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Objective: To investigate the preliminary safety and ef-
ficacy of apremilast, an oral phosphodiesterase 4 inhibi-
tor, for atopic dermatitis.

Design: This investigator-initiated, open-label pilot
study evaluated 2 doses of apremilast in patients with
atopic dermatitis. Differential gene analysis was per-
formed from peripheral whole blood using data before
and after treatment.

Setting: University-based dermatology clinical re-
search unit.

Patients: Sixteen adult patients with atopic dermatitis.

Intervention: A specific phosphodiesterase 4 inhibi-
tor, apremilast.

Main Outcome Measures: The primary outcome was
incidence of adverse events. Secondary outcomes in-
cluded the differences in pruritus, Dermatology Life Qual-
ity Index (DLQI), and Eczema Area and Severity Index
(EASI) scores between the baseline visit and end-of-
study visit for each cohort.

Results: The group receiving apremilast, 20 mg twice
daily, displayed a significant reduction from baseline of
pruritus (P=.02) and the DLQI (P=.003) at 3 months.
The group receiving apremilast, 30 mg twice daily, dis-
played a significant reduction of the EASI (P=.008) and
the DLQI (P=.01) at 3 months. At 6 months, there was
a significant reduction of the EASI (P=.002), the visual
analog scale (P=.03), and the DLQI (P=.03). Gene on-
tologic analyses comparing baseline with samples dur-
ing treatment revealed alterations in immune response
pathways, especially those related to cyclic adenosine
monophosphate–mediated signaling.

Conclusions: These results support further develop-
ment of apremilast for treatment of atopic dermatitis. Larger
randomized controlled studies are needed to more ad-
equately evaluate both safety and efficacy. Limitations in-
clude the small sample size and absence of a control.

Trial Registration: clinicaltrials.gov Identifier:
NCT01393158
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M ODERATE TO SEVERE

atopic dermatitis (AD)
often cannot be ad-
equately controlled
with topical agents.

Consequently, many patients with AD are
treated with systemic corticosteroids,
cyclosporine, azathioprine, and methotrex-
ate that carry the risks associated with im-
munosuppression or can lead to end-
organ damage.1 A safe, effective systemic
therapy for patients with AD is greatly
needed. It has been known since the 1980s
that leukocytes from patients with AD dis-
play elevated phosphodiesterase (PDE) ac-
tivity compared with normal controls,
which leads to leukocyte hyperactivity and
inflammation.2-4 There are 11 different hu-
man PDE isoenzymes in the human body

known to date. PDE type 4 (PDE4) is one
of the major PDEs expressed in leuko-
cytes.3,5 Inhibitors of PDE4 cause accumu-
lation of intracellular cyclic adenosine
monophosphate (cAMP), which in turn ac-
tivates protein kinase A (PKA) and other
downstream effectors, resulting in inhibi-
tionofproinflammatorycytokine transcrip-
tion and other cellular responses, such as
neutrophil degranulation, chemotaxis, and
adhesion to endothelial cells.6

Inhibitors of PDE have been devel-
oped, and they provide clinical benefit in
patients with AD when used topically,7-9

although no compounds have been
brought to the marketplace. Oral inhibi-
tors of PDE4 have been studied for treat-
ment of asthma, chronic obstructive pul-
monary disease, psoriasis, and psoriatic
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arthritis, but not for AD.10 Apremilast is a novel oral agent
that modulates multiple anti-inflammatory pathways
through targeted PDE4 inhibition. Apremilast has phar-
macodynamic properties with potential therapeutic ben-
efit for treating inflammatory disorders that involve el-
evated serum cytokine levels. In human cellular models,
apremilast inhibited production of inflammatory media-
tors such as tumor necrosis factor (TNF), interleukin 12
(IL-12), IL-2, interferon � (IFN-�), IL-5, IL-8, leuko-
triene B4 (LTB4), and the adhesion molecule CD18/
CD11b (Mac-1) (Figure 1). In addition, apremilast is
known to augment IL-10 production, which is a known
suppressor of other proinflammatory chemokines.11,12 To
assess the safety and efficacy, and possible mechanism
of action of apremilast in AD, we conducted an open-
label prospective trial of apremilast in 16 adult patients
with moderate to severe AD.

METHODS

CLINICAL METHODS

This study was approved by the Oregon Health and Science Uni-
versity (Portland) institutional review board, and informed con-
sent was obtained from all patients. This was an investigator-
initiated, open-label pilot study examining 2 doses of apremilast,
N-{2-[1-(3-ethoxy-4-methoxyphenyl)-2-(methylsulfonyl) ethyl]-
1,3-dioxoisoindolin-4-yl}acetamide (S-enantiomer) for adult AD.
A total of 16 patients with moderate to severe AD were treated
with apremilast in 2 different cohorts. Cohort 1 consisted of 6
adult patients treated with apremilast, 20 mg twice a day, for a

total of 3 months. At the conclusion of this cohort, the US Food
and Drug Administration (FDA) approved a higher dose and
longer treatment course for apremilast. Thus, a second cohort
was initiated. Cohort 2 consisted of 10 adult patients treated
with apremilast, 30 mg twice a day, for a total of 6 months. A
diagnosis of AD was determined by the Hanifin-Rajka crite-
ria.13 The primary outcome for the study was incidence of ad-
verse events (AEs), with secondary outcomes focusing on dis-
ease severity measures and peripheral whole-blood gene
expression changes.

Efficacy of apremilast was assessed at each study visit using
the Eczema Area and Severity Index (EASI),14 Dermatology Life
Quality Index (DLQI), investigator global assessment (IGA),
and the visual analog scale (VAS) for pruritus.

Patients were monitored for AEs and improvement in ec-
zema as determined by the EASI, DLQI, and VAS for pruritus
at 1 week, 2 weeks, 4 weeks, and every 4 weeks thereafter in
cohort 1 and at 2 weeks, 4 weeks, and every 4 weeks thereafter
in cohort 2. After the last dose of medication, patients in both
cohorts were asked to return for a 4-week follow-up visit.

To participate in the study, patients must have met the fol-
lowing inclusion criteria: age of at least 18 years at time of con-
sent, disease severity of at least 6 on the Rajka-Langeland15 se-
verity scoring system, EASI score of at least 11, and be a candidate
for or previously receiving systemic therapy. In addition, pa-
tients were required to remain on a stable regimen of triam-
cinolone acetonide ointment, 0.1%, for 2 weeks prior to the start
of the study and throughout the trial. Most patients applied the
ointment twice a day 2 times a week. No other topical therapy
except emollients was allowed.

Patients were excluded if they had a history of active my-
cobacterial infection with any species (including Mycobacte-
rium tuberculosis) within 3 years prior to the screening visit,
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Figure 1. The role of phosphodiesterase type 4 (PDE4) in inflammation. An overview of the proposed mechanism of action in various cell types derived from in
vivo studies. CCL indicates C-C motif ligand; CXCL, C-X-C motif ligand; GM-CSF, granulocyte macrophage colony-stimulating factor; HLA-DR, human leukocyte
antigen-DR; ICAM-1, intercellular adhesion molecule-1; IFN, interferon; IL, interleukin; iNOS, inducible nitric oxide synthase; LTB4, leukotriene B4; Mac-1,
adhesion molecule CD18/CD11b; NK, natural killer; and TNF, tumor necrosis factor. (Figure reproduced with permission from Celgene Corp.)
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tion of itch from baseline (VAS) and improvement in qual-
ity of life (DLQI) in cohort 1 (P = .02 and P = .003,
respectively). Disease severity (EASI) and quality of life
(DLQI) improved in cohort 2 (P=.008 and P=.01, re-
spectively). Statistically significant clinical improve-
ment in AD was noted within the first 2 weeks of study
drug in cohort 2 (P=.03). Patients experienced an aver-
age reduction in itch of 49% using a VAS, from a mean
baseline of 62.3 mm to 30.5 mm in cohort 1 and a 25%
reduction in cohort 2, from 45.8 mm to 32.4 mm
(Figure 3). The EASI scores reduced an average of 19%
in cohort 1 from a mean baseline of 30.9 to 22.1 and an
average of 39% in cohort 2, from a mean baseline of 21.4
to 13.2 (Figure 2) at 3 months. The DLQI scores reduced
an average of 55% in cohort 1, from a mean baseline of
14.2 to 6.2 (Figure4) and an average of 58% in cohort 2,
from a mean baseline of 10.1 to 3.8. In cohort 1, patients
reported a statistically significant decline in pruritus within
the first 2 weeks of use (P=.045) with a trend for a decline
in pruritus in cohort 2 (P=.06) (Figure 3). In cohort 1, 1
of 6 patients reduced their IGA score by 1 U (eg, from very
severe to severe) (Figure 5). Two of 10 patients in co-
hort 2 reduced their IGA score by 1 U (Figure 6). No
patient in either cohort reached an IGA score of clear or

almostclearat the3-monthtimepoint.Onepatientachieved
an IGA score of mild in cohort 2. More detailed informa-
tionregardingcohort2responses foreachoutcomeisshown
in Figures 7, 8, and 9.

EFFICACY AT 6 MONTHS IN COHORT 2

Evaluation of cohort 1 was concluded at 3 months; conse-
quently,no6-monthdatawereavailable for thatcohort.Sta-
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Figure 2. Mean Eczema Area and Severity Index (EASI) scores per cohort at
different time points with error bars representing standard deviations.
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Figure 3. Mean visual analog scale (VAS) scores for pruritus at different time
points with error bars representing standard deviations.
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Figure 4. Mean Dermatology Life Quality Index (DLQI) scores per cohort at
different time points with error bars representing the standard deviations.
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Figure 5. Distribution of investigator global assessment (IGA) scores in cohort
1 (pretreatment and posttreatment with apremilast, 20 mg twice a day).
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Figure 6. Distribution of investigator global assessment scores at 3 months in
cohort 2 (pretreatment and posttreatment with apremilast, 30 mg twice a day).
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tistically significant improvementwas seen inall outcomes
at 6 months in cohort 2 (Figures 3, 4, and 10). Intent-
to-treatanalysesrevealedsignificantreductioninEASI, from
21.1 to 11.6 (P=.002); VAS, from 45.8 mm to 25.3 mm
(P=.03); and the DLQI, from 10.1 mm to 4.2 mm (P=.03).
Per protocol, EASI reduced from 21.1 to 10.4 (P=.001),
VAS from 45.8 to 22.7 (P=.01), and DLQI from 10.1 to
4.0(P=.02).Thenumberofpatientswhoimprovedorwors-
ened with the different outcomes is shown in Figures 7, 8,
and 9. Five patients (50%) improved at least 1 U in the
IGA at 6 months. Four of these 5 reached an IGA of mild,
and 1 achieved an IGA of almost clear (Figure11). More
detailed information regarding cohort 2 responses for each
outcome is shown in Figures 7, 8, and 9.

POST HOC EFFICACY ANALYSES
ON COHORTS COMBINED

Post hoc intent-to-treat analyses performed on com-
bined data from both cohorts were performed to im-

prove the power of our analyses. The data from both
cohorts combined showed statistically significant im-
provement in all outcomes. The EASI score was reduced
from a mean baseline of 24.8 to 16.2 (P=.002), the VAS
was reduced from a mean baseline of 52.0 mm to 31.7 mm
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Figure 7. Percentage change in Dermatology Life Quality Index (DLQI)
scores in cohort 2 (apremilast, 30 mg twice a day) from baseline and at 3
months and at 6 months.
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Figure 8. Percentage change in Eczema Area and Severity Index (EASI) in
cohort 2 (apremilast, 30 mg twice a day) from baseline and at 3 months and
at 6 months.
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Figure 9. Percentage change in visual analog scale in cohort 2 (apremilast,
30 mg twice a day) from baseline and at 3 months and at 6 months.

80

60

70

50

30

40

10

20

0
VAS DLQI EASI

Sc
or

e

Day 1
6 mo

Figure 10. Visual analog scale (VAS), Dermatology Life Quality Index (DLQI),
and Eczema Area and Severity Index (EASI) scores at day 1- and 6-month
visits in cohort 2 (apremilast, 30 mg twice a day). Means with standard
deviation errors are shown. P� .05 for all comparisons.
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Figure 11. Distribution of investigator global assessment (IGA) scores at 6
months in cohort 2 (pretreatment and posttreatment with apremilast, 30 mg
twice a day).
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(P=.003), and the DLQI was reduced from a mean base-
line of 11.6 to 4.7 (P=.001). Post hoc per-protocol analy-
ses, which included data from all patients who were able
to finish the study, also revealed significance in all out-
comes (EASI, P=.001; VAS, P=.007; DLQI, P=.001).

PERIPHERAL BLOOD
GENE EXPRESSION ANALYSIS

In cohort 1, gene expression data revealed significant
differential expression of the cAMP response element
binding (CREB) pathway (P = 3.19 � 10−4) and BAD
(bcl-2 antagonist of cell death) phosphorylation path-
way (P=2.54�10−3). In addition, gene ontologic analy-
ses of biological processes revealed significant differen-
tial expression of chemokine-mediated signaling
(P=9.5�10−6), IL-12 signaling (P� .05), cytoskeleton
remodeling (P� .05), and regulation of immune com-
plex clearing by monocytes and macrophages
(P=1.9�10−6) (Table 2). In cohort 2, there was signifi-
cant differential expression of CCR3 signaling in eosino-
phils (P=5.497�10−2).

COMMENT

Apremilast seemed to be a safe and tolerable systemic
therapy in our small cohort of adult patients with AD,
with nausea being the most common AE. The clinical re-
sponses seen at 6 months with apremilast (�50% im-
provement in EASI) are similar to responses seen with
immunosuppressant medications currently used in treat-
ing AD.1 While this pilot study was uncontrolled and open
label, the efficacy data suggest that apremilast provided
clinically meaningful improvement in several disease para-
meters. Combined, these data support the development
of a future controlled study for moderate to severe AD
in adults. Given the lack of any FDA-approved systemic
medications for AD, the further development of candi-
date drugs for this condition is greatly needed.

Current therapy for moderate severe disease in AD in-
cludes phototherapy, methotrexate, azathioprine, cyclo-
sporine, and mycophenolate.1 Phototherapy, while safe
and effective, is limited by its inconvenience for the pa-
tient. Cyclosporine is the best studied and most effec-
tive systemic therapy for AD but is limited by nephro-
toxicity.18 Mycophenolate may be a safer option than
cyclosporine, but in a recent comparison trial with cy-

closporine, patients receiving mycophenolate sodium re-
quired several oral steroid rescues.19 Methotrexate and
azathioprine are both limited by their relatively modest
efficacy (�50% reduction in EASI at 12 weeks in 1 re-
cent comparative study20) and their potential for he-
patic and hematologic toxic reaction. In the current study,
the reduction in EASI scores seen at the 6-month time
point would suggest the efficacy of apremilast to be on
par with the responses seen with traditional agents. An
advantage of apremilast over these other agents is the lack
of end-organ toxicity. The data thus far with apremilast
suggest no significant renal, hepatic, or hematologic toxic
reaction concerns. Randomized, placebo-controlled stud-
ies are needed to determine more accurate estimates of
efficacy and safety in this population.

The mechanism by which apremilast may work in AD
is not known, although it has many anti-inflammatory
effects. By blocking PDE4 activity, apremilast affects sev-
eral cell types in the immune system, including mono-
cytes, dendritic cells, neutrophils, T cells, natural killer
cells, and macrophages. Because immune cells in AD are
known to have elevated PDE activity,2-4 we hypoth-
esized that apremilast would reverse this abnormality
unique to AD and return immune cells to a less active
state. Specifically, apremilast may improve AD by way
of inhibiting the expression of T-cell cytokines previ-
ously reported to be increased in AD such as IFN- �, TNF,
Il-5, IL-13, and IL-17.

Unfortunately, whole-blood RNA profiling in this study
failed to identify gene pathways that were replicated in
both study cohorts, although significant changes in gene
expression were found in some pathways that may be rel-
evant to AD. The CREB pathway had significant differ-
ential expression in cohort 1. CREB is a transcription fac-
tor with multiple downstream effects on gene expression
in various cell types. CREB has been shown to be both
anti-inflammatory and proinflammatory in immune and
epithelial cells.21 CREB is activated by phosphorylation
by various kinases, 1 of which being PKA.22 PKA is di-
rectly influenced by increased levels of intracellular cAMP,
as would be seen with a PDE4 inhibitor.22 The role of the
CREB pathway in AD is unknown at this time. The BAD
phosphorylation pathway also had significant differen-
tial expression in cohort 1. The unphosphorylated form
of BAD is well known to be a proapoptotic factor by bind-
ing to bcl-2, consequently inhibiting its anti-apoptotic
action.23 One of PKA’s many targets is BAD, which ef-
fectively inactivates the pathway.24 Interestingly, in-
creased levels of bcl-2 have been shown in patients with
AD treated with UV light, inferring that bcl-2 may have
a role in AD.25 Finally, IL-12 and CCR3 signaling path-
ways were also found to be significant. CCR3 is a chemo-
kine receptor for eotaxin—a chemokine found to be el-
evated in the lesional skin of patients with AD.26 Likewise,
elevated expression of IL-12 has been reported in the le-
sional skin and blood of patients with AD.27,28 Modifica-
tions of these immune pathways by apremilast may ac-
count for some of the beneficial effect in AD, but more
detailed analyses of these pathways are necessary.

Given the drug’s broad anti-inflammatory profile, apre-
milast is being evaluated for activity in various inflamma-
tory skin diseases, such as psoriasis (clinicaltrials.gov:

Table 2. Gene Expression Data

Pathway/Process P Value

CREB (cAMP response element binding) 3.19�10−4

BAD (bci-2 antagonist of cell death) phosphorylation 2.54�10−3

Regulation of immune complex clearance by monocytes
and macrophages

1.9�10−6

Chemokine-mediated signaling 9.5�10−6

Apoptosis: endoplasmic reticulum stress response �.05
Cytoskeleton remodeling: keratin filaments �.05
Interleukin 12 signaling .05

Abbreviation: cAMP, cyclic adenosine monophosphate.
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NCT01194219), psoriatic arthritis (clinicaltrials.gov:
NCT01172938), and cutaneous lupus (clinicaltrials.gov:
NCT00708916). Most recently, a 352-patient, multi-
center controlled study was carried out in which pa-
tients with psoriasis achieved a significant dose-depen-
dent improvement in disease severity with apremilast
therapy, and pivotal phase 3 studies are under way for
this disease.

Limitations of the current study include its small
sample size and the possibility of bias or confounding.
First, patients with severe disease may naturally get bet-
ter (regression to the mean). Second, patients may
adhere to topical treatment regimens better during clini-
cal studies. We attempted to reduce the chance of an
effect of the concomitant topical steroid use by ensur-
ing that patients were receiving stable doses of topical
steroids 2 weeks prior to study drug initiation. Topical
steroid use then continued at a stable dose or could be
discontinued.

In summary, our preliminary data indicate that apre-
milast significantly improves inflammation, pruritus, and
quality of life in patients with AD with mild and gener-
ally well-tolerated AEs. Larger randomized controlled
studies are needed to further assess its safety and effi-
cacy in AD.
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