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Rosacea is a chronic relapsing skin disorder pri-
marily affecting the face. Although its etiology
is not well defined, rosacea is associated with
immune dysregulation and inflammationpoten-
tiated by external factors. These manifestations
lead to skin sensitivity and impaired quality of life.
Azelaic acid (AzA) is approved for the treatment
of rosacea in a 15% gel formulation. This phase 3
study evaluated the efficacy and safety of AzA in
a 15% foam formulation for the treatment of papu-
lopustular rosacea (PPR)..Coprimary efficacy end
points were treatment success according to inves-
tigator global assessment (IGA) and the nominal

Dr. Draelos is from Dermatology Consulting Services, High Point,
North Carolina. Dr. Elewski is from the University of Alabama,
Birmingham. Dr. Harper is from the Dermatology and Skin Care
Center of Birmingham, Alabama. Mr. Sand, Mr. Staedtler, and

Drs. Nkulikiyinka and Shakery are from Global Development,
Bayer Pharma AG, Berlin, Germany.

Dr. Draelos received a research grant from Bayer HealthCare
Pharmaceuticals Inc. Dr. Elewski is an advisory board member,
consultant, and investigator for Bayer HealthCare Pharmaceuticals
Inc, and she is an investigator for Galderma Laboratories, LP.

Dr. Harper is a consultant, researcher, and speaker for Bayer
HealthCare Pharmaceuticals Inc. Mr. Sand, Mr. Staedtler, and

Drs. Nkulikiyinka and Shakery are employees of Bayer Pharma AG.
Mr. Staedtler also holds a patent for the vehicle formulation.

This study was registered on March 13, 2012, at www.clinicaltrials
.gov with the identifier NCT01555463.

Additional methodology and the eFigure are available in the
Appendix online at www.cutis.com.

Correspondence: Zoe Diana Draelos, MD, 2444 N Main St,

High Point, NC 27262 (zdraelos@northstate.net).

54 CUTIS®

change in inflammatory lesion count (ILC) from
baseline to the end of treatment (EoT). Adverse
events (AEs) were evaluated as a measure of
safety. The IGA success rate at EoT was sig-
nificantly greater in the AzA foam group ver-
sus vehicle (P<.001; Cochran-Mantel-Haenszel
test). Likewise, nominal ILC change at EoT in
the AzA foam group showed a significantly
greater decrease versus vehicle (P<.001; F test).
Drug-related AEs were mainly mild to moderate,
cutaneous, and local. Overall, the study results
Support the efficacy and safety of twice-daily
AzA foam 15% in patients with PPR.

Cutis. 2015;96:54-61.

osacea is a common dermatologic disorder
that generally is characterized by erythema as
well as papules and pustules on the cheeks,
chin, forehead, and nose. Moreover, telangiectasia
and burning or stinging sensations often occur.?
These clinical manifestations and other related ones
frequently lead to the perception of “sensitive skin.”
Rosacea patients often experience low self-esteem,
anxiety, and social embarrassment.> Reports of the
gender distribution of the disease vary but often show
female predominance.* Although it also occurs in
darker skin types, rosacea is more common in indi-
viduals with lighter skin.!
The etiology of rosacea is not yet fully understood,
but the underlying pathology has been attributed to
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dysregulated immune responses. Although the flares of
a typical fluctuating disease course often are caused by
exogenous triggers, there is evidence that an underly-
ing genetic component predisposes some individuals
to pathologic changes associated with the condition.’
Augmented immune activity and proinflammatory
signaling appear to induce the infiltration of inflam-
matory elements into affected areas.? These regions
show dilated vasculature and increased cutaneous
blood flow secondary to inflammation. Systemic
oxidative stress also may contribute to epidermal
dysfunction, as the antioxidant capacity of the skin
in patients with rosacea is depleted relative to that
of healthy individuals. The biochemical and vascu-
lar changes characteristic of rosacea coincide with
aberrant permeability of the stratum corneum.® The
resulting decreased hydration and water loss across the
skin contribute to the sensitivity and irritation typical
of the disease.’

Current guidelines for the optimal management
of rosacea with papulopustular lesions recommend
skin care, photoprotection, and topical therapy.
Depending on the severity of disease and the likeli-
hood of adherence to a topical regimen, use of oral
agents may be warranted.”

Azelaic acid (AzA), an unbranched saturated
dicarboxylic acid (1,7-heptanedicarboxylic acid)
that occurs in plants, is one of several US Food
and Drug Administration—approved topical agents
for the treatment of inflammatory lesions in rosa-
cea.’ Although the pathophysiology of rosacea is
not yet fully understood, there is a growing con-
sensus about the role of proinflammatory molecules
(eg, kallikrein 5, cathelicidins) as well as reactive
oxygen species (ROS).? Azelaic acid has been dem-
onstrated to modulate 'the inflammatory response
in normal human keratinocytes through several
pathways, including modulation of the signal-
ing pathways of peroxisome proliferator-activated
receptor y and nuclear factor kB, concurrent with
the observed inhibition of proinflammatory cyto-
kine secretion.’® Additionally, AzA can inhibit
the release of ROS from neutrophils and also may
reduce ROS by direct scavenging effects.!’ Further,
AzA shows direct inhibition of kallikrein 5 in
human keratinocytes as well as a reduction of the
expression of kallikrein 5 and cathelicidin in murine
skin and the facial skin of patients with rosacea.!

In a series of randomized trials in patients with
papulopustular rosacea (PPR), AzA has shown
clinical efficacy and safety as a topical treatment.!>®
Based on these studies, a gel formulation of AzA
with a 15% concentration has been approved for
treating inflammatory papules and pustules of mild
to moderate rosacea.'
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Although AzA delivered in a gel matrix is
an effective therapy, topical delivery of active
pharmaceutical ingredients via foam is often pre-
ferred over traditional vehicles in patients with
sensitive skin. Patient rationale for favoring foam
includes improved appearance and ease of applica-
tion, namely easier to spread with a reduced need to
manipulate inflamed skin.!? Also, data reveal that
patients may be more compliant with a treatment
that meets their needs such as an optimized foam
formulation.'® In addition, the lipid components of
an optimized formulation are thought to contribute
to an improved skin condition.!” The foam vehicle
used in this study is a proprietary oil-in-water formu-
lation that includes fatty alcohols and triglycerides.
The novel delivery of AzA in a foam formulation
will provide clinicians ‘and patients with a new
option for improved individualized care.

We report the primary results of a phase 3 study in
patients with PPR. comparing the efficacy and safety
of twice-daily AzA foam 15% with vehicle foam. The
phase 3 'study builds on the results of a prior random-
ized doublesblind trial (N=401) that demonstrated
significant improvements relative to vehicle in thera-
peutic success rate (P=.017) and decreased inflam-
matory lesion count (ILC)(P<.001) among patients
treated with AzA foam 15%.8

Methods

Study Design—This phase 3 randomized, double-
blind, vehicle-controlled, parallel-group, multicenter
study was conducted in patients with PPR according
to Good Clinical Practice guidelines in 48 study cen-
ters in the United States. The objective was to evalu-
ate a 12-week, twice-daily (morning and evening)
course of AzA foam 15% versus vehicle.

Participants were men and women aged 18 years
or older with moderate to severe PPR (as determined
by investigator global assessment [IGA]) presenting
with 12 to 50 papules and/or pustules and persistent
erythema with or without telangiectasia. Informed
consent was obtained from all participants before
any study-related activities were carried out.

The study products were applied to the entire
facial area each morning and evening at a dose of
0.5 g, thus administering 150 mg of AzA daily in the
active arm of the trial (computerized randomization
1:1). The treatment period lasted 12 weeks, and par-
ticipants were evaluated at baseline and weeks 4, 8,
and 12. The follow-up period lasted 4 weeks follow-
ing the end of treatment (EoT) and was concluded
with one final end-of-study visit.

Efficacy Ewaluations—There were 2 coprimary
efficacy end points. Therapeutic success rate was
evaluated using the IGA scale (clear, minimal, mild,
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moderate, or severe). Treatment success was defined
as an IGA score of either clear or minimal (with at
least a 2-step improvement) at EoT, whereas treat-
ment failure was constituted by I[GA scores of mild,
moderate, or severe.

The second coprimary end point was the nomi-
nal change in ILC from baseline to EoT as deter-
mined by the total number of facial papules and
pustules. Efficacy and safety parameters were evalu-
ated at weeks 4, 8, and 12, as well as at the end of
the 4-week follow-up period. Throughout the study,
the investigator, participants, and all study person-
nel remained blinded.

Safety—Information about adverse events (AEs)
was collected at each study visit, and AEs were
graded according to seriousness (yes or no) and
intensity (mild, moderate, or severe).

Statistical Analysis—Efficacy was confirmed by
analysis of the treatment success rate at EoT with
Cochran-Mantel-Haenszel test statistics, including a
point estimate and 95% confidence interval (CI) for
the odds ratio. Change in ILC at EoT was analyzed
via an analysis of covariance model using treat-
ment, center, and baseline lesion count as factors.
(Additional methods can be found in the Appendix
online at www.cutis.com.)

Results
Study Participants—Of the 1156 patients who were
screened for eligibility, 961 were randomized to treat-
ment with AzA foam (n=484) or vehicle (n=477)
(Figure 1). Sixty-four (13.2%) participants in the AzA
foam group and 79 (16.6%) in_the vehicle group dis-
continued treatment before completing the study. The
most common reasons for discontinuation were partici-
pant withdrawal from the study and lost to follow-up.
Six (1.2%) participants from the AzA foam group
and 12 (2.5%) from the vehicle group discontinued
because of AEs. All safety and efficacy data presented
are based on the full analysis set, which consisted of the
961 participants randomized to treatment.
Demographic and baseline characteristics were
balanced between the treatment groups (Table 1).
The majority of participants were female (73.0%) and
white (95.5%), reflecting the patient populations of
independent studies that found a higher prevalence
of rosacea in women and lighter skin types.* There
were no significant differences in baseline measures of
PPR severity between the treatment groups.
Participants in the AzA foam and vehicle groups
had a mean ILC of 21.7 and 21.2, respectively, and
76.4% of participants had more than 14 lesions. All
participants had an IGA score of moderate (86.8%)
or severe (13.2%). Moderate or severe erythema was
present in 91.5% of participants.
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Treatment compliance, as measured by the
percentage of expected doses that were actually
administered, was 97.1% in the AzA foam group and
95.9% in the vehicle group.

Efficacy—Results from both primary end points
demonstrated superior efficacy of AzA foam over
vehicle. The AzA foam group achieved a greater IGA
success rate at EoT compared with the vehicle group
(32.0% vs 23.5%; Cochran-Mantel-Haenszel test
center-adjusted P<.001; odds ratio, 1.6; 95% CI,
1.2-2.2). Treatment success rate was higher in the
AzA foam group than in the vehicle group at every
time point past baseline (Figure 2). Similarly, the
decrease in mean nominal ILC values was greater in
the AzA foam group at every time point after base-
line (Figure 3), and the treatment difference at EoT
was statistically significant in favor of AzA foam
(—=2.7, F1920=23.7, P<.001;95% CI, —3.8 to —1.6).
The divergence between treatment groups at week 4
reveals an onset of AzA effect early in the study.

Although the AzA foam group showed signifi-
cantly better efficacy results than the vehicle group
for the:coprimary end points, participants in the
vehicle group did show appreciable IGA success
rates (23.5%) and changes in ILC (—10.3) at EoT
(Figures 2 and 3).

Notably, the AzA foam group maintained better
results than vehicle for both primary end points
even at the end of the 4-week follow-up after
EoT (Figures 2 and 3). Sensitivity analysis (data
not shown) confirmed the findings from the full
analysis set.

Safety—Adverse events were experienced by
149 (30.8%) participants in the AzA foam group
and 119 (24.9%) in the vehicle group. The most
common noncutaneous AEs (>1% of participants)
reported during AzA foam treatment were nasophar-
yngitis, headache, upper respiratory tract infection,
and influenza. In the vehicle group, the most com-
mon noncutaneous AEs reported were nasopharyn-
gitis and headache. Drug-related AEs (relationship
assessed by the investigator) were reported slightly
more often in the AzA foam group (7.6%) than in
the vehicle group (4.6%). Drug-related AEs were
predominantly cutaneous and occurred at the site of
application (Table 2). Drug-related cutaneous AEs
were more common in the AzA foam group (7.0%)
than in the vehicle group (4.4%). Although serious
AEs were more common in the vehicle group, all
were regarded as unrelated to the study medication.
A single death occurred in the vehicle group due to
an accident unrelated to the study drug.

The most frequent drug-related AEs in
participants treated with AzA foam versus vehi-
cle were application-site pain (3.5% vs 1.3%),
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Figure 1. Study disposition and reasons for study discontinuation. Percentages of participants who discontinued
prior to treatment randomization are based on the number of patients screened, whereas all other percentages are
based on the number of participants randomized. After completion of treatment, all participants (including those
who prematurely discontinued treatment) were invited to enter the follow-up phase.

application-site pruritus (1.4% vs 0.4%), and
application-site dryness (1.0% vs 0.6%). The classi-
cal rosacea symptom of stinging is subsumed under
the term application-site pain, according to MedDRA
(Medical Dictionary for Regulatory Activities).

All other drug-related AEs occurred at a fre-
quency of less than 1% in participants from both
groups. Serious AEs were rare and unrelated to treat-
ment, with 3 AEs reported in the AzA foam group
and 4 in the vehicle group. Adverse events leading
to study drug withdrawal occurred in less than 2% of
participants and were more common in the vehicle
group (2.5%) than in the AzA foam group (1.2%).
Of the 3 drug-related AEs leading to withdrawal in
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the AzA foam group, 2 were due to cutaneous reac-
tion and 1 was due to a burning sensation. The num-
ber of active drug-related cutaneous AEs was highest
during the first 4 weeks of treatment and declined
over the course of the study (eFigure).

More than 96% of AEs were resolved by the
end of the study. Of the participants experiencing
AEs that did not resolve during the course of the
study, 16 were in the AzA foam group and 10 in
the vehicle group. Six unresolved AEs were drug
related, with 3 occurring in each treatment group.
Unresolved drug-related cutaneous AEs in the AzA
foam group were pain, pruritus, and dryness at the
application site.
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Comment

Opverall, the results from this phase 3 trial dem-
onstrate that the new foam formulation of AzA
was efficacious and safe in a 12-week, twice-daily
course of treatment for moderate to severe PPR.
The AzA foam formulation was significantly
superior to vehicle (P<<.001) for both primary
efficacy end points. Participants in the AzA foam
group achieved therapeutic success at a higher rate
than the vehicle group, and the change in nominal
ILC at EoT was significantly greater for participants
treated with AzA foam than for those treated with
vehicle (P<.001). Differences between the 2 treat-
ment groups for the coprimary end point measures
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arose early in the study, demonstrating that symp-
toms were rapidly controlled. Between weeks 8 and
12 (EoT), the rate of increase of beneficial effects
in the AzA foam group remained high, while the
vehicle group showed a notable slowing. There
was no indication of any rebound effect in overall
disease severity subsequent to EoT. After 4 weeks
of follow-up, there was still a beneficial treatment
effect present in favor of the AzA foam group, as
indicated by the persistence of improvements in
both coprimary end point measures throughout the
follow-up period.

Analyses of alternative populations and second-
ary end points (data not shown) supported the
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Table 1.
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Participant Demographics and Baseline Characteristics

Azelaic Acid Foam 15%

Vehicle Group

Characteristic Group (n=484) (n=477)
Age, y
Mean (SD) 51.2 (12.3) 51.9(13.2)
Median 50 51
Sex, n (%)
Male 130 (26.9) 129 (27.0)
Female 354 (73.1) 348 (73.0)
Race, n (%)
White 464 (95.9) 454(95.2)
Black 4(0.8) 5 (1.0)
Asian 5(1.0) 3 (0.6)
Native American or Alaska Native 1(0.2) 1(0.2)
Native Hawaiian or Other Pacific Islander 0(0) 1(0.2)
Multiple 2 (0.9 4(0.8)
Not reported 8(1.7) 9(1.9)
Investigator global assessment score, n (%)
Clear 0:(0) 0(0)
Minimal 0 (0) 0 (0)
Mild 0(0) 0 (0)
Moderate 419 (86.6) 415 (87.0)
Severe 65 (13.4) 62 (13.0)
Inflammatory lesion count, n
Mean (SD) 21.7 (9.1) 21.2(8.7)
Median (min, max) 19 (12, 50) 18 (12, 50)
Erythema rating, n (%)
Clear/almost clear 0 (0) 0 (0)
Mild 43 (8.9) 39 (8.2)
Moderate 365 (75.4) 369 (77.4)
Severe 76 (15.7) 69 (14.5)

Abbreviation: SD, standard deviation; min, minimum; max, maximum.

efficacy results reported here. There was no indica-
tion of irregular study center effects, and the sensi-
tivity analyses demonstrated robustness of the data
for the observed treatment effects.

The use of vehicle foam alone appeared to
be beneficial in reducing ILC and improving IGA rat-
ing, which suggests that the properties of the new foam

WWW.CUTIS.COM

formulation are favorable for the inflamed lesional skin
of rosacea. Of note, other dermatology studies, includ-
ing trials in rosacea, have reported therapeutic effects
of vehicle treatment that may be attributable to the
positive effects of skin care with certain formulations.?

Aczelaic acid foam was well tolerated in the
current study. More than 93% of AEs in either
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Table 2.
Drug-Related Cutaneous AEs?®

Azelaic Acid Foam 15% Vehicle Group
Group (n=484) (n=477)

MedDRA No. of No. of
Preferred Term No. of AEs Participants (%) No. of AEs Participants (%)
Any drug-related 50 34 (7.0) 8e 21 (4.4)
cutaneous AE
Application-site pain 23 17 (3.5) 6 (1.3)
Application-site 7 7(1.4) 0.4)
pruritus
Application-site B 5(1.0) 8 3 (0.6)
dryness

Abbreviations: AE, adverse event; MedDRA, Medical Dictionary for Regulatory Activities.

aReported for >1% of participants.

treatment group were of mild or moderate severity.
The incidence of drug-related AEs was low in both
groups and mainly occurred at the application site.
There were no drug-related severe or serious AEs.
The low incidence of reported drug-related noncu-
taneous AEs in the AzA foam group (dysgeusia in
1 patient and headache in 2 patients) supports the
known favorable systemic tolerance profile of AzA.

Although most drug-related AEs occurred at the
application site, they were generally transient, with
the majority of events in the AzA foam group lasting
no more than 1 hour. Most cutaneous AEs devel-
oped early in the study. In'the AzA foam group, the
prevalence of drug-related cutaneous AEs dropped
at every time interval as the study progressed
(eFigure). Very few AEs of any type persisted
through the end of the study. These safety results
were accompanied by a high compliance rate and
a high participation rate throughout the course of
the study. Taken together, the available data for this
AzA foam formulation support a favorable tolerabil-
ity profile. The results of this study are consistent
with and expand on data from an earlier investiga-
tion of similar design.?

Conclusion

The development of an AzA foam formulation
with higher lipid content was intended to expand
the treatment options available to physicians and
patients who are managing rosacea. Most topical
dermatologic treatments are currently delivered
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in classical formulations such as creams or gels,
but patients who use topical therapies have rated
messiness and ease of application among the most
important characteristics affecting quality of life.!?!
Foam formulations may offer improvements in this
regard; ease of application may minimize unneces-
sary manipulation of inflamed skin and contribute
to a high level of user satisfaction.?? However, the
design of the current study was limited to evaluat-
ing only the AzA foam formulation versus a foam
vehicle, and direct comparisons of clinical efficacy
and tolerability to other AzA topical preparations
were not performed. Nonetheless, patients have pre-
viously reported that they would be more likely to
comply with a recommended course of dermatologic
foam therapy than other topical formulations.'® The
proposed foam formulation was designed to attend
to the specific needs of the dry and sensitive skin
in rosacea by combining the demonstrated efficacy
properties exhibited by AzA gel 15% with the good
tolerability and acceptability of a lipid-containing
foam formulation. Development of this formula-
tion was targeted to obtain a product that would be
highly spreadable, dry quickly, and be easy to apply.
The available data for this AzA foam formulation
support the value of this option in the topical treat-
ment of rosacea. The success in reduction of overall
disease severity, lack of any rebound after EoT, and
the observed tolerability and high adherence rates
suggest that this novel formulation is a useful addi-
tion to current treatment options for rosacea.
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ADDENDUM

After release of the study data for unblinding
and statistical evaluation, the following incon-
sistency regarding patient distribution was noted:
1 participant was incorrectly evaluated as part
of the AzA foam analysis group when in fact
this patient was randomized to vehicle and was
treated throughout the study with vehicle. This
participant did not experience any AE and did not
show any IGA improvement at the EoT. As this
single case did not have an impact on the statisti-
cal conclusions or interpretation of the results, the
released study data have not been changed. This
deviation was described as a database erratum in
the study report.
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APPENDIX

Supplementary Methods

Supplementary Study Design—This study met all local
legal and regulatory requirements and was conducted
according to the principles of the Declaration of
Helsinki and the International Conference on
Harmonization Good Clinical Practice guidelines.
Before the start of the study and implementation,
the protocol and all amendments were approved by
the appropriate independent ethics committee or
institutional review board at each study site. Two pro-
tocol amendments were implemented before the first
participant visit.

Exclusion criteria included the presence of der-
matoses that could interfere with rosacea diagnosis
or evaluation, facial laser surgery or topical use of
any medication to treat rosacea within 6 weeks
before randomization, systemic use of any medica-
tions to treat rosacea, and known unresponsiveness
to AzA treatment. Further standard exclusion criteria
included alcohol or drug use or parallel participation
in other clinical studies, which were necessary to
exclude undue influence on study evaluations and/or
participant safety. The study was conducted by quali-
fied investigators at 48 centers in the United States.

The investigational product was filled in identi-
cal containers according to the randomization list
generated by a computer program using blocks.
Complete blocks of study medication were dis-
tributed to the centers. Eligible participants were
randomized 1:1 into either AzA  foam or vehicle
treatment groups by assignment of a randomiza-
tion number at baseline. A blind investigational
product under the same randomization number was
dispensed to and returned from participants by study
personnel who were not involved in the assessments.
Blinding was achieved by using labels on the inves-
tigational products that did not allow identification
of the true medication.

Compliance was evaluated from participant dia-
ries as well as the number of expected doses and
actually applied doses.

Additional Efficacy Evaluations—A number of sec-
ondary variables (not reported here) were assessed,
including changes in other manifestations of PPR,

A1 CUTIS®

as well as participant assessments of treatment
response, tolerability, cosmetic preferences, and
quality of life.

Additional Safety—Investigators reported a yes or
no response as to whether there was a reasonable
causal relationship between AEs and treatment.
Moreover, AEs that began at the start of or during
treatment were considered treatment emergent.
Cutaneous AEs were further assessed regarding loca-
tion and duration. An AE was deemed local if it
occurred at the application site and transient if it
subsided within 60 minutes of onset.

Statistical Analysis—The primary efficacy analy-
ses presented here were based on the full analysis
set of participants who were randomized and had
medication dispensed. For participants with no
EoT value, the last nonmissing value was used
including baseline (last-observation-carried-forward
methodology). Participants who discontinued treat-
ment prematurely because of lack of efficacy were
considered ‘to be treatment failures, regardless of
the reported IGA score. Statistical significance was
needed for both coprimary efficacy variables at a
1-sided 2.5% significance level to show confirmed
superiority of AzA foam versus vehicle.

A number of sensitivity analyses were performed,
including an analysis of the coprimary end points
using observed data, analysis of the per-protocol
population of participants who did not prematurely
discontinue treatment and had no major protocol
deviations, subgroup analyses, and the use of sta-
tistical methods to investigate the effect of missing
observations. Analyses of success rate and nominal
change in ILC were repeated for each postbaseline
visit using %2 and t tests, respectively. All summary
and statistical analyses were performed according to
the study protocol (unchanged after the start of the
study) using SAS version 9.2.

Results from a prior study provided the basis for
the sample size, which was calculated to show a
significant difference in both primary efficacy end
points with a power of 90%.% To allow for dropouts,
480 participants in each treatment group were to be
randomized for a total of 960 participants.
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