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ABSTRACT

BACKGROUND: There is currently a lack of data on the simultaneous treatment of different features of
rosacea. Individually, ivermectin 1% (IVM) cream and brimonidine 0.33% (BR) gel have demonstrated
efficacy on inflammatory lesions and persistent erythema, respectively. OBJECTIVE: To evaluate the
efficacy, safety, patient satisfaction, and optimal timing of administration of IVM associated with BR
(IVM+BR) versus their vehicles in rosacea (investigator global assessment [IGA] 23). METHODS:
Multicenter, randomized, double-blind study including subjects with rosacea characterized by moderate to
severe persistent erythema and inflammatory lesions. The active treatment group included the IVM+BR/12
weeks subgroup (once-daily BR and once-daily IVM for 12 weeks), and the IVM+BR/8 weeks subgroup
(once-daily BR vehicle for 4 weeks followed by once-daily BR for the remaining 8 weeks and once-daily
IVM for 12 weeks). The vehicle group received once-daily BR vehicle and once-daily IVM vehicle for 12
weeks. RESULTS: The association showed superior efficacy (IGA success [clear/almost clear]) for
erythema and inflammatory lesions in the total active group (combined active subgroups) compared to
vehicle (55.8% vs. 36.8%, P=0.007) at week 12. The success rate increased from 32.7% to 61.2% at hour
0 and hour 3, respectively, in the IVM+BR/12 weeks subgroup, and from 28.3% to 50% in the IVM+BR/8
weeks subgroup. Reductions in erythema and inflammatory lesion counts confirmed the additive effect of
BR to IVM treatment. Subjects reported greater improvement in the active subgroups than in the vehicle
group, and similar rates for facial appearance satisfaction after the first 4 weeks of treatment in both active
subgroups. All groups showed similar tolerability profiles. CONCLUSION: Concomitant administration of
IVM cream with BR gel demonstrated good efficacy and safety, endorsing the comprehensive approach to
this complex disease. Early introduction of BR, along with a complete daily skin care regimen may
accelerate treatment success without impairing tolerability.
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Rosacea is a chronic skin dlsease with prevalence varying from < 1% to > 20%, and it is most commonly
reported in people with fair skln 1-5 Recent studies have re-estimated the prevalence at approximately 5%-
10% of the general population. ® The central facial skin is the predominant site of mvolvement Thus, patients
report negative impact of rosacea on their self-esteem and social/professional interactions.”°The etiology of
rosacea remains unknown, with both genetic and environmental factors as well as microorganisms such as
Demodex folliculorum, potentially contributing to the pathogene3|s.10 4Rosacea is typically characterized by
persistent facial erythema and recurrent eruptions of inflammatory lesions (papules/pustules). The previous
approach to the diagnosis and classification of rosacea was based on disease subtypes. However, this
approach did not address the entire spectrum of clinical presentation, leading to suboptimal disease
management. 15-17 The ROSacea COnsensus (ROSCO) panel of experts recently shifted the focus for the
diagnosis and classification of rosacea

to a phenotype-led approach, allowing clinicians to better customize disease management.15'16' 18Currently,
there is a need for clinical data on the simultaneous treatment of major diagnostic features of rosacea.
Therefore, an association of currently available efficacious and safe therapeutic agents may offer a
comprehensive approach for the management of this complex disease with various possible
phenotypes.lvermectin 1% (IVM) cream and brimonidine 0.33% (BR) gel have been shown to be effective
against papules/pustules and persistent facial erythema, re J)ectively.IVM is a macrocyclic lactone derivative
with dual anti-inflammatory and anti-parasitic propert|es Studies have demonstrated superiority of VM
over vehicle_and metronidazole 0.75% cream in adults with moderate to severe papulopustular
rosacea.”®?’BR is a hlg?hly selective alpha-2-adrenergic receptor agonist thus, a potent topical
vasoconstrictive agent The efficacy, rapid onset of action, and safety of BR have been shown in studies
including Eatlents with moderate to severe persistent facial erythema, even with prolonged treatment (12
months). The maximal effect of BR on erythema is observable within 3 hours of application. However,
BR has been associated with temporary worsening of erythema in some cases after initial
application.35These therapeutic agents have demonstrable efficacy on different rosacea features. Therefore,
it is important to investigate the association of IVM and BR topical treatments.The objective of this study was
to evaluate the efficacy, safety, and patient satisfaction of IVM associated with BR (IVM+BR) compared to
their respective vehicles in the treatment of moderate to severe rosacea, in an attempt to support a
comprehensive approach to rosacea management. Moreover, the optimal timing of introducing BR to the
association treatment was investigated.

MATERIALS AND METHODS

Study DesignThis multicenter, randomized, double-blind, vehicle-controlled, and parallel-group comparison
study included subjects aged =18 years with moderate to severe rosacea (investigator global assessment
[IGA] 3-4), characterized by persistent diffuse moderate to severe facial erythema (clinician erythema
assessment [CEA] 3-4) and inflammatory lesions (15-70 papules/pustules). The study duration was 12 weeks
and included 4 visits: baseline and weeks 4, 8, and 12.This study was conducted in accordance with the
principles of the Declaration of Helsinki and Good Clinical Practices, and alin compliance with local regulatory
requirements. It was approved by institutional review boards, and all subjects provided written informed
consent prior to study procedures.TreatmentsAll eligible subjects were randomized in a 1:1:2 ratio into two
active and one double-vehicle treatment groups as described below:* IVM+BR active group:- Half of the
subjects received once-daily BR gel in the morning and once-daily IVM cream in the evening for 12 weeks
(IVM+BR/12 weeks subgroup).- The other half of the subjects received once-daily BR vehicle gel in the
morning for the first 4 weeks followed by once-daily BR gel for the remaining 8 weeks, and once-daily IVM
cream in the evening for 12 weeks (IVM+BR/8 weeks subgroup).» Vehicle group: Subjects received once-
daily BR vehicle gel in the morning and once-daily IVM vehicle cream in the evening for 12 weeks.All subjects
received and were required to use daily, products for general skin care including a gentle skin cleanser,
moisturizing lotion, and moisturizer SPF 15 sunscreen, as recommended by experts and
guidelines.16,36,37Efficacy and Safety EndpointsThe primary endpoint was IGA success (clear/almost clear;
overall assessment including background erythema and inflammatory lesions)26 at week 12/hour 3 (3 hours
after BR application), to demonstrate superiority of IVM+BR versus vehicle.Secondary efficacy endpoints
included IGA at each visit; CEA (evaluation of erythema severity at each visit prior to and 3 hours after
application of BR or its vehicle) and percent change from baseline in inflammatory lesion counts, to
demonstrate the impact of the association on each major feature of rosacea; subject global improvement of
rosacea and subject facial appearance satisfaction questionnaire.Safety assessment included monitoring the
incidence of adverse events (AEs) throughout the study.Sample Size and RandomizationThere are no
previous studies conducted with the concomitant use of IVM and BR. Therefore, the sample size of this study
was calculated using previous IVM studies. A randomization list was generated by a statistician and the
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RANUNI routine of the Statistical Analysis System (SAS®, SAS Institute Inc., Cary, NC, USA) was used for
kit number generation.

FIGURE 1. Subject disposition.
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Statistical AnalysisStatistical analysis was performed in the intent-to-treat (ITT), per-protocol (PP), and safety
(APT) populations. The primary efficacy endpoint was analyzed using the Cochran-Mantel-Haenszel (CMH,
FREQ procedure from SAS®) statistical test, stratified by center after ridit transformation with the row mean
difference statistics, testing the hypothesis of equality on the ITT/last observation carried forward (LOCF)
population. PP analysis was also performed to assess the robustness of the results obtained on the
ITT/LOCF population. Significance was declared at the 0.05 level. Secondary efficacy variables and
questionnaires were analyzed in a similar manner as the primary analyses on the appropriate population.
There was no adjustment of the type | error.

RESULTS

Subject DispositionThe study was conducted from December 2015 to September 2016. A total of 190
subjects (95 subjects per group) enrolled at 26 sites in the United States and Canada. Of those, 171 (90%)
completed the study (Figure 1). Subjects were predominantly Caucasian (91.1%) and female (72.1%), with a
mean age of 49.5 years and a history of chronic rosacea > 5 years (70%). Demographic and baseline
disease characteristics were similar in the two treatment groups (Table 1). The majority of subjects had
moderate IGA/CEA at baseline (81.6% for both) and an average of 30 inflammatory
lesions.Efficacy/nvestigator global assessment (IGA success) at week 12/hour 3According to IGA at week
12/hour 3, more subjects in the total active group attained success (clear/almost clear) compared to the
vehicle group in the ITT/LOCF (55.8% vs. 36.8%, respectively, P equals 0.007) (Figure 2A) and PP (62.5%
vs. 39%, P equals 0.003) populations.An advantage for patients receiving BR from day 1 was observed, with
the IVM+BR/12 weeks subgroup showing superior efficacy compared to vehicle (61.2% vs. 36.8%, P equals
0.003 in the ITT/LOCF population; and 68.3% vs. 39%, P equals 0.001 in the PP population) at the end of the
study. The IVM+BR/8 weeks subgroup was numerically better than vehicle (50% vs. 36.8%, P equals 0.135
in the ITT/LOCF population; and 56.4% vs. 39%, P equals 0.096 in the PP population).At week 12,
comparison of the effect of BR before and after application showed that, in the IVM+BR/12 weeks subgroup,
the success rate almost doubled (from 32.7% to 61.2% at hour 0 and hour 3, respectively). In the IVM+BR/8
weeks subgroup, the success rate at hour 0 and hour 3 was 28.3% versus 50%, respectively (Figure
2B).Investigator global assessment at each visit/hour 3IGA at each visit demonstrated an onset of effect as
early as week 4, with reported IGA success of 22.4%, 13%, and 9.5% in the IVM+BR/12 weeks, IVM+BR/8
weeks (ie, 4 weeks of BR vehicle at that point), and vehicle groups, respectively. The difference in the
IVM+BR/12 weeks group versus vehicle (ie, 12.9%) reached statistical significance as early as week 4 (P
equals 0.04) and remained significant until the end of treatment (P equals 0.02 at week 8 and P equals 0.003
at week 12; Figure 2C).Clinician erythema assessment at week 12/hour 3CEA showed statistically significant
improvement in the IVM+BR/12 weeks and IVM+BR/8 weeks subgroups compared to the vehicle group (P
less than 0.01). The rate of clear/almost clear, according to CEA, in the IVM+BR/12 weeks, IVM+BR/8
weeks, and

_vehicle groups at week 12/hour 3 was 75.0%, 68.3%, and 40.7%, respectively (Figure 3).Percent change
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in inflammatory lesion counts at week 12/hour 3Median percent change in inflammatory lesion counts
showed statistically significant improvement in the IVM+BR/12 weeksand IVM+BR/8 weeks subgroups
compared to vehicle (78.3% vs. 65.5% [P less than 0.001] and 75.8% vs. 65.5% [P less than 0.01],
respectively; Figure 4A).Moreover, the proportion of subjects who reached 100% reduction of inflammatory
lesions was 16.3%, 6.5%, and 4.2%in the IVM+BR/12 weeks, IVM+BR/8 weeks, and vehicle groups,
respectively. The difference of IVM+BR/12 weeks versus vehicle was statistically significant (P equals 0.015)
in the ITT/LOCF population (Figure 4B).Subject-reported Outcome Subject global improvement of rosaceaAt
the last visit (week 12/hour 3), the difference in improvement was statistically significant in the IVM+BR/12
weeks subgroup compared to the vehicle group (P equals 0.012), whereas it did not reach statistical
significance in the IVM+BR/8 weeks subgroup. The rate of excellent and good improvement was 77.7%,
66.7%, and 55.2% in the IVM+BR/12 weeks, IVM+BR/8 weeks, and vehicle groups, respectively (ITT/LOCF
population).

FIGURE 2. Investigator global assessment success (ITT-LOCF): (A) at
week 12/hour 3; (B) at week 12/hour 0 versus week 12/hour 3 (ie, before
vs. after application of BR); (C) Early onset of effect: IVM+BR/12 weeks
versus vehicle.
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FIGURE 3. Clinician erythema assessment at week 12/hour 3 (ITT-LOCF).
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treatment, the proportion of subjects who reported that bumps/pimples had become more visible since
baseline was 27.7% in the IVM+BR/12 weeks subgroup and 18.6% in the IVM+BR/8 weeks subgroup (ie,
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after 4 weeks of BR vehicle at that point). However, the overall subject facial appearance satisfaction (very
satisfied/satisfied) after 4 weeks was similar between the IVM+BR/12 weeks (31.9%) and IVM+BR/8 weeks
(27.9%) subgroups, suggesting that this prominence of bumps/pimples during treatment did not affect overall
satisfaction nor resulted in treatment discontinuation.SafetyOnly 8 treatment-related AEs in 6 subjects (3.2%)
were reported in this study. All AEs were dermatological in nature. Of those, 5 AEs (allergic dermatitis,
erythema [2 AEs], skin burning sensation, and skin irritation) in 4 subjects (4.2%) and 3 AEs (erythema,
pruritus, and rosacea) in 2 subjects (2.1%) were reported in the IVM+BR and vehicle groups,
respectively.Related worsening of rosacea accounted for 1 AE in the IVM+BR group and all 3 related AEs in
the vehicle group. No serious or severe related AEs were reported in this study. One related AE leading to
discontinuation (allergic chest dermatitis) was reported in the IVM+BR group.

DISCUSSION

This was the first randomized clinical study investigating the concomitant use of IVM and BR for the treatment
of inflammatory lesions and persistent centrofacial erythema of rosacea. The aim of the study was to assess
the impact of these therapeutic agents within an integrated approach to treat rosacea symptoms, and
examine two different regimens of treatment initiation over 12 weeks.In order to explore different treatment
introduction sequences within the association, the IVM+BR group was split into two active subgroups: one
with IVM and BR introduced jointly from baseline and another with BR introduced only after 4 weeks of BR
vehicle along with IVM application. The subjects in the comparator vehicle group received both the vehicles
of IVM and BR from the first day until the end of the study. The vehicle-controlled design of this study
provided insight into the time of onset of treatment effect and the tolerability profile of the association, as well
as the impact of these different regimens on subject satisfaction after 4 weeks of treatment.

FIGURE 4. Inflammatary lesion counts (ITT-LOCF): (A) Median percent
change from baseline; (B) Percentage of subjects reaching 100% lesion
reduction compared to baseline.
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The combined approach showed superior efficacy in the

total active group versus vehicle (55.8% vs. 36.8%) after 12 weeks of treatment, with a very low rate of
worsening events. The success rate observed in the vehicle group highlights the importance of a
comprehensive skin care regimen in support of the treatment. Efficacy findings were confirmed by the results
of the IGA, CEA, and change in inflammatory lesion counts (Figure 5).Early administration of BR from the first
day of treatment initiation exerts additional benefit compared to the 4-week delayed introduction, with more
subjects achieving clear/almost clear in the 12-week subgroup. The additive effect of BR to IVM treatment in
IGA success was demonstrated in both IVM+BR subgroups and was confirmed by a better efficacy in
erythema (CEA success) and a reduction of inflammatory lesions. Of note, early introduction of BR showed a
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trend toward better efficacy in all assessments compared to delayed introduction.It is known that patients
expect a quick onset of action by therapeutic agents.38 The early onset of effect induced by the association
at week 4 offered an advantage that was maintained until the end of treatment, especially in the IVM+BR/12
weeks subgroup. Furthermore, the lower incidence of treatment-related AEs (similar to the vehicle group of
this study ie, 4.2% vs. 2.1%, respectively), in comparison to monotherapy with BR (approximately 10%)33,
suggests a safety benefit from this combined approach. Therefore, concomitant administration of these two
therapeutic agents as early as possible may maximize the chance of treatment success, and improve
adherence and safety. In addition, success rates for the active treatments continued to increase throughout
the study. This emphasizes the option to potentially continue treatment beyond the endpoint of the study (12
weeks) to reach maximal efficacy (with the potential of even more subjects clear on the IGA scale).Subject
assessment of global improvement of rosacea corroborated investigator efficacy findings, indicating greater
improvement in the active subgroups than in the vehicle group. As expected, more subjects reported noticing
inflammatory lesions in the IVM+BR/12 weeks subgroup than in the IVM+BR/8 weeks subgroup after 4 weeks
of treatment. However, this did not affect subject facial appearance satisfaction, with similar rates reported in
both subgroups (31.9% vs. 27.9%, respectively). Of note, following the application of BR, symptoms such as
telangiectasia may appear more pronounced. The management of these symptoms ought to be addressed
by other tailored treatments and is beyond the scope of this investigation.The association of IVM and BR was
well tolerated regardless of the time of BR introduction in the treatment regimen (day 1 or week 4) and
comparable throughout all study groups. The incidence of related AEs was less than 5%. In the active
groups, only 1 case of worsening of rosacea (increased facial erythema) and 1 AE leading to discontinuation
(allergic chest dermatitis during the first month, while the subject was still under BR vehicle) were reported in
the IVM+BR/8 weeks subgroup. In addition, incorporating a complete and intensive skin care regimen as
recommended15'18'39, including cleanser, moisturizing lotion, and daily sun protection may have improved
benefit for the restoration of the skin barrier function (as observed across all treatment groups), resulting in
overall improved tolerability and fewer side effects.

In conclusion, the concomitant use of IVM 1% cream with BR 0.33% gel demonstrated superior efficacy and
a comparable safety profile versus vehicle for the treatment of moderate to severe rosacea. Early introduction
of BR from the first day of treatment, along with a complete daily skin care regimen, may accelerate treatment
success without impairing patient satisfaction or tolerability. This association regimen is a promising option for
the comprehensive management of this complex disease.
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