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Our understanding of melasma as a disease has undergone a 
radical shift in the past decade or two [1]. The landmark paper by 
Sanchez et al. published in 1981 first provided for a structured model 
of the disease based on clinical, light microscopic, ultrastructural, 
and immunofluorescence findings [2]. The rigid structural model 
proposed at that time dividing melasma into epidermal, dermal and 
mixed subtypes has, of late, been questioned by studies employing 
modern investigational techniques, viz., in vivo Reflectance Confocal 
Microscopy (RCM), Immunohistochemistry (IHC), and electron 
microscopy. Thus, currently melasma is viewed as being much 
more than just about the abnormal deposition of melanin and 
altered disposition of melanocytes. Evidence of dynamic interaction 
of melanocytes with a number of cellular elements, including 
keratinocytes, dermal fibroblasts and vascular endothelium, and 
induction of epithelial-mesenchymal transition [3] have been recently 
found in melasma, turning its pathophysiology into a highly dynamic 
and complex process.

It will be facile to interpret such probing investigations, seeking to 
unearth the natural dynamics of melasma, as being driven purely by 
technological advances in the investigative techniques. Though such 
advances obviously had a crucial role to play in these studies, a major 
driving force has been the lack of a satisfactory treatment in most of the 
cases of melasma.

Hydroquinone (HQ, alone, or as a major component of the triple 
combination formulation, devised by Kligman and Willis in 1975, [4] 
along with tretinoin and topical steroid) has been, for long, considered 
‘the gold standard’ of hypopigmenting therapy by researchers and 
clinical dermatologists alike [5]. The main mechanism of HQ being 
reversible inhibition of melanin synthesis by competitive blocking of 
tyrosinase, it could account for the fact that epidermal melasma of the 
classical model characterized by hyperactive melanocytes synthesizing 
copious amounts of melanin is more sensitive to treatment than dermal 
melasma characterized by dermal melanophages that are essentially 
melanin stores. Because of the relative lack of effectiveness of HQ (and 
triple combination) in removing stored melanin of dermal melasma, 
the need for long wavelength lasers was felt that would selectively 
target dermal melanin. But two decades of use of lasers and light-based 
treatments in melasma have been unable to produce sufficient evidence 
that any of those work except, possibly, in very short-term [6]. 

Thus, melasma research today is at an intriguing crossroads. On 
one hand, the rigid structural classical model of the disease is facing a 
veritable question mark. On the other hand, the contours of the novel 
dynamic model based on epidermal-dermal (epithelial-mesenchymal) 
interactions are yet to be clearly delineated, lending a further degree of 
uncertainty to our understanding of melasma.

Ironically, the current understanding of melasma pathophysiology, 
that owes a great deal to technological advances like RCM in the first 
place, is also circumscribed by the limitations of the same investigative 
techniques. For example, based mainly on the RCM findings the 
current paradigm gives, at best, only a peripheral importance to 
dermal melanophages, and promotes the concept that the true primary 
histologic target is epidermal melanin in the lesional skin [5]. However, 
we should be careful as we try to integrate this concept based on RCM 
findings into emerging management models and novel therapeutic 

targets, once we realize that a major technical limitation of RCM is the 
narrow thickness of the field of imaging [7]. This inherent technical 
lacuna might have biased many of the RCM studies toward stressing 
melasma more as an epidermal disease than a dermal one [1]. 

Let us take another example from the domain of therapeutics, 
when a new line of treatment was advocated based on a novel finding 
in melasma pathophysiology. This is regarding the putative role of 
vascular endothelium in the development of melasma that was put 
forward following a series of studies identifying increased expression 
of Vascular Endothelial Growth Factor (VEGF) as a major angiogenic 
factor for altered vessels in melisma [8]. Emergence of this concept 
has led to the use of Tranexamic Acid (TXA), which is a plasmin 
inhibitor and a lysine analogue. Plasmin converts extracellular matrix-
bound VEGF into freely diffusible forms [9]. Thus TXA suppresses 
angiogenesis. However, the promise of TXA used in whatever form 
(oral, topical etc) is yet to be translated into clinical evidence. The 
data from small, uncontrolled, open trials point to a very modest, very 
short-term improvement and nothing more [10]. 

Similarly, the use of Pulsed Dye Laser (PDL) in melasma was purely 
based on the theory that vascularization plays an important role in its 
pathogenesis. Melanocytes express VEGF receptors -1 and -2 [11]. 
PDL, and to an extent, quality-switched neodymium-doped yttrium-
aluminium garnet laser (QS-Nd:YAG) laser, [12] purportedly decrease 
melanocyte stimulation by antiangiogenic mechanism. However, 
the use of lasers, of whichever variety, is fraught with the challenge 
of Postinflammatory Hyperpigmentation (PIH) that is particularly 
persistent and resistant in the darker population.1 The authors of the 
Randomized Controlled Trial (RCT) on PDL concluded that this was 
due to the laser targeting melanin [13]. Moreover, other than several 
methodological flaws that seem to be common to all the studies with 
lasers in melasma (e.g., small sample size, lack of blinding, asymmetrical 
sampling in the split-face studies), the positive clinical responses could 
be ascertained over only a short or very short term, leading to the 
conclusion that these are, at best, of uncertain clinical effectiveness [6]. 

The lack of evidence of the effectiveness of treatments targeting 
the vascular elements in melasma renders the following query all the 
more pertinent: Is the dermal activity involving the fibroblasts and the 
vascular elements a primary event or an epiphenomenon?

This question has been severally asked and answers have been 
sought through different strategies, though it has to be said that till 
now none of those strategies seem to have been particularly successful. 
Rather, these have led us to more questions. One study carried out in 
Korea attempted to look beyond the paracrine and autocrine activation 
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of lesional melanocytes in the pathogenesis of melasma, and identified 
a distinctly inflammatory subgroup of the disease characterized by 
significantly more CD68+ melanophages, CD117+ mast cells, and 
leucocyte common antigen (LCA)+ leucocytes in the lesional dermis 
[14]. The authors hypothesized that melasma, or at least a subtype of 
it, could be a solar PIH caused by subclinical inflammation induced 
by ultraviolet (UV) light. However, the histopathologic characteristics 
of chronic solar damage, viz., rete ridge flattening, solar elastosis etc, 
might be epiphenomena of UV radiation [15]. 

Melasma is indeed complex, and the maze-like pattern of its 
pathogenesis is difficult to decipher. Thus, we come across such 
speculations as that melasma is nature’s way to compensate for the 
high ambient UV flux in tropical countries and any method to remove 
it would probably lead to indifferent results and rapid recurrence [16]. 
Of course, such armchair theorizing would spawn nothing except 
therapeutic nihilism.

But, beyond all those guesses and surmises, there is serious research 
going on to solve basic, yet as of now unanswered, problems. One such 
concerns the distribution of facial melasma. One of the fundamental 
contributions of the classical Puerto Rican study by Sanchez et al. [2] 
was the morphological classification of melasma into three subtypes: 
centrofacial, malar, and mandibular. Of these, the existence of the 
mandibular type was questioned in a subsequent study carried out, 
again, in Puerto Rican women by one of the workers involved in the 
earlier study [17]. But other than the uncertainty over the mandibular 
type, the overall pattern and distribution of facial melasma, adequately 
incorporated by the centrofacial and malar types, are generally 
accepted. Combination patterns of melasma in the same patient (e.g., 
centrofacial plus malar, etc), as described in an Indian study [18], 
should be similarly viewed with circumspection as, like mandibular 
melasma, histopathology might demonstrate that these previously 
unreported patterns represent some clinical entity entirely different 
from melasma.

All said and done, the accepted morphological patterns of melasma 
demonstrate that the most irradiated areas of the face (e.g., nose, 
glabella) do not coincide with the highest frequency of melasma sites, 
leading to the assumption that factors other than UV radiationmust 
be involved in the disease development. Indeed, large epidemiological 
case-cxontrol studies have confirmed that that other than chronic 
sun exposure, darker skin phototypes having greater pigmentation 
capacity, family ancestry, sexual hormonal stimuli and psychological 
stress are independent risk factors associated with melisma [19]. 

Such epidemiological data is supported by immunohistochemical 
analysis, viz., high epithelial expression of melanocortin-1 receptor 
(MC1-R), alpha-melanocyte stimulating hormone (α-MSH), estrogen 
receptor (ER)-β, progesterone receptor etc, that suggest that the 
whole epidermal melanin unit (EMU) is involved in melasma 
pathophysiology [20]. Profilometry and grayscale fractal dimension 
analysis has proven that basal keratinocytes from facial melasma display 
changes in nuclear form and chromatin texture, further illustrating 
that the phenotypic differences between melasma and adjacent facial 
skin can result from complete EMU alterations, and not just due to 
hypertrophic melanocytes [21]. Specific genomic alterations and 
epigenetic factors (e.g., sexual hormones and UV radiation) can locally 
modify the secretion pattern of the several inflammatory, growth and 
melanogenic factors produced by keratinocytesn [22]. Though many 
of these cytokines have been unraveled, we cannot answer why only 
certain areas of the face are selectively more involved than others, nor 
we completely know the interlinkages between the hormonal and the 

UV-induced cytokines. However, already a topical agent (undecylenoyl 
phenylalanine 2%) has been tested in a double-blind vehicle-controlled 
study that demonstrates skin-lightening effect only by virtue of being 
an α-MSH and β-adrenergic receptor anatagonist [23].

With so much of uncertainty pervading the disease pathophysiology, 
it is only expected that there would be lots of unanswered queries 
regarding even the basic management principles of melasma. For 
instance, there is no study of effectiveness of preventive measures (e.g., 
preventing exposure to sources of UV light like sunlight) or therapeutic 
interventions in high-risk populations of melasma (e.g., women having 
undergone recent delivery, on oral contraceptive pills or on hormone 
replacement therapy). This is because all studies exclude patients with 
known risk factors of the disease. Thus, strange as it may seem, there is 
no good evidence to support any preventive intervention in high-risk 
populations in melasma. Neither is there any good evidence to support 
any therapeutic intervention in childbearing, pregnant or breastfeeding 
women, including the use of broad-spectrum sunscreens [6]. As all 
effectiveness trials of therapeutic interventions have been performed 
in non-childbearing women, we should be very careful in extrapolating 
the results in clinical practice to those requiring the interventions the 
most that is the high-risk populations who are routinely excluded from 
these trials. This is a quizzical situation indeed! Similar is the situation 
with therapeutic interventions for melasma in men, with no trials 
having been carried out exclusively in that population. The RCTs that 
included males as subjects did not carry out a subgroup analysis for 
them. In fact, none of them would have had sufficient power to identify 
clinically relevant differences at all [6].

Similar therapeutic uncertainty permeates the effectiveness of 
sunscreens in melasma. The limited evidence from a single RCT found 
no additional benefit in patients using sunscreens as a therapeutic 
agent [24]. There is a need to revalidate the findings of this RCT due 
to several reasons. Recently, it has been shown that although both long 
wavelength UVA (UVA1) and visible light can induce pigmentation 
in skin types IV to VI, pigmentation induced by the latter is darker 
and more sustained [25]. This gives a clue why treating melasma in 
darker skin poses a more formidable challenge. It also underscores the 
need for development of filters that protect against visible light. Such 
ultra-spectral filters (encompassing UVA1, 340 – 400 nm, and visible 
light, 400 – 700 nm) are currently not available [1]. Recently, it has 
been brought to light that heat (Infrared Radiation, IR) also generates 
similar molecular and ultrastructural changes as UV radiation in 
melisma [26]. So this makes the examination of clinical effectiveness 
in melasma of even the broadest spectrum sunscreen available today 
all the more relevant.

Interpreting therapeutic effectiveness has proved to be particularly 
challenging in melasma. This has got as much to do with the natural 
dynamics of the condition as with the nature of the therapeutic 
interventions. Considering the tendency of incessant relapse of the 
condition irrespective of the therapeutic modality, a systematic review 
has recommended that all clinical trials in melasma should have an 
intervention period of at least six months and there should be long-
term follow-up for at least 12 months following the intervention to 
assess the maintenance of response [27]. That is not an easy ask, and it 
is not surprising that no RCT having such a long duration of treatment 
or post-treatment follow-up is available.

The road from in vitro research to double-blind RCTs seems 
particularly long and tortuous in melasma, with many of the promising 
molecules falling by the wayside in between. For example, in vitro 
studies with azelaic acid have shown a significant interference with 
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DNA synthesis and mitochondrial enzymes in abnormal, hyperactive 
melanocytes, while leaving normally functioning melanocytes 
unharmed [28]. So it would seem that azelaic acid would be the perfect 
hypopigmenting agent for melasma, in which hyperactive melanocytes 
accounted for much of the disease activity. However, when azelaic 
acid was compared with HQ 2% and 4% respectively, in two different 
RCTs, no statistical difference in the two groups could be found with 
the objective measures of reduction, either in lesion size or pigmentary 
intensity [29,30]. This could reflect either the fact that other than 
hyperactive melanocytes, there are many other mechanisms behind the 
development of melasma, or simply that the in vitro effects of azelaic 
acid are not clinically reproducible.

Such lack of clinical reproducibility of test tube experiments is 
most acutely observed among the botanicals and cosmeceuticals. A 
number of botanicals, notably licorice extract [31], soy extract [32], 
Glechoma hedercea extract [33], silymarin cream derived from milk 
thistle (Silybum marianum) [34] among topicals and procyanidin 
[35], pycnogenol (standardized extract of French maritime pine 
bark) [36], Polypodium leucotomos extract [37], and Chinese herbs 
[38] among oral agents flattered to deceive in subsequent well-
controlled clinical trials [39,40]. The major limitations of most of 
these studies are inconsistencies in study methodology and botanical 
extraction method. Controlling for confounding variables, such as sun 
exposure and sunscreen use, is difficult in clinical studies on melasma. 
Also, the potency, pharmacodynamics, and composition of active 
phytochemicals vary significantly with different extraction methods 
[41]. For example, Cuscuta chinensis seeds have been traditionally used 
to treat melasma in Chinese medicine. However, in accordance with 
traditional usage, when both the water fraction and the ethanol fraction 
of Semen cuscutae were extracted, mushroom tyrosinase assay showed 
that the water fraction was an uncompetitive inhibitor of mushroom 
tyrosinase, whereas the ethanol fraction resulted in dose-dependent 
activation of mushroom tyrosinase [42]. 

Many other treatment modalities in melasma suffer from such 
difficulties of standardization and comparability. A common example 
is glycolic acid (GA). The sheer variety of concentrations apart, 
the efficacy and tolerability of individual GA peel formulations are 
dependent on a multitude of factors, viz., buffering, bioavailability, 
pH, neutralization, proportion of free acid etc. [43]. As a result, the 
evidence to assess the effects of GA peels in melasma is deemed to be 
insufficient.

Similar is the situation with cosmeceuticals. From time to time, 
a number of such formulations, namely Gigawhite® [44], rucinol 
(4-n-butylresorcinol) [45], Thiospot® [46], Lumixyl® (a synthetic 
oligopeptide that is a competitive inhibitor of tyrosinase) [47] 
etc, have been trialled in RCTs, but due to severe methodological 
limitations none of these could provide a good, reliable evidence of 
certain effectiveness in the treatment of melasma. As direct fallout of 
such uncertain effectiveness of any new cosmeceutical depigmenting 
agent, cosmetic skin lightening – that is a globally prevalent practice 
– has become a health hazard due to hidden heavy metal toxicity. In a 
spectrometric analysis of the content of mercury, a melanotoxin whose 
property is known since ages, in 549 skin lightening products procured 
globally, as much as 6% (n=33) was found to contain mercury above 
1000 parts per million.

As mentioned before, there have been numerous studies of lasers 
and light therapies in melasma, but till now none of them could 
provide conclusive evidence of significant effectiveness. Among the 
promising novel light-based therapies, a pulse-in-pulse mode (multiple 
fractionated subpulses in one pulse width) intense pulsed light has 
been developed in South Korea [48,49]. Among novel lasers, a copper 
bromide (CuBr) laser, which emits dual wavelengths (511 and 578 nm), 
thus enabling simultaneous and selective destruction of melanin and 
hemoglobin, was found to be ineffective in improving melasma in a 
study conducted in Thailand among patients with skin phototypes III 
to V [50]. This serves to post a bigger question mark on the vascular 
theory of pathogenesis of melasma. Another Thai study tested a 1410nm 
fractional photothermolysis laser in a patient population presumably 
having a similar phototype. Like all lasers showing effectiveness 
in melasma, the results were temporary. More interestingly, it was 
concluded that only 5 per cent coverage should be used to minimize 
risk of adverse effects, raising questions about the safety of the 
procedure, particularly in the heavily pigmented population [51]. Low-
fluence Q-switched Nd: YAG laser, that seems to have acquired the 
status of ‘gold standard’ among lasers in melasma by virtue of a lower 
incidence of inducing PIH (though its effectiveness is as short-term as 
all other lasers), is the one against which all the new lasers are tested for 
comparative efficacy and safety. Low-fluence Q-switched alexandrite 
laser (755 nm) was found to be of equal effectiveness [52]. and low-
power fractional carbon dioxide (CO2) laser significantly more effective 
than low-fluence Q-switched Nd: YAG laser (1, 064 nm) [53]. All of 
these studies share the limitations of previously done studies with lasers 

Grey areas and research interests  in 
pathophysiology

1.	 Is the dermal activity involving fibroblasts and vascular tissues a primary event or an epiphenomenon?
2.	 Epigenetic linkages between the hormonal receptors and the UV-induced cytokines
3.	 Why are only certain areas of face preferentially involved, and simply not those areas which get the most solar 

radiation?
4.	 Role of infrared radiation (heat) in melasma
5.	 Integrative research for assimilation of light microscopic, RCM, IHC and electron microscopic findings
6.	 Technical improvisation in RCM: panlesional microscopy with enhanced depth

Clinical questions

1.	 Is melasma one disease or several?
2.	 Is there really an entity called mandibular melasma?
3.	 A proper delineation of melasma in males – should h/p be mandatory for diagnosing melasma in males?

Therapeutic research and research 
methodology in melasma

1.	 Subgroup analysis by subdividing patient population according to depth of melasma, or objective measurements, viz., 
colorimetry, corneomelametry, which would lead to more reproducible outcome measures? Or both would, equally?

2.	 Methodological harmonization: studies with proper sample size, proper blinding, symmetrical sampling, at least 24 
weeks’ intervention period, post-intervention follow-up for at least 12 months

3.	 Studies investigating preventive intervention
4.	 Therapeutic intervention in high-risk populations
5.	 Therapeutic intervention in male melasma
6.	 How effective are sunscreens, per se, in preventing melasma?
7.	 How to ensure better reproducibility of trials with therapeutic agents and procedures that are difficult to standardize, 

namely, botanicals, acid peels and cosmeceuticals?

Table 1: Unresolved issues and a wish list for future research in melasma.
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in melasma, viz., very short-term results, failure to prevent recurrence 
after completion of treatment, high rate of PIH, etc. 

To conclude: Our knowledge of melasma has grown in exponential 
fashion, but almost in equal proportion to the gaps in between. So, the 
more we seem to know of the condition, the more, it appears that, we 
do not know of it. The basic knowledge gaps and the research agenda 
on our plate, with reference to pathophysiology, clinical aspects 
and management of the disease, have been summarized in Table 
1. A glance at it would make it obvious that many of these unsolved 
problems are interrelated. For example, the role of heat on melasma, 
if adequately answered, could justify the preventive role, or lack of it, 
of the widest spectrum sunscreen available today. Or, the mystery of 
distribution pattern of facial melasma can only be resolved once the 
epigenetic linkages between hormonal receptors in the skin and UV-
related cytokines are further explored. More frequent employment of 
techniques of objective measures of pigmentation, viz., colorimetry 
(L*a*b* system) [54] and corneomelametry [55] will certainly 
lead to standardization of measures of outcome of future studies. 
Improved standards of methodology in RCTs on melasma, and better 
reproducibility of future trials, particularly with regard to peeling 
agents, botanicals and cosmeceuticals, can certainly usher in hope for a 
new wave of effective therapeutic agents.
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