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ABSTRACT

Melasma is a prevalent chronic relapsing pig-
mentary disorder that affects photoexposed
areas, especially in women of childbearing age.
Although there is currently no curative

treatment available for melasma, this manu-
script critically reviews the knowledge regarding
photoprotection, topical and oral therapies, and
procedures such as peelings, laser, and micro-
needling that represent the main strategies for
control and prevention of this disease. As the
pathogenesis of melasma is not entirely under-
stood, there are prospects for the development
of new therapeutic strategies that might act on
the pathways that promote sustained pigmen-
tation rather than merely decreasing melanin
synthesis and removing melanin from the
epidermis.
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Key Summary Points

Melasma is a frequent relapsing
pigmentary disorder that significantly
impacts quality of life, and no curative
treatment is yet available.

Photoprotection against UVB, UVA, and
blue–violet visible light (e.g., broad-
spectrum tinted sunscreen) is essential for
successful treatment, improving
pigmentation, preventing relapse, and
preventing disease in high-risk
individuals.

Topical therapies leading to tyrosinase
inhibition are the mainstay of treatment;
hydroquinone and triple combination
cream are the reference drugs.

Oral therapies (e.g., tranexamic acid) and
microneedling can be associated with
topical therapies to synergistically
increase their efficacy.

Superficial peelings and low-fluence (e.g.,
Q-switched) laser therapy increase
melanin removal from the epidermis,
accelerating clinical results.

INTRODUCTION

Melasma affects photoexposed areas, especially
in women of reproductive age, but no curative
treatment is available, significantly impacting
the quality of life, including low self-esteem
that leads to social contingencies, anxiety, and
depressive symptoms [1–3]. While melasma
induced by pregnancy or photosensitizing drugs
has a better outcome after the causative factor
ceases, most patients experience a chronic dis-
order, with seasonal variation and relapses after
successful treatment, requiring post-treatment
maintenance. In general, melasma fades with
aging, and it disappears in most women after
menopause, although extrafacial melasma can
persist longer [4, 5]. Despite the high prevalence

of melasma and the variety of treatments
available, there are few large-sample random-
ized controlled trials to support a robust hier-
archy of treatments. This review aims to present
and critically discuss the main treatment
strategies for melasma.

Sun Protection

Along with pregnancy, direct sun exposure is
the leading risk factor for melasma, reported by
27–51% of patients as a trigger and 84% as a
factor of clinical impairment [6, 7]. Patients
with melasma usually report occupational or
intentional sun exposure. Thus, rigorous sun
protection measures should be conditionally
recommended for any patient submitted to
treatment and post-treatment maintenance.

As melanogenesis in melasma can be
induced by UVB, UVA, or short-wavelength
visible light (VL), patients with melasma must
be aware of the type of sun exposure in ordi-
nary, daily situations. Large amounts of radia-
tion reach the skin even in the shade or near
windows, while UVA and VL pass through
windshields and window glass. Moreover, these
wavelengths occur at melanogenic levels from
08:30 until 17:30 in intertropical areas [8, 9].

As most sunscreens underperform in real life
due to the low amount of product used or
insufficient reapplications, especially for UVA
and VL protection, behavioral measures and
self-awareness regarding sun exposure should be
reinforced for patients with melasma [10–12].
Additionally, dark-skinned people are less
adherent to routine sun protection, sunscreen
use, and reapplication, although they are more
affected by melasma than fair-skinned individ-
uals, thereby hindering the effectiveness of
treatment [13].

Among behavioral measures for sun avoid-
ance, topical sunscreens play a significant role
in melasma treatment and should be tailored
for the best performance in pigmentary disor-
ders [14]. Nevertheless, the photoprotectors
used in commercial topical sunscreens differ
broadly among countries due to different regu-
latory recommendations from health agencies.

1990 Dermatol Ther (Heidelb) (2022) 12:1989–2012



The UVB protection offered by sunscreens is
determined worldwide by the in vivo sun pro-
tection factor (SPF). For routine daily activities,
SPF-30 sunscreen can prevent skin redness and
photoaging [15, 16]. Nonetheless, most patients
usually apply up to 50% of the recommended
layer of topical sunscreens on their skin, so
products with higher SPF values (e.g., C 50) are
recommended for patients with pigmentary
disorders [17].

UVA radiation is highly melanogenic and
reaches high levels early in the morning (even
on cloudy days), passing through ordinary glass,
but does not induce erythema. UVA is the main
waveband that demands attention in melasma
treatment and post-treatment maintenance.
Protection against UVA is usually determined
by the in vivo persistent pigment darkening
(PPD) factor. However, different regulatory
agencies use various nomenclatures for UVA
protection [15]. As the accomplishment of high
PPD values compromises the cosmetic nature of
topical sunscreens, the PPD range of 20–30 is
indicated in pigmentary disorders to guarantee
patient adherence.

Although VL radiation (especially in the
high-energy blue–violet range) can induce
melanogenesis, there is still no validated
method for assessing the efficacy of sunscreens
to protect against this waveband [15, 18]. Tin-
ted sunscreens are indicated to protect against
VL, while iron oxide salts seem to provide better
performance in melasma. Moreover, although
intense heat leads to melanogenesis, there is no
systematic study on solar heat (infrared radia-
tion [IR]) in melasma, nor are validated meth-
ods to assess IR protection available. Thus,
workers submitted to intense heat as cooks,
bakers, metallurgists, glassmakers, and drivers
should be advised of the role of intense heat in
the chronicity of melasma.

Despite the importance of sun protection in
the treatment of melasma, few systematic
studies have explored sunscreens in treating
and preventing melasma relapse. The assess-
ment of placebo groups in randomized con-
trolled trials for melasma allows for measuring
the efficacy of broad-spectrum tinted sun-
screens, accounting for a 10–20% melasma area
and severity index (MASI) reduction in 8 weeks

[19]. After 12 weeks of using a broad-spectrum
sunscreen (SPF19 PA???), there was a 26.9%
reduction in the MASI in India [20]. Notably,
the use of tinted (with iron oxide) broad-spec-
trum sunscreen reduced the post-treatment
relapse of melasma in 39 French women [21].

Regarding high-risk populations, 200 women
from Morocco during early pregnancy were
solicited to use a broad-spectrum sunscreen (SPF
69, PPD 28). The incidence of melasma was
2.7% after 12 months of follow-up, lower than
expected (53%) in this high-risk population
[22]. Furthermore, 68 Mexican patients with
melasma applied topical 4% hydroquinone
(HQ) for 8 weeks; however, they were random-
ized to use an ordinary SPF-50 sunscreen or a
broad-spectrum tinted sunscreen with iron
oxide, which promoted greater UVA and VL
protection. The mean reduction of MASI was
62% for the ordinary sunscreen group and 78%
for the broad-spectrum and near-VL sunscreens
[23].

Cosmetic makeup can be recommended to
camouflage melasma. However, the photopro-
tection provided by multifunctional products
(e.g., moisturizers, powders) is not as good as
that offered by standard topical sunscreens,
which should be applied under the makeup.
Indeed, there is still no robust evidence that
adding topical antioxidants (e.g., vitamin C,
vitamin E, Polypodium leucAtomos) or depig-
menting agents (e.g., butylresorcinol, glabridin)
to the composition of topical sunscreens
increases the efficacy of treatments for melasma
[17]. Thus, the role of oral antioxidants (mis-
named ‘‘oral photoprotectors’’) is also discussed
below.

Finally, some cosmetics, photosensitizing
drugs (e.g., phenothiazines, sulfonamides, sul-
fonylureas, thiazide diuretics, tetracyclines, tri-
cyclic antidepressants, promethazine,
piroxicam), and steroid hormones (e.g., con-
traceptive pills, estrogen replacement therapies)
increase the melanogenic effect of sun exposure
and should be substituted to enable successful
melasma treatment [24–27]. Since melasma has
a definitive genetic background, adoption of
preventive measures such as sun protection and
avoidance of contraceptive pills should be
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recommended in adolescent girls from families
with melasma [28].

Topical (Self-Applied) Treatments

Hydroquinone and Triple Combination (TC)
HQ is a phenolic compound with antioxidant
properties that interferes with melanogenesis by
inhibiting tyrosinase. It also inhibits DNA and
RNA synthesis and can alter the formation of
melanosomes, causing selective damage to
melanocytes. These properties suppress the
melanocyte metabolic process, inducing a
gradual decrease in melanin production. The
effectiveness and toxicity of topical HQ depend
on the final product’s concentration, vehicle,
and chemical stability.

Compounding pharmacies in USA can make
up to 12% HQ; over-the-counter HQ (3% and
2%) products are no longer available. Generally,
HQ is used as 2–5% cream and can be applied
twice a day when starting therapy, but is usually
prescribed for use at bedtime. The depigment-
ing effect can be seen after 5–8 weeks, and the
treatment can be continued for up to 1 year
[29]. In melasma, the mean reduction of the
modified MASI (mMASI) by treatment with a
broad-spectrum sunscreen and topical 4% HQ is
expected to be 30–40% after 8 weeks and
45–55% after 16 weeks [30, 31].

The efficacy of HQ is optimized when asso-
ciated with retinoids and topical corticos-
teroids. In 1975, Kligman and Willis described
the use of the association of 0.1% tretinoin, 5%
HQ, and 0.1% dexamethasone in skin lighten-
ing [32]. Currently, the association of 0.05%
tretinoin with 4% HQ and 0.01% fluocinolone
acetonide (triple combination [TC]) is consid-
ered the gold-standard topical treatment for
melasma owing to its potent and rapid
whitening effect [33, 34]. All measures of effec-
tiveness and safety indicate that intermittent
use of TC for up to 6 months is recommended.
In melasma, the reduction of mMASI by treat-
ment with a broad-spectrum sunscreen and
topical TC is expected to be 30–40% after
8 weeks and 50–60% for 16 weeks [35–37].

The use of HQ and TC can promote adverse
effects, such as allergic and irritative contact

dermatitis, confetti-like leukoderma, redness,
and telangiectasias. Exogenous ochronosis was
reported due to prolonged use of high concen-
trations of HQ. Although topical HQ has been
prohibited in some countries, there is no sub-
stantial evidence of risk from topical use for
treatment of melasma. However, neither HQ
nor tretinoin should be used during pregnancy
[38–40].

Azelaic Acid
Azelaic acid, or 9-carbonodicarboxilic acid, is a
nonphenolic compound derived from the yeast
Pityrosporum ovale . It is a weak tyrosinase inhi-
bitor of melanocytes and mitochondrial oxi-
doreductases, reducing the DNA synthesis of
normal and hyperfunctioning melanocytes.
Azelaic acid is safe for use in pregnant and
breastfeeding patients and is generally well tol-
erated since the stinging and itching that fol-
lows its application fade in a few minutes.
Azelaic acid is generally used as 20% cream
twice daily for melasma, reducing the MASI by
50% after 8 weeks [41].

Niacinamide
Niacinamide, or nicotinamide, is a biologically
active form of niacin (vitamin B3) found in the
root of many vegetables and yeast. It is an
essential precursor of coenzymes such as
nicotinamide adenine dinucleotide (NADH)
and nicotinamide adenine dinucleophosphate
(NADPH) molecules with a potent antioxidant
action [42]. In vitro studies have shown that
niacinamide significantly decreases the transfer
of melanosomes to keratinocytes, interfering in
the cell signaling pathway between ker-
atinocytes and melanocytes, decreasing
melanogenesis [43]. Topical niacinamide stabi-
lizes the epidermal barrier function with
increased protein and ceramide synthesis and
keratinocyte differentiation, improving skin
microrelief and attenuating fine wrinkles.
Moreover, it promotes an antiinflammatory
effect on the skin [44]. Niacinamide is safe for
use in pregnant and breastfeeding patients and
is generally applied alone as 4–5% cream twice
daily or in association with other lighteners,
such as kojic acid and arbutin. In melasma, 4%

1992 Dermatol Ther (Heidelb) (2022) 12:1989–2012



niacinamide has led to a 62% reduction of
hemi-MASI (hMASI) after 8 weeks [45].

Cysteamine
L-Cysteamine is an aminothiol compound with
antioxidant and depigmenting properties due
to the inhibition of peroxidase and tyrosinase
enzymes. It also acts as a chelator of iron and
copper and increases intracellular glutathione
levels. L-Cysteamine can be found naturally as
an intracellular degradation product of L-
cysteine.

Two randomized, double-blind, placebo-
controlled studies with 50 and 53 participants
tested a fine layer of 5% cysteamine cream on
the face at night, leaving it up to 3 hours for
16 weeks, achieving reductions of the MASI by
50% and 59%, respectively [46, 47]. Moreover, a
randomized, evaluator-blinded clinical trial
including 40 Brazilian women with facial mel-
asma who underwent broad-spectrum tinted
sunscreen and nightly application of 5% cys-
teamine or 4% HQ for 16 weeks resulted in an
MASI reduction of 32% and 52%, respectively
[31]. Another comparison of cysteamine and
4% HQ for 16 weeks in Australia resulted in 21%
and 32% mMASI reduction, respectively [48].
Furthermore, in a randomized trial of 50
women with melasma, 5% cysteamine was
compared with a modified TC (4% HQ, 0.05%
retinoic acid, and 0.1% betamethasone) for
16 weeks, achieving a 51% and 42% reduction
of MASI, respectively.

Thiamidol
Thiamidol (isobutylamido thiazolyl resorcinol)
is a new, potent tyrosinase inhibitor proven to
prevent UVB-induced hyperpigmentation in
human skin [49]. After 24 weeks of thiamidol
0.2% applied twice daily, 23 women with facial
melasma experienced a mean MASI reduction of
26%. A randomized controlled trial including
50 Brazilian women with melasma compared a
double layer of thiamidol 0.2% twice daily ver-
sus nightly 4% HQ for 12 weeks with a broad-
spectrum tinted sunscreen. The reduction of
mMASI was 43% and 33%, respectively.

Other Topical Agents
Several promising topical products are under
consideration for melasma treatment [50].
However, few have been tested in randomized
controlled trials using MASI scores as the pri-
mary outcome, limiting the evaluation of their
efficacy and the definition of their role among
available treatments.

The most active presentation of vitamin C is
L-ascorbic acid, usually prescribed for melasma
at concentrations of 5–20%. As it is highly
unstable, several compounds have been devel-
oped for skin bleaching and melasma [51].
Vitamin C inhibits melanogenesis by interact-
ing with the copper in tyrosinase, depleting
dopaquinone. It is commonly associated with
other lighteners, such as kojic acid and arbutin.

Kojic acid is obtained from various fungi
such as Aspergillus oryzae , Penicillium spp., and
Acetobacter spp. It also binds to the copper in
tyrosinase, blocking its activity and eumelano-
genesis. In the treatment of melasma, kojic acid
is used in a concentration ranging from 1% to
4% in combination with other lighteners. Its
effect begins after 2–4 weeks of continuous use,
with progressive improvement up to 6 months
[52].

Arbutin is an HQ derivative extracted from
the grape Uva ursi folium, also found in the
leaves of blueberries and cranberries. It inhibits
tyrosinase and prevents the maturation of mel-
anosomes. In melasma, it is usually used at
concentrations ranging from 1% to 6% in
combination with other lighteners and proce-
dures [53].

Glycolic acid is an alpha hydroxy acid whose
effect is dependent on its pH and concentra-
tion. It reduces the cohesion of corneocytes at
the junction of the stratum corneum and
granulosum, which leads to thinning of the
epidermis with continued use. This agent facil-
itates the penetration of other active principles
and promotes melanin’s dispersion by increas-
ing keratinocyte cell turnover [54]. For the
treatment of melasma, glycolic acid is usually
associated with other lighteners, such as kojic
acid and HQ, in creams at concentrations from
4% to 10% [55]. The main adverse effects arise
from the primary irritation. There may also be

Dermatol Ther (Heidelb) (2022) 12:1989–2012 1993



temporary erythema and burning shortly after
application.

Clobetasol is a potent topical steroid that
promotes rapid clearing of melasma pigmenta-
tion. The mechanism of depigmentation pro-
moted by corticosteroids has not yet been
elucidated, and the clearance promoted is usu-
ally of short duration. Moreover, the cream
cannot be administered for extended periods
due to its local side effects, although clobetasol
can be used for a short cycle followed by
another treatment with a better safety profile.
Sequential treatment with topical clobetasol for
up to 8 weeks followed for topical bleaching
agents can promote a faster result when com-
pared with the usual bleaching agent [56, 57].

Ten patients with facial melasma from India
were treated with 0.05% clobetasol propionate
cream topically twice daily for 4 weeks, followed
by use once daily associated with sunscreen for
another 4 weeks. All participants presented
pigmentation fading after 2 weeks, which was
more noticeable after 4–6 weeks. However,
three (30%) had to stop the treatment after
4 weeks because of local atrophy and telang-
iectasia [57].

In a split-face trial performed in India, par-
ticipants with facial melasma were prescribed
twice-daily application of 20% azelaic acid
cream to half the face for 24 weeks. On the
other half of the face, they applied 0.05% clo-
betasol propionate cream for 8 weeks only, fol-
lowed by 20% azelaic cream for the next
16 weeks. For the 30 patients who completed
the study, the side that received the sequential
therapy presented substantial lightening, with
mild and transient side effects [56].

Topical tranexamic acid (TXA) performs
worse than its oral and intradermal regimens.
Moreover, TXA has a variety of formulations,
vehicles, and regimens of treatment that
increase the variability of the results and hinder
a suitable evaluation of its role in melasma
treatment [58]. A vehicle-controlled study using
liposomal 5% TXA for 12 weeks in Thailand
resulted in a 51% reduction in MASI, despite no
difference between groups [58].

A randomized split-face study of 100 Egyp-
tian women compared liposomal 5% TXA
cream twice daily with nightly 4% HQ for

12 weeks, which resulted in an hMASI reduction
of 46% and 45%, respectively [59]. Another
randomized trial with 60 Iranian women com-
pared 5% TXA twice daily with 3% HQ for
12 weeks, resulting in a 52% and 48% mMASI
reduction, respectively [60]. Furthermore, a
randomized study compared topical TXA with a
modified TC for 8 weeks in India, resulting in
5% and 30% MASI reduction, respectively [61].

Metformin inhibits melanogenesis by
reducing intracellular cyclic adenosine
monophosphate (cAMP) accumulation, but its
low lipophilicity obligates its use in high con-
centrations for topical efficacy [62]. Topical
metformin 30% lotion twice daily was com-
pared with TC for 8 weeks in a randomized
controlled study involving 40 Egyptian patients
with melasma. The decrease in MASI was 56%
and 57%, respectively [63]. Meanwhile, there is
no robust evidence of the association of mel-
asma with insulin resistance [64].

Methimazole is an oral antithyroid drug that
has recently attracted attention due to its
depigmenting effect by inhibiting peroxidase,
but it has also been shown to exert inhibitory
effects on tyrosinase in experimental studies.
Topically, it is noncytotoxic to melanocytes,
and it does not promote changes in serum
thyroid stimulating hormone (TSH) levels [65].
A double-blind study evaluated the efficacy and
safety of 5% methimazole once a day versus 4%
HQ for 8 weeks in 50 Iranian women with
melasma. The reduction of mMASI was 25% and
76%, respectively [66].

Melatonin is a hormone synthesized and
secreted by the pineal gland, with a powerful
antioxidant role that regulates the circadian
rhythm. It reduces UV-induced free radicals and
inhibits the alpha-melanocyte-stimulating hor-
mone [67]. Since systemic oxidative stress is
increased in patients with melasma, serum
levels of melatonin and catalase are signifi-
cantly lower [68]. After 90 days of topical
melatonin 5% twice daily combined with sun-
screen for 90 days, the MASI decreased by 31%
compared with HQ 4% and sunscreen, which
achieved a decrease of 37% [69]. As sleep dis-
orders are a major source of oxidative stress, oral
melatonin can play a special role in the
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treatment of patients who refer poor sleep
quality [70].

Malassezin is a natural indole compound
produced by Malassezia furfur , reported to
induce melanocyte apoptosis, dose-dependent
induction of apoptotic markers, and decreased
melanin synthesis in melanocyte cultures.
In vitro tests also demonstrated that malassezin
is not a tyrosinase inhibitor, but a highly active
agonist of the aryl hydrocarbon receptor with
key homeostasis functions that may impact the
mechanism of pigmentation. In a double blind,
dosing range study, the group that used topic
malassezin twice a day for 8 weeks had a 30.13%
reduction in the severity of hyperpigmentation,
compared with 16.67% in the placebo group.
There were no relapses during 8 weeks of follow-
up [71, 72].

In 2017, Cohen proposed a novel (topically
administered) double therapy for melasma that
combine an anti-estrogen and a vascular
endothelial growth factor inhibitor. The anti-
estrogen could be either a selective estrogen
receptor modulator (such as tamoxifen or
raloxifene) or an aromatase inhibitor (such as
anastrozole, letrozole, or exemestane). The vas-
cular endothelial growth factor inhibitor would
be bevacizumab [73–75]. Investigation of this
novel approach in clinical trials is warranted.

Systemic Treatments

Tranexamic Acid (TXA)
TXA is a synthetic lysine-analog antifibrinolytic
agent that competitively inhibits the activation
of plasminogen to plasmin. It promotes the
inhibition of tyrosinase activity by blocking the
interaction of melanocytes and keratinocytes
via the inhibition of the plasminogen/plasmin
system. TXA also decreases mast cell activity
and inhibits fibroblast growth factors [76, 77].

In a randomized controlled trial with 44
women, oral 250 mg TXA or placebo was given
twice daily for 3 months, leading to a 49%
reduction of MASI, compared with 18% in those
who used sunscreen alone [78]. However, there
was a notable relapse of melasma in the
3 months that followed TXA interruption.

Oral TXA also improves the performance of
adjuvant creams such as TC cream in melasma,
with earlier clinical response [79]. In a ran-
domized trial, the group that received oral TXA,
250 mg, twice daily for 60 days associated with a
broad-spectrum sunscreen and TC cream pre-
sented a 64% reduction of mMASI, while the
group that received a broad-spectrum sunscreen
and TC presented only a 12% mMASI reduction
[80, 81]. A relapse of melasma was observed in
the months following TXA interruption, even
with sunscreen and TC maintenance.

Regarding TXA dosage, patients with severe
melasma were randomized to receive a daily
dose of 500 mg, 750 mg, 1000 mg, or 1500 mg
for 8 weeks. All four doses were effective, and
there were no relevant differences in the MASI
or melanin index reductions among them [82],
although faster results were achieved with
higher dosages [83]. As long as the prothrom-
botic effects are dose dependent, the lower dose
offers a favorable result, as fewer patient side
effects and risks are preferable. Despite its off-
label indication, TXA is usually prescribed as
250 mg capsules twice daily for 2–4 months in
melasma.

A retrospective analysis enrolled 561 patients
with different treatment regimens. Adverse
events occurred in 40 (7.1%). Most were tran-
sient, but one (0.2%) developed deep vein
thrombosis 6 weeks after starting therapy. She
was later diagnosed with familial protein S
deficiency [84].

The primary reported side effects of TXA are
back pain, musculoskeletal pain, oligomenor-
rhea, headache, urticarial rash, and abdominal
cramps. Contraindications to TXA are renal
dysfunction, malignancy, cardiovascular or res-
piratory disease, current anticoagulant therapy,
(personal or familiar) history of thromboem-
bolic disease (including deep vein thrombosis,
pulmonary embolism, arterial thrombosis,
stroke, and subarachnoid hemorrhage), and
pregnancy. Other factors (e.g., hormonal con-
traception or replacement therapy, smoking,
and long-distance travel) should be considered
as potential exclusion criteria. There are no
biochemical markers of TXA-related thrombotic
events, so careful anamnesis should be per-
formed to identify the main risk factors [85].
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Pycnogenol
Pycnogenol is a standardized extract obtained
from the bark of the French maritime pine Pinus
pinaster. It contains monomeric phenolic com-
pounds (catechin, epicatechin, and taxifolin)
and condensed flavonoids (procyanidins), with
antioxidant and antiinflammatory activities
capable of stimulating the synthesis of the
enzyme-induced nitric oxide synthase and
antityrosinase activity leading to the suppres-
sion of melanin biosynthesis. In vitro, pyc-
nogenol has antioxidant properties that are
more potent than vitamins E and C. In addi-
tion, it recycles vitamin C, regenerates vitamin
E, and reduces the skin erythema induced by
UVB [86]. The usual dosage prescribed is
75–150 mg daily in melasma, divided into two
to three doses for 2–4 months. The side effects
are negligible.

Oral pycnogenol 50 mg twice daily has been
suggested to treat melasma, reducing 58% of
MASI in 31 Brazilian women after 90 days [87].
Another case series enrolled 30 Chinese women
with melasma, who took 25 mg pycnogenol
three times daily for 30 days, leading to a 32%
mean area reduction and a 22% intensity
reduction of facial melasma [86]. Furthermore, a
randomized controlled trial evaluated the
addition of 150 mg oral pycnogenol (or pla-
cebo) to a broad-spectrum tinted sunscreen and
TC in 44 women with melasma. At 60 days, the
reduction of mMASI was superior for the group
who took oral pycnogenol, at 49% versus 34%
[37].

Other Systemic Agents
Polypodium leucatomos (PL) is an over-the-coun-
ter medication, marketed as Heliocare in USA. It
is a fern of the Polypodiaceae family, native to
Central and South America. It has been descri-
bed as an antiinflammatory supplement for
treating inflammatory dermatoses and reducing
sunburn severity. Its exact mechanism of action
is unknown, but it is a potent antioxidant and
seems to work to maintain the extracellular
matrix’s structural integrity, which is usually
affected by ultraviolet radiation [88, 89]. These
properties have led to the hypothesis of its
efficacy for the treatment of melasma. However,
a trial involving 40 Hispanic women with

moderate to severe melasma using sunscreen
and randomized to receive oral placebo or
720 mg PL extract daily for 12 weeks revealed
no difference in MASI reduction [90].

Another study included 33 Asian women
with melasma using topical 4% HQ cream and
broad-spectrum sunscreen randomized to take
PL 480 mg/day or placebo for 12 weeks. At
56 days, the decrease in MASI was more signif-
icant in the PL group (49.4%) than placebo
(32.6%). Nevertheless, the reduction in the
melanin index, erythema index, quality of life
scores, and blinded global photographic
improvement did not differ between the groups
[91]. These contradictory results warrant new
systematic studies to investigate the efficacy of
PL in treating melasma.

Carotenoids are natural pigments present in
several plants that act as stabilizers of unsta-
ble molecules due to their ability to reversibly
chelate reactive oxygen species and other free
radicals, absorbing the energy of these mole-
cules and dissipating it in the form of heat. In
the skin, photoprotection by carotenoids occurs
by direct absorption of UVA, UVB, and VL by
acting against the action of UVR on exposed
molecules, which become unstable and poten-
tially hazardous to the DNA molecules and
cellular proteins. In addition, they can activate
antioxidant and antiproliferative enzymatic
pathways in response to UVR exposure [92].
Oral fucoxanthin (10 mg/kg) reduced experi-
mentally UVB-induced skin pigmentation in
guinea pigs, probably due to suppression of
proinflammatory cytokine prostaglandin E2
(PGE2) synthesis and receptors involved in
melanogenesis [85]. Despite the plausibility of
its use, there have been no randomized con-
trolled trials of oral carotenoids in melasma to
date.

Glutathione has been purposed to treat
melasma due to its antioxidant properties,
leading to tyrosinase inhibition. Moreover, it
increases intracellular cysteine levels and N-
acetylcysteine, shifting melanogenesis from
eumelanin to pheomelanin. It is prescribed
worldwide for skin discoloration by an oral or
intravenous route. A randomized placebo-con-
trolled study with 60 young Thai medical stu-
dents taking 250 mg twice daily oral
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glutathione for 4 weeks provided a consistent
decrease in the melanin index and a reduction
of lentigines [93]. Thus, randomized controlled
studies using oral antioxidants with glutathione
or N-acetylcysteine for melasma are warranted.

Oral lycopene-rich tomato extract proved to
increase the serum levels of superoxide dismu-
tase and contribute with topical 4% hydro-
quinone to mMASI reduction, after 12 weeks
[94].

Chemical Peelings

Chemical peelings accelerate the turnover of
epidermal keratinocytes, classified as superficial,
medium, and deep according to the skin layer
and histological level reached. The effects can
include epidermal remodeling, keratinocytes
from the corneal layer, melanin elimination,
and dermal reorganization due to the inflam-
matory process and production of cytokines,
which stimulate fibroblasts and increase colla-
gen and elastin synthesis [95]. Moreover, there
are many indications for medical peelings in
cosmetic dermatology. With melasma, they are
usually associated with medical care, such as TC
and HQ plus a broad-spectrum tinted sun-
screen, and other procedures, such as micro-
needling, for better results [96, 97].

Chemical peels are not the first-line therapy,
but they represent an adjuvant measure. Nota-
bly, superficial peeling in serial sessions should
be performed for melasma. The effects are
dependent on keratinocyte turnover and mela-
nin distribution [98, 99]. The most commonly
used agents for chemical peeling are (1) 15% or
20% trichloroacetic acid (TCA) in aqueous
solution, gently applied with gauze and not
removed or neutralized; (2) 30%, 50%, or 70%
glycolic acid (GA) in gel, applied with gloved
fingers and removed (after erythema or sting-
ing) or neutralized (if frosting) with 10%
sodium bicarbonate; (3) 20% or 30% salicylic
acid (SA) in ethanol, applied with gauze and not
removed; and (4) Jessner’s solution (JS), which
is composed of 14 g resorcinol, 14 g salicylic
acid, and 14 mL lactic acid (85%) in ethyl
alcohol 95%, applied with gauze and not
removed.

The results may be mild, moderate, or
marked, but no additional reduction in skin
pigmentation may be observed. GA is the agent
most widely cited in literature about chemical
peelings and melasma [100]. Full-strength lactic
acid (LA) solution, in concentrations of 92% or
82%, was reported in two studies as an alterna-
tive to be applied with gloved fingers just over
the lesional area and removed after erythema or
stinging. Its efficacy seemed similar to that of JS
[101, 102].

Retinoic acid (RA) or tretinoin, in concen-
trations of 1%, 3%, and 5% in ethanol/propy-
lene glycol, was first reported in 2001 as an
agent for serial superficial peelings and indi-
cated for melasma and photoaging [103, 104]. It
is a yellow-colored dispersion and should be
maintained on the skin for up to 6 h (washed at
home), and a brown dye is added for facial use
with no influence on the peelings’ effect. The
expectation is to increase keratinocyte turnover
and eliminate preformed melanin within the
epidermis. However, RA is a volatile formula-
tion, degraded when exposed to VL, UV, and
O2. Thus, a powerful antioxidant system is
needed.

To date, the best vehicle and ideal concen-
tration for RA remain unknown. Pharma-
cotechnical studies have shown greater
retention of high-strength formulations in the
corneal layer when compared with traditional
0.05% RA cream. Thus, high concentrations
have no apparent advantage since they are more
difficult to homogenize, increasing the risk of
crystallization and reducing skin penetration
[105].

An evidence-based review, including 40
studies and 2912 patients, concluded that GA
peeling is not more effective than HQ 4% [106].
Furthermore, another review, including grades
of recommendation, concluded that all super-
ficial peelings might be used in melasma as an
additional or maintenance therapy, with mild
to moderate efficacy. The authors also demon-
strated no significant advantage of one agent
over another and recommended a choice based
on comfort level, the experience of the derma-
tologist, and the safest strength [107].

In contrast, a recent network meta-analysis
evaluated the efficacy of all currently available
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Table 1 Randomized and controlled trials, prospective and comparative studies about chemical peelings in melasma

Author,
year

Study design Population Interventions, efficacy
parameters duration, follow-up

Results

Kalla, 2001 NR,

comparative

N = 100 Indian

patients

M:F = 1:1.6 2

groups (A, B)

A = 6855–75% GA

B = 32

10–15% TCA

Parameters not specified

Till significant improvement

Follow-up = 3 months

TCA: faster response, but

more relapse and

hyperpigmentation

Hurley,

2002

R, IB, split-face N = 21 Hispanic

patients (18

completed)

phototypes IV and

V; 2 groups (A, B)

A: 4% HQ cream twice daily—

8 weeks

B: 4% HQ cream twice

daily ? 20%—30% GA, every

2 weeks (20% for 4 weeks, 30%

for 4 weeks) MASI, Mexameter,

subjective 8 weeks

No follow-up

Significant reduction in both

groups, with no difference

Sarkar, 2002 Open, pilot,

comparative,

prospective

N = 40 Indian

patients

Photo types III-V

M:F = 18:22

2 groups (1, 2)

1 = 20: MKF daily ? serial GA

(30–40%), 3 weeks interval

2 = 20: MKF daily

21 weeks

No follow-up

Significant improvement in

both groups, more rapid

and greater in group 1

Khunger,

2004

Open, pilot,

split-face

N = 10 female Indian

patients

1% RA daily X 70% GA, weekly,

12 weeks mMASI, photograph

No follow-up

Significant decrease in both

sides, with no difference

Dogra, 2006 R N = 50 female

Pakistan patients 2

groups (A, B)

A = 50% GA

B = 20% TCA ? 5% HQ and

0.025% RA

3 peels, every 3 weeks MASI,

photographs

No follow-up

Same efficacy, tolerability to

GA better than to TCA

Macedo,

2006

Open,

comparative,

split-face

prospective

N = 8 female

Brazilian patients

10% GA/4% HQ cream on both

sides of the face ? 4 bi-weekly

70% GA to one side X peeling

vehicle on the other side,

Clinical pictures assessed by 3

independent dermatologists

No follow-up

Similar improvement on

both sides; 70% GA did

not produce additional

reduction in pigmentation
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Table 1 continued

Author,
year

Study design Population Interventions, efficacy
parameters duration, follow-up

Results

Sharquie,

2006

NR, split-face,

comparative

N = 30 Iraqi women

(26) and men (4)

24 completed (20

women, 4 men)

phototype IV

2 groups (1, 2)

1 = 15—92% LA

2 = 15 JS

every 3 weeks

Till desired response

2 to 5 sessions MASI

Follow-up = 6 months

Significant improvement on

both sides, with no

difference; no side effects

Erbil, 2007 RCT N = 25;

15 = cases

10 = controls

Cases: serial GA

20 ? 35 ? 50 ? 70% every

other week

? daily 20% AA cream

(b.i.d.) ? adapalene 0.1% gel

Controls: daily 20% AA

cream (b.i.d.) ? 0.1% adapalene

gel

MASI

20 weeks

20 weeks

Good response for all,

significantly better for

group peels, with transient

erythema and PIH in 3

patients

Soliman,

2007

R, comparative N = 30 female

patients,

phototypes III and IV

2 groups (A, B)

A = 15

20% TCA

B = 15

20% TCA ? topical 5% ascorbic

acid ? 0.05% RA gel and 4%

HQ cream once daily MASI

and patients’ global response

6 weeks

12 and 16 weeks

Improvement and

maintenance during

follow-up

A = 10 patients (67%)

B = 13 patients (87%)

No significant
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Table 1 continued

Author,
year

Study design Population Interventions, efficacy
parameters duration, follow-up

Results

Garg, 2008 R, SB N = 60 Indian

patients phototype

IV (50 completed)

3 groups (A, B, C)

M:F = 1:6.5

A = 15

GA 20% ? 50%

B = 17 0.025% RA ? GA

20% ? 50%

C = 18

2% HQ ? GA 20% ? 50%)

2-weeks interval, MASI

No follow-up

All improved, most

significant in C

A[B[C

Safoury,

2009

NR, SB,

prospective

split-face

N = 20 women

phototypes III

and IV

15% TCA on both sides

X mJS on one

Side

10 days interval

MASI

10 weeks

8 weeks

Significantly higher

improvement with

combination, but

significant discomfort

Kumari,

2010

NR,

comparative

N = 40 Indian

women

2 groups (1, 2)

1 = 20

12% GA or 0.1% RA cream, at

night, previously, for 2 weeks

? 20–35% GA

2 = 20

10–20% TCA every 15 days

MASI

Photographs

12 weeks

No follow-up

Similar efficacy MASI

reduction: 79% for GA

73% for TCA

No difference

Fewer side effects for GA

compared to TCA

lknur, 2010 Single-blind,

randomized,

right-left of

the face

N = 31 Turkish

patients (24

completed)

12 serial peel GA X AFA. 2 weeks

interval. mMASI 6 months. No

follow-up

Significant decrease of

mMASI

No difference

AFA—less irritating
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Table 1 continued

Author,
year

Study design Population Interventions, efficacy
parameters duration, follow-up

Results

Kodali,

2010

RCT, split-

face,

prospective

N = 20 Latin

American women

(18 completed)

20%—30% SA

every 2 weeks

4 peels on one side of the face X

4% HQ cream to both sides,

twice daily

Narrowband reflectance

spectrophotometry

No follow-up

Significant reduction in

pigment intensity, no

difference between sides

20% to 30% SA peels are

were not effective for

melasma

Faghihi,

2011

RCT, DB,

split-face

N = 63 patients (male

and female)

70% GA X 1% RA peel, 4

sessions

2 weeks interval, MASI

8 weeks

No follow-up

No difference

RA 1% more tolerable

Puri, 2012 NR,

comparative

N = 30 Indian

patients

M:F = 1:6.5 2 groups

(A, B)

A: 15% TCA

B: 35% GA peel

every 3 weeks

MASI

15 weeks

No follow-up

Same efficacy, TCA: more

side effects

Sobhi, 2012 SB, right-left

comparison

N = 14 Egyptian

women,

phototypes IV-V

Right side: 70% GA 6 sessions X

Left side:

nanosome vitamin C applied by

iontophoresis

MASI

Photographs evaluated by two

single-blinded physicians

No follow-up

Both sides improved

Nanosome vitamin C was

better

Few and transient side effects
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Table 1 continued

Author,
year

Study design Population Interventions, efficacy
parameters duration, follow-up

Results

Mahajan,

2015

RCT, DB N = 40 Indian

patients

(38 completed)

2 groups (1, 2)

1 = 20

just TC

2 = 20

serial GA peel 2-weeks interval

? 20% AA cream

MASI, digital

photography, VAS

12 weeks

12 weeks

Significant reduction in

MASI with no difference

between groups

Sarkar, 2016 R, comparative N = 90 Indian

patients

3 groups (A, B, C)

Before peels: 4% HQ ? 0.05%

RA cream, 4 weeks

A = 35% GA

B = SM

20% AS / 10% mandelic acid

C = phytic acid peels. every

14 days

MASI

Photography

12 weeks

Follow-up = 20 weeks

MASI reduction:

A = 62.36%

B = 60.98%

C = 44.71%

35% GA and SM were

equally efficacious and safe

and more effective than

phytic acid peels

SM was better tolerated

Choudhary,

2017

R, parallel

control,

comparative,

SB

N = 36 female

patients

12, melasma

12, photomelanosis

12, post acne

pigmentation,

3 groups (1, 2, 3)

(4 patients each)

1. 20% SA

every 2 weeks

2. 50% GA

every 3 weeks

3. 15% TCA

every 3 weeks

6 sessions

Investigator’s Global

Improvement Assessment,

Patient’s satisfaction grading

scale based in photographs

No follow-up

Improvement

(all together)

marked = 27.77% (10/36)

moderate = 36.11% (13/36)

mild = 36.11% (13/36)

No difference

All well tolerated
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treatments for melasma. Chemical peels were
not cited as a therapeutic option due to the
paucity of high-quality randomized controlled
trials [108]. Adverse effects are rare, but the
primary concern is the risk of hyperpigmenta-
tion, especially in dark-skinned individuals [99].

Twenty-one randomized and comparative
studies about chemical peels for melasma were
identified (Table 1). In general, no relevant dif-
ferences were observed in the comparisons.
Nonetheless, it is important to highlight the
high heterogeneity and limitations of the
studies, such as (1) low to moderate method-
ological quality, (2) variation in a selected
population, (3) a lack of inclusion and evalua-
tion in different skin types, (4) small sample
sizes, (5) variable designs, (6) types of chemical
peels, (7) deficient efficacy measures, (8) short-
term or no follow-up, (9) attrition rate, (10)
heterogeneities in the grouped results, and (11)
poor conclusions. Nevertheless, GA is consid-
ered more effective and safer than TCA peeling
for melasma [99, 106], while JS and RA peels are
low-cost and safe adjuvant procedures for mel-
asma. Moreover, modified JS (17% LA, 17% SA,
8% citric acid, and ethanol) may reduce allergic
reactions to resorcinol and post-inflammatory
hyperpigmentation [109]. However, additional
well-designed studies are needed.

Microneedling

Microneedling was first developed to treat acne
scars and skin laxity. Nevertheless, an
improvement in post-inflammatory hyperpig-
mentation and melasma was perceived in these
patients [110]. When performed with a roller,
providing a moderate skin injury (diffuse ery-
thema and some bleeding spots) promoted an
early improvement of melasma [111]. This
technique, associated with TC and broad-spec-
trum sunscreen for 8 weeks (Fig. 1), better pro-
moted a superior mMASI reduction (48%) than
TC alone and proved to prevent further relaps-
ing [81, 112].

The mechanism of microneedling action is
not yet entirely known. After the procedure, an
early keratinocyte proliferation occurs, increas-
ing melanin transcutaneous elimination. In
addition, microneedling improves patterns of
skin photoaging, such as solar elastosis and
pendulum melanocytes, while restructuring
damaged basal membranes [113]. Microneed-
ling is also a safe procedure to perform on skins
of color [106].

Many studies have cited microneedling to
increase topical bleaching agent penetration.
However, the best endpoint for penetration is
not unanimous. Furthermore, the bleaching

Table 1 continued

Author,
year

Study design Population Interventions, efficacy
parameters duration, follow-up

Results

Abdel-

Meguid,

2017

RCT, IB, split

face, right-

left, assessor-

blinded

N = 24 female

Egyptian patients,

phototypes IV-V

20%-25% TC ? JS X 20%-25%

TCA alone

6 sessions

2 weeks interval

MASI

photographs

No follow-up

Significant decrease in MASI

for both regimens;

JS ? TCA: more effective

RCT randomized controlled trial, R randomized, NR non-randomized, SB single-blind, DB double-blind, IB investigator-
blind, TC triple combination (2%, HQ, 0.05%, RA, 0.01%); Fluocinolone), AA azelaic acid, mMASI modified Melasma
Area and Severity Index, VAS Visual Analog Scale, PIH post-inflammatory hyperpigmentation, MKF modified Kligman
formula, M:F Male:Female
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effect of the product depends on the skin pen-
etration and frequency of use. Therefore, the
punctual drug delivery of a bleacher on a
biweekly or monthly basis of microneedling was
not beneficial. On the contrary, most of these
agents were not developed for intradermic use.
Thus, their safety profile is unknown. In addi-
tion, the lateral and deep penetration of these
substances after microneedling occurs errati-
cally, making the adverse effects of a possible
systemic absorption unpredictable [114].

Radiofrequency microneedle was reported as
an effective treatment for refractory melasma,
although no large randomized controlled stud-
ies have been performed [115–117].

Intradermotherapy and Platelet-Rich
Plasma

A significant challenge in treating melasma is
the low permeability of water-soluble sub-
stances through the hydrophobic layer of the
stratum corneum. With intradermotherapy,
medications are delivered directly into the der-
mis, resulting in a higher drug concentration in
the target area with smaller volumes. Conse-
quently, the effect is greater and longer-lasting,
with fewer adverse events. For intradermal
injection, substances must be solubilized in
sterile water, and mixtures should be avoided,

with different substances injected via separate
syringes.

TXA is the most studied substance in intra-
dermotherapy for melasma. Injections are per-
formed by a 28-gauge to 30-gauge syringe at
1 mm depth and 1 cm distance between each
point. In clinical trials, 3–12 sessions were per-
formed with an interval of 1–6 weeks between
them. There was a reduction in the severity
score, which varied between 33.3% and 81.2%.
Different concentrations of TXA were used
(4–100 mg/cc), but higher concentrations did
not appear to improve the skin lightening.
Notably, lower concentrations relapsed more,
while higher concentrations were more painful.
Intradermotherapy with TXA appears to lighten
the skin more slowly but has similar efficacy to
oral treatment, with a better safety profile [118].
Although intradermotherapy is likely to pro-
mote melasma improvement, controlled studies
are scarce despite the wide use of vitamin C and
glutathione products.

Platelet-rich plasma (PRP) seems to be
another promising technique for treating mel-
asma, although only a few controlled studies
have compared PRP with standard therapies. No
consensus exists regarding a standardized
method of PRP preparation or the concentra-
tion of platelets. Platelets contain platelet-
growth factor, transforming-growth factor
(TGF) b1 and b2, and epidermal growth factor.
These substances act on pigment metabolism
and inflammation and can repair the altered
dermal structures of melasma.

In a meta-analysis of PRP for melasma
involving 395 adults in ten clinical trials, there
was a significant reduction in the mMASI score
after the procedure [119]. In addition to intra-
dermal injection, PRP can be used after micro-
needling, with similar results between the two
techniques. The number of PRP sessions ranged
from three to six, held monthly or semi-
monthly. Minimal side effects were seen, such
as temporary erythema, edema, and pain at the
injection site.

Fig. 1 Facial melasma in a 48-year-old type V Fitzpatrick
woman treated with tinted sunscreen, triple combination
at bedtime, oral tranexamic acid 250 mg every 12 h and
two microneedling sessions with a 30-day interval between
sessions. A: before and B: after 2 months of treatment
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Laser and Light Technologies

Multiple clinical trials have explored the use of
laser and light technologies to treat melasma.
However, due to the heterogeneity of the study
design (clinimetric parameters used as out-
comes, the number of sessions, treatment
intervals, and duration of follow-up), the
diversity of device settings, and melasma char-
acteristics, comparing these results is compli-
cated [120]. In clinical practice, the laser that
targets melanin most used for treating melasma
is the Q-switched Nd-YAG in toning mode. The
Q-switching technique produces pulses with an
extremely high peak of energy delivered in a
short time (nanoseconds). The result is
destruction of melanin by a photoacoustic
effect [121, 122]. The toning mode, in turn, uses
low fluence (up to 3j/cm2) and larger spot size in
sessions with short intervals (1–6 weeks).
Hence, there is no destruction of melanocytes
or keratinocytes in the epidermis but rather the
intracellular melanosomes (subcellular selective
photothermolysis), leading to less inflamma-
tion and consequently less post-inflammatory
hyperchromia and hypochromia in confetti.
However, even with this safer technique, there
are reports of dyschromia after procedures with
short intervals [123].

Recently, the industry has developed lasers
whose pulse duration is picoseconds at different
wavelengths: 532, 755, and 1064 nm. The
energy, delivered in an even shorter time,
reduces the photothermal effect and increases
the photoacoustic effect in the treated tissue.
However, the superiority of picosecond lasers
compared with nanosecond lasers in the treat-
ment of melasma may not be well established
[124, 125].

Besides pigment, lasers that target water are
also used for treating melasma. Ablative frac-
tional lasers (CO2 and Er:YAG) vaporize the
keratinocytes with more melanin and the
hyperfunctioning melanocytes from melasma.
Moreover, the healing of the skin around the
coagulation columns improves the photoaged
environment of the upper dermis of melasma,
possibly reducing the paracrine stimulus to the
melanocytes.

However, ablative lasers have a high thermal
effect, resulting in dyschromia. Thus, short
pulses with low energy density are recom-
mended to reduce this complication [126].
Nonablative lasers, in turn, produce columns of
coagulative damage within the dermis, keeping
the stratum corneum intact, which generates
less inflammation. One nonablative laser, the
1927 nm thulium device, appears to be
promising for treating melasma because its
penetration is around the dermal–epidermal
junction [127].

Hypervascularization is an epiphenomenon
of the ionizing radiation damage in melasma
while participating in the maintenance of
hyperpigmentation. Hence, a pulsed dye laser
(585 nm) can be used in melasma, especially
when telangiectasias are visualized. When
treating the vessels, the pulsed dye laser
decreases the stimulus to melanocytes and
subsequently the recurrence of the spots. Due to
the risk of post-inflammatory hyperchromia, it
should not be used in higher (C IV) phototypes
[128].

Dermabrasion

Superficial mechanical abrasion of the skin
using a micromotor and a rotating diamond
probe has been proposed to cure melasma.
Indeed, gentle dermabrasion restores the whole
epidermis and upper dermis. Although transient
post-inflammatory hyperpigmentation is
expected, long-term residual hypochromia is
verified after dermabrasion for acne scars. For
example, a long-term follow-up of 410 Thai
women with melasma treated with dermabra-
sion evidenced a 95% sustained effect for
5 years and a low rate of adverse effects. How-
ever, these results were never repeated through
a controlled trial [129]. Nevertheless, micro-
dermabrasion with aluminum oxide has no
direct role in melasma treatment since it only
affects the stratum corneum but may facilitate
the permeation of products [130].
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CONCLUSIONS

The treatment of melasma is challenging, as the
spots are not cleared completely in most
patients and recurrences are frequent. The first-
line treatment is rigorous daily sun protection
and the association of tinted sunscreen with
topical bleaching agents, which may have a
different action on melanogenesis.

In severe and/or resistant cases, oral drugs
should be prescribed. Tranexamic acid has the
best evidence for treating melasma, however it
is a thrombophilic drug and thus should be
prescribed in select patients. There is also
accumulating evidence for the use of pyc-
nogenol as a systemic adjuvant in the treatment
of melasma.

Procedures also are helpful to treat melasma.
Microneedling is a low-cost technique with few
adverse effects that complements topical treat-
ment. Chemical peels act mainly via epidermal
renewal. Lasers and light-based technologies
should be used with maximum care as heat
induces post-inflammatory melanogenesis.

The combination of topical bleaching agents
with oral medications and procedures can pro-
vide faster results, although strategies for the
prevention of further relapses are poorly
studied.

FUTURE RESEARCH

Intense research is being carried out on new and
more effective melasma treatments and the
combination of different mechanisms of action
of the available drugs. Strategies that reduce
local and systemic oxidative stress, stabilize
upper dermis mast cells, decrease melanogene-
sis without melanocyte toxicity, remove epi-
dermal melanin without inflammatory
stimulus, revert senescence, and induce autop-
hagy are considered promising. Thus, develop-
ing effective treatment and preventive strategies
in melasma is a work in progress that depends
on a better understanding of its pathogenesis.
Meanwhile, sun protection associated with
treatments that reduce melanogenesis, increase
epithelial melanin turnover, and repair the

upper dermis is the mainstay of therapeutic
strategies.

ACKNOWLEDGEMENTS

Funding. No funding or sponsorship was
received for this study or publication of this
article.

Author Contributions. All named authors
contributed equally to this manuscript.

Disclosures. Daniel P. Cassiano, Ana Cláu-
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