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Abstract

Background Melasma is an acquired, chronic pigmentary disorder predominantly affecting women. It may significantly
affect quality of life and self-esteem due to its disfiguring appearance. Multiple treatments for melasma are available, with
mixed results.

Objective The aim of this article was to conduct an evidence-based review of all available interventions for melasma.
Methods A systematic literature search of the PubMed electronic database was performed using the keywords ‘melasma’
and/or ‘chloasma’ in the title, through October 2018. The search was then limited to ‘randomized controlled trial’ and
‘controlled clinical trial’ in English-language journals. The Cochrane database was also searched for systematic reviews.
Results The electronic search yielded a total of 212 citations. Overall, 113 studies met the inclusion criteria and were included
in this review, with a total of 6897 participants. Interventions included topical agents, chemical peels, laser- and light-based
devices, and oral agents. Triple combination cream (hydroquinone, tretinoin, and corticosteroid) remains the most effective treat-
ment for melasma, as well as hydroquinone alone. Chemical peels and laser- and light-based devices have mixed results. Oral
tranexamic acid is a promising new treatment for moderate and severe recurrent melasma. Adverse events from all treatments
tend to be mild, and mainly consist of skin irritation, dryness, burning, erythema, and post-inflammatory hyperpigmentation.
Conclusions Hydroquinone monotherapy and triple combination cream are the most effective and well-studied treatments
for melasma, whereas chemical peels and laser- and light-based therapies are equal or inferior to topicals, but offer a higher
risk of adverse effects. Oral tranexamic acid may be a safe, systemic adjunctive treatment for melasma, but more studies are
needed to determine its long-term safety and efficacy. Limitations of the current evidence are heterogeneity of study design,
small sample size, and lack of long-term follow-up, highlighting the need for larger, more rigorous studies in the treatment
of this recalcitrant disorder.

Key Points 1 Background

1.1 Etiology

Melasma has a significant effect on quality of life due to

its disfiguring appearance, chronic course, and recalci- ) ) ) )
(IR (o (ERlE Melasma is a common, acquired disorder of hyperpigmenta-

tion that mainly affects women during childbearing years and
has a significant impact on quality of life [1, 2]. Although
the pathogenesis of this disease remains unclear, several
etiologic factors have been identified, including exposure

Oral tranexamic acid offers a promising Systemic Option to ultraviolet (UV) radiation and visible hght, familial pre-
for recalcitrant melasma disposition, pregnancy, and exogenous hormone use [3—-6].

Topical hydroquinone alone or combined with a retinoid
and a corticosteroid has the greatest evidence of efficacy
in the treatment of melasma
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1.2 Clinical Features

Melasma presents as bilateral, brown macules or patches
on the malar cheeks, forehead, upper lip, and/or mandible,
most commonly in a centrofacial pattern [7]. Histologically,
melasma is characterized by increased melanin in the epider-
mis and/or dermis. Clinical examination using Wood’s lamp
may aid in diagnosis [5]. Unfortunately, the clinical course
of melasma is often protracted and resistant to treatment, and
melasma often returns after discontinuation of treatment or
with increased sun exposure [7].

1.3 Interventions

Current treatments include topical and systemic agents, as
well as chemical peels and laser- and light-based therapies.
Improvement of existing lesions and prevention of recur-
rence should be goals of treatment. Topical therapies include
depigmenting agents, retinoids, corticosteroids, visible and
UV light protection, tranexamic acid (TXA), and combi-
nation creams. Commonly used chemical peels include
glycolic acid (GA), salicylic acid (SA), and trichloroacetic
acid (TCA). Laser- and light-based therapies include intense
pulsed light (IPL), Q-switched neodymium-doped yttrium
aluminum garnet (QS-Nd:YAG) laser, pulsed-dye laser
(PDL), fractionated laser, and others. New systemic medi-
cations include TXA and plant-based supplements. There
are also myriad topical plant-based agents and commercially
available skin-brightening therapies that lack scientific evi-
dence of efficacy with rigorous study design.

2 Objective

The objectives of this systematic review were to define the
available treatments for melasma and determine their effi-
cacy, identify limitations of current research, and suggest
areas for future research.

3 Methods

A systematic review of the literature was conducted through
PubMed (National Library of Medicine) using the keywords
‘melasma’ and ‘chloasma’ in the title/abstract (Fig. 1). Fil-
ters for ‘randomized controlled trial’, and ‘controlled clinical
trial” were applied to the search. The Cochrane database was
also searched for systematic reviews. Studies were limited
to prospective, randomized, controlled clinical trials evalu-
ating treatment for melasma that were available in English
through October 2018. Studies including pregnant sub-
jects were excluded. Outcome measures reviewed included
subjective physician- and participant-assessed response to
treatment, objective measures of treatment response, time
elapsed before clinical improvement, and adverse events.

4 Results
4.1 General
The electronic search resulted in 212 citations (Fig. 1), of

which 113 met the inclusion criteria and were included in
this review. The total sample size was 6897 subjects, with

| 896 recards identified hy PubMed, Datahase search.far “melasma” |
7 T T (n=774Yand“chloasmia“{i=122)"

| 20 recards identified through 1 systematic review fram the
| | ) Cochrane Database :
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v

Fig. 1 Article selection flow diagram
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each study including between 6 and 641 subjects. The length
of time for each study ranged from 4 weeks to 12 months.
Thirty-seven studies were placebo-controlled, 41 were com-
parative, and 35 were split-face (Tables 1, 2, 3, 4, 5, 6).
There was one systematic review from the Cochrane data-
base [8]. Given the variable objective and subjective out-
comes identified between studies, we could not pool the data
for grouped statistical analysis.

4.2 Topical Agents
4.2.1 Depigmenting Agents

Depigmenting agents are classically regarded as the gold-
standard treatment for melasma (Table 1). Hydroquinone
(HQ), a tyrosinase inhibitor, is one of the most frequently
used and well-studied lightening products in the world, with
mild to moderate risk of local adverse effects [9-11].

Ennes et al. compared 4% HQ cream twice daily + sun-
screen versus sunscreen alone for 12 weeks [12]. Thirty-
eight percent of subjects in the HQ group showed complete
resolution compared with 8% in the placebo group. Improve-
ment in melasma was seen as early as 3 weeks, with no
difference in adverse effects. Vazquez et al. showed 96%
improvement with 3% HQ twice daily + sunscreen versus
81% with HQ alone [13]. These studies highlighted the
importance of concomitant use of sunscreen with topical
agents.

Another depigmenting agent, azelaic acid (AA), is a
competitive inhibitor of tyrosinase. It has similar efficacy to
that of 4% HQ but may have greater risk of irritant adverse
effects. Verallo-Rowel et al. conducted a randomized, con-
trolled trial comparing 20% AA with 2% HQ over a 24-week
period [14]. Seventy-three percent of subjects demonstrated
good to excellent results compared with only 19% in sub-
jects treated with HQ. Sivayathorn et al. also compared 2%
HQ with 20% AA in a 24-week trial of 340 subjects [15].
Good to excellent response was observed in 69% of subjects
compared with 44% in the HQ group. Balifia and Graupe
performed a clinical trial comparing 4% HQ with 20% AA
twice daily in 243 melasma subjects, demonstrating no dif-
ference in response between groups, suggesting that AA was
not superior to this higher concentration of HQ [16]. Far-
shi conducted a similar trial comparing 4% HQ with 20%
AA for 2 months, showing no significant difference in Mel-
asma Area and Severity Index (MASI) reduction between
groups [17]. Sarkar et al. performed a split-face trial, testing
the efficacy of sequential therapy consisting of clobetasol
0.05% cream for 8 weeks followed by 20% AA twice daily
for 16 weeks, compared with 20% AA cream alone [18].
Both groups had a good to excellent response but a more
robust improvement was seen with sequential therapy. In
the abovementioned studies, adverse effects tended to be

more frequent with AA compared with HQ, and were most
notable for local irritation.

Topical vitamin C or ascorbic acid has also been studied
as a treatment for melasma due to its ability to chelate copper
ions, which serve as enzymatic cofactors for melanogenesis.
Huh et al. failed to show significant clinical improvement in
a split-face study comparing vitamin C iontophoresis with
distilled water iontophoresis [19]. Espinal-Perez et al. stud-
ied 5% L-ascorbic acid compared with 4% HQ once daily in
16 subjects over 16 weeks, however superior results were
seen in the HQ-treated group (93% vs. 63%, with good to
excellent improvement) [20]. Adverse effects were higher in
the HQ group (69% vs. 6%).

Rucinol serum, a tyrosinase inhibitor, was studied by
Khemis et al. and Huh et al. [21, 22] Compared with vehicle,
both studies showed a decrease in melanin index by week
8. Adverse effects included stinging, burning, and pruritus,
however these improved after using a liposomal encapsu-
lated cream.

4.2.2 Retinoids

Retinoids target multiple pathways in the synthesis and dis-
persion of melanin in the skin, including reduction of tyrosi-
nase transcription and melanin synthesis, and have been used
in multiple studies on melasma [23] (Table 1). They also
enhance epidermal keratinocyte metabolism and turnover,
stimulating a decrease in melanosome transfer and loss of
melanin, as well as facilitating trans-epidermal penetration
of other topical therapies [24].

Griffiths et al. compared 0.1% tretinoin cream with vehi-
cle over a 40-week period [25]. Sixty-eight percent of the
treatment group showed improvement, confirmed by color-
imetry and histological evaluation. Of note, the effects of
therapy were not seen for 24 weeks and 88% of the treatment
group experienced adverse effects from this high concen-
tration of tretinoin. Kimbrough-Green et al. performed a
similar trial in African American subjects, with comparable
results [26]. Leenutaphong et al. failed to show a significant
improvement using a lower concentration of 0.05% tretinoin
cream twice daily compared with vehicle + sunscreen [27].

Interestingly, adapalene may be less irritating than treti-
noin, as suggested in a trial performed by Dogra et al. com-
paring adapalene 0.1% gel with tretinoin 0.05% cream once
daily + sunscreen. There were more adverse effects in the
tretinoin group but similar efficacy in both groups [28].

Recently, Truchuelo et al. performed a split-face trial
using a proprietary product containing two different reti-
noids in the treatment of melasma: Neoretin® Discrom con-
trol gel cream and Neoretin® Discrom control serum booster
(IFC Pharmaceuticals) [29]. After 3 months, a 74% reduc-
tion in MASI score was seen, with 3/28 subjects experienc-
ing burning, pruritus, or erythema.
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4.2.3 Visible Light Protection

Visible light can induce sustained hyperpigmentation in the
skin through mechanisms similar to that of UV radiation,
including the generation of reactive oxygen species [30, 31].
Therefore, agents that act as physical blockers may enhance
the efficacy of broad-spectrum sunscreens. This concept
was proven by Castanedo-Cazares et al. comparing UV and
visible-light protective sunscreen with UV-only sunscreen
in subjects routinely applying 4% HQ cream [32]. After
8 weeks, the combination group showed a higher improve-
ment in MASI score, colorimetry, and histopathology.

Zinc sulfate has been tested as both a physical blocker of
visible light and antioxidant, however it is not superior to
4% HQ [33]. More subjects dropped out of the zinc sulfate
group, which may have been partially attributed to unsatis-
factory results.

Comments

rienced redness,
stinging, and
mild exfoliation

on both sides of
the face. Effects

Adverse events
All subjects expe-
were transient
and resolved by

3 wk

Time elapsed
before clinical
improvement

4 wk

4.2.4 Topical Tranexamic Acid (TXA)

measurements of

[objective]:
melasma

Outcome(s)
objective

Treatment with topical TXA, an antifibrinolytic agent, has
recently been explored in the treatment of melasma but
has shown mixed results (Table 1). Topical formulations
include 2—-5% creams or solutions and intradermal injections
(4—100 mg/mL). Ebrahimi et al. performed a randomized,
split-face trial with 3% topical TXA versus 3% HQ+0.01%
dexamethasone twice daily for 12 weeks [34]. The improve-
ment in MASI was higher in the topical TXA group (74% vs.
65% for HQ + dexamethasone) but this was not statistically
significant. Banihashemi et al. performed a study compar-
ing 5% liposomal TXA versus 4% HQ cream, again failing
to show a statistically significant difference between groups
(54% vs. 48%) [35]. Atefi et al. compared 5% topical TXA
twice daily with 2% HQ, with no significant difference in
MASI score between groups, despite a higher patient satis-
faction rate in the TXA group [36].

Topical TXA has also been studied as an adjuvant treat-
ment. Laothaworn et al. compared QS-Nd:YAG laser with
and without 3% topical TXA [37]. Forty-eight percent of
subjects reported a remarkable improvement in the combi-
nation group versus 20% in the laser-only group. Xu et al.
successfully showed that microneedling combined with 5%
topical TXA can improve pigmentation after 12 weeks [38].

TXA has also been tested as an intradermal injection,
using different concentrations (4—100 mg/mL) and treatment
protocols, with mixed results when compared with topical
HQ or topical TXA [39-41]. Microneedling and intrader-
mal injections of TXA were compared by Budamakuntla
et al. in a 12-week trial [42]. No significant difference was
seen in mean MASI scores, however more subjects in the
microneedling group experienced > 50% improvement, sug-
gesting that microneedling may be superior to intradermal
injections.

None

kojic acid, compared with
47.5% of hemifaces using

physician- and participant-
gel without kojic acid

Outcome(s) [subjective]:
assessed
60% hemifaces applying

>50% improvement in

40

Duration N

2% kojic acid+10% 12 wk
glycolic acid+2%

HQ gel vs. 10%
SPF15 sunscreen

glycolic acid and
2% HQ only.
Applied bid.

qd

Treatment

Study design
R, DB, C, SF

AEs adverse events, bid twice daily, C controlled, DAB diacetyl boldine, DB double-blind, FA fluocinolone acetonide 0.01%, HQ hydroquinone, MASI Melasma Area and Severity Index, MB
monoblinded, mo months, multi multicenter, N number of subjects, PC placebo-controlled, qd once daily, ghs nightly, R randomized, RA tretinoin 0.05%, SF split-face, SPF sun protection fac-
tor, SS statistically significant, TC triple combination cream: 4% hydroquinone, 0.05% tretinoin, and 0.01% fluocinolone acetonide unless otherwise specified, TGF transforming growth factor,

Table 2 (continued)
wk weeks

First author
Lim [51], 1999
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In the above trials, the adverse effects of topical TXA
tended to be less common than HQ.

4.2.5 Combined Topical Agents

. In
a large, multicenter, randomized controlled trial conducted
by Taylor et al., TCC (4% HQ, 0.05% tretinoin, and 0.01%
fluocinolone acetonide) was found to be more effective than
any dual combination of the three active ingredients [43].
Seventy-seven percent of subjects achieved complete or near
complete clearing versus a maximum of 47% in the dual-
combination groups. Twenty-six percent of subjects using
TCC achieved complete clearance by 8 weeks. All groups
experienced erythema, desquamation, burning, dryness and
pruritus, particularly in the groups using tretinoin. The same
authors performed a 12-month extension study on 569 sub-
jects to determine the safety and efficacy of TCC, with only
2.5% discontinuing treatment due to adverse events [44].
Later, Ferreira Cestari et al. confirmed the higher efficacy of
TCC compared with 4% HQ once daily in a controlled, open-
label, 8-week trial [45]. Clearance of melasma was seen
in 35% of subjects using TCC versus 5% using HQ alone.
Adverse events were similar in both groups. Chan et al. also
reported higher efficacy using TCC when compared with
4% HQ twice daily [46]. There were higher adverse effects
in the TCC group (49% vs. 14%). Gong et al. confirmed the
efficacy of TCC compared with placebo using a Mexameter
to measure pigmentation, showing 71% improvement, with
early response at 2 weeks [47].

Arellano et al. performed a large, multicenter, rand-
omized, investigator-blinded trial testing the efficacy of
maintenance therapy using TCC [48]. After an initial 8-week
daily use period, subjects were randomized to either receive
twice-weekly TCC for the duration of the 6 months or a
tapering regimen, consisting of TCC three times weekly for
1 month followed by twice weekly for 1 month, then once
weekly for 1 month. The group treated twice weekly had a
lower relapse rate than the tapering regimen group. Relapse
rate was highest in those with more severe baseline mel-
asma. At follow-up, 55% of all subjects remained relapse-
free and the final MASI score was 42% lower than baseline.
Grimes et al. also tested the efficacy of maintenance TCC
therapy in an open-label, 24-week trial [49]. After 12 weeks
of daily TCC therapy, subjects were either transitioned to
twice-weekly therapy if they were clear or almost clear, or
continued on daily therapy if not clear. Unfortunately, most
subjects who transitioned to maintenance therapy relapsed.

Other combination topical therapies have been consid-
ered in the treatment of melasma, such as solutions contain-
ing GA and kojic acid (KA). KA and GA may be effective

adjuvant topicals, however they can cause increased adverse
effects when combined with HQ (Table 2) [50, 51].

4.2.6 Miscellaneous Treatments

Other miscellaneous depigmented topicals are found in
Table 3 [52-72].

4.3 Chemical Peels

Chemical peels are commonly used in daily practice for the
management of skin rejuvenation, solar lentigines, acne, and
hyperpigmentation. Most of the current studies on melasma
lack an objective assessment tool and results continue to
be controversial (Table 4). Known potential adverse effects
include skin irritation and post-inflammatory hyperpigmen-
tation (PTH).

4.3.1 Glycolic Acid Peels

GA peels have been used in several studies but most have
not shown superior efficacy to topical agents. Results may be
superior when combining GA peels with TCC. It is impor-
tant to note that the risk of adverse effects, notably PIH, is
more pronounced when GA peels are included in the treat-
ment regimen.

A split-face study by Lim and Tham compared 2%
HQ+10% GA gel twice daily, followed by 20-70% GA
peels versus pretreatment with 8% GA cream, followed by
2% HQ and 10% GA gel [73]. No significant difference was
seen between sides. Hurley et al. failed to show a significant
difference when comparing 4% HQ twice daily to the entire
face and 20-30% GA peels on one side of the face [74].
Later, Ilknur et al. performed a split-face trial using 20-70%
GA peel versus 20-60% amino fruit acid peels [75]. Both
sides improved equally by week 24, with slightly higher
adverse effects in the GA group. Kumari and Thappa com-
pared the use of 20-35% GA peel with 10-20% TCA peels
[76]. A quicker initial response was seen in the TCA group,
however, by week 12, response was comparable between
groups. Another split-face study performed by Faghihi et al.
compared the use of 1% tretinoin versus 70% GA peel, show-
ing no significant difference between sides [77].

Sarkar et al. performed a randomized, placebo-controlled
study using 30-40% GA peels + TCC versus TCC alone. A
significant decrease of 46% was seen as early as 12 weeks in
the combination group versus 33% in the monotherapy group
[78]. Of note, 10% of subjects in the GA peel group experi-
enced PIH. Another randomized, placebo-controlled study
performed by Erbil et al. compared 20-30% GA peels +20%
AA twice daily +0.1% adapalene gel once daily versus 20%
AA+0.1% adapalene [79]. A decrease in MASI score was
seen in both groups, with significantly greater improvement
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in the intervention group; however, the incidence of PIH was
higher. A similar study performed by Dayal et al. used 20%
AA twice-daily alone versus 20% AA plus GA peels (eight
sessions) in 60 subjects [80]. A significant decrease in MASI
and Melasma Quality of Life Score (MelasQoL) was seen
at week 12 when compared with controls. Adverse effects,
such as erythema, burning sensation, and PIH were higher
in the combination group.

A recent study compared the use of three different chem-
ical peels: 35% GA peel, 30% SA + 10% mandelic acid
(SMA) and 50% phytic acid (PA). Results were significantly
greater in the GA peel group compared with the PA peel
group, however the efficacy of GA was similar to that of
SMA [81].

4.3.2 Salicylic Acid Peels

SA peels have also been used for treating melasma and other
forms of hyperpigmentation, however they have consistently
failed to show significant improvement when compared with
controls. Of note, salicylic-mandelic acid, a combination of
a- and p-hydroxy acids, may be a safer option for those with
sensitive skin and dark-skinned phenotypes [81]. Mandelic
acid has a high molecular weight, allowing for greater and
more sustained and uniform penetration of the epidermis,
and also with lower propensity to cause stinging and burn-
ing [81].

Ejaz et al. performed a randomized assessor-blinded
study, which failed to show a significant difference between
Jessner’s solution and 30% SA peels [82]. Another study
performed by Kodali et al. failed to show a significant dif-
ference between 20 and 30% SA peels and 4% HQ [83]. The
addition of vitamin C mesotherapy to 30% SA peel did not
show any significant difference [84].

Azzam et al. performed a randomized, placebo-controlled
study comparing Jessner’s solution, 20% TCA peel, 2% HQ,
and 2% KA [85]. No significant difference was seen between
the chemical peel groups, however a significant decrease was
seen in the TCA group versus the 2% HQ alone group. PIH
was more common in the TCA group.

4.3.3 Trichloroacetic Acid Peels

TCA peels are commonly used in dark-skinned subjects
with melasma, however there is a lack of randomized con-
trolled studies with this agent. A recent large, randomized,
assessor-blinded study compared 20% TCA peel + mag-
nesium ascorbyl phosphate cream once daily versus TCA
peels alone [86]. A significant decrease in MASI scores was
seen by week 6 in the combination group compared with the
chemical peel group. Another randomized, assessor-blinded,
split-face study compared the use of 20-25% TCA acid peels
plus Jessner’s solution on one side of the face versus 20-25%
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TCA peels alone on the opposite side [87]. A decrease in
MASI scores was seen on both sides of the face but it was
significantly lower on the side treated with combined peels.

4.4 Laser and Light Therapies

Laser- and light-based therapies continue to be popular in the
management of hyperpigmentation and skin rejuvenation;
however, an increased risk of adverse effects may be seen,
including paradoxical increase in pigmentation because of
direct damage to the skin. These adverse effects tend to be
more common in subjects with skin of color, therefore they
should be avoided or performed using conservative param-
eters in these cases. Despite the risks, some studies have
shown promising results in randomized trials (Table 5).

4.4.1 Intense Pulsed Light

IPL has shown contradictory results in the treatment of mel-
asma. Wang et al. showed significant improvement in a rand-
omized controlled trial comparing 4% HQ cream versus 4%
HQ cream + IPL (four sessions) [88]. Thirty-five percent of
subjects in the IPL group had over 50% improvement versus
14% in the control group; improvement was also shown by
relative melanin index (MI; 40% vs. 12%). Thirteen per-
cent of subjects in the IPL group had PIH. Later, Goldman
et al. demonstrated that two sessions of IPL plus TCC was
superior to IPL alone (57% vs. 23% clear/almost clear at
10 weeks) [89]. A trial by Figueiredo Souza et al. showed
a 49% improvement in modified MASI (mMASI) using
IPL +TCC at week 24. Surprisingly, no subject using the
TCC had marked improvement [90]. Chung et al. failed to
show significant improvement in MI and MASI with IPL in
a randomized split-face, vehicle-controlled study. The study
compared IPL to the whole face plus topical 2% TXA to half
of the face [91]. Improvement was only significant on the
TXA-treated side of the face. Furthermore, the authors sug-
gested TXA was helpful in preventing rebound pigmentation
after IPL sessions.

The most recent randomized, placebo-controlled study
performed by Shakeeb et al. evaluated the use of TCC +IPL,
comparing it with either therapy alone [92]. Improvement
was more notable in the combined therapy group compared
with either treatment alone.

Recently, the use of fractionated IPL (F-IPL) has also
been used for treating hyperpigmentation, possibly hav-
ing higher efficacy than conventional IPL. Yun et al. per-
formed a study comparing the use of F-IPL +low-fluence
QS-Nd:YAG laser versus F-IPL alone [93]. MASI scores
improved 47% and 15%, respectively, with a comparable
reduction in MI (20% vs. 15%); however, the combined
group had more adverse effects, including first-degree burns.
Later, Yun et al. performed a split-face study comparing the
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