ-
ten informed consent or assent was obtained before enroll-
ment. In the skin-level assessment from the phase I/IIa study 
(Study 101), the protocol was approved by Research Review 
Board, Inc., Richmond Hill, ON, Canada, for all sites [18].

3 � Results

3.1 � Maximal Usage PK and Safety Study (Study 107)

A total of 26 patients were enrolled (6 adolescents, 20 
adults); 2 withdrew from the study (both adults, 1 withdrew 
consent after completing the 2-week treatment, 1 was lost to 
follow-up), and 24 completed the study. The PK and safety 
populations consisted of all 26 patients. Baseline disease and 
demographic characteristics are shown in Table 1.

Mean values of the PK parameters of roflumilast and 
roflumilast N-oxide for adolescents and adults at Day 15 
are shown in Table 2. Following a single roflumilast cream 
0.3% topical dose, the bioavailability of roflumilast was 
1.5% (based on a mean BSA of 27.5%, with a mean dose 
applied of 28.5 mg). The AUC normalized by dose sug-
gests that systemic exposure to roflumilast and roflumi-
last N-oxide was similar between adolescents and adults, 
with a trend for higher levels in adults. The mean plasma 
concentration versus time plot of roflumilast and roflumi-
last N-oxide in adolescents and adults at Days 1 and 15 
is shown in Fig. 1A, and B, respectively. These graphs 
illustrate that plasma concentrations of roflumilast and rof-
lumilast N-oxide increased after the first application of rof-
lumilast cream 0.3% and steady state was achieved by Day 
15. In addition, at steady state (Day 15), the concentration 

versus time plots were relatively flat, with a peak-to-trough 
ratio of 1.2. The roflumilast N-oxide concentrations were 
generally eightfold over roflumilast concentrations, which 
was more consistent with the ratio observed following 
intravenous administration than oral administration. The 
mean concentration versus time plot after the last applica-
tion of roflumilast cream 0.3% illustrates elimination of 
roflumilast and N-oxide in adolescents and adults (Fig. 2). 
Mean elimination half-life for roflumilast and roflumilast 
N-oxide in adolescents was 2.9 (n = 1) and 2.8 (n = 2) 
days, respectively, and 4.0 (n = 16) and 4.6 (n = 18) days 
in adults, respectively. The longer half-life following topi-
cal administration relative to oral administration suggests 
significant retention in the skin.  

The overall percentage of patients with at least one 
TEAE was 30.8%; all the TEAEs were reported by eight 
adults (no AEs were reported by adolescents). TEAEs 
included nausea (three patients), ear discomfort, applica-
tion-site paresthesia, upper respiratory tract infection, back 
pain, and hematuria (all one patient each). Most TEAEs 
(five) were considered mild, while three were moderate in 
severity; none were rated as serious or Grade 5. No patients 

Table 1   Baseline disease and demographic characteristics (Maxi-
mal Usage Pharmacokinetic and Safety Study [Study 107; 
NCT04279119]; safety population)

BSA body surface area, IGA Investigator Global Assessment, mPASI 
modified Psoriasis Area Severity Index, min minimum, max maxi-
mum, SD standard deviation

Variable Adolescents [n = 6] Adults [n = 20]

Age, years
 Mean (SD) 14.7 (1.03) 52.6 (12.63)
 Median 15.0 54.0
 Min, max 13, 16 27, 74

Male sex [n (%)] 4 (66.7) 14 (70.0)
Ethnicity, Hispanic or Latino 

[n (%)]
3 (50) 17 (85.0)

Race [n (%)]
 Asian 1 (16.7) 0
 Black/African American 0 1 (5.0)
 White 5 (83.3) 18 (90.0)

BSA, %
 Mean (SD) 13.0 (3.58) 27.5 (7.76)
 Median 12.0 24.5
 Min, max 10.0, 20.0 21.0, 45.0

IGA [n (%)]
 Moderate 6 (100) 19 (95.0)
 Severe 0 1 (5.0)

mPASI
 Mean (SD) 11.9 (6.2) 19.7 (5.7)
 Median 12.9 19.2
 Min, max 1.7, 18.9 7.2, 28.8
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Table 2   Summary plasma pharmacokinetic parameters of roflumilast and roflumilast N-oxide following daily topical administration of roflumi-
last cream 0.3% at Day 15 (Maximal Usage Pharmacokinetic and Safety Study; Study 107; NCT04279119)

Data are expressed as means unless indicated otherwise
AUC​last area under the curve until the last quantifiable timepoint, BSA body surface area, Cmax maximum plasma concentration, SD standard 
deviation, min minimum, max maximum, Tmax time to reach Cmax
a 12–17 years of age
b ≥18 years of age
c One adolescent had less than 3 quantifiable roflumilast concentrations for Day 15 and was excluded from the PK analysis

Analyte Age group N BSA, % (SD) Tmax, h (min–max) Cmax, ng/mL (SD) AUC​last, h*ng/mL (SD) AUC​last normalized 
by dose, h*ng/mL/
mg (SD)

Roflumilast Adolescentsa 5c 13.6 (3.65) 10.4 (1.0–24) 1.27 (1.23) 25.1 (24.0) 2.07 (2.17)
Adultb 18 26.8 (6.80) 11.3 (0–24) 3.72 (2.49) 72.7 (53.1) 2.74 (2.12)

N-oxide Adolescentsa 6 13.0 (3.58) 16.5 (1.0–24.0) 7.17 (9.39) 140 (179) 11.8 (15.9)
Adultb 18 26.8 (6.80) 12.9 (0–24) 30.6 (29.4) 628 (648) 23.2 (24.8)

Fig. 1   Mean plasma concentra-
tions, by time, of roflumilast 
and roflumilast N-oxide fol-
lowing topical administration 
of roflumilast cream 0.3% at A 
Day 1 and B Day 15 (Maxi-
mal Usage Pharmacokinetic 
and Safety Study; Study 107; 
NCT04279119)
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interrupted or discontinued treatment due to a TEAE. All 
three TEAEs of nausea were reported as mild (Grade 1), 
occurred early during treatment, were considered possibly 
related to roflumilast cream, and resolved during the course 
of the study without any action being taken. There were no 
reports of diarrhea, headache, insomnia, or application-site 
pain. Treatment with roflumilast cream 0.3% did not appear 
to have any influence on vital signs, physical examination 
findings, clinical laboratory assessments, ECG parameters, 
or weight/body mass index. All patients had a score of 0 
on the C-SSRS throughout the study. Shifts in PHQ-8 and 
PHQ-A did not indicate any safety concerns.

At Week 2, there was no significant change from Base-
line in investigator-assessed local tolerability, with ‘no 
evidence of irritation’ reported for all patients. For patient 
assessment of local tolerability, all adolescents reported 
‘no sensation’ (0 = none) after application at both Baseline 
and Week 2. For adult subjects, most patients reported ‘no 
sensation’ (0 = none), including 17/20 at Baseline and 
17/19 at Week 2. Two adults reported at Baseline a slight 
warm tingling sensation and one had a definite warm, tin-
gling sensation after roflumilast application. Similarly, at 
Week 2, one patient had a slight warm tingling sensation 
and one had a definite warm tingling sensation after appli-
cation of roflumilast cream 0.3%.

3.2 � Assessment of Roflumilast and Roflumilast 
N‑Oxide Concentrations in Skin from a Phase  
I/IIa Study (Study 101)

Skin punch biopsy samples for assessment of roflumilast and 
roflumilast N-oxide concentrations were obtained from 14 
patients receiving roflumilast cream 0.15% and 13 patients 
receiving roflumilast cream 0.5%. All but one sample 

(patient receiving roflumilast cream 0.5%) had measur-
able levels of roflumilast, whereas only one sample (patient 
receiving roflumilast cream 0.15%) had a measurable level 
for roflumilast N-oxide. In patients receiving roflumilast 
cream 0.15%, the mean (standard deviation [SD]) concen-
tration of roflumilast in the skin was 120 (185) ng/g and 
the concentration of measurable roflumilast N-oxide was 
0.216 ng/g (one patient), near the LLOQ. In patients receiv-
ing roflumilast cream 0.5%, the mean (SD) concentration 
of roflumilast in the skin was 56.1 (43.1) ng/g. No patients 
receiving the 0.5% dose had measurable concentrations of 
roflumilast N-oxide.

The mean (SD) roflumilast plasma concentrations with 
roflumilast cream 0.15% (n = 21) and roflumilast cream 0.5% 
(n = 20) were 1.03 (0.903) ng/mL and 1.15 (0.736) ng/mL,  
respectively, while the skin concentrations of roflumilast 
N-oxide were at least 30-fold lower (skin LLOQ of 0.2 
ng/g) than the circulating plasma concentrations (6.52 [4.04] 
ng/mL and 5.44 [4.95] ng/mL following 0.5% and 0.15%, 
respectively). The data suggest that there is no significant 
conversion of roflumilast to the N-oxide metabolite in the 
skin, and that efficacy in the skin is due to the higher skin 
roflumilast concentrations following topical administration.

There were 11 patients per treatment group with 
matched skin biopsy and plasma concentration at 24 h 
after the last dose. In the 0.15% and 0.5% roflumilast 
cream subgroups, the mean (SD) plasma concentration 
was 1.15 (1.14) ng/mL and 0.805 (0.307) ng/mL, and the 
mean concentration in skin was 84.0 (171) ng/mL and 
51.0 (44.4), respectively. The ratio of mean (SD) con-
centration of roflumilast in the skin to the mean (SD) 
plasma concentration was 126 (263) and 61.8 (47.1) in 
the roflumilast cream 0.15% and 0.5% treatment groups, 
respectively.

Fig. 2   Mean roflumilast and 
roflumilast N-oxide plasma 
concentrations following last 
daily topical administration of 
roflumilast cream 0.3% on Day 
15 through Day 36 (Maxi-
mal Usage Pharmacokinetic 
and Safety study; Study 107; 
NCT04279119)
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3.3 � Phase III DERMIS‑1 and DERMIS‑2 PK 
Assessment (Studies 301 and 302)

The PK population for DERMIS-1 was comprised of 241 
adults, 3 adolescents, and 1 child, while the PK popula-
tion for DERMIS-2 comprised 244 adults, 5 adolescents, 
and 1 child. Systemic exposure of roflumilast and roflu-
milast N-oxide based on Ctrough and AUC​24 are shown in 
Table 3 for the three age categories from DERMIS-1 and 
DERMIS-2. Concentrations were consistent between the 
two phase III trials.

4 � Discussion

The maximal usage PK and safety study, required by the 
US FDA, evaluated the safety and exposure of roflumilast 
cream 0.3% under maximal use conditions; therefore, the 
mean BSA affected (27.5%) was approximately four times 
greater in this study than in the DERMIS trials (6.0% and 
6.9%), which represents the target population for this topical 
therapy. It was anticipated that a greater BSA affected would 
correspond to higher Cmax and AUC; however, the relation-
ship with BSA was not directly proportional. Relative to 

the DERMIS trials, AUC in the maximal usage study was 
approximately 1.6-fold higher, not the four times that would 
be expected if there was a direct relationship. Safety and 
tolerability under maximal usage conditions were similar 
to the AE profiles in the phase IIb [12] and two phase III 
studies [13]. Despite a greater BSA, Cmax, and AUC than in 
DERMIS-1 and DERMIS-2, there were no reported cases of 
diarrhea, headache, insomnia, or application site pain in the 
maximal usage study.

The PK profiles of roflumilast and roflumilast N-oxide 
with topical administration have distinct differences in com-
parison with oral dosing, which may explain the excellent 
safety and tolerability profile of roflumilast cream relative 
to the oral formulation. Roflumilast was more bioavailable 
with oral dosing (79%) and absorbed rapidly, with peak 
levels occurring in 1 h. After single topical administration, 
roflumilast had bioavailability of approximately 1.5% and 
was slowly absorbed. Under steady-state conditions in the 
maximal usage study (Study 107, 27.5% BSA treatment), 
despite the 55-fold higher dose (27.5 mg vs. 0.5 mg oral) 
with the topical formulation, peak roflumilast and roflu-
milast N-oxide concentrations were 3.72 and 30.6 ng/mL, 
respectively, following topical administration. These values 
were within twofold of the peak Cmax values following repeat 

Table 3   Summary pharmacokinetic parameters of roflumilast and roflumilast N-oxide from DERMIS-1 and DERMIS-2 (phase III studies 301 
[NCT04211363] and 302 [NCT04211389])

Data are expressed as means (SD) unless indicated otherwise
API active pharmaceutical ingredient, AUC​24 area under the concentration-time curve from 0 to 24 h, BSA body surface area, conc. concentra-
tion, NA sample not available, SD standard deviation
a Treated surface area was calculated as total BSA * treated BSA. To calculate a target dose applied, the estimated treated surface area (cm2) was 
multiplied by 2 (2 mg of cream/cm2) to get the estimated amount of cream applied, then multiplied by 0.003 (mg API/mg of cream) to get the 
target dose applied. To calculate the treated surface area, a theoretical total BSA of 17,100 cm2 was used for adults, while in adolescents (12–17 
years of age), a theoretical total BSA of 15,800 cm2 was used, and for patients between 6 and 11 years of age, a theoretical total BSA of 10,100 
cm2 was used

Analyte Age group,years N BSA, % Target dose,a mg Week 4 conc., 
ng/mL

Week 4 extrapo-
lated AUC​24, 
h*ng/mL

Week 8 conc., 
ng/mL

Week 8 extrapo-
lated AUC​24, 
h*ng/mL

DERMIS-1
Roflumilast 6–11 1 10 6.1 NA NA 0.511 12.3

12–17 3 4.8 (1.3) 4.6 (1.2) 0.972 (0.226) 23.3 (5.43) 0.911 (0.500) 21.9 (12.0)
≥ 18 241 6.0 (4.1) 6.1 (4.2) 2.05 (2.83) 53.3 (69.1) 1.78 (2.38) 47.4 (58.3)

N-oxide 6–11 1 10 6.1 NA NA 4.30 103
12–17 3 4.8 (1.3) 4.6 (1.2) 8.42 (3.80) 202 (91.2) 8.71 (5.49) 209 (132)
≥ 18 241 6.0 (4.1) 6.1 (4.2) 11.8 (12.9) 288 (310) 9.86 (12.0) 242 (290)

DERMIS-2
Roflumilast 6–11 1 8.0 8.2 2.36 56.6 2.19 52.6

12–17 5 8.3 (4.8) 8.5 (4.9) 0.331 (0.217) 9.92 (3.13) 0.857 (0.895) 25.7 (21.0)
≥ 18 244 6.9 (4.8) 7.1 (5.0) 1.99 (2.22) 50.6 (53.5) 1.72 (2.13) 43.7 (51.5)

N-oxide 6–11 1 8.0 8.2 24.0 576 25.6 614
12–17 5 8.3 (4.8) 8.5 (4.9) 3.53 (2.44) 84.6 (58.4) 6.72 (7.24) 161 (174)
≥ 18 244 6.9 (4.8) 7.1 (5.0) 12.2 (14.1) 294 (338) 10.2 (12.8) 249 (308)
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oral roflumilast 500 µg dose administration in healthy vol-
unteers, in which peak roflumilast and roflumilast N-oxide 
concentrations were 6.01 ng/mL and 21.7 ng/mL, respec-
tively [14]. Following 8 weeks of treatment with roflumilast 
cream 0.3% in the DERMIS trials, the Ctrough concentra-
tions were 1.78 ng/mL and 9.9 ng/mL for roflumilast and 
roflumilast N-oxide, respectively, in DERMIS-1. Values in 
DERMIS-2 were similar to those in DERMIS-1. With oral 
administration, roflumilast peak-to-trough ratios were > 10 
[15], while there was minimal fluctuation following topical 
administration—the ratio was 1.2-fold at steady state. The 
relatively flat concentration-time curve with topical roflumi-
last, lower Cmax, or action of bypassing the gastrointestinal 
tract with topical administration likely contribute to the low 
rate of gastrointestinal AEs observed during clinical trials 
with roflumilast cream in psoriasis [18, 19].

Roflumilast is lipophilic (roflumilast logP = 3.53), water-
insoluble (roflumilast water solubility = 0.52–0.56 mg/L at 
22 °C) and has an affinity for protein. These three proper-
ties of topically applied actives correlate well with reservoir 
formation and retention of drug in the stratum corneum [20]. 
Quantitation of human skin reservoir function in vivo has 
been determined for a lipophilic, water-insoluble chemical 
ultraviolet (UV) filter delivered from oil-in-water emulsions 
[21] and has often been observed using in vitro techniques 
for topically applied actives dissolved in diethylene glycol 
monoethyl ether [22]. The longer half-life of roflumilast after 
topical administration (4 days) relative to oral (17–30 h) 
and flat concentration versus time curve is reflective of the 
prolonged release out of the stratum corneum and into the 
epidermis, dermis, and systemic circulation. This supports 
the efficacy profile observed with once-daily application of 
roflumilast cream 0.3% in psoriasis and could mitigate any 
impact of occasional missed doses.

With repeat daily dosing of roflumilast cream, roflumilast 
N-oxide plasma concentrations were approximately eightfold 
higher than roflumilast at steady state, which was evident by 
Day 15. This is consistent with the ratio of 7.4-fold observed 
following a single intravenous administration. With oral 
administration, the ratio is 12.4-fold; the greater proportion 
of roflumilast N-oxide is due to increased contribution from 
first-pass metabolism [14]. Accordingly, the ratio of roflumi-
last N-oxide to roflumilast plasma concentrations is distinct 
and lower with topical versus oral dosing, and results in 
relatively lower overall systemic PDE4 inhibition at a given 
roflumilast concentration.

The 61.8- to 126-fold higher roflumilast concentrations 
in the skin relative to plasma coupled with the lack of rof-
lumilast N-oxide in the skin suggest that dermal conversion 
of roflumilast to roflumilast N-oxide does not occur and the 
activity of roflumilast cream 0.3% in psoriasis is due to local 
PDE4 inhibition by the parent compound. This is in line 
with data from Snape et al. [23], who demonstrated that the 

efficacy of a precursor formulation of roflumilast cream for 
psoriasis was due to local effects. Using a modified psoriasis 
plaque test, roflumilast cream (using the precursor formu-
lation) reduced skin infiltrate thickness, which correlated 
with a reduction in psoriasis severity. Moreover, both the 
roflumilast levels in the skin and plasma PK profile seen 
with roflumilast cream are not expected to be achievable 
with oral dosing of roflumilast.

Systemic exposure of roflumilast and roflumilast N-oxide 
with topical application was observed in adolescents and 
adults, with a trend for greater exposure in adults. Plasma 
concentrations of roflumilast and roflumilast N-oxide were 
similar when normalized per dose in adolescents and adults, 
consistent with no dosage adjustment being needed in 
adolescents.

Limitations of these studies include the small number of 
adolescents in the maximal usage study and number of skin 
samples (N = 27), contributing to the high level of variabil-
ity in concentrations. Additionally, concentrations in skin 
were not determined separately for the epidermis, dermis, 
and subcutaneous tissue.

5 � Conclusion

The PK profile of roflumilast cream provides support to the 
favorable safety and tolerability observed when administered 
topically to patients with psoriasis and is distinct from that 
of the oral formulation used in COPD. Diarrhea and nausea 
are the most common AEs leading to discontinuation with 
oral treatment in patients with COPD; although the rates of 
these events were less commonly associated with the topi-
cal application of roflumilast in the treatment of psoriasis. 
However, the risks of weight loss, depression, and suicidal 
ideation and behavior have not been associated with the topi-
cal application of roflumilast in the treatment of psoriasis. 
The lack of variation in peak-to-trough levels, approximately 
threefold lower peak concentrations with typical topical dos-
ing in psoriasis relative to oral dosing in COPD, and lack of 
potential for local irritation in the gastrointestinal tract are 
likely contributing factors to the excellent tolerability with 
topical administration.
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