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The third article in this 5-part series reviews sys-
temic therapies used to treat cutaneous rosacea 
based on consensus recommendations from the 
American Acne & Rosacea Society (AARS) on the 
management of the common presentations of cuta-
neous rosacea. The consensus recommendations 
are based on current understanding of research 
that describes pathophysiologic mechanisms that 

appear to be operative in rosacea, correlation of 
these underlying pathophysiologic mechanisms 
with specific clinical manifestations of rosacea, 
and outcomes from clinical trials that evaluate 
therapies for rosacea both as monotherapy and in 
combination with other agents. Systemic agents 
used for treatment of rosacea have been adminis-
tered as oral formulations (ie, tablets, capsules). 
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The only oral agent for rosacea approved by 
the US Food and Drug Administration (FDA) is 
a modified-release doxycycline 40-mg capsule. 
Other non–FDA-approved oral agents also are 
discussed including other tetracyclines, macro-
lides, metronidazole, and isotretinoin. 

Cutis. 2014;93:18-28.

Part 1 of this 5-part series from the American 
Acne & Rosacea Society (AARS) provided an 
overview of rosacea and general measures on 

management of cutaneous rosacea.1 Multiple recent 
publications provide thorough reviews of the patho-
physiologic mechanisms that appear to correlate with 
many of the common clinical manifestations seen in 
patients with cutaneous rosacea.2-12 In this article, sys-
temic therapies are reviewed. The AARS brings forth 
these recommendations as a guide to assist clinicians 
in the management of the more common presenta-
tions of cutaneous rosacea based on both a thorough 
review of the medical literature and observations from 
clinical experience. 

Medical Therapies in the Management of 
Rosacea: Systemic Agents 
In the literature, systemic agents used for treatment 
of rosacea have been administered as oral formula-
tions (ie, tablets, capsules). Clinical studies and case 
reports on oral agents for treatment of cutaneous 
rosacea primarily have described the use of tetracy-
cline derivatives (eg, tetracycline, oxytetracycline, 
doxycycline).13-20 Despite widespread use of oral tet-
racycline and other tetracycline agents for treatment 
of rosacea for approximately 5 decades, the only oral 
agent that has been formally submitted for approval 
by the US Food and Drug Administration (FDA) for 
the treatment of inflammatory lesions of rosacea is 
a modified-release doxycycline capsule (40 mg once 
daily), which was approved in 2006.19,21,22 As a result, 
there is more available evidence evaluating the use 
of this formulation versus other oral agents that are 
used to treat rosacea. In the literature, this once-
daily modified-release capsule 40-mg formulation of 
doxycycline is classified as anti-inflammatory–dose 
doxycycline19,21,22; it also has been referred to as 
subantimicrobial-dose doxycycline, as it has been 
shown to reduce inflammatory lesions in patients 
with papulopustular rosacea (PPR) without produc-
ing antibiotic selection pressure, even with prolonged 
duration over several months.19,21,23,24 Other oral 
agents that have been used to treat cutaneous rosacea 
in small studies and/or case reports include macrolide 
derivatives (eg, azithromycin, clarithromycin), met-
ronidazole, ampicillin, and isotretinoin, though data 

on these drugs are relatively limited compared with 
tetracyclines, particularly doxycycline.13,15-27 

It is important to note that the therapeutic out-
comes reported for all of these oral agents have been 
based almost exclusively on the treatment of patients 
with PPR (ie, facial erythema with papulopustular 
lesions). To our knowledge, there is little to no pub-
lished data on the use of oral agents for treatment of 
erythematotelangiectatic rosacea (ie, facial erythema 
without papulopustular lesions) or phymatous rosacea 
(ie, thickened sebaceous proliferation and some-
times fibrosis commonly affecting the nose).13-18,20 
Although data are limited on the treatment of ocular 
rosacea, doxycycline (100 mg/d), anti-inflammatory–
dose doxycycline, and oral azithromycin have been 
reported to be effective.28-30

Reasons for Emphasis on Use of Oral  
Tetracyclines in Rosacea
The emphasis in the literature on oral tetracyclines 
versus other agents for treatment of rosacea likely is 
due to a spillover effect from the widespread use of 
tetracyclines for treatment of acne vulgaris, which 
began in the late 1950s and still continues today.20 
Tetracyclines have additional biologic effects that are 
unrelated to their antibiotic properties (eg, multiple 
anti-inflammatory mechanisms), which have attracted 
the interest of researchers in using this class of agents 
to treat inflammatory skin disorders such as rosacea and 
periodontal disease.27,31-34 The use of oral tetracyclines 
for treatment of rosacea and acne vulgaris including 
long-term administration also has been supported by 
a favorable safety profile, which has been established 
over several decades (ie, tetracycline for approximately 
6 decades; doxycycline for approximately 5 decades; 
minocycline for approximately 4 decades).13-15,17,18,20 
US Food and Drug Administration approval of anti-
inflammatory–dose doxycycline for treatment of rosa-
cea was supported by the publication of pivotal trials21 
with multiple other studies and analyses of study out-
comes also reported.18,19,22,24,35-38 

One review of the literature on oral tetracyclines 
for treatment of rosacea from 1966 to 1997 found that 
69 patients with cutaneous rosacea from 4 different 
reports were treated with either tetracycline or doxy-
cycline.20 More recently, doxycycline has emerged 
in the United States as the most commonly used 
tetracycline in clinical studies regarding treatment 
of patients with rosacea, including antibiotic-dose 
doxycycline (50–200 mg/d) and anti-inflammatory– 
dose doxycycline.19,21,22,35-40 

In 2011, an extensive, evidence-based review 
of interventions for rosacea evaluated 58 trials 
(N6633) with emphasis on conclusions drawn from 
well-designed, randomized, controlled studies that 
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incorporated tetracycline, oxytetracycline, and doxy-
cycline, especially anti-inflammatory–dose doxycy-
cline.18 Published data on the use of oral minocycline 
for treatment of rosacea are limited based on review of 
summary reports,13,18,20,41 with only 1 known random-
ized controlled trial utilizing the extended-release 
tablet formulation in a low daily dose.41

Anti-inflammatory Properties of 
Tetracyclines and Therapeutic Effects  
in Rosacea
To understand the therapeutic effects of oral tetracy-
clines in patients with rosacea, it is important to review 
the pathophysiology of rosacea that is relevant to the 
mechanisms of action of tetracyclines. Most recently, 
multiple reports suggest that rosacea is an inflam-
matory skin disease that is not definitively caused 
by a bacterium or microbial source.2,3,5-10,12,27,34,42-48 
Based on current research, the main pathophysiologic 
components that appear to be operative in cuta-
neous rosacea are neurovascular dysregulation and 
abnormal immune detection and response.2,3,5-10,43-49 
Abnormal immune detection and response in rosacea 
centers around augmented activation of the catheli-
cidin cascade, a major pathway that is physiologically 
involved in innate immunity and frontline antimi-
crobial defense. In patients with rosacea-prone skin, 
multiple components contribute to the dysregulation 
of the cathelicidin cascade, including overexpression 
in the facial skin of pattern recognition receptors (eg, 
toll-like receptor 2) that detect environmental trigger 
factors and signal activation of the cathelicidin path-
way via matrix metalloproteinases (MMPs) involved 
directly in early activation of the cascade, as well as 
an increase in the quantity and activity of the serine 
protease enzyme (kallikrein 5 [KLK5]) involved in 
the production of cathelicidin LL-37 from its precur-
sor (hCAP18 [human cationic antimicrobial protein 
of 18 kDa]).1,4,5-10,44-46,48 Other variant cathelicidin-
derived peptides that may contribute to the cascades 
of inflammation are also produced in the overex-
pressed state demonstrated in rosacea-affected skin.5,8

In addition to its normal function as an antimi-
crobial peptide, cathelicidin LL-37 has been shown 
in various research models to induce inflammation, 
vasodilation, and increased vascularity (ie, angiogen-
esis [increase in vascular endothelial growth factor]), 
which are all upregulated in rosacea-affected skin.5,7,8 
These cathelicidin LL-37–induced effects correlate 
with pathophysiologic features and visible manifesta-
tions noted in rosacea.4,5,8,9 The inflammation asso-
ciated with the increase in cathelicidin LL-37 that 
occurs during an active rosacea flare contributes to 
the increased magnitude of facial erythema and pos-
sibly the development of papules and pustules along 

with IL-8, a potent neutrophil chemoattractant.2-8 
The vasodilation relates to the increase in diffuse ery-
thema with associated soft edema and a warm sensa-
tion in the facial skin, which commonly are reported 
by and observed in patients during a rosacea flare.2,4,8-10

In the medical literature on rosacea, this vasodilation 
is referred to as flushing. Although cathelicidin LL-37 
appears to contribute to the vasodilation process, it 
does not operate in a vacuum. Some contradictions 
exist in the literature, but several other inflammatory 
mediators and neuropeptides (eg, pituitary adenylate 
cyclase-activating peptide) appear to play major roles 
in the emergence of vasodilation, flushing, and neu-
rosensory symptoms in rosacea.1,2,5,8,11,43-49 Facial tel-
angiectases are almost universally present in rosacea 
with persistence of diffuse centrofacial erythema com-
monly noted between rosacea flares.3,8-11 Both telan-
giectases and persistent diffuse centrofacial erythema 
appear to correlate with fixed changes in superficial 
cutaneous vasculature characterized by an increase in 
size and possibly number of vessels.4-11,43 Cathelicidin 
LL-37 has been shown to increase vascular growth; to 
induce downstream signaling of cascades, which can 
increase vascular proliferation and angiogenesis; and 
to contribute to the production of numerous enlarged 
facial vessels, along with other chemical messengers 
(eg, vascular endothelial growth factor, pituitary 
adenylate cyclase-activating peptide) that correlate 
with persistent diffuse centrofacial erythema.5-9 

Although cathelicidin LL-37 does not work alone, 
as other chemical mediators play important roles, the 
increased levels of cathelicidin LL-37 observed in 
rosacea-affected skin play a major role in the patho-
physiology of rosacea and appear to contribute to 
specific visible manifestations of the disease (Figure). 
Examples of trigger factors, which can induce the 
activation of the cathelicidin pathway in rosacea-
prone skin and induce flares, include ambient heat, 
UV light exposure, and Demodex mite proliferation.5,8 

Correlation of Tetracycline Modes of Action 
and Rosacea Pathophysiology
Tetracyclines have been shown to exhibit multiple 
anti-inflammatory properties, some correlating with 
therapeutic activity in rosacea, such as inhibition 
of several MMPs and inhibition of neutrophil che-
motaxis.31-34 A mechanism of action reported more 
recently with doxycycline using a human keratinocyte 
model that appears to relate to therapeutic activity in 
rosacea is the inhibition of MMP activity, which leads 
to a reduction in KLK5 activation and activity. This 
inhibition is ultimately followed by decreased produc-
tion of cathelicidin LL-37.50 Minocycline also has 
been shown to reduce KLK5 activity.5 The suppres-
sion of cathelicidin LL-37 formation through MMP 
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inhibition is clinically relevant, as the inhibition of 
cathelicidin LL-37 production by this mechanism 
would be expected to interfere with multiple cascades 
of inflammation that appear to cause specific clinical 
manifestations that often are present in cutaneous 
rosacea.5-8,27,49 In several studies, subantimicrobial-
dose doxycycline has been shown to be effective in 
the treatment of PPR, both as monotherapy and in 
combination with topical therapy.18-22,35-38,51-53 Most 
studies essentially have shown marked reduction in 
papules and pustules and at least some reduction in 
overall facial erythema from a decrease in inflam-
matory redness (ie, lesional and perilesional ery-
thema).3,4,8,10,15,18 The favorable therapeutic outcomes 
of subantimicrobial-dose doxycycline further support 
the notion that antibiotic activity is not needed 
for treatment of rosacea and that improvement of 
signs and symptoms most likely is the result of anti- 
inflammatory effects.2,5-9,27,34,42,54,55

FDA-Approved Systemic Agent
The only systemic agent that has been approved by 
the FDA for treatment of PPR is a modified-release 
doxycycline capsule (40 mg once daily) that has been 
shown to provide subantimicrobial dosing and is 
referred to in the literature as anti-inflammatory–dose 

doxycycline.21,23 Approved by the FDA in 2006, this 
formulation is indicated for treatment of inflammatory 
lesions of rosacea and allows for immediate release of 
30 mg and delayed release of 10 mg of doxycycline, 
which produces pharmacokinetic and microbiologic 
profiles shown to be devoid of antibiotic selec-
tion pressure (subantimicrobial) while still exhibit-
ing anti-inflammatory effects.21,24,27,33,34,51,54-61 These 
anti-inflammatory effects appear to correlate with 
many of the biologic properties reported with tetra-
cycline derivatives, which are unrelated to antibiotic  
effects.13,17-20,27,31-34,51,54-60 The absence of selection 
pressure in support of subantimicrobial dosing of dox-
ycycline was demonstrated in multiple microbiologic 
studies of long-term administration and longitudinal 
microbiologic testing for 6 to 18 months with speci-
mens obtained from the skin, mouth, gastrointesti- 
nal (GI) tract, and vaginal tract.21,24,55-57 Although 
many tetracycline agents other than doxycycline 
exhibit a variety of biologic properties that modulate 
several inflammatory cascades, doxycycline is the 
only agent with a specified daily dosing and a specific 
formulation that has been developed to provide anti- 
inflammatory effects with no antibiotic activity (ie, 
absence of selective pressure; absence of generation of 
antibiotic resistance).21,23 This separation of antibiotic 

ROSACEA-AFFECTED SKIN

Cathelicidin Precursor (hCAP18)

   KLK5 (Stratum Corneum 
Serine Protease)

   LL-37 (Cathelicidin)
Other Variant Peptides

Pro-KLK5

Vascular Changes In�ammation Antimicrobial Activities

Repeated Episodes of Flaring     Chronic In�ammatory Process
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Formation and effects of increased cathelicidin LL-37 levels and altered peptide formation in the skin during a rosa-
cea flare. TLR-2 indicates toll-like receptor 2; hCAP18, human cationic antimicrobial protein of 18 kDa; KLK5, kal-
likrein 5; MMP, matrix metalloproteinase. Adapted from Del Rosso.8,9 
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from anti-inflammatory activities was based on studies 
of long-term administration of subantimicrobial-dose 
doxycycline versus placebo, longitudinal completion 
of microbiologic studies including cultures and antibi-
otic sensitivity testing both during use (6–18 months) 
and posttherapy (≤6 months), analysis of dose-finding 
and pharmacokinetic profiles, and assessment of ther-
apeutic outcomes in clinical trials.18-24,33-38,50-59,62 The 
efficacy and safety of anti-inflammatory–dose doxy-
cycline in patients with PPR has been established in 
multiple clinical trials.18,19,21,22,35-38,51,62,63 Regardless of 
the dosage, tetracyclines are not to be administered 
during pregnancy.64 

Management Caveats—The only oral formulation
and dosing regimen that is FDA approved for the 
treatment of rosacea is anti-inflammatory–dose doxy-
cycline (40 mg once daily), which was based on 
pivotal studies evaluating its use as monotherapy 
in patients with PPR.21,23 Additional studies have 
demonstrated the efficacy of anti-inflammatory–dose 
doxycycline as monotherapy or in combination with 
topical therapy (eg, metronidazole, azelaic acid) for 
treatment of PPR.18,19,21,22,35-38,51,63 

The magnitude of the effects of anti-inflammatory– 
dose doxycycline on inflammatory lesions of rosa-
cea (ie, percent reduction in lesion count) has 
been shown to be relatively consistent irrespec-
tive of the patient’s weight or rosacea severity rat-
ing at baseline.19,54 In a study of patients with PPR 
(predominantly of moderate severity) treated with 
topical metronidazole and either anti-inflammatory–
dose doxycycline or antibiotic-dose doxycycline  
(nonenteric-coated formulation [100 mg once daily]), 
the therapeutic response was nearly identical in both 
groups based on reduction of inflammatory lesion 
counts and investigator global assessment scores.38 
Gastrointestinal side effects (eg, nausea, vomit-
ing, diarrhea, abdominal discomfort/pain) occurred 
only within the antibiotic-dose doxycycline treat- 
ment group.38 

Studies completed over 12 weeks in patients with 
moderate to severe PPR have shown that the com-
bination of oral doxycycline (including either anti-
inflammatory–dose or antibiotic-dose doxycycline) 
with metronidazole gel 1% or azelaic acid gel 15% 
has been shown to induce faster onset of therapeutic 
effects and augment the magnitude of improvement 
based primarily on lesion count reduction and inves-
tigator global assessment scores.19,22,35,38,39,40,63 A sur-
vey of 300 dermatologists in clinical practice across 
the United States showed that 83.7% utilized this 
combination therapy approach initially in patients 
with moderate to severe PPR, with the objective of 
achieving quicker and better control of rosacea signs 
and symptoms before switching to a maintenance 

regimen.65 More studies are needed to further evaluate 
the efficacy and optimal use of combination therapies 
in patients with PPR as well as in other clinical pre-
sentations of the disease.18,63 

There currently is no definitive evidence to show 
that rosacea is caused by a specific bacterium or that 
antibiotic activity is needed to effectively treat rosa-
cea.2,5,6,8,12 The AARS has recommended that PPR 
initially should be treated with an approach that 
incorporates drugs with anti-inflammatory activi-
ties that have been shown to be of therapeutic 
benefit and that avoids antibiotic exposure, which 
induces the selection of antibiotic-resistant bacte-
ria.42 When treatment with oral agents is deemed 
necessary, subantimicrobial-dose doxycycline is a 
rational initial approach and can be achieved with 
the use of anti-inflammatory–dose doxycycline 
or with the use of immediate-release doxycycline  
20 mg twice daily. The latter subantimicrobial 
approach is FDA approved for treatment of chronic 
gingivostomatitis and has been shown to be effective 
in reducing inflammatory lesions of PPR, though it is 
not FDA approved for rosacea.20,52,53 An advantage of 
anti-inflammatory–dose doxycycline over immediate- 
release doxycycline 20 mg twice daily is that patients 
are more likely to comply with a once-daily regi-
men. Compliance-related factors may explain why 
anti-inflammatory–dose doxycycline produced a 
reduction in inflammatory lesions that was approxi-
mately 2-fold greater than the reductions shown with 
immediate-release doxycycline 20 mg twice daily in 
adults with PPR, despite the use of nearly identical  
study protocols.21,52

The GI absorption and systemic bioavailability 
of the second-generation tetracyclines (ie, doxycy-
cline, minocycline) are reported to be less affected by 
coingestion with food, including some divalent and 
trivalent metal ions (ie, calcium, magnesium, alumi-
num) compared with tetracycline.64,66-68 It is impor-
tant to recognize that not all individuals exhibit the 
same amount of GI absorption after administration of 
a specific drug in a given dosage and same formula-
tion, including with tetracyclines,66 which can lead to 
marked differences in bioavailability from one patient 
to another. The actual amount of drug absorbed from 
the GI tract exhibits interpatient variability with 
some individuals being high absorbers and some low 
absorbers of a given agent.66 When prescribing a lower 
dose of a tetracycline such as doxycycline or minocy-
cline, there is a risk that certain factors can decrease 
GI absorption of the drug (ie, concurrent metal ion 
ingestion in vitamins/supplements, antacids) even 
to a modest extent in a patient who is classified as a 
low absorber, which could decrease systemic bioavail-
ability in some of these patients to a subtherapeutic 
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level.64,68 It is prudent to advise patients to ingest any 
foods, vitamins/supplements, and/or medications (eg, 
antacids) that contain substantial amounts of metal 
ions at least 2 hours after taking a tetracycline agent, 
especially when the drug is given in a low dose. Iron 
has been shown to bind avidly to both doxycycline 
and minocycline.68,69

Clinical trials completed with subantimicrobial-
dose doxycycline did not elicit any adverse effects or 
new safety signals beyond what is already known with 
doxycycline use; some adverse effects may be circum-
vented or reduced in frequency.13,15,16,19-21,36 In addi-
tion to avoidance of both antibiotic selection pressure 
and the production of antibiotic-resistant bacte-
rial strains, use of subantimicrobial-dose doxycycline 
appears to reduce the risk for photosensitivity, which 
is a dose-related adverse event.19-21,70 The risk for vagi-
nal candidiasis also appears to be absent or negligible 
with subantimicrobial-dose doxycycline.19-21 

In patients who are low absorbers of doxycycline, 
it may be necessary to administer a higher daily dose 
of the drug to overcome the reduction in systemic bio-
availability if the therapeutic response to a sufficient 
course of subantimicrobial-dose doxycycline is not 
adequate. Because there is no method to determine if 
a patient is a low absorber, the need to alter the dosing 
regimen must be determined by clinical evaluation 
and assessment of patient adherence. This dosing 
adjustment is made to obtain greater bioavailability to 
achieve more effective results by using a daily doxycy-
cline dose of 50 mg or more, with the trade-off being 
that antibiotic selection pressure would no longer  
be avoided.19-21,56

Alternative Systemic Therapies 
(Non–FDA Approved) 
Non–FDA-approved systemic therapies for rosacea 
have primarily included oral antibiotics (ie, tetracy-
clines, macrolides, metronidazole) for PPR and oral 
isotretinoin in select refractory cases of PPR and 
early phymatous disease characterized predominantly 
by sebaceous gland hypertrophy and/or prolifera-
tion.13,15,17,18,25,26,64,66-73 Oral ivermectin has been suc-
cessfully used (often in combination with topical 
permethrin) in patients with demodicosis presenting 
with a rosaceaform eruption associated with marked 
facial proliferation of Demodex mites.74,75 The clini-
cal presentation of demodicosis is highly suggestive 
of moderate to severe PPR and often is refractory 
to therapies commonly used to treat rosacea. As 
demodicosis is described as a simulant of rosacea, 
it is not discussed further in this article. However, 
facial proliferation of Demodex mites may serve as a 
trigger to induce a flare in individuals with rosacea- 
prone skin.3,5,8,10,12

Tetracyclines—Oral antibiotics comprise the vast 
majority of non–FDA-approved systemic agents used 
for rosacea.13-18 Tetracyclines have played a major 
role in conventional approaches to the treatment 
of rosacea for approximately 5 decades, incorporat-
ing dosage regimens that produce antibiotic activity; 
however, clinical trials in patients with rosacea are 
relatively limited and no oral antibiotic agent has 
ever been submitted to the FDA for approval for 
rosacea.13-18,20,56,62 The most common tetracycline 
derivatives reported in clinical trials and cases series 
are tetracycline and doxycycline, with a conspicu-
ous absence of published studies regarding minocy-
cline in the treatment of rosacea.13-18,20,62 The use of 
these agents has been empiric, with no dose-ranging 
studies completed and therapeutic benefit likely 
related to the anti-inflammatory properties of tetra-
cyclines.18,20,27,31-34,62 Overall, oral tetracyclines used in 
antibiotic doses are effective in reducing inflamma-
tory lesions and inflammatory erythema (ie, lesional, 
perilesional) in patients with PPR; however, there are 
no comparative studies that demonstrate superiority 
of antibiotic-dose doxycycline over subantimicrobial-
dose doxycycline.13,16,18,20,62 

The overall safety of tetracyclines has been favor-
able; however, it is important for clinicians to be 
mindful of certain potential adverse events, especially 
because therapies for rosacea often are used for sev-
eral weeks to months.64,67,71-73,76,77 Gastrointestinal 
side effects, including pill esophagitis, occur most 
frequently with immediate-release doxycycline ver-
sus other tetracyclines, including nonenteric-coated 
formulations of doxycycline.38,64,71-73,77 Dose-related 
phototoxicity also occurs more commonly with doxy-
cycline, especially in doses of 100 mg daily or 
more.64,70-73 Cutaneous hyperpigmentation (ie, blue 
or gray discoloration of skin and/or mucosa; patchy 
brown pigmentation, especially on the anterior legs; 
blue discoloration of acne scars) and acute vestibu-
lar side effects (eg, vertigo, dizziness) occur almost 
exclusively with minocycline.64,67,72,73 Drug hyper-
sensitivity syndrome (eg, drug reaction with eosino-
philia and systemic symptoms [DRESS] syndrome), 
drug-induced lupuslike syndrome, and autoimmune 
hepatitis are relatively uncommon yet are potentially 
severe complications that have been associated with 
minocycline use.64,67,72,73 Benign intracranial hyper-
tension, commonly referred to as pseudotumor cere-
bri, is a rare but serious potential complication that 
can be caused by any of the tetracycline agents.64,67 
Early recognition of benign intracranial hypertension 
and discontinuation of the causative agent are vital to 
avoid permanent visual disturbances.64,67,71,76 

Macrolides—Oral erythromycin has been reported 
to be effective in the treatment of PPR; however, 
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data are limited.13,17 Additionally, the common occur-
rence of GI intolerance and the potential for several 
clinically relevant drug interactions support the use of 
other agents with less risk for adverse events and tox-
icity.64 The second-generation macrolides, azithromy-
cin and clarithromycin, have been used for treatment 
of PPR.13,17,18,78-81 Although no known large-scale, 
randomized, controlled trials have been conducted, 
several small studies and case reports have demon-
strated the effectiveness of oral azithromycin for 
PPR, with a variety of dosing regimens used.13,17,25,78-80 

Macrolides, specifically azithromycin, have been 
shown to exhibit a variety of immunomodulatory 
and anti-inflammatory effects in various models, 
with a reduction in reactive oxygen species shown in 
patients with PPR.82-84 As azithromycin reaches high 
tissue levels, intermittent dosing schedules have been 
used (ie, 250 mg 3 days per week; 500 mg 3 consecu-
tive days per week).17,18,80,84,85 Clarithromycin also was 
reported to be effective; however, data are limited 
and its use has not gained widespread acceptance, 
likely due to greater risk for GI intolerance, metallic 
taste, and drug interactions compared with azithro-
mycin.18,64,81 Concerns regarding macrolide-induced 
antibiotic resistance and potential side effects (ie, QT 
prolongation) also have limited the widespread use of 
second-generation macrolide antibiotics, as they are 
commonly used for treatment of a variety of bacte- 
rial infections.64,86 

Metronidazole—Although oral metronidazole once 
was popularized as a treatment for PPR primarily in 
Europe, data are limited on its use for this indica-
tion, with efficacy supported by only a few small 
studies.13,17,18 Ingestion of alcohol must be completely 
avoided during treatment with oral metronidazole due 
to a disulfiramlike reaction.13,17 Although rare, reports 
of seizures and neuropathy dampened enthusiasm for 
this agent as a commonly used therapy for rosacea.17 

Isotretinoin—Oral isotretinoin has been shown 
to be effective in treating some refractory cases of 
PPR.13,17,26,87,88 Available data indicate that isotreti-
noin (0.3 mg/kg daily) is an efficacious and well-
tolerated option for the treatment of PPR and early 
phymatous rosacea and may serve as an alterna-
tive in selected cases of refractory PPR.26,87,88 It is 
important to note that all US patients who are 
treated with isotretinoin must be enrolled in the 
iPLEDGE program and must fully comply with all 
elements of the program, including appropriate 
clinical and laboratory safety assessments and avoid-
ance of pregnancy.89

Unlike in acne vulgaris, long-term remission of 
rosacea signs and symptoms does not occur when 
isotretinoin is discontinued, as therapeutic benefit 
requires continued use. In one study, 12 patients with 

recalcitrant rosacea initially treated with isotretinoin 
(10 or 20 mg daily) for 4 to 6 months were transi-
tioned to microdose isotretinoin, which utilized an 
individual continuous minimal dose ranging from 
0.03 to 0.17 mg/kg daily (mean, 0.07 mg/kg daily).88 
Favorable improvements in the quality of life indices 
were noted in patients treated with this isotretinoin 
regimen for rosacea. Although cumulative doses of 
isotretinoin that were 1075 mg/kg or lower were not 
associated with any remarkable radiologic abnor-
malities, more studies are suggested to better confirm 
these findings.26,88 Because data are limited overall on 
management of refractory cases of rosacea, microdose 
isotretinoin is best considered in select cases.26 

Isotretinoin has been reported to reduce nasal 
volume, primarily in patients with early phymatous 
change that is characterized by sebaceous gland 
hypertrophy and hyperplasia; however, recurrence is 
highly likely after oral isotretinoin is discontinued.13,90 
Mucinous and fibrotic phymatous changes are not 
responsive to isotretinoin therapy. 

Management Caveats—Although most are not 
approved by the FDA, oral tetracyclines (including 
antibiotic-dose doxycycline) have been shown to be 
effective in treating patients with PPR and ocular 
rosacea.13,18,28,42,56 An increased risk for dose-related 
side effects and potential consequences of antibiotic 
selection pressure are major factors that may be asso-
ciated with oral tetracycline antibiotic therapy and 
can be circumvented or reduced with subantimicro-
bial dosing of doxycycline in many cases. 

No dosing regimens or formulations of minocycline 
have been shown to have subantimicrobial properties, 
including pelletized forms and extended-release tab-
lets with or without weight-based dosing.66,91 

Other than anti-inflammatory–dose doxycycline 
(40-mg modified-release capsule once daily) and 
doxycycline 20 mg twice daily, no other doxycycline 
formulations or regimens have been shown to have 
subantimicrobial properties, including enteric-coated 
doxycycline.19,20,21,64,92 Enteric-coated doxycycline is 
associated with fewer GI side effects compared with 
conventional tablets or capsules.64,77 

In patients with PPR who cannot use tetracycline 
agents, oral azithromycin appears to be a reasonable 
alternative, though more studies are needed for fur-
ther evaluation of its efficacy and safety as well as 
optimal dosing regimens.13,17,78-80,84 Oral isotretinoin 
may be a reasonable option in patients with refrac-
tory, moderate to severe PPR, as well as in patients 
with rhinophyma, especially in its early development, 
which is characterized by sebaceous gland prolif-
eration.13,17,26,87,88,90 However, unlike in acne vulgaris, 
long-term remission is not often achieved after oral 
isotretinoin is discontinued. 
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When selecting oral agents, clinicians are encour-
aged to assess the clinical response and carry out 
appropriate follow-up with patients to monitor for 
potential adverse reactions.64 It is important to note 
that all of the oral agents discussed in this article 
should be avoided during pregnancy.

Conclusion
Systemic therapy for rosacea has been limited to oral 
therapy, most commonly antibiotics, used primarily 
to treat PPR. The tetracyclines have been the pre-
dominant therapeutic class used in rosacea therapy. 
Despite widespread use of tetracycline for more than  
5 decades and its major congeners (doxycycline, 
minocycline) for more than 4 decades, the only 
FDA-approved oral therapy for rosacea is anti- 
inflammatory–dose doxycycline (40 mg once daily), 
which is indicated for treatment of inflammatory 
lesions (papules, pustules). Subantimicrobial dosing 
of doxycycline provides therapeutic benefit with 
the advantage of not producing antibiotic selection 
pressure. Among the alternative oral therapies used 
for PPR in selected cases, azithromycin appears to be 
a reasonable option and consideration may also be 
given to metronidazole, though data are more lim-
ited with the latter agent. Although oral isotretinoin 
is not FDA approved for treatment of any form of 
rosacea, it is an option to consider in selected cases 
of refractory PPR and early rhinophyma, though 
prolonged remissions are not likely after the drug is 
stopped. Oral therapies for rosacea may be used in 
combination with topical therapies in cases of greater 
severity and/or when the clinician anticipates discon-
tinuing the oral agents once the flare is controlled 
and continuing treatment with the topical agent 
alone. In cases of rosacea or a rosaceaform facial erup-
tion induced by overgrowth of Demodex mites, oral 
ivermectin therapy may be effective, especially when 
other therapies for rosacea do not produce satisfactory 
therapeutic results.
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among the authors. They are not suggested as manda-
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