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ABSTRACT

The skin microbiome consists of the microor-
ganisms populating the human skin. Cutibac-
terium acnes (C. acnes, formerly named
Propionibacterium acnes) is recognized as a key
factor in acne development, regulating inflam-
matory and immune pathways. Dysbiosis has
been described as the imbalance in skin micro-
biome homeostasis and may play a role in acne
pathogenesis. Microbial interference has been
shown to be a contributor to healthy skin
homeostasis and staphylococcal strains may
exclude acne-associated C. acnes phylotypes. In
this review we present an update on the skin
microbiome in acne and discuss how current
acne treatments such as benzoyl peroxide,
orally administered isotretinoin, and antibiotics
may affect the skin microbiome homeostasis.

We highlight the collateral damage of acne
antibiotics on the skin microbiome, including
the risk of antimicrobial resistance and the
dysregulation of the microbiome equilibrium
that may occur even with short-term antibiotic
courses. Consequently, the interest is shifting
towards new non-antibiotic pharmacological
acne treatments. Orally administered spirono-
lactone is an emerging off-label treatment for
adult female patients and topical peroxisome
proliferator-activated receptor gamma (PPARc)
modulation is being studied for patients with
acne. The potential application of topical or oral
probiotics, bacteriotherapy, and phage therapy
for acne are further promising areas of future
research.
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Key Summary Points

C. acnes represents a paradigm of a skin
commensal bacterium residing in all
humans’ healthy skin that can also be
etiologically related to acne, e.g., a non-
infectious, chronic inflammatory skin
disease.

The interaction of C. acnes with other
microorganisms including Staphylococcus
epidermidis may also be implicated in acne
and the term dysbiosis describes changes
in the skin microbiota equilibrium.

The increasing risk of antimicrobial
resistance and the collateral damage to
the steady-state microbiome with
antibiotics raise important concerns about
limiting their use for acne.

Orally administered spironolactone has
been used as an off-label non-antibiotic
treatment for female acne owing to its
anti-androgenic properties. In 2023, a
pragmatic, multicenter, phase 3, double-
blind randomized controlled trial on
spironolactone for adult female acne was
reported.

Other non-antibiotic treatments under
study for acne include PPARc modulators,
probiotics, bacteriotherapy, and C. acnes
phage therapy.

INTRODUCTION

The human skin microbiota defines the
microorganisms colonizing the skin, including
bacteria, fungi, viruses, and mites [1]. The term
microbiome regards the composition of all
microbial genes in a community [1]. The skin
microenvironments are grouped into three cat-
egories: sebaceous/oily (such as forehead, scalp,
chest, back), moist/humid (such as armpit,
antecubital fossa, inguinal crease, popliteal
fossa, umbilicus, gluteal crease, plantar heel,

interdigital space), and dry (forearms, back of
the elbow, buttock, and front of the knee/legs)
[2]. In healthy skin, the microbial communities
consist of four major phyla, namely Acti-
nobacteria, Firmicutes, Proteobacteria, and
Bacteroidetes. Their proportions are dependent
on age, sex, lifestyle, and on body area-specific
topographical characteristics including pH,
temperature, and sebum content [1–7]. Culture-
based and 16S rRNA methods have shown that
in healthy, sebaceous-rich body areas, the skin
microflora consists primarily of Cutibacterium,
followed by Staphylococcus and Malassezia spe-
cies [2, 8, 9].

The commensal bacterium Cutibacterium
acnes (C. acnes, previously termed Propionibac-
terium acnes) has a key role in the pathogenesis
of acne vulgaris (called acne hereafter). C. acnes
acts in interplay with three other major patho-
genetic factors, namely androgen-dependent
hyperseborrhea, follicular keratinocyte hyper-
proliferation, and inflammation [10, 11]. Acne
preferentially affects body areas rich in seba-
ceous glands, such as the face and trunk [10]. In
sebaceous body sites, the follicular microenvi-
ronments are dominated by Cutibacterium spe-
cies, particularly C. acnes [1]. A study described
that there is population fragmentation of
C. acnes within each pore on the face and that is
dominated by a population of C. acnes typically
differing by fewer than one mutation [12].

Staphylococcus epidermidis (S. epidermidis) is
the most abundant skin-colonizing coagulase-
negative staphylococcus (CoNS). It is a perma-
nent inhabitant of human skin and colonizes
predominantly the axillae, head, and nares.
Some exciting roles for this commensal are
being described. Commensal staphylococci are
important to regulate C. acnes homeostasis in
healthy human skin. Microbial interference has
been shown to be a contributor to healthy skin
homeostasis and staphylococcal strains may
exhibit anti-C. acnes activities [13]. Also, S. epi-
dermidis may exert probiotic-like function by
preventing colonization by pathogenic bacteria
such as Staphylococcus aureus [14].

In this review, we provide an update on the
skin microbiome in acne and highlight the
implications for acne treatments. We describe
how current approved acne treatments may

32 Dermatol Ther (Heidelb) (2024) 14:31–44



affect the skin microbiome and highlight the
risk of antimicrobial resistance and the dysreg-
ulation of the microbiome equilibrium with the
use of antibiotics for acne. Furthermore, we
discuss new, off-label and emerging non-an-
tibiotic pharmacological acne treatments with
the aim to maintain the skin microbiome
balance.

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

CUTIBACTERIUM ACNES IN ACNE
PATHOGENESIS

The human skin commensal bacterium C. acnes
is a Gram-positive, non-spore-forming, anaero-
bic bacillus that resides mainly in the micro-
aerophilic deeper portions of healthy follicles,
in contact with follicular keratinocytes and cells
in the sebaceous duct [15]. C. acnes was first
implicated as a direct cause of acne in 1896.
However, in the early 1960s, it was identified as
part of the normal human skin flora and in
similar concentrations between patients with
acne and individuals without acne [16, 17]. In
this context, C. acnes represents a paradigm of a
skin commensal bacterium residing in the
human healthy skin that can also be etiologi-
cally related to acne (e.g., a non-infectious,
chronic inflammatory skin disease).

Several non-infectious, inflammatory and
immunomodulatory properties of C. acnes in
acne pathophysiology have been elucidated.
C. acnes may increase local inflammation by
inducing innate immune cells to secrete pro-
inflammatory cytokines including tumor
necrosis factor-a (TNFa), interleukin (IL)-6, IL-8,
IL-12, in part through Toll-like receptor 2
(TLR2) signaling [16, 18]. It can induce IL-1b
secretion in human monocytes through the
nucleotide oligomerization domain (NOD)-like
receptor signaling, and in particular the NLRP3
inflammasome [19]. C. acnes can promote
Th17/Th1 responses from T cells and trigger the
production of IL-17A and interferon-c (INFc)
in vitro [20, 21]. The treatment of keratinocytes
with lipoteichoic acid and peptidoglycan,

which are components of the coat of gram-
positive bacteria, stimulates the production of
neutrophil chemoattractant cytokines TNFa
and IL-8, via TLR2 activation [22, 23]. C. acnes
may modulate the differentiation of ker-
atinocytes and regulate lipogenesis and sebum
production from sebocytes, and induce reactive
adipogenesis in dermal fibroblasts
[16, 21, 24–26]. Reactive adipogenesis—a pro-
cess in which skin fibroblasts can undergo
localized proliferation and differentiation into a
preadipocyte lineage in response to bacteria
stimuli—was shown in human acne lesions,
while C. acnes induced reactive adipogenesis via
TLR2 in mice. Adipocytes, in turn, mount an
innate immune defense response that may
contribute to acne pathophysiology [26].

There are six phylotypes of C. acnes: IA1, IA2,
IB, IC, II, and III. Multi-locus sequence typing
(MLST) and single-locus sequence typing (SLST)
identified further subgroups among phylotypes,
called clonal complexes (CCs) [27–29]. Distinct
‘‘acnegenic’’ C. acnes phylotypes and a loss of
C. acnes phylotype diversity are associated with
acne [17, 27, 30, 31]. A case–control study
reported loss of C. acnes phylotype diversity in
patients with severe inflammatory acne, with a
predominance of phylotype IA1 and SLST-type
A1, compared to healthy controls [31]. On the
other hand, a small study in 29 patients with
mild acne compared to 34 patients with severe
acne showed that the phylotype IA1 SLST type
A1 was the predominant type in both groups
[32]. Similarly, Guo et al. did not detect differ-
ences in species diversity between healthy
individuals and those with mild or severe acne
in a total of 34 college students in China. In
that study, 16S and 18S rRNA gene sequencing
was used to investigate Propionibacterium, Sta-
phylococcus, Corynebacterium, and Malassezia
genera [33]. Studies in Japanese patients have
reported the phylotype IA2 as strongly acne-as-
sociated, suggesting geographic differences
between Europe and Asia [34, 35]. The results on
strain comparisons should be interpreted with
caution, as they may depend on different sam-
pling methods and the use of culture-based
methods or amplicon-based sequencing and
shotgun metagenomics [1, 22, 36].
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The coexistence of C. acnes with other
microorganisms may also be implicated in acne
and the term dysbiosis was introduced to
describe changes in the skin microbiota equi-
librium [1]. C. acnes possesses diverse strategies
of follicular niche competition, including bac-
teriocins acnecin and cutimycin, and propionic
acid [37]. The interaction of C. acnes with Sta-
phylococcus species is discussed in the following
section.

STAPHYLOCOCCUS SPECIES
IN ACNE PATHOGENESIS

The effect of the dysbiosis between C. acnes and
S. epidermidis was studied by Dagnelie et al. In
that study, different bacterial ratios, favoring
either C. acnes or S. epidermidis, or neutral ratios
(1:1), were cultured with human skin explants.
A higher inflammatory response was detected in
the presence of dysbiosis (unbalance) favoring
either C. acnes or S. epidermidis, compared to the
neutral state. In addition, S. epidermidis showed
a higher induction of IL-6, an innate immunity
marker with pro-Inflammatory effects [38]. In
another study, a strain of Staphylococcus capitis
(S. capitis E12) was found to selectively inhibit
the growth of C. acnes with potency greater
than antibiotics. Phenol soluble modulins were
secreted from S. capitis E12 and acted as
antimicrobial peptides selectively against C. ac-
nes on pig skin and on mice, without killing
other commensal skin bacteria [39].

Beyond their interaction with C. acnes, some
strains of skin commensal CoNS can produce
bacteriocins and selectively inhibit nonresident
pathogenic bacteria such as S. aureus, group A
streptococci, and Escherichia coli on the skin
[40].

APPROVED ACNE TREATMENTS:
EFFECTS ON THE MICROBIOME

Can currently approved acne treatments affect
the microbiome? Topical acne treatments rec-
ommended in the current European and UK
National Institute for Health and Care Excel-
lence (NICE) guidelines include azelaic acid and

topical fixed dose combinations of an antibiotic
with a retinoid, or an antibiotic with benzoyl
peroxide (BPO) or combination of adapalene
with BPO [41, 42]. In both guidelines, oral acne
treatments include antibiotics and isotretinoin,
and in the European guidelines hormonal anti-
androgens are recommended for female
patients as an alternative treatment with a low
strength of recommendation [41, 42]. Among
these acne treatments, an effect on the skin
microbiome has been shown for BPO, orally
administered isotretinoin, and, as expected, for
oral and topical antibiotics. Also, weak antimi-
crobial efficacy has been suggested for azelaic
acid [43–45]. Consequently, there is an unmet
need for additional non-antibiotic treatments
for moderate and severe acne [46–48].

BPO does not induce bacterial resistance and
shows a well-established bactericidal non-an-
tibiotic action. In addition, BPO has been
shown to reduce antibiotic-resistant C. acnes
strains. BPO 5% gel treatment in patients with
acne significantly reduced the surface and fol-
licular C. acnes after 2 days of treatment, sug-
gesting usefulness of short-course treatment to
reduce the carriage of antibiotic-resistant C. ac-
nes [49]. BPO had a bactericidal effect in vitro
against both antibiotic-resistant and antibiotic-
susceptible C. acnes. The minimum contact
time needed in vitro was 60 min, 15 min, and
30 s, with concentrations of 1.25%, 2.5%, and
5%, respectively. The median minimum inhi-
bitory concentration (MIC) of BPO did not sig-
nificantly differ between antibiotic-resistant
and nonresistant C. acnes [50]. It has been rec-
ommended to consider a course of topical BPO,
of at least 5 to 7 days, between antibiotic cour-
ses with the aim to reduce the emergence of
cutaneous resistant strains [43]. Another study
in 33 patients with acne compared to
19 healthy controls investigated microbial
diversity with a high-throughput sequencing
targeting the V3-V4 region of 16S RNA genes.
This study reported that BPO 5% gel for
12 weeks resulted in reduction of microbial
diversity and reduction of the prevalence of the
genus Cutibacterium [51].

Orally administered isotretinoin does not
have direct antimicrobial actions, but has indi-
rect effects by reducing sebum production. As
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early as 1981, while orally administered 13-cis-
retinoic acid (isotretinoin) was being evaluated
for acne in clinical trials, Weissmann et al.
reported its effect on bacterial skin flora in five
patients. Samples were collected by the ‘‘deter-
gent scrub’’ technique and bacteria were iden-
tified by colony morphology, Gram stain, and
coagulase test. There was a decrease in the
density of propionibacteria and aerobic cocci
in vivo during treatment. There was no direct
inhibition of bacterial growth by 13-cis-retinoic
acid in vitro, as assessed by a MIC assay. The
authors attributed the decrease in bacterial
counts to the isotretinoin-induced change in
sebum production [52]. In 1982, King et al.
showed that the decrease in sebum was the first
to occur with orally administered isotretinoin,
followed by a secondary decrease in propioni-
bacteria [53]. Further studies showed that
C. acnes declined through oral treatment with
isotretinoin, and that isotretinoin significantly
increased alpha- and beta-diversity [54]. Inter-
estingly, the effects of orally administered iso-
tretinoin on C. acnes were reported to be
associated with the clinical response. Nolan
et al. showed that the decrease of C. acnes was
significantly higher in responders compared to
those with minimal improvement (31% versus
no decrease, respectively) after 5 months of
orally administered isotretinoin therapy [55].
Also, specific shifts in C. acnes strain composi-
tion in the pilosebaceous follicle were correlated
with the clinical response after 5 months of
orally administered isotretinoin [55].

The place of antibiotics for acne treatment
and their effects on the microbiome will be
discussed separately in the following sections.

USE AND OVERUSE
OF ANTIBIOTICS FOR ACNE
TREATMENT

The impact of oral antibiotics on the risk of
antimicrobial resistance has put into question
whether antibiotics could be replaced by non-
antibiotic treatments. Current European guide-
lines (version 2016) on the management of acne
recommend topical antibiotics as fixed-dose
combinations, with different strengths of

recommendation, for all types of acne vulgaris
(mild to moderate papulopustular, severe
papulopustular, moderate nodular, severe
nodular acne), except for comedonal acne [41].
Also, systemic antibiotics, and in particular
orally administered doxycycline or lymecycline,
have a place in the treatment of all types of
acne, except for comedonal acne [41]. In addi-
tion, the 2021 NICE guidelines recommend
topical clindamycin in a topical fixed dose
combination as first-line treatment for mild to
severe acne vulgaris, and in combination with
oral treatments for moderate or severe acne [42].
Orally administered doxycycline or lymecycline
were the antibiotics recommended as first-line
systemic treatment for moderate and severe
acne, underscoring a central place for antibi-
otics in the treatment of acne [42]. In addition
to the guideline recommendations, real-world
data from clinical practice shows the extensive
use of oral antibiotics as a treatment for acne. A
large UK study used primary care electronic
health record data (2004–2019) on the use of
long-term oral antibiotics, tetracyclines, mac-
rolides, or trimethoprim for acne vulgaris. Long-
term use was defined as a course duration of
28 days or longer. Out of 217,410 people with
an acne diagnosis within the previous year,
96,703 patients (45%) received a long-term
antibiotic. The majority of patients (55%) were
treated for a duration of 42–90 days. However, a
considerable proportion (26.1%) were treated
for longer than 90 days during their first course
of oral antibiotic, of whom 7.3% were treated
for longer than 6 months. Most (80%) of first
antibiotic prescriptions for acne were with a
tetracycline. Almost 60% of patients subse-
quently had a repeat oral antibiotic course with
a median of four long-term antibiotic courses
during a median follow-up of 5.3 years [56].

In an effort to reduce the risk of antimicro-
bial resistance, sarecycline, a third-generation
tetracycline-class antibiotic with a structural
modification at hydrocarbon C7, was devel-
oped. Sarecycline was approved by the US Food
and Drug Administration (FDA) in 2018 for the
treatment of inflammatory lesions of non-
nodular moderate to severe acne vulgaris in
patients aged 9 years and older. It has the
advantage of a narrow spectrum of action; it is
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active against Gram-positive bacterial while
showing reduced activity against Gram-nega-
tive bacteria [57, 58].

The aforementioned findings show that
antibiotics still have a central role in the treat-
ment of acne in guidelines and in clinical
practice. However, antibiotics have consider-
able effects on the microbiome which will be
discussed in the following section.

ANTIBIOTICS FOR ACNE
TREATMENT: EFFECTS
ON THE MICROBIOME

Antimicrobial resistance is an increasing public
health problem worldwide. Ross et al., in a
European study in six countries, showed that
66% of patients with acne had resistant propi-
onibacteria. Combined resistance to ery-
thromycin and clindamycin was much more
common than resistance to tetracyclines. Also,
64% of dermatologists were colonized on the
face with resistant propionibacteria, including
all those who specialized in treating acne. In
contrast, none of 27 physicians working in
other outpatient departments harbored resis-
tant propionibacteria [59]. C. acnes resistance to
antibiotics has been described in various coun-
tries over the years and a detailed overview is
outside the scope of this article and has been
reviewed elsewhere [15, 60].

Even short-term oral or topical antibiotic
therapy may have considerable effects on other
skin microbes, apart from C. acnes. A 4-week
orally administered minocycline treatment in
four patients with acne investigated changes in
the skin microbiota with 16S ribosomal RNA
gene sequencing. After the 4-week course, there
was reduction in C. acnes and Lactobacillus spe-
cies, and increase in the relative abundance of
Pseudomonas species and Streptococcus species.
After a follow-up of 8 weeks, the changes in
relative abundance of Streptococcus and Lacto-
bacillus species persisted despite the discontin-
uation of minocycline [61]. In a randomized
study in 208 patients with acne, the application
of topical 2% erythromycin gel for 12 weeks
(versus vehicle) resulted in an increased preva-
lence of erythromycin-resistant coagulase-

negative staphylococci on the face which per-
sistent up to 24 weeks, even after treatment was
discontinued [62].

Beyond the skin, antibiotics used for acne
may affect non-skin microbiota and may be
associated with upper respiratory tract infec-
tions. A UK retrospective cohort study reported
that 71.7% of 118,496 patients with acne
received a topical or oral antibiotic for more
than 6 weeks. The risk of upper respiratory tract
infections developing within the first year of
observation was 2.15 times higher among
antibiotic users versus non-users [63].

NEW APPROVED NON-ANTIBIOTIC
PHARMACOLOGICAL TREATMENTS
FOR ACNE

The increasing risk of antimicrobial resistance
and the collateral damage to the steady-state
microbiome with antibiotics raise important
concerns about limiting their use for acne [41].
In thise context, new topical non-antibiotic
pharmacological treatments have been
approved for acne (Table 1). Trifarotene is a
selective retinoic acid receptor (RARc) agonist,
with comedolytic, anti-inflammatory, and
antipigmenting properties. Two double-blind
randomized controlled trials of 12-week tri-
farotene 0.005% cream for moderate acne
showed efficacy in reducing inflammatory and
non-inflammatory acne lesions [64]. The long-
term safety and increasing efficacy were shown
with trifarotene application for up to 1 year
[65]. Trifarotene 0.005% cream was approved by
the European Medicines Agency (EMA) in 2020
for the treatment of facial and truncal acne in
patients aged 9 years and older. Clascoterone is
a first-in-class topical anti-androgen for acne. It
competes with androgens, especially dihy-
drotestosterone, for androgen-receptor binding.
The efficacy and safety of clascoterone 1%
cream were investigated in two phase 3 ran-
domized clinical trials [66]. Also, the long-term
safety of 9-month application of clascoterone
cream was reported by Eichenfield et al. Topical
adverse events were mainly mild and included
erythema, scaling, and itching. There were no
reported adverse events in vital signs or

36 Dermatol Ther (Heidelb) (2024) 14:31–44



laboratory results, or any systemic adverse
events, such as reduced libido or feminization
in male patients [67]. Clascoterone 1% cream
was FDA approved in 2020, for acne in patients
aged 12 years and older [66].

EMERGING NON-ANTIBIOTIC
PHARMACOLOGICAL TREATMENTS
USED OFF-LABEL FOR ACNE

Spironolactone antagonizes aldosterone action
on the mineralocorticoid/aldosterone receptor.
It was first used as a potassium-sparing diuretic

Table 1 New and emerging non-antibiotic pharmacological treatments for acne

Non-antibiotic
acne treatment

Mode of action Clinical use in acne Effect on skin microbiome

Approved treatments

Trifarotene

0.005% cream

Selective RARc agonist.

Comedolytic, anti-

inflammatory, and

antipigmenting properties

FDA and EMA approved for

facial and truncal acne in

patients aged 9 years and

older

Does not induce

antimicrobial resistance

Clascoterone 1%

cream

Topical anti-androgen FDA approved for acne in

patients aged 12 years and

older

Does not induce

antimicrobial resistance

Off-label for acne

Orally

administered

spironolactone

Oral anti-androgen Off-label for adult female acne

Published results from a

pragmatic, multicenter,

phase 3, randomized

controlled, double-blind trial

[81]

Does not induce

antimicrobial resistance

Under study

NAC-GED gel

5%

Topical PPARc modulator Published results from a

multicenter, phase 2b

randomized vehicle-

controlled, double-blind trial

[85]

Does not induce

antimicrobial resistance

Probiotics Oral or topical microorganisms to

restore the skin microbiome

Experimental use. Not

sufficient evidence, small

number of patients in studies

Does not induce

antimicrobial resistance

Restoration of the skin

microbiome?

C. acnes phages Viruses that can infect and kill

C. acnes
Experimental use May kill C. acnes strains

May restore C. acnes
diversity?

PPAR peroxisome proliferator-activated receptor, C. acnes Cutibacterium acnes, RAR retinoic acid receptor, acne acne
vulgaris
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for arterial hypertension and it is also an
androgen receptor antagonist [68] (Table 1).
Orally administered spironolactone has been
used as an off-label treatment for acne in female
adolescents and adults, mostly without a med-
ical history of polycystic ovary syndrome
[69–72]. It causes gynecomastia in male
individuals.

Spironolactone in vitro and ex vivo induces
the specific rapid proteolytic degradation of
xeroderma pigmentosum group B (XPB) pro-
tein, a DNA translocase. XPB is part of the larger
protein complex transcription factor II-H
(TFIIH) that plays an important role in the
removal of UV photoproducts from DNA and in
the initiation of transcription [73]. In vitro
studies with keratinocytes and ex vivo studies
with skin explants showed that spironolactone
can deplete these cells and tissues of XPB,
inhibit UV photoproduct removal, and increase
mutagenesis [74, 75]. Notably, orally adminis-
tered spironolactone is rapidly metabolized by
the liver into compounds, including canrenone
and 7a-thiomethylspironolactone, that did not
affect XPB protein levels in the study by Kemp
et al. [74, 76]. A systematic review of clinical
trials of topically administered spironolactone
for acne identified five clinical trials with a total
of 195 female and male patients. Concentra-
tions of 1% to 5% spironolactone were applied
for a treatment duration ranging from 8 to
24 weeks. Effectiveness in acne improvement
was shown, but each trial included a small
number of patients, had considerable risk of
bias, and a long-term follow-up was not avail-
able [77, 78].

There is an official FDA warning regarding
possible tumorigenicity of spironolactone that
is based mainly on animal studies using oral
doses up to 150 times greater than human doses
and reporting the development of hepatic,
thyroid, testicular, and breast adenomas [79].
The systematic review and meta-analysis by
Bommareddy et al. in 2022 included studies in
4,528,332 patients treated with spironolactone
and reported prostate, breast, ovarian, kidney,
gastric, and esophageal cancers. In that meta-
analysis, there was no statistically significant
association between spironolactone use and
breast, ovarian, bladder, kidney, gastric, or

esophageal cancers, while there was a decreased
risk of prostate cancer [80].

Santer et al. performed a large pragmatic,
multicenter, phase 3, double-blind randomized
controlled trial on orally administered
spironolactone for acne [81]. That trial included
410 women with facial acne warranting oral
antibiotics, and patients received spironolac-
tone or placebo during a blinded period of
24 weeks. The dose of spironolactone was 50
mg/day until week 6 and then increased to 100
mg/day until week 24. In this pragmatic trial,
after the 12-week phase, participants in both
groups could receive usual care, such as oral
antibiotics, hormonal treatment, or iso-
tretinoin, if judged necessary. In both groups,
spironolactone or placebo was stopped at
24 weeks, treatment was unblinded, and
patients could seek any treatment they wished
afterwards [81].

In that study, the primary endpoint, of at
least 2 points difference between groups in the
mean difference of the acne-specific quality of
life, was not met at 12 weeks, but it was
achieved at 24 weeks (end of treatment).
Regarding secondary endpoints, the PGA (par-
ticipant’s global assessment) success was not
significantly different with spironolactone
compared to placebo at 12 weeks, but it became
significantly higher at 24 weeks. The investiga-
tor’s global assessment (IGA) success score was
significantly higher with spironolactone com-
pared to placebo at 12 weeks. Adverse events
were collected with questionnaire up to
24 weeks; most were mild, and there was sig-
nificantly higher frequency of at least one
adverse reaction with spironolactone versus
placebo (64% versus 51%), driven mainly by
dizziness/vertigo/light headedness (19% versus
12%) and headache (20% versus 12%) [81].

NON-ANTIBIOTIC
PHARMACOLOGICAL TREATMENTS
UNDER STUDY FOR ACNE

Other non-antibiotic pharmacological treat-
ments under study for acne include PPARc
modulators, probiotics, bacteriotherapy and
phage therapy.
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Targeting PPARc

Peroxisome proliferator-activated receptors
(PPARs) are members of the nuclear hormone
receptor family and regulate the transcription of
genes involved in lipid metabolism in adipose
tissue, liver, and skin. PPARcs are expressed in
an immortalized human sebocyte cell line
(SZ95), in isolated human sebaceous glands, in
human skin (in epidermis, hair follicles, seba-
ceous ducts, and sebaceous glands), and in SEB-
1 sebocytes [82]. PPARc activators resulted in
differentiation of keratinocytes and inhibition
of cutaneous inflammation in keratinocytes in
mice [83].

The PPARc modulator N-acetyl-GED0507-
LEVO (NAC-GED) was reported by Ottaviani
et al. to induce PPARc expression and promote
sebocyte differentiation in vitro [84]. It modi-
fied and improved sebum composition in vitro,
and resulted in lower IL-1a level, decreased lipid
peroxidation, and lower levels of sapienic acid
[84]. In vivo treatment of patients with acne
with NAC-GED 1% gel reduced the inflamma-
tory response [84]. Picardo et al., in a recent
multicenter phase 2B randomized double-bind,
vehicle-controlled trial, showed the efficacy and
safety of NAC-GED 5% gel for patients with
moderate to severe facial acne vulgaris [85]. In
that study, there was a significantly higher
reduction in total acne lesion counts with NAC-
GED 5% gel once daily versus vehicle (- 57%
versus - 33.9%) at week 12. The proportion of
patients who achieved an IGA score of clear or
almost clear skin with at least a 2-point reduc-
tion at week 12 was significantly higher with
NAC-GED gel versus vehicle (45% versus 24%)
[85] (Table 1).

Probiotics, Bacteriotherapy, and Phage
Therapy

Oral probiotics are defined as live microorgan-
isms with a potential to correct dysbiosis. They
include Lactobacillus, Bifidobacterium, Lactococ-
cus, and yeast species Saccharomyces boulardii.
The small number of studies and small number
of included patients with acne treated with oral
probiotics do not allow for robust conclusions

on their effectiveness for acne at present
[86–89]. Additional considerations regard the
quality of probiotics used, as they are sensitive
to temperature and humidity [90].

The concept of bacteriotherapy was used by
Nakatsuji et al. in patients with atopic der-
matitis [91, 92]. In a phase 1 randomized clini-
cal trial, Staphylococcus hominis A9 (ShA9), a
bacterium isolated from healthy human skin,
was used as a topical therapy for atopic der-
matitis. ShA9 was applied for 8 days on the
forearm skin of 54 patients with S. aureus-posi-
tive atopic dermatitis and resulted in a signifi-
cant decrease in S. aureus, compared to vehicle
[91]. Dagnelie et al. showed that the restoration
of phylotype diversity of C. acnes decreased the
inflammatory response in healthy skin explants
in vitro (IL-1b, TLR2, IL-17, IL-6, IL-8, IL-10)
[93]. The potential use of topical ‘‘healthy skin’’-
associated C. acnes phylotypes for maintaining
and restoring the cutaneous diversity of C. acnes
phylotypes may be promising research.

Bacteriophages (also known as phages) are
viruses that can infect and kill bacteria. C. acnes
phages are part of the microbial ecosystem on
the skin and are highly conserved across indi-
viduals, showing limited genetic diversity [94].
The ratio between C. acnes phages and C. acnes
was 1:20 in pilosebaceous units in healthy skin
samples [17]. A future perspective could include
the potential topical application of acne phage
therapy; candidate phages should be lytic, non-
lysogenic, and free of antibiotic resistance genes
[95]. Moreover, it has been suggested that pha-
ges may be used to restore sensitivity of C. acnes
strains to antibiotics, as they can exert selection
pressure to resistant bacteria that present mul-
tidrug efflux pumps that in turn act as receptors
for some phages [96]. Liu et al. isolated C. acnes
phages from follicle samples from the skin of
patients with acne and healthy individuals [97].
They showed that the bacterium-phage inter-
actions are C. acnes lineage dependent and that
almost all type I C. acnes strains were susceptible
to the tested phages [97]. C. acnes phages had
efficacy in treating a mouse model of C. acnes-
induced acne [98] and as topical application in
an acne-like mouse model in vivo [99]. In
addition, Kim et al. isolated C. acnes-specific
phages from clinical samples from patients with
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acne vulgaris and characterized the genotypic
and phenotypic characteristics, including their
hydrophobic properties [95].

CONCLUSIONS

The skin microbiome consists of microbes
populating the human skin. The dysbiosis of
the skin microbiome and a loss of diversity of
C. acnes have been implicated in acne patho-
genesis. Furthermore, interactions exist
between cutaneous microbial species, and
microorganisms can act in competition or in
synergy. An imbalance between C. acnes and
S. epidermidis has been described in acne. Cur-
rently approved acne treatments such as ben-
zoyl peroxide, orally administered isotretinoin,
and antibiotics may affect the skin microbiome.
Antibiotics cause considerable collateral dam-
age, inducing antimicrobial resistance and dys-
regulation of the microbiome equilibrium.
Consequently, the interest is shifting towards
new non-antibiotic pharmacological acne
treatments. Spironolactone is an emerging off-
label treatment for adult female patients and
topical PPARc modulation is being studied for
patients with acne. The potential application of
topical or oral probiotics, bacteriotherapy, and
phage therapy for acne are further promising
areas of future research. Understanding how the
microbiome may regulate specific key pathways
in the pathophysiology of acne may open the
way for the design and development of new
treatments for patients with acne.
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