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Abstract

Background: Melasma is a chronic skin condition that adversely impacts quality of life. Although many therapeutic modalities are
available there is no single best treatment for melasma. Oral tranexamic acid has been used for the treatment of this condition but its
optimal dose is yet to be established.

Objectives: We used network meta-analysis to determine the optimal dose of oral tranexamic acid for the treatment of melasma.
Methods: We conducted a comprehensive search of all studies of oral tranexamic acid for the treatment of melasma up to September
2020 using PubMed, EMBASE and the Cochrane Library database. The quality of the studies was evaluated using the Jadad score and
the Cochrane’s risk of bias assessment tool. Only high quality randomised controlled trials were selected. Some studies lacked standard
deviation of changes from baseline and these were estimated using the correlation coefficient obtained from another similar study.
Results: A total of 92 studies were identified of which 6 randomized controlled trials comprising 599 patients were included to form
3 pair-wise network comparisons. The mean age of the patients in these studies ranged from 30.3 to 46.5 years and the treatment duration
ranged from 8 to 12 weeks. The Jadad scores ranged from 5 to 8.

The optimal dose and duration of oral tranexamic acid was estimated to be 750 mg per day for 12 consecutive weeks.

Limitations: Some confounding factors might not have been described in the original studies. Although clear rules were followed, the
Melasma Area and Severity Index and the modified Melasma Area and Severity Index were scored by independent physicians and hence
inter-observer bias could not be excluded.

Conclusion: Oral tranexamic acid is a promising drug for the treatment of melasma. This is the first network meta-analysis to determine
the optimal dose of this drug and to report the effects of different dosages. The optimal dose is 250 mg three times per day for 12 weeks,
but 250 mg twice daily may be an acceptable option in poorly adherent patients. Our findings will allow physicians to balance drug effects
and medication adherence. Personalized treatment plans are warranted.
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Plain Language Summary

Melasma is a common chronic and relapsing disorder of skin pigmentation, affecting 1% of people in the general population.
It distresses patients psychosocially and emotionally and reduces their quality of life. Treating melasma is challenging because
current treatment options cannot promise satisfied results. The gold standard treatment can also bring unwanted adverse effects.
Oral tranexamic acid is a promising way to treat melasma, owing to the convenience and safety of use. However, there was
no single large study to conclude the optimal dosage of oral tranexamic acid. Network meta-analysis is an advanced statistical
method to investigate the effects of different interventions, even when the interventions are not compared to each other directly.
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The authors conducted a comprehensive search of studies up to September 2020 using several medical databases. After accessing
the qualities of 92 identified studies, six studies, from Asia and South America, were included in the statistical analysis. By
using network meta-analysis, the authors found that the optimal dose and treatment duration of oral tranexamic acid is 750mg
per day in three divided doses for 12 consecutive weeks. The results also revealed the effects of different dosages. The authors
believe this study could benefit daily practice when treating melasma.

Introduction

Melasma is a common chronic, relapsing disorder of skin
pigmentation affecting the epidermis and dermis. It presents
as irregular light to dark brown patches on the face, especially
on the malar area.! Although the prevalence of melasma in the
general population is about 1%, in some predisposed groups
(eg., pregnancy, darker skin types) it may be higher at 9.0—
50.0%.> Melasma can distress patients psychosocially and
emotionally and thus negatively impact the quality of life.?

Theaetiology of melasmaisunclear, butmultiple trigger factors
including ultraviolet exposure, genetic factors, hormonal
changes, skin inflammation, pregnancy and stressful events
have been identified.!** Oral contraceptive pills, hormone
replacement therapy, cosmetics and photosensitising drugs
may also precipitate melasma. Increased vascularity and mast
cells in the dermis may also play a role in the pathogenesis
of melasma.”®

Treatment of melasma is challenging as current treatment
options are unsatisfactory.’ Daily  broad-spectrum
photoprotection and topical hydroquinone have been the
mainstay of therapy.” However, there is a risk of contact
dermatitis, post-inflammatory  hyperpigmentation and
exogenous ochronosis with hydroquinone.*'° Second-line
therapies include topical bleaching agents, chemical peels,
and laser or light-based therapies.''?

The use of oral tranexamic acid for melasma was first
described in 1979 in Japan."® Other routes (topical,
intralesional, iontophoresis, intravenous) of administration of
tranexamic acid have also been studied.'* Two mechanisms
explain the hypopigmentary effect of tranexamic acid.
Ultraviolet light provokes plasmin activity in keratinocytes
and activates melanin synthesis. Tranexamic acid inhibits
plasmin activity and thus reduces melanin synthesis. Further,
part of the tranexamic acid structure resembles tyrosine and
hence it may competitively inhibit tyrosinase.'>"’

Oral tranexamic acid is safe and convenient to use. The
most common side effects are gastrointestinal irritation
and hypomenorrhea.'® Contraindications to its use include
coagulation disorders, thromboembolic disease and severe
renal insufficiency and patients should be screened to evaluate
these risk factors prior to starting therapy.'*** However,
potentially life-threatening side effects, such as acute
myocardial infarction, deep vein thrombosis and pulmonary
embolism, are rare while using oral tranexamic acid for
melasma as the dosages are much lower than that used for
coagulation disorders.*

Although there are many clinical trials demonstrating the
effectiveness of tranexamic acid (oral, topical or intralesional,
compared to placebo or hydroquinone) in the treatment of
melasma, no large randomized controlled trials or interracial
studies have been conducted. There is also no consensus on
the optimal dosage of oral tranexamic acid for the treatment
of melasma.? 2

Network meta-analysis can help in decision-making by
comparing the effectiveness of the different interventions
even when lacking sufficient head-to-head comparisons.?-*
We aimed to utilize network meta-analysis to find the ideal
dose of oral tranexamic acid for treating melasma.

Methods

Search strategy

We searched studies published from 1950 to September
2020 in the MEDLINE and EMBASE electronic databases
using “oral tranexamic acid,” “melasma” and “chloasma” as
keywords. The search was restricted to articles in the English
language only. The reference lists of the retrieved articles
for eligible studies were reviewed. The terms used with
Boolean logic were (oral tranexamic acid) AND ((melasma)
OR (chloasma)) and restricted to articles that contained
these terms in their title or abstract. The variables sought
were all possible dosages and the duration of treatment with
tranexamic acid.

The Cochrane Library was also searched for
comprehensiveness to see if there had been other meta-
analysis of oral tranexamic acid in melasma.

Study selection
The criteria for qualitative and quantitative analysis of the
retrieved studies included

» Random allocation of patients to different treatments

+ Studies involving oral tranexamic acid

» Use of Melasma Area and Severity Index or modified
Melasma Area and Severity Index as the standard tool to
evaluate melasma severity

Studies were excluded if

* They were non-human studies (in vivo or in vitro)

» They involved skin diseases other than melasma

o If their initial Melasma Area and Severity Index/modified
Melasma Area and Severity Index differed widely (>5)
within the two arms or

 If they did not provide adequate data that was crucial
to network meta-analysis (e.g. not providing standard
deviation).
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Data extraction and quality assessment

All related systematic reviews and reference lists of the
retrieved studies were evaluated for other potentially qualified
studies. Two authors (Wang WJ, Wu TY) independently
reviewed all included articles and extracted the data
from the studies. The quality of the studies was assessed
using the Jadad score.’! Higher scores represented better
methodological quality. The risk of bias was evaluated for
methodological flaws using Cochrane Collaboration’s risk of
the bias assessment tool.’> Any discrepancy between the two
reviewers was discussed and resolved.

Statistical analysis

As the severity of melasma differed among studies, a
random effects model was used to calculate the pooled mean
difference along with a 95% confidence interval for the
association between oral tranexamic acid and improvement
of Melasma Area and Severity Index. This model was chosen
as the number of included studies was more than five and
also because we intended to generalize the results beyond the
enrolled studies.*

The consistency H value was used to evaluate the
inconsistency of treatment effects. The minimum value of H
is 1 and values <3 represent minimal inconsistency, values
between 3 and 6 suggest modest network inconsistency and
>6 indicates network inconsistency. If inconsistency was
minimal or modest, the results is reliable.**

Some studies lacked the standard deviation of changes from
baseline. In these, the data were obtained by calculating the
standard deviation and correlation coefficient before and after
treatment.>>*® As none of the included studies could provide
complete data to calculate correlation coefficient, this was
obtained from a similar study comparing oral tranexamic acid
and hydroquinone for their effect in treating melasma.’” Network
meta-analysis was conducted on the MetaXL 5.3 program
(EpiGear International Pty Ltd., Wilston, Queensland, Australia)
and Metalnsight (https:/crsu.shinyapps.io/metainsightc).*

Results

Studies included in the meta-analysis

After excluding non-randomised controlled trials studies
and duplicate studies, a total of 28 studies were identified
of which 8 randomised controlled trials were selected after
reviewing the title and abstract details. One of these 8 studies
was excluded as the quality of the study was poor (score
of 3 in the Jadad scoring system)** and another study was
discarded at the end of our analysis as we were unable to
assemble the connection points to other articles and was thus
could not form a valid network.* The flowchart of study
selection is presented in Figure 1.

Thus, 6 randomised controlled trials including 599 patients
met the inclusion criteria. The relevant features of the
included studies are presented in Table 1.2744 The mean
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ages of the patients were 30.3—46.5 years. The treatment
duration ranged from 8 to 12 weeks. The Jadad scores of
the studies ranged from 5 to 8, indicating that they were of
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Figure 1: Flowchart of study selection. MASI: Melasma Area and Severity
Index

Karn et al (2012)

Jung et al (2013)

Vahideh et al (2017)

Mariana et al (2018)

Khushboo et al (2020)

. . . ‘ . . Selective reporting (Reporting bias)

. . . . ’ . Blinding of outcome assessment (Detection bias)
. . . . . . Incomplete outcome data (Attrition bias)
. . . ' . . Other bias

. . . . . . Blinding of participants and personnel (Performance bias)

N | D [ . *~D | *~O | Allocation concealment (Selection bias)

. . D . -~ ‘ Random sequence generation (Selection bias)

Nahla et al (2020)

Figure 2: Risk of bias summary for each included study. Minus sign represents
high risk of bias. Plus sign means low risk of bias. Question mark sign means
unclear risk of bias
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adequate quality. The results of the 7 domains of risk of bias
assessed for each study are presented in Figure 2. The risk
of bias across studies was low because most data were from
randomised controlled trials.

Three pair-wise comparisons were performed, forming the
network [Figure 3]. The summary mean difference with
95% confidence interval is shown in Figure 4. The mean
difference between tranexamic acid 750 mg and placebo
for 8 weeks was 1.0 (confidence intervals —3.02, —5.02).
For the other two groups (tranexamic acid 500 mg for
12 weeks and tranexamic acid 750 mg for 12 weeks), the
mean difference was 3.46 (confidence intervals -1.30, —5.61)
and 3.90 (confidence intervals —0.51, —8.31), respectively.
The best results according to the Melasma Area and
Severity Index/modified Melasma Area and Severity Index
scores were with oral tranexamic acid 750 mg per day for
12 weeks. The consistency H value was 1.0, indicating
minimal inconsistency of treatment effects.**

A league table of the efficacy of different doses and delivery
systems in treating melasma is shown in Table 2. Odds ratios
below 1 favors the lower-right treatment. Besides finding that
oral tranexamic acid 750 mg per day for 12 weeks yielded the
best result, we also observed the contrast between the other
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groups. In the indirect comparison, taking oral tranexamic
acid 500 mg per day for 12 weeks was superior to oral
tranexamic acid 750 mg per day for § weeks.

500mg12wk

°

4
750mgl12wk
° 1 e Placebo

1

o

750mg8wk

Figure 3: Network structure. The numbers on the lines represent the
cumulative numbers of studies for each comparison. 500mgl2wk: taking
oral tranexamic acid 50 mg per day for 12 weeks. 750mgl2wk: taking
oral tranexamic acid 750 mg per day for 12 weeks. 750mg8wk: taking oral
tranexamic acid 750 mg per day for 8 weeks

Table 1: Characteristics of individual studies included in the meta-analysis.

Author (publish year) Journal Age Treatment arm 1 Treatment Treatment Outcome Recruiting Jadad
(mean * SD)(patient number) arm 2 (patient duration measure- area scores
number) (weeks) ment

Karn et al. (2012)* Kathmandu 30.3 +£9.0 oral TA 500mg/day (130) Placebo (130) 12 MASI* Nepal 6
University
Medical Journal

Jung et al. (2013)” Dermatologic 43.8 +7.4 oral TA 750mg/day (23) Placebo (21) 8 mMASE®  Korea 5
Surgery

Vahideh ez al. (2017)*  Journal of 36.3 £ 5.8 oral TA 750mg/day (45) Placebo (43) 12 MASI Iran 7.5
Cosmetic
Dermatology

Mariana et al. (2018)*"  Journal of 44.4 £ N/A oral TA 500mg/day (20) Placebo (17) 12 MASI Brazil 7
Cosmetic Derma-
tology

Khushboo et al. (2020)* Journal of the 37.25 + N/A oral TA 500mg/day (61) Placebo (59) 12 mMASI  India 8
European Academy
of Dermatology
and Venereology

Nabhla et al. (2020)% Australasian 46.5 + 5.6 oral TA 500mg/day (25) Placebo (25) 12 mMASI  Indonesia 8

Journal of
Dermatology

*Melasma Area and Severity Index. $: Modified Melasma Area and Severity Index. N/A: not available. TA: tranexamic acid

Table 2: League table of the efficacy of difference doses and delivery systems in treating melasma
—1.00 (=5.02~3.02) —3.46 (-5.61~ —1.30) —3.90 (-8.31~0.51)
750mg8wk

Placebo
—1.00 (-5.02~3.02)

—3.46 (—5.61~ —1.30) —2.46 (—7.02~2.11) 500mg12wk

—3.90 (—8.31~0.51) —2.90 (—8.87~3.07) —0.44 (—5.35~4.46) 750mg12wk

The results of mean difference, obtained from pairwise meta-analysis, are presented in the upper-right cells. The results of mean difference, obtained from network
meta-analysis (NMA), are showed in the lower-left cells. Odds ratios (OR) and 95% confident intervals of comparisons between treatments are shown in the cells.
Odds ratios less than one favor the lower-right treatment.
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Treatment (N) (Random Effects Model) MD 95%-CI
500mgl2wk (236) 346 [ 1.30;5.61]
750mg12wk (45) 390 [-0.51;8.31]
750mg8wk (23) 1.00  [-3.02;5.02]
Placebo (295) 0.00
[ |
-5 0 5

Figure 4: Forest plot of the network meta-analysis. 500mgl2wk: taking
oral tranexamic acid 500 mg per day for 12 weeks. 750mgl2wk: taking
oral tranexamic acid 750 mg per day for 12 weeks. 750mg8wk: taking oral
tranexamic acid 750 mg per day for 8 weeks. N: sample size. MD: mean
difference, mean effect size. CI: confidence interval. Weight was proportional
to sample size. The consistency H value was 1.0

Discussion

There is no single best treatment for melasma. The risk
of contact dermatitis and exogenous ochronosis with
hydroquinone and confetti-like hypopigmentation with laser
therapy are real.*® The low risk of adverse effects with oral
tranexamic acid makes it a plausible treatment option for
melasma.*® An analysis of the effect of different doses of oral
tranexamic acid on melasma did not demonstrate an increase
in side effects with doses up to 1500 mg/day.*

This is the first network meta-analysis investigating the
optimal dose of oral tranexamic acid in treating melasma.
The use of network meta-analysis overcomes the problem of
the paucity of large randomised controlled trials.

In this study, a dose of 750 mg per day of oral tranexamic
acid for 12 consecutive weeks was found to be the optimal
dose and duration to treat melasma. It was also noted that
the effect of oral tranexamic acid 250 mg twice daily and
three times daily over 12 weeks were similar. Further, oral
tranexamic acid 500 mg per day for 12 weeks had a better
outcome than tranexamic acid 750 mg per day for 8 weeks,
which implies that the duration of therapy may have been
more important than the total daily dosage. It would be of
interest to investigate in future studies whether treatment
durations longer than 12 weeks show better outcomes. It
has been demonstrated that medication adherence drops
significantly after six months, so keeping the duration of
treatment shorter than this is a good strategy.*’

The strengths of this study are many, including the fact that
this is the first to report the optimal dose of oral tranexamic
acid in melasma. Further, this is an interracial study and
is thus generalisable. The inclusion of only high-quality
randomised controlled trials with good consistency reduced
the risk of bias but the paucity of such trials made it more
difficult to come to a reliable conclusion.

The limitations of this study include the fact that the software
we used could not generate the surface under the cumulative
ranking curve and rankogram. Further, some confounding
factors might not have been described in the original studies.

Melasma: Optimal dose of oral tranexamic acid

Although clear rules were followed for scoring the Melasma
Area and Severity Index and modified Melasma Area and
Severity Index, they were scored by independent physicians
and hence inter-observer bias cannot be excluded.

The results of our study impacts clinical decision making
allowing physicians to balance the drug effects and medication
adherence. Personalised treatment plans for patients can
hence be realised.

Further studies including more up-to-date randomised
controlled trials to expand this network meta-analysis and
compare the dose-effect to other treatment regimens of
melasma (such as hydroquinone) should be conducted in
future.

Conclusion

Oral tranexamic acid is a promising drug for melasma. The
optimal dose of this drug is 250 mg three times per day for
12 consecutive weeks, but 250 mg twice daily may be an
acceptable option in poorly adherent patients.
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