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Abstract

Rosacea is a chronic inflammatory dermatosis mainly affecting the cheeks, nose, chin, and forehead. Rosacea is character-
ized by recurrent episodes of flushing or transient erythema, persistent erythema, phymatous changes, papules, pustules, and
telangiectasia. The eyes may also be involved. Due to rosacea affecting the face, it has a profound negative impact on quality
of life, self-esteem, and well-being. In addition to general skin care, there are several approved treatment options available for
addressing these features, both topical and systemic. For some features, intense pulse light, laser, and surgery are of value.
Recent advances in fundamental scientific research have underscored the roles of the innate and adaptive immune systems
as well as neurovascular dysregulation underlying the spectrum of clinical features of rosacea. Endogenous and exogenous
stimuli may initiate and aggravate several pathways in patients with rosacea. This review covers the new phenotype-based
diagnosis and classification system reflecting pathophysiology, and new and emerging treatment options and approaches. We
address new topical and systemic formulations, as well as recent evidence on treatment combinations. In addition, ongoing
studies investigating novel therapeutic interventions will be summarized.

1 Introduction Key Points

Rosacea is a chronic inflammatory disease predominantly The updated phenotype-based diagnosis and classifica-
affecting the centrofacial region (cheeks, chin, nose, and fore- tion system based on features enables accurate charac-
head) and the eyes [1-4]. Rosacea is characterized by recur- terization of individual patients and the potential for

rent episodes of flushing, persistent erythema, inflammatory optimizing outcomes by addressing features most bother-
papules/pustules, and telangiectasia. Phymatous changes are some to the patient.

infrequent, occurring primarily at the nose (rhinophyma) and
more frequently in men [1, 5]. More than half of patients
with rosacea have ocular features including dryness, foreign-
body sensation, photophobia, conjunctivitis, blepharitis, and

Treatment optimization may be enabled by new evidence
on treatment combinations and the upcoming availability
of new topical/oral formulations of existing medications.

Various novel therapeutic interventions are being inves-
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in rare cases, keratitis that may compromise eyesight [1].
Rosacea usually starts between 30 to 50 years of age, but can
occur at any age [1, 3]. Prevalence rates across populations
range from < 1 to 22%, but these percentages are likely to
be influenced by differences in study design, methodology,
population, geographical location, and cultural and social
differences in perception of the disease [6, 7]. In a recent
systematic review, the global prevalence of rosacea was esti-
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women were found to be equally affected [8], in contrast to
previous studies which found a greater prevalence in women
[1, 3]. Additionally, rosacea is more frequently observed in
populations with fair skin of Celtic and northern European
descent [1]. However, in individuals with darker phototypes,
rosacea is likely unrecognized and under-diagnosed as ery-
thema and telangiectasia are more difficult to discern [4, 9].
Rosacea can lead to embarrassment, low self-esteem, anxi-
ety, depression, and stigmatization. Furthermore, it has an
adverse impact on quality of life, social and psychological
well-being [1, 10, 11]. Recent studies have reported possible
associations of rosacea with increased risk of cardiovascular,
gastrointestinal, neurological, auto-immune, and psychiatric
disorders along with an increased risk of cancer. Whether
these associations have a causal relationship requires further
evaluation [12-14].

In addition to identification and avoidance of patient-
specific triggers, self-care advice, and general skin care
measures, there are active treatment options available for
addressing rosacea features [1, 4, 5]. Approved treatments
for erythema include topical brimonidine and oxymetazo-
line; and for papules/pustules topical ivermectin, metroni-
dazole, azelaic acid, and oral doxycycline 40 mg modified
release. Laser and light-based therapies can be used for
telangiectasia, erythema, and phyma. The latter may also
require surgical correction [1, 4, 5].

This paper reviews the updated knowledge of pathophysi-
ology, the new phenotype-based diagnosis and classification
of rosacea (Table 1), recent evidence on new combinations
of treatments, and new and emerging treatment options
(Table 2).

2 Pathophysiology

Current inflammatory pathways relevant to rosacea patho-
genesis include dysregulation of immune (innate, adaptive,
inflammasome) and neurocutaneous mechanisms [15, 16].
Genetic susceptibility with modified immune reactivity is
suggested by the association of rosacea with single nucleo-
tide polymorphisms in genes associated with the major his-
tocompatibility complex [17].

Table 1 Diagnostic, major, and minor features of rosacea [2]

Innate and adaptive immune activation may be triggered
by microbes including Demodex species and various bac-
teria including Bacillus oleronius and Staphylococcus epi-
dermidis [18]. Innate immune activation leads to upregu-
lation of keratinocyte-derived toll-like receptor 2 (TLR2)
and proteinase-activated receptor 2 (PAR2). These promote
expression of the antimicrobial peptide cathelicidin, which
is subsequently activated to bioactive LL-37 by kallikrein
5 (KLK-5) protease, leading to erythema and angiogenesis
[19]. TLR2 facilitates activation of the NLRP3 inflam-
masome leading to pustule formation, pain, and vascular
responsivity via interleukin-1p and tumor necrosis factor-
alpha (TNF-a); and prostaglandin E2 release. Furthermore,
TLR2 can elicit erythema, telangiectasia, and inflammation
via expression of cytokines, chemokines, proteases, and
angiogenic factors. PAR2 activation leads to inflammation,
pruritus, and pain combined with recruitment of T lym-
phocytes and neutrophils, degranulation of mast cells, and
further release of inflammatory chemokines, cytokines, and
prostaglandins [15]. Adaptive immune system activation,
demonstrated by presence of T helper type I (TH1) and T
helper 17 (TH17) lymphocytes with their relevant immune
mediators, results in increased inflammation and further
immune activation [20, 21].

Neurocutaneous mechanisms in rosacea—reflecting reac-
tivity to temperature change, exercise, UV, spicy food, and
alcohol—may be mediated through transient receptor poten-
tial (TRP) ankyrin and vanilloid subfamilies. Specific sub-
family receptors may respond to different external triggers
leading to release of vasoactive neuro peptides (substance
P, pituitary adenylate cyclase-activating peptide, calcitonin
gene-related peptide). Sensory nerves also express TLR2
and PAR?2 and can perpetuate activation of inflammatory
mechanisms [22].

3 Updated Diagnosis and Classification
System of Rosacea

In 2002, the American National Rosacea Society provided
a provisional diagnosis and classification system to facili-
tate communication by using standard criteria between

Diagnostic features

Major features

Minor features

Persistent centrofacial erythema with periodic intensification by
potential trigger factors
Phymatous changes

Flushing/transient centrofacial erythema
Inflammatory papules and pustules
Telangiectasia (excluding alar involvement)
Ocular manifestations:

Burning sensation of the skin
Stinging sensation of the skin
Edema

Dry sensation of the skin

Lid margin telangiectasia
Blepharitis
Keratitis/conjunctivitis/sclerokeratitis
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Table 2 Agents under development or recently approved, and new and emerging indications of existing drugs for treating rosacea

Agent Manufacturer Route of administration Patients enrolled Phase, status and reference
B244 spray AOBiome LLC Topical 140 Phase II, completed [50]
DMT210 5% gel Dermata Therapeutics Topical 104 Phase II, completed [58]
Encapsulated benzoyl peroxide  Sol-Gel technologies, Ltd. Topical 733 Phase III, completed [41-46],
cream (1% and 5%); brand under FDA review, and
name: Epsolay® (5%) FDA assigned Prescription
Drug User Fee Act for April
2021 [47]
Erenumab 140 mg 4-weekly; Novartis Pharmaceuticals Subcutaneous 30 Phase 11, recruiting [49]
brand name Aimovig® Corporation
Hydroxychloroquine 200 mg Various manufacturers Oral 6 Pilot study [59]
twice daily
66 Pilot study [60]
Minocycline
Minocycline extended release  Dr Reddy’s Laboratories Ltd Oral 205 Phase II, completed [40]
capsules (DFD-29 20 and
40 mg)
Minocycline foam (FMX103  VYNE Therapeutics Inc. Topical 1522 Phase III, completed, FDA
1.5% and 3%); brand name: approved [37, 38]
Zilxi™ (1.5%)
Minocycline gel 1% and 3% Hovione Scientia, Ltd Topical 270 Phase IIb, completed [39]
Omiganan gel Maruho Co., Ltd Topical 240 Phase II, completed [53]
307 Phase 111, completed [51]
463 Phase 111, completed [54]
263 Phase 111, completed [52]
Rifaximin; brand name Alfasigma S.p.A Oral 236 Phase II, completed [57]
Xifaxan®
Secukinumab 300 mg weekly Novartis Pharmaceuticals Subcutaneous 24 Phase Ib, completed [48]

for 5 weeks then monthly;

Corporation

brand name Cosentyx®

clinicians, researchers, patients, and health and insurance
organizations [23]. In this schema, any of the following
primary features in a central distribution on the face was
diagnostic for rosacea: flushing (transient erythema), non-
transient erythema, papules and pustules, and telangiectasia.
Secondary features, which may be present with primary fea-
tures or appear independently, included burning or stinging
sensation, plaque, dry appearance, edema, ocular manifes-
tations, peripheral location, and phymatous changes [23].
Furthermore, they proposed four presentations called sub-
types (erythematotelangiectatic, papulopustular, phymatous,
ocular) and one variant (granulomatous). This system has
subsequently been widely used for diagnosis, classification,
and treatment of rosacea by clinicians and researchers and
in the scientific literature [2, 3, 24]. With increased clinical
use, shortcomings of this system in diagnosis and classifica-
tion were increasingly recognized [1-3, 5, 24]. Diagnostic
shortcomings were inclusion of features with low predic-
tive value (flushing, papules/pustules, telangiectasia) and
exclusion of phyma, of high predictive value. In subtyp-
ing, shortcomings included conflation of multiple features

into discrete categories that did not accurately represent the
presentation of rosacea patients and within which it was
impossible to evaluate the relative prevalence of each fea-
ture. This fostered a degree of confusion in epidemiological
and clinical trial research due to the inability to accurately
evaluate key features of interest [1-3, 5, 24]. Consequently,
a schema established on patient features that encompassed
the diversity of clinical presentations was proposed by the
global ROSacea COnsensus (ROSCO) panel in 2017. This
phenotype approach was based on an “individual’s observ-
able characteristics that can be influenced by genetic or
environmental factors” [2]. The ROSCO panel represented
an international rosacea expert group of dermatologists and
ophthalmologists from Asia, Africa, Europe, North Amer-
ica, and South America to ensure global representation [2].
In this paradigm, subsequently endorsed by the National
Rosacea Society [3], two features were independently diag-
nostic for rosacea [2]. In their absence, the presence of two
or more major features can establish the diagnosis. Further-
more, minor features might also present with diagnostic and/
or major features (Table 1). The next step was to align the
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management strategies with the phenotype approach to ena-
ble optimization of patient outcomes and improve general
well-being by targeting those features most bothersome to
the patient [1, 4, 25].

4 Combination of Treatments

Although combination therapy is common practice among
dermatologists and widely recommended, there is only lim-
ited evidence supporting its efficacy [1, 4, 26].

4.1 Combination of Topical Metronidazole with Oral
Doxycycline 40 mg Modified Release (DMR)

In a randomized, double-blind study with a small sample
size (n = 72), DMR was combined with topical metroni-
dazole 1% gel once daily in patients with mild to moder-
ate rosacea and compared with topical metronidazole 1%
gel once daily [27]. The combined treatment significantly
reduced inflammatory lesions when compared with metro-
nidazole 1% gel monotherapy as early as week 4 and this
difference remained significant to week 12 (13.86 lesions vs
8.47; p = 0.002). Improvements in both IGA and erythema
at week 12 were also significantly greater in the combination
group indicating that combined treatments can be effective
for more than one feature.

Another randomized, double-blind study in 40 rosacea
participants compared twice-daily doxycycline 20 mg plus
metronidazole 0.75% gel with placebo plus metronidazole
0.75% over 16 weeks [28]. These results were similar to the
study summarized above.

4.2 Combination of Topical Brimonidine and Topical
lvermectin

Topical brimonidine (addressing erythema) and topical
ivermectin (addressing inflammatory papules/pustules) are
registered for treating rosacea. A randomized, double-blind,
vehicle-controlled trial of 190 participants with moderate
to severe rosacea (investigator global assessment (IGA)
score of 3—4 on a scale of 0—4, higher being worse; hav-
ing both erythema and inflammatory lesions) evaluated the
combination of brimonidine 0.33% gel in the morning and
ivermectin 1% cream in the evening [29]. The first group
(n = 49) received combination treatment for 12 weeks; the
second (n = 46) had brimonidine vehicle in the morning and
ivermectin 1% cream in the evening for the first 4 weeks,
followed by brimonidine 0.33% gel in the morning, and iver-
mectin 1% cream in the evening for 8 weeks; and the third
group (n = 95) had brimonidine vehicle in the morning and
ivermectin vehicle in the evening.
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More participants in the first group (total active)
achieved IGA success (clear [0]/almost clear [1]; overall
assessment including background erythema and inflam-
matory lesions) compared with the third or vehicle group
(55.8% vs 36.8%; p = 0.007). The benefit of brimonidine
from the outset with ivermectin (first group) was apparent
by week 4 with IGA success in 22.4%; group 2 (the first
4 weeks without brimonidine, only use of ivermectin) in
13%, and vehicle-only group in 9.5%. The reductions in
erythema and inflammatory lesions and the self-reported
improvement supported the add-on effect of brimonidine
gel to ivermectin cream.

4.3 Combination of Topical Ivermectin with Oral
Doxycycline 40 mg Modified Release

Topical ivermectin and DMR are registered for treating rosa-
cea, and both address inflammation. One recent phase I1Ib/
IV, randomized, investigator-blinded trial in 273 participants
with severe rosacea (IGA 4) compared ivermectin 1% cream
and DMR with ivermectin 1% cream combined with placebo
[30]. After 12 weeks, both regimens resulted in lesion count
reduction, but the combination was more effective (80.3%
versus 73.6%, respectively; p = 0.032). Furthermore, com-
bination treatment had a faster onset of action with a differ-
ence noted by week 4, and more participants achieved IGA
0 (11.9% vs 5.1%; p = 0.043) and 100% lesion reduction
(17.8% vs 7.2%; p = 0.006). Both treatment groups also
experienced improvements in erythema, stinging, burn-
ing, flushing, and ocular signs and symptoms. Few adverse
events were reported in both groups.

5 Minocycline

Minocycline is a second-generation, semi-synthetic
derivative of tetracycline with both bacteriostatic and
anti-inflammatory effects. Minocycline is more lipophilic
than the other tetracyclines. The anti-inflammatory effects
of tetracyclines include inhibition of metalloproteinases,
inhibition of bacterial products that induce inflammation,
and inhibition of phospholipase A2. Furthermore, tetra-
cyclines decrease nitric oxide (NO) and inducible nitric
oxide synthase (iNOS) (which cause vasodilation) and
suppress neutrophil migration and chemotaxis, granuloma
formation, and pro-inflammatory cytokine release (such
as TNFa, IL-1f and IL-6). Minocycline also has antioxi-
dant capacity by decreasing free radical production and
is a potent reactive oxygen species scavenger [1, 31-35].
Oral minocycline is used off-label in treatment of rosacea
but evidence is limited, and there is a small risk of serious
side effects with systemic use [32, 36].
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5.1 Minocycline Foam

The United States Food and Drug Administration (FDA)
approved topical minocycline foam 1.5% (FMX103) in May
2020. The foam has been available since October 2020 in
the United States. A phase II, dose-ranging, randomized,
double-blind trial evaluated the safety, tolerability, and effi-
cacy of minocycline foam (FMX103) for moderate-to-severe
papulopustular rosacea [37]. The study comprised 1.5% and
3% FMX103 and vehicle, involving 232 subjects over 12
weeks. Mean reduction in lesion counts from baseline to
week 12 was 21.1 (from baseline mean 34.5) for the 1.5%
group, 19.9 (from 34.1) for the 3% group and 7.8 (from 30.6)
for vehicle. Reductions with both concentrations of FMX103
were significantly greater than for vehicle (p < 0.001). Pro-
portions achieving at least a two-grade improvement in IGA
were 41.8% for 1.5% FMX103, 33.3% for 3% FMX103, and
17.9% for vehicle (p = 0.002 and p = 0.032 pairwise com-
parisons to vehicle respectively). Both doses were safe and
well tolerated [37].

Subsequently, two identical, phase III, randomized, dou-
ble-blind, vehicle-controlled studies were conducted with
1.5% FMX103 (n = 751 and 771) [38]. Primary efficacy
endpoints at week 12 were absolute change from baseline
in inflammatory lesion counts, and proportion of subjects
with treatment success defined as an IGA score of 0 (clear)
or 1 (almost clear) with at least a two-grade reduction. In
study I, the reduction in inflammatory lesion counts in the
1.5% FMX103 group was 17.57 (baseline 28.5) versus 15.65
(baseline 29.0) in the vehicle group (p = 0.0031), and in
study II, corresponding reductions were 18.54 (baseline
30.0) versus 14.88 (baseline 30.2) (p < 0.0001). In study I,
52.1% achieved treatment success with the FMX103 1.5%
group compared with 43.0% on vehicle (p = 0.0273) and in
study II, it was 49.1% versus 39.0% (p = 0.0077). There were
no serious treatment-related adverse events. Most adverse
events were mild to moderate, with upper respiratory tract
infection being the most common overall, and pruritus being
the most common cutaneous adverse event. Head-to-head
studies are needed to establish the relative efficacy of topical
minocycline in comparison with topical ivermectin, azelaic
acid, and metronidazole.

5.2 Minocycline Gel

Still under investigation is minocycline gel. A phase IIb
randomized, double-blind, vehicle-controlled trial evalu-
ated the efficacy and safety of 1% and 3% minocycline gel
in 270 participants over 12 weeks [39]. The primary efficacy
endpoint was absolute change from baseline in inflamma-
tory lesions at week 12. Secondary endpoints included pro-
portions achieving IGA success for inflammatory lesions
(achievement of ‘clear’ or ‘almost clear’ and a two-point

reduction in score). Assessments of IGA for lesion severity
and erythema (IGAe) were also included and data were col-
lected at each visit regarding safety and tolerability. At 12
weeks, decrease in lesion counts was 12.6 (baseline 24.6) in
the minocycline 1% group; 13.1 (baseline 25.1) in the mino-
cycline 3% group, and 7.9 (baseline 24.3) with vehicle. Pair-
wise comparisons to vehicle were significant (p = 0.015 and
p = 0.0073, respectively) and absolute differences in lesion
reduction were four to five lesions compared with vehicle.
IGA success was achieved in 39% in the minocycline 1%
group, 46% in the minocycline 3% group, and 31% in the
vehicle group. Only the difference between minocycline 3%
and vehicle was statistically significant (p = 0.038). IGAe
change showed no significant difference between groups.
The number of treatment-related adverse events was low:
3% in the minocycline 1% group, 5% in the minocycline 5%
group, and 1% in the vehicle group. The authors suggest fur-
ther evaluation of minocycline gel, which shows comparable
results to minocycline foam.

5.3 Oral Low-Dose Minocycline: DFD-29
Extended-Release Capsules

A multi-center, randomized, double-blind, controlled phase
IT study evaluated the efficacy of DFD-29 extended-release
capsules in 205 patients with papulopustular rosacea [40].
Patients were randomized into four groups: DFD-29 40 mg,
DFD-29 20 mg, doxycycline 40 mg, and placebo capsules,
once daily for 16 weeks. Treatment success was defined as
IGA 0 or 1 with at least a 2-grade reduction from baseline.
After 16 weeks, treatment success was highest for DFD-29
40 mg (66%) followed by doxycycline 40 mg (33.3%), DFD-
29 20 mg (31.9%) and placebo (11.5%). Furthermore, DFD-
29 40 mg resulted in total inflammatory lesion count reduc-
tion of 19.2, DFD-29 20 mg of 12.6, doxycycline 40 mg
of 10.5, and placebo of 7.3. Quality of life, measured with
the RosaQol, improved most in the DFD-29 40-mg group.
Common adverse events in all treatment groups were naso-
pharyngitis and diarrhea. Headache was reported most in
the DFD-29 40-mg group (42.3%) compared with the other
groups (29-37%). Further evaluation will be needed to con-
firm these promising results.

6 Encapsulated Benzoyl Peroxide Cream

Benzoyl peroxide is widely used in the treatment of acne in
view of its antibacterial properties. Use in rosacea had not been
investigated due to prior concern of skin irritation. Encapsulat-
ing benzoyl peroxide in silica microcapsules might mitigate
irritation and studies were undertaken to assess its effect in
rosacea [41].
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A phase II, dose-ranging, randomized, double-blind,
vehicle-controlled study with 90 rosacea subjects over 12
weeks demonstrated that 5% encapsulated benzoyl peroxide
outperformed 1% benzoyl peroxide cream in achieving treat-
ment success (two-grade improvement in IGA compared
with baseline) [41]. Subsequently, two identical phase III
randomized, double-blind, vehicle-controlled trials of micro-
encapsulated benzoyl peroxide (E-BPO 5% cream) were con-
ducted (n =361 and 372) in moderate or severe papulopustular
rosacea [42—44]. Subjects were randomized to either active or
vehicle once daily for 12 weeks. Primary efficacy endpoints
were proportion achieving IGA clear/almost clear (0/1) and
absolute change in inflammatory lesion counts. In both tri-
als, the E-BPO 5% cream groups achieved a greater propor-
tion of IGA 0/1 compared with vehicle groups (43.5% versus
16.1% and 50.1% versus 25.9%, respectively). Absolute mean
reduction in lesion counts from baseline were 17.4 versus 9.5,
and 20.3 versus 13.3, respectively. Most frequently reported
adverse events were application-site erythema and pain, mild
to moderate in severity. Local tolerability (dryness, scaling,
itching, burning/stinging) of E-BPO 5% cream was similar to
vehicle. A 52-week, open-label trial for 547 subjects complet-
ing the two phase Il trials was conducted to evaluate long-term
safety and efficacy of E-BPO 5% cream daily [45, 46]. Upon
attaining an IGA score of 0/1, treatment application was halted
but resumed with loss of global success. An IGA score of 0/1
was achieved in 67.2% of the participants. For those who had
an IGA of 0/1 at the beginning of this study, mean time to
restart treatment was 125 days (mean number of retreatments
1.15). In contrast, those who had an IGA of 1 ‘almost clear’
had a mean time to retreatment of 93 days (mean number of
retreatments 1.7) (p < 0.05 for both comparisons). While 10
subjects experienced serious adverse events, none were consid-
ered related to study treatment. The FDA accepted for review
the new drug application of 5% encapsulated benzoyl peroxide
cream for rosacea in September 2020. A target action date of
April 2021 has been set for the Prescription Drug User Fee
Act [47].

7 Biologics
7.1 Secukinumab

Secukinumab, a human monoclonal antibody registered
for treating psoriasis, binds to IL-17A which is involved
in the inflammatory process. For papulopustular rosacea,
an open-label, rater-blinded, investigator-initiated trial
with secukinumab 300 mg weekly for 5 weeks, and then
monthly for 2 months was completed in 2019 [48]. Of 24
patients recruited, 17 completed. Significant reductions at 16
weeks were observed in both papules (median reduction of
5 lesions; p = 0.01) and global severity score (by 0.3 points
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on a 0—4 scale; p = 0.03). However, there was no discussion
if these changes were clinically relevant. Improvement in
quality of life based on RosaQol was also observed (score
reduction by 0.6 points; p = 0.001), with the same caveat
regarding relevance. While the most common treatment-
related adverse events were infections, in line with use in
psoriasis, no further details were provided. The trialists con-
cluded that randomized controlled trials with larger sample
sizes are needed to confirm their findings [48].

7.2 Erenumab

Erenumab is a human monoclonal antibody that binds to
the calcitonin gene-related peptide (CGRP) receptor and is
registered for the prevention of migraine. CGRP is a neuro-
peptide that modulates nociceptive signaling and vasodilata-
tion. An open-label phase II study to evaluate the efficacy
and tolerability of erenumab (AMG 334) 140 mg subcutane-
ously at a 4-week interval for persistent redness and flushing
of rosacea was initiated in June 2020 and is expected to be
completed in August 2021 [49].

7.3 B244Topical Spray

B244 is a topical spray of a single bacterial strain of Nitroso-
monas eutropha (N. eutropha) D23. This bacterium converts
ammonia and urea from sweat into nitrite, which has anti-
bacterial properties, and into nitric oxide, which regulates
inflammation and vasodilation. B244 in a topical spray for
erythema and telangiectasia in rosacea was evaluated in
an 8-week, randomized, vehicle-controlled phase II trial.
The study was completed in 2019, but no results have been
posted [50].

8 Omiganan Topical Gel

The efficacy and safety of omiganan pentahydrochlo-
ride, a synthetic, antimicrobial peptide, in a topical gel
was evaluated in four studies in patients with inflam-
matory lesions in rosacea [51-54]. The last study was
completed in April 2018 [54]. However, no results have
been published.

9 Rifaximin

Rifaximin is a nonabsorbed, gut-active, oral antibiotic reg-
istered for traveler’s diarrhea, irritable bowel syndrome,
and hepatic encephalopathy. Associations between rosacea
and gastrointestinal disease have been previously described.
A study evaluating the role of small intestinal bacterial



Rosacea: New Concepts in Classification and Treatment

463

overgrowth (SIBO) in patients with rosacea demonstrated
that eradication of SIBO with rifaximin 400 mg three times
daily for 10 days resulted in complete resolution of rosacea
features in 78% of patients [55]. A later pilot study aimed to
determine the prevalence of SIBO in patients with rosacea
attending a gastroenterology clinic. Half of the 63 patients
(51%) were diagnosed with SIBO, compared with 23% of
general population controls and 5% of healthy subjects.
Patients with rosacea and SIBO received rifaximin 400 mg
three times daily for 10 days. Of these, 46% reported clearly
or markedly improved rosacea, 25% reported moderate and
11% mild improvement [56].

A phase II, randomized controlled trial to investigate
the safety and efficacy of oral rifaximin delayed-release
versus placebo in 236 adults with moderate-to-severe pap-
ulopustular rosacea and positive lactulose H2/CH4 breath
test started in June 2018 and was to be completed in Octo-
ber 2020, but no results have been posted [57].

10 DMT210 5% Topical Gel

DMT?210 topical gel was developed to downregulate the
cutaneous proinflammatory cytokines responsible for the
inflammation and redness in rosacea. DMT210 blocks
TLR-2 and G-protein coupled receptor signaling, which
might inhibit IL-6 and TNF-a expression. The efficacy,
safety, and tolerability of twice-daily dosing of DMT210
5% gel in 104 patients with moderate to severe rosacea
was evaluated in a 12-week, phase II, multi-center, double-
blind, vehicle-controlled trial. The study was completed
in April 2018, but no results have been published [58]. An
ophthalmic formulation will also be developed for treating
ocular rosacea.

11 Hydroxychloroquine

Hydroxychloroquine is an anti-malaria drug that has been
used widely to treat patients with systemic autoimmune dis-
eases (e.g., rheumatoid arthritis and systemic lupus erythe-
matosus). Hydroxychloroquine has an immune-modifying
role by reducing pro-inflammatory cytokine production
and modulation of certain costimulatory molecules. A
recent study in a mouse model of rosacea demonstrated that
hydroxychloroquine inhibited pro-inflammatory factors as
well as mast cell proteases [59]. In an additional trial of
six adult patients with moderate to severe rosacea treated
for 8 weeks with hydroxychloroquine 200 mg twice daily,
success rates were 67% for inflammatory lesions (reaching
IGA score 0 or 1) and 83% for erythema (reaching a clini-
cian’s erythema assessment [CEA, ranging 0—4] score of 0

or 1) [59]. There were no adverse events. A recent, multi-
center, randomized, double-blind, phase IV pilot study in
66 patients with rosacea (type not specified), compared
hydroxychloroquine 200 mg twice daily with doxycycline
100 mg once daily (and a placebo once daily) [60]. CEA
success was defined as a decrease of at least 1 point and IGA
success as a score of 0 or 1. Fifty-eight patients completed
the 8-week study, and similar improvements were seen in
erythema (89.3% for hydroxychloroquine vs 86.7% for doxy-
cycline: p = 0.193) and papules (82.1% vs 93.3%, respec-
tively; p = 0.555). In the hydroxychloroquine group, 28.5%
of the participants reported adverse events, compared with
33.3% in the doxycycline group. The most common events
were dry skin, dry eyes, and dizziness in the hydroxychlo-
roquine group, and dry skin and flatulence in the doxycy-
cline group. However, long-term hydroxychloroquine use
can cause irreversible retinopathy, a well-known serious
adverse event [61].

12 Conclusion

Updating the diagnostic approach to rosacea focussing on
individual features has led to advances in understanding
of pathophysiology, treatment approaches, and ultimately
patient care. New treatments for rosacea have been devel-
oped in three ways—greater understanding of pathophysi-
ology; development of novel topical modalities for active
interventions previously known to be effective in rosacea;
and repurposing treatments used in other dermatologic
conditions for rosacea. These therapeutic advances expand
treatment options and could improve outcomes in rosacea
patients. Nevertheless, while achievement of complete or
almost complete clearance of rosacea features is the goal,
not all patients achieve these outcomes presently, despite
treatment adherence. Thus, there is still an ongoing need for
more efficacious treatments, including those used in combi-
nation, to achieve this outcome. Finally, current treatment
approaches have almost exclusively focused on only two
features of rosacea—erythema and papules/pustules. Ocu-
lar rosacea and phyma, including medical interventions for
early inflammatory phases of the latter, have largely been
neglected. To comprehensively address the needs of all
patients with rosacea, further advances in pathophysiology
and treatments are awaited.
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