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Network Meta-Analysis for Melasma

INTRODUCTION

Melasma is a common and acquired skin disorder with
pigmentation that predominantly affects women with darker skin
types, such as Fitzpatrick skin types IIT and IV (1, 2). Melasma
presents with bilateral, irregularly shaped, dark brown macules
and usually appears on the cheeks, forehead, nose, or upper lip on
the face (3, 4). The etiology of melasma is complicated; multiple
factors, such as genetics, UV rays, pregnancy, and the use of
hormonal contraceptives, maybe involved (5).

The treatment of melasma has been challenging because
of its unclear etiology, stubbornly refractory nature, and
frequent relapse. Besides, hyperpigmentation after treatment
and long-term treatment makes it more difficult (6, 7).
At present, the therapies of melasma can generally be
divided into two categories: nonenergy-dependent and energy-
dependent therapies. The former contains topical medicine
such as hydroquinone (HQ), triple combined cream (TCC),
azelaic acid (AA), tranexamic acid (TA), visible and UV
light protection cream, chemical peelings, microneedles (MNs),
platelet-rich plasma (PRP), ultrasound therapy, and so forth
(8, 9). Nonenergy-dependent therapies, which have few risks
of hyperpigmentation, take effect slowly. Energy-dependent
therapies include intense pulsed light (IPL), Q-switched (QS)
laser, picosecond laser (PICO), fractional laser, and so forth (10).
Dark brown macules in patients with melasma were found to
disappear quickly with energy-dependent therapies but easily
relapsed or aggravated. Based on the literature review of the
evidence, the first-line therapy was topical therapy, such as HQ
cream and TCC, for at least 3 months. The second-line treatment
indicated combination therapy with the first-line treatment and
chemical peelings. The third-line therapy was the addition of
laser and light-based devices to the aforementioned treatments
(11). No single treatment that is particularly effective is available.
Currently, combination therapies are preferable. Park et al. found
that Q-switched Nd:Yag 1,064-nm laser (QSND) combined with
glycolic acid (GA) had a beneficial effect on recalcitrant mixed-
type melasma, with minimal side effects (12). Nouri et al. showed
slightly higher efficacy of CO; laser + QS alexandrite laser than
CO,, laser alone (13).

Selecting the best combination therapies from a variety
of treatments is worth exploring. In recent years, a larger
number of randomized controlled trials (RCTs) were reported
for melasma, but they were limited to comparisons between
two or three treatment methods. Quantitative comparisons
of the efficacy between energy-dependent and nonenergy-
dependent therapies for melasma would be a valuable tool for
dermatologists, significantly guiding treatment decisions and
influencing patient outcomes. Although multiple treatments are
available for melasma, no evidence-based ranking exists for it. In
this study, the first network meta-analysis (NMA) of melasma
treatments was conducted using 59 selected RCTs including 14
common interventions: nonenergy-dependent treatments (HQ,
topical tranexamic acid (tTA), oral tranexamic acid (0TA), AA,
TCC, peeling, topical vitamin C (tVC), tretinoin, and MN)
and energy-dependent treatments [IPL, QSND, PICO, ablative
fractional laser (AFL), and nonablative fractional laser (NAFL)].

The efficacy of 14 therapies was directly and indirectly compared
with placebo using the mean change of melasma area and severity
index (MASI) before and after treatment as the outcome measure.
This study aimed to provide an evidence-based comparison for
treating melasma.

MATERIALS AND METHODS

This study is registered on the International Prospective Register
of Systematic Review PROSPERO, number CRD42021239203.

Databases and Search Strategy

The databases PubMed, Embase, and Cochrane Library were
searched for original studies, and the search ended on December
2020. The keywords used were “melasma” or “chloasma” in the
title/abstract, and filters for “randomized controlled trial” and
“controlled clinical trial” were applied to the search.

Study Selection

This systematic review and meta-analysis were conducted in
agreement with the 2015 modified 32-item PRISMA extension
statement for NMA (14). Only RCTs published in English
were eligible for inclusion. RCTs could be placebo control
studies or comparison trials of different therapies including
single or combination therapy. Outcomes of interest were
MASI and adverse events. MASI measures included evaluation
of MASI, modified MASI (mMASI), or hemi-MASI. Some
uncommon treatments for melasma were excluded, which
included PRP, cysteamine, pulsed dye laser, and silymarin
andrumex occidentalis.

Data Extraction and Quality Assessment
The following details were extracted: trial information (author,
publication year, sample size, trial duration, and types of
intervention), population characteristics (age and skin types),
outcomes of efficacy (change in MASI), and adverse effects
(events and numbers). The time regime with the biggest change
in MASI was selected as assessment endpoints. The risk of
bias among the included studies was assessed according to the
Cochrane risk-of-bias (ROB) tool (15).

Data Synthesis and Analysis

Methods for Direct Comparisons of Treatments
DerSimonian and Laird random-effects model was used for
standard paired meta-analysis. The standardized mean difference
(SMD) of 95% CI of each result was calculated as the
efficacy index.

Methods for Indirect and Mixed Comparisons

The random-effects NMA was performed within the Bayesian
framework (16). The SMD of each result with 95% CI was
summarized. The ranking of treatments was summarized and
reported as the surface under the cumulative ranking curve
(SUCRA) and mean ranks. The SUCRA is a percentage
interpreted as the probability of the most effective treatment.
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FIGURE 1 | Flow chart showing the screening process of the literature.

Examination of Assumptions in NMA

The mean difference (MD) was used to analyze the inconsistency
between direct evidence and indirect evidence (17). A P < 0.05
indicated a significant inconsistency between direct evidence and
indirect evidence in the network.

STATA version 15.0 software (StataCorp LLC, 4905 Lakeway
Drive, college station, TX 77845, USA) was used for data analysis,
namely, pairwise meta-analysis, estimation of inconsistency,
and forest plot. The ROB was performed using RevMan 5.3
(The Nordic Cochrane Centre, The Cochrane Collaboration,
Copenhagen, Denmark).

RESULTS

Results of the Search

A total of 297 studies were identified by the literature search
(PubMed, Embase, and Cochrane Libraries) (Figure 1). Only
59 studies met the inclusion criteria and were included in the
quantitative NMA. Detailed information for all these studies
presented in the NMA is shown in Supplementary Table 1.
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control studies, nine studies were performed in more than two
treatment arms, and the rest were pairwise comparative studies.

The total network graph is provided in Figure 2A. The graph
included placebo and 14 treatments, of which five therapies
were energy dependent and nine were nonenergy dependent.
Figure 2B shows the network graph of energy-dependent
treatments compared with placebo. Figure 2C presents the graph
of nonenergy-dependent treatments compared with placebo.

Risk of Bias

The ROB graph evaluated using the Cochrane Collaboration’s
tool is shown in Figures 3, 4. Generally, low-risk RCTs account
for more than 80% in six domains except for one domain
(performance bias), which is attributed to 37.5% (22/59) split-
face trials and 5% (3/59) without special description. The random
sequence generation (selection bias) in all studies (59/59, 100%)
was properly described; 94.9% (56 of 59) RCTs had a low risk
of allocation concealment (selection bias), and 83.0% (49 of 59)
had a low risk of detection bias. In addition, 6.7% (4 of 59) and
8.4% (5 of 59) RCTs were unclear in reporting bias and other bias,
separately. Overall, the ROB was low.

Direct Pairwise Meta-Analysis and NMA
Direct Pairwise Meta-Analysis

The meta-analysis of direct pairwise comparisons (Figure 5A)
showed that 14 treatments exhibited greater efficacy than
placebo. The most effective treatment was TCC (MD [95% CI]:
130.19 [8.85, 1,914.41]), followed by tVC (MD [95% CIJ: 102.57
[7.76, 1,355.08]), AFL (MD [95% CI]: 89.24 [12.32, 646.34]), and
QSND (MD [95% CI]: 86.32 [13.54, 550.40]); tretinoin (MD [95%
CIJ: 6.20 [0.62, 62.17]) was the worst. Direct comparisons for all
treatments are shown in Figure 5B.

Mixed Treatment Comparisons

The results of the NMA comprising monotherapies and
combination treatments are shown in Figure 6. It indicates that
64.3% of treatments (9 of 14) in the relative effects were superior
to placebo. Additionally, QSND demonstrated greater efficacy
over tTA and HQ (2.75 [5.12, 0.39] and 16.615 [0.45, 5.47]).

Inconsistency Analysis

The results from the node-splitting analysis of
consistency/inconsistency comparisons are shown in Figure 7.
The P value was used to measure consistency by calculating
the probability of observing the results from samples of data,
assuming that the null hypothesis was true. The smaller the
P value, the greater the inconsistency. A P < 0.05 indicated
significant inconsistency between direct and indirect evidence
in the network. In general, no significant difference was found
(total P = 0.181) in four out of the 33
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FIGURE 4 | Risk of bias graph: review judgments of authors about each risk of bias item presented as percentages across all included studies.

the location and variance of all relevant therapeutic effects.
The higher the SUCRA score, the higher the probability
of effectiveness.

The top six of SUCRA scores demonstrated QSND with
the highest SUCRA (85.0%), followed by IPL (79.6%), AFL
(78.6%), TCC (75.8%), tVC (68.5%), and oTA (63.3%). HQ
and NAFL reported lower scores (29.4 and 28.1%, respectively)
(Table 1).

Side Effects

The summary of side effects for each monotherapy included in
the NMA is listed in Table 2. The adverse effects involved burning
or stinging, erythema, scaling, swelling, hyperpigmentation,
edema, and so forth. Erythema and burning were the most
common side effects. In this study, the participant numbers for
NAFL (27), PICO (20), AA (64), tVC (31), and IPL (47) were
too less to be statistically analyzed. Given each treatment with
more than 80 participants was considered significant, the ranking
of side effects with percentage (n/N%) in ascending order was
tretinoin (10.19%), oTA (17.65%), HQ (18.20%), AFL (20%),
QSND (21.5%), TCC (25.775), tTA (36.75%), peeling (38.03%),
and MN (52.33%). Owing to the limited reports of side effects in
detail, the results were only for reference.

DISCUSSION

In recent years, the treatments of melasma received immense
attention due to its refractory nature and high relapse risk.
The NMA from 59 RCTs in this study compared the
clinical efficacy of 14 common interventions for melasma
with a mean change in MASI scores and percentage of side
effects. The results showed that compared with placebo, local
therapies (TCC, tTA, peeling, and HQ), systemic medication
(0TA), and device-based treatments (QSND, IPL, AFL, and
NAFL) demonstrated significantly greater odds ratios of
MASI change. In addition, QSND showed significantly greater
odds ratios of MASI decrease in comparison with tTA
and HQ. Generally, the quality of evidence graded mostly
moderate to high. Although two groups of direct and

indirect comparison results existed, which showed inconsistency
(P < 0.05), no inconsistency was observed on the whole
(P =0.1814).

The SUCRA ranking provided a summary of efficacy with
14 interventions that clinicians could refer to, but it had the
potential to be misleading. Rankings need to consider the quality
of evidence and the context of the main results of an NMA,
which is the relative treatment effect. A treatment may rank
favorably, but the low quality of evidence with the risks of bias,
inconsistency, and/or imprecision may cast doubt on confidence
in such a favorable ranking (18).

In recent years, energy-based devices are becoming popular
treatments for melasma. Melanocytes and removal of dermal
melanophages could be destroyed through subcellular selective
photothermolysis (Figure 8) (19-21). In addition, AFL and
NAFL could remodel the skin tissue to reverse antiphotoaging
by creating micro-areas of thermal injury. However, the risk of
melanocyte irritation and postinflammatory hyperpigmentation
(PIH) cannot be ignored, especially the high risk of PIH after
NAFL and AFL treatment, but this also increases the risk of
side effects (22, 23). The laser treatment for melasma requires
the optoelectronic theory, practical ability, and experience of the
operating doctor, which should be carefully selected according
to the specific conditions of the doctor and the patient.
According to our results, energy-based devices have different
effects on melasma.

The top three treatments of the SUCRA ranking in descending
order were QSND, IPL, and AFL, which were all energy-
dependent therapies. Definitely, large-spot and low-energy
QSND has been widely used to treat melasma, and the curative
effect is obvious (24-26). Abdel et al. confirmed the effectiveness
of QSND for melasma by observing the changes in dermatoscopy
and in vivo confocal microscopy (27, 28). IPL ranked second
with only three studies, and IPL-based combination therapy was
discussed in two studies. In a meta-analysis-based assessment,
IPL-based combination therapies had a significantly lower MASI
compared with the single-treatment group (SMD = 0.61, CI
[0.42, 0.80] P < 0.0001) (29). This result was consistent with the
current ranking.
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FIGURE 5 | Direct comparisons. (A) Direct comparisons with placebo for each treatment; (B) direct comparisons for all treatments.

Ablative fractional laser applied in melasma included
fractional CO; laser and 2,940-nm Er:YAG laser. A single
treatment with either fractional CO; laser or 2,940-nm Er:YAG
laser in two sessions with a 1-month interval reduced MASI
by 48 and 26%, respectively (23, 30). AFL combined with
tTA or TCC also demonstrated higher efficacy on melasma
(31, 32). PICOs, as a newly emerging treatment for melasma
with only three published RCTs, ranked far behind QSND,
IPL, and AFL in this study. This conclusion was inconsistent
with a split-face study in which 755-nm PICO was more
effective than QSND for melasma in Asians (33). Another

study further proved that a significantly greater decrease in
melanin-induced reflectance in the spinous layer and the
basal layer was observed after 755nm of PICO treatment
compared with the QSND treatment for melasma (34).
More RCTs with PICO for melasma should be included in
the future.

Following QSND, IPL, and AFL, TCC ranked fourth in
superiority to other nonenergy-dependent treatments, such as
oTA, peeling, MN, and other topical agents, which should be
inseparable from the combined efficacy of three pharmaceutical
ingredients (Figure 8) (35). TCC consists of HQ, a retinoid, and a
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FIGURE 6 | Relative effects table. Comparison of the included interventions: mean difference (95% credible intervals). Each cell gives the effect of the column-defining

fluorinated corticosteroid and is widely regarded as the safest and
effective treatment for melasma (36). In a large, multicenter RCT,
TCC was found to be more effective than any dual combination of
the three active ingredients (37). Studies showed that the efficacy
of TCC in treating melasma was far better than that of HQ
(38, 39) and was equivalent to a 755-nm PICO laser (40). No
direct evidence is available to compare TCC with other topical
drugs. Except for TCC, the ranking of other topical agents in
descending order was tVC, AA, tTA, tretinoin, and HQ. Topical
vitamin C (VC) and tTA rankings were inferior to HQ in this
study, which might be relevant to the delivery mode with VC
iontophoresis or intradermal TA (41). Besides that, the action
of multiple targets in the therapeutic mechanism is also an
important factor. VC can not only inhibit the transformation
of tyrosine to pigment but also be antioxidant-promoting
collagen synthesis (42). Antiphotoaging in the melasma area is
recently considered to be an important strategy for melasma
therapy. Energy-based devices, MN, peeling, TCC, etc. are also
considered to remodel the aging microenvironment of melasma
(Figure 8).

Tranexamic acid also showed superior effects on melasma
in this study. TA for melasma targets melanocyte, endothelial
cell, mast cell, and keratinocyte to remove pigmentation
(Figure 8) (43, 44). Owing to the expected effect, oTA
has been recommended as first-line therapy in a recent
review (11). Recently, the interest has grown in studying
the effects of TA in various formulations, namely, topical,
intradermal, and oral, for melasma. In a meta-analysis,
oTA demonstrated the greatest improvement compared with
topical and intradermal formulations (45). However, more
studies are needed to determine its long-term safety and
efficacy. Apart from oTA, another oral agent on melasma,
Polypodium leucotomos extract (PLE) is an antioxidant with

photoprotective effect and immunoprotective activities UVA
and UVB radiation. Till now, two RCT studies of PLE on
melasma have been published. At the end of the two studies,
there were no significant differences between oral PLE and
placebo (46, 47). This conclusion should attribute to the
single target to UV radiation protectant as an adjunct to
topical sunscreen.

Chemical peeling is the recommended second-line treatment
for melasma, and it can accelerate epidermal renewal and
collagen regeneration to remove epidermal melanin and suspend
the transfer of melanosomes (48). A systematic review and meta-
analysis showed that GA peeling had no obvious advantage
over tretinoin (MD 0.00, 95% CI [0.99, 0.99], P = 0.3)
and VC (MD 1.50, 95% CI [0.50, 3.50], P = 0.14), while
TCA peeling (MD 530, 95% CI [6.41, 173 4.19], P <
0.001) and Jessner solution (MD 3.20, 95% CI [5.35, 1.05],
P = 0.004) were better than HQ in treating melasma (49).
Chemical peeling in this study included GA, TCA, SA, and
Jessen solution. In the SUCRA ranking, peeling held the
middle position (7/14), also ranking higher than tretinoin
and HQ.

The role of microneedling in melasma ranked ninth in this
study. MN creates minor skin damage, and in the process of
skin self-repairment, it may reverse some structural patterns
of melasma (50). Most studies assessed the use of MN in
combination with other topical agents for the facilitation of drug
delivery. Very few studies are available on MN monotherapy.
Cassiano et al. (50) showed that a one-time treatment with
dermaroller microneedling reduced mMASI by 9% after a 1-
week follow-up, which was significantly more than that in the
control group. Above all, the advantage of MN includes the
very low risk of PIH. For the choice of melasma treatment,
besides effectiveness, side effects are also an important factor.
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that there was no significant difference between the two. In
general, the efficacy of interventions with multitarget effect in the
treatment of melasma is better than those with a single target.

TABLE 1 | Ranking of competing treatments included in the network for melisma.

Treatment SUCRA* PrBest MeanRank
QSND 85.0 19.7 3.1
IPL 79.6 26.4 3.9
AFL 78.6 11.4 4.0
TCC 75.8 24.3 4.4
tvC 68.5 10.8 5.4
oTA 63.3 1.3 6.1
Peel 47.1 0.0 8.4
AA 46.3 35 8.5
MN 45.6 11 8.6
tTA 33.2 0.0 10.4
Tretinoin 32.9 0.4 10.4
PICO 32.8 0.5 10.4
HQ 29.4 0.0 10.9
NAFL 28.1 0.5 11.1
Placebo 3.6 0.0 14.5

In addition to the inhibition of melanogenesis or destruction
of melanin granule, the inhibitory effect of steroids and TA on
ET-1 (endothelin 1), the improvement effect of TA on blood

TABLE 2 | Summary of side effects.

Treatment N (total number of N (number of n/N%
patients) patients with SE)
IPL 47 0 0.0
Tretinoin 108 11 10.1
tvC 31 5 16.1
oTA 255 45 17.6
HQ 434 79 18.2
AFL 155 31 20.0
QSND 293 63 21.5
AA 64 15 234
TCC 97 25 25.7
tTA 302 111 36.7
Peel 213 81 38.0
PICO 20 9 45.0
MN 86 45 52.3
NAFL 27 18 66.6

*SUCRA: Surface under the cumulative ranking curve. The higher the SUCRA score,
the better the treatment; PrBest indicates the possibility that the treatment is the
best treatment.

AA, azelaic acid; AFL, ablative fractional laser; HQ, hydroquinone; IPL, intense pulsed light;
MN, microneedling; NAFL, nonablative fractional laser; oTA, oral tranexamic acid; PICO,
picosecond laser; QSND, Q-switched Nd:Yag 1,064-nm laser; TCC, triple combination
cream; tTA, topical tranexamic acid; tVC, topical vitamin C.

*Only the reported side effects in monotherapy studies are listed. Monotherapies with
more than 80 participants are highlighted in italic boldface. The remaining monotherapies
below 80 participants are in normal font.

AA, azelaic acid; AFL, ablative fractional laser; HQ, hydroquinone; IPL, intense pulsed light;
MN, microneedling; NAFL, nonablative fractional laser; oTA, oral tranexamic acid; PICO,
picosecond laser; QSND, Q-switched Nd:Yag 1,064-nm laser; SE, side effect; TCC, triple
combination cream; tTA, topical tranexamic acid; tVC, topical vitamin C.
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vessels and mast cells, and the effect of the laser by reversing
the characteristics of photoaging on melasma also should be
taken into account. These therapeutic targets seem to play
an important role in the treatment of melasma. The effect of
combination therapy with multiple targets among drugs, energy-
based devices or MN, and so on would be better than that
of single therapy, and it is possible to reduce the recurrence
of melasma.

This study was restricted by the limited number of RCTs,
particularly those related to PICO laser. Hence, it is necessary
to perform more RCTs and split-face studies that can reduce
the ROB to update the current results and help develop
more standardized protocols. These data may direct doctors to
better treat patients with melasma. In clinical application, more
attention needs to be paid to the efficacy and safety of the
treatment. Based on this, the combination therapy of multiple
targets on mechanism may produce unexpected effects. As for the
ranking of melasma monotherapy, we believe that following up
the release of new trials, the network will expand, and the ranking
list may change a little.
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