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ABSTRACT

Rosacea is a chronic and inflammatory skin dis-
ease characterized by flushing, nontransient
erythema, papules/pustules, telangiectasia, and
phymatous changes. Secondary manifestations,
such as itching, burning, or stinging, are often
observed in patients with rosacea. In 2017, a
phenotype-based approach for diagnosis and
classification was recommended. With the
update of the diagnosis and classification of
rosacea, treatment options for patients with
rosacea have attracted the attention of derma-
tologists.Here,we summarize the latest advances
in rosacea treatment, including skin care and
cosmetic treatments, topical therapies, oral
therapies, laser- and light-based therapies, injec-
tion therapies, treatments for specific types of
rosacea, treatments for systemic comorbidities,
and combination therapies. The impact of the
phenotype-based approach on rosacea treatment
and future directions are also discussed.
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Key Summary Points

Rosacea is a chronic and inflammatory
skin disease, characterized by flushing,
nontransient erythema, papules/pustules,
telangiectasia, and phymatous changes.

With the update of diagnosis and
classification of rosacea in 2017,
treatment options for rosacea patients also
attracted the attention of dermatologists.

The latest advances in rosacea treatment
include skin care and cosmetic
treatments, topical therapies, oral
therapies, laser- and light-based therapies,
injection therapies, treatments for specific
types of rosacea, treatments for systemic
comorbidities, and combination
therapies.

This review may act as a supplement of
recent rosacea treatment guidelines and
expert consensus.

Large-scale clinical research based on the
phenotype approach is highly warranted
in the future.

H. Zhang � K. Tang � Y. Wang � R. Fang � Q. Sun (&)
Department of Dermatology, Peking Union Medical
College Hospital, Peking Union Medical College,
Chinese Academy of Medical Sciences, Beijing
100730, China
e-mail: doctorjenny1@163.com

Dermatol Ther (Heidelb) (2021) 11:13–24

https://doi.org/10.1007/s13555-020-00461-0

http://orcid.org/0000-0002-1912-341X
http://crossmark.crossref.org/dialog/?doi=10.1007/s13555-020-00461-0&amp;domain=pdf
https://doi.org/10.1007/s13555-020-00461-0


DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. You can
access the digital features on the article’s asso-
ciated Figshare page. To view digital features for
this article go to https://doi.org/10.6084/m9.
figshare.13116755.

INTRODUCTION

Rosacea is a chronic and inflammatory disease
with a series of facial skin manifestations,
including flushing, nontransient erythema,
papules/pustules, telangiectasia, and phyma-
tous changes [1–4]. Secondary manifestations,
such as itching, burning, or stinging, are often
observed in patients with rosacea [5]. The
pathogenesis and pathophysiology of rosacea
are not fully understood [6–8], but immune
dysfunction, Demodex infection, and exposure
to ultraviolet radiation are considered to be
contributing factors [2]. In 2002, rosacea was
classified into the following four subtypes: ery-
thematotelangiectatic, papulopustular, phyma-
tous, and ocular [9]. In 2017, a phenotype-based
approach for diagnosis and classification was
recommended [2, 10–12]. Fixed centrofacial
erythema and phymatous changes are inde-
pendently considered as diagnostic criteria for
rosacea [10]. In recent years, a variety of treat-
ment options have been provided in rosacea
treatment guidelines and expert consensuses
[13–16], including topical therapies, oral thera-
pies, light devices, skin care, and lifestyle man-
agement [13]. High-quality clinical trials have
been conducted in recent years on rosacea
treatment [17, 18]. A systematic review,
including GRADE assessments on interventions
for rosacea, has been especially helpful for
clinical decision-making [19, 20]. However,
treatment options for rosacea should also be
expanded because managing rosacea remains a
challenge [21]. The focus of this review is the
expansion of treatment options rather than the
level of evidence and the degree of recommen-
dations, with the aim to summarize and update
treatment options for rosacea and to supple-
ment recent guidelines and expert consensuses.

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

SKIN CARE AND COSMETIC
TREATMENTS

Patients with rosacea are encouraged to practise
gentle skin care, with a focus on moderation in
cleansing and moisturizing and the use of sun
screens, due to the impairment of the epidermal
barrier function as well as the sensitive and
easily irritated nature of their facial skin
[13, 22–24]. A recent study of 999 rosacea cases
and 1010 controls revealed that a high fre-
quency of cleansing and expansive use of
cleansers were positively correlated with rosacea
occurrence [22]. Rosacea occurs on the face, and
it has a waxing and waning course, and negative
impacts on emotional and overall well-being
[5]. Dermatologists should educate patients
with rosacea on the characteristics of the dis-
ease, the need to avoid triggers, and the
importance of skin care and lifestyle manage-
ment [5].

In 2018, the Society for Dermopharmacy
published a guideline on dermocosmetics for
use in rosacea [25]. The efficacy of and tolerance
to these cosmetics should be demonstrated. The
product documentation should be available to
dermatologists and pharmacists. Guertler and
colleagues evaluated the efficacy and safety of
micellar water, cream, and serum in 50 Cau-
casian patients with rosacea and observed a
significant reduction of facial erythema and
rosacea-associated symptoms [26]. Baldwin and
colleagues assessed the efficacy and tolerability
of a tinted daily SPF-30 facial moisturizer on
rosacea-prone skin in 33 females with mild to
moderate rosacea and nontransient erythema in
terms of coverage of skin redness and feelings of
skin dryness and tightness/tension, reporting
that the moisturizer did improve the skin
appearance of rosacea-prone patients [27]. A
study including 42 subjects demonstrated that a
regimen consisting of a wash foam, daily sun-
screen cream, and night cream improved skin
hydration and skin barrier function [28], with[
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90% of the subjects reporting that the regimen
was pleasant and effective and that they would
continue to use this regimen and buy the
products.

TOPICAL THERAPIES

In a recent systematic review on rosacea inter-
ventions based on a phenotype approach,
topical brimonidine (high-certainty evidence)
and topical oxymetazoline (moderate-certainty
evidence) were recommended for temporarily
persistent erythema [19]. Topical azelaic acid
(high-certainty evidence), topical ivermectin
(high-certainty evidence), topical metronida-
zole (moderate-certainty evidence), and topical
minocycline (moderate-certainty evidence)
were recommended for the treatment of
papules/pustules [19]. In a systematic review
and meta-analysis, topical ivermectin was
demonstrated to be the most effective topical
treatment for papulopustular rosacea and to
provide the greatest psychological benefit to
these patients [29]. Topical ivermectin can be
applied not only to skin almost clear of papu-
lopustular rosacea or with mild rosacea, but also
to skin with moderate to severe rosacea [4].

Minocycline foam is a novel drug that was
first used to treat moderate to severe acne vul-
garis [30]. The efficacy and safety of minocy-
cline foam for the treatment of moderate to
severe papulopustular rosacea were evaluated
and confirmed in two phase 3, randomized
clinical trials (751 and 771 participants,
respectively) [18]. A prospective, 12-week, dou-
ble-blinded study including 270 patients
showed that 3% topical minocycline gel bene-
fitted patients with papulopustular rosacea,
significantly decreasing inflammatory lesions
compared to vehicle [31]. A higher proportion
of patients using minocycline gel achieved
success according to an Investigator’s Global
Assessment.

A significant association exists between De-
modex infestation and rosacea [32, 33]. High
mean Demodex densities are observed in rosacea
with papulopustules [34]. The impact of topical
benzyl benzoate (? crotamiton) treatment on
Demodex densities and clinical symptoms of

rosacea and demodicosis was assessed in a ret-
rospective study with 394 patients (117 with
rosacea and 277 with demodicosis) [35], with
similar results observed in both patient cohorts.
The treatment was effective in 46% of the
patients and curative in 20% of the patients,
and higher dose regimens were more effective
than lower dose regimens. In an additional
study including 344 patients, Demodex densities
normalized with topical benzyl benzoate
(? crotamiton) treatment, with the symptoms
clearing up in [ 80% of patients with good
compliance; however, the treatment was less
effective and slower in poorly compliant
patients [34]. The higher dose was associated
with better compliance and faster results, sug-
gesting that the higher dose of topical benzyl
benzoate (? crotamiton) might be useful for
patients with rosacea and demodicosis.

Topical or systemic tranexamic acid is a
conventional treatment for melasma [36, 37].
Recent research has expanded the use of
tranexamic acid in rosacea treatment. Tranex-
amic acid may improve the symptoms of
patients with rosacea by regulating the immune
response and angiogenesis [38]. In 2013, Kim
and colleagues treated six Korean women diag-
nosed with papulopustular rosacea or rosacea
with irritant contact dermatitis using tranex-
amic acid solution soaking [39]. Marked
decreases in the quartile scores for erythema
were observed in all cases. In addition, there
were notable decreases in the visual analog scale
scores for itching, flushing, and burning, and
no significant adverse events were observed
[39]. Topical tranexamic acid was also used to
treat erythematotelangiectatic rosacea in two
other studies (with 20 patients and 1 patient,
respectively), with the results of both studies
implying promising therapeutic effects with a
good safety profile [40, 41].

ORAL THERAPIES

A systemic treatment or combination therapy
should be considered for managing moderate to
severe papulopustular rosacea [15]. The US Food
and Drug Administration has approved modi-
fied-release oral doxycycline capsules for the
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treatment of inflammatory papules/pustules of
rosacea [13]. Doxycycline 40 mg modified
release (moderate-to-high-certainty evidence),
isotretinoin (moderate-to-high-certainty evi-
dence), and minocycline (moderate-certainty
evidence) have been recommended as treat-
ment for reducing papules/pustules in the
updated systematic review on interventions for
rosacea [19].

Oral b-blockers might be useful to treat per-
sistent erythema and flushing because they
antagonize the effects of sympathetic nerve
stimulation and circulating catecholamines at
b-adrenoceptors [42–44]. In a systematic review
including nine studies, Logger and colleagues
concluded that oral nonselective b-blockers,
especially carvedilol and propranolol, may be
an effective treatment option for rosacea-asso-
ciated facial flushing and erythema [43]. In a
monocentric retrospective study, five Caucasian
rosacea patients received carvedilol treatment
titrated up to 12.5 mg twice daily for at least 6
months [45]. All patients had a remarkable
decrease in the self-assessment and clinician’s
erythema assessment grades, and they reported
a major improvement of satisfaction. Large,
prospective, clinical trials are needed to confirm
the effect of b-blockers in rosacea treatment.
The optimal dosage and long-term effects also
need to be determined.

Hydroxychloroquine, which is used in
patients with systemic autoimmune diseases, is
a new treatment option for rosacea patients
[46, 47]. In a rosacea-like mouse model,
hydroxychloroquine was shown to ameliorate
rosacea-like dermatitis, possibly by regulating
the immune response of mast cells [46]. A ran-
domized, double-blind, double-dummy study of
66 patients showed that the difference in
changes in total rosacea-specific quality of life
scores in the hydroxychloroquine group was
noninferior to that in the doxycycline group.
However, no noninferior results were observed
in the clinician’s erythema assessment success
rate, the investigator’s global assessment success
of ‘‘clear’’ or ‘‘almost clear’’ rate, and excellent
improvement rate [47]. Dry skin (14.3%), dry
eye (7.1%), and dizziness (7.1%) were the most
common adverse events in the hydroxychloro-
quine group. Hydroxychloroquine has the

advantage of being a generally safe medication
during pregnancy; however, more studies with
larger sample size are warranted to demonstrate
the effectiveness and safety of
hydroxychloroquine.

LASER- AND LIGHT-BASED
THERAPIES

Laser and intense pulsed light (IPL) therapy
(low-to-moderate-certainty evidence) are rec-
ommended for the treatment of erythema and
mainly telangiectasia in the updated systematic
review on interventions for rosacea [19]. No
significant difference in either the melanin or
erythema index was observed between short-
pulsed ILP therapy and pulsed dye laser therapy
for rosacea treatment when used at the same
energies and pulse [48]. In a retrospective study
of 807 patients with different subtypes of rosa-
cea, including erythema/telangiectasia,
papules/pustules, and rhinophyma, Zhang and
colleagues also noted that the multiple,
sequential light/laser devices may be used to
treat nasal rosacea [49]. In a study including 40
patients, treatment with a 577-nm pro-yellow
laser was also demonstrated to be an effective
and safe treatment for erythematotelangiectatic
rosacea, facial erythema, and facial telangiec-
tasia [50].

In a previous case report, a patient with
recalcitrant granulomatous rosacea was treated
with d-aminolaevulinic acid-photodynamic
therapy (ALA-PDT) [15, 51], but six sessions
were required. Two studies have also shown that
ALA-PDT is an effective and safe treatment for
erythematotelangiectatic or papulopustular
rosacea [52, 53]; however, the sample size in
these studies was small, with only 17 and 20
patients enrolled, respectively. Of note, the
selection of proper parameters is required in
studies involving laser- and light-based thera-
pies because flares of rosacea may be triggered at
high levels of photodynamic therapy [53].

The combination of laser- and light-based
therapies and other therapies has also been
investigated in recent studies. The findings of a
phase 4, multicenter, interventional, open-label
study with 46 patients suggest the benefit of
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oxymetazoline as adjunctive therapy with
energy-based therapy for the treatment of
moderate to severe persistent facial erythema
associated with rosacea [54]. A retrospective
study including 31 subjects revealed that the
combination of pulsed dye laser and 1.0%
oxymetazoline cream reduced erythema and
telangiectasias both safely and effectively [55].
An open-label study including 21 subjects
assessed the efficacy and tolerability of topical
skin care and sun protection combined with IPL
therapy [56]. After using a topical skin care
regimen (TSCR) monotherapy for 12 weeks,
subjects received a single IPL light therapy, fol-
lowing which they continued the TSCR
monotherapy for another 6 weeks. When used
as a monotherapy, TSCR decreased investigator-
rated erythema, but the improvement did not
achieve significance. All subjects agreed that
TSCR improved their skin redness, and 80% of
the subjects felt satisfied or very satisfied with
the TSCR at week 18.

INJECTION THERAPIES

To date, two injection therapies have been
demonstrated to be useful in rosacea treatment,
namely, botulinum toxin and interleukin (IL)-
17 inhibitors. In a double-blinded, placebo-
controlled, split-face study, 24 participants were
randomized to the intervention and placebo
groups and given intradermal injections of
botulinum toxin and normal saline in both
cheeks, respectively [57]. A significant decrease
in the erythema index and improved skin elas-
ticity were observed in the group receiving the
botulinum toxin injection. A case report also
showed that intradermal injections of botuli-
num toxin significantly reduced erythema,
edema, telangiectasias, and flushing [58]. In
another study, 20 rosacea patients received the
combination therapy of pulsed dye laser and
intradermal botulinum toxin [59]. A synergistic
effect was observed in this combination ther-
apy, which showed high efficacy, received a
high satisfaction rating by patients, and had a
low side-effect profile. However, the cost and
the need for repeated injections must also be
taken into consideration.

Another injection therapy recently used in
rosacea treatment are IL-17 inhibitors. Ali and
colleagues reviewed the role of IL-17 in papu-
lopustular rosacea [60] and found that IL-17
links Demodex folliculorum to angiogenesis,
telangiectasias, inflammation, and pustules.
Although treatment with IL-17 inhibitors are
costly, these agents might be used to treat sev-
ere and treatment-resistant papulopustular
rosacea. The authors of an exploratory, open-
label, investigator-initiated study of 20 patients
receiving secukinumab (300 mg weekly for
5 weeks and then monthly for 2 months)
reported a significant reduction in papules and
global severity score [61]. However, 39% of the
patients in this study receiving at least one dose
experienced at least one infection. Larger, ran-
domized controlled studies that included com-
parison groups are necessary to evaluate the
efficacy and safety of IL-17 inhibitors.

SPECIFIC TYPES OF ROSACEA

Ocular Rosacea

Ocular involvement may be observed in more
than 50% of rosacea patients [13]. An interdis-
ciplinary review noted that eyelid hygiene and
systemic treatment with tetracycline drugs
should be used as a treatment for ocular rosacea
[62]. Oral omega-3 fatty acids (moderate-cer-
tainty evidence), ciclosporin ophthalmic emul-
sion (low-certainty evidence), and doxycycline
(low-certainty evidence) are recommended for
the treatment of ocular rosacea [19]. Based on
their clinical experience, Vazirnia and col-
leagues noted that IPL might also improve dry
eye symptoms in patients with rosacea follow-
ing treatment of periocular facial skin [63].
These authors also noted that eye shields should
be properly applied for eye protection. In
another study, three patients with serious ocu-
lar rosacea also benefited from an improved
water-soluble silver(I) complex of metronida-
zole, with improved uncorrected visual acuity
test results as well as an improved objective and
subjective evaluation of the tear film parameters
[64].
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Donmez and colleagues summarized the
clinical characteristics of 16 patients with
pediatric ocular acne rosacea, recommending
flexible treatment with warm compresses, eyelid
scrubbing, preservative-free artificial tears,
topical antibiotics, topical steroids, topical
cyclosporine, oral doxycycline, azithromycin
suspension, and erythromycin suspension [65].
Early identification and treatment should be
emphasized when children present with ocular
irritation, meibomian gland disease, recurrent
chalazia, and peripheral corneal infiltrates that
are of long duration, even without skin changes
[65].

Phymatous Rosacea

Phymatous rosacea was classified as a specific
subtype of rosacea in the 2002 classification
published by the National Rosacea Society
Expert Committee on the Classification and
Staging of Rosacea [9]. Phymatous rosacea
mainly occurs in the nose, known as rhino-
phyma. In 2017, phymatous changes were des-
ignated as one of the diagnostic phenotypes of
rosacea [2, 10]. The recent rosacea treatment
update from the global ROSacea COnsensus
(ROSCO) panel [66] recommends that treat-
ment for phyma should depend on whether it is
inflamed or noninflamed. For inflamed phyma
or active phyma, oral doxycycline and oral iso-
tretinoin were recommended; for noninflamed
phyma or fibrotic phyma, physical modalities
were recommended. Graves and colleagues used
CO2 laser ablation in a patient with rhino-
phyma due to its efficacy, reliability, practical-
ity, and predictability [67]. In a retrospective
study of 28 patients, a porcine extracellular
matrix was recommended for use after shave
excision of rhinophyma; this treatment was
found to reduce the number of dressing changes
and time to reepithelization [68].

Rosacea Fulminans

Rosacea fulminans, also known as pyoderma
faciale or rosacea conglobate, is a rare disease
characterized by the erupt onset of inflamma-
tory papules, pustules, nodules, and cysts on the

face [69]. Rosacea fulminans might be associ-
ated with inflammatory bowel disease [70] and
pregnancy [71]. The authors of a comprehensive
review on the diagnosis and treatment of rosa-
cea fulminans recommended systemic treat-
ment with corticosteroid and/or isotretinoin,
which may improve symptoms and reduce rates
of scarring [69].

Granulomatous Rosacea

Granulomatous rosacea was also recognized as a
variant of rosacea in 2002 by the National
Rosacea Society Expert Committee on the
Classification and Staging of Rosacea [9]. How-
ever, in a more recent classification system,
granulomatous rosacea was not mentioned
[2, 10]. This disease often presents a chronic
course, which is challenging to manage [72].
Only case reports and case series have been
published on the treatment of granulomatous
rosacea treatment [15]. Successful treatment
with chromophore gel-assisted phototherapy
[73], topical ivermectin [74], topical brimoni-
dine [75], oral doxycycline [75], oral metron-
idazole [74], oral steroids [75], and oral dapsone
[72] has been documented in recent years in
these case reports.

SYSTEMIC COMORBIDITIES

Rosacea has been associated with a series of
cardiovascular diseases, gastrointestinal disor-
ders, neurologic disorders, and psychiatric dis-
orders [12, 76, 77]. Wollina noted that rosacea
was associated with metabolic, psychiatric, and
neurologic disorders and specific types of can-
cer, and Wollina suggested that rosacea should
be considered a systemic disease [78].

Chronic inflammation in rosacea patients
may be systemic, and inflammation may link
rosacea and cardiometabolic disease [79]. Skin
microbiota may also act as a link between
rosacea and its comorbidities [80]. Recognizing
and screening systemic disorders in rosacea
patients may be beneficial in the early diagnosis
and treatment of these diseases [79, 81]. To
date, however, no direct treatment options have
focused on the comorbidities of rosacea. In

18 Dermatol Ther (Heidelb) (2021) 11:13–24



2018, Kallis and colleagues reviewed a biologi-
cally based approach to treat acne and rosacea
[82]. Complementary and alternative medicine
therapies have been used to treat acne and
rosacea due to the chronicity of these derma-
tologic conditions. These publicly approved
holistic approaches suggest that rosacea is a
systemic disease [82]. Studies on comorbidities
that contribute to or arise from rosacea are
needed in further research [11].

COMBINATION THERAPIES

Combination therapy to target specific features
is necessary to achieve effective treatment,
especially in patients with severe rosacea or
multiple rosacea features [13, 14]. Oral therapy
combined with topical therapy [83], laser-/light-
based therapy combined with topical therapy
[54], and a combination of topical therapies [84]
have all been documented in recent publica-
tions. Fractional microneedling radiofrequency,
a new device in dermatology, has also been used
to treat recalcitrant papulopustular rosacea
combined with pulsed dye laser and oral iso-
tretinoin [85]. This novel combination regimen
showed satisfactory efficacy and accept-
able safety profiles in the 25 patients enrolled in
the study.

In a large cohort analysis of 72,173 patients
diagnosed with rosacea, Lev-Tov and colleagues
found that more than 20% of rosacea patients
treated with topical agents (n = 62,074) received
combination topical therapy [86]. However, the
combined medications have similar working
mechanisms and have not been studied toge-
ther. Thus, the remaining question is whether
to combine or not to combine the medications.
More studies, especially cost-effectiveness stud-
ies, are needed to identify efficient and cost-ef-
ficient treatments for rosacea patients [86].

DISCUSSION

Rosacea treatment remains challenging for der-
matologists, especially in refractory or recalci-
trant cases. The pathogenesis of rosacea is not
well understood. Immune dysfunction [87],

Demodex [88], ultraviolet radiation exposure
[89], and vascular hyperreactivity [90] may all
play a role in the pathogenesis of rosacea. The
pathogenesis and related mechanisms need
further exploration to develop more etiological
treatment modalities. The waxing and waning
course of rosacea may disturb patients to a large
extent, and rosacea is also related to many
psychiatric disorders, such as anxiety and
depression [91]. Dermatologists should focus on
patient experience and patient education, and
they should schedule regular follow-ups if
necessary.

The evolvement of rosacea classification
from subtyping to phenotyping may make the
selection of treatment more rational by
emphasizing the specific presentation and con-
cerns of the individual patient [2]. This evolve-
ment is also in accordance with the ‘‘patient-
centric approach’’ [92–94]. Individualized treat-
ment should be applied to rosacea patients [95].
In the era of the phenotype approach, van
Zuuren and colleagues systematically reviewed
interventions for rosacea based on the new
approach, using the GRADE guidelines to assess
certainty of evidence [19]. Based on the sys-
tematic review published in 2019, we com-
pleted the descriptive review on treatment
modalities in rosacea presented here, with spe-
cial focus on the newly emerged modalities,
with more emphasis on the expansion of treat-
ment options and less emphasis on GRADE
assessments. The treatment modalities that
have newly emerged in the last 2 years might
not be that helpful to clinical decision-making
compared to those modalities recommended in
that systematic review of 20,944 participants
[19]. However, these emerged modalities may
be applied to and be potentially useful in the
treatment of refractory or recalcitrant cases.
These modalities should be emphasized, and
they may attract the attention of investigators
who need a broader perspective and compre-
hensive understanding of rosacea treatment.
Researchers should expand and verify rosacea
treatment options, with a major focus on large-
scale clinical research based on the phenotype
approach.
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CONCLUSIONS

In this review we summarize recent advances in
rosacea treatment, including skin care and cos-
metic treatments, topical therapies, oral thera-
pies, laser-/light-based therapies, injection
therapies, treatments for specific types of rosa-
cea and treatments for systemic comorbidities,
and combination therapies, in the era of phe-
notype-based diagnosis and classification for
rosacea. There is still much to accomplish for
precise treatment modalities for rosacea
patients, and additional modalities also need to
be developed and validated. This review may act
as a supplement of recent rosacea treatment
guidelines and expert consensuses. Large-scale
clinical research based on the phenotype
approach is highly warranted in the future.
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