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A Phase 2 Randomized Trial of Apremilast
in Patients with Atopic Dermatitis

Eric L. Simpson", Shinichi Imafuku®, Yves Poulin’, Benjamin Ungar®, Lisa Zhou", Kunal Malik®,
Huei-Chi Wen”, Hui Xu", Yeriel D. Fstrada®, Xiangyu Peng”’, Mindy Chen’, Nilam Shah”,
Mayte Suarez-Farinas®, Ana B. Pavel®, Kristine Nograles” and Emma Guttman-Yassky"

A phase 2, double-blind, placebo-controlled trial evaluated apremilast efficacy, safety, and pharmacodynamics
in adults with moderate to severe atopic dermatitis. Patients were randomly assigned to receive placebo,
apremilast 30 mg twice daily (APR30), or apremilast 40 mg twice daily (APR40) for 12 weeks. During weeks 12—24,
all patients received APR30 or APR40. A biopsy substudy evaluated atopic dermatitis-related biomarkers. Among
185 randomly assigned intent-to-treat patients at week 12, a dose-response relationship was observed; APR40
(n =63), but not APR30 (n = 58), led to statistically significant improvements (vs. placebo, n = 64) in Eczema Area
and Severity Index (mean [standard deviation] percent change from baseline = —31.6% [44.6] vs. —11.0% [71.2],
P < 0.04; primary endpoint). mRNA expression of T helper type 17/T helper type 22-related markers (IL-17A,
IL-22, and S100A7/A8; P < 0.05) showed the highest reductions with APR40, with minimal changes in other
immune axes. Safety with APR30 was largely consistent with apremilast’s known profile (common adverse
events: nausea, diarrhea, headache, and nasopharyngitis). With APR40, adverse events were more frequent, and
cellulitis occurred (n = 6). An independent safety monitoring committee discontinued the APR40 dosage. APR40
showed modest efficacy and decreased atopic dermatitis-related biomarkers in moderate to severe atopic
dermatitis patients. Adverse events, including cellulitis, were more frequent with APR40, which was dis-

continued during the trial. Clinical Trial Registration Number: NCT02087943 (clinicaltrials.gov).

Journal of Investigative Dermatology (2019) 139, 1063—1072; doi:10.1016/}.jid.2018.10.043

INTRODUCTION

Atopic dermatitis (AD) is a heterogeneous, chronic, inflam-
matory skin disorder with clinical features that include highly
pruritic, eczematous lesions (Bieber, 2008; Eichenfield et al.,
2074a, 2014b). Genetic and environmental factors are
believed to underlie dysfunctional T-helper (Th) cell type 1,
Th2, and Th17 innate and adaptive immune responses in
patients with AD (Bieber, 2008; Brunner et al., 2017;
Czarnowicki et al., 2014; Gittler et al., 2012; Guttman-
Yassky and Krueger, 2017; Guttman-Yassky et al., 2011;
Park et al., 2013). Some patients with AD exhibit elevated
serum levels of total and allergen-specific IgE (extrinsic AD),
whereas others have normal IgE levels and negative results for
serum allergen-specific IgE (intrinsic AD) (Eichenfield et al.,
2014b; Park et al., 2013; Park et al., 2008). Although total
IgE levels may be more elevated in patients with greater AD
disease severity, there is substantial variability in the general
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US population, making the clinical significance of this
distinction unclear (Eichenfield et al., 2014b).

AD is treated primarily with topical therapies, mainly with
intermittent, preventive application of topical corticosteroids
and/or topical calcineurin inhibitors, paired with daily
emollient use (McGregor et al., 2017). Intermittent cortico-
steroid use poses minimal risk of corticosteroid-associated
adverse effects like skin atrophy, striae formation in sensi-
tive or thin-skinned areas, and systemic effects (Hanifin et al.,
2002). The rate of long-term adherence to topical therapy,
however, is low (Snyder et al., 2015). Off-label use of other
conventional systemic oral immunomodulatory agents such
as cyclosporine, azathioprine, and methotrexate in adults
with AD can be effective, but patients have reported adverse
events (AEs) or ineffectiveness as reasons for discontinuation
of treatment; use of these drugs poses well-known safety
limitations and requires regular laboratory monitoring
(Roekevisch et al., 2018; Sidbury et al., 2014). Thus, better
systemic treatment options are needed, particularly for pa-
tients with AD who do not adequately respond to topical
therapy. Dupilumab, a subcutaneous injectable biologic
therapy that targets the IL-4 and IL-13 receptor (Beck et al.,
2014), was approved by the US Food and Drug Administra-
tion for the treatment of adult patients with moderate to se-
vere AD (Jensterle et al., 2015). The need for oral treatment
options remains a priority in this disease state.

Apremilast, an orally available phosphodiesterase 4 (PDE4)
inhibitor that is approved for the treatment of adults with
moderate to severe psoriasis and active psoriatic arthritis
(Celgene, 2017), regulates a number of the proinflammatory
signals involved in AD, including IL-17, IL-22, IL-13, IL-31,
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IL-33, IL-5, and the alarmins STO0A7, STO0A8, and ST00A12
(Adams et al., 2015; Gottlieb et al., 2013; Schafer et al.,
2014). In patients with moderate to severe psoriasis
receiving apremilast 30 mg twice daily for 16 weeks, 29%—
41% achieved a 75% or greater reduction from baseline in
Psoriasis Area and Severity Index score; continued treatment
up to 52 weeks is marked by sustained Psoriasis Area and
Severity Index response and an acceptable safety profile
(Papp et al., 2012, 2015; Paul et al., 2015; Reich et al., 2017;
Crowley et al., 2017). In small, single-center, open-label pilot
studies, findings with apremilast have been mixed in patients
with moderate to severe AD (Samrao et al., 2012; Volf et al.,
2012). A new topical PDE4 inhibitor, crisaborole, is available
for the treatment of mild to moderate AD in children and
adults (Pfizer, 2017; Paller et al., 2016), suggesting that sys-
temic PDE4 inhibition may benefit patients with moderate to
severe AD.

The objective of this phase 2 study was to evaluate the
efficacy, safety, and pharmacodynamics profile of apremilast
for the treatment of adult patients with moderate to severe
AD.

RESULTS

Patients

A total of 191 patients were enrolled and randomly assigned
to treatment groups. However, because of the unanticipated
death of an investigator at one of the study sites, the six
patients enrolled at that site were excluded from the intent-
to-treat population, because their data could not be
confirmed by the investigator and were deemed invalid
according to International Council for Harmonisation Good
Clinical Practice guidelines. Consequently, 185 patients
constituted the intent-to-treat population (placebo, n = 64;
apremilast 40 mg twice daily, n = 63; apremilast 30 mg twice
daily, n = 58). Of these, 146 (78.9%) completed week 12,
with comparable completion rates among the placebo and
apremilast treatment groups (78%—79%) (see Supplementary
Figure S1 online). The most common reasons for discontin-
uation were lack of efficacy in the placebo and apremilast
30 mg twice daily arms and AEs in the apremilast 40 mg
twice daily arm. A benefit-risk assessment by the sponsor’s
independent data and safety monitoring board and an
external data monitoring committee recommended that the
apremilast 40 mg twice daily dose be discontinued and that
patients in this arm be reassigned to receive apremilast 30 mg
twice daily. Two patients taking apremilast 40 mg twice daily
were reassigned to receive apremilast 30 mg twice daily on
or after the week 20 visit.

Demographic and baseline clinical characteristics were
generally comparable across treatment groups, with the ex-
ceptions that the placebo group had a smaller proportion of
male patients, the apremilast 40 mg twice daily group had a
smaller percentage of patients with a static physician’s global
assessment—acute signs (sSPGA-A) rating of severe, and the
apremilast 30 mg twice daily group had greater prior use of
systemic immunosuppressive therapy (Table 1). During the
placebo-controlled period, use of permitted concomitant
therapies for AD, which included low-potency topical corti-
costeroids and oral antihistamines, oral leukotriene
antagonists, inhaled corticosteroids, skin emollients,
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Table 1. Demographic and baseline clinical
characteristics

Apremilast Apremilast
Placebo 30 mg Twice 40 mg Twice

Characteristics n =64 Dailyn=58 Dailyn =63
Age in years, mean 37.7 39.2 38.3
Male, n (%) 25 (39.1) 31 (53.4) 31 (49.2)
BMI in kg/m?, mean 26.90 27.16 27.03
Weight in kg, mean 72.90 76.49 77.07
Duration in years of 24.2 24.1 25.0

AD, mean
EASI score (0—72), mean 24.0 24.2 23.6
EASI score >20, n (%) 31 (48.4) 30 (51.7) 30 (47.6)
Affected % BSA, mean 39.59 42.03 43.16
sPGA-A = 3 (moderate), 46 (71.9) 40 (69.0) 51 (81.0)

n (%)
sPGA-A = 4 (severe), 18 (28.1) 18 (31.0) 12 (19.0)

n (%)
Prior use of systemic 7 (10.9) 11 (19.0) 8 (12.7)

immunosuppressive

therapy, n (%)
Japanese, n (%) 18 (28.1) 13 (22.4) 16 (25.4)

Abbreviations: AD, atopic dermatitis; BMI, body mass index; BSA, body
surface area; EASI, Eczema Area and Severity Index; sPGA-A, static
physician global assessment—acute signs.

moisturizers, sunscreen, and cosmetics, was slightly higher in
the placebo group (24/64, 37.5%) and the apremilast 30 mg
twice daily group (20/58, 34.5%) compared with the apre-
milast 40 mg twice daily group (16/63, 25.4%). In the pla-
cebo group, 6 of 64 (9.4%) and 5 of 64 (7.8%) patients were
treated with betamethasone butyrate propionate and zinc
oxide, respectively, whereas no patients in the apremilast
40 mg twice daily and apremilast 30 mg twice daily groups
were treated with either dermatologic agent.

Clinical efficacy

At week 12, patients who received apremilast 40 mg twice
daily showed significantly greater percent improvement from
baseline in Eczema Area and Severity Index (EASI) score
versus placebo (mean [standard deviation] = —31.6% [44.6]
vs. —11.0% [71.2], P < 0.04; effect size [95% confidence
interval {Cl}] = —20.6 [-39.7 to —1.5]). Patients who
received apremilast 30 mg twice daily showed a trend toward
greater EASI improvement at week 12 (mean [standard
deviation] = —26.0% [40.1]; effect size [95% Cl] = —15.0
[—34.5 to 4.5]) versus placebo but did not reach statistical
significance (Figure Ta). At week 24, with the observed data,
mean (standard deviation) percent change in EASI score
improved from baseline among patients initially randomly
assigned to receive apremilast (apremilast 40 mg twice
daily: —=51.1% [42.2]; apremilast 30 mg twice daily: —49.6%
[33.1]); placebo patients who switched to apremilast at week
12 showed week 24 EASI improvements consistent with
apremilast-treated patients (placebo/apremilast 40 mg twice
daily: —58.2% [30.8]; placebo/apremilast 30 mg twice
daily: —49.4% [53.5]). A >50% reduction in EASI score at
week 12 was achieved by 32.8% (21/64, placebo), 42.9%
(27/63, apremilast 40 mg twice daily), and 31.0% (18/58,
apremilast 30 mg twice daily) of patients (P not statistically
significant for both apremilast dosages vs. placebo;
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Figure 1. Week 12 mean percent change in EASI score and week 12
achievement of sPGA-A response. Error bars represent 95% confidence
interval. sSPGA-A response indicates a score of 0 (cleared) or 1 (almost
cleared) and 2-point or greater reduction from baseline. EASI, Eczema Area
and Severity Index; ITT, intent-to-treat; LOCF, last observation carried
forward; n/N, number of patients with sSPGA-A response/number of patients in
treatment group from ITT population; NS, not significant; sSPGA-A, static
physician’s global assessment—acute signs.

apremilast 40 mg twice daily effect size [95% Cl] = 9.9
[—6.7 to 26.6]; apremilast 30 mg twice daily effect size [95%
Cl] = —1.5 [-18.0 to 14.9]). During the active treatment
phase, the proportion of responders with >50% reduction in
EASI score increased through week 24 among patients
initially randomly assigned to receive apremilast 40 mg twice
daily and 30 mg twice daily (as-observed proportions, 62.2%
[28/45] and 57.1% [24/42], respectively).

sPGA-A response at week 12 was achieved by 6.3% (4/64,
placebo), 14.3% (9/63, apremilast 40 mg twice daily), and
3.4% (2/58, apremilast 30 mg twice daily) of patients (P not
statistically significant for both apremilast dosages vs. placebo;
apremilast 40 mg twice daily effect size [95% Cl] = 8.0 [-2.3
to 18.2]; apremilast 30 mg twice daily effect size [95%
Cl] = =2.7 [-10.2 to 4.8]) (Figure 1b). During the active
treatment phase, the proportion of sSPGA-A responders was
generally maintained among patients initially randomly
assigned to receive apremilast 40 mg twice daily and increased
through week 24 among patients initially randomly assigned to
receive apremilast 30 mg twice daily (as-observed pro-
portions, 15.6% [7/45] and 14.3% [6/42], respectively).
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At week 12, mean percent change from baseline in pruritus
visual analog scale score was —3.9%, —16.2%, and —9.8%
for the placebo, apremilast 40 mg twice daily, and apremilast
30 mg twice daily groups, respectively (P not significant for
both apremilast dosages vs. placebo). At week 12, apremilast
40 mg twice daily was associated with a significantly greater
percent improvement (decrease) from baseline Dermatology
Life Quality Index versus placebo (least-squares mean [stan-
dard error] = —27.3% [8.4] vs. 2.7% [8.4], P < 0.05); least-
squares mean (standard error) improvement with apremilast
30 mg twice daily was —13.3% (8.7) (P not significant).

Subgroup analyses

At week 12, numerically greater improvements from baseline
in EASI scores were observed with apremilast treatment
versus placebo among patients with baseline IgE levels less
than 360 pg/L (i.e., intrinsic AD) compared with baseline IgE
levels of 360 pg/L or greater (i.e., extrinsic AD) and among
patients with lower baseline eosinophil (EoS) level (<0.39 x
10%/L) versus higher baseline EoS level (>0.39 x 10%/L);
however, these changes did not achieve statistical signifi-
cance (P not significant for both apremilast dosages vs.
placebo) (Figure 2a). A similar pattern was observed with
sPGA-A response achievement among the subgroups
(Figure 2b). Additional subgroup analyses of change from
baseline in EASI score at week 12 showed a significant dif-
ference favoring apremilast 40 mg twice daily over placebo
among patients in Japan versus those in North America; this
difference did not reach statistical significance with the
apremilast 30 mg twice daily dosage.

Pharmacodynamics results

Demographic and baseline clinical characteristics of the
biopsy substudy patients are summarized in Supplementary
Table S1 online; clinical efficacy findings based on EASI
assessment at week 12 are summarized in Supplementary
Table S2 online. In all groups at baseline, epidermal thick-
ness (ET) and K16 protein expression were significantly
greater in lesional skin than nonlesional skin (P < 0.01 and
P < 0.001, respectively). A change from baseline in ET
of —11.4% at week 12 was observed in lesions from patients
treated with apremilast 40 mg twice daily that trended toward
significance (P < 0.1 vs. baseline). In comparison, no sig-
nificant changes in ET were observed with apremilast 30 mg
twice daily or placebo (both P-values not significant vs.
baseline). K16 protein expression in the apremilast 40 mg
twice daily group was significantly decreased (P < 0.001) at
week 12, and the placebo and apremilast 30 mg twice daily
groups showed nonsignificant changes. Only the apremilast
40 mg twice daily group had significantly more Ki67* cells in
baseline lesional versus nonlesional tissues. Ki67* cell
counts showed a statistically significant decline of —40.2%
with apremilast 40 mg twice daily treatment at week 12
versus baseline (P < 0.001); no significant changes in Ki67
counts were noted with apremilast 30 mg twice daily or
placebo. Changes from baseline at week 12 in ET, K16, and
Ki67" cells, based on immunohistochemistry studies and
real-time polymerase chain reaction (RT-PCR) for K16 mRNA
expression from a representative patient in the apremilast 40
mg twice daily group, are shown in Figure 3.
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Figure 2. Week 12 mean percent change in EASI score and week 12 achievement of sPGA-A response, subgroups. ITT, LOCF. Error bars represent 95%
confidence interval. sSPGA-A response indicates a score of O (cleared) or 1 (almost cleared) and 2-point or greater reduction from baseline. EASI, Eczema Area
and Severity Index; EoS, eosinophil; ITT, intent-to-treat; LOCF, last observation carried forward; n/N, number of patients with sSPGA-A response/number of
patients in treatment group from ITT population; NS, not significant; SPGA-A, static physician’s global assessment—acute signs.

Heatmaps from gene array and RT-PCR assays of repre-
sentative immune genes in pretreatment and posttreatment
AD lesions are shown in Supplementary Figure S2a online
and Figure 4. Gene array analysis showed that the apremi-
last 40 mg twice daily group had the highest baseline dys-
regulation in lesional skin; at week 12, the apremilast 40 mg
twice daily group showed reductions in T helper (Th) 17/Th22
genes and related markers, including IL-22 and IL-19, that
trended toward significance (P < 0.1 for both). Other general
inflammatory (MMP12) and Th17/Th22 (IL-17, S100A12)
markers were decreased by both apremilast 40 mg twice
daily and placebo (ST00A9, CXCL1-2, STAT3). When
comparing treatment effects of apremilast versus placebo,
apremilast 40 mg twice daily showed more substantial de-
clines in expression of Th17/Th22-associated markers
(ST00A12, IL-19, IL-22), with no notable changes in other
immune axes (Figure S2b). The apremilast 30 mg twice daily
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group did not show substantial changes from baseline at
week 12.

RT-PCR mRNA changes mirrored gene array findings. At
baseline, the apremilast 40 mg twice daily group had the
highest dysregulation. At week 12, Th17 (IL-17A, IL-12B/
IL-12/23p40) and Th17/Th22-associated markers (IL-22,
ST00A7/S100A8, ST00A12) were significantly reduced only
with apremilast 40 mg twice daily (P < 0.05 for all). Sig-
nificant or major reductions from baseline were observed in
Th2-associated cytokines IL-13, IL-31, and CCL17 in both
the placebo and apremilast 40 mg twice daily groups. No
significant changes from baseline were observed in the
apremilast 30 mg twice daily group. Additional findings
from the immunohistochemistry, gene array, and RT-PCR
analyses are summarized in the Supplementary Materials,
Supplementary Tables S1 and S3, and Supplementary
Figure S3 online.
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Figure 3. Representative immunohistochemical images and quantification of cellular markers. (a) Hematoxylin and eosin staining of a representative patient
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significant difference in change, NL versus LS; blue asterisks, top indicates significant versus baseline; bottom indicates significant versus placebo. Red or blue
numbers indicate NL or LS sample number. *P < 0.1, *P < 0.05, **P < 0.01, **P < 0.001. APR30, apremilast 30 mg twice daily; APR40, apremilast 40 mg twice

daily; LS, lesional; NL, nonlesional.

Safety

During weeks 0—12 and throughout the full 24-week apre-
milast exposure period, most AEs were mild to moderate in
severity, and few AEs were serious or led to treatment with-
drawal (Table 2). The incidence of AEs, AEs leading to
treatment withdrawal, and serious AEs was higher in patients
receiving apremilast 40 mg twice daily than in patients
receiving apremilast 30 mg twice daily. Because of an
unexpected elevated incidence of cellulitis (detailed in this
section) among patients receiving apremilast 40 mg twice
daily, the independent safety monitoring committees dis-
continued the apremilast 40 mg twice daily treatment arm on
November 20, 2015. No patients were in the placebo-
controlled phase at the time of this determination; nearly
all had completed the 24-week visit, and two patients
initially assigned to receive apremilast 40 mg twice daily
were switched to apremilast 30 mg twice daily.

The most common AEs (>5% of patients in any treatment
group) during the placebo-controlled period included diar-
rhea, nausea, headache, nasopharyngitis, upper respiratory
tract infection, abdominal discomfort, cellulitis, and
dyspepsia. The incidence of drug-related AEs, serious AEs, or
AEs leading to withdrawal did not increase with apremilast
exposure through week 24 (Table 2).

A total of six serious AEs were reported for five patients
during the study; four serious AEs were reported for three

patients during the placebo-controlled period, and two
occurred after week 12. During the placebo-controlled period,
these included squamous cell carcinoma (n = 1, apremilast 30
mg twice daily), suicidal ideation (n = 1, apremilast 40 mg
twice daily), and cellulitis and glomerulonephritis (n = 1,
apremilast 40 mg twice daily). The two new serious AEs re-
ported after week 12 included pneumonia (n = 1, apremilast
30 mg twice daily) and cellulitis (n = 1, apremilast 40 mg twice
daily). Six patients receiving apremilast 40 mg twice daily
experienced cellulitis (four cases during weeks 0—12, and two
cases during weeks 12—24); all involved the lower extremities.
Among four patients with nonserious cases of cellulitis, one
patient had a history of peripheral neuropathy of the left foot
corresponding to the same leg involved with cellulitis, and the
other three patients with nonserious cases had no relevant
medical history. Two cases of cellulitis were considered
serious; one case occurred in a patient with a history of dia-
betes mellitus and was suspected to be potentially related to
apremilast treatment. The second case, which occurred in a
patient with a history of diabetes and streptococcal cellulitis,
was not considered related to apremilast treatment; this patient
discontinued because of complications from glomerulone-
phritis related to cellulitis. No other patients who developed
cellulitis withdrew from the study; one case of nonserious
cellulitis was considered by the investigator as suspected to be
related to apremilast. No deaths occurred in the study.
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Figure 4. mRNA levels of immune and epidermal markers in skin treated with apremilast or placebo. (a) Heatmap of mean mRNA expression levels of
representative immune and barrier markers in pretreatment and posttreatment atopic dermatitis lesions. (b) Line graphs of representative immune marker mRNA
changes with treatment. Immune genes are grouped by major inflammatory/regulatory pathways. Black asterisks denote significance in change between
nonlesional and lesional skin, top blue asterisks denote significance in change from baseline, and bottom blue asterisks denote significance of treatment effect
between apremilast 40 mg twice daily and placebo. Red or blue numbers denote sample number for nonlesional or lesional skin, respectively. “P < 0.1.*P <
0.05. *P < 0.01. **P < 0.001. APR30, apremilast 30 mg twice daily; APR40, apremilast 40 mg twice daily; LS, lesional NL, nonlesional.
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Table 2. Overview of adverse events

Apremilast Exposure Perlod

Placebo Controlled Period, Weeks 0—12' Weeks 0 to <24°

Adverse Events Placebo (n = 64) Apremilast Apremilast

Patients, n (%) 30 mg Twice Daily 40 mg Twice Daily 30 mg Twice Daily 40 mg Twice Daily

(n =58) (n = 63) (n = 82) (n = 86)
Any AE 30 (46.9) 36 (62.1) 44 (69.8) 49 (59.8) 61 (70.9)
Any drug-related AE 8 (12.5) 26 (44.8) 27 (42.9) 9 (35.4) 38 (44.2)
Any severe AE 0 (0.0) 0 (0.0) 1(1.6) 1(1.2) 1(1.2)
Any serious AE ( 1(1.7) 2(3.2) 2(2.4) 3 3.5
Any AE leading to study drug interruption 3 (4.7) 0 (0.0) 4 (6.3) 0 (0.0) 8 (9.3)
Any AE leading to study drug withdrawal (1.6) 2 (3.4 6 (9.5) 3(3.7) 9 (10.5)
Any AE leading to death 0 (0.0) 0 (0.0) 0 (0.0 0 (0.0 0 (0.0)

AEs reported by >5% of patients in any treatment group, n (%)
Diarrhea 1(1.6) 10 (17.2) 15 (23.8) 11 (13.4) 21 (24.4)
Nausea 1(1.6) 9 (15.5) 7 (11.1) 10 (12.2) 14 (16.3)
Headache 5(7.8) 4 (6.9 8(12.7) 7 (8.5) 8(9.3)
Nasopharyngitis 1(1.6) 6 (10.3) 6 (9.5) 8(9.8) 14 (16.3)
Upper respiratory tract infection 8 (12.5) 2 (3.4) 3 (4.8) 8 (9.8) 6 (7.0)
Abdominal discomfort 0 (0.0) 3(.2) 2(3.2) 3(3.7) 2 (2.3)
Cellulitis 0 (0.0 0 (0.0) 4 (6.3) 0 (0.0) 6 (7.0)
Vomiting 0 (0.0) 0 (0.0) 3 (4.8) 1(1.2) 5 (5.8)
Dyspepsia 1(1.6) 3(.2) 0 (0.0) 3 (3.7) 1(1.2)
AEs leading to drug withdrawal in patients during the apremilast exposure period, n (%)

Abdominal discomfort — — — 0 (0.0) 2(2.3)
Diarrhea — — — 0 (0.0 2 (2.3)
Headache — — — 0 (0.0) 2(2.3)
Pneumonia — — — 1(1.2) 0 (0.0)
Squamous cell carcinoma — — — 1(1.2) 0 (0.0)
Suicidal ideation — — — 0 (0.0) 1(1.2)
Anxiety — — — 1(1.2) 0 (0.0)
Migraine — — — 0 (0.0) 1(1.2)
Cardiac failure — — — 0 (0.0) 1(1.2)
Myalgia — — — 0 (0.0) 1(1.2)
Glomerulonephritis — — — 0 (0.0 1(1.2)

Abbreviations: AE, adverse event.
'Based on safety population.

%Includes all apremilast exposure data; patients could have started receiving apremilast at week 0 or week 12.

DISCUSSION
In adult patients with moderate to severe AD, apremilast
40 mg twice daily showed modest but statistically significant
improvement in EASI score (from baseline) at week 12;
sPGA-A response was numerically better than placebo, but
this was not statistically significant. Patients receiving apre-
milast 40 mg twice daily also reported significantly greater
improvement in quality of life at week 12 versus placebo.
Use of permitted concomitant dermatologic medications was
slightly higher in the placebo and apremilast 30 mg twice
daily groups than in the apremilast 40 mg twice daily group,
and this may have attenuated differences between the pla-
cebo and apremilast 40 mg twice daily groups in efficacy or
biomarker outcomes. However, the AEs observed with
apremilast 40 mg twice daily conferred a benefit-to-risk
profile that was not deemed appropriate for further investi-
gation in AD.

The tissue biomarker data were consistent with clinical
results, with the apremilast 40 mg twice daily group showing
the greatest molecular and cellular improvements. These

included reductions in epidermal hyperplasia (i.e., K16,
Ki67, and ET) and inflammatory markers associated with
Th17/Th22 pathways. In contrast, the apremilast 30 mg twice
daily group did not show substantial biomarker changes
compared with placebo. This likely reflects the expected
lower dose effect on the measured biomarkers, which may
have affected the ability to detect changes from baseline in
this treatment group.

Clinical subgroup analyses suggest better response to
apremilast treatment in patients with intrinsic AD compared
with patients with extrinsic AD. Prior research has shown that
intrinsic AD is associated with greater Th17 expression in
lesional skin compared with extrinsic AD (Suarez-Farinas
et al., 2013). Apremilast is known to modulate Th17 cyto-
kines in psoriasis (Gottlieb et al., 2013) and appears to
modulate the same pathway in AD patients based on the
current findings. However, these results should be interpreted
with caution because of the small sample size.

Pruritus is a central clinical feature of AD. In this study,
improvements in pruritus with either dosage of apremilast
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were not significantly different from placebo at week 12. By
contrast, apremilast 30 mg twice daily significantly improved
pruritus in phase 3 trials in moderate to severe psoriasis (Papp
et al., 2015; Paul et al., 2015). It is unclear whether this
divergence is due to a difference in the mechanism under-
lying pruritus in AD versus psoriasis or is because apremilast
primarily modulates the Th17 pathway (Schafer et al., 2014),
which may be a key disease driver of psoriasis but currently is
not recognized as pathogenic in AD, although this axis is
increased in AD, and particularly in certain disease subsets
such as in Asian patients and those with early-onset pediatric
AD (Bieber, 2008; Brunner et al., 2017; Esaki et al., 2016;
Guttman-Yassky and Krueger, 2017; Guttman-Yassky et al.,
2017; Noda et al., 2015; Tabarkiewicz et al., 2015). Our
findings are somewhat surprising given the clinical efficacy of
the topical PDE4 inhibitor crisaborole ointment (2%) (Pfizer,
2017; Paller et al., 2016). Differences in results from the trials
with crisaborole versus apremilast might be attributable to
route of administration, selected patient populations (i.e.,
children and adults vs. adults only), and baseline disease
severity (i.e., mild to moderate vs. moderate to severe AD).
More broadly, interpretation of the current findings may be
limited to patients in North America. The small number of
patients from Japan and lack of patients from other regions
may limit meaningful conclusions about Japanese patients
and patients from other racial groups.

The safety and tolerability of apremilast 30 mg twice daily
observed in this study are largely consistent with the known
safety profile of apremilast from phase 3 clinical trials in
patients with psoriasis and psoriatic arthritis (Cutolo et al.,
2016; Edwards et al., 2016; Kavanaugh et al., 2015; Papp
et al., 2015; Paul et al., 2015). Most AEs were mild or
moderate in severity, and few led to discontinuation of
treatment; the most common AEs included diarrhea, nausea,
headache, and nasopharyngitis. Overall, more AEs were
observed with apremilast 40 mg twice daily than with apre-
milast 30 mg twice daily. There were six cases of cellulitis
among patients receiving apremilast 40 mg twice daily; no
cases of cellulitis were observed among patients receiving
apremilast 30 mg twice daily or placebo. After a benefit-risk
assessment by the independent safety monitoring commit-
tees, the apremilast 40 mg twice daily dosage was dis-
continued in November 2015, after most patients had
completed the 24-week clinic visit; the remaining patients in
this arm (n = 2) were switched to the apremilast 30 mg twice
daily group. Cellulitis may be a phenomenon unique to
patients with AD, because bacterial skin infections are often
seen in patients with AD (Petry et al., 2012). In patients with
psoriasis or psoriatic arthritis, apremilast 30 mg twice daily
treatment was not associated with an increased incidence of
infection or cellulitis (Crowley et al., 2017; Mease et al.,
2017).

Treatment with apremilast 40 mg twice daily over 12
weeks showed modest efficacy in patients with moderate to
severe AD. No significant differences were observed between
apremilast 30 mg twice daily and placebo by week 12,
although there were efficacy endpoints that were numerically
improved at week 12 and continued to improve with
continuous treatment through week 24. Biomarker analyses
in tissues showed decreases in Th17/Th22-related markers
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with apremilast 40 mg twice daily versus placebo, with no
substantial changes from baseline observed with apremilast
30 mg twice daily. The safety of apremilast 30 mg twice daily
was generally similar to the known safety profile of apremi-
last in psoriasis and psoriatic arthritis patients, although more
AEs, including cellulitis, were reported in patients treated
with the 40 mg twice daily dosage.

MATERIALS AND METHODS

Patients

Adult patients (>18 years of age) were eligible to participate if they
had moderate to severe AD (i.e., AD-affected body surface area
>10%, EASI score >12, and sPGA-A score >3 [moderate to severe])
not adequately controlled by a stable regimen (>4 weeks) of topical
corticosteroids or topical calcineurin inhibitors within 6 months of
screening or if they were considered inappropriate candidates for
topical therapy. Additional details of the inclusion/exclusion criteria
are provided in the Supplementary Materials. All patients provided
written informed consent before entering the study, and the protocol
was approved by each site’s institutional review board or indepen-
dent ethics committee.

Study design

This was a phase 2, multicenter, randomized, double-blind, placebo-
controlled, parallel-group study (NCT02087943) conducted from
June 2014 to February 2016 at 28 study centers in North America
and Japan. Eligible patients were randomly assigned (1:1:1) to
receive placebo, apremilast 30 mg twice daily, or apremilast 40 mg
twice daily for 12 weeks (placebo-controlled period) with a
permuted block method and were stratified by geographic region
(North America and Japan) and, within region, by baseline EASI
score (<20 or >20) with an interactive web-response or interactive
voice-response system. Apremilast was titrated in 10-mg increments
over the first 8 days of treatment. At week 12, patients initially
randomly assigned to receive placebo were reassigned randomly
(1:1) to double-blind treatment with apremilast 30 mg twice daily or
40 mg twice daily through week 24 (with dose titration over the first
8 days); patients initially randomly assigned to receive apremilast
continued to receive their assigned dosage. To maintain double-
blind conditions for patients and clinical study personnel
throughout the 24-week trial, assigned treatments were dispensed
only by authorized personnel at each study site in coded, identically
appearing blister cards containing the assigned treatment and dose.
Patients who completed or discontinued early entered a 6-week
posttreatment observational period. Concomitant medications that
were permitted and not permitted are listed in the Supplementary
Materials.

Assessments

Clinical efficacy was assessed at weeks 2, 4, 8, and 12 during the
placebo-controlled phase; at weeks 16, 20, and 24 during the active-
treatment phase; and at the end of the 6-week posttreatment
observation period. The primary efficacy endpoint was the percent
change from baseline in EASI score at week 12. The proportion of
patients who achieved an sPGA-A response (score of O [cleared] or 1
[almost cleared] and >2-point reduction from baseline) at week 12
was a secondary endpoint, as was achievement of a 50% or greater
improvement from baseline EASI score. Predefined exploratory
endpoints included the percent change from baseline in average
pruritus visual analog scale (cm) score (range: O [no itching] to 10
[worst itching imaginable]) (Kunz et al., 1997); percent change from



baseline in Dermatology Life Quality Index score (range: 0 [no effect
on life] to 30 [extremely large effect on life]) at week 12; percent
change from baseline in EASI score at week 24; and the proportion
of patients who achieved an sPGA-A response at week 24. Post hoc
analyses examined percent change from baseline in EASI score and
sPGA-A response at week 12 among subgroups of patients defined
by baseline IgE level less than 360 pg/L (intrinsic AD) versus
360 pg/L or greater (extrinsic AD), as well as among patients with
low baseline EoS levels (<0.39 x 10%L) versus high baseline EoS
levels (>0.39 x 10%L), based on the median EoS level of the study
population at baseline, 0.39 x 10%/L. Safety was evaluated based on
AEs, vital signs, physical examinations, laboratory evaluations, and
electrocardiograms.

Pharmacodynamics assessments

Blood samples were obtained at baseline; weeks 4, 12, 16, and 24;
and the final study visit. IgE levels and EoS counts were determined;
samples were also used to examine standard clinical chemistry and
hematology parameters. For the biopsy substudy, pretreatment (week
0) lesional and nonlesional (>1 cm from active lesions) skin was
obtained from 21 adult patients (see the Supplementary Materials
and Supplementary Table ST for further details). For immunohisto-
chemistry, frozen optimum cutting temperature-embedded cryostat
sections were labeled using purified mouse antihuman monoclonal
antibodies (see the Supplementary Materials and Supplementary
Table S3 for further details), as described previously (Suarez-
Farinas et al., 2011; Tintle et al., 2011). Changes from baseline at
week 12 in ET and two markers of epidermal proliferation, K16 and
Ki67, were examined. ET and cell counts were quantified with
Image), version 1.42 (National Institutes of Health, Bethesda, MD).
For gene expression analysis of key AD-related genes, RNA was
extracted, followed by quantitative RT-PCR and Affymetrix Human
U133Plus 2.0 gene arrays (Affymetrix, Santa Clara, CA) analyses, as
previously described (Tintle et al., 2011) (see the Supplementary
Materials and Supplementary Tables S4 and S5 online for further
details).

Statistical analysis

Efficacy data were assessed in the intent-to-treat population, which
included all randomized patients who received at least one dose of
study medication according to the group to which they were
randomly assigned; safety analyses included all patients who
received at least one dose of study medication. A planned sample
size of 189 patients would provide 80% power with a two-sided
significance level of 0.05, allowing for 20% discontinuation by
week 12. Comparisons for the primary endpoint (percent change
from baseline in EASI score at week 12) were performed using an
analysis of covariance model, with treatment and baseline stratifi-
cation as factors; missing values were imputed using the last-
observation-carried-forward methodology. The same analysis of
covariance model was used for analyses of percent change from
baseline in pruritus visual analog scale and change from baseline in
Dermatology Life Quality Index score at week 12. For the sSPGA-A
and >50% improvement in EASI score analyses, treatment com-
parisons were performed using a Cochran-Mantel-Haenszel test,
with missing values imputed using last-observation-carried-forward
methodology. Percent change from baseline in EASI score at week
24 was analyzed with descriptive statistics and data as observed.
Details of statistical analyses for the biopsy substudy are presented in
the Supplementary Materials.
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Patient Inclusion and Exclusion Criteria

1.

Eligible patients were aged >18 years, had a documented diagnosis of AD for >12
months, and met Hanifin and Rajka criteria for AD at screening (Hanifin and Rajka,
1980).

Patients with moderate to severe AD at screening (i.e., AD-affected body surface area
[BSA] >10%, Eczema Area and Severity Index [EASI] score >12, and static Physician’s
Global Assessment—Acute Signs [SPGA-A] score >3 [moderate to severe]) who were
candidates for systemic therapy were considered for inclusion.

Eligible patients had AD that was not adequately controlled by a stable regimen (>4
weeks) of topical corticosteroids or topical calcineurin inhibitors within 6 months of
screening, or was considered inappropriate for topical therapy because of side effects or
safety risks.

Key exclusion criteria were clinically significant or major uncontrolled disease, active or
history of incompletely treated tuberculosis, history of malignancy within the past 5 years
(except treated [cured] squamous cell or basal cell in situ carcinomas or cervical
intraepithelial neoplasia or carcinoma in situ of the cervix with no evidence of recurrence
within 5 years prior to screening), unstable asthma, significant infection within 2 weeks
of screening, active skin infection, use of phototherapy or systemic immunosuppressive
drugs within 4 weeks, use of interferon-y within 12 weeks, and use of biologics within 12
to 24 weeks of baseline.

All patients provided written informed consent before entering the study, and the protocol

was approved by each site’s institutional review board/independent ethics committee.



Concomitant Medications

1. Concomitant use of low-potency topical corticosteroids and oral antihistamines was
permitted when used on a stable regimen from >2 weeks prior to baseline through study
Week 12, except within 24 hours before each visit; patients were also permitted to use a
stable regimen (from >2 weeks prior to baseline through the Week 24) of oral leukotriene
antagonists, inhaled corticosteroids, or other anti-allergic/anti-inflammatory medications
for the treatment of allergic rhinitis or asthma; skin emollients, moisturizers, sunscreen,
and cosmetics; and a stable regimen (>2 weeks prior to the baseline visit through the
Week 24, except within 24 hours of each study visit) of bathing with emollients, oils,
bleach, or salts.

2. Not permitted was use of low-potency topical corticosteroids with occlusive dressing,
mid- to high-potency topical corticosteroids, or topical calcineurin inhibitors. Also
prohibited was use of oral or topical herbal preparations with immunomodulatory
properties; topical antipruritic, analgesic, or antihistamine medications; and use of

CYP450 inducers, such as rifampin, phenobarbital, carbamazepine, or St. John’s wort.

Cellulitis Cases in the Apremilast 40 mg BID Treatment Arm

Case 1: A 39-year-old black man reported a nonserious AE of moderate cellulitis on Study Day
27. The dose of apremilast was not changed due to the event. The investigator considered the
cellulitis as suspected to be related to apremilast. The event was resolved on Study Day 40. A
relevant medical history of peripheral neuropathy (left foot) was reported.

Case 2: A 24-year-old white woman reported a nonserious AE of moderate cellulitis on Study

Day 32 (4 days after the patient’s last dose of apremilast). The investigator considered the



cellulitis as not suspected to be related to apremilast. The event was resolved on Study Day 43.
No relevant medical history was reported.

Case 3: A 65-year-old white man reported a nonserious AE of mild cellulitis on Study Day 40.
The apremilast dose was not changed due to the event. The investigator considered the cellulitis
as not suspected to be related to apremilast. The event was resolved on Study Day 58. No
relevant medical history was reported.

Case 4: A 37-year-old white man reported a nonserious AE of moderate cellulitis on Study Day
84. Apremilast treatment was interrupted due to the event. The investigator considered the
cellulitis as not suspected to be related to apremilast. The event was resolved on Study Day 95.
No relevant medical history was reported.

Case 5: A 49-year-old white man reported a serious AE of moderate cellulitis on Study Day 7.
Apremilast treatment was interrupted due to the event. The investigator considered the cellulitis
as not suspected to be related to apremilast. The event was resolved on Study Day 14. A relevant
medical history of cellulitis in 1995 was reported, as well as a nonserious AE of moderate
cellulitis on Study Day —40.

Case 6: A 58-year-old black man reported a nonserious AE of moderate cellulitis on Study Day
100 (16 days after switching to apremilast from placebo). On Study Day 105, the cellulitis was
considered a serious AE and apremilast treatment was interrupted. The cellulitis was
downgraded to a nonserious event on Study Day 111. The investigator considered the cellulitis
as suspected to be related to apremilast. The cellulitis was resolved on Study Day 152. A relevant

medical history of type 2 diabetes mellitus was reported.



Biopsy Substudy Supplementary Methods, Statistical Analysis, and Results

Biopsy Substudy Patients

Twenty-one adult patients (11 male, 10 female; mean age 40.4 years; mean baseline EASI 26.3)
were enrolled in the biopsy substudy. Twenty-one pretreatment (Week 0) lesional and
nonlesional (>1 cm from active lesions) biopsies were obtained; 7 allocated to placebo (2 male, 5
female, mean age 38.7 years, mean baseline EASI 24.4), 7 allocated to apremilast 30 mg BID (4
male, 3 female, mean age 28.7 years, mean baseline EASI 27.0), and 7 allocated to apremilast 40
mg BID (5 male, 2 female, mean age 53.7 years, mean baseline EASI 27.6). See Table S1 for

details.

Immunohistochemistry

Immunohistochemistry (IHC) was performed using purified anti-human monoclonal antibodies
(see Table S3). For IHC, biotin-labeled horse anti-mouse secondary antibodies (\VVector
Laboratories) were used to detect the primary antibodies, and the staining signal was developed
with chromogen 3-amino-9-ethylcarbazole (AEC, Sigma-Aldrich). For cell counts, positive cells
per millimeter were manually quantified using computer-assisted image analysis software

(ImageJ 1.42; National Institutes of Health, Bethesda, MD).

Quantitative Real-Time PCR and Gene Array Analysis

RNA was extracted and Affymetrix Human U133Plus 2.0 gene arrays (Affymetrix, Santa Clara,
CA) were used as previously described (Tintle et al.). We used human HGU133Plus2.0
GeneChip probe gene arrays (Affymetrix) containing approximately 54,000 probe sets to assess

expression of more than 47,000 transcripts. Total RNA was extracted from tissues frozen in



liquid nitrogen by the Qiagen RNeasy Mini Kit (Valencia, CA). DNA was removed with on-
column DNAse digestion by the Qiagen RNAse-free DNAse Set. Total RNA (50 ng) was reverse
transcribed and amplified with Ovation Whole Blood Solution from NuGen (San Carlos, CA).
The labeled target was fragmented and hybridized to probe gene arrays, using Encore Biotin
Module from NuGen (San Carlos, CA). The chips were washed, stained with streptavidin-
phycoerythrin, and scanned (HP GeneArray Scanner; Hewlett-Packard Company, Palo Alto,
CA). On each chip, the human housekeeping genes -actin and glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) served as controls. Suite 5.0 software normalized the expression level

values using these controls.

RT-PCR Analysis

The TagMan real time (RT)-PCR was performed with EZ-PCR Core Reagents (Life
Technologies), according to the manufacturer’s directions. Human acidic ribosomal protein
(hARP), a housekeeping gene, was used to normalize each sample and each gene. The primer
sequences used were generated with the Primer Express algorithm (Applied Biosystems, Foster
City, CA), version 1.0, by using published genetic sequences (National Center for Biotechnology
Information—PubMed), as follows: hARP forward CGCTGCTGAACATGCTCAA, hARP
reverse TGTCGAACACCTGCTGGATG, and hARP probe 6-FAM-
TCCCCCTTCTCCTTTGGGCTGG-TAMRA (Gene Bank accession no. NM-001002). Primers
and probes are listed in Table S4. The data were analyzed and quantified using the software

provided with the Applied Biosystems PRISM 7700 (Sequence Detection Systems, version 1.7).



Statistical Analyses for Biopsy Substudy

For the biopsy substudy, statistical analysis for gene expression was performed using R-language
(www.R-project.org) and packages available through Bioconductor (www.bioconductor.org).
The GCRMA algorithm was used to obtain expression values, which were analyzed with a linear
mixed-effect model and the R limma package, as previously described.27 All 21 patients were
included in statistical analyses, including 15 paired baseline—~Week 12 samples from patients

who completed the full treatment course.

For gene arrays, quality control (QC) was performed using standard QC metrics and R Package
Quiality Control. Images were scrutinized for spatial artifacts using Harshlight (Suarez-Farinas et
al.). Expression values were obtained using the GCRMA algorithm (Wu et al.). Data were log,-
transformed before analysis with a linear mixed-effect model, with time and treatment as fixed
factors, and a random effect for each patient. Fold changes (FCH) between comparisons of
interest were estimated and hypothesis testing was conducted using contrasts under general
framework for linear models in R’s limma package. Limma uses an empirical Bayes moderation
of standard errors toward prior variances, which has been fitted using an intensity-dependent
trend (Ritchie et al.). P values from the moderated (paired) t test were adjusted for multiple
hypotheses using the Benjamini-Hochberg procedure. Genes with FCH >2 and false discovery
rate (FDR) <0.05 were considered differentially expressed. Hierarchical clustering of
samples/conditions was performed with Euclidean distance and a McQuitty agglomeration

algorithm.



For RT-PCR data, Ct values were normalized to housekeeping gene hARP. Data were log,-
transformed before analysis with the linear mixed-effect model. IHC data, measured as counts,

were also analyzed with the linear mixed effect model.

Pharmacodynamic Findings, Gene Array, and RT-PCR Analysis

1. Among 21 patients enrolled in and included in the analysis of the biopsy substudy,
demographics and baseline clinical characteristics, including EASI, were similar between
patient groups (mean age 40.4 years; baseline EASI score 26.3), except for age, which
was significantly higher in the apremilast 40 mg BID group (mean age [years]: placebo,
38.7; apremilast 30 mg BID, 28.7; apremilast 40 mg BID, 53.7; P=0.006 between all
groups in analysis of variance) (Table S1).

2. In the substudy patients, after 12 weeks of treatment, there was no significant
improvement in EASI score in any treatment group; however, EASI improved by 26.5%
in the apremilast 40 mg BID group, trending toward significance (P<0.1; Table S2).

3. Gene array analysis showed that, overall, the apremilast 40 mg BID group had the highest
baseline dysregulation in lesional skin (Figure S2a, shown as more intense red and blue
colors in baseline lesional skin). At Week 12, in the apremilast 40 mg BID group,
decreases in general inflammation/T-cell activation markers (MMP12, JAK3, and ICOS),
Th17/Th22-related markers (P13, S100As, IL-22, CXCL1, and IL-19), Thl/interferon-
related (MX1, OASL), and Th2-attracting chemokines (CCL17) were observed (Table
S5). Similar changes in these genes, but of lesser magnitude, were observed in the
placebo group (Table S5).

4. In arepresentative subset of immune genes, the apremilast 40 mg BID group showed the

most severe baseline dysregulation (Figure S2a). At Week 12, the apremilast 40 mg BID



5.

group showed reductions in the Th17/Th22 genes and related markers including 1L-22
and IL-19 that trended toward significance (P<0.1 for both). Other general inflammatory
markers were decreased by apremilast 40 mg BID (MMP12) and Th17/Th22 markers
(IL-17, S100A12) and by placebo (S100A9, CXCL1-2, STATS3, but without statistical
significance). The apremilast 30 mg BID group did not demonstrate substantial changes
in immune gene expression from baseline at Week 12 (Figure S2b).

When comparing treatment effects of apremilast vs. placebo, apremilast 40 mg BID
demonstrated more substantial declines in expression of Th17/Th22-associated markers
(S100A12, IL-19, IL-22), with no notable changes in other immune axes.

Overall, RT-PCR mRNA changes mirrored gene array findings. Results are shown in
Figure S2a and Figure S2b. Additional immune and terminal differentiation markers are
presented in Figure S3. At baseline, the apremilast 40 mg BID group had the highest
dysregulation, as shown by the more intense red color. In both the apremilast 40 mg BID
and placebo groups, the immune dysregulation at Week 12 resolved; no significant
changes were observed in the apremilast 30 mg BID group. Consistent with gene array
data, with apremilast 40 mg BID, Th17 (IL-17A, IL-12B/IL-12/23p40) and Th17/Th22-
associated markers (IL-22, SI00A7/S100A8, S100A12) were significantly reduced, while
K16 mRNA showed the highest, most significant decreases (P<0.05 for all; Figure S2a).
The greater improvement in IL-22 related genes is consistent with the greater
improvement in hyperplasia seen with apremilast 40 mg BID. K16 mRNA showed the
highest, most significant decreases in apremilast 40 mg BID, but was also reduced with
placebo. Significant or major reductions were also observed in Th2-associated cytokines

IL-13, IL-31, and CCL17 in both the apremilast 40 mg BID and placebo groups. In the



apremilast 30 mg BID group, no significant changes in tissue mMRNA were observed,

mirroring IHC and gene array findings.
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Table S1. Baseline Demographics and Disease Characteristics

Apremilast Apremilast

Placebo 30 mg BID 40 mg BID ANOVA
n=7 n=7 n=7 P value
Age, mean (SD), years 38.7 (16.2) 28.7 (8.3) 53.7 (12.1) 0.006
Male, n (%) 2 (28.6) 4 (57.1) 5(71.4) 0.263
Race, n (%)
Asian 3(42.9) 3(42.9) 0 0.154
African American 1(14.3) 0 3 (42.9)
Caucasian 3(42.9) 4 (57.1) 4 (57.1)
AD duration, mean (SD), 23.7 (20.6) 22.8 (13.6) 39.4 (25.3) 0.257
ears
EAySI, mean (SD) 24.4 (11.6) 27.0 (12.8) 27.6 (9.2) 0.858
IgE (logz), mean (SD) 12.3 (1.6) 12.3(2.9) 11.8 (4.3) 0.943

AD=atopic dermatitis, EASI=Eczema Area and Severity Index, IgE=Immunoglobulin E.
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Table S2. Clinical Response to Treatment for Completers

Apremilast Apremilast
30 mg BID 40 mg BID
n=4 n=6
Week 0 EASI, mean (SD) 26.5 (12.6) 26 (9.0)
Week 12 EASI, mean (SD) 18.4 (10.9) 24.75 (19.5) 26 (9.0)
P value 0.780 0.059
EASI score, mean (SD) 30.3 (26.9) 16.05 (46.3) 26.5 (29.9)

change, %

EASI=Eczema Area and Severity Index.
P values indicate comparisons between Week 0 and Week 12 EASI.
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Table S3. Antibodies Used for Immunohistochemical Analyses

Antibody Vendor Clone*  Isotype Dilution
Keratin 16 ADbD Serotec (Bio-Rad)  LL025 IgG1 1:100
Ki67 Santa Cruz MIB-1 IgG1 1:100

*Antibodies used in this experiment were mouse monoclonal antibodies, unless stated otherwise.
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Table S4. Primers and Probes Used for RT-PCR

Gene Symbol Sequence

Forward CGCTGCTGAACATGCTCAA
RPLPO/hARP Reverse TGTCGAACACCTGCTGGATG

Probe 6-FAM-TCCCCCTTCTCCTTTGGGCTGG-2TAMRA

Assay ID

CCL17 Hs00171074_m1
CCL18 Hs00268113_m1
CCL22 Hs01574247_m1
FLG Hs00856927_g1

IFNg Hs00989291 m1
IL-13 Hs00174379_m1
IL-17A Hs00174383_m1
IL-1B Hs01555410_m1
IL-22 Hs01574154 m1
IL-31 Hs01098710_m1
IL-5 Hs00174200_m1
IL-12B Hs01011518 m1
IL-23p19 Hs00900828_g1

IL-23p40 Hs01011518 m1
KRT16 Hs00373910 g1

LOR Hs01894962_s1

PPL Hs00160312_m1

S100A12 Hs00942835_g1



S100A7

S100A8

Hs01923188_ul

Hs01923188_ul
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Table S5. Differentially Expressed Genes and Effect With Treatment

Please see the Excel file available for download with this article for Table S5.
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Figure S1. Patient Disposition (CONSORT Flow Diagram)

The chart shows the numbers (%) of patients who were randomized and completed the placebo-

controlled and active treatment phases, and the numbers (%) of patients who discontinued the
trial during each phase, along with reasons for discontinuation.

Placebo-
Controlled Phase
Weeks 0-12*

Randomized
N=185

Treatment
Phase$

n=21/23 (91.3%)
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Figure S2a. Gene Array Heatmap of Immune Gene Expression Levels

Heatmap representing mean expression levels of immune genes dysregulated in the atopic
dermatitis transcriptome pre- (baseline) and post (Week 12)-treatment. Red indicates gene
upregulation and blue indicates gene downregulation. APR30=apremilast 30 mg BID;
APR40=apremilast 40 mg BID; LS=lesional; N=normal; NL=nonlesional, PCB=placebo.
+P<0.1, *P<0.05, **P<0.01, ***P<0.001.
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Figure S2b. Percent Improvement in AD Transcriptome

Boxplots show the overall improvement in up- and downregulated genes in the AD genomic
profile with placebo and apremilast 40 mg and 30 mg. Light blue dots indicate mean percent
improvement, and the light blue bars indicate 1 standard deviation above/below. The black
horizontal lines indicate medians, the vertical black lines indicate values that are within 1.5 times
the interquartile range of the median, and the top and bottom of the dark green boxes represent
the 75th and 25th percentiles, respectively. The black dots indicate outliers. Lines above boxplots
represent inter-group comparisons.

Y% Improvement in AD Transcriptome
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Figure S3. Additional Immune and Barrier Genes Quantified by Real-Time PCR

Line graphs of mRNA expression changes of select immune and barrier genes in lesional and
nonlesional atopic dermatitis skin areas treated by drug or placebo. Immune genes are grouped
by major inflammatory/regulator pathways. Black stars denote significance in change between
nonlesional and lesional skin; top red stars denote significance in change from baseline; bottom
red stars denote significance of treatment effect between apremilast 40 mg and placebo. Red or
blue numbers denote sample number for lesional or nonlesional skin, respectively. APR30=
apremilast 30 mg; APR40= apremilast 40 mg; +P<0.1, *P<0.05, **P<0.01, ***P<0.001.
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