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INTRODUCTION
In 2003, a group of physicians and researchers in
the field of acne, known as the Global Alliance to
Improve Outcomes in Acne, published recommendations for the management of acne.1 The goal was
to make recommendations that were evidence based
when possible and that included input from numerous countries. Since the initial meeting of the Global
Alliance in 2001, the group has continued to meet
regularly to discuss various aspects of acne management and create educational initiatives for dermatologists around the world. Regional groups in Europe,
Asia, and Latin America have been established.
Global Alliance members have actively worked
with national dermatology societies to formulate
guidelines for management of acne that take into
account the individual characteristics of the country
while harmonizing with the international recommendations. In addition, the Global Alliance presented a written consensus opinion to the US Food
and Drug Administration (FDA) Guidance for
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Industry on Acne Vulgaris (Docket No. 2005D-0340)
regarding development of drugs for acne and design
of clinical trials in this arena. A subgroup of
European members of the alliance formulated a
response to recent changes in the European Union
regulations for use of oral isotretinoin. As new issues
come up, the alliance will continue to advocate for
clinicians who treat patients with acne and the
patients’ rights to optimal treatment. Finally, the
Global Alliance has established a World Wide Web
site (www.acneglobalalliance.org), which provides
information about the management of acne and
recent developments in the field.
The first publication in 2003 encompassed current
information about acne pathophysiology and
comprehensive treatment recommendations. This
edition includes updates on pathophysiology and
treatment, including our research into treatments
that have recently emergedesuch as lasers and light
therapyeand areas where published data were
sparse in 2003 but are now available, including
combination therapy, revision of acne scarring, and
maintenance therapy. In addition to an updated
discussion of acne pathophysiology and treatment,
we share in this supplement a new way of looking at
acne as a chronic disease, a discussion of the
changing role of antibiotics in acne management,
and factors that affect adherence to acne treatments.
As in the original supplement, we have tried to base
recommendations on published evidence as much as
possible. However, it should be noted that some
recommendations are based primarily on our expert
opinion (level V evidence) because of a lack of
studies and different designs and methodologies of
existing studies. We have strived to clearly acknowledge in text which recommendations are based
primarily on opinion, citing them as supported by
Level V evidence.
In addition, a number of the clinical trials included
in our evaluations of data were performed as registration trials for regulatory approval. We acknowledge that a particular type of patient is selected for
study and results may not be generalizable to all
patients; regulatory bodies typically address this in
the package insert. In acne, the registration trial study
inclusion and exclusion criteria often exclude patients with cystic acne ([2 nodules or cysts), truncal
acne is often not evaluated, and minimum and
maximum numbers of inflammatory and noninflammatory lesions at baseline are specified to give an
objective measure of acne severity. To our knowledge, there are no data suggesting that acne in
various population subgroupseadolescent, adult,
male, femaleeis different in terms of pathophysiology with the exception of a greater effect of

hormones in female patients. Assessment of population differences would be an interesting topic for
future studies.
In the case of acne, monotherapy is used relatively
rarely despite that regulatory bodies require monotherapy studies for drug approval. Because acne is a
multifactorial disease, multiple classes of drugs are
typically used in the clinical setting. Indeed, combination therapy is now recommended as the first-line
approach for acne.1 In this publication, the Global
Alliance group considered the type and severity of
acne in making recommendations. The Global
Alliance plans to publish additional articles on the
topics of hormonal/antiandrogenic therapy and the
current use of oral isotretinoin.
The following definitions were used to evaluate
the strength of the evidence for recommendations in
the supplement:
d

d

d

d

d

I—Strong evidence from systematic review of multiple well-designed, randomized, controlled trials;
II—Strong evidence from at least one properly
designed, randomized, controlled study of appropriate size;
III—Evidence from well-designed trials without
randomization, single group pre/post, cohort,
time series, or matched case-controlled studies;
IV—Evidence from well-designed nonexperimental studies from more than one center or research
group;
V—Opinions of respected authorities, based on
clinical evidence, descriptive studies, or reports of
expert committees.

RECOGNIZING THE CHRONICITY OF
ACNE
Editor’s note: This section summarizes ideas that
were presented in full in a recent article in the
American Journal of Clinical Dermatology.2
It is important for dermatologists to take the lead
in educating other clinicians that acne is often a
chronic disease and not just a self-limiting disorder of
teenagers. For many patients, acne has the following
characteristics that have been used to define chronicity3,4: a prolonged course, a pattern of recurrence
or relapse, manifestation as acute outbreaks or slow
onset, and a psychologic and social impact that
affects the individual’s quality of life. In considering
whether acne is a chronic disease, it is interesting to
compare it with atopic dermatitis (Table I). The
similarities between the conditions are striking and
range from underlying pathology (inflammation) to
characteristic manifestation (frequently relapsing
and recurrent diseases).
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CONSENSUS: Acne Should Be Approached
as a Chronic Disease
Level of Evidence: V
Characteristics of acne that define chronic diseases:
d
d
d
d

Pattern of recurrence or relapse
Prolonged course
Manifestation as acute outbreaks or slow onset
Psychological and social impact

Acne warrants early and aggressive treatment
Maintenance therapy is often needed for optimal
outcomes

Why is this important? Because many of our
medical colleagues and a significant proportion of
the lay public dismiss acne as a natural part of
growing up that has few real consequences. Yet
considerable evidence shows that acne can be a
psychologically damaging condition that lasts
years.5-11 The members of the Global Alliance believe
that acneeone of the most common skin diseases
treated in routine dermatologic careeshould be recognized and investigated as a chronic disease with
psychologic sequelae that do not always correlate
with the clinician’s assessment of severity at one point
in time.5
There are no definitive longitudinal studies of the
natural history of acne; however, in the group’s
experience approximately 60% of acne cases are
self-limiting and can be managed with acute treatment followed by topical maintenance therapy. In
other cases, acne is a disease that requires treatment
for a prolonged period. Oral isotretinoinethe most
effective acne treatment developed to dateeis administered during a 20-week period and sometimes
must be given in repeated courses.5 Further, as
reviewed later in this supplement, recent well-controlled studies have shown that maintenance therapy
is an effective strategy to minimize the risk of
relapse.12-14 In addition, the members of the Global
Alliance believe that limiting the duration of active
acne by effective treatment may, in turn, reduce the
likelihood of physical and emotional scarring. For
these reasons, we encourage early and aggressive
treatment of acne.
How often do negative outcomes occur after acne?
That question is difficult to answer definitively.
However, there is good evidence that acne can persist
into adult years in as many as 50% of individuals.7,15-18
Negative psychologic outcomes, including anxiety,
depression, and social withdrawal, have all been
reported among individuals with acne and acne

Table I. Comparison of chronicity in acne and
atopic dermatitis
Acne

Basic character
Duration
Genetic
influence

Age at onset, y
Self-limiting?

Counseling?
Medication
Social impact
Psychologic
impact
Postdisease
sequelae
Physical scarring
Psychologic

Inflammatory
[3 mos /
5-30 years
Yes, particularly in
long-term
courses;
thought
to be polygenic
;10
In ;80% of cases
by third decade
of life
Intervals/years
Continuously/
intervals
Yes
Yes

Atopic dermatitis

Inflammatory
[3 mo / 5-40
years
Yes, thought to
be polygenic

;1
In ;80% of cases
by second
decade of life
Intervals/years
Continuously/
intervals
Yes
Yes

Yes
Yes

Yes
Yes

Reprinted from Gollnick et al2 with permission from Wolters
Kluwer Health.

scars.7,9,10 Physical scars, persistent hyperpigmentation,
or both are not uncommon sequelae of acne and are
usually expensive and difficult to treat effectively. The
effects of acne can persist for many years, even among
individuals who had self-limited adolescent acne.
Unfortunately, the reason why acne becomes
chronic in some patients is not well understood
and it is currently difficult to determine which
patients will have a chronic course of the disease.
Factors that have been linked to a chronic course
include stress-related production of adrenal androgens,19 Propionibacterium acnes colonization,20 familial background,7 and specific subtypes of acne
(conglobata, keloidal, inversa, androgenic, scalp
folliculitis, and chloracne).21,22 The members of the
Global Alliance advocate further study to determine
the link between these and other characteristics and
the development of chronic acne.
In summary, dermatologists are aware that acne is
a chronic disease with important ramifications. We
are charged in our role as skin experts with the
mission of helping other health care professionals
and patients to achieve a better understanding of
acne and improve awareness of the highly effective
treatments that are available. We must also be
vigilant in ensuring that insurers and government
regulatory bodies are aware of the impact and
import of acne. Because the physical and emotional
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sequelae associated with acne can last for many
years, insurers need to be encouraged to provide
reimbursement for acute and maintenance acne
treatments that have been proven effective in clinical trials.

UPDATE: PATHOGENESIS OF ACNE
More detailed information regarding the molecular events contributing to the pathogenesis of acne
has emerged since 2003. There are 4 primary pathogenic factors, which interact in complex manner to
produce acne lesions: (1) sebum production by the
sebaceous gland; (2) P acnes follicular colonization;
(3) alteration in the keratinization process; and (4)
release of inflammatory mediators into the skin.
Now, cellular culture studies have provided more
information about the role of sebaceous lipids and
inflammatory mediators including MMPs.
Jeremy et al23 investigated the initiating events for
acne lesions, and found that immune changes and
inflammatory responses occur before hyperproliferation of keratinocytes, with a pattern similar to a
type IV delayed hypersensitivity response. The
immune response is led by CD41 lymphocytes and
macrophages.23 These researchers hypothesize that
the subsequent production of cytokines activates
local endothelial cells, up-regulating inflammatory
vascular markers (E-selectin, vascular cell adhesion
molecule-1 [VCAM-1], intercellular adhesion
molecule-1 [ICAM-1], and human leukocyte antigen-DR [HLA-DR]) in the vasculature around the
pilosebaceous follicle.23 They further have postulated that the entire process is initiated by interleukin
(IL)-1a up-regulation in response to a relative linoleic
acid deficiency caused by excess sebum and perturbation of barrier function within the follicle.23
More than a decade ago, an in vitro study by
Vowels et al24 demonstrated the presence of a
soluble factor of P acnes that induced proinflammatory cytokine production in human monocytic cell
lines. Although distinct from lipopolysaccharide, this
soluble factor had similar characteristics, in that its
activity was dependent on the presence of CD14, a
so-called pattern recognition receptor for lipopolysaccharide and other lipid-containing ligands. This P
acnes product induced the synthesis of tumor necrosis factor-a and IL-1b in the cell lines. Later
research showed that the cytokine induction by P
acnes was occurring through TLR-2.25 TLR, a mammalian homologue of a drosophila protein known as
toll, has emerged as a key regulator of host responses
to infection.26 This transmembrane protein has a
cytoplasmic portion that is homologous to the IL1 receptor and thus could trigger a signaling cascade
that activates nuclear factor-kB. A recent in vivo

study by Jugeau et al27 demonstrated that these
events occur in inflammatory lesions of patients
with facial acne and confirmed the earlier observations of Kim et al25 in acne lesions. This provided
additional evidence that inflammatory cytokines,
working via autocrine and paracrine mechanisms
through their respective receptors, amplify the signaling pathways that activate the activator protein
(AP)-1 transcription factor.28 Activation of AP-1 induces MMP genes, whose products degrade and alter
the dermal matrix.28 Retinoids are known to inhibit
AP-1.29 Very recent studies indicate that retinoids can
induce monocytes to develop into CD2091 macrophages that phagocytose P acnes bacteria.30 These
data further substantiate how such currently available treatments as topical retinoids can have antiinflammatory activity against acne. In addition, they
may help to explain why acne can flare after initiation of therapy; for example, disruption of sebocytes
may result in release of proinflammatory molecules,
leading to the clinical result of increased inflammation in some patients.
More has been learned about the role of seborrhea in acne as well. Sebaceous lipids are at least
partly regulated by peroxisome proliferator-activated receptors and sterol response element binding
proteins.31,32 Peroxisome proliferator-activated receptor nuclear receptors act in concert with retinoid
X receptors to regulate epidermal growth and differentiation and lipid metabolism.31 Sterol response
element binding proteins mediate the increase in
sebaceous lipid formation induced by insulin-like
growth factor-1.32
In parallel, research into the functions of the
sebaceous gland has yielded exciting information
about the central role these glands play in regulation
of skin functions.33 The sebaceous gland regulates
independent endocrine functions of the skin and has
a significant role in hormonally induced aging of
skin.34,35 In addition, the sebaceous gland has both
direct and indirect antibacterial activities. Sapienic
acid, a lipid in sebum, has innate antimicrobial
activity and is up-regulated by activation of TLR-2
by skin bacteria.36,37 Further, the sebaceous gland
has ubiquitous expression of antibacterial peptides
and proinflammatory cytokines/chemokines; these
substances are induced in sebocytes by the presence of bacteria.38 The sebaceous gland acts as an
independent endocrine organ in response to
changes in androgens and hormones, and is the
control center for a complex regulatory neuropeptide program that acts like the hypothalamus-pituitary-adrenal axis.33 This aspect of sebaceous gland
function is primarily influenced by corticotrophinreleasing hormone, its binding protein, and
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What Is New in Acne Pathophysiology
d
d
d
d

d
d
d

Inflammatory events have been found to precede hyperkeratinization
P acnes contributes to inflammation via activation of toll-like receptor (TLR) on the membranes of inflammatory cells
Peroxisome proliferator-activated receptors partly regulate sebum production
The sebaceous gland is a neuroendocrine-inflammatory organ that likely coordinates and executes a local response
to stress and normal functions
Androgens have influence on follicular corneocytes
Oxidized lipids in sebum can stimulate production of inflammatory mediators
Matrix metalloproteinases (MMPs) occur in sebum and diminish with treatment-related resolution of acne lesions

corticotrophin receptors.39-41 corticotrophin-releasing hormone levels change in response to stress,
and its role in regulating sebaceous gland function
is likely a link in the brain-skin connection that is
thought to explain the relationship between stress
and skin disorders with an inflammatory component
such as acne. Similarly, substance P,42 a-melanocytestimulating hormone,43,44 and corticotrophinreleasing hormone-receptor-145 are involved in
regulating sebocyte activity. In addition, an active
role of receptors for highly conserved ectopeptidases
such as dipeptidylpeptidase IV and aminopeptidase
N in regulation of sebocytes has been reported.46
The response of skin to stress is a subject of active
investigation and may soon suggest new targets for
therapeutic interventions.
An additional area of interest that has recently
emerged is the action of vitamin D in the skin.
Sebocytes are capable of metabolizing and synthesizing the primary vitamin D metabolite 1,25-dihydroxyvitamin D3.47 Several lines of evidence suggest
that the vitamin D endocrine system is involved in
regulating sebocyte function and physiology, including production of sebum. Further, vitamin D analogues may potentially be useful in normalizing
sebaceous gland physiology in patients with acne.33
Using a human keratinocyte cell line, Ottaviani
et al48 showed that peroxidation of sebum lipids can
activate inflammatory mediators, including IL-6 and
lipoxygenases. Oxidized squalene can also stimulate
hyperproliferative behavior of keratinocytes, suggesting that this lipid may be partly responsible for
comedo formation.48 Zouboulis et al49,50 have hypothesized that lipoperoxides exert a proinflammatory
effect on the pilosebaceous duct. Lipoperoxides produce leukotriene B4, which is a powerful chemoattractant that can recruit both neutrophils and
macrophages, and stimulate production of proinflammatory cytokines.23,49,51
Papakonstantinou et al52 investigated the role of
MMPs in acne. These enzymes, which include collagenases, gelatinases, stromelysins, and matrilysins,

have a prominent role in both inflammatory matrix
remodeling and proliferative skin disorders. Sebum
includes several MMPs, which are thought to originate in keratinocytes and sebocytes. In addition, oral
isotretinoin can reduce concentrations of MMPs in
sebum in parallel with clinical improvement.51
The improved understanding of acne development on a molecular level suggests that acne is a
disease that involves the innate and adaptive immune system and inflammatory events. Treatment
that targets both immune system activation and
inflammatory pathways is, therefore, desirable. A
full discussion of how antiacne agents work at the
molecular level is beyond the scope of this text;
however, research indicates that many of the agents
currently used to treat acne have effects on cellular
receptors, inflammatory mediators, and other molecular targets. As more becomes known, new targets
for treatment may also be identified.

UPDATE: TREATMENT OF ACNE
Several aspects of acne management have been
evolving since the 2003 Global Alliance recommendations.1 These include the role of antibiotics in
treatment, use of lasers and light-based therapies,
issues regarding maintenance therapy, and treatment of acne scars. There is increased evidence
supporting the recommendation of a combination
of a topical retinoid plus an antimicrobial agent as
first-line therapy for most patients with acne as a
means of targeting multiple pathogenic features and
both inflammatory and noninflammatory acne lesions. Studies published since 2003 support the
recommendations outlined in the original algorithm,
which has undergone minor modification to reflect
the addition of new combination products for acne
(Fig 1).
The changing role of antibiotics in
managing acne
Antibiotic resistance is a significant public health
concern in virtually all parts of the world,58 and the
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CONSENSUS: Strategies to Limit Antibiotic Resistance Are Important in Acne Management
Level of Evidence: V
d Treatment regimens that limit, or even reduce, the incidence of bacterial antibiotic resistance are recommended
o Selection pressure can affect other, more pathogenic bacteria in addition to P acnes53,54
o High rates of resistance have been correlated with high outpatient use of antibiotics55
d

Use of oral antibiotics can lead to resistance in commensal flora at all body sites; topical antibiotics lead to
resistance largely confined to skin of treated site56
o Oral antibiotics are recommended for moderate to moderately severe acne1
o Topical antibiotics may be used in mild to moderate acne as long as they are combined with benzoyl peroxide
(BPO) and a topical retinoid1
o Limit the duration of antibiotic use1,57 and assess response to antibiotics and continuing need at 6 to 12 weeks
o Some countries have regulatory guidance limiting the duration of use of topical antibiotics (alone and in fixeddose combination products) to 11 to 12 weeks

d

Use BPO concomitantly as a leave-on or as a wash
o BPO for 5 to 7 days between antibiotic courses may reduce resistant organisms on the skin; however, BPO does
not fully eradicate potential for resistant organisms

d

Avoid using antibiotics (either oral or topical) as monotherapy either for acute treatment or maintenance therapy
Avoid the simultaneous use of oral and topical antibiotics without BPO, particularly if chemically different

d

Fig 1. Acne treatment algorithm. BPO, benzoyl peroxide. Reprinted from Gollnick et al1 with
permission from the American Academy of Dermatology.

Global Alliance members believe it is appropriate to
comment on the role of antibiotic resistance in acne
management. Resistance arises from selective pressure on bacteria, and can result from both appropriate
and inappropriate uses of antibiotics.59 Antibiotics
were the first effective treatment for acne; although
we acknowledge these agents have an important role
in acne management, the Global Alliance members
agree with recent guidelines and publications that

emphasize the need to limit antibiotic use, both
frequency and duration, and to add the nonantibiotic
antimicrobial agent BPO when long-term antibiotic
use is necessary because BPO is a highly efficient
bactericidal agent and will minimize the development
of resistance at sites of application.57,58,60,61
Antibiotic resistance in this setting can encompass
both the effect of antibiotic use on P acnes and
outcomes of acne and the impact of antibiotics
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prescribed for acne on other more pathogenic organisms. To date, neither aspect has been extensively
studied; there are some data, as will be discussed
below. It should be noted that acne does not represent a classic bacterial infection, where resistance to
an antibiotic translates directly to treatment failures,
in part because antibiotics exert effects in acne that
are independent of their antibacterial actions (eg,
they have anti-inflammatory actions). Indeed, Eady
et al62 state that ‘‘the relationship between resistance
and treatment outcomes is perhaps more complex in
acne than any other microbial disease for which
antibiotics are prescribed.’’ The members of the
Global Alliance have evaluated the available evidence in acne, reviewed evidence of the effect of
antibiotic use on P acnes resistance and transmission
of resistance from P acnes to other microbes,59,62,63
and incorporated our collective clinical experience
to formulate opinions on what actions dermatologists should take in response to the problem of
antibiotic resistance in acne.
Susceptibility breakpoints for P acnes have not
been well defined; some researchers have used
general anaerobic bacteria breakpoints63-65 and
others have set a level of more than 25 mg/L.62 The
correlation between reduced susceptibility and outcome of antibiotic treatment is complex; however, it
is clear that propionibacterial growth and multiplication has an important role in acne either through
direct microbial effects or more indirect effects on
the inflammatory process in skin. Poor outcomes in
acne may occur when insufficient antibiotic is delivered to the majority of follicles.62
Effect of P acnes antibiotic resistance on
outcome (level IV evidence). Anecdotally, members of the Global Alliance have heard dermatologists
express the opinion that the problem of antibiotic
resistance is relevant primarily to pathogenic bacteria
and antibiotics used in hospital to treat serious
infections. We list here the reasons why we do not
agree.
d

Resistance is a concern for patients with acne and
may manifest as a reduced response, no response,
or relapse.66-68 Because no methodology currently
exists to quantify concentrations of topical and/or
systemic antibiotics in sebaceous follicles, outcomes studies correlating clinical response with P
acnes antibiotic sensitivities are the only way to
establish the relevance of colonization with insensitive strains. These studies are difficult but some
have been done.62,69 A systematic review of the
literature published in 1998 found a ‘‘clear association between poor therapeutic response and
antibiotic-resistant propionibacteria.’’70

d

A significant proportion of patients with acne are
colonized with resistant Propionibacterium before
treatment is initiated.71 P acnes resistance is disseminated primarily by person-to-person contact; study
has shown that the prevalence of resistant P acnes in
household contacts of patients with acne ranged
from 41% in Hungary to 86% in Spain.71 Younger
siblings and children of patients with acne may be
colonized de novo by resistant strains at an early age.
Further, dermatologists are highly likely to have
resistant strains of P acnes colonizing the face (25
of 39 tested).71 Because the rationale for using antibiotics in acne is to target P acnes, harboring resistant
organisms may be logically expected to have an
impact on treatment outcome.66,67

Potential effect of antibiotic use in acne on
other pathogens (level IV evidence). Generally,
in medicine, it is agreed that when antibiotics are
administered, resistance occurs in both targeted and
nontargeted bacteria. In addition, resident flora has a
‘‘memory’’ and retains resistant variants long after
antibiotic therapy is discontinued. Finally, resistance
gene pools are often shared by pathogens and
nonpathogens.66,72 There is one study of resistant
pathogens arising from antibiotic use in acne.66 Mills
et al66 assessed bacterial resistance in a controlled
study of 208 patients with acne treated with topical
erythromycin for 12 weeks in a double-blind, randomized, parallel-group fashion followed by a single-blind regression phase during which patients
were treated with the antibiotic vehicle only. The
prevalence of erythromycin-resistant coagulase-negative staphylococci on the face increased from 87%
to 98%; in addition, the density of resistant organisms
increased significantly. Similar patterns in both prevalence and density were observed on untreated skin
of the back and in the nares. In addition, there was an
increase in carriage rate of Staphylococcus aureus
in the anterior nares in patients treated with erythromycin on the face. The majority of the resistant
isolates had high-level resistance, with minimal
inhibitory concentrations greater than 128 /mL. In
addition, there are some studies that show antibiotics
commonly used for acne (tetracyclines) can select for
resistant strains of non-P acnes pathogenic bacteria.53,54 Raum et al54 reported that doxycycline used
to treat febrile infections was associated with an
increase of resistance in Escherichia coli from 29%
before treatment to 58% during treatment and for a
short time after treatment. Lesens et al53 reported two
outbreaks of Pantin-Valentine leukocidin-positive S
aureus infections among solders in Africa who had
been treated with doxycycline for malaria prophylaxis. Although the data showing a connection
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Table II. Strategies for limiting antibiotic resistance in Propionibacterium acnes and other bacteria
Level of evidence: V
Combine a topical retinoid plus an antimicrobial (oral or topical); this is a rationale choice because of the
complementary modes of action that have been shown clinically to result in1
o Increased speed of response
o Greater clearing
o Enhanced efficacy against comedones and inflammatory lesions
If the addition of an antibiotic to this regimen is required:
Limit the use of antibiotics to short periods and discontinue when there is no further improvement or the
improvement is only slight
o Oral antibiotics should ideally be used for 3 mo, but 6-8 wk into treatment might be one appropriate time point at
which to assess response to antibiotics57
Co-prescribe a BPO-containing product or use as washout
o BPO reduces the likelihood of antibiotic resistant P acnes emerging and rapidly reduces the number of sensitive and
resistant strains of P acnes at the site of application61
o Use BPO either concomitantly or pulsed as an antiresistance agent
o It may be helpful to use BPO for a minimum of 5-7 days between antibiotic courses
Oral and topical antibiotics should not be used as monotherapy
Concurrent use of oral and topical antibiotics should be avoided, particularly if chemically different
o Increased risk of bacterial resistance
o No synergistic actions
Do not switch antibiotics without adequate justification; when possible, use the original antibiotic for subsequent
courses if patients relapse
Use topical retinoids for maintenance therapy, with BPO added for an antimicrobial effect if needed
Avoid use of antibiotics for maintenance therapy
BPO, Benzoyl peroxide.

between antibiotics used for acne and increased
resistance in bacteria other than P acnes are relatively
sparse, it is not illogical to surmise that the antibiotics
are exerting selection pressure on a variety of flora
and not just P acnes.
Patients with acne are often treated with multiple
antibiotics and their flora is exposed to a significant
selective pressure for resistance development.
Margolis et al73 found that patients with acne treated
with antibiotics had 2.15 times greater risk of developing an upper respiratory tract infection compared
with patients with acne who were not treated with
antibiotics. In addition, there have been an increasing number of reports of infections caused by P
acnes, including arthritis,74,75 endocarditis,76 endophthalmitis,77 and adenitis.78 The frequency of P
acnes infections is hard to quantify, because it has
long been considered just a contaminant and not a
pathogen so has not been rigorously monitored or
studied. However, several researchers have termed
P acnes infections ‘‘an emerging clinical entity’’75
and ‘‘an underestimated pathogen.’’79 In addition,
Oprica and Nord,55 on behalf of the European Study
Group on Antimicrobial Resistance in Anaerobic
Bacteria, report that among P acnes isolates from
systemic infections, blood isolates were encountered most frequently followed by isolates from skin
and soft-tissue infections and abdominal infections.
The Global Alliance members note that resistance

in P acnes occurs with varying frequency among
countries and can be somewhat hard to predict.55,80,81
In addition, susceptibility testing for P acnes is not
practical on a routine basis and does not necessarily
influence therapeutic decisions. Therefore, we recommend taking steps that are known to limit the
potential for antimicrobial resistance (Table II).
Resistance in P acnes has not been studied as
extensively as resistance in organisms considered to
be more pathogenic; however, there are several
factors that suggest there may be cause for concern
in acne. Prescribing practices for acne have been
shown to influence the resistance rate.82,83 Data from
a European surveillance study of P acnes were
correlated with published data on outpatient antibiotic sales.55,83 The highest rate of tetracycline resistance (11.8%) was found in Finland, the country with
the highest outpatient use of tetracycline. Conversely, no tetracycline resistance was found in Italy,
which had the lowest prescription volume of outpatient tetracycline.55 However, resistance to macrolides was high in Italy (erythromycin 42% and
clindamycin 21%), correlating with high sales volumes of macrolides. For the 8 countries included in
the analysis, the correlation between sales and
resistance was significant for both clindamycin and
erythromycin. (P \.05).55
In addition, new mechanisms of resistance are
evolving in P acnes.63,83 In 2005, Oprica et al63
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reported the existence of several novel resistant
genotypes of P acnes that were distributed throughout Europe. Data suggest resistance is more common
in patients with moderate to severe acne and that
patients have multiple resistance strains with different resistance patterns.64 Spread of resistant strains
among family and friends occurs frequently; although some research suggests that resistant isolates
disappear after antibiotic treatment is stopped,59
other research suggests that resistance persists and
can be reactivated rapidly.69,84 Further, it is known
that cross-resistance and transfer of resistance characteristics is widespread among bacteria. Finally,
although it may be argued that resistance to tetracyclines is not clinically relevant with major pathogenic
bacteria, resistance to other antibiotic classes used in
acne (more or less frequently depending on the
region of the world) such as macrolides and less
often quinolones and sulfonamides may be very
important.85,86 In recognition of the foregoing concerns, the regulatory bodies in some countries have
mandated a limited duration of use for topical
antibiotics either alone or in fixed-dose combination
products.
Use of subantimicrobial doses of antibiotics may
offer promise, but has not been well studied, particularly in acne. The theoretical basis is that no
bacterial killing occurs, so there is no selection of
resistant strains.87 Instead, the primary mechanisms
of action of subantimicrobial-dose antibiotics are
anti-inflammatory mechanisms (in the United States
low-dose doxycycline has been approved for treatment of the inflammation associated with rosacea).
This raises the question of how important is bacterial
killing in acne? Currently, there is no answer to that
question; however, research continues to illuminate
the molecular basis for acne and the role of P acnes
in pathophysiology. Miyachi et al88 have found
cycline antibiotics that reduce leukocyte recruitment
by P acnes inhibit release of reactive oxygen
species, possibly by altering leukocyte metabolism.
Additional studies by Akamatsu et al89,90 have provided supportive evidence about the importance of
antioxidant properties with cycline antibiotics.
Notably, antibiotics that do not have antioxidant
actions, such as penicillin and cephalosporins, are
not clinically effective against acne.88
It should also be noted that generally bacterial
resistance often diminishes or resolves after selective
pressure from antibiotics is withdrawn. Data regarding resolution of resistance in P acnes are sparse.
Conclusions. As shown in the consensus recommendation at the start of this section, the members of the Global Alliance believe that antibiotic use
for acne should be limited. Further, we believe that

physicians need to be educated about best practices
for managing acne using combination therapy involving a topical retinoid plus an antimicrobial agent
and limiting duration of antibiotic therapy/adding
BPO. Much remains to be discovered about bacterial
resistance in response to antibiotic use for acne. We
believe there is a need to gather data about follicular
concentrations of antibiotics, because there have
been no recent attempts to study this. In addition,
studies in larger populations are needed to determine what is the effect of antibiotic therapy for acne
on the frequency of pharyngitis, cystitis, colonization
of the anterior nares, methicillin-resistant S aureus
colonization, and cutaneous infections.
Retinoid-based combination therapy for acne
The current understanding of acne pathophysiology indicates that pairing topical retinoids with
antimicrobials targets the majority of pathogenic
factors more effectively than antimicrobial-focused
treatment. As the data reviewed in this article show,
this combination results in faster and more complete
clearing of acne lesions compared with monotherapy. This means that physicians can now help
patients navigate acne-prone years with fewer embarrassing acne lesions and, potentially, prevent the
long-term problems of relapse, acne scars, and
postinflammatory hyperpigmentation.91
Since publication of the original Global Alliance
recommendations,1 numerous clinical studies of
topical retinoids in combination with antimicrobial
agents either as single agents or in fixed-dose combination products have been published; indeed,
there is now evidence from more than 16,000
patients with acne. Because of the large number of
studies in this particular aspect of acne management,
this review was performed with the methodology of
a systematic review. A search of PubMed for clinical
trials with the terms ‘‘acne vulgaris’’ and ‘‘adapalene,’’ ‘‘tazarotene,’’ and ‘‘tretinoin’’ was conducted
including publications in the years 1975 to 2008
inclusive; a total of 36 studies were identified that
assessed antimicrobial therapy in combination with a
retinoid (11 with adapalene, 4 with tazarotene, and
21 with tretinoin).
The rationale for combining topical retinoids and antimicrobial agents. Historically,
treatment of acne was directed toward controlling
P acnes and centered on use of antibiotics. Because
acne involves an interplay of 4 major pathogenic
factors (excess sebum production; bacterial colonization of the pilosebaceous duct and release of
inflammatory mediators; inflammation; and abnormal keratinization within the follicle), acne treatment
should be directed toward as many pathogenic
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CONSENSUS: Combination Retinoid-based Therapy Is First-line Therapy for Acne
Level of Evidence: I
d The combination of a topical retinoid and antimicrobial agent remains the preferred approach for almost all
patients with acne
o This combination attacks 3 of the 4 major pathogenic factors of acne: abnormal desquamation, P acnes
colonization, and inflammation
o Retinoids are anticomedogenic, comedolytic, and have some anti-inflammatory effects, whereas BPO is
antimicrobial with some keratolytic effects and antibiotics have anti-inflammatory and antimicrobial effects
d

d

The superior efficacy of this combination has been shown in clinical trials involving more than 16,000 patients
(reviewed below)
Fixed-dose combination products with a topical retinoid and an antimicrobial provide improved patient convenience that may translate to improved adherence; those without an antibiotic in the formulation may minimize the
development of bacterial resistance (level IV evidence); on a theoretical basis, retinoid-BPO combination products
may be the most desirable

factors as possible.92 More specifically, for reasons
explained below, acne management should focus on
preventing formation of microcomedones and minimizing the potential for visible acne lesions.
The formation of an acne lesion is thought to
begin with the microscopic lesion known as the
microcomedo. This lesion, which is not yet clinically
visible, forms when excess sebum collects in the
follicle and abnormal epithelial desquamation occurs along with proliferation of P acnes. The microcomedo is the precursor to all acne lesions, both
comedones and papules/pustules. Evaluation of
papules has shown the progression of lesions:
microcomedones were found in 52% of papule
biopsy specimens; in addition, 22% of papules
contained an open comedo and 10% contained a
closed comedo.92,93 Clearly, targeting the microcomedo will minimize the visible expression of acne.
Topical retinoids are both comedolytic and anticomedogenic and have been shown to reduce formation of microcomedones and comedones.94 They
also have direct and indirect anti-inflammatory actions. Finally, topical retinoids normalize desquamation, which facilitates penetration of other topical
agents.95 Antibiotics and BPO target P acnes and have
anti-inflammatory actions; unlike antibiotics, however, BPO has not been associated with the development of bacterial resistance. These antimicrobial
agents also have mild keratolytic effects by mechanisms that are different from those of retinoids (they
do not regulate the process of hyperkeratinization).95
Thus, the mechanism of action of topical retinoids
and antimicrobials are complementary. This may
explain why the combination yields superior results
compared with either drug class alone.
Clinical studies supporting retinoid-based
combination therapy. The concept of combining

a retinoid plus antimicrobial therapy was first investigated in the 1970s.96-99 Several early small studies
showed that the combination of a retinoid plus an
antimicrobialeBPO, topical antibiotics, and oral
antibioticsewas more effective than monotherapy
with the antimicrobial.96,99,100 For example, Mills
et al96 reported that the combination of tretinoin
plus oral tetracycline resulted in a good to excellent
response in 67% of patients vs 48% of those treated
with tretinoin alone and 41% of those treated with
tetracycline alone. Although these early studies are
cited as supportive data, this review focuses on the
results of newer studies because of the change in
standards for clinical trial design in dermatology
during the past few decades.
Review of combination therapy studies involving
topical retinoids and antimicrobial agents used together shows remarkably consistent results: combination therapy achieves significantly greater and faster
acne clearing versus antimicrobial therapy alone.
Topical retinoids with topical antimicrobials. Topical retinoids have been studied with topical antibiotics (clindamycin and erythromycin) and the
antimicrobial BPO, and fixed combination antibiotic/
BPO products (discussed in section below titled
‘‘Fixed-dose combination products’’).98-105 Generally,
topical combinations are indicated in patients
with mild to moderate acne with an inflammatory
component.91
Adapalene (level II evidence). Wolf et al105
evaluated the combination of adapalene gel 0.1%
plus clindamycin 1% gel versus clindamycin 1%
(plus adapalene vehicle) in a 12-week, randomized
study (n = 249) of patients with mild to moderate
acne. Combination therapy resulted in a more rapid
and significantly greater clearance at all study
visits.105
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Level II evidence supports the use of adapalene
or tretinoin plus topical antimicrobial agents; we
advise against any monotherapy with topical antibiotic and recommend limiting the duration of
topical antibiotics, even when used in combination
with retinoids, unless BPO is also used (level V
evidence).

Tretinoin (level III evidence). Similarly, the
combination of tretinoin gel 0.025% plus clindamycin gel 1% provided a numerically superior improvement in acne lesions compared with tretinoin alone
and a significantly superior improvement compared
with clindamycin alone in 64 patients at 8 weeks of
therapy.102 Shalita et al104 compared tretinoin 0.1%
microsphere with and without BPO 6% cleanser (n =
56) and found a significantly greater reduction in
inflammatory acne lesions with combination therapy
versus tretinoin alone, but no difference between
groups in reduction of noninflammatory acne lesions. Tolerability in the studies was similar between
groups.
Comparing retinoids in combination regimens with topical antibiotics (level IV evidence).
There have been few head-to-head comparisons of
different retinoids in combination regimens. However,
Tanghetti et al106,107 reported results from a randomized, parallel-group, investigator-blinded study of
clindamycin 1% gel plus either tazarotene 0.1% cream
or tretinoin 0.025% gel in patients with mild to
moderate acne (135 patients). The tazarotene regimen
was associated with greater improvements in overall
disease severity (change on 6-point scale: e1.64 6
0.97 with tazarotene vs e1.24 6 0.96 with tretinoin,
P = .04), a higher percent of patients with 50% or
greater improvement (Fig 2), and better global assessments (67% vs 55% of patients with at least ‘‘marked
improvement’’).107
Generally, combination therapy involving a topical
retinoid and other topical antiacne agents is well
tolerated. Cumulative irritancy data suggest that, among
the retinoids, adapalene is best tolerated in combination. Studies have compared the cumulative skin tolerance of topical retinoids (adapalene gel 0.1%, tretinoin
cream 0.025%, and tretinoin microsphere gel 0.1% and
0.4%) when applied in combination with topical antimicrobial agents (clindamycin 1%, erythromycin 2%,
BPO 5%, and erythromycin/BPO gel) in 37 patients
with irritancy testing on skin of the upper aspect of
the back.108,109 Adapalene gel was significantly
less irritating (P \ .001) after repeated application
compared with either tretinoin formulation when
used in combination with antimicrobial agents.108

Fig 2. Tazarotene .1% or tretinoin .025% gel plus clindamycin 1% gel. Percentage of patients with greater than or
equal to 50% and greater than or equal to 75% improvement at 12 weeks. Reprinted with permission from
Tanghetti et al.106

Level I evidence supports the use of adapalene
plus oral antibiotics in treatment of moderate or
moderately severe acne. Level III evidence supports
the use of tretinoin and tazarotene plus oral
antibiotics.

Topical retinoids plus oral antibiotics. As early as
1972, it was shown that topical tretinoin plus oral
tetracycline increased efficacy and provided a faster
therapeutic response compared with either agent as
monotherapy.96,101 Topical retinoids plus oral antibiotics are a suitable therapeutic choice for moderate to
severe or persistent acne. It is our opinion that oral and
topical antibiotics should not be used together because of an increased risk for antibiotic resistance and
low likelihood of additional efficacy. Controlled clinical studies have evaluated the combination of topical
retinoids with the oral antibiotics tetracycline, doxycycline, and lymecycline.96,101,110,111
Adapalene plus oral antibiotics (level I
evidence). Two well-controlled studies evaluated
the combination of adapalene plus an oral tetracycline (lymecycline and doxycycline).110,111 Both
studies showed that combination therapy was superior in both speed and efficacy versus the antibiotic
monotherapy. Significant differences between the
groups in total lesion reductions occurred as early as
the first postbaseline visit (week 4, P = .04).111
A large-scale community-based study has also
evaluated adapalene.112 In the MORE (Measuring
Outcomes in a Real-world Experience) Trial, which
involved 1662 patients, the most common additional
acne agents were oral antibiotics, antibiotic/BPO
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Level I evidence supports the use of fixed-dose
combination products that incorporate a retinoid/BPO, retinoid/antibiotic, or retinoid plus antibiotic/BPO in the treatment of acne.

products, and topical antibiotics.112 The results mirror those from controlled clinical trials, and demonstrate that combination therapies involving topical
retinoids are significantly more effective than antimicrobial regimens in routine, day-to-day clinical
practice.112 Short-term use of oral antibiotics is also
supported by data from Campo et al,113 who found
that the effect of antibiotics reaches a plateau after 3
months. This study emphasizes that the Global
Alliance recommendation to limit antibiotic therapy
to a period of no more than 3 to 4 months then
maintaining therapy with a topical retinoid can be a
highly successful strategy in routine clinical practice.
Tretinoin and tazarotene plus oral antibiotics
(level III evidence). Tretinoin was studied in the
1970s and 1980s (discussed above) and tazarotene in
a large community study in combination with oral
antibiotics.114-118 The open-label BEST (balancing
efficacy, speed, and tolerability) study evaluated various tazarotene regimens chosen at the investigator’s
discretion in 1118 patients with mild to moderate
acne.114-118 The most common additional acne agents
were systemic antibiotics, BPO, and topical antibiotics. The results showed that all combination regimens reduced both inflammatory (58%-61%) and
noninflammatory (56%-58%) lesions. All therapies
were also well tolerated.114 Leyden et al studied
tazarotene in combination with oral minocycline in
an open-label study that preceded a randomized
blinded maintenance study; the maintenance results
are reviewed in the section below. Results from the
initial open-label period were not published (JJ
Leyden, MD, oral communication, February 20, 2009).
Fixed-dose combination products. Because fixeddose combination agents are the newest development in acne management, more detailed reviews of
the studies supporting these agents are presented.
Topical retinoids have also been studied as part of
fixed-dose combination formulations with BPO (adapalene 0.1%/BPO 2.5%)119,120 and with topical antibiotics (tretinoin 0.025%/clindamycin 1.2% gel,
tretinoin 0.025%/clindamycin 1% hydrogel, and
erythromycin 4%/tretinoin 0.025% gel).121-126 In
addition, retinoids have been paired with antibiotic/
BPO fixed-dose combination products.124,127-131
Consistently across the studies, regimens that included a topical retinoid were more effective than
those without.

Fig 3. Response rates (percentage of patients with a
$ 50% reduction in lesion counts from baseline) with
adapalene/benzoyl peroxide (BPO) product, adapalene
monotherapy, BPO monotherapy, or vehicle. *Differences
between adapalene-BPO and all other treatments were
statistically significant for total (vs adapalene, P = .001; vs
BPO, P = .002; vs vehicle, P \ .001) inflammatory (vs
adapalene, P = .005; vs BPO, P = .005; vs vehicle, P = .001),
and noninflammatory lesions (vs adapalene, P = .001; vs
BPO, P = .004; vs vehicle, P = .012) at week 12 (intent to
treat population, last observation carried forward). Reprinted from Thiboutot et al119 with permission from the
American Acandemy of Dermatology.

Adapalene. Adapalene/BPO (level I evidence).
In 2007, clinical studies of a once-daily fixed-dose
formulation of adapalene gel 0.1% and BPO 2.5%
were completed. Currently, adapalene is the only
topical retinoid to be formulated with BPO.
Adapalene/BPO has greater efficacy than monotherapy, with differences in lesion counts observed after
1 week in clinical studies.119 It is thought that
adapalene and BPO have synergistic actions, because BPO is the most potent bactericidal agent
against P acnes and adapalene, like other retinoids, is
comedolytic and anticomedogenic. Adapalene also
has anti-inflammatory and immunoregulating activity; it down-regulates the TLR-2 that is used by P
acnes to stimulate cytokine production and blocks
the AP-1 inflammatory pathway.29,132 Tenaud et al132
also have shown that the effect of adapalene on TLR2 increases CD-1d expression and decreases IL-10
expression by keratinocytes. In theory, these actions
could increase interactions between dendritic cells
and T lymphocytes, thereby enhancing antimicrobial
activity against P acnes.132 Adapalene-BPO targets 3
of 4 pathophysiologic factors and offers antimicrobial activity without antibiotic exposure.
Thiboutot et al119 conducted a multicenter, randomized, double-blind study of adapalene/BPO in
517 patients with moderate to moderately severe
acne. As shown in Fig 3, there were statistically
significant differences in response rates (P \.05). In
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Table III. Median percentage change in lesion counts at week 12 with adapalene/benzoyl peroxide,
adapalene, benzoyl peroxide, or vehicle
Treatment group
Adapalene/BPO
(n = 149) (1)

Success rate, %
Lesion count
Total*
Inflammatory
Noninflammatory

Adapalene
(n = 148) (2)

P value

BPO
(n = 149) (3)

Vehicle
(n = 71) (4)

(1) vs (2)

(1) vs (3)

(1) vs (4)

27.5

15.5

15.4

9.9

.008

.003

.002

51.0
62.9
51.2

35.4
45.7
33.3

35.6
43.6
36.4

31.0
37.8
37.5

\.001
\.001
\.001

\.001
\.001
\.001

\.001
\.001
\.001

Reprinted from Thiboutot et al119 with permission from the American Academy of Dermatology.
BPO, Benzoyl peroxide.
*Data of treatment groups are expressed as percentage change.

Fig 4. Effect on acne lesion counts of adding retinoid to
combination antibiotic/benzoyl peroxide (BPO) product.
Adapalene 0.1% 1 BPO/clindamycin versus adapalene
0.1% alone. From Del Rosso.130 Reprinted with permission
from the Journal of Drugs in Dermatology. Copyright
2007.

Fig 5. Effect on acne lesions counts of adding retinoid to
combination antibiotic/benzoyl peroxide (BPO) product.
Tazarotene 0.1% 1 BPO/clindamycin versus tazarotene
0.1% alone. From Tanghetti et al.128 Reprinted with
permission from the Journal of Drugs in Dermatology.
Copyright 2006.

addition, lesion counts were significantly lower in
the group treated with adapalene/BPO compared
with either agent alone or placebo, with a statistically
significant difference observed as early as week 1
(Table III). Similar efficacy was observed across all
patient demographics, including age, sex, and race.
The frequency of adverse events and cutaneous
tolerability for adapalene/BPO were comparable
with that observed with adapalene monotherapy.119
These results were confirmed in the phase III study of
adapalene/BPO (n = 1668).133 At the 12-week time
point, the success rate was significantly higher than the
monotherapy arms (P \.01 for all comparisons) and
the median reduction in total lesions with adapalene/
BPO was e61% compared with e50% each for the
adapalene and BPO arms and 32% for the vehicle arm
(P \ .001).133 In addition, adapalene/BPO again
demonstrated a significantly more rapid onset of
action than other treatment arms.133
The once-daily fixed-dose combination formulation of adapalene/BPO has also been evaluated during 12 months in 452 patients with acne.120 The fixeddose combination had good safety, with only mild to

moderate adverse events that typically occurred in the
first 1 to 2 months after initiation of therapy and
resolved spontaneously. Discontinuations were infrequent (2%) and cutaneous tolerability was good.
Sustained reductions in acne lesions were observed
(71%, 76%, and 70% reductions in total, inflammatory,
and noninflammatory lesions, respectively).120
Adapalene plus antibiotic/BPO products (level
III evidence). The regimen of adapalene plus
clindamycin/BPO products has also been evaluated.
In a multicenter, parallel group study, patients were
randomized to one of 3 groups: (1) clindamycin/BPO
for 4 weeks followed by clindamycin/BPO plus
adapalene gel; (2) monotherapy with adapalene gel
for 12 weeks; or (3) clindamycin/BPO plus adapalene
gel for the entire 12 weeks.130 Reductions in lesion
counts were greatest in the group that received
clindamycin/BPO plus adapalene from the initiation
of therapy for the full 12 weeks (Figs 4 and 5); in
addition, differences in the reduction of lesions were
apparent as early as week 2.130
Tazarotene. Tazarotene plus antibiotic/BPO
(level II evidence). Tazarotene has not currently
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been formulated with either a topical antibiotic or BPO
in a fixed-dose combination. However, it has been
studied in combination with BPO, erythromycin/
BPO, and clindamycin.127,128 Topical tazarotene 0.1%
gel as monotherapy was compared with combination
therapy in a large (n = 440) investigator-masked,
randomized, parallel-group study.127 Patients received tazarotene or one of the following combination
regimens: (1) tazarotene plus BPO 4% gel; (2) tazarotene plus erythromycin 3%/BPO 5% gel; or (3)
tazarotene plus clindamycin phosphate lotion. An
additional group received monotherapy with clindamycin lotion.127 Tazarotene plus clindamycin resulted
in significantly greater global improvement compared
with tazarotene monotherapy. When inflammatory
lesions alone were analyzed, tazarotene plus
erythromycin/BPO was significantly more effective
than other regimens. All combination regimens were
associated with fewer adverse events compared with
tazarotene monotherapy, although the differences
were not statistically significant.127
Tanghetti et al128 published the results of a 12week study of tazarotene monotherapy versus tazarotene plus a clindamycin/BPO product in 102 patients
with moderate to severe inflammatory acne. As
shown in Fig 5, B, the results from this study were
remarkably similar to the results obtained in the study
by Del Rosso130 evaluating the combination of
adapalene plus clindamycin/BPO. In addition, tolerability of the combination was good. Tanghetti et al128
commented that the reduced skin irritation experienced by patients in the combination group might be
expected to translate to better satisfaction.
Tretinoin. Tretinoin plus antibiotic/BPO (level
III evidence). Tretinoin has been studied with combination clindamycin/BPO products and is available
in fixed-dose combination products with topical antibiotics (tretinoin/clindamycin, tretinoin/erythromycin). Bowman et al129 reported the results of
a controlled trial comparing 3 treatments: (1)
clindamycin/BPO gel; (2) clindamycin/BPO gel
plus tretinoin 0.025% gel; and (3) clindamycin/BPO
gel plus tretinoin gel 0.025% plus clindamycin. In this
study, the triple combination was most effective in
reducing inflammatory lesions (69%) followed by
clindamycin/BPO (66%), then tretinoin plus clindamycin (52%); noninflammatory lesions also were
reduced to the greatest extent by the triple combination (61%), then clindamycin/BPO (57%), and tretinoin plus clindamycin (50%). All 3 treatments were
well tolerated, although there were more adverse
events in the triple combination group compared
with the other groups.129
Tretinoin/antibiotic products (level I evidence). In
the first report of a multicenter case series, Amblard

et al126 evaluated the efficacy and tolerability of a
tretinoin 0.025%/erythromycin 4% formulation. This
study of 347 patients with acne showed good efficacy, with clear or marked improvement in 85% of
cases. The authors noted that the onset of action
was rapid and tolerability was good.126 Later, Gupta
et al124 evaluated tretinoin 0.025%/erythromycin 4%
compared with an antibiotic/BPO combination
(erythromycin 3%/BPO 5%) in patients with moderate acne. The treatments had comparable efficacy
and both significantly reduced acne lesions.
Physicians and patients preferred the erythromycin
3%/BPO 5% product, which had better
tolerability.124
Several studies have investigated formulations
containing
clindamycin 1% and
tretinoin
0.025%.121,122,125 Richter et al122 studied clindamycin
1.2%/tretinoin 0.025% versus tretinoin 0.025% in 145
patients with moderate to severe acne. The combination product was significantly more effective than
tretinoin in resolving inflammatory lesions (P \.05)
and was as effective as tretinoin in reducing noninflammatory and total lesions. The onset of action was
faster with the combination product versus tretinoin
monotherapy. Cutaneous tolerability was similar
with the combination product and tretinoin monotherapy, with significantly less burning.122 Zouboulis
et al121 conducted a 12-week randomized study to
evaluate clindamycin 1%/tretinoin 0.025% versus
clindamycin 1% in patients with moderate to severe
acne. Again, the combination product was significantly more effective than monotherapy; but in this
case, reductions in inflammatory, noninflammatory,
and total lesions were all significantly superior (P \
.05). Onset of action was more rapid with combination therapy as well. Both treatments were well
tolerated.121
Leyden et al125 conducted two randomized, double-blind, active-drug and vehicle-controlled studies
of a tretinoin/clindamycin fixed combination product. A total of 2219 patients with mild to moderate
acne were randomized to treatment with clindamycin 1% (n = 635), tretinoin 0.025% (n = 635), the
combination product clindamycin/tretinoin (n =
634), or vehicle (n = 315) during a 12-week period.
The results showed that the combination formulation was superior to either agent alone and vehicle in
reducing inflammatory lesions (P \ .005), noninflammatory lesions (P # .0004), and total lesions
(P \ .0001). In addition, there was a significantly
greater proportion of patients at the end of the study
with clear or almost clear skin on Investigator Global
Assessment (P \ .0001) in the combination group
(37% vs 27% clindamycin, 25% tretinoin, and 14%
vehicle).125 The combination formulation was well
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Fig 6. Tretinoin/clindamycin clinical photograph from pivotal 12-week study. A, Baseline. B,
End of treatment. Reprinted with permission from Leyden et al125 with permission from the
American Academy of Dermatology.

tolerated. Fig 6 illustrates a patient from the study.125
An analysis of 6 controlled safety and efficacy studies
conducted with this product in Europe (n = 769)
between 1992 and 1997 also showed that the combination of clindamycin/tretinoin was superior to
either tretinoin or clindamycin monotherapy both in
reducing lesions and in the proportion of patients
who had a rating of clear or almost clear at the end of
the study.134
Community-based studies of tretinoin/antibiotic.
In the late 1980s, Korting and Braun-Falco135 reported
that erythromycin 4%/tretinoin 0.025% had good
efficacy and tolerability in 1337 patients treated by
general practitioners on an open-label basis. The
fixed-dose combination treatment effectively reduced
acne lesions and was well tolerated, confirming in a
general population what had been observed in clinical trials.135 Of note, patients with light complexions
or sensitive skin were advised to apply the treatment
every other day, and the authors reported that ‘‘tolerability was improved by reducing the applied
dose.’’135 Although combination products are convenient, tolerability remains an important factor.91,135
This was followed by a very large (n = 6530)
European surveillance study, in which Kreusch
and Bextermoller136 reported that erythromycin

4%/tretinoin 0.025% used alone or in combination
with other acne treatments resulted in a clear reduction in both inflammatory and noninflammatory
lesions. Tolerability was either good or very good in
the majority of cases.136 Although this study was
uncontrolled and did not report lesion count differences based on treatment regimen, the results indicate
that the combination product had good effectiveness
in the community.
Tolerability of retinoids with clindamycin/BPO.
Although head-to-head comparisons of the available
retinoids plus clindamycin/BPO combination products are lacking, a cumulative irritancy study has
been conducted. Dosik et al109 evaluated the irritation potential of adapalene gel 0.1%, tazarotene
cream 0.05%, and tretinoin microsphere 0.04% in
combination with both clindamycin/BPO formulations reported above in the United States.109 In this
study, adapalene resulted in significantly lower irritation compared with tretinoin and tazarotene (all
regimens P \.01).
Conclusions. Studies continue to demonstrate
the use of topical retinoids in combination regimens
for acne, thus supporting the Global Alliance recommendation that topical retinoids should be a
foundation in acne therapy for virtually all patients
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except those with the most severe disease. When used
from the initiation of therapy, topical retinoids significantly increase the speed of resolution of acne lesions.
Retinoids target the microcomedoethe initial step in
comedogenesis and formation of subsequent acne
lesions. When inflammatory lesions are present, an
antimicrobial agent such as BPO or an antibiotic should
be added to provide synergy and faster clearing.
Because of concerns regarding development of
antibiotic-resistant bacteria, it is our opinion that
antibiotics should be discontinued as soon as inflammatory lesions begin to resolve, usually within 3
to 4 months; if this is not possible, BPO or a
BPO/antibiotic combination product should be
added. The topical retinoid should be continued as
maintenance, alone or in combination with BPO.
Antibiotic resistance is a significant public health
issue worldwide. Use of antibiotics in acne increases
selective pressures on a wide range of microbial flora
(particularly when oral antibiotics are used), not just
P acnes. There is some debate as to whether resistance in P acnes should constitute a clinical concern.
It is the consensus of the Global Alliance that
prolonged antibiotic use can contribute to problems
that are clinically relevant, including the development of resistant staphylococci. Thus, the group
continues to recommend that antibiotic use for acne
be limited in duration. However, there are some
patients who experience an acne flare when oral
antibiotics are discontinued, despite continuing use
of topical retinoids; and there are some cases where
long-term oral antibiotic therapy is required as an
alternative to use of oral isotretinoin.
The advent of fixed-dose combination products
should result in improved convenience for patients
and, as a result, increased adherence. These agents
have been shown to enhance both efficacy and speed
of action. Because they target multiple pathophysiologic factors, they have broader disease effectiveness.
However, products or regimens that include topical
antibiotics without BPO (eg, the fixed-dose retinoid/antibiotic formulations) have the potential to increase bacterial resistance. The combination of a
topical retinoid plus BPO is a logical formulation,
because it targets 3 of 4 pathophysiologic factors and
the antimicrobial portioneBPOeis rapidly bactericidal without evidence of bacterial resistance. With
retinoid/antibiotic combinations, either BPO should
be added (we recommend a wash or leave-on product) or therapy should be changed to a retinoid with
or without BPO once resolution of inflammatory
lesions is apparent. Similarly, antibiotic/BPO preparations are not ideal in maintenance therapy because
of concerns regarding the potential for antibiotic
resistance over the long term.

In summary, the use of combination therapies
involving a topical retinoid from the initiation of
therapy has been confirmed to improve treatment
outcomes by achieving superior reductions in lesion
counts and faster resolution of lesions. It is sensible
to treat acne as quickly and efficiently as possible to
achieve the best possible patient outcomes, thus
improving patient satisfaction, limiting expense and
the development of sequelae such as scarring.
Does enough evidence now exist for using
lasers and lights to treat inflammatory acne?
In recent years, light-based treatments for acne
have gained some popularity. A range of treatments
are being investigated, including visible light, specific narrowband light, intense pulsed light (IPL),
pulsed dye laser (PDL), and photodynamic therapy
(PDT) with or without photosensitizing agents. Early
data suggest that these treatments offer greatest
utility when used as an adjunct to medical therapy
or for patients who refuse or cannot tolerate medical
therapy.
In 2003, the published literature about light-based
therapies was very sparse; therefore, the topic was
not covered in depth in the 2003 Global Alliance
recommendations.1 We present here an overview of
the currently available medical literature about lightbased treatments for acne treatment (the use of lasers
in acne scarring is treated later in this supplement).
Although progress has been made in the study of
light-based treatment of acne, to date, the existing
clinical studies have often lacked controls and
included only small numbers of patients. In addition,
very few studies have compared light-based treatments with standard and well-validated pharmaceutical treatments and none with the current
recommended therapy for most types of acnee
combination therapy with a topical retinoid plus
one or more antimicrobial agents.1,137 Further, little
information is available about long-term effects of
therapy. Much remains to be determined about the
optimal device, dosing, and frequency of administration for these procedures in active acne.
Approval of drugs versus devices. The US
FDA has approved several optical devices for the
treatment of active acne. However, clinicians must be
aware that the approval process for devices is
significantly different from that for drugs.
Regulatory clearance of a device should not be
considered to denote the same degree of safety and
efficacy that is now expected with regulatory clearance of a drug.
To be approved for marketing, a pharmaceutical
agent must be tested in pharmacokinetic studies,
toxicology and teratogenicity studies, and carefully
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CONSENSUS: More Data Are Needed to Define the Role of Laser and Light Therapy in Acne
Level of Evidence: V
d Available optical devices target P acnes or the sebaceous gland
o In vivo effects on P acnes have not been shown; are there other unknown mechanisms of action?
d

The regulatory approval process for devices is much less stringent than the familiar clinical testing process required
for approval of drugs
o Cannot assume safety and efficacy have been proven with devices based on regulatory approval

d

Existing studies are of variable quality
Clinical data on use of optical therapies are emerging and suggest that both may offer benefit in acne; currently the
evidence is not sufficiently robust to recommend any device be used as monotherapy in acne
Optimal strategies, frequencies, and device settings remain to be clarified

d

d

controlled multicenter clinical efficacy and safety
studies involving hundreds to a few thousand patients. In contrast, it is the norm for devices to be
approved without randomized clinical trial efficacy
data involving clinical outcomes. Device manufacturers typically have to provide evidence of technical
reliability and reasonable safety data, and may be
able to rely on mechanistic end points (eg, altering
sebaceous gland structure or reducing P acnes
levels) for efficacy. Further, the approval of some
devices can be achieved through a grandfathering
process that involves showing that the new device is
substantially equivalent to an existing approved
device.
Use of devices for indications that have not been
FDA approved (off-label use) has been recognized
by the FDA as a barrier to the initiation of randomized clinical efficacy trials. In some cases, the manufacturer, which typically sponsors clinical efficacy
trials, may have a diminished motivation to spend
thousands of dollars on clinical trials because physicians are already using the product in the desired
manner. These issues are not likely to change in the
near future, and it is important for clinicians to be
aware of the differences in approval processes.
Scientific rationale in active acne: Targets of
light-based therapies. In general, light-based
treatments have two primary therapeutic targets:
(1) reduction of P acnes levels; and (2) disruption
of sebaceous gland function (Table IV). Light may
also have anti-inflammatory properties via action on
inflammatory cytokines.138-141
Reduction of P acnes. As part of its normal
metabolism, P acnes produces light-sensitive porphyrin compounds (protoporphyrin, uroporphyrin,
and coproporphyrin III).137,142 These porphyrins
absorb visible light at several wavelengths, including
blue and red light wavelengths between 400 and 700
nm (Fig 7).142 Absorption of light excites the porphyrin compound, causing formation of singlet

oxygen and reactive free radicals. Oxygen radicals
are thought to damage lipids in the cell wall of P
acnes, destroying the organism.143 Similar to the
effect of antibacterial agents, reduction in P acnes
levels by light therapy may play a role in improving
acne lesions. Many light sources may affect P acnes,
including narrowband light sources, IPL devices
(broadband light), KTP lasers (532 nm), PDLs (585595 nm), and various orange/red light lasers or light
sources (610-635 nm); these light sources have
wavelengths that correspond to an absorption peak
of P acnes porphyrins. Longer wavelengths penetrate more deeply into the skin, but are less effective
at activating porphyrins.
Bacterial destruction may also be enhanced by use
of a photosensitizer with light therapy.144 Ashkenazi
et al145 showed that addition of aminolevulinic acid
(ALA) dramatically reduced bacterial viability in vitro
compared with untreated cultures (7 vs 2 orders of
magnitude).137 There have been conflicting reports
of the effects on P acnes in vivo. Horfelt et al146
reported no reduction in P acnes measurements in
skin surface biopsy specimens after PDT treatment of
patients with acne, whereas Yung et al147 found that a
single application of methyl aminolevulinate (MAL)
or hexyl aminolevulinate plus light transiently reduced the density of P acnes from bacterial skin
samples. Horfelt et al146 speculated that PDT may
have a mechanism of action in acne other than
eradication of P acnes, and Yung et al147 suggested
that ‘‘the prolonged antiacne effect of PDT relies on
factors independent of bacterial density.’’
Although it is known that light sources can target
bacteria, a robust bactericidal action has not been
shown with P acnes in vivo.148,149 Because there has
been no in vivo demonstration of an antimicrobial
effect, more research is needed to elucidate the
mechanism of action in acne. Treatments that affect
P acnes, including antibacterial agents and light
sources, generally are effective only when used
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Table IV. Targets of light-based treatments for acne
UVA/UVB
Blue light
Blue/red light
combination
Pulsed dye laser
KTP laser
ALA and photodynamic
therapy
Infrared lasers

P acnes
P acnes
P acnes
P acnes/sebaceous gland
P acnes/sebaceous gland
Sebaceous gland
Sebaceous gland

From Mariwalla and Rohrer.142 Copyright 2005. Reprinted with
permission of John Wiley & Sons, Inc.
ALA, Aminolevulinic acid; KTP, potassium-titanyl-phosphate;
P acnes, Propionibacterium acnes; UV, ultraviolet.

chronically; relapse occurs soon after cessation. In
acne, therefore, light-based treatments that primarily
target P acnes probably should be combined with
agents that affect comedogenesis, such as the topical
retinoids that inhibit formation of both comedones
and the microcomedo (precursor of all acne lesions).
Disruption of sebaceous gland function. Lightbased therapies can also target sebocytes and the
sebaceous glands.137,150 Destruction of the sebaceous
gland is possible, but may be detrimental to the
normal function of skin; lasers that have a temporary
effect on the sebaceous gland may be preferred.151
This concern, along with pain associated with longwavelength laser therapy, currently limit treatments
that target the sebaceous gland. A painless treatment
that temporarily disrupts sebaceous gland function
should provide significant benefit in acne.
Free oxygen radicals generated by application of
photosensitizers may damage the gland and eliminate or reduce sebum excretion for prolonged
periods of time; this shows the potential for
PDT.151 However, a study of MAL PDT using sebum
measurement found that this treatment was associated with a limited effect on sebum secretion.152
More study is needed to fully determine the effects of
photosensitizers on the sebaceous glands.
Indocyanine green (ICG) is a topical agent that
preferentially accumulates in the sebaceous glands,
but may also be harmful to the epidermis.150 This
agent plus a long-pulsed 810-nm diode laser has
been shown on biopsy specimen to produce selective necrosis of the sebaceous glands.153 The same
study also showed reduction in P acnes concentrations, which can occur as a secondary effect of
reduced sebum as has been shown with systemic
isotretinoin therapy.153,154 Bhardwaj et al150 suggest
that the combination of ICG plus laser causes both
photodynamic and photothermal effects.
Finally, long-wavelength near- and mid-infrared
lasers (eg, 1320-1540 nm) target the sebaceous gland.

Fig 7. Light absorption of porphyrins; highest peak is
around 400 to 420 nm, with smaller peaks between 500
and 700 nm. Blue light (415 nm) was used in several lightsource systems because of this absorption spectrum. L/M
cm, Light/mass per centimeter; Q band, radiofreguency
band of 36 to 46 gigahertz. From Mariwalla and Rohrer.142
Copyright 2005. Reprinted with permission of John Wiley
& Sons, Inc.

Heating the sebaceous gland with these lasers results
in a decrease in glandular size and sebum output.137
With typical safe pulses of near infrared light (1064nm laser), only modest heating of the sebaceous
gland occurs.137 Longer wavelengths cause thermolysis while preserving the epidermis.155 Recently,
Ross137 speculated that these lasers do not irreparably heat the sebaceous glands but rather damage the
gland by heating water in the surrounding tissue. The
long wavelength near- and mid-infrared lasers that
are available are associated with pain, particularly
when used in facial areas.
Disruption of sebaceous gland function may be
associated with a longer duration of action versus
reduction of P acnes. However, because there are
very few data about the long-term effects of lightbased therapies in clinical practice, validation of this
theory awaits controlled clinical trials. Additional
factors to consider with treatments that target the
sebaceous gland include the degree of damage to the
gland and the extent to which it recovers.
Evidence supporting use of light-based treatment in acne. Generally, it is agreed that welldesigned clinical studies include randomization, a
sample size large enough to make statistical inferences, controls such as inclusion/exclusion criteria
and control groups, treatment per protocol, and
blinding. Studies of light-based treatments in acne
should be evaluated with these design factors in
mind.
Narrowband light treatments. There is some evidence for the efficacy of blue light in the treatment of
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Table V. Studies on the use of blue light for mild to moderate acne vulgaris
Study and design

Treatment

Controlled
Tzung et al,163
23/wk for 4 wk; Split face,
randomized split face in
with half of face serving
facial acne (n = 31)
as control

Papageorgiou et al,164
randomized open label
in mild-moderate acne
(n = 107)

Elman and Lask,158 3 small
studies combined
(n = 46 total) split face,
dose response; full face,
open label; and split
face, double blind

No. of treatments

Results

8

Significant improvement
with light vs no treatment
(P \ .001); worsening of
nodulocystic nodules with
light treatment
4 Groups: (1) blue light; (2) Daily for 12 wk 76% Improvement in
inflammatory lesions with
mixed blue and red light;
(15 min for
blue-red light mix, 58%
(3) cool white light; (4) 5%
light therapy)
improvement in
BPO
comedones; blue-red
light statistically superior
to all other treatments at
most evaluations
High-intensity (405-420 nm)
8
Overall 80% response with
for 8-15 min 23/wk
significant reduction
(59%-67%) of
inflammatory lesions;
prolonged remission for 8
wk after therapy; no
adverse events or
discomfort reported

Uncontrolled
Tremblay et al,160 open
label in mild-moderate
acne (n = 45)

High-intensity blue light
(415 nm and 48 J/cm2) for
20 min 23/wk

8-16

Morton et al,161 open
label in mild-moderate
acne (n = 30)

LED light source (409-419
nm at 40 mW/cm2) for 1020 min

8

Omi et al,162 open label
in facial acne (n = 28)

High-intensity (405-420 nm)
for 15 min 23/wk

8

Kawada et al,159 open
label of mild-moderate
acne (n = 30)

High-intensity (407-420 nm)
for 15 min 23/wk

10

Shalita et al,156 open label High-intensity (407-420 nm)
for 8-15 min 23/wk
of mild-moderate acne
(n = 35)

8

Significant improvement on
global improvement
scoring system; 9 patients
completely cleared; 50%
of patients highly satisfied
with treatment
Reduction in inflammatory
lesions apparent at wk 5,
statistically significant at
wk 8; little effect on
comedones; well
tolerated
65% Improvement in acne
lesions; no bacterial
changes on PCR or culture
64% Reduction of acne
lesions; dryness reported
by two patients, no
treatment
discontinuations
Overall improvement in 80%
of patients; 68%
reduction in inflammatory
lesions; no side effects
reported

Follow-up, mo

1

3

2

2

3

2-3

2.5

1

BPO, Benzoyl peroxide; LED, light emitting diode; PCR, polymerase chain reaction.

acne (Table V); however, acne clearing is variable
among patients and relapse rates are high after
therapy is discontinued.137,143,156-164 There have
been 8 studies of blue light for treatment of mild to
moderate acne. All but one study were open label and
most involved relatively small numbers of patients

(typically 30-50/study). Further, the available studies
used different treatment regimens, so it is difficult to
determine the optimal duration of light exposure and
number of treatments. Four studies used a split-face
design, randomization, or blinding.157,163,164 Only
one study164 had an active comparator armeBPO
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There is level IV evidence for the efficacy of blue
light in the treatment of mild to moderate acne; it
should be noted that acne clearing is variable
among patients and relapse rates are high after
therapy is discontinued.

5%eand it was a therapy that would rarely be used
alone in treatment of acne according to current
recommendations for treatment.
The effect of blue light was greatest on inflammatory lesions. One study had active comparators (BPO
and mixed blue-red light); this study indicated that
the mixed blue-red light was superior to blue light or
BPO.164 Another randomized study (n = 25) suggested blue light was superior to topical 1% clindamycin; however, the efficacy of both treatments was
relatively modest (34% for light and 14% for clindamycin).165 Currently, there are not enough data to
support clinical recommendations about narrowband light systems.
Laser therapy. Lasers have become very popular
in the past few years for treatment of a variety of skin
conditions, from photoaging to acne. Like narrowband light sources, lasers may be used with or
without exogenous photosensitizers.166
The 1450-nm diode laser (level V evidence).
Small studies have reported positive results with
the 1450-nm diode laser system for acne treatment.155,167 A study of back acne suggested that
lesion counts were reduced for a prolonged period
(24 weeks).155 This laser treatment has been associated with pain (particularly in perioral areas or areas
with high concentrations of inflammatory lesions)
and erythema and hyperpigmentation in some patients.167 The device settings have varied between
studies, making it difficult to determine the optimal
regimen. Further, concomitant use of pharmaceutical
treatments was allowed in one study, making it
difficult to interpret results.
The 585-nm PDL (level V evidence). A 585-nm
PDL that targets oxyhemoglobin has also been
investigated for treatment of acne in two randomized
controlled studies using the same device settings,
with mixed results. Seaton et al168 reported that
inflammatory lesion counts were reduced by 49%.
In an editorial accompanying the study of Seaton
et al,168 Webster169 correlated the degree of success
with the laser to that achieved with BPO. Soon after,
however, Orringer et al170 reported no significant
improvement in acne. Both articles reported that the
treatment was well tolerated, with some reduction in
fluence occasionally needed because of discomfort
during treatment.168,170

Level IV evidence supports use of PDT in acne;
whereas existing studies suggest promise, conclusions are not possible because of the varying regimens and methodologies used.

Light therapy plus photosensitizers: PDT.
Three agents, ALA, MAL, and ICG, have been investigated for PDT of acne (Table VI). ALA is a prodrug
that converts in situ into protoporphyrin IX, a very
active porphyrin activated by blue, red, or green
light.137,145,171 ALA is relatively hydrophilic and has
limited ability to penetrate cellular membranes and
interstitial spaces.172 MAL is an ester of ALA that has
also been used as a sensitizer in treatment of acne
and other dermatologic diseases.146,171,172 MAL was
investigated because of its lipophilicity, which was
expected to translate to greater penetration into
target lesions.171 Indeed, Fritsch et al173 found that
MAL was more selective than ALA for abnormal skin
lesions. The accumulation into glands depends on
both vehicle and application time; significant accumulation with ALA and MAL occurs within 3 to 4
hours.137 PDT has been implemented with continuous wave light sources, IPL, and PDL.
Several studies have reported on the use of PDT
in treating acne (Table VI).146,151,166,171-183 Areas
treated with a photosensitizer plus light show significantly greater improvement in acne severity and
significant decreases in P acnes populations and
sebum production relative to control areas.151 In
addition, results have been sustained for 10 weeks
after a single treatment and up to 20 weeks after
multiple treatments.151 Adverse effects that may
occur during and immediately after treatment include acne flare, erythema (sometimes persistent),
hyperpigmentation, exfoliation, edema, pain, burning, and itching.
ICG dye, another photosensitizer currently being
investigated for PDT of acne, absorbs light strongly at
approximately 800 nm and is selectively concentrated in sebaceous glands when applied topically in
a microemulsion.153 Lloyd and Mirkov153 treated
patients with an application of an ICG microemulsion followed by exposure to a 50-millisecond
pulsed diode laser with 4-mm spot size emitting
810-nm light with a total fluence of 40 J/cm2.
Although the patient population was not described,
treatment was applied to a 10- 3 10-cm area and
followed by 24-hour occlusion. The treatment improved acne symptoms (although the degree of
improvement was not reported) and produced histologically visible damage to sebaceous cells, with
no noticeable adverse effects.153

Incubation
time (h)

No. of
treatments

Itoh et al174 (n = 13, intractable acne with
history of several years’ treatment with
various agents); open-label, uncontrolled
study

ALA

4

1

Halogen (600-700 nm)

Gold et al175 (n = 20, moderate-severe acne);
open-label, uncontrolled study

ALA

1

4

IPL

Goldman and Boyce176 (n = 22, mildmoderate acne); open-label, uncontrolled
study

ALA

0.25

2

Blue

Gold et al177 (n = 19, moderate-severe
inflammatory acne)

ALA

0.25-0.5

4

Pulsed light source
420-950 nm

Hongcharu et al151
(n = 22, mild-moderate back acne);
randomized to single or multiple
treatment, open-label study

ALA

3 with
1 or 4
occlusion

Broadband
(550-700 nm)

Taub178 (moderate-severe acne)

ALA

0.25-0.5

Blue or 580-1000 nm
with RF

Alexiades-Armenakas166
(mild-severe acne)

ALA

0.75

Horfelt et al179
(n = 30 moderate-severe acne);
prospective, randomized, blinded
placebo-controlled multicenter study
Wiegell and Wulf171 (n = 15, mild-moderate
inflammatory acne); randomized,
controlled, investigator-blinded study

MAL

3

ALA vs MAL

3

2-4

Light source

Mean 2.9, LP PDL (595 nm)
range
1-6
2
Red (635 nm)

1

Red (635 nm)

Results

Follow-up,
mo

6
New lesions reduced 1, 3, 6 mo after
treatment; improved facial appearance;
temporary edematous erythema,
epidermal exfoliation; acne lesions
returned in 6 mo
1,3
12/15 Patients responded to therapy; 50%
reduction in lesions at end of final
treatment; 68% reduction 4 wk after final
treatment; 72% reduction at 12 wk; no
adverse events or recurrences
32% (ALA PDT) vs 25% (light only)
0.5
improvement; 68% (ALA PDT) vs 40%
(light only) reduction in papule counts;
no significant adverse events
55% Reduction in inflammatory lesions;
2
38% reduction in noninflammatory
lesions
4.5
Significant inflammatory acne flare 3-4 d
posttreatment in all ALA-PDTetreated
patients, ‘‘statistically significant
improvement in acne’’ (percentage
change not reported)
4
1.75 Average improvement*; 11 of 12
patients with improvement had 50%
improvement and 5 had [75%
improvement; temporary erythema,
peeling
Clearance in all patients
Mean 6.4,
range
1-13
63% Reduction in inflammatory lesion
3
counts at 6 wk (vs 28% placebo); 54%
reduction at 12 wk (vs 20% placebo);
pain, erythema, and skin swelling
59% Median reduction in inflammatory
3
lesions in both treatment groups; more
severe adverse events with ALA
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Table VI. Studies on the use of pulsed dye laser for acne vulgaris

Yeung et al181 (n = 30, moderate acne);
randomized, split-face open-label
study

3

2

MAL

0.5

4

Horfelt et al146 (n = 15, mild-severe acne);
open, unblinded study

ALA

3

1

Taub182 (n = 22, moderate-severe acne);
randomized, open-label study

ALA

3

3

Haedersdal et al183 (n = 15, mild-moderate
acne); split-face, open-label study

MAL

3

3

Red

68% Reduction in inflammatory lesions
(MAL) vs no change in control
(P = .0023); no reduction in
noninflammatory lesions; moderatesevere pain in all active treatment
patients, 7 patients did not receive
second treatment because of adverse
events
IPL (530-750 nm)
At 12 wk, 65% reduction in inflammatory
lesions vs 88% in control group; 38%
reduction in noninflammatory vs 15%
increase in control; 25% of patients in
PDT group withdrew because of adverse
events
Red light (dose-response
Percentage improvement not reported, by
study: varying doses
patient assessment, 8 improved after
based on anatomic area
treatment; hyperpigmentation and pain
more common with higher doses of light
and severity of acne)
Responses to IPL greatest and more
IPL (600-850 nm or
consistent than RF-IPL or blue light
580-980 nm) 1 RF or
blue light (417 nm)
Long-pulsed dye laser
PDT improved both inflammatory and
noninflammatory lesions to a greater
degree than laser alone

3

J AM ACAD DERMATOL

MAL (n = 21),
controleno
treatment
(n = 15)
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Wiegell and Wulf180 (n = 36, moderatesevere acne); randomized, controlled,
investigator-blinded study

3

2.5

3

3

ALA, 5 Aminolevulinic acid; ELOS, Electro-Optical Synergy (Syneron Medical Ltd, Yokneam, Israel); IPL, intense pulsed light; LP PDL, long-pulsed, pulsed dye laser; MAL, methyl aminolevulinate; PDT,
photodynamic therapy; RF, radiofrequency.
*Acne improvement on a scale of 0-4.
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With PDT therapy, it is very important to
educate patients about the need for sun avoidance/
protection after treatment for up to 48 hours. As the
techniques are refined, a variety of ALA concentrations and formulations, application times, vehicles,
and light sources may emerge, with a goal of
achieving selective accumulation of the photosensitizer in the sebaceous gland and not in the
epidermis.137
Light therapy plus medical therapy (level IV
evidence). To date, a few trials have evaluated laser
and light therapy in combination with medical therapy. As indicated by the study of Friedman et al167
discussed above, this is likely to be an effective clinical
approach, because the light therapy may speed resolution while the medical therapy prevents development of new lesions.137,184 Also, the efficacy of
pharmaceutical treatment of acne is well established;
it is our opinion that adding light-based therapy as an
adjunct to medical therapy makes sense until these
new treatments have been better validated.
A randomized controlled study185,186 used a 532nm variable pulsed laser with topical therapy in 175
patients with acne. Patients were randomized to
receive laser treatment alone (n = 25), laser treatment
plus cleansers and topical antiacne agents (topical
retinoids and salicylic acid) after completing 6 laser
treatments (n = 25), or laser treatment with cleanser
and topical acne therapy for the entire study duration
(n = 125). The results showed that combination
therapy involving both laser treatment and topical
therapy was most effective. The time to response was
slower in the group treated with laser therapy alone;
in addition this group had faster relapse rates compared with patients using combination therapy. Of
those treated with both medical and laser therapy,
more than 50% of patients maintained results for
longer than 4 months without requiring another
treatment.185,186
A second study186 evaluated a combination radiofrequency (RF)-IPL device in 50 patients with mild
to moderate inflammatory acne involving the face,
chest, back, and arms. Patients were treated with the
RF-IPL weekly for up to 6 sessions; settings were 12
to 20 J/cm2 optical fluence and 16 to 20 J/cm2 RF
fluence. Patients also were treated with topical
agents (topical retinoids and salicylic acid) and
cleansers, with a goal of targeting comedones.
Noticeable improvement was reported in 80% to
90% of patients after the second treatment, with
significant improvement in lesion counts after the
fourth treatment (70%-80% reduction in inflammatory lesions).186
Summary. The current literature consists mainly
of small uncontrolled studies with a body of evidence

that is miniscule compared with that compiled with
medical treatments of inflammatory acne.187 In 2008,
Haedersdal et al187 conducted a systematic review of
the topic of optical treatments in acne and found 16
randomized controlled trials altogether spread
among 6 different types of interventions (PDT, IPL,
infrared lasers, broad-spectrum light sources, PDLs,
and KTP lasers). Given that each type of intervention
has multiple available devices and protocols, it is
clear there is a very limited evidence base for any of
the treatments. Nonetheless, it seems that the use of
lasers and light therapy alone or with photosensitizers offer promise. In the available studies, remission tends to be incomplete and relapses frequent.
Long-term remissions have only been reported with
photosensitizers in combination with deeply penetrating red light; however, this regimen is associated
with significant side effects. Therapies that target P
acnes (if any demonstrate an in vivo effect) will need
to be administered on a regular basis or be used in
conjunction with medical therapy. Treatments that
target sebaceous glands offer the potential for longterm results.
Narrowband light therapies are typically well
tolerated and conveniently administered; however,
these treatments seem to target primarily inflammatory lesions. Again, this argues for use in combination with medical treatments, such as topical
retinoids, that have anticomedogenic and comedolytic effects. Other light-based therapies are less well
tolerated and are associated with pain and photosensitizing reactions.
In our opinion, some laser and light therapies for
acne may not be as useful in patients with darker
skin tones because ultraviolet penetration is partially filtered by melanin. Therefore, if the therapeutic rationale is that the light source penetrates
into the skin to exert an effect on acne, then benefit
is as not likely in individuals with dark pigmentation. Specific studies in patients with dark skin
tones are needed.
Laser procedures vary widely in cost but are
generally quite expensive. In many cases, lightbased therapies are not covered by health insurance;
thus, cost may be a limiting factor for widespread use
of these new treatments.137 Postprocedure care is
important to optimize outcomes, and should include
retinoids to maintain results, moisturizers, and sunscreens plus depigmenting agents as needed to
prevent hyperpigmentation.
There is an important need for scientific evaluation of light-based therapies for acne based on
evidence collected from clinical trials during a long
period of time and compared with pharmaceutical
regimens. Also, training programs regulated by
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CONSENSUS: Topical Retinoids Should Be First-line Agents in Acne Maintenance Therapy
Level of Evidence: V
d Data from controlled studies show topical retinoid therapy can maintain improvement achieved with combination
therapy
d Topical retinoids are a logical choice for maintenance therapy
o Target microcomedo and prevent formation of both comedones and inflammatory lesions
o Do not create selective pressure on bacteria
o No known additional safety issues with long-term use versus short-term use
d

d

These recommendations are for patients with mild to moderately severe acne; a different approach may be
required for patients with more severe acne or extensive truncal acne
Long-term use of antibiotics should be avoided

medical boards should be created to help insure the
most appropriate use of these devices. Use by
untrained physicians and nonmedical personnel
should be rigorously discouraged on a national level.
Although some recommendations for clinical use
of light-based therapies have been given here, the
members of the Global Alliance agree that more data
are needed before the role of lasers and light treatments in inflammatory acne can be assessed. Before
any of these technologies can be viewed as standard
treatments for acne, they need to mature and be
tested in large, well-designed clinical trials and by
experience in normal clinical practice.
The role of topical retinoids in acne
maintenance therapy
Clinicians who treat patients with acne know that
acne lesions typically recur for years.2,188 Also,
lesions return soon after cessation of active treatment.189 Therefore, maintenance therapy to reduce
the potential for recurrence of visible lesions is an
attractive option. However, maintenance therapy in
acne has only recently been the subject of controlled
studies.
In the decades since the efficacy of antibiotics
against acne became known, these agents have
commonly been used for prolonged periods in
patients with acne. But in recent years, there has
been increasing concern about long-term use of
antibiotics because of the increasing worldwide
prevalence of drug-resistant pathogens.57 In addition, an improved understanding of acne pathophysiology has suggested to acne experts that antibiotics
may not be the best class of therapy in terms of
mechanism of action for maintenance. Antibiotics do
not prevent the development of microcomedones,
the subclinical precursors to both inflammatory and
noninflammatory acne lesions. In contrast, topical
retinoids do target microcomedones and macrocomedones and are comedolytic. Thielitz et al189

used cyanoacrylate strips from the face to evaluate
the effect of topical retinoid therapy on the development of closed comedones and microcomedones
(Fig 8).1 As shown, microcomedones significantly
decreased during therapy but rebounded almost
immediately after discontinuation of the topical retinoid. In contrast, reductions in comedo counts
continued during the 4-week follow-up after cessation of therapy; this probably reflects normal skin
turnover.1,189 However, the presence of microcomedones signals that acne lesions develop even while
older lesions resolve.
Theoretically, therefore, topical retinoids might
be preferred as maintenance therapy because topical
retinoids have the ability to prevent the development
of new acne lesions and to resolve existing lesions.1
When discussing maintenance in acne, it is important
to emphasize the lack of definitions surrounding the
topic. For example, is a therapy only to be considered maintenance if the acne has completely cleared?
Or is there a level of clearing that can be considered
adequate for beginning maintenance therapy? The
members of the Global Alliance have discussed the
issue of definitions and terminology, but have not
reached a clear consensus. Depending on the severity of inflammation, an additional antimicrobial agent
may be needed and the Global Alliance recommends
BPO or a BPO-antibiotic combination product as the
first-line antimicrobial for maintenance with topical
retinoids because BPO is a highly effective agent
against P acnes and has not been shown to induce
bacterial resistance.1
Until recently, there has been no study of maintenance therapy in acne; several controlled clinical
trials have now been published that provide favorable evidence of the benefits of topical retinoid
monotherapy as maintenance. This is an excellent
beginning, but the members of the Global Alliance
believe there is a need for more studies to determine optimal maintenance regimens. Other issues
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Fig 8. Effect of topical retinoid therapy on closed comedones and microcomedones. Data from
Thielitz et al.189 Reprinted from Gollnick et al1 with permission from the American Academy of
Dermatology.

that should be addressed include creating a standardized definition of successful maintenance, determining the most appropriate patient populations
for maintenance therapy, and identifying the ideal
length of observation of patients. The studies
available to date have used different types of
patients, different initial therapies (but always a
combination of a topical retinoid and an antibiotic), and, most importantly, different methods of
analyzing the maintenance phase. The high rate of
patients who were successfully maintained on
vehicle in some studies may in part reflect the
difference in threshold for success/failure or perhaps a reservoir or residual effect from the initial
therapy. In future studies, it would be useful to
present data on the proportion of patients who
were able to maintain a defined level of improvement (eg, 50% from baseline).
Clinical studies of topical retinoids as maintenance therapy. To date, adapalene regimens
have been most extensively studied as maintenance
in acne.12,14,94,190 One clinical trial evaluating tazarotene13 and one study involving maintenance with
tretinoin after oral tetracycline and tretinoin topical
treatment have been published.191 Long-term use of
adapalene has been studied, both with adapalene
0.3% and adapalene 0.1%/BPO 2.5%.120,192 The
recent maintenance therapy studies are summarized
in Table VII.
In the majority of these studies, topical retinoid
monotherapy has been evaluated after an initial 12week period of combination therapy involving a
topical retinoid plus an oral or topical antibiotic.
Bettoli et al193 also studied the use of a topical
retinoid after oral isotretinoin therapy. The studies
have ranged from 3 to 12 months; however, the two
longest studies (6 and 12 months, respectively) did
not include a control arm.12-14,94,190,191,193
Adapalene. There have been 4 controlled and
two uncontrolled studies of adapalene gel 0.1% as
maintenance therapy (Table VII).12,14,94,190 In

There is now level II evidence (multiple controlled studies) to support use of topical retinoid
monotherapy as maintenance in acne. To minimize
antibiotic resistance, long-term therapy with antibiotics is not recommended (level V evidence). If
antimicrobial effect is desired, addition of BPO to
topical retinoid therapy is preferred (level V
evidence).

addition, one study assessed the effect of adapalene
gel 0.1% on microcomedones and two others evaluated the long-term use of adapalene gel 0.3% and
the novel combination product adapalene gel
0.1%/BPO 2.5%.94,120,192
The first controlled study of adapalene gel 0.1%
evaluated the effects of adapalene gel 0.1% versus no
therapy for 12 weeks as maintenance therapy in 241
patients with moderate to moderately severe acne.12
Adapalene maintenance therapy was associated with
a significant and continuing reduction in lesion
counts (P \ .01 through weeks 20-24) (Fig 9).12
Rebound of acne lesions was apparent within 4 to 8
weeks after cessation of therapy in the group receiving no maintenance therapy. This study did not
report data on the proportion of patients who were
successfully maintained.12
Second, Thiboutot et al14,111 reported a 16-week,
randomized, vehicle-controlled maintenance study,
also conducted as follow-up to a controlled combination therapy study. At the end of the acute phase
study, patients in the combination therapy group
achieved a median 61% reduction in total lesions,
65% reduction in inflammatory lesions, and 60%
reduction in noninflammatory lesions.111 Those in
the doxycycline monotherapy group had reductions
of 45.3% in total lesions, 58.5% in inflammatory
lesions, and 40.5% in noninflammatory lesions.111
Patients who achieved at least a moderate improvement were allowed to enroll in the maintenance
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therapy study; this included 82% of patients from the
combination study.111 At time of entry into the
maintenance phase, patients had achieved a degree
of clearing similar to that seen in routine clinical
practice when maintenance therapy would be
considered:
d

d

All patients had severe acne at combination study
baseline.
When they were enrolled in the maintenance
study, there were no patients with severe acne:
only 28% of patients had moderate acne and 72%
of patients had mild or minimal acne or were clear.

During the maintenance phase of the study,
adapalene was significantly superior to vehicle in
maintaining improvement (Fig 10); vehicle was associated with a maintenance effect in about half of the
patients, although this was significantly (P \.001) less
than the effect of adapalene.14 A subsequent analysis
was conducted to determine the percentage of patients who maintained the acute-phase treatment
effect at various levels while in the second phase of
the study. As shown in Fig 11, more than half of
patients were able to maintain 90% of their clearing
while on adapalene maintenance therapy. The post
hoc analysis also showed that maintenance of at least
50% reduction in lesions was significantly more
frequent in adults ([20 years of age, P = .035), but
there was no relationship between successful maintenance and sex or race. In addition, the number of
acne lesions at baseline was correlated with successful
maintenance therapy, with success more likely with
increasing number of lesions before treatment.152
Patients completed a 5-question survey about satisfaction with treatment; there were significantly more
patients in the adapalene group who indicated they
were satisfied or very satisfied with effectiveness (75%
vs 58%, P = .001) and overall maintenance (76% vs
65%, P = .01).14
In a third study, which was also vehicle controlled, 12-week maintenance therapy was given
after either combination adapalene-lymecycline or
lymecycline plus gel vehicle.8 Success rates were
significantly greater (85% vs 64%, P = .0049) in
patients receiving adapalene versus those receiving
vehicle.190 Assessments of global severity at the end
of the study showed mild acne in more patients
treated with adapalene (82.2% vs 68.3%) and moderate acne in fewer patients treated with adapalene
(17.8% vs 31.7%) compared with vehicle. The local
cutaneous tolerability was excellent for both groups,
with most patients experiencing either mild or no
irritation.190 In all studies, there was a pattern of
gradual rebound of acne lesions in patients who
were untreated or treated with vehicle, whereas acne

lesion counts remained stable or decreased in
patients treated with adapalene.
In the fourth controlled study, Thielitz et al94
evaluated the effect of maintenance therapy with
adapalene gel 0.1% on microcomedones counts
assessed by cyanoacrylate stripping. In this singlecenter study, eligible patients had mild to moderate
acne with at least 250 microcomedones/cm2 at the
screening visit. Cyanoacrylate strip sampling was
performed at baseline, week 8, and week 20. Both
adapalene regimens (once daily or every other day
compared with vehicle) were significantly superior
(P\.05) in reducing microcomedones counts versus
vehicle.94 As shown in Fig 12, this study very closely
replicates the results obtained by Thielitz et al189
in 2001.
Bettoli et al193 evaluated the use of adapalene as
maintenance after discontinuation of oral isotretinoin in 74 patients. In this 12-month study, 6.7% of
patients had a recurrence of acne defined as an
increase in acne severity by greater than or equal to
0.5 on the Leeds scale or patient request for treatment.193 This compares favorably with published
reports of acne recurrence after isotretinoin therapy
(range 12%-39%).194-199
Results from long-term studies. Two long-term
studies have been conducted that were not specifically designed as maintenance studies but provide
additional evidence supporting the concept of maintenance therapy, because acne is often a chronic,
relapsing disease.120,192 The efficacy and safety of
adapalene gel 0.3% was evaluated in a 12-month,
open-label study (551 patients enrolled); 167 of
patients completed the 12-month study.192 Patients
applied adapalene gel 0.3% once daily to the face for
12 months. By the end of the study, total lesions were
reduced by 76.5%, inflammatory lesions by 77%, and
noninflammatory lesions by 78.3% (Fig 13).192
Similarly, Pariser et al120 evaluated the long-term
efficacy and safety of the adapalene 0.1%/BPO 2.5%
fixed-combination product in a 12-month study of
452 patients with acne. Clinically significant improvements in acne were apparent as early as
week 1; at study end, the reductions in total lesions
were 71%, in inflammatory lesions were 76%, and in
noninflammatory lesions were 70%.120 Adapalene/
BPO was well tolerated, with mild to moderate
adverse events occurring in the early part of the
study and resolving with continued use of the study
medication.120
Tazarotene. In a randomized, parallel-group
study, Leyden et al13 evaluated the efficacy of 3
maintenance regimens involving tazarotene gel
0.1%. Patients with an improvement of greater than
or equal to 75% during the combination treatment

Study

Adapalene
Zhang et al12
(N = 241)

Design

Treatments

Thiboutot et al14
(N = 253)

Randomized, investigatorblinded, parallel group,
vehicle-controlled, 16-wk
study in severe acne
To enter, at least moderate
improvement needed during
earlier 12-wk treatment study

Alirezai et al190
(N = 136)

Randomized, investigatorblinded, parallel-group,
vehicle-controlled 12-wk
study in moderate to
moderately severe acne

Change in total lesion counts
Adapalene: e41.6%
d No treatment: 192% P \ .01
Change in inflammatory
lesion counts
d Adapalene: e41.7%
d No treatment: 197.1%
Change in inflammatory
lesion counts
d Adapalene: e40.8%
d No treatment: 187.7%
Global assessment
d Adapalene: further improved,
much improved/clear in
67.2% of patients
d No treatment: improvement
in 4.2% of patients

Adverse events:
Adapalene
was well tolerated

Maintenance phase
d Adapalene gel 0.1% once
daily (N = 126)
d Adapalene gel vehicle once
daily (N = 127)
Earlier treatment phase
d Adapalene gel 0.1% 1
doxycycline 100 mg
d Doxycycline 100 mg 1 gel
vehicle
d 12 wk

Maintenance success
(sustained 50%
improvement in lesion
counts)
75% in Adapalene group vs
54% in vehicle group (P \ .001)
Global assessment success
(clear/almost clear)
d Adapalene: 27%
d Vehicle: 16% P = .005
Lesion counts at end point
Significantly lower with
adapalene vs vehicle (total,
P = .005; inflammatory,
P = .01; noninflammatory,
P = .02)

Tolerability
Excellent in both groups
Worst scores \1 (mild) at all
time points during study

Maintenance phase
d Adapalene gel 0.1% once
daily (N = 73)
d Adapalene gel vehicle once
daily (N = 63)

Maintenance success
(sustained 50%
improvement in total
lesion counts)
d Adapalene: 85%

Tolerability
Excellent in both groups
Worst scores \1 (mild)
at all time points
during study

d
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Maintenance phase
d Adapalene gel 0.1% once
daily (N = 122)
d No treatment (N = 119)
Earlier treatment phase
d Adapalene gel 0.1% once
daily 1 clindamycin
solution 1% twice daily
d Clindamycin solution 1%
d 12 wk

Safety
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Randomized, controlled,
12-wk study in
moderate-moderately
severe acne
To enter, at least moderate
improvement needed
during earlier 12-wk
treatment study

Efficacy
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Table VII. Overview of maintenance therapy studies

Single-site exploratory study
with randomized,
investigator-blinded and
vehicle-controlled 12-wk
maintenance phase
To enter, successful completion
of earlier combination
therapy 8-wk study

Maintenance phase
d Adapalene gel 0.1% once
daily (N = 16)
d Adapalene gel 0.1% every
other day (N = 16)
d Vehicle once daily (N = 17)
Earlier treatment phase
d Adapalene gel 0.1% 1 BPO
2.5%, both once daily
d 8 wk

Percent change in
microcomedo count at
end of maintenance phase
compared with baseline
Adapalene every other day:
e53.5%
Adapalene once daily: e50.6%
Vehicle: e42.1%
P \ .05

Good tolerability

Maintenance phase
Tazarotene gel 0.1% once
daily (N = 36) 1 placebo
d Minocycline 100 mg twice
daily (N = 37) 1 vehicle
d Tazarotene gel 0.1% once
daily 1 minocycline
100 mg twice daily
(N = 37)
Earlier treatment phase
(N = 189)
d Tazarotene gel 0.1% 1
minocycline 100 mg
twice daily
d 8 wk

All regimens equally
effective:
d 81%-87% of Patients with
$ 50% improvement
from baseline
d 54%-70% of Patients with
$ 75% improvement
from baseline
NS
Reductions in lesion counts
Noninflammatory
d Tazarotene: 60%
d Minocycline: 52%
d Tazarotene 1 minocycline: 64%
Inflammatory
d Tazarotene: 54%
d Minocycline: 66%
d Tazarotene 1 minocycline: 66%
NS

All regimens were well
tolerated
Maximum scores none for
burning and pruritus and
trace for peeling,
erythema, and dryness

Randomized, parallel-group,
double-blinded 12-wk study
To enter, $ 75% improvement
from baseline at end of
combination therapy phase

BPO, Benzoyl peroxide; NS, not significant.

d

d
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Tazarotene
Leyden et al13
(N = 110)

Earlier treatment phase
d Adapalene gel 0.1% 1
lymecycline 300 mg,
both once daily
d Lymecycline 300 mg 1 gel
vehicle, both once daily
d 12 wk
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Thielitz et al94
(N = 49)

Vehicle: 64%
P = .0049
Global severity
Stable in adapalene group,
worsened in vehicle group

Discontinuation rate
Adapalene: 6.8%
d Vehicle: 20.6%

To enter, at least moderate
improvement
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Fig 9. Change in lesion counts during initial treatment and maintenance phases. *P \ .01.
Reprinted from Zhang et al12 with permission of the publisher (Taylor & Francis Group,
http://www.informaworld.com).

Fig 10. Maintenance rates (percent of patients maintaining $ 50% of improvement in lesion counts) with
adapalene gel 0.1% or gel vehicle. *P \ .05; **P \ .001.
Reprinted with permission from Thiboutot et al14 copyright ª 2006 American Medical Association. All rights
reserved.

phase were randomized to 12 weeks of maintenance
therapy with tazarotene plus placebo capsules (n =
36), minocycline plus tazarotene vehicle (n = 37), or
tazarotene plus minocycline (n = 37).13 A total of 83%
of patients both completed the acute phase and had
the required degree of clearing to enter the maintenance phase (n = 114). All 3 regimens effectively
maintained the improvement achieved during the
initial open-label combination treatment (Fig 14).
There were no significant differences between
groups for several variables, including: mean overall
disease score, percent of patients with greater than or
equal to 50% or greater than or equal to 75% global
improvement from baseline (around 80% and from
54%-70%, respectively), reduction in acne lesions
from baseline, or percent of patients with good or
excellent maintenance (eg, those who maintained
their lesion count reduction throughout the second

Fig 11. Maintenance success stratified by degree of
maintenance and treatment regimen in acute and maintenance treatment periods.

12-week phase). However, regimens containing
minocycline were slightly better in maintaining a
good response with inflammatory lesions. No statistically significant differences were found.13
Maintenance studies should indicate the degree to
which clinical improvement is preserved. In this
study, the proportion of patients who maintained
greater than or equal to 50% global improvement
from baseline were: 81% in the tazarotene group,
81% in the minocycline group, and 87% in the
combination therapy group.13 Further, more than
75% global improvement from baseline was reported
in 54% of those in the tazarotene group, 68% in the
minocycline group, and 70% in the combination
therapy group.13
Tolerability was acceptable with all regimens; in
the initial treatment phase, the most common adverse events included burning (3%), peeling (3%),
and erythema (2%). During the maintenance phase,
there were no adverse events considered probably
related to study medication.13
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Fig 12. Median microcomedone counts. Difference in
change at week 20 from baseline was statistically significantly in favor of both adapalene groups versus vehicle.
BPO, Benzoyl peroxide; QD, once daily; QoD, every other
day. Reprinted with permission from Thielitz et al,94
published by Wiley-Blackwell Publishing.

Achieving best results with maintenance
therapy (level of evidence: V). For a successful
long-term treatment, any acne maintenance therapy
must be tolerable, appropriate for the patient’s lifestyle, and convenient. As discussed above, the
effectiveness of topical retinoids against existing
lesions and subclinical precursor lesions provides
the rationale for using this class of drug as maintenance in addition to the avoidance of long-term
antibiotic use. Topical retinoids are available in a
variety of concentrations and formulations; these
should be selected for optimal comfort and compatibility with the patient’s daily routine. Use of a gentle
cleanser and a noncomedogenic moisturizer can
help protect the skin barrier and minimize irritation.
Education about the pathophysiology of acne can
enhance the likelihood that a patient will adhere to
maintenance therapy. Understanding how acne lesions arise and the goal of preventing microcomedo
formation can encourage the patient to treat asymptomatic skin and to adhere to the treatment strategy.
Discussing other positive effects of topical retinoid
use, such as skin-repairing effects on collagen structure in the papillary dermis and on postinflammatory
hyperpigmentation, may be useful with adult patients. However, the psychosocial benefits of clearer
skin may be the most compelling reason for consistent maintenance therapy. Finally, explaining that
acne is for many people a chronic disease that
requires acute and maintenance therapy for remission may also be helpful for many patients.
The natural history of acne suggests that maintenance therapy should continue during a period of
months to years depending on the patient’s age.
Exploration of the patient’s previous experience with
acne medications and current use of cosmetics can
be useful in selecting the best agent, formulation,

Fig 13. Change in lesion counts during 12 months of
adapalene 0.3% therapy. From Weiss et al.192 Reprinted
with permission from the Journal of Drugs in Dermatology. Copyright 2008.

Fig 14. Topical retinoid versus oral antibiotic or combination maintenance therapy. Reprinted with permission
from Elsevier Inc from ‘‘Maximizing Results in the Treatment of Acne and Improving Facial Appearance’’ (Skin
and Allergy News. 2005;36:8-10).

and regimen needed to maintain the beneficial
effects of acne treatment.
Conclusions. Maintenance therapy to minimize
the likelihood of relapse after initial successful treatment of acne is important, given the chronic nature
of the disease. Use of a topical retinoid as monotherapy to maintain acne remission is a relatively
new concept for many clinicians. However, the
results of the clinical studies discussed in this article
show that topical retinoids are a good choice for
maintenance, as suggested by their mechanism of
action and shown by clinical data. Successful maintenance regimens must minimize development of
new clinical lesions, be well tolerated, and have a
low potential for evoking bacterial resistance; all of
these criteria are met by topical retinoids.
The majority of studies reported to date have
lasted 3 to 4 months and show a trend toward
continuing improvement with topical retinoid maintenance therapy and relapse when patients stop
treatment. Clinical experience indicates that a longer
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duration of maintenance therapy is likely to be
beneficial for many patients. Ongoing research will
help to define the optimal duration of therapy and,
perhaps, refine patient selection. Some patients with
significant inflammation may need to be treated with
a combination of retinoid and antimicrobial agent.
This should be further studied.
The fact that microcomedones are subclinical and
not apparent to the naked eye underscores the need
to apply topical therapies to the entire affected area.
This, in turn, suggests that any agent used for
maintenance therapy must be well tolerated. The
current studies are well done and interesting; however, future studies should include comparison of
several maintenance regimens in different patient
populations.
Management of acne scarring
Scars are a visible and, often, indelible reminder of
acne. This dreaded outcome of acne has a wide
variety of manifestations, from barely visible to
severely disfiguring, and can be a consequence of
even relatively mild acne; further, it is currently not
possible to predict which patient may scar and which
may not. Scarring can also arise from inflammatory
lesions or from self-manipulation. Although acne
scars create significant concerns for patients and
clinicians alike, there is currently no standardized
approach to management. This is, in part, a result of
the variable presentation of acne scars, which can
range from deep pitted ice-pick scars to large raised
hypertrophic scars. Management approaches include various types of resurfacing (chemical peels,
lasers, and lights), use of dermal fillers, and surgical
methods such as dermabrasion, subcision, and
punch excision. Individual scar characteristics, including color, texture, and morphology, determine
the treatment choice.200
The occurrence and incidence of scarring is not
well understood. Goodman201 has reported an 11%
frequency of acne scars in men and 14% in women
based on clinical examination by dermatologists;
however, patient interview by Poli et al18 showed
that 49% of individuals thought they had acne
scarring. Layton et al202 studied 185 patients with
acne and found some degree of facial scarring in 95%
and a higher likelihood of truncal scarring in men
versus women (P \.05). Layton et al202 also showed
a correlation between the severity of scars and the
duration of delay between the onset of acne lesions
and the start of treatment, emphasizing the need for
early aggressive therapy.
The considerable variation in scarring that occurs
in different individuals suggests that some people are
more prone to scarring than others. Scarring

frequently results from severe inflammatory nodulocystic acne but may also result from more superficial
inflamed lesions.21 Severity is related to both the
depth in the dermis/pilosebaceous unit where inflammation and wound healing occur and the duration of inflammation. Erythema and pigmentation
changes represent epidermal damage whereas
atrophic, hypertrophic, and keloidal scars indicate
dermal damage.201 (An in-depth discussion of pigmentation changes is beyond the scope of this article
and is not presented here.) Currently, there is no
predictive tool to identify patients who are likely to
develop acne scars.
Causes and types of scarring. The skin contour and color are most often altered in acne scars.
Light that strikes skin with contour changes causes
visible shadows; scars with steep rims have significant shadows and are most conspicuous whereas
those with shallow or beveled rims reflect less
shadow and are less noticeable.21 Color changes in
acne scars can include red, white, or brown; these
changes often diminish over time but do not always
completely resolve.201
Causes of scars. Scars form at the site of tissue
injury and may be hypertrophic or atrophic. Injury to
the skin initiates a cascade of wound healing events,
which progresses through 3 stages: inflammation,
granulation tissue formation, and matrix remodeling.203-205 Numerous cells, growth factors, cytokines,
and components of the extracellular matrix (mainly
MMPs and inhibitors of MMPs) are involved in the
process.
The first step in wound healing is coagulation and
inflammation. Blanching occurs secondary to
vasoconstriction for hemostasis. After the blood
flow has been stopped, vasodilation and resultant
erythema replace vasoconstriction. Melanogenesis
may also be stimulated. This step has an important
role in the development of postacne erythema and
hyperpigmentation. A variety of blood cells, including granulocytes, macrophages, and lymphocytes,
are activated and release inflammatory mediators,
which ready the site for granulation tissue
formation.203,205
In the second step, damaged tissues are repaired
and new capillaries are formed. New production of
collagen by fibroblasts begins approximately 3 to 5
days after the wound is created. Early on, the new
skin composition is dominated by type III collagen,
with a small percentage (;20%) of type I collagen.
However, the balance of collagen types shifts in
mature scars to be similar to that of unwounded skin,
with approximately 80% of type I collagen.203,205
Keratinocytes proliferate and migrate to the site,
closing the wound and eliminating the fibrin clot.
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CONSENSUS: Early, Appropriate Treatment Is Best to Minimize Potential for Acne Scars
Level of Evidence: V
d Scarring is often the primary concern of a patient with acne
d Classification systems have been developed and now help to standardize discussions about acne scars
d The treatment approach is usually determined by the scar characteristics and may involve resurfacing, surgical
revision, and use of dermal fillers; in many cases, topical retinoids are a useful adjunct to procedures in
management of scarring
d Two key modifiable factors are linked to acne scars: a time delay between onset of acne and effective treatment and
the extent/duration of inflammation
d Early appropriate treatment that is continued for as long as necessary is the best way to prevent acne scarring
d The progression of scarring despite aggressive traditional treatment is a primary rationale for use of oral isotretinoin

In the third step, which has a long duration
(weeks or months), fibroblasts and keratinocytes
produce enzymes including those that determine the
architecture of the extracellular MMPs and tissue
inhibitors of MMPs. An imbalance in the ratio of
MMPs to tissue inhibitors of MMPs results in the
development of atrophic or hypertrophic scars.
Notably, retinoids bind to apolipoprotein and inhibit
MMP production in acne lesions. These agents may
thus shift the balance of MMP:tissue inhibitors of
MMP back toward normal and reduce the likelihood
of scar development.28
When the healing response is too exuberant, a
raised nodule of fibrotic tissue forms; inadequate
response results in diminished deposition of collagen
factors and formation of an atrophic scar. Pigmentary
and vascular changes caused by acne are often
temporary; however, changes in texture caused by
disruption of collagen are often permanent.205
By examining biopsy specimens of acne lesions
from the back of patients with severe scars and
without scars, Holland et al206 found that the inflammatory reaction at the pilosebaceous gland was
stronger and had a longer duration in patients with
scars versus those without; in addition, the inflammatory reaction was slower in those with scars versus
patients who did not develop scars. They found a
direct link between inflammation and the development of scarring, suggesting that treating early inflammation in acne lesions may be the best method
to prevent acne scarring.
Types of acne scars. There are two general types
of acne scars, defined by tissue response to inflammation: (1) scars caused by increased tissue formation and (2) scars caused by loss of tissue.207
Hypertrophic scars. Hypertrophic and keloidal scars are associated with excess collagen
deposition and decreased collagenase activity.
Hypertrophic scars are typically pink, raised, and
firm, with thick hyalinized collagen bundles that

remain within the borders of the original site of
injury.205 The histology of hypertrophic scars is
similar to that of other dermal scars.203 In contrast,
keloids form as reddish-purple papules and nodules
that proliferate beyond the borders of the original
wound; histologically, they are characterized by thick
bundles of hyalinized acellular collagen arranged in
whorls. These scars may occur a long time after the
original injury or even without an obvious history of
preceding injury. Keloidal scars are more common in
darker-skinned individuals. Both hypertrophic and
keloidal scars may cause pruritus.203,205 Hypertrophic acne scars and acne-associated keloids occur
predominantly on the torso (upper and mid aspect of
back, sterna and clavicular areas, shoulders and
deltoids, and occasionally over the jaw angles). In
contrast, atrophic acne scars occur predominantly on
the face and rarely, if ever, on the back.
Atrophic scars. Atrophic acne scars are more
common than keloids and hypertrophic scars. Jacob
et al207 have proposed an acne scar classification
scheme that divides atrophic scars into 3 types:
icepick, rolling, and boxcar (Fig 15). They suggest
that the most important features of scars are width,
depth, and 3-dimensional architecture.207
d

d

d

Icepick: Narrow (\2 mm), punctiform, deep scars
are known as icepick scars. With this type of scar,
the opening is typically wider than the deeper
infundibulum (forming a ‘‘V’’ shape). Icepick
scars are often too deep to be managed with
conventional resurfacing options.
Rolling: Dermal tethering of the dermis to the
subcutis characterizes rolling scars, which are
usually wider than 4 to 5 mm. These scars give
a rolling or undulating appearance to the skin
(‘‘M’’ shape). Successful treatment of rolling scars
will eliminate the subdermal tether.
Boxcar: Round or oval scars with well-established
vertical edges are known as boxcar scars. These

S34 Thiboutot et al

J AM ACAD DERMATOL
MAY 2009

Fig 15. Novel classification system of 3 basic scar types:
icepick, rolling, and boxcar (superficial and deep). Yellow
reference line denotes depth of ablation and resurfacing
capability of carbon-dioxide laser. Green line represents
superficial musculoaponeurotic system (SMAS ) to which
fibrous bands adhere, creating rolling scars. Reprinted
from Jacob et al207 with permission from the American
Academy of Dermatology.

scars tend to be wider at the surface than an
icepick scar and do not have the tapering V
shape. Instead, they can be visualized as a ‘‘U’’
shape with a wide base. Boxcar scars can be
shallow or deep.207
Note, however, that acne scars are sometimes
mixed and are not always amenable to simple
classification.
Dréno et al208 created a grading scale to quantify
the severity of acne scars (Fig 16). This scale, known
as the ECCA scale (échelle d’évaluation Clinique des
cicatrices d’acné), is designed for use in clinical
practice with a goal of standardizing discussions
about treatment of scars.208,209 Goodman and
Baron209 also developed a quantitative global acne
scarring assessment tool. Like the ECCA scale,
Goodman score assigns points depending on the
type of scar and the number of scars present. This
system assigns fewer points to macular and mild
atrophic score compared with moderate to severe
atrophic scores. Hypertrophic scars are assigned
points based on the area of skin involvement.
Treatment of scarring (level IV evidence).
The objective of scar treatment is to give the skin a
more acceptable physical appearance. Resurfacing
techniques destroy the epidermis and allow re-epithelialization with collagen remodeling. They include chemical peeling, dermabrasion, laser
abrasion, selective photothermolysis, RF, and electrosurgery. Surgical techniques include excision,
punch elevation, and subcision. Dermal fillers may
be used to plump up atrophic scars, and makeup

may be used to conceal scars. For best results, a
combination of techniques and procedures may be
needed. In addition, treatment of scars may be
focused on a single scar; surgical techniques or fillers
may be suitable approaches in this caseeor to the
entire area of involvementewhen chemical peels,
laser therapy, or dermabrasion may be the treatment
of choice. Sometimes treatments will need to be used
sequentially. In this case, treatments targeted at
individual scars should precede treatments that
resurface the entire area. In addition, the later
resurfacing should be attempted only after full
recovery of any individually treated scars. Topical
retinoids can be used with procedures to enhance
healing, maintain results, and treat and prevent
pigmentary changes.210,211
Nonsurgical/resurfacing techniques.
Dermabrasion/microdermabrasion (level
IV evidence). Dermabrasion can provide effective
treatment for acne scars; however, it is associated
with significant pain and recovery time.207 In addition, a small group of patients develop hypertrophic
scarring after dermabrasion, and pigmentary alterations, hypertrophic or keloidal scarring, and milia
formation can occur.207,211 Dermabrasion usually
fails to improve icepick or deep boxcar scars.
Microdermabrasion is well tolerated but of limited
benefit in acne scarring. In a study of 10 patients with
acne scarring, use of microdermabrasion with a
topical retinoid was associated with a mild but
definite improvement.210 Use of microneedle arrays
(derma rollers) is becoming popular in some areas of
Asia to treat shallow acne scars. The microneedle
array consists of fine needles mounted on a cylinder;
the cylinder is rolled over target areas to lightly
wound the skin. Although it has not been rigorously
studied, this technique may provide an abrasive
effect that is similar to microdermabrasion. Fig 17
shows results after two sessions at 2-week intervals.
Chemical peels (level IV evidence).
Medium-depth chemical peels are most useful for
correcting small depressed scars; this approach
should not be used for ice pick scars or deep fibrotic
scars. Repeated light peels with Jessner solution, 20%
to 35% trichloroacetic acid (TCA), or glycolic acid
peels can improve mild scars.201 Home regimens of
peels plus topical retinoids also offer a small benefit
for patients with shallow, mild scarring.201 However,
for many patients with acne scars, improvement
from chemical peel is unsatisfactory.201 Lee et al212
reported a technique called chemical reconstruction
of skin scars, which incorporates focal application of
TCA applied by a sharp stick to icepick and deep
boxcar scars. The procedure is associated with good
clinical response in the majority of patients (82%
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Fig 16. A, The échelle d’évaluation Clinique des cicatrices d’acné (ECCA) grading scale. Total
score is directly correlated with scar severity. B, Types of acne scars assessed by ECCA grading
scale. Reprinted from Dréno et al208 with permission from S. Karger AG, Basel.

treated with 65% TCA and 94% treated with 100%
TCA), but should be performed with caution in darkskinned individuals because of the high risk of
prolonged postinflammatory hyperpigmentation.212
Medium-depth topical peels with glycolic acid or
TCA may be used alone or in combination with other
techniques such as optical treatments or injection of
dermal fillers.207 Deep peels (phenol) may also be an
option, but are more rarely used because of the
downtime required for healing and the potential for
complications and adverse events.
Laser treatment (level IV evidence). Lasers
of various wavelength and intensity may be used to
recontour scar tissue and reduce the redness of skin

around healed acne lesions.205 The choice of optimal
laser system and settings depends on the characteristics of scarring present.203 For example, low-energy
fluencies should be used for less fibrotic scars in
sensitive skin areas such as the chest, but it should
also be noted that the efficacy is generally low. Table
VIII presents criteria that should be considered when
deciding to use laser revision of scars.203
Ablative lasers (level IV evidence).
Ablative lasers emit high energy densities at extremely short pulses to vaporize target tissue with
limited damage to nontargeted surrounding skin;
they offer better control of resurfacing compared
with dermabrasion.200,213 The clinical results are a
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Fig 17. Effect of microneedle array treatment on shallow boxcar acne scars. Before (A) and
after (B) two sessions at 2-week intervals. Clinical photographs courtesy of Drs Vandana
Chatrath and Raj Kubba.

Table VIII. Patient characteristics for optimal laser
efficacy (level V evidence)
d

d

d

d

d

d

Skin phototypeedarker skin tones require lower energy
densities
Concurrent infection/inflammationeavoid laser
treatment to affected area
Medication useediscontinue anticoagulants (for pulsed
dye laser)
Earlier treatmentenote presence of background
dyspigmentation
Expectations and complianceeassess whether realistic
and agreeable to treatment
Nonfibrotic scars

Reprinted with permission from Alster and Zaulyanov,203 published
by Wiley-Blackwell Publishing.

result of collagen shrinkage and remodeling. The
carbon-dioxide (CO2) laser can achieve improvements of approximately 50% to 80% in atrophic scars.
With this laser, epidermis and papillary dermal tissue
is vaporized to depths of 20 to 60 m with thermal
necrosis zones of an additional 20 to 50 m.213
Pulsed erbium-doped yttrium-aluminum-garnet
(Er:YAG) lasers are more selective for water than
the CO2 laser; the Er:YAG laser improves tissue
vaporization and reduces residual thermal damage.213 The short-pulsed Er:YAG laser typically ablates 10 to 20 m of tissue per pass with a thermal
necrosis zone of an additional 15 m or less. This
laser is better tolerated than the CO2 laser (producing

less erythema), but has less efficacy. It may be best
used for mild atrophic scars, because the clinical
effects are similar in that setting to the CO2 laser but
recuperation is faster.205,213 Modulated or dual-mode
(short and long pulsed) Er:YAG systems may achieve
greater improvement in scars.213 Ablative resurfacing
carries the potential for adverse effects including
erythema, edema, and serous discharge. Potential
complications include infection, acne or milia formation, and dyspigmentation.
Nonablative lasers (level IV evidence).
The risks associated with ablative laser resurfacing
have driven investigation of less invasive laser
resurfacing methods. Of the variety of devices used
to treat atrophic scars, the most popular are the 1320nm neodymium:yttrium-aluminum-garnet and 1450
diode lasers. These devices combine epidermal
surface cooling with deep penetrating energy to
target water-containing tissue that can produce thermal injury in the dermis without affecting the
epidermis. Three monthly treatments are typically
given, and clinical improvement continues for
approximately 3 to 6 months after the last treatment.
Mild overall improvement has been reported with
these lasers.213-216 A comparison of the efficacy of
the 1450-nm diode laser versus the 1320-nm neodymium:yttrium-aluminum-garnet laser for atrophic
facial scars in 20 patients with mild to moderate scars
suggested better clinical results with the 1450-nm
laser.213 Side effects are generally mild.
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It has been suggested that best results may be
achieved when these lasers are combined with
another modality such as surgery or chemical
peels.205 Carniol et al217 reported on the combination
of a 1450-nm mid-infrared laser plus 30% TCA peels
as treatment of atrophic rolling and boxcar scars in 9
patients. Four monthly laser treatments were followed by two bimonthly treatments with 30% TCA;
blinded evaluators and the patients rated the results.
Improvement was greater when the chemical peels
were added.217
Use of the vascular-specific 585-nm PDL may
achieve clinical and textural improvement in established erythematous and hypertrophic scars.218-220
Several mechanisms of action have been proposed to
explain the clinical effects of PDL: induction of tissue
hypoxia and associated collagenesis, heating of
collagen fibers to break disulfide bonds and realign
the collagen, photothermolysis of vasculature, and
stimulation of mast cell factors that affect collagen
metabolism.205 Vascular-specific lasers should used
with caution in patients with darker skin, because of
lower absorption of the laser energy and the risk of
destroying melanin.203
Fractional laser treatment (level IV
evidence). In 2007, Alster et al221 reported results
of a study of 53 patients with mild to moderate
atrophic facial acne scars treated with 1550-nm
erbium-doped fiber laser. This system produces
microthermal zones of tissue coagulation; dermal
collagen is denatured, leading to significant neocollagenesis, epidermal coagulated tissue is shed,
and keratinocytes migrate to the site.222 In the study
of Alster et al,221 response was assessed at each
monthly treatment visit and at 6 months posttreatment by independent investigators. There was an
average clinical improvement of 51% to 75% in
most patients after 3 treatments, and the improvement scores increased with each treatment. Most
patients experienced transient erythema and
edema, but there was no report of dyspigmentation, ulceration, or scarring.221 The procedure is
painful, and topical anesthetics should be used
along with forced air cooling to increase patient
comfort.222 A variety of ablative fractional resurfacing lasers are now available and the initial impression is that these lasers may be more effective than
nonablative fractional lasers for acne scars.
However, side effects may also be more of a
concern with the ablative fractional lasers.
Confirmation of the role of these relatively new
procedures awaits more data.
Surgical techniques. There are 3 primary surgical techniques for acne scars: excision (with or
without graft), punch elevation, and subcision.

Punch excision and elevation (level V
evidence). Scattered individual ice-pick scars may
be removed by punch excision of each scar. The scar
is excised down to the layer of subcutaneous fat; the
resulting hole in the skin is then repaired with
sutures or with a small skin graft. Punch excision
may be used for icepick and narrow, deep boxcar
scars.207 The tool should be carefully sized to the
inner diameter of the scar.207 This is a relatively easy
technique that usually produces a good result; in
some cases, secondary widening of the scar occurs.
Punch elevation uses partial lateral round excision
of the borders of the scar, leaving the deep part of the
scar adherent to the fat layer. After the scar has been
isolated from the surrounding skin, it is elevated
enough to be slightly raised against the bordering
tissue. During healing, the tissue retracts and a level
surface is achieved. There is no risk of skin color or
texture mismatch. Elevation should only be used on
boxcar scars with sharp edges and normal-looking
bases.207
Subcision (level IV evidence). Subcision, or subcutaneous incision, may be used for rolling or
depressed scars (Fig 18).207,223,224 This technique
releases fibrotic strands that tether the scar to
underlying tissue. A sharp needle is inserted under
the skin with the blade parallel to the skin surface,
then moved in a sweeping motion to cut the
subcutaneous fibrotic strands.223,224 Associated
pooling of blood in the subcutaneous space probably reduces the likelihood of new tethers forming.
Temporary bruising and swelling are expected, but
complications such as acneiform cystic lesions from
disruption of sinus tracts are rare.201
Additional improvement may be achieved when
surgical techniques are combined with resurfacing
procedures.207
Fillers (level V evidence). Scars may be filled
with collagen injections, artificial dermal fillers, or
autologous fat transfer. Collagen may be used to fill
certain types of superficial and deep soft scars,
particularly those with gently sloping walls, but is
not a preferred option for ice-pick scars and should
not be used in fibrotic scars. Collagen injections
achieve a temporary improvement (3-6 months).
Autologous fat transfer may be a therapeutic choice
for deep contour defects and the effect lasts approximately 6 to 18 months. Dermal fillers have variable
duration of effect (6-12 months), depending on the
agent chosen. Injection of filler must be repeated to
maintain the effect and it is an expensive treatment
option. However, dermal fillers are safe, with a low
risk of inflammatory reactions.201
Adjunctive treatment (level V evidence).
Preparing the skin before procedures and
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Fig 18. Effect of subcision on acne scars. Before (A) and after (B) two treatments. Clinical
photographs courtesy of Drs Vandana Chatrath and Raj Kubba.

postprocedure strategies can be used to improve and
maintain results. Topical retinoids are a good adjunct
to resurfacing techniques because procedures that
remove the epidermis involve dermal wound healing and re-establishment of the epidermal barrier.225
Retinoid therapy increases the synthesis of mucopolysaccharides, collagen, and fibronectin and decreases collagenase production. In addition, retinoid
therapy shortens the healing time after cosmetic
invasive procedures.225 In a study of dermabrasion
in acne scarring, use of a topical retinoid for 2 weeks
before the procedure resulted in complete healing
within 5 to 7 days versus 7 to 11 days in the control
group.226 In addition, there were fewer postprocedure complications in patients who were pretreated
with the retinoid.225,226 Similar benefits have been
reported for retinoid pretreatment before chemical
peel.225,227
Posttreatment use of moisturizers, sunscreens,
and retinoids is also useful. Retinoids can help to
maintain results, whereas the moisturizers and sunscreens can have a preventive effect for development
of postinflammatory hyperpigmentation.
Treatment of keloids (level IV evidence). A
recent meta-analysis and review of the literature on
treatment of keloids and hypertrophic scars included
27 different treatments ranging from surgical excision to topical preparations such as bleomycin and

fluorouracil.228 The results showed a 70% chance for
some improvement with treatment and no statistically significant difference between treatments.228
Because so many modalities have been used for
hypertrophic and keloidal scars, a complete discussion is beyond the scope of this article.
A wide variety of treatments have been directed
against hypertrophic scars. Surgical excision was
used early on, but is associated with a very high
recurrence rate. Radiation therapy has also been
used, alone and in combination with surgical excision. The response rates in published studies of
radiation therapy vary widely; in addition, the carcinogenic risk associated with this treatment limits its
routine use as treatment of benign scars.228 Optical
treatments offer good potential, with PDL emerging
as a good option.228 The 585-nm PDL has been
used with good results to treat hypertrophic scars
and keloids, reducing erythema, pliability, bulk,
and dysesthesia with few side effects.200 Thick
keloids may respond best to PDL plus intralesional
corticosteroid or 5-fluorouracil injections.200,229
Cryotherapy has been used, but may be undesirable
to patients because of the potential for hypopigmentation and postoperative pain. Injection of corticosteroids is also a therapeutic option that some
consider a mainstay of treatment.228 Pressure and
occlusive dressings can be used alone or with
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Fig 19. Treatment options for acne scars. CO2, Carbon dioxide; FU, fluorouracil; TCA,
trichloroacetic acid.

surgical excision and act by an unknown mechanism. Interferon, fluorouracil, and bleomycin have
all been used in hypertrophic and keloidal scars and
may reduce recurrence. To date, no optimal treatment has been identified and investigation into
pharmacologic agents and other treatment modalities is encouraged.228
Prevention of scarring. The occurrence of
scarring is hard to predict. At present, the best
method of preventing or limiting scarring is to treat
acne early to minimize the extent and duration of
inflammation. Patients seeking treatment of acne
should be educated that scarring is a permanent
sequelae that can occur and that it is more likely with
long-term inflammation. In addition, the importance
of adherence with treatment to minimize the potential for scarring should be emphasized.
Summary. Acne scars arise as a result of the
inflammatory response to acne lesions. Data show
that the degree and duration of inflammation are
directly related to the likelihood of scarring. Thus,
the best method of managing acne scars is to prevent
them by treating acne early and continuing therapy
for as long as necessary. There are a variety of scars

and treatment options that can be used to achieve
significant cosmetic improvement (Fig 19), but it
must be noted that none of the currently available
treatments achieve complete resolution of the scar.
Combining treatment methods may provide additional improvement compared with one method
alone.

OPTIMIZING ADHERENCE WITH ACNE
THERAPY
Acne medications should be started soon after the
appearance of acne lesions to minimize the potential
for physical and emotional scarring. This is especially
important because the clinical severity of acne does
not correlate well with the impact on the patient;
thus, the patient may feel significant embarrassment,
anger, or other psychologic disturbance even when
disease is mild.230-232 Several studies have demonstrated that the impact of acne on the quality of life of
adult patients is related to patient’s self-assessment of
the severity of disease, rather than to the physician’s
objective clinical assessment.5,233,234 The therapeutic
goals in acne are to resolve existing lesions, prevent
scarring, and suppress the development of new
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Terminology: Compliance or adherence?
For many years, the term ‘‘compliance’’ was used; recently, ‘‘adherence’’ has assumed prominence. What is the
difference?
Although there is no single agreed-on definition, ‘‘compliance’’ suggests that the patient is taking medication as
ordered, highlighting a power imbalance between the physician and patient and emphasizing the patient’s
obedience.
‘‘Adherence,’’ in contrast, refers to the patient’s willingness to implement a health care plan and suggests the plan
was formulated and agreed on by the patient in concert with the physician.238
In addition, the term ‘‘persistence’’ may be used to describe long-term use of a medication. The term ‘‘adherence’’
is intended to be nonjudgmental, a statement of fact rather than of blame.235

lesions. Successful management of acne involves
choosing the right medications and helping the
patient to use the medications as directed.
Medication adherence has a prominent role in the
success of therapy. For example, data show that
discontinuing topical retinoid therapy is associated
with a rapid increase in microcomedones, which in
turn give rise to clinical acne lesions.189
Between 1960 and 1975, a large number of scientific articles examined medication adherence (compliance) in a variety of disease states and care settings;
more modern reviews of these studies consistently
showed that unpredictable and disappointing responses to therapy were quite frequently a result of
poor adherence.235,236 The studies also suggested that
the patient behaviors comprising adherence are complex and can be affected by many variables. In
general, research has estimated that 20% to 50% of
patients do not take medication as directed.237 The
Global Alliance reviewed the literature about adherence in acne and provides some recommendations to
help clinicians encourage better adherence.
Studies of adherence in acne
Although there have been relatively few formal
studies of medication adherence in acne, data suggest it is poor overall and experts have theorized
that poor adherence may be a major contributor to
treatment failures.236,239,240 Adherence can be evaluated either directly, as in the case of monitoring
radiolabeled chemicals in blood, or indirectly via
questionnaires or interviews.
The indirect method of assessing adherence has
been used most frequently in acne studies. In 1985,
Flanders and McNamara241 reported that adherence
with over-the-counter BPO was 48% in college-aged
patients (n = 42) despite educational strategies to
improve compliance. Of patients with dermatologic
conditions, 44% (n = 396) reported that they did
not exactly follow their doctor’s prescription in a
2002 study.239 Most recently, a surprising 70% of

There is level III evidence indicating adherence
in acne is poor; there is a need for clinicians to be
aware of the problem of adherence and have an
actionable strategy for improving adherence among
their patients.

adolescents with acne said they adhered closely to a
prescribed treatment regimen in a telephone survey
that was not conducted in a medical setting. The
authors speculated that ‘‘patients have a less strict
definition of adherence than doctors.’’230 One study,
by Zaghloul et al,242 used both direct (pill counts/tube
weights) and indirect (interview) methods to assess
adherence; they reported a 65% adherence rate.
In addition to not using medications as directed,
patients with acne are also likely to miss appointments. McEvoy et al243 reported that just 28% of
patients kept all 4 scheduled follow-up visits during a
6-month period; worse, 19% did not return at all after
the first visit. Notably, the likelihood of keeping
appointments was associated with demographic
factors such as age and race, along with payment
method, but not in this study with knowledge of acne
or its treatment.243 However, McEvoy et al243 noted
that appointment keeping should not be used as a
surrogate marker of compliance because some patients continue self-treating but do not keep appointments and others may not keep an appointment as a
result of clearing of acne to the point where they no
longer believe professional treatment is needed.
Researchers have also attempted to determine
what patient beliefs might influence adherence in
acne. One study reported that although 90% of
patients had used over-the-counter medications for
acne, more than 75% thought that these medications
had only a slight effect or no effect on their
disease.243 In addition, many patients have indicated
that their acne improved at a slower or far slower
rate than they expected.243 Studies have suggested
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Table IX. Factors associated with adherence
Factor

Patient demographic factors242

Medication characteristics242,247

Patient preferences239,242,247

Effect on adherence

Older age
Being married
Female
Smoking
Drinking alcohol
Unemployed
Out-of-pocket cost
Oral isotretinoin
Gel formulations
Once-daily formulations
Convenient formulations
(eg, no need to refrigerate)
Satisfaction with treatment
Pleased with physician
Shame/embarrassment
Psychiatric morbidity
(anxiety/depression)

"
"
"
#
#
#
#
"
"
"
"

vs Single
vs Male

With " costs
vs Other regimens
vs Other topical antiacne formulations
vs BID

"
"
"
#

BID, Twice a day.

that most patients with acne expect significant
results of treatment to be apparent within 4 to 6
weeks.244,245
Factors associated with adherence in acne
Several studies have investigated the impact of
factors that are associated with adherence in acne,
and there is some guidance available to help clinicians determine which patients may have good
adherence and which may need extra support with
their acne therapy. It has been known for years that
the frequency of administration is negatively correlated with adherence; in a study of an orally administered drug, 87% of patients took their once-daily
dose on schedule whereas only 39% were able to
adhere to 4 times per day dosing.236,246 Similarly, the
total number of medications taken and medication
costs can affect adherence.246
Table IX shows factors that have been associated
with good or poor adherence in acne; however, it
should be remembered that studies have been few in
number and have typically involved small numbers
of patients. A few patient demographic characteristics have been linked to medication-taking behavior.
Zaghloul et al242 found a negative correlation between age and medication adherence.242 In addition,
female patients were more adherent than male
patients (71% vs 60%, P \ .0001) and married
persons had better adherence than single individuals. There is some evidence that smoking and
drinking alcohol may affect adherence in acne.
Zaghloul et al242 reported that medication adherence was 68% among nonsmokers and 44% among
smokers (P \ .0001 and abstinence from alcohol

Level IV evidence suggests that certain factors
may be associated with better or worse adherence.
However, there is no clear definition of which
patients are less likely to adhere with treatment.
Clinicians need to proactively ask patients about
adherence, particularly if the therapeutic response is
less than expected.

was associated with better adherence than drinking
alcohol (88% vs 56%, P \ .0001). With the last two
variables, there were no rigorous attempts to quantify how much the respondent smoked or drank
and these data may be open to some interpretation.
Finally, lack of employment was significantly correlated with medication adherence (22% for unemployed vs 65% for employed subjects, P \.0001).242
The impact of psychiatric factors on adherence
have been investigated in several studies.239,242
Renzi et al239 reported that treatment adherence
was strongly correlated with satisfaction (relative
risk 2.31, P = .002 vs not satisfied); factor analysis also
showed that satisfaction with the physician’s manner
had a large bearing on overall satisfaction. High
levels of shame and embarrassment were also associated with better adherence (relative risk 2.13, P =
.05), presumably serving as motivating factors for
patients to take their medication. However, there
was a negative correlation between psychiatric morbidity and adherence.239 Zaghloul et al242 also found
that worse scores on the Dermatology Quality of Life
Index were associated with poor adherence (r
e0.87).
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Table X. Adherence questionnaire
Oral treatment
d Have you used the drug?
d Did you tolerate the drug well?
d Did you forget to take the drug at
any time during the treatment
period?
d Did the drug improve your acne?
Sensitivity = 0.61, specificity = 0.56
Topical treatment
d Do you remember the name of
the last drugs you took?
d Did you tolerate the drug well?
d Did you stop using the drug
because you thought it would do
more harm than good?
d Was the drug useful for you?
Sensitivity = 0.47, specificity = 0.8.

Yes
Yes
No

Yes

Yes
Yes
No

Yes

Reprinted from Pawin et al248 with permission from S. Karger AG,
Basel.

Several treatment-related factors can play a role
in adherence, including costs, particular drug regimens, and patient preferences. Paying for prescription was associated with worse medication
adherence.242 Oral isotretinoin therapy has been
associated with better adherence than topical therapy (71% vs 35% in the study of Zaghloul et al242);
however, adherence decreases in patients who
require repeated courses of oral isotretinoin (60%).
To correctly frame the results, it should be noted
that the majority (81%) of patients in the study of
Zaghloul et al242 were taking oral isotretinoin; factors affecting adherence may be somewhat different
with traditional topical and oral acne therapies.
Kellett et al247 and others studied patient preferences with topical acne therapies, and found that
patients preferred gel formulations that could be
applied once daily and stored at room temperature.
New tool to assess adherence validated
Recently, a tool was developed to help clinicians
evaluate the adherence of patients with acne with
topical and oral antiacne treatments (Elaboration
d’un outil d’evaluation de l’observance des traitements medicamenteux [ECOB]).248 Two questionnaires (a self-administered questionnaire for patients
and a dermatologist-directed questionnaire) were
created and tested in a cohort of 246 patients with
acne consulting a dermatologist at a follow-up visit.
Of these, 91 (37%) were taking both oral and topical
treatment, 84 (34%) were using oral isotretinoin, and
71 (29%) were being treated with topical therapy
only. Patients were considered good compliers if
they reported they had followed the treatment

regimen according to the dermatologists’ prescription
or could give the correct name of the treatment (or
correct color of the packaging). They were categorized as bad compliers if they said they followed their
treatment regimen sometimes, stopped treatment
without following dermatologist advice, or had the
wrong name/wrong package color.248
Good compliance was present in 54% of patients
treated with topical therapy, and 95% of patients
treated with oral isotretinoin. Among those treated
with a combination of oral and topical therapies,
patients were more likely to be compliant with oral
versus topical therapy (81% vs 59%). Sensitivity and
specificity analysis showed that two very brief sets of
questions and answers could reliably predict adherence (Table X).248
The ECOB adherence assessment tool can be
administered in less than 1 minute, and as such poses
minimal constraints during a consultation. It can help
the dermatologist optimize the therapeutic treatment
of patients with acne, and could contribute to a better
understanding of the underlying causes of therapeutic failure in individual patients.
A large international study was then conducted
using the mini-questionnaire to validate its use in
daily practice. This study was also designed to
evaluate adherence to acne treatment in different
countries throughout the world and factors that
influence adherence. Ultimately, the goal is to help
create a profile of patients who are likely to have
poor adherence so that clinicians can focus their
educational efforts and optimize outcomes. In this
study (n = 3339), combination therapy involving
both topical and systemic treatments was the most
common therapeutic regimen (52%) followed by
topical therapy (25%), oral isotretinoin (22%), and
systemic treatment that was not isotretinoin (1%).
Retinoids and antibiotics were the most common
therapeutic classes used.
Interim results using the ECOB adherence scale
revealed that a total of 59% of patients had poor
adherence to the combination of systemic and topical treatments; analyzed by type of treatment within
a combination regimen, fewer patients had poor
compliance to topical versus systemic treatment
(43% vs 49%, respectively). Of patients, 46% taking
oral isotretinoin had poor compliance; this is lower
than cited above, but may reflect inclusion of patients who were using repeated courses of isotretinoin and those on low-dose isotretinoin. Among
patients treated with topical therapy, the rate of poor
adherence was 39%. Analysis of topical therapy
showed that poor adherence was most common
for the class of retinoids (50%), followed by topical
antibiotics (44%) and BPO (40%).

J AM ACAD DERMATOL

Thiboutot et al S43

VOLUME 60, NUMBER 5

According to patient questionnaire results, patients believed they were not very knowledgeable
about acne (53% had little or no knowledge) or its
treatment (63% had little or no knowledge). The
severity of acne was not correlated with the likelihood of adherence in this study; however, the
presence of side effects and acne scarring were
both associated with a higher rate of poor adherence.
In accordance with other studies, adherence was
better in patients who believed that their acne had
improved (63% in those who rated improvement as
much or very much). Both quality of life and satisfaction with treatment were also associated with
adherence.
Global Alliance recommendations
Assessing adherence (level V evidence). The
membership of the Global Alliance to Improve
Outcomes in Acne believes it is very important to
regularly assess adherence in patients with acne by
asking open-ended questions regarding their acne
regimen. Evaluation of a large medical database that
included almost 6 million individuals showed that,
on average, patients with acne fill two acne prescription refills per year, which is not nearly enough
to adhere to any prescribed regimen.249 Yet in the
same database, those who demonstrated good
adherence with acne medication had significantly
better overall health status (P = .026) compared
with nonadherent individuals.249 Because adherence is not a discreet activity at one time point, the
best approach to improving adherence may involve a
combination of nonpharmacologic interventions
plus simple and effective drug regimens.249,250 It
has been shown that simply asking about adherence
can identify more than 50% of cases of nonadherence.250 In the short term, achieving good adherence
is a relatively easy task; achieving good adherence in
a chronic remitting condition such as acne requires
changing patients health behaviors.
The Global Alliance recommends assessment
of adherence via verbal interview or use of a
simple tool such as the ECOB questionnaire at
each visit for patients with acne (level V
Evidence)
Actions physicians can take to improve
adherence
Focus on counseling and education, whether
done directly by the physician or by office staff
and physician extenders. First, it is important to
recognize that patients may have a limited understanding of the terms used in acne. Lucero et al251
analyzed terms to describe acne used by patients and
found that most patients had a limited understanding

of language for acne lesions. They suggested that use
of clinical photographs may help patients to understand discussion of acne lesions and improve results
when using quality-of-life assessment instruments.251 In addition, dermatologists should know
that information about acne is most often obtained
from family physicians (71%), mass media, and
friends or relatives.245 However, the majority of
patients who gained acne information this way
believed that it was inadequate.245 Studies consistently show that patients expect acne to be treated
within 1 to 2 months.245 Taking the time to educate
patients in the beginning of treatment can help them
cope with medication side effects and have proper
expectations for treatment.
Be sure to show the patient how much medication
to use and how it is applied to the skin. Patients
who are not taught to apply topical therapy to the
entire face typically spot treat, and have been shown
to use approximately one third of the medication
used by patients with education (0.34 vs 0.9 g).252
Again, spending some extra time at the initial visit
can save time in the long run and increase the
possibility of good outcomes.253
Address the reasons why patients do not take their
treatment. Zaghloul et al242 found that the main
reasons for missing treatments were being fed up,
forgetful, and too busy. Each clinician treating patients with acne should develop a few strategies to
help patients manage their schedules and routines in
a manner that will facilitate medication adherence.
Assess quality of life, because there is evidence it
can affect adherence. Initially, this can be done in
the patient interview. When there is a suggestion that
quality of life is negatively impacted, a more formal
assessment tool can be used. Renzi et al239 showed
that shame and embarrassment, as measured on the
Skindex-29 emotions scale, were associated with
adherence behavior.
Evaluate the likelihood of psychiatric morbidity. If
present, institute appropriate management of anxiety
and depressive disorders. Consult with the patient’s
primary care physician or psychiatric professionals if
the comorbid condition seems to be more than can be
appropriately managed in a busy dermatologic
practice.
Consider using medication reminders (text messages), self-monitoring with diaries, rewards for
adherence, support groups, and telephone followup. These techniques have been associated with
improved adherence in nondermatologic diseases.253
This may be an area of interest for future research.
Use available resources. National dermatologic associations and, sometimes, pharmaceutical companies
have good educational resources available. Often,
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selected information from several different sources
can be combined into an educational tool that matches
an individual dermatologist’s philosophy.
Summary
Problems with adherence in acne are well accepted, although few rigorous studies have been
done to quantify existing problems. The factors that
influence adherence are less well known, and are
currently the focus of a large-scale international study
using the validated ECOB questionnaire. This study,
which involves 3339 patients, is designed to evaluate
the prevalence of good adherence to various types of
acne drugs, identify the factors that influence adherence, and build a profile of patients who are likely to
have poor adherence. In addition, the goal is to
facilitate the development of sensitive and specific
tools to improve adherence in routine practice.
Acne medications are very efficacious, but only
when patients use them correctly. It is vital to take a
few seconds to assess adherence in routine practice,
and take appropriate steps to enhance adherence; it is
hoped that in the future there will be additional tools
available to assist clinicians in these tasks. Strategies to
improve adherence may entail altering the medication
regimen or patients’ behaviors. The reward is likely to
be greater patient satisfaction with both the physician
and the overall treatment regimen.
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