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Foreword

It is indeed my pleasure to welcome the reader to Melasma and Vitiligo in Brown
Skin. The editors, Evangeline B. Handog and Maria Juliet Enriquez-Macarayo, have
gathered an impressive group of experts to share their knowledge and experience
gained from caring for thousands of patients with these two common disorders.
Improving the lives of all individuals with vitiligo and melasma is essential, but
especially so for those with brown skin in whom the diseases are either more obvious
or more persistent. This book’s global perspective for a global audience is note-
worthy and unique. Its contents will certainly have an enormous impact on the
quality of life of patients from around the world with these two disorders of
pigmentation.

New Haven, CT, USA Jean Bolognia



Preface

Melasma and vitiligo are disfiguring dermatological concerns, from its discovery
many centuries ago up to present time. Both entities remain to be a challenge for the
skin expert and the patient. The qualities of life of these individuals are affected
invariably. Because of a wide range of therapeutic options, expectations of resolu-
tion are high. However, there is no simple regimen to claim success in handling both
skin disorders.

In this book, we have opted to focus on melasma and vitiligo, particularly in the
brown skin. There is much discussion among the white and black skin, but we dis-
covered a paucity among people of brown race. We are fortunate to have gathered a
great selection of contributors whose involvement in treating people of brown skin
has become a passion. To our knowledge, this is the first book to devote a compre-
hensive dissertation of melasma and vitiligo in brown skin, from how it came about
to how it can be assessed, diagnosed, and treated.

The management of melasma and vitiligo is difficult, sometimes even frustra-
ting. Many articles, reviews, lectures, and clinical trials have been done and are
being carried out, as this book is published. With the clarity being shed as to their
pathogenesis, there is now a trend of evidence-based management from topical and
oral preparations, procedural techniques, and even laser therapy. Clinicians are
aided in utilizing these knowledge and skills to give hope to patients suffering from
these disorders. More so, armed with cosmeceuticals, cosmetics, and camouflage,
the quality of life of our patients may well be further alleviated.

This initial undertaking, gathering experiences of the skin experts dealing with
melasma and vitiligo in brown-skinned people, hopes to provide a plethora of infor-
mation and measures to help our patients. To the patients suffering from melasma
and vitiligo, we dedicate this endeavor.

Muntinlupa, Philippines Evangeline B. Handog
Pampanga, Philippines Maria Juliet Enriquez-Macarayo
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Chapter 1
The Concept of Brown Skin

Maria Juliet Enriquez-Macarayo and Evangeline B. Handog

The Color of One’s Skin Speaks of So Many Facets in
One’s Life

It reflects one’s physical traits, genetic components, history, nationality, and
geographic roots. And by these, we mean one’s race. Scientifically, skin color
depends on many factors, genetics aside: inflammation, blood hemoglobin level,
carotenoids in the dermis and increased melanin deposition. Melanin in itself is a
polymer that comes as pheomelanin (red-yellow) and eumelanin (black-brown).

Brown, as a color, is a hue that runs between a mileage of the colors red and
yellow, wooden, earthen or orange. Lightness is from medium to low, and saturation
is from low to moderate [1, 2]. Figure 1.1 shows the different shades of brown
among the Filipinos.

Brown skin people, as a category, may be considered a racial or ethnic classifica-
tion, based on human skin color. As discussed by many learned authors as early as
the eighteenth century, included in this category are populations from Africa
(North), America (Latin and South) and Asia (Western, South, and Southeast).

Several classification schemes exist designating how a particular skin color
reacts to several stimuli. For long, researches have followed the Fitzpatrick
Phototyping Scale developed in 1975 by Dr. Thomas B. Fitzpatrick, based on the
typical response of the different skin types to ultraviolet light. The majority of

M.J. Enriquez-Macarayo, MD (<)
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Department of Dermatology, Asian Hospital and Medical Center, 2205 Civic Drive,
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Fig. 1.1 Different shades of brown among Filipinos

brown skin people are categorically placed in the skin phototypes IV-V. The skin
burns minimally to rarely but tans uniformly or more easily [3-5].

The Lancer Ethnicity Scale (LES), introduced in 1998 by Dr. Harold A. Lancer,
added ancestry to the existing Fitzpatrick skin type. With ethnicity background
included, it aids in defining potential risks for patients undergoing cosmetic proce-
dures. Higher risks abound a higher rate/score on this ethnicity scale. Moderate,
significant, and considerable risks are seen in the LES types 3, 4, and 5, respectively.
Asians (Chinese, Koreans, Japanese, Thai, Vietnamese, Filipinos), Polynesians,
Americans (Latin, Central, South) and American Indians (Central and South) have
skin type IV and LES type 4. Africans (Central, North, East, and West), Eritreans and
Ethiopians, Middle East Arabic and Indians have skin type V and LES type 4 [6].

The Roberts Skin Type Classification System, proposed by Dr. Wendy Roberts in
2006, deals with identifying a patient’s skin type characteristics. It further went on
to predict the response of the skin to insult, injury and inflammation, detecting the
susceptibility of sequelae for individuals of global skin types. Using four indices
(phototype, hyperpigmentation, photoaging and scarring), optimal outcomes may
then be identified for each patient [5, 7].

In today’s society, differences in skin color have evolved due to environmental,
dietary, and adaptive factors. Migration patterns and intermarriage practices have
contributed to a montage in the races and ethnicities we were all familiar with.
Geneticists have reported a very high percentage of variations within races rather
than between races [8].

An individual’s skin color still speaks of one’s race or ethnic roots. But in a world
of skin afflictions, one’s color speaks strongly of the ability of that individual to
respond to specific treatments and procedures.

We took the courage to embark on this book, particularly giving opportune time
to specifically deal with melasma and vitiligo in brown skin, believing there is a
special need for this category of human skin.
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Chapter 2
Prevalent Skin Disorders in Brown Skin

Maria Juliet Enriquez-Macarayo and Evangeline B. Handog

2.1 Introduction

How does one compare white, black, brown, and all the colors in between? The dif-
ferences in color hue may be easily identifiable. But what constitutes the individuals
bearing the different skin colors may be not that easy to fathom. Though we are all
unique, grouping the colors in a cluster helps in understanding how one’s skin may
react to the different cutaneous diseases. Continents around the world are beset with
people of different colors. Intermarriages and travel have been a major factor in the
distribution of races and ethnic groupings around the globe.

There is much data abounding white skin and this is on a continuum. Lately,
there is an accumulation of data for black skin with the interest in the skin of color.
But for brown skin, as a group, there is paucity of data. For us to come up with cor-
rect database, we have to correlate data from different countries.
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2.2 Factors to Consider

Variations in the enlisted prevalent skin disorders are dependent on multiple factors,
which we have to keep in mind when dissecting data in different sources:

e Environmental condition — humidity and seasonal variation [1, 2]

e Lifestyle — overcrowding, water availability, occupation, customs, religion and
beliefs, and hygiene [2-6]

¢ Socioeconomic status and education [3, 4]

» Different methodologies for studies carried out; no definite uniform method

2.3 Prevalent Skin Disorders Among Brown Skin

India is a vast country comprised mostly of brown skin people. Patterns of skin
diseases, influenced by various factors, differ from region to region. The consequent
morbidities have a profound effect on the individual and the community [3]. The
most prevalent cutaneous conditions noted in the past years were eczema and der-
matitis, urticaria, fungal skin infections, acne, and alopecia [4, 7, 8]. In the past
decade, eczemas, fungal infections, pyodermas, and scabies were the major patterns
of skin morbidities [9, 10]. Infectious dermatoses were led by scabies followed by
tinea infections; acne, eczema, and dermatitis were the most common noninfectious
dermatoses [3]. A more recent prospective study revealed similar common skin con-
ditions, but acne with or without post-inflammatory hyperpigmentation (PIH)
topped the list [2].

In an early study conducted in Nepal, a Himalayan country in the Indian subcon-
tinent, cutaneous infections were the most common dermatologic condition fol-
lowed by eczemas [11]. Fungal infections, acne, and melasma were recorded
topping the list in another study done much later [1]. More recently, Shrestha et al.
documented the topmost common diseases as eczemas, pigment disorders (melasma,
PIH, ephelides, and vitiligo), infections, acne, and urticaria [5].

The Nepalese, with skin type falling mostly into Fitzpatrick type III and IV, tan
more easily with resultant pigmentary disorders induced or aggravated by ultravio-
let radiation (UVR) exposure. Melasma was the most common pigment disorder,
attributed to repeated exposure to UVR in addition to racial factors and genetic
predisposition [5].

Asia is a diverse continent with its multiracial population bearing mostly
Fitzpatrick skin type III-V. A study conducted in Singapore, where patients were
mostly Chinese, listed atopic dermatitis, acne vulgaris, and viral infections as the
most common diagnoses among its populace. Urticaria predominated among the
Chinese, psoriasis and alopecia in Indians, and PIH in Malays and Indians who tend
to have darker skin compared with the Chinese [12]. Asian pediatric population in
Singapore presenting with skin diseases showed a prevalence of eczemas, infections
(viral, bacterial, fungal, parasitic), and pigmentation disorders [13].
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In a population-based survey in Indonesia, the prevalence of fungal infections
was twice as high as dermatitis [14].

In the Philippines, the most common skin disorders recorded from 2011 to 2015
were acne vulgaris, contact dermatitis (allergic and irritant), scabies, seborrheic der-
matitis, atopic dermatitis, lichen simplex chronicus, verruca (vulgaris and plana),
tinea corporis, and psoriasis. PIH and melasma were the most frequently encoun-
tered pigmentary disorders [15].

High melanin content may confer better photoprotection against UVR damage,
but it is also a reason for several pigmentary disorders among darker skin-colored
people, including Asians [16, 17]. Epidermal disorders commonly encountered
by physicians are melasma, freckles, lentigines, and PIH. Nevus of Ota and
acquired bilateral nevus of Ota-like macules are common dermal pigmentary dis-
orders [16].

Less common skin conditions that may be seen among Asians include Mongolian
spot, nevus of Ota, nevus of Ito, Kawasaki disease, primary cutaneous amyloidosis
(lichen or macular), Kikuchi-Fujimoto disease, and lipodystrophia centrifugalis
abdominalis infantilis (LCAI) [18-22].

Cutaneous diseases commonly affecting Hispanics/Latinos are acne vulgaris, eczema,
verruca vulgaris, and pigmentary disorders (PIH, melasma). The incidence of melasma
in this group is as high as 80%, especially in pregnant Mexican women [23, 24].
Uncommon in the general population but with a predilection for Hispanics/Latinos are
Hermansky-Pudlak syndrome and erythema dyschromicum perstans [24].
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Chapter 3
Definition, Incidence, and Etiology of Melasma
in Brown Skin

Tania Cestari, Juliano Peruzzo, and Natalia Giongo

3.1 Definition

Melasma is an acquired disorder of melanogenesis leading to hyperpigmentation
and manifested by almost always symmetrical brown to gray-black macules and
patches with serrated irregular edges. It occurs especially in sun-exposed areas and
typically affects young to middle-aged women [1]. It is most commonly seen on the
face and, less commonly, on extrafacial locations such as the neck, arms, and chest
[2]. In spite of being asymptomatic, melasma lesions cause aesthetic impairment
and significantly affect the quality of life.

The word melasma comes from the Greek “melas” which means black and refers
to its brownish clinical presentation [3]. Disease descriptions are recognized since
the reports of Hippocrates (470-360 BC), when its worsening was referred to occur
after sun exposure, fire heat, cold, and skin inflammations [3].

Three clinical patterns are usually described: centrofacial, with patches on the
frontal region, nasal dorsum, cheekbones, and chin areas (65 % of the cases); malar,
which occurs in 20% of the cases; and mandibular, seen in about 15% of the
patients [4, 5].
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3.2 Incidence

Pigmentation disorders, including melasma, are the third most frequent complaint
in dermatological appointments and predominate in the age between 30 and 40
years [5].

Although occurring in all ethnic groups, the incidence of melasma varies
according to the studied population. It is known that there is a predominance among
Asian, Hispanic, and African descendants [2, 6], as well as among those who live
in intertropical areas where the exposure to ultraviolet radiation (UVR) is inevitable
[2, 7]. Its prevalence is also higher in intermediate phototypes (III, IV, V) [3, 6].
In lighter skin phototypes (Fitzpatrick skin type II and III), it is usually influenced
by the presence of family history, in contrast to a negative family history in
Fitzpatrick’s phototypes IV and V [8, 9].

In India, the demographic and clinical findings show regional variability, ranging
from 4 to 10 % in urban areas and up to 41 % in rural settings. Taking into conside-
ration the different regions and their ethnic compositions, the incidence of melasma
is estimated to occur in 15-35 % of adult Brazilian women [10]. In Iran, melasma
was identified in 39.5 % of women, 9.5 % of which were pregnant women [3]. In the
United States, melasma affects five to six million people [6, 11].

Melasma is more prevalent in women, in an estimated 9:1 ratio compared to men
[3, 7], although this ratio can vary depending on the populations. In Southeast Asia,
for example, the prevalence reaches 40 % in adult women and 20 % in adult men
[12]. In Puerto Rico, on the other hand, men formed only 10 % of the total melasma
patients [13]. In India, 20-25 % of patients with melasma are men. This difference
is probably related to the country’s climate, a large number of outdoor workers, and
a greater cosmetic awareness among male patients [14].

Most cases develop between 20 and 40 years of age [3], with a decreasing preva-
lence after menopause [8] suggesting a hormonal relationship in its pathogenesis.
The extrafacial forms of melasma, on the other hand, are most common in post-
menopausal women.

3.3 Etiology

Although the exact cause of melasma is unknown, several factors are associated
with its development and worsening. The most commonly reported precipitating
factors are pregnancy, oral contraceptives, and sun exposure [7].

The family history of melasma occurs in about 50 % of patients, particularly in
those with darker skin types [15]. These rates suggest a hereditary etiological
component which is being considered the most important risk factor for melasma
development [4]. With a family history of melasma, patients tend to have the disor-
der earlier [16] and to present longer duration of symptoms [8]. A recent discovery
found the role of the H19 gene in melasma. This gene transcribes a noncoding
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ribonucleic acid and is downregulated in melasma lesions, inducing melanogenesis
and the transference of melanin from melanocytes to keratinocytes [1, 17]. In addi-
tion, several other genes associated with melanogenesis were analyzed, and studies
showed that they are upregulated in melasma skin, when compared to unaffected
areas [18].

The association between ultraviolet radiation (UVR) and melasma is well esta-
blished, and it is seen as the main triggering factor for the disorder [3, 7, 19]. The
UVR increases melanogenic activity, causing darker epidermal pigmentation in
regions with melasma than in the adjacent skin [3]. Intense and long-term exposure
to UVR activates an inflammatory cascade mainly through oxidative stress and the
formation of reactive oxygen species. Inflammatory signals stimulated by UVR,
which include cytokines and alpha-melanocyte-stimulating hormone, can also
cause melanogenesis [16]. In most patients melasma onset happens predominantly
in the summer [4], and reports of worsening and higher recurrence rates with sun
exposure are common. There is also a high prevalence of the disease in places of
greater solar irradiation. Moreover, centrofacial melasma is more prevalent in the
regions corresponding to the areas where the UVR focuses more directly. Other
radiation wavelengths such as visible light and infrared also have a melanogenic
potential, although to a lesser degree [3].

Melasma is also sensitive to hormonal influence. The use of oral contraceptives
(OCP), hormone replacement therapy (HRT), ovarian tumors, and endocrine disor-
ders have been linked to the pigmentation onset or worsening [19, 20]. The relation-
ship with hormonal activity is supported by the fact that women are more frequently
affected, and the beginning of melasma usually occurs after adolescence, during
pregnancy, or while using OCP. Moreover, its prevalence decreases after meno-
pause and rarely manifests before puberty [20]. Estrogen and progesterone increase
the activity of tyrosinase. It has been demonstrated by immunohistochemical analy-
sis that the skin affected by melasma has increased expression of estrogen receptor
beta as well as progesterone receptors around small vessels when compared to the
adjacent normal skin [16, 21]. Thus, it is believed that the pigmentation is related to
the effects of estrogen and progesterone in melanocytes.

In male patients, luteinizing hormone (LH) circulating levels are higher, while
testosterone concentration is lower in melasmic men when compared to controls, sug-
gesting a role of subtle testicular resistance in the pathogenesis of melasma [1, 14, 22].

The association of melasma occurrence and the use of OCP are well known and
reported by around 25 % of patients [15]. This is seen especially in cases with a
positive family history for the disorder. Its discontinuation or change for a lower
estrogenic dose, however, did not seem to improve the pigmentation [7]. Thus, a
systematic change in hormonal contraception in melasma patients seems unwar-
ranted. Melasma occurs in up to 75 % of pregnancies [23], and 26-29 % of women
have reported to have their onset during pregnancy [8, 15]. The stimulus for mela-
nogenesis occurs especially in the third trimester and can be explained by the
increase of placental, ovarian, and pituitary hormones [3].

There are some studies correlating the appearance of melasma to endocrine
diseases, especially thyroid abnormalities. In a recent study, the frequency of thyroid
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disorders in patients with melasma was around 20 %, almost five times greater than
in control subjects [24]. It was also observed that the association between thyroid
autoimmunity and melasma was mainly seen in women whose melasma developed
during pregnancy or after the ingestion of OCP [25].

The use of light and laser technologies may trigger or exacerbate preexisting
clinical or subclinical melasma. In addition, they may predispose to a rebound effect
after using intense pulsed light by the association to post-inflammatory hyperpig-
mentation [26]. Other cosmetic procedures, such as chemical peelings, which may
cause skin inflammation, can also lead to exacerbation of melasma. These changes
are seen most frequently in people of higher phototypes [27].

In addition to OCPs, other drugs also can cause melasma. Photosensitizing drugs
may activate melasma or dark preexisting lesions, and the mechanism is probably
similar to that of exacerbation after cosmetic procedures. Pigmentation resembling
melasma develops in 10 % of patients receiving phenytoin. The drug exerts direct
action on melanocytes causing dispersion of melanin granules and also induces
increased pigmentation in the basal epidermis [1]. Finasteride’s inhibition of
Sa-reductase may lead to increased levels of progesterone in the skin, inducing
hyperpigmentation, relating to the appearance of melasma [28]. Diethylstilbestrol
for treatment of prostate cancer was also related to melasma onset [1].

The psychosocial stress and impairment in the quality of life caused by melasma
cannot be overemphasized. Stressful events had already been reported as a disease
trigger. One study showed that patients with melasma presented a higher level of
anxiety as well as an increased use of antidepressants and anxiolytics compared
with control. Stress and depression are associated with higher cortisol levels and
melanocortin production, which exert melanogenic activity [7, 29, 30].

Cosmetics have been rarely implicated to cause melasma [31]. However, patients
with melasma have demonstrated a high prevalence of contact sensitivity to cosme-
tics. Pigmented cosmetic dermatitis and cosmetic contact sensitivity should be con-
sidered in the etiologic factors when melasma is not associated with pregnancy,
lactation, or hormone therapy [27]. In India, the common practice of using vegetable
oils (mustard oil) on the face after bath may predispose to the appearance of pigmen-
tation secondary to sun exposure [32], since it is a common photosensitizer [14].

3.4 New Concepts

A major angiogenic factor is suggested in the pathogenesis of melasma. There is an
increased expression of vascular endothelial growth factor (VEGF) in keratinocytes
and blood vessels of greater diameter and number in the affected skin when com-
pared to the adjacent healthy skin [33]. Though it is unclear whether the increased
vasculature is specific or just the result of chronic UV accumulation accompanying
epidermal hyperpigmentation, there is a clear relationship between the number of
blood vessels and the intensity of pigmentation in melasma [33].
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Exposure to different light wavelengths seems to be related to the appearance of
hyperchromic lesions on the face. There is no consensus for this role, but there is
evidence showing that in addition to the wavelength in the UV range, visible light
(VL) is also able to induce increased pigmentation of the skin, especially in patients
with higher phototype [2, 19]. Visible light, as well as UVR exposure, appears to
cause direct damage to melanocytes” DNA and to promote the synthesis, release,
and activation of epidermal factor through cytokines aimed to control the prolifera-
tion and survival of melanocytes [34, 35]. VL-induced pigmentation is more intense
and stable in these patients, when compared to the pigmentation induced by UVA
exclusively. This would explain the partial protection of most sunscreens [19].

Pollution can be considered a possible synergistic factor to already established
melasma and other facial pigmentary dyschromias [36]. Correlation between the
exposure to air pollution and signs of aging, more specifically pigmentary spots, has
been described. The suggested mechanism for that association is the triggering of
oxidative stress [37].

Melasma is a very prevalent disease that causes great aesthetic and psychological
damage, especially in people of higher phototype. Although several triggering fac-
tors are already known, new discoveries are emerging and may represent a break-
through in the pigmentation’s therapeutic management and prevention, especially in
the toughest cases.
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Chapter 4
Pathogenesis of Melasma

Kyoung Chan Park and In Su Kim

4.1 Introduction

Although genetic predisposition, ultraviolet radiation, and female sex hormones are
classical influencing factors [1-4], recent evidences suggest that there are additional
factors that may play a key role in the development and relapse of melasma.
Researchers have focused on the activation of lesional melanocytes via paracrine
and autocrine mediators [5-7]. Several proteins and cellular components, growth
factors, and signaling mechanisms have been suggested to be deeply involved in the
pathogenesis of melasma.

Different ethnic groups have a diverse range of skin phototypes, pigmentation,
and varying incidences of melasma [8]. Thus, melasma has a complex pathogenesis
that has not yet been fully elucidated. However, distinctive histopathologic features
of melasma might provide new clues toward further understanding its
pathogenesis.
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4.2 Major Influencing Factors

4.2.1 Genetic Factors

Genetic component is the most important risk factor for melasma. However, no
Mendelian pattern of segregation has been identified [9]. A case of melasma occur-
ring in both identical twins was reported in England in 1987. It was triggered by
hormonal stimulation, which worsened after sun exposure. Nevertheless, it did not
occur in their other sister (not twin), which strengthens the hypothesis of genetic
susceptibility to the development of melasma [10].

Several studies have attempted to recognize the prevalence of melasma in the
general population. The reported prevalence of melasma ranges from 8.8% in
Hispanic female population in the Southern United States to as high as 40 % in
Southeast Asian populations [11, 12]. In a self-administered questionnaire study
that included 324 women, 48 % of patients with melasma had a family history of
melasma (97 % in a first-degree relative). There was a low family history of melasma
in patients with skin type I or II (34 %) compared with those in patients with skin
types III to VI (57 %). Individuals with family history of melasma tended to have
darker skin (90 % types III-VI) compared with those without family history (77 %
types II-VI) [3].

4.2.2 Hormonal Factors

Sex hormones, such as estrogen and progesterone, are factors involved in the regu-
lation of skin pigmentation [13]. Melasma is more common in women, accounting
for 90 % of all cases. It has been reported in 50-70 % of pregnant women as well as
in 10-20 % of women using oral contraceptives [14, 15]. These clinical evidences
suggest that estrogen may be more likely to trigger melasma.

In an in vitro cell culture model, estradiol has been shown to upregulate tyrosi-
nase, tyrosinase-related protein (TRP)-1, and TRP-2 transcription [16]. Melanin
synthesis is also increased by 17f-estradiol in human melanocytes in culture [17].
In addition, estrogen receptor (ER)p expression showed an increasing tendency in
the lesions compared with the unaffected area (mean + standard deviation: 0.39+0.17
vs. 0.31£0.17, p>0.05). The nuclear staining of progesterone receptor (PR) was
also significantly increased in the lesions compared with the unaffected epidermis
(0.47£0.15 vs. 0.36+0.14, p=0.03) [18]. Interestingly, an increased immunoreac-
tivity of ER was also noted in the dermis, especially around the small blood vessels
and fibroblast-like cells compared with the unaffected dermis (1.33+0.82 vs.
0.97+0.59, p=0.04). However, there was no significant difference in the expression
of PR between the lesions and the unaffected dermis (1.24+0.90 vs. 0.96+0.68,
p=0.17) [18]. These results suggest that there may be an association between hor-
monal receptors and melasma.
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4.2.3 UV Irradiation

The higher level of solar elastosis in melasma skin implies that chronic sun exposure
is a prerequisite for the development of melasma. After ultraviolet B (UVB) irra-
diation, keratinocytes induce melanocyte proliferation and melanogenesis by
secreting stem cell factor (SCF), basic fibroblast growth factor (bFGF), interleukin-
1, endothelin-1, inducible nitric oxide synthase, a-melanocyte-stimulating hor-
mone, and adrenocorticotropic hormone [19-22]. The secretion of prostaglandin
E2 after UVB exposure results in larger and more dendritic melanocytes [23].
Furthermore, the solar damage of the dermis could induce the secretion of melano-
genic cytokines, including SCF and hepatocyte growth factor, from the dermal
fibroblasts, thereby influencing the development of hyperpigmentation in the over-
lying epidermis [24, 25]. The dermal fibroblasts secrete a soluble form of SCF
during rapid growth or inflammation. Thus, it is possible that the inflammation in
the dermis from the accumulated UV irradiation may be associated with the activa-
tion of fibroblasts, which can result in the upregulation of SCF in the skin affected
with melasma. The SCF mRNA expression is significantly increased in melasma
lesions compared with nonlesional skin (0.83+0.5 vs. 0.51+£0.4, p<0.01). RT-PCR
of c-kit mRNA also revealed a significant difference in the expression between the
lesional and nonlesional skin (0.78 +0.7 vs. 0.57 0.6, p<0.01). Thus, the increased
production of soluble SCF in melasma skin is involved via SCF/c-kit-induced sig-
naling in the activation of melanocytes, leading to their increased proliferation and
melanogenesis [5].

4.3 Additional Factors

4.3.1 Gene Expression Change

The protein levels of melanogenesis-associated factors (tyrosinase, TRP-1, dopa-
chrome tautomerase, silver) were increased in the melasma lesions, indicating a
higher melanogenic activity in the lesional skin. Interestingly, the lipid metabolism-
associated genes (peroxisome proliferator-activated receptor o (PPAR ),
arachidonate 15-lipoxygenase (ALOX15), type B (ALOXI15B), diacylglycerol
O-acyltransferase2-like 3, and PPAR-y coactivator 1) were downregulated in the
lesional skin. This finding was supported by an impaired barrier function in the
lesional skin of melasma.

Wnt signaling-associated factors (Wnt inhibitory factor (WIF)-1, secreted
frizzled-related protein 2 (SFRP2), and Wnt5a) were also found to be upregulated
in the lesional skin [26]. The Wnt pathway has a critical role in the development of
epidermal melanocytes, and microphthalmia-associated transcription factor (MITF)
is a nuclear mediator of this pathway [27, 28]. As a consequence of WIF-1 overex-
pression, the melanin content and tyrosinase activity in normal human epidermal
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melanocyte were significantly increased. Therefore, WIF-1 may have the physio-
logic functions in melanocytes as an auto- or paracrine modulator of Wnt signaling
[29]. The increased SFRP2 observed around fibroblasts also suggested the possibi-
lity of a cross talk between the dermis and epidermis via the Wnt pathway in the
development of melasma [26].

Another interesting study showed that H19 downregulation stimulates melano-
genesis in melasma patients [30]. H19 gene transcribes a 2.3 kb noncoding RNA
that is thought to have a possible role in certain malignancies [31, 32]. H19 knock-
down in a mixed cell culture system (keratinocytes and melanocytes) did induce a
tyrosinase overexpression as well as an increase of melanosome transfer. A combi-
nation of estrogen treatment and H19 RNA knockdown induce more than additive
effects on tyrosinase expression in the mixed cell culture system, whereas UV irra-
diation does not. These suggest that downregulation of H19 and a sufficient dose of
estrogen might be involved in the development of melasma [30].

4.3.2 Histopathologic Considerations
4.3.2.1 Epidermal Hyperpigmentation

The most characteristic histologic feature of melasma is the increased melanin in
the epidermis, and in a clinical study involving 56 Korean melasma patients, epider-
mal pigmentation was shown to be increased in the lesional skin of melasma [33].
Similar findings were seen in 11 melasma cases involving Fitzpatrick skin type IV
and VI [34].

The paracrine linkages among keratinocytes, fibroblasts, and melanocytes play
important roles in regulating the epidermal melanization [5]. Fontana-Masson stain-
ing has shown that the melanin content of the melasma skin is higher in all layers of
the epidermis, including the stratum corneum [33, 35, 36]. An image analysis of the
skin from 22 patients with melasma showed a significant difference in the density of
melanin between the melasma skin (0.37+0.02) and perilesional normal skin
(0.34+0.02) (p<0.01) [37]. Based on these findings, it is suggested that the deve-
lopment of melasma involves accelerated melanin synthesis, increased levels of
melanin transfer to the keratinocytes, and reduced melanosome degradation [33].

Reports on melanocyte numbers in melasma are inconsistent. Kang et al. found
a higher melanin content and increased numbers of melanocytes in the melasma
skin. Their study involved a quantitative image analysis of 56 Fontana-Masson-
stained sections. Compared with perilesional normal skin, the number of melano-
cytes per millimeter of epidermal length and the number of melanocytes per
millimeter of rete ridge length are increased by 24 % and 27 %, respectively. In
addition, ultrastructural observations showed an increase in the numbers of melano-
somes and melanocytes [33].

In contrast, a study by Grimes et al. did not find a significant increase in melano-
cyte numbers in melasma skin compared with perilesional normal skin in their study
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composed of 22 skin specimens from subjects with Fitzpatrick skin types IV-VI
immunostained using Mel-5 [34]. Moreover, in their study of 44 patients with
melasma, Miot et al. did not find any differences in melanocyte numbers between
the melasma skin and perilesional normal skin sections labeled using a Melan-A
antibody [37]. Electron microscopy showed higher numbers of mature melano-
somes in keratinocytes and melanocytes in the melasma skin [37] and a significantly
higher number of dendrites per keratinocyte in the melasma skin (7.55+2.53 den-
drites per keratinocyte) than in the perilesional normal skin (5.28 +1.85 dendrites
per keratinocyte) (p<0.05) [34]. Furthermore, electron microscopy demonstrated
increased levels of activity within melanocytes in the melasma skin, which was
deduced from the presence of higher organelle numbers, including mitochondria,
Golgi apparatuses, rough endoplasmic reticula, and ribosomes [33].

There are immunohistochemical evidences that suggest melanogenesis-related
proteins are increased. Immunohistochemistry using NKI-beteb, which recognizes
the melanocyte lineage-specific pmel-17 antigen, showed a higher staining intensity
in the melasma skin than in the normal skin (Fig. 4.1) [38]. Mel-5 immunostaining,
which detects TRP-1, also increased in intensity in the melasma skin than in the
normal skin, suggesting that the levels of TRP-1 are higher in melasma melanocytes
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Fig. 4.1 Immunostaining for NKI-beteb and tyrosinase-related protein (TRP)-2 before and after
treatment with a combination of soybean extract and niacinamide for 8 weeks. Immunostaining for
(a) NKI-beteb before treatment (x100), (b) NKI-beteb after treatment (x100), (¢) TRP-2 before
treatment (x100), and (d) TRP-2 after treatment (x100) [38]



26 K.C. Park and L.S. Kim

[33]. Moreover, we have observed the elevated expression of TRP-2 in the melasma
skin (Fig. 4.1). These findings support the concept of an increased level of melano-
genesis in the pathogenesis of melasma.

4.3.2.2 Basement Membrane Disruption

Some studies have investigated the status of the basement membrane in the melasma
skin. Sanchez et al. demonstrated the presence of vacuolar degeneration of the basal
cells and the focal vacuolar degeneration of the basement membrane in 3.9 % (3/76)
of melasma skin specimens [39]. In contrast, Kang et al. did not observe any disrup-
tions of the basement membrane in their evaluation of skin samples from 56 Korean
patients with melasma using diastase-resistant periodic acid-Schiff (D-PAS) stain-
ing and electron microscopy [33]. However, the same authors reported that pendu-
lous melanocytes associated with basement membrane abnormalities are a
characteristic feature of melasma [6].

Another study of melasma patients with Fitzpatrick skin types IV and V revealed
that PAS staining showed damage in the basal membrane in 95.8 % of the melasma
lesions versus 58.3 % of the perilesional skin, and antibody to collagen type IV
showed damage in 83 % of the melasma lesions versus 66 % of the perilesional
skin [36].

Basement membrane disruption could be caused by elevated levels of matrix
metalloproteinase (MMP)-2 and MMP-9, which degrade type IV and VI collagen
during chronic UV exposure [40]. MMP-2 expression was found to be increased in
the lesional skin compared with the perilesional normal skin (0.018+0.014 vs.
0.004+0.005, p=0.006) [6]. Since free melanin and melanophages are present in
the dermis of the melasma skin, disruption of the basement membrane could
facilitate the descent or the movement of active melanocytes and melanin into the
dermis, which is reflected in the constant hyperpigmentation of melasma [33, 36].

4.3.2.3 Solar Elastosis

Many observations strongly suggest that sun exposure is the primary trigger of
melasma. Melasma affects particularly the face, a sun-exposed area, and the condi-
tion worsens in the summer. Solar elastosis is more marked in areas of melasma,
compared with the unaffected facial skin [35]. Kang et al. reported a moderate-to-
severe degree of solar elastosis in 93 % of melasma patients included in their study
[33]. The melasma skin showed a significantly higher degree of solar elastosis than
the perilesional normal skin (83 % vs. 29 %, p<0.05) [36]. Furthermore, the amount
of elastotic material was significantly higher in the melasma skin than that in the
perilesional normal skin (13.3+2.8% vs. 10.2+2.9 %, p<0.001). Moreover, thick,
highly curled, and more fragmented elastic fibers were observed in Verhoeff-van
Gieson-stained sections of the melasma skin [33].
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4.3.2.4 Increased Vascularization

Accumulating evidence has shown that the number of blood vessels is higher in the
melasma lesions than in the perilesional normal skin [41-43]. The increase in the
number of vessels was more prominent than the increase in vessel size. This finding
represents that the erythema noticed in melasma patients could be due to angioge-
nesis and telangiectasia [41]. An immunohistochemical study of factor VIIIa-related
antigen showed a considerable increase in the number of enlarged blood vessels,
vessel size, and vessel density in the melasma skin compared with the perilesional
normal skin [41].

The elevated expression of vascular endothelial growth factor (VEGF) in kerati-
nocytes has led to the hypothesis that VEGF may play a role in the behavior of the
melanocytes in the skin, because the functioning VEGF receptors were demon-
strated in melanocytes in vitro [44]. Elevations in the levels of c-kit, SCF, and induc-
ible nitric oxide synthase have also been observed, which could affect vascularization
[5, 45]. Moreover, blood vessels or endothelial cells modified by UV irradiation
may release cytokines and soluble factors, such as plasminogen, which is a possible
cause of hyperpigmentation in melasma [46].

Tranexamic acid (TXA) inhibits plasmin, a key molecule involved in angio-
genesis that converts extracellular matrix-bound VEGF into its free forms [47].
TXA has also been reported to suppress neovascularization-induced bFGF [48].
In a recent clinical trial that evaluated the efficacy of systemic TXA in the treat-
ment of melasma, we demonstrated significant decreases in the lesional melanin
index and in the erythema index after the oral administration of 250 mg TXA,
three times per day, for 8 weeks [49]. A histologic analysis showed significant
reductions in the level of epidermal pigmentation and vessel numbers (Fig. 4.2a—
d). These findings suggest that the interactions between increased levels of vascu-
larization and melanocytes may have an influence on the development of
hyperpigmentation.

4.3.2.5 Mast Cell Prevalence

Mast cells are observed more frequently in the melasma skin than in the nonle-
sional skin, especially in the dermal elastotic areas (Fig. 4.2e, f) [49]. The median
prevalence of dermal mast cells was significantly higher in the melasma skin than
in the perilesional normal skin (173 +57 % vs. 145+57 %, p=0.04) [35]. Using an
antitryptase antibody, the number of mast cells was 58 +39.9 cells/mm? in the
melasma skin compared with 37+28.8 cells/mm? in the perilesional normal skin
(p<0.04) [36].

The role of mast cells in the development of melasma has not been elucidated.
Since repetitive UV irradiation induces the production of mast cell tryptase, which
degrades type IV collagen, elevated mast cell numbers and tryptase levels could
weaken the basement membrane in the melasma skin [50]. Mast cells could trigger
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Fig. 4.2 Histologic changes after 8 weeks of treatment with tranexamic acid. (a, b) Fontana-
Masson staining shows reduced epidermal pigmentation (x100). (¢, d) Anti-CD31 staining shows
reduced levels of vascularity (x100). (e, f) Antitryptase staining shows reduced mast cell numbers
(x100) [49]

solar elastosis by inducing the production of elastin by fibroblasts, either directly or
via other cell types or cytokines [51, 52]. Solar elastosis did not develop in mast
cell-deficient mice that were repeatedly irradiated with UV [53]. The elevated
numbers of mast cells, together with the presence of infiltrating leukocytes and
dilated blood vessels, might reflect chronic skin inflammation that underlies the
development of melasma [35]. Mast cells can also induce vascular proliferation by
secreting angiogenic factors, including VEGF, fibroblast growth factor-2, and trans-
forming growth factor-f [54].
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4.4 Conclusion

In addition to the genetic background and exposure to ultraviolet radiation, there
may be an association between female sex hormones/hormonal receptors and
melasma. Furthermore, a gene profiling study showed that melasma might be asso-
ciated with changes in gene expression, which are related with melanogenesis, Wnt
signaling pathway, and lipid metabolism. Although melasma is characterized by
epidermal pigmentation, there are distinctive histologic findings in melasma, such
as epidermal hyperpigmentation, basement membrane disruption, solar elastosis,
increased vascularization, and high prevalence of mast cells. Such findings suggest
that these have important and interactive roles in the pathogenesis of melasma.
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Chapter 5
Classification and Clinical Presentations
of Melasma in Brown Skin

Filomena Legarda-Montinola

5.1 Introduction

The color tone of brown (brown racial classification) is predominantly seen among
Asians, Latinos, Latin Americans, American Indians, Middle Eastern population,
Mediterranean-Africans, and South African population. Melanin deciphers the skin
color of the skin. There are various interracial tones of brown skin. The density of
the melanocytes and their location, activity, and function are an important focus in
the study and treatment of melasma. Every effort is directed to improve methods to
locate that specific melanocyte as well as investigate the many factors that may
influence its activity. This unique interplay of location, number, and activity may
vary from one skin type to another. The typical brown skin tone patient affected
with melasma is usually from Fitzpatrick skin types III, IV, and V, sometimes
VI. Factors such as sun exposure and hormones are known triggers exacerbating
this condition. Equally important are the genetic and hormonal factors in combina-
tion with UV radiation [1]. A study of 324 patients in nine centers globally showed
significant relationship with a positive family history of at least one relative with
melasma, 97 % of which were first-degree relatives [2—4].

The classification of melasma has been categorized by different methods. Clinical
presentation, in reference to the anatomical location of the hyperpigmentation, is
the most commonly used classification method. Another is by grading the severity
of melasma as mild, moderate, and severe. This is a quick glance simple termino-
logy serving more as a rapid descriptive assessment in reference to the overall clini-
cal picture. Classification can also be done using aids such as Wood’s light,
histopathology, dermoscopy, and confocal microscopy. The Melasma Area and
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Severity Index (MASI) score and the Melasma Quality of Life Scale (MELASQol)
are additional objective and subjective classification methods useful in research and
treatment protocols [2]. These are all discussed in the succeeding chapters.

5.2 Clinical Presentations

The clinical feature of melasma is described as an acquired symmetrical hyperpig-
mentation occurring in exclusively photo-exposed areas, commonly on the face.
Other sun-exposed areas such as the extensors of the forearms and upper mid-chest
may also be involved. It is most common in women but may occur in men in about
10% of cases [5, 6]. This hyperpigmentation varies from light to dark brown or
brown-gray patches with irregular borders which may coalesce in a reticular pat-
tern. On closer look, one notices some areas to be more homogenous or darker in
tone in contrast to other areas. This detail, together with percentage involvement, is
an important point of reference when doing clinical research in melasma.

Melasma is commonly referred to as “chloasma” or the “mask of pregnancy.”
The name is derived from the Latin word “chloos” and the Greek “cloazein” to
mean green and “melas” to mean black. Areas of hypermelanosis tend to disappear
or diminish after parturition, but in brown or darker skin tone, this may persist for
long periods of time [4].

5.3 C(lassifications

5.3.1 Classification of Melasma According to Location
and Clinical Presentation

Classification of melasma is of utmost importance as this can signify prognosis and
assist in the search for treatment which at present remains unsatisfactory.

Classification according to location and clinical presentation (Fig. 5.1a—e) is the
most commonly used in practice as this delineates the specific location of the hyper-
melanosis at a glance. The most frequent site is the centrofacial area (63 %) invol-
ving the forehead, cheeks, nose, upper lip (except the philtrum), and the chin
(Fig. 5.2a). Onset of this type occurs in the childbearing years at an average of 29
years old. The malar type involves the cheek and nose (21 %) (Fig. 5.2b). Mandibular
melasma (16 %) is a clinical presentation where the hyperpigmentation is along the
mandibular ramus or jaw area (Fig. 5.2c). This type may involve the lateral aspect
of the face and may even extend to the neck [5, 7].

Studies done on middle-aged women of Puerto Rican descent (average 44 years
old) have shown melasma to be aggravated by sunlight with severe sun damage and
epidermal hyperpigmentation on histopathology. Almost all patients had
melanophages or melanin in the papillary dermis [8]. Patients with mandibular
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d ?
Fig. 5.1 (a—e) Sites of predilection of melasma: centrofacial (a), malar (b), mandibular (c), fore-
arm extensor (d), upper chest (e)

melasma showed no association with the use of estrogen and progesterone supple-
ments, oral contraceptives, or pregnancy. Most of these patients were of perimeno-
pausal age. Studies suggest that mandibular melasma may be a subset of poikiloderma
of Civatte [8].

Melasma of the forearms appears to be a common occurrence and appear in
postmenopausal women receiving estrogen supplements. It is observed as sharply
demarcated patches with a tinge of erythema. The pigmentation may be macular,
speckled, scattered, or confluent. It is postulated that the outer forearm melasma
pattern may be due to the higher melanocyte population in this area [9]. The melasma
in the mid-upper chest may be observed in combination with facial lesions.

5.3.2 Classification of Melasma According to Severity
on Physical Examination

For the purpose of simplicity, melasma presentation in our daily outpatient clinic
can be graded as mild (Fig. 5.3a), moderate (Fig. 5.3b), and severe (Fig. 5.3c),
using the Melasma Severity Scale (MSS). It rates melasma into four grades:
O=melasma lesions almost equivalent to the surrounding normal skin or with
minimal residual pigmentation; 1=mild, slightly darker than the surrounding
normal skin; 2=moderate, moderately darker than the surrounding normal skin;
and 3 =severe, markedly darker than the surrounding normal skin [10, 11].

Other grading/scoring systems have been in use such as the Melasma Area and
Severity Index (MASI) and modified MASI (mMASI). Lately, a Melasma Severity
Index (MSI) has been proposed as a new and more practical office-based scoring
system [12].
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Fig. 5.2 (a) Centrofacial melasma, (b) malar melasma, (¢) mandibular melasma

5.3.3 Classification of Melasma Using Diagnostic Tools
5.3.3.1 Light Examination

Under the natural visible light, epidermal, dermal, and mixed pigmentation appears
light brown, blue-gray, and deep brown, respectively. Visualization by ordinary
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Fig. 5.3 Melasma: (a) mild, (b) moderate, (c) severe

visible light is limited and highly subjective. With Wood’s light, the visualization of
melasma pigmentation is clearer.

Wood’s light, developed for military use by Dr. Walter Wood in 1903, has found
its niche in dermatology practice for cases such as tinea capitis, erythrasma,
pseudomonas infections, and porphyria cutanea tarda. For melasma, it has been a
practical device to calculate the histological classification of the hyperpigmentation.
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Under Wood’s light, the contrast in pigmentation is increased if melasma is of the
epidermal type, decreased when it is a dermal type, and subtle or slightly percepti-
ble if it is a mixed type of melasma [13]. In patients with very dark skin, contrast is
unnoticeable. The abundance of melanin in patients with phototypes V and VI
allows absorption of most of the light. The skin appears dark as a whole since only
a small amount of light returns back to the eye of the examiner [9]. In recent years,
however, studies are being conducted assessing this instrument’s sensitivity, speci-
ficity, and accuracy as compared to histopathology, dermoscopy, and confocal
microscopy [14].

5.3.3.2 Dermoscopy

The use of dermoscopy in melasma has been gaining interest in the past few years.
It is a noninvasive technique where the optimal equipment permits a variable mag-
nification from 6x to 400x. Some authors consider the dermoscope as more suitable
than Wood’s light in determining the depth of melasma, as the pigment deposition
is visualized in an objective manner.

Epidermal melasma shows a brownish hue with regular pigmentary network on
dermoscopy. Dermal melasma, on the other hand, presents with a bluish-gray hue
with a pigment network that is irregular. Mixed-type melasma shows features
compatible to both types. Additional findings such as vascular proliferation have
also been appreciated [15, 16]. This is fully discussed in the succeeding
chapters.

5.3.3.3 In Vivo Reflectance Confocal Microscopy

This method allows an in vivo evaluation of melasma areas through a direct and
noninvasive manner. The enlarged melanocytes are detected by high resolution, and
melanin is detected in all the layers of the epidermis and dermis. Studies are favor-
ing for in vivo focal reflectance microscopy to be closely coordinated with histopa-
thology results. This method is gaining ground as a basis for future classification of
melasma [17-19].

5.3.3.4 Basic Light Microscopy

Histopathology (Table 5.1) studies suggest that melasma is characterized by epider-
mal hyperpigmentation and probably secondary to increased number of melano-
cytes and increased activity of melanogenic enzymes overlying dermal changes
caused by solar radiation [20]. A detailed discussion on histopathology classifica-
tion is on Chap. 7.
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Table 5.1 Classification of melasma according to basic light microscopy

Findings

Epidermal type Predominant melanin deposition located in the basal cell and suprabasal
layers, occasionally throughout the stratum malpighii and the stratum
corneum

Dermal type Presence of melanin-laden macrophages around blood vessels both in the

superficial and deep dermis

Combination Presence of melanin in both the epidermis and dermis

Indeterminate type | Seen in individuals with Fitzpatrick types V and VI; Wood’s light

examination not helpful

5.4 Conclusion

The very complex world of melasma remains a challenge. Research studies con-
tinue throughout the world. We now have newer diagnostic tools with relevant find-
ings. The present classification of melasma today will need to be expanded to
include results of all these significant studies.
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Chapter 6
Diagnosis of Melasma in Brown Skin: Wood’s
Lamp, Dermoscopy, and Confocal Microscopy

Sai Yee Chuah and Tien Guan Steven Thng

6.1 Introduction

The diagnosis of melasma is usually made clinically due to its characteristic
appearance. In addition to the clinical classification based upon distribution pattern
(Fig. 6.1a—c), melasma has also been subdivided into four subtypes based on
different depths of melanin pigment [1]. The use of additional tools such as Wood’s
lamp, dermoscopy, and reflectance confocal microscopy (RCM) can help in the
classification of melasma into epidermal, dermal, mixed, and indeterminate subtype.
These classifications aid in prognosis and prediction of the therapeutic outcome
[2-4]. In general, epidermal type of melasma responds slightly better to treatment
than those with dermal type of melasma [5].

6.2 Wood’s Lamp

Wood’s lamp is an ultraviolet light A of long wavelength which emits wavelength
between 340 and 400 nm with a peak at 365 nm [6, 7]. It is the most widely used
method of melasma classification by highlighting the difference in pigmentation of
the affected skin into four subtypes: epidermal, dermal, mixed, and indeterminate
[2, 3, 8].
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Fig. 6.1 Clinical Classification of melasma based on distribution pattern. (a) Centrofacial
melasma, (b) malar melasma, and (¢) mandibular melasma

Fig. 6.2 (a) Epidermal melasma on the right cheek. (b) Wood’s lamp showed enhanced pigmented
areas. (¢) Dermoscopy showing dispersed reticular brown pigmentation
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Fig. 6.3 (a) Dermal melasma on the right cheek. (b) Wood’s lamp showed non-enhanced pig-
mented areas. (¢) Dermoscopy showing diffuse dark brown to grayish pseudoreticular
pigmentation

Fig. 6.4 (a) Mixed type of melasma on the right cheek. (b) Wood’s lamp showed both enhanced
and non-enhanced pigmented areas. (¢) Dermoscopy showing both diffuses reticular brown pig-
mentation with sparing of follicular openings and diffuses dark brown to grayish pseudoreticular
pigmentation

The pigmented areas that are enhanced when viewed under a Wood’s lamp imply
increased epidermal melanin content (epidermal subtype) (Fig. 6.2b), whereas those
that are not enhanced imply an increased in dermal melanin content (dermal
subtype) (Fig. 6.3b). The pigmented areas that have both enhancing and non-
enhancing areas imply a mixed subtype of melasma (Fig. 6.4b). For those with
darker skin type V and VI, their melasma will not be evident under Wood’s lamp
examination, and hence, this is classified as indeterminate subtype. Many patients
have a mixture of these subtypes of melasma [1-3].

Recent histopathological studies suggested that Wood’s light examination may
not be accurate in determining the depth of pigment [2, 8—10]. Despite Wood’s lamp
evaluation indicating epidermal melasma in some patients, the biopsy specimens
from both the lesional and perilesional skin examined by Grimes et al. and Kang
et al. showed that there was increased melanin deposition in both epidermis and
dermis. Therefore, patients with apparent epidermal melasma after a Wood’s lamp
examination may have significant melanin in the dermis. The presence of dermal
melanin and melanophages in these studies may explain the difficulty in treating
patients with apparent epidermal melasma [1, 2, 9, 10].
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6.3 Dermoscopy

Dermoscopy is a noninvasive optical equipment that permits a variable magnifica-
tion from 6 to 400 times. It is a proven reliable tool for direct visualization of skin
pigmentation including melasma as it has been shown to be useful to observe pig-
ment components as well as their position on the skin layers [11-14]. The color
intensity of melanin and the regularity of the pigment network depend on the quan-
tity or density and the location of melanin.

When the melanin is located in the stratum corneum, it appears as black or dark
brown in color with well-defined network. When the melanin is located in the lower
layers of the epidermis, the color will appear as shades of light brown, and the pig-
ment network will appear irregular. Dermoscopy of melanin located in the dermis
will appear blue or bluish-gray color with pseudoreticular network. The follicular
openings are spared throughout the level of pigmentation [12-15]. Therefore,
melasma is considered epidermal when a regular pigment network, with a brownish
homogeneous pigmentation, is observed (Fig. 6.2¢), and it is considered dermal
when an irregular and mixed network with bluish-gray pigmentation is observed
(Fig. 6.3c). Finally, the melasma is considered a mixed subtype when the areas show
both features (Fig. 6.4c).

Additionally, dermoscopy allows observation of a vascular component (Fig. 6.5),
which is present in many patients with melasma, as reported in recent literature
[15-17]. An immunohistochemistry study demonstrated a significant increase in the
number and size of dermal blood vessels in the lesional skin of melasma [16]. It has
also been suggested that the number of vessels is positively related to the degree of
pigmentation, which is also reported in other studies which state that the deoxyhe-
moglobin contributes significantly to the skin color [16—18].

Based on the principles of dermoscopic examination, some dermatologists may
consider this method more appropriate and helpful for routine diagnosis, assessment,

Fig. 6.5 Epidermal
melasma with vascular
component. Dermoscopy
on the left cheek melasma
showing diffuse brown
pigmentation with fine
telangiectasias
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and monitoring of patients with melasma when compared to Wood’s lamp examina-
tion. This may be due to the fact that dermoscopy examination allows an objective
classification of melasma by providing an accurate observation of the color of mela-
nin which is not affected by factors such as the patient’s skin phototype, vascular
and collagen changes, or the use of topical products [15].

6.4 Reflectance Confocal Microscopy

In the recent years, various noninvasive imaging tools such as high-frequency ultra-
sonography, optical coherence tomography, magnetic resonance imaging, and
reflectance confocal microscopy (RCM) have been developed to provide additional
information that is not readily available through mere clinical inspection. All these
imaging tools are noninvasive and can provide both real-time diagnostics and also
the possibility of following the progression of skin lesions or conditions over time.

Among these new techniques, RCM has emerged to be a novel noninvasive
imaging technique that can provide real-time in vivo examination of the skin up to
the level of the papillary dermis while providing a cellular resolution comparable
with histology. In a confocal microscope, near-infrared light from a diode laser
(830 nm) is focused on a microscopic skin target. As this light passes between
cellular structures with different refraction indexes generated mainly by keratin,
melanin, hemoglobin, and cellular organelles, it is naturally reflected, captured, and
recomposed into a two-dimensional gray scale image by computer software [19-21].
This technique has been used for the evaluation of several inflammatory, neoplastic,
and melanocytic skin conditions and may constitute an excellent alternative to inva-
sive skin biopsy in the diagnosis of several skin disorders [22-26].

As melanin is the best endogenous contrast agent in the pigmented skin, which
causes strong backscattering, this would allow precise identification of melano-
cytes, pigmented keratinocytes, and melanophages. A few studies reported the role
of RCM in the classification of melasma and found good correlation with histology
[27-30]. The distributions of melanin were found to be located at all the different
levels of the melasma lesion (epidermis, dermoepidermal junction (DEJ), and upper
dermis). At the level of the epidermis, increased pigmentation or melanin was
observed as highly refractile keratinocytes distributed within the spinous layer and
basal layer. At the DEJ, the presence of strongly visible papillary rings around the
dermal papillae composed by a sequence of bright cellular structures was observed,
corresponding to activated melanocytes and junctional keratinocytes receiving
packed melanosomes. At the superficial dermis, an abnormal presence of round or
polygonal refractile structures within dermal collagen bundles was observed. These
structures were consistent with melanophages filled with melanin originating in the
DEIJ [27, 29, 30].

Based on the distribution of melanin, RCM has classified melasma into epider-
mal type if the distribution of increased melanin was observed only in the epidermis
(Fig. 6.6a, b) and mixed type if the distribution of increased melanin was observed
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Fig. 6.6 RCM showing epidermal type of melasma. (a) RCM showing highly refractile keratino-
cytes with cobblestone pattern distributed within the spinous layer and basal layer. (b) There are
no plump bright cells seen at the dermal layer

Fig. 6.7 RCM showing mixed type of melasma. (a) There are highly refractile keratinocytes with
cobblestone pattern distributed within the spinous layer and basal layer. (b) There were scattered
plump bright cells at the dermal layer (red arrow)

in both epidermis and dermis (Fig. 6.7a, b). No genuine dermal type of melasma has
been found in RCM studies [27, 29, 30]. This differs from the traditional Wood’s
lamp classification of epidermal, dermal, mixed, and indeterminate subtypes.
Wood’s lamp technique is not microscopic, but based on the quantification of the
different levels of fluorescence according to the depth of the pigment, and does not
take into account the contributions of different layers. Hence, it has been shown to
have questionable accuracy when compared histologically [2, 8-10, 27]. Ardigo
et al. also found no correlation between the classification of melasma using Wood’s
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lamp and RCM [27]. For example, there were cases classified as an epidermal
melasma using the Wood’s lamp, but RCM imaging revealed pigmentation both in
the epidermis and dermis.

Treatment of melasma is challenging. As lightening creams such as hydroqui-
none target epidermal melanin, determination of pigment depth is helpful to predict
the outcome. With more accurate classification of melasma using RCM, this can
help in refining the prognosis of melasma. Furthermore, the ability to evaluate large
areas of melasma noninvasively has made this tool useful in monitoring response to
therapy more objectively [27, 29-32].

6.5 Conclusions

The classification of melasma is important not only to prognosticate melasma but to
aid clinicians to decide on the management plans and to predict the therapeutic
outcome. Traditionally, Wood’s lamp is used to classify melasma into four subtypes:
epidermal, dermal, mixed, and indeterminate. However, recent histopathological
studies suggested that Wood’s lamp examination may not be accurate in determi-
ning the depth of pigment.

Dermoscopy examination allows an objective classification of melasma by pro-
viding an accurate observation of the color of melanin. The color intensity of mela-
nin and the regularity of the pigment network depend on the quantity or density and
the location of melanin. Additionally, dermoscopy allows observation of a vascular
component, which has been reported to be present in some cases of melasma. Some
dermatologists may consider this method more appropriate and helpful for routine
diagnosis, assessment, and monitoring of patients with melasma when compared to
Wood’s lamp examination.

Recently, RCM has been shown to be an invaluable noninvasive imaging tool
that can provide real-time in vivo examination of melasma lesion with good correla-
tion with histology. RCM classifies melasma into epidermal and mixed subtype
with no true dermal subtype being observed. It has proven to be accurate in melasma
classification and, hence, bears promise for the noninvasive management, follow-
up, and monitoring of the response to therapy. However, one needs training to ana-
lyze the RCM image, and this tool may not be available in all dermatological
centers.
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Chapter 7
The Histopathology of Melasma
in Brown Skin

Johannes F. Dayrit

7.1 Histopathology of Melasma

Racial variations exist in terms of epidermal melanin content and melanosome
distribution in pigmented skin compared with fair-skinned individuals [1].
Melanosomes in darker skin types are distributed throughout the entire epidermis
with dense clusters in the basal layer [2—4]. In contradistinction, fewer melano-
somes in the basal cell layer are observed in fair-skinned individuals [5, 6]. It has
been established, however, that there are no differences in melanocyte density
among races [7].

Histopathological studies of Grimes et al. [8] and Kang et al. [9] demonstrated
an increased amount of melanin in all epidermal layers in melasma skin
(Figs. 7.1 and 7.2). A 61 % and 83 % increase in epidermal hyperpigmentation
were demonstrated in lesional skin of 11 patients with Fitzpatrick skin types IV to
VI and 56 Korean melasma patients, respectively [8, 9]. Fontana-Masson and an
immunohistochemical stain NK1-beteb were both utilized to highlight epidermal
hyperpigmentation and detect melanocytes present in the epidermis and dermis
[8, 9]. The intensity of staining and number of epidermal melanocytes are increased
in melasma lesions in contrast to perilesional normal skin. No difference in melano-
cyte number between lesional and non-lesional skin was observed which validates
the findings of Szabo [7]. Ultrastructurally, lesional melanocytes had more
mitochondria, Golgi apparatus, rough endoplasmic reticulum, and ribosomes in
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Fig. 7.1 Clinical picture of melasma where biopsy was performed (a) and histopathology (b)
showing larger melanocytes in the epidermis accompanied by solar elastosis, sparse lymphocytic
infiltrate, and few pigment-laden macrophages in the dermis (H&E, x400)
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Fig. 7.2 Histopathological findings of melasma characterized by (a) large melanocytes in the
epidermis, (b) pigment-laden macrophages in the papillary dermis, (c) perivascular lymphocytic
infiltrate, and (d) solar elastosis (H&E x400)

their cytoplasm [9]. The melanocytes in the hyperpigmented areas were larger
intensely stained cells with very prominent dendrites (Fig. 7.3) [8, 9].

Electron microscopy revealed more melanosomes in keratinocytes, melanocytes,
and dendrites in the involved skin, in comparison to the uninvolved skin. Miot et al.
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Fig. 7.3 Immunohistochemical marker Melan-A highlights larger, intensely staining melanocytes
(arrow) in the basal cell layer (H&E %400 (a), H&E x1000 (b))

[10] demonstrated similar findings of greater epidermal melanin in the epidermis. In
addition, dermal findings include a mild lymphohistiocytic infiltrate and solar
elastosis in lesional melasma skin. A mild lymphohistiocytic infiltrate in 75 % of
hyperpigmented areas was likewise observed by Grimes et al. [8]. Pigment-laden
macrophages were present both in melasma lesional and perilesional normal skin in
36 % of Korean patients and in all 11 melasma patients of Fitzpatrick skin types IV
to VI [8, 9]. The degrees of basement membrane damage and vascularization have
not been extensively studied and warrant further investigation.

Presently, few conclusions can be drawn from evaluating all light microscopic,
immunohistochemical, and ultrastructural alterations in patients with melasma: (1)
that melasma is a consequence of specific hyperfunctional melanocytes that cause
excessive melanin deposition in the epidermis and dermis and (2) that melasma is
characterized by epidermal hyperpigmentation with or without melanophages and
raising the question if there is indeed a “dermal variant” [7-9].

7.2 Histopathology of Ochronosis

Two cases of hydroquinone-induced ochronosis in two Filipinos with Fitzpatrick skin
type IV showed on histology numerous fragmented reddish-brown fibers in various
configurations, some of which appear crescentic or “banana shaped.” Swelling and
homogenization of collagen bundles are seen in the papillary and reticular dermis.
The blood vessels are telangiectatic and mild solar elastosis is seen (Fig. 7.4) [11, 12].
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Fig. 7.4 Hydroquinone-induced ochronosis in a Filipino (a) and histopathological findings (b) of
yellowish-brown-colored material in the dermis accompanied by solar elastosis, mild lymphocytic
infiltrate, and pigment-laden macrophages (H&E x400)

Early lesions show basophilic and swollen collagen fibers before developing the
characteristic yellow ochronotic morphology. Fully developed lesions are characte-
rized by focal collections of refringent, yellow-brown, sharply defined, irregularly
shaped, and frequently fragmented fibers in the superficial dermis. There is often
coexisting mild solar elastosis [13, 14]. Depigmentation of epidermal melanocytes
is usually associated with pigment-laden macrophages in the papillary dermis [15].
Pigment granules are often present in the epithelium and basement membrane of
sweat glands, in endothelial cells, and within dermal macrophages [16]. In chronic
lesions, large amorphous eosinophilic granules may develop, resembling colloid
milium [17]. An infiltrate of histiocytes is present focally in relation to some of the
deposits [14]. The granulomatous reaction is believed to contain and selectively
destroy the fragments of ochronotic fibers. Occasionally ochronotic material can be
identified in giant cells [18].

Electron microscopic studies have shown electron-dense ochronotic bodies
embedded in a granular material infiltrating the adjacent collagen bundles. The
swollen collagen fibrils characteristically lose their banding pattern, subsequently
degenerate, and are replaced by amorphous ochronotic pigments. The fibrils rupture
and the pigments scatter free in the dermis. These pigments are phagocytosed later
on by macrophages and giant cells [18-20].

7.3 Histopathology of Dermal Melanocytosis (Acquired
Bilateral Nevus of Ota-Like Macules (ABNOM)
or Hori’s Macules, Nevus of Ota, and Sun’s Nevus)

Dermal melanocytoses comprise a variety of congenital and acquired conditions
characterized by a sparse population of intradermal dendritic, variably pigmented,
spindle-shaped melanocytes, with or without the presence of dermal melanophages.
These forms of facial melanoses are most commonly found in the skin of Asians and
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Fig. 7.5 Clinical photos of ABNOM (a, b), acquired nevus of Ota/dermal melanocytosis, (c¢) and
histopathological findings (d) of heavily pigmented, spindle-shaped melanocytes in the dermis
(H&E x100)

other darkly pigmented people. Nevus of Ota, acquired bilateral nevus of Ota-like
macules (ABNOM), and acquired unilateral nevus of Ota, also known as Sun’s nevus,
represent distinct types of dermal melanocytosis occurring on the face [21, 22].

ABNOM shares similarities to melasma with regard to clinical features, inclu-
ding female preponderance, acquired onset, and principal involvement of the malar
area [23]. However, the histopathological elements are distinct. Controversy still
exists whether what was previously thought of as dermal melasma is actually
ABNOM or other forms of dermal melanocytoses.

Lee et al. [24] compared the histopathological characteristics of ABNOM with
nevus of Ota using hematoxylin and eosin, GP-100 (NK1-beteb), and Fontana-
Masson stains. In the epidermis, there was no difference in the density of melano-
cytes and pigments between ABNOM and nevus of Ota. In the dermis, the differences
between ABNOM and nevus of Ota have been documented. The spindle-shaped
melanocytes in ABNOM were concentrated perivascularly in the superficial dermis.
In contradistinction, the spindle-shaped melanocytes in nevus of Ota were more
numerous and distributed interstitially in both the superficial and deep dermis. The
long axis of these melanocytes was oriented parallel to the collagen bundles (Fig. 7.5).



56 J.F. Dayrit

Lee et al. [23] also demonstrated that solar elastosis is slightly more prominent in the
lesional skin of ABNOM. The increased dermal expression of stem cell factor (SCF)
and c-kit in ABNOM may suggest a possible role in the pathogenesis of this pigmen-
tary disorder.

The degree of melanin pigmentation and number and distribution of melanocytes
per unit area in the epidermis and dermis were not significantly differentin ABNOM
as compared to extrafacial forms of acquired dermal melanocytosis suggesting that
both diseases form part of the same disease spectrum [25].

7.4 Histopathology of Ashy Dermatosis, Erythema
Dyschromicum Perstans, and Lichen Planus
Pigmentosus

Ashy dermatosis (AD), erythema dyschromicum perstans (EDP), and lichen planus
pigmentosus (LPP) present as acquired macules and patches of hyperpigmentation.
The etiology and pathogenesis of each disease remains an enigma; thus, there is no
effective widely accepted treatment. The clinical features overlap and racial varia-
tions may exist. The diseases share common histological features but subtle diffe-
rences have been noted.

Salient histological features of ashy dermatosis from the original study of
Ramirez [26, 27] were liquefaction degeneration of the basal layer with a peri-
vascular infiltrate of histiocytes, some lymphocytes, and melanin-laden macro-
phages (Fig. 7.6). A lichenoid tissue reaction pattern was likewise observed in
“erythema dyschromicum perstans” when the disease was introduced by Convit
et al. in 1961 [28].

Bhutani et al. [29] reported 40 cases in India with lesions similar to those
described by Ramirez. However, clinical and histological findings in one-third of
patients had association with lichen planus; they named them lichen planus pigmen-
tosus. It is believed to be a macular variant of lichen planus and more recent obser-
vations show that it usually starts on the face, neck, and earlobes. It is usually
associated with pruritus and oral mucosal involvement is seen [30]. The histopatho-
logical findings have similarities to lichen planus (Fig. 7.7).

Controversy exists regarding the relationship of AD, EDP, and LPP based on
clinical and histopathological features. Pinkus [31, 32] included ashy dermatosis
and atrophic lichen planus in the same section of his classification of “lichenoid tis-
sue patterns” because of their histologic similarities. Novick and Phelps [33] sug-
gested that EDP is a variant of lichen planus. On the other hand, Vega et al. [34]
reviewed 20 cases of AD and 11 cases of LPP in 1992. They distinguished these two
entities despite similar histopathologic findings and believed that ashy dermatosis
predominates in type I'V skin, and there are probably some undefined ecological and
nutritional conditions that are not applicable to other races or countries in North
America and Europe.
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Fig. 7.6 Ashy dermatosis in a Filipino (a) and histopathological findings (b, ¢) of subtle
vacuolar change in the basal layer and prominent pigment incontinence in the dermis
(H&E %100 (b), X400 (c¢))
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Fig. 7.7 Lichen planus pigmentosus in a Filipino (a) and histopathological findings of (b) a
lichenoid and periadnexal dermal infiltrate (H&E x100), (¢) prominent vacuolar alteration of the
basal layer with Civatte bodies, and numerous pigment-laden macrophages (H & E x400)

To differentiate AD from EDP, Weedon [35] recently proposed that the term EDP
should be used in cases where lesions have or have previously had an erythematous
border, while AD should be used for other cases where the “erythematous feature”
is lacking. Histologically, EDP shows a patchy vacuolar alteration of the epidermis,
pigment incontinence, and moderately dense lymphocytic infiltrate of lymphocytes.
In contrast, AD reveals atrophy of the epidermis with subtle vacuolar alteration of
the basal cell layer, marked melanin incontinence, and mild infiltrate referred to as
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“burnt-out” appearance [35]. The “burnt-out” appearance is commonly used to
describe post-inflammatory pigmentary alteration following interface dermatitis
such as in lichen planus, lupus erythematosus, erythema multiforme, and lichenoid
drug eruptions.

The erythematous component of EDP demonstrates a vacuolar alteration of the
basal cell layer, the presence of occasional colloid bodies, pigment-laden macro-
phages, and a perivascular infiltrate of lymphocytes and histiocytes. In the hyperpig-
mented macules and patches, pigment incontinence is a more prominent histological
finding, while the vacuolar change in the basal cell layer and the lymphohistiocytic
infiltrate in the dermis may only be mild or absent [36].

The histopathological findings of LPP is characterized by an atrophic epidermis
with vacuolar alteration of the basal layer; a scarce lymphohistiocytic or lichenoid
infiltrate with incontinence of pigment and the presence of melanophages are seen
in the dermis [34].

For LPP, a biopsy of a raised lesion shows typical lichen planus pathology
characterized by saw toothing of the rete ridges, wedge-shaped hypergranulosis,
vacuolar alteration of the basal layer, Civatte bodies, and lichenoid lymphocytic
infiltrate. A biopsy of a macule, on the other hand, reveals a relatively flat epider-
mis with loss of the rete pattern, focal vacuolar change with occasional necrotic
keratinocytes and Civatte bodies, dermal melanophages, and lymphocytic infil-
trate [33]. The lichenoid inflammatory infiltrate, which is often focal and peri-
infundibular, is a helpful histological feature which may differentiate LPP from
either EDP or AD.

7.5 Histopathology of Riehl’s Melanosis/Pigmented Contact
Dermatitis

Riehl’s melanosis is a nonpruritic brownish-gray pigmentation that develops
rapidly over the face, more intense on the forehead and the temples. It often has a
reticulated pattern. The condition is believed to be associated with contact sensiti-
vity to cosmetics or to a photocontact dermatitis resulting from fragrances in cos-
metics. Musk ambrette, lemon oil, and some bactericidal compounds present in
cosmetics have been known to cause “pigmented cosmetic dermatitis” in Japan,
which is similar to Riehl’s melanosis [37, 38]. Optical whiteners from detergents,
formaldehyde, and azo dyes have also been implicated in occupationally related
pigmented contact dermatitis. Most patients presented with no preceding eczema-
tous lesions [39, 40].

Histopathological findings from Riehl’s melanosis reveal epidermal atrophy,
vacuolar alteration of the basal cell layer, pigment incontinence, and dermal lym-
phohistiocytic infiltrate. Spongiosis is absent and periodic acid Schiff stain shows a
thickened basal layer (Fig. 7.8) [37, 41].
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7.6 Histopathology of Minocycline-Induced
Hyperpigmentation

Minocycline hyperpigmentation presents in patients on long-term treatment for acne,
rosacea, or leprosy. Three distinct types occur: type I, blue-black macules on areas of
current or previous inflammation; type I, blue-gray pigment on the shins and fore-
arms; and type I11, diffuse muddy-brown discoloration sun-exposed areas [42—44].
The histopathological features of the three different types of minocycline pig-
mentation are variable (Fig. 7.9). Types I and II show normal density of melanin
pigmentation in the epidermal melanocytes. Type Il shows more pronounced

Fig. 7.8 Shows reticulated hyperpigmentation in a Filipino with known cosmetic allergy (a) and
histopathology (b) showing vacuolar alteration of the basal cell layer, pigment incontinence, and
dermal lymphocytic infiltrate

Fig. 7.9 Hyperpigmented patches in two patients with Hansen’s disease after treatment with
minocycline (a, b) and histopathological features of perivascular (¢) and periadnexal (d) brown-
black granules (H&E x400)
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melanin pigmentation in the basal cell layer [45]. In the dermis, golden-brown to
brown-black pigment granules within macrophages surround blood vessels and
eccrine coils. Type I and type III pigments stain for hemosiderin and melanin,
respectively. Type II pigments stain for both hemosiderin and melanin [46, 47].

Hu et al. [47] reported two leprosy patients who developed minocycline pigmen-
tation on preexisting leprosy lesions. Skin biopsies revealed brownish-black pig-
ments within macrophages which stained positively for both hemosiderin and
melanin. On the other hand, a case of minocycline pigmentation in a patient with
acne vulgaris revealed brown-black pigments within macrophages located through-
out the interstitial dermis. The pigment was identified by immunohistochemistry as
a calcium-containing melanin-like substance hypothesized to be an insoluble drug
metabolite-protein complex chelated with calcium [48].
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Chapter 8
The Scoring Aid: MASI and Modified MASI

Tien Guan Steven Thng and Sai Yee Chuah

8.1 Introduction

One of the challenges of dermatologists conducting clinical research in the manage-
ment of melasma is to find ways to score the severity of melasma in a consistent,
reproducible and accurate manner. Unlike other organ systems, there are no tests of
clinical significance that can measure skin pigmentation in terms of extent and
degree of pigmentation as compared to the patient’s normal skin. While there are
accurate quantitative point measurement devices like the chromameter, Mexameter
and reflectance spectrophotometry, these however require the investigator to con-
duct measurement in exactly the same spot over time in order to get consistent result
that can be used for comparison of severity of melasma over time. More impor-
tantly, these systems do not quantify the extent of involvement and as such are of
limited use in monitoring the response to therapy and for evaluating the efficacy of
new drugs.

Because of this lack of tests of clinical significance, early methods of evaluating
the severity of melasma are often crude, subjective and have marked inter-individual
and even intra-individual variations. As such, to maintain objectivity in assessing
severity of melasma, scores like the melasma area and severity index (MASI) are
used to evaluate the severity of the condition. Over the years, modification to the
MASI scores has been proposed and adopted, and more recently, a computer algo-
rithm has been developed to allow these scores to be calculated by a computer
through digital image analysis. All these developments have greatly helped the
cause of clinical practice and clinical research in melasma.
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8.2 Early Melasma Scoring Systems Using Point Scales

One of the earliest scoring systems adopted for assessment of treatment response
for melasma is the physician and patient’s global assessment scales [1, 2]. In this
system, there is no attempt to score the severity of melasma before treatment;
instead, these scales seek to quantify qualitatively the degree of improvement post
therapeutic intervention. These are usually done through comparison of pre- and
post-treatment photographs and scored via 3-5 graduations. For the physician
global assessment, the investigator rates the improvement on a 3 point scale of 0
(completely clear), 1 (almost clear but still has evidence of melasma) and 2 (not
clear, still has significant evidence of melasma) [2]. Patient’s global assessment fol-
lows a similar 3 point scale of 1 (completely cleared), 2 (nearly cleared) and 3
(significant hyperpigmentation present) [2].

The melasma severity scale (MSS), on the other hand, attempts to score the severity
of melasma before treatment on a 4 point scale and uses the changes in scale to deter-
mine degree of improvement. In the MSS, scores range from 0 (absence of melasma),
1 (mild melasma, where the colour of the affected area is just slightly darker than that
of the surrounding normal skin), 2 (moderate melasma, where the affected area is
moderately darker than the surrounding normal skin) and 3 (severe melasma, where
the affected area is markedly darker than the surrounding normal skin) [2].

These early scoring systems are mainly qualitative in nature and require the phy-
sician to estimate the degree of darkness/improvement and as such is prone to inter-
assessor variability. More importantly, they are usually one dimensional as they do
not take into account both the area involved as well as the degree of pigmentation of
melasma.

8.3 Melasma Area and Severity Index (MASI)

The melasma area and severity index (MASI), developed by Kimbrough-Green et al.
[3]in 1994, was probably the first scoring system to try to objectively score and mea-
sure the response of melasma to treatment in a clinical trial by taking into account
both the area involved, as well as the darkness of the melasma. The system was based
on a similar scoring system devised for psoriasis and takes into account the extent
and degree of pigmentation affected. There are three components used in the MASI
system and they are: area (A) of involvement, darkness (D) and homogeneity (H).

For area (A) of involvement, the investigator has to estimate the areas affected,
as compared to normal skin and assign a numeric value according to banding. A
value of 0 implies no involvement; 1 when affected area is less than 10 %; 2 for
10-29 % affected; 3 for 30—49 % affected; 4 for 50-69 % affected; 5 for 70-89 %
affected and 6 for 90 % or more affected.

The darkness (D) of the melasma is compared to the normal skin and graded on
a scale of 0—4 as follows: 0 implies normal skin colour; 1 with barely visible
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hyperpigmentation; 2 if there is mild hyperpigmentation; 3 for moderate hyperpig-
mentation and 4 for severe hyperpigmentation. As the scoring is subjective, training
picture library representing the various scores is given to ensure consistency of
scores.

Similar to darkness, homogeneity (H) of the hyperpigmentation is also graded on
a scale of 0—4: 0 implies normal skin colour without evidence of hyperpigmenta-
tion; 1 is given if there are specks of involvement; 2 if small patchy areas of involve-
ment <1.5 cm diameter are noted; 3 is given if patches of involvement >2 cm
diameter are noted and 4 for uniform skin involvement without any clear areas are
noted.

The MASI calculation is then performed by scoring of these three components
on the face, which is in turn divided into four main areas: the forehead (30 %), left
malar (30 %), right malar (30 %) and the chin (10 %) (Fig. 8.1). The final MASI
score is calculated by adding the sum of the severity ratings for darkness and homo-
geneity, multiplied by the value of the area of involvement, for each of the four
facial areas:

MASI total score= ‘ 0:3%xA (forehead) x (D +H) (forehead) +
‘ 0:3xA (left malar) x (D +H) (left malar) +
‘ 0:3 xA (right malar) x (D +H) (right malar) +
|0:1A (chin) x(D+H) (chin)

Forehead R.Malar , _L.Malar Chin
I 1 I 17T 1 I 1
MASI = 0.3A (D+H) + 0.3A (D+H) + 0.3A (D+H) + 0.3A (D+H)

Fig. 8.1 Melasma area
and severity index (MASI).
A area, D darkness, H
homogeneity
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The MASI score range from 0 to 48, with 48 being the most severe. At first
glance, the advantages of the MASI score is obvious as it takes into account both the
area of involvement as well as the degree of pigmentation, two of the most impor-
tant components that affects the patients adversely. In addition, as the MASI is a
continuous score, it reflects changes much better than the old melasma severity
scale, which is a categorical scale.

The MASI score has also been validated recently in a prospective study by
Pandya, et al. [2]. In the study, the MASI score shows good reliability within raters
on different days as well as between raters. It is important to note that all raters who
participated in the study had some training and were given examples of different
levels of area, darkness and homogeneity in aiding their scoring. This probably
accounted for the consistency observed both within rater and inter-raters. The MASI
scores were also compared with Mexameter readings as well as with melasma
severity scale and showed good validity.

In actual practice, however, the MASI has its drawbacks. Firstly, consistency is
difficult to achieve as MASI is based on subjective visual assessment of the three
components of area of involvement, darkness and homogeneity which results in
inter-assessor variability. Secondly, while the MASI score is a continuous score, the
three components of area, darkness and homogeneity assessed are grouped in bands.
This is not ideal as significant changes within each band will not be reflected, while
small changes across bands result in a significant change in scores. Finally, MASI
is rarely used outside clinical trials due to the complexity of calculations and is
time-consuming in nature. As a result, modifications to the score have been made
resulting in the simpler modified MASI score.

8.4 Modified Melasma Area and Severity Index (mMASI)

The modified melasma area and severity index (mMASI) was proposed by Pandya
et al. [4] in 2011 after the team did a validation of the MASI score. In the study,
despite training of the raters and providing them with examples of the different
scales in the components of area, darkness and homogeneity, the study team still
found assessing the different components of MASI problematic, particularly in the
assessment of homogeneity. As such, the team proposed a modified MASI system
with the removal of homogeneity component. In their study, removal of the homo-
geneity component did not affect the reliability or validity measures at all [4] and
the authors suggested the removal of that component would result in a simpler,
easier and more consistent scoring system. The modified MASI score is therefore
calculated in the following manner:

Modified MASI total score= ‘ 0:3%A (forehead) x D (forehead) +
‘ 0:3xA (left malar) x D (left malar) +
‘ 0:3 %A (right malar) x D (right malar) +
10:1xA (chin)xD (chin)
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In addition, in order to improve consistency in assessment of the two compo-
nents of area and darkness, the authors proposed that a training module as well as
practice images be given so as to ensure reliability in mMASI scores. Since the
introduction of mMASI in 2011, it has replaced MASI and is used in almost all of
published clinical studies assessing treatment options for melasma. While the
removal of the homogeneity component does help in making the mMASI simpler to
perform, it still does not address the problems associated with MASI, which are
mainly banding within the scale of each component, inter-observer variability and
the need for training to ensure reliability. As such, a better scoring system is still
needed to overcome the observed problems.

8.5 Automated Melasma Area and Severity Index (aMASI)

To address the problems noted in MASI and mMASI, a novel computer image
analysis software system has recently been developed by Thng et al. [5] to derive
the area and degree of hyperpigmentation in melasma. These scores are fed into
the same formula used for mMASI scores cumulating in an automated MASI score
(aMASI).

The software elegantly utilizes digital image analysis through extreme machine
learning and thresholding method [6] to identify abnormal areas, calculate the areas
involved as a percentage of the total surface and derive the degree of pigmentation
in the abnormal area by comparing the abnormal with the normal in the Lab colour
space. A detailed account of the technical details can be found in the paper by
Liang et al. [6].

Briefly, the algorithm utilizes three main steps to derive the MASI score auto-
matically from a set of three digital photographs. The first step involves defining the
area that is affected by melasma. The algorithm automatically define the pixels of
the eyebrows, eyes, nostrils and corner of mouth as non-skin set, and these are
blackened out and are excluded from the analysis (Fig. 8.2). The identified areas are
then segmented into forehead, left and right malar region and the chin, using the
position of the eyes, nostrils and mouth as landmarks to determine the boundaries.

The frontal view of the photograph is used to define the forehead and the chin
(Fig. 8.3), while the two lateral views are used to define the malar regions (Fig. 8.3).
Thresholding is then performed by comparing the value of one pixel against the
reference value of normal skin [6], and any area that is darker than the reference
value would be considered as an area affected by melasma (Fig. 8.4).

The second step involves the calculation of degree of darkness of the identified
melasma area as compared to the normal skin. This is done using the Lab colour
space [7]. The difference between the Lab values of normal and affected skin will
be calculated for each pixel and an average of the darkness of the pixels in areas
affected by melasma will be used in the score to calculate the final MASI.

Finally, the percentage of area involved and darkness component are fed into the
formula for mMASI to generate the automated MASI (aMASI) score. The mMASI
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Fig. 8.3 Frontal and two side views at 45° required for aMASI. The aMASI score for this patient
calculated through the developed algorithm is 8.6

score was used in the calculation as homogeneity is no longer an important compo-
nent as the computer algorithm accurately identifies all affected areas on the face
regardless of their size and includes them in the final calculation.

The proposed aMASI system seems easy to use as all it requires is a set of three
digital photographs (one frontal and two side views) to be taken consistently under
the same lighting. The set of three photographs are then fed into the computer algo-
rithm and an aMASI score will be generated within 1 min. As all the assessment and



8 The Scoring Aid: MASI and Modified MASI 69

Fig. 8.4 Auto identification of affected areas by computer algorithm

calculations are done automatically, no training is required and the system totally
removes all possibility of inter-observer variability as there is no main-in-the-loop
for the whole process. The system also totally removes the limitations of banding as
all indices used in the calculation (area and darkness) are continuous variables, and
these provide a better resolution on the improvement/worsening of melasma.

Despite the obvious advantages, there are several notable weaknesses in this
newly developed algorithm. The major weakness would be that the algorithm could
not differentiate melasma from other skin hyperpigmentation like Hori’s nevus,
solar lentigo, nevus, etc. as the algorithm can only differentiate normal skin from
abnormally pigmented skin. In addition, for consistent result, the photographs must
be taken under the same lighting conditions and at fixed angles. Lastly, while the
algorithm has tested and validated patients of skin type 3 and above, it has not been
tested in patients with fairer skin types with melasma. Future studies assessing the
automated MASI over time in different cohorts of patients should be performed to
determine the sensitivity, validity and consistency of this algorithm.

8.6 Conclusion

A good, reproducible, standardized way of scoring melasma severity and response
to treatment accurately is important so that efficacy of various treatment modalities
can better be compared in meta-analyses. These scoring systems must be inexpen-
sive, with minimal or no inter-assessor variability and more importantly, applicable
and adopted worldwide. The scoring of melasma has evolved, over the years, to be
closer to the ideal system. The MASI and mMASI are still the gold-standard in
melasma scoring systems and should be used routinely in all therapeutic trials for
melasma. The automated mMASI (aMASI) system via computer image analysis
holds much promise but remains to be validated for consistency and applicability on
worldwide basis.
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Chapter 9
Differential Diagnosis of Melasma
in Brown Skin

Evangeline B. Handog and Maria Juliet Enriquez-Macarayo

9.1 Postinflammatory Hyperpigmentation (PIH)

Postinflammatory hyperpigmentation (Fig. 9.1) presents as asymptomatic
hyperpigmented macules and patches ranging in color from either tan to dark
brown (epidermal melanin) or gray—blue to gray—brown (dermal melanin) caused
by numerous preceding cutaneous insults such as drug and phototoxic reactions,
infections, physical injury or trauma, allergic reactions and inflammatory dis-
eases [1].

PIH can occur at any age with no gender preference. Epidermal PIH can result
from acne, insect bites, pyodermas, atopic dermatitis, psoriasis and pityriasis rosea.
It generally resolves over time, although fading may require months or years in
darkly pigmented individuals [2].

On the other hand, dermal PIH has been associated with dermatoses character-
ized by degeneration of the basal layer of the epidermis and inflammation at the
dermal-epidermal junction such as lupus erythematosus and fixed drug eruptions.
Resolution is slower and longer than epidermal PIH, and treatment is a challenge.
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Fig. 9.1 Postinflammatory
hyperpigmented patches in
an elderly Filipino female
with dermatomyositis
(Courtesy of the Research
Institute for Tropical
Medicine, Philippines)

9.2 Exogenous Ochronosis

Exogenous ochronosis is an uncommon disorder characterized by dark brown to
black or blue-black hue (Fig. 9.2) caused by the deposition of microscopic,
ochre-colored pigment in the dermis [3, 4].

It has been seen as a result of hydroquinone use among dark-skinned individuals.
The condition, however, may also develop from the use of antimalarials and
products containing resorcinol, phenol, mercury and picric acid [1]. Skin irritation
and vigorous friction may be contributory as well. Histopathology is definitive, with
the banana-shaped ochronotic fibers in the dermis.

9.3 Acquired Bilateral Nevus of Ota-Like Macules
(ABNOM)

Acquired bilateral nevus of ota-like macules are multiple, speckled blue-brown and/
or slate-gray macules occurring bilaterally on the malar regions (Fig. 9.3) or less
commonly on the forehead, upper eyelids, cheeks and nose. The mucosa is not
involved [5]. ABNOM typically affects middle-aged Asians, particularly Chinese
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Fig. 9.2 Dark bluish-black
pigmentation on the cheeks
of a Filipino female after
prolonged used of
hydroquinone-containing
OTC products (Courtesy of
the Research Institute for
Tropical Medicine,
Philippines)

Fig. 9.3 Speckled
brown-gray macules on the
malar regions in an Asian
patient (Courtesy of the
National Skin Centre,
Singapore)

and Japanese, with age range of 20-70 years [1, 5]. They are thought to increase in
thickness with advancing age [6].

9.4 Solar Lentigines

Solar lentigines are characterized by well-circumscribed 1-3 cm pigmented macules
on sun-exposed areas [7, 8]. They can occur in children and adults, especially those
with skin types I to III.

Children who have xeroderma pigmentosum may develop solar lentigines in the
first 6 months of life, after minimal sun exposure. Lesions may vary in color from
light yellow to dark brown. The most common sites of predilection are the face
(Fig. 9.4), hands, forearms, chest, back and shins.
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9.5 Drug-Induced Hyperpigmentation

Hyperpigmentation caused by toxic agents or medications (Fig. 9.5) accounts for
10-20 % of all cases of acquired hyperpigmentation. The most common causes are
CNS drugs (e.g, chlorpromazine, amitriptyline), antineoplastic agents (e.g., car-
mustine, nitrogen mustard, bleomycin, anthracycline, 5-fluorouracil), anti-infectious
drugs (e.g., chloroquine, quinacrine, hydroxychloroquine, minocycline, clofazi-
mine, zidovudine), antihypertensive medications (e.g., amiodarone, diltiazem) and
hormones (e.g., oral contraceptives) [1, 5].

Fig. 9.4 Dark brown patch
on the cheekbone area of
an Asian patient (Courtesy
of the National Skin
Centre, Singapore)

Fig. 9.5 Bluish
pigmentation on the face of
a Filipino female,
developed from intake of
minocycline (Courtesy of
the Research Institute for
Tropical Medicine,
Philippines)
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9.6 Actinic Lichen Planus

It is a rare variant of cutaneous lichen planus, characterized by the development of
lesions on the photodistributed areas (Fig. 9.6a). It is more common in dark-skinned
populations, particularly in young adults [9]. Indurated plaques or papules appear
on the face, neck and the dorsal surface of hands after exposure to ultraviolet (UV)
light [10-12]. Covered areas and mucous membranes are usually spared. In few
cases, discrete, confluent papules and hypermelanotic patches, sometimes assuming
a melasma-like appearance (Fig. 9.6b), may also be seen. The etiology is unknown.

Fig. 9.6 (a) Scaly papules
on the arms of an Asian
male, histopathologically
proven as actinic lichen
planus (Courtesy of the
National Skin Centre,
Singapore). (b)
Hypermelanotic patches on
the midface of a young
Filipino female,
histopathologically proven
as lichen planus (Courtesy
of the Research Institute
for Tropical Medicine,
Philippines)
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9.7 Erythema Dyschromicum Perstans (Ashy Dermatosis)

Erythema dyschromicum perstans (EDP) is a slowly progressive disease that is more
common in children and young adults, particularly those from Latin America with
skin phototypes III and IV [5]. It has equal prevalence in both sexes [1]. The com-
mon sites of predilection are the neck, proximal upper extremities and trunk [5].
Lesions can follow skin cleavage lines [3]. EDP is characterized by hyperpigmented
macules and patches of variable shape and size with an ashen-gray to brown-blue
color (Fig. 9.7) [13]. A polymorphic eruption may also be seen, presenting as simul-
taneous hypo- and hyperpigmented macules [14]. The lesions are usually asymp-
tomatic; however, minimal pruritus can be present. There is a slow progression of
the lesions over several years, usually without spontaneous regression.

9.8 Riehl’s Melanosis

Also known as female facial melanosis, this condition is more common in middle-
aged dark-skinned women, particularly Mexicans and Asians [1]. It is characterized
by a rapid onset of a reticular gray-brown to almost black hyperpigmentation on the

Fig. 9.7 Ashen-brown
hyperpigmentation seen on
the face of a young
Filipino female (Courtesy
of The Research Institute
for Tropical Medicine,
Philippines)
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face (particularly on the forehead, zygomatic area and temples) and neck (Fig. 9.8a, b).
There is no evidence of any inflammation on the skin [15]. It is induced by repetitive
contact with a sensitizer such as fragrances, some pigments and bactericides (carbani-
lides, ricinoleic acids) used in cosmetics and optical whiteners [16].

9.9 Ephelides

Ephelides or freckles are characterized by small light brown macules appearing on
the sun-exposed skin (Fig. 9.9) [1, 8]. It is more common in fair-skinned popula-
tions and those with red or blond hair and Celtic ancestry. Onset is usually in early
childhood and may or may not disappear later in life.

The table below shows a summary of the differential diagnoses to be considered
when dealing with pigmented lesions presenting mostly on the face (Table 9.1).

Ty

Fig. 9.8 (a) Reticulated reddish-brown patch on the forehead and (b) neck of a Filipina female
(Courtesy of Dr. Johannes F. Dayrit, Philippines)

Fig. 9.9 Small brown
macules, of different hues,
dispersed mostly on the
cheeks of an Asian female
(Courtesy of the National
Skin Centre, Singapore)
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Chapter 10
Melasma and Comorbidities

Ncoza C. Dlova and Levashni Naidoo

10.1 Introduction

The concurrence of multiple diseases or disorders in association with melasma has
not been widely reported, and the precise interplay amongst contributory factors
that generate this hypermelanization remains the focus of ongoing studies.

Key associated factors identified thus far include endocrine, psychological and
emotional disturbance.

10.2 Menstrual Cycle Irregularities

Middle Eastern studies have documented the association of menstrual cycle changes
associated with conditions like polycystic ovarian syndrome and insulin resistance,
finding them to occur more commonly in patients with melasma [1, 2].

A more recent study from Brazil supported this reporting a greater association
with menstrual irregularities and patients diagnosed with melasma. This relation-
ship bordered on significant where a subgroup analysis of females with greater BMI
was undertaken [3].
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10.3 Thyroid Dysfunction

Mild thyroid dysfunction has been found in some studies on females with melasma.
The study by Lufti et al. classified melasma patients into two groups: idiopathic
versus association with occurrence in pregnancy or subsequent to contraceptive pill
use [4]. An association with thyroid abnormalities was found to be higher in the lat-
ter group (70 % in the latter versus 39 % in the former group) leading the authors to
propose a positive association with thyroid autoimmunity in the setting of preg-
nancy or contraceptive use.

A more recent study from Iran contrasted the thyroid hormone profile of 70 non-
pregnant melasma sufferers with an equal number of age-matched controls [5], with
a significantly higher prevalence of thyroid dysfunction in the first group in contrast
to the control group, further highlighting the relationship between thyroid autoim-
munity and melasma.

Further study regarding this association is necessary before screening policy
guidelines for thyroid dysfunction in the setting of melasma can be made [5].

10.4 Hypothalamic and Limbic System Contribution

The hypothalamus acts in the limbic system, and stressors may, therefore, play a
part in inciting adrenocorticotrophin- and melanocyte-stimulating hormone release
which positively feeds into the melanin pigment production pathway in susceptible
individuals [6, 7].

Stress and depression also elevate cortisol levels further augmenting the pathway
for melanin production [8]. Patients with melasma have heightened anxiety trait
scores and are more frequently on anxiolytics and antidepressants than matched
controls [3]. These findings raise our awareness of the importance of our patients’
psychological health and its possible impact on pigment alteration.

10.5 Conclusion

Although menstrual irregularities, thyroid dysfunction and higher levels of depres-
sion and anxiety have been reported as melasma comorbidities, further studies are
still needed to confirm these associations. Validation of the few reports would ensure
a future comprehensive and multidisciplinary approach to patients with melasma.
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Chapter 11
Melanogenesis and New Signaling Regulators
for the Treatment of Melasma

Masakazu Kawaguchi and Tamio Suzuki

11.1 Introduction

Melasma is primarily caused by increased melanin deposition in the epidermis. It
often occurs among women with dark complexions and occurs during their repro-
ductive years. Ultraviolet (UV) radiation exposure, hormonal factors, and preg-
nancy are known risk factors [1, 2].

Melanin is produced by melanocytes and is transferred to surrounding keratino-
cytes. The most important transcription factor that regulates melanocyte function is
the microphthalmia transcription factor (MITF). Genes that encode tyrosinase
(TYR), a key enzyme in melanogenesis, tyrosinase-related protein-1 (TRP-1), dopa-
chrome tautomerase (DCT), and PMELI17 are involved in pigmentation disorders
and are induced by several factors. MITF plays a fundamental role in the transcrip-
tional regulation of these genes. MITF expression levels are regulated by various
transcription factors, including lymphoid enhancer-binding factor 1 (LEF-1)/T-cell
factor (TCF), which is a downstream regulator of the Wnt-p-catenin signaling path-
way, and cAMP-responsive element-binding protein (CREB). Multiple signaling
pathways are involved in the regulation of tyrosinase and MITF, resulting in the
stimulation of melanogenesis. The activation of melanocortin-1 receptor (MCI1R)
by its agonist, a-melanocyte-stimulating hormone (a-MSH), increases cAMP pro-
duction and leads to the phosphorylation of CREB. Phosphorylated CREB upregu-
lates the transcription of various genes, including MITF. Stem cell factor (SCEF, also
known as KIT ligand) and its receptor c-KIT link with the Ras-MAP kinase signal-
ing pathway and regulate MITF function via MITF phosphorylation [3] (Fig.11.1).
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Fig.11.1 Schematic depiction of melanogenesis in melanocytes. Tyrosinase (TYR), a key enzyme
in melanogenesis, tyrosinase-related protein-1 (TRP-1), dopachrome tautomerase (DCT), and
PMELI17 are melanogenesis-related proteins involved in pigmentation disorders, and microphthal-
mia transcription factor (MITF) plays a role in the transcriptional regulation of these factors. MITF
expression levels are regulated by various transcription factors, including lymphoid enhancer-bind-
ing factor 1 (LEF-1)/T-cell factor (TCF), which is a downstream regulator of the Wnt-f-catenin
signaling pathway, and cAMP responsive-element-binding protein (CREB). Melanocortin-1 recep-
tor (MCIR)/a-melanocyte-stimulating hormone (a-MSH) signaling increases cAMP production
and leads to the phosphorylation of CREB. Stem cell factor (SCF) and its receptor c-KIT link to
the Ras-MAP kinase signaling pathway and regulate MITF function via MITF phosphorylation

Recently, novel cellular and molecular mechanisms for skin pigmentation, includ-
ing melasma, have been identified. These include sex hormonal factors [4], the H19
noncoding RNA [5], microRNAs (miRNA) [6, 7], and Wnt pathway modulators
[8-10] (Fig. 11.2).

Sunscreen for protection from sunlight and skin-lightening agents are used to treat
melasma. Various well-known agents, such as hydroquinone, arbutin, kojic acid, and
ascorbic acid, reduce pigmentation by interfering with several processes involved in
melanogenesis 3'-UTR (e.g., the inhibition of melanocyte proliferation, TYR activity
and expression, MITF expression, and 5’-UTR melanosome formation). These depig-
menting agents have little effect and sometimes have severe side effects. Therefore, it
is imperative to identify new agents with better efficacy and fewer side effects.
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Fig. 11.2 Role of miR-675 in melasma. Downregulation of the H19 noncoding RNA was observed
in the hyperpigmented skin of a melasma patient. H19 knockdown reduces miR-675 expression.
miR-675 is released from keratinocytes via exosomes, a type of extracellular vesicle derived from
the endosomal system, and inhibits MITF mRNA expression by targeting its 3’-UTR in melano-
cytes. Cadherin 11 (Cad-11) is another target of miR-675

The oral antidiabetic drug metformin [11] and omeprazole [12], a gastric proton
pump inhibitor, reduce melanin content by decreasing cAMP accumulation and
TYR degradation, respectively.

We found that inhibitors of a disintegrin and metalloprotease (ADAM) reduce
melanin content by disrupting the processing of the melanosomal protein PMEL17
[13]. PMELI17 (also called gpl100 and silver) is a type I transmembrane melano-
somal glycoprotein that forms a fibrillar matrix on which melanin is deposited in
melanosomes. Proteolytic processing of PMEL17 is required for the formation of
functional fibrils during melanogenesis. We demonstrated that ADAM inhibitors
disrupt the formation of fibrils and their assembly into sheets in melanosomes via
the regulation of PMEL17 processing. ADAMs are a family of proteases involved in
ectodomain shedding; they play a role in various cellular processes [14, 15].
ADAMI17 plays a critical role in the ectodomain shedding of many soluble proteins,
including tumor necrosis factor-o (TNF-ar), KIT ligand, and its receptor. In humans,
ADAM17 is a candidate gene for the regulation of pigmentation in East Asians [16].
Mutations in ADAM 10 were identified as a cause of reticulate acropigmentation of
Kitamura, which is characterized by reticulate, slightly depressed pigmented mac-
ules mainly affecting the dorsa of the hands and feet [17]. As ADAMs are involved
in multiple signaling pathways that regulate melanogenesis, ADAM proteases could
be new potent therapeutic agents for pigmentation disorders.
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Identifying the factors involved in the pathogenesis of melasma could facilitate
the development of new treatment options for the disorder.

11.2 UV Exposure and Barrier Dysfunction

Based on a transcriptional analysis of melasma skin samples, 279 upregulated genes
and 152 downregulated genes have been identified [8]. As expected, the expression
levels of melanogenesis-associated factors, such as TYR, TRP-1, DCT, and MITF,
are increased in melasma lesions, indicating higher melanogenic activity in lesional
skin. As the number of melanocytes is not significantly increased, increased epider-
mal pigmentation due to increased melanogenesis in lesional melanocytes is
expected to be the main physiological mechanism in melasma.

A bioinformatics analysis identified significant modifications of lipid metabo-
lism in melasma. Lipid metabolism genes, such as peroxisome proliferator-activated
receptor alpha (PPARA), PPAR gamma coactivator 1 alpha (PPARGCI1A), arachido-
nate 15-lipoxygenase, type B (ALOXI5B), and diacylglycerol O-acyltransferase
2-like 3 (DGAT2L3), were found to be downregulated. It is well known that lipid
metabolism of the stratum corneum has an important role in barrier homeostasis.
Interestingly, barrier function of melasma lesional skin is damaged compared with
perilesional skin [8, 18]; a thinned stratum corneum and delayed barrier recovery
rate have been observed for lesional skin.

UV irradiation may play a major role in melasma development based on the
location of lesions and the development and/or aggravation of symptoms after
sun exposure. Furthermore, chronic UV exposure is known to influence fatty acid
metabolism and barrier function of the skin [19]. Free fatty acids and triglycer-
ides in the epidermis of photoaged or acutely UV-irradiated human skin are sig-
nificantly decreased [20]. The expression levels of genes related to lipid synthesis,
including PPAR, are also markedly decreased [20]. Ligand activation of PPARs
stimulates differentiation, induces lipid accumulation, and accelerates epidermal
barrier regeneration in keratinocytes; accordingly, PPAR is an important regula-
tor of lipid metabolism by mediating fatty acids [21]. Therefore, impaired barrier
function owing to UV irradiation might be a factor in the pathogenesis of
melasma.

11.3 Wnt Signaling

Although the effects of UV exposure are well established, the mechanism of
UV-induced pigmentation may not be same for skin pigmentation conditions
induced by different causes. In addition, UV irradiation may not be necessary in
melasma development. Wnt inhibitory factor 1 (WIF-1) has been identified [9] as a
factor involved in melasma pathogenesis that does not exhibit expression changes



11 Melanogenesis and New Signaling Regulators for the Treatment of Melasma 89

after UV irradiation. WIF-1 is a secreted antagonist of Wnt signaling; it inhibits the
Wnt pathway by binding directly to Wnt ligands and preventing the ligands from
binding to cell surface receptors.

The canonical and noncanonical Wnt pathways have important roles in the regu-
lation of melanogenesis. In the canonical pathway, Wnts prevent the degradation of
B-catenin, which promotes translocation to the nucleus to stimulate the transcription
factor MITF. WIF-1 is reduced in melasma lesions and is expressed in both cultured
normal human keratinocytes and fibroblasts, but not in melanocytes. WIF-1 knock-
down stimulates TYR expression and melanosome transfer in keratinocyte/melano-
cyte cocultures. By treatment with recombinant WIF-1 in cocultures, TYR
expression is significantly reduced with MITF expression. However, another report
has shown that WIF-1 and other Wnt pathway modulators, such as Wnt5a, are
upregulated in melasma lesional skin based on a microarray analysis [8]. Currently,
decreased expression of WIF-1 is implicated in melasma development via the stim-
ulation of melanogenesis and melanosome transfer through the activation of Wnt
signaling.

11.4 Female Sex Hormones

As pregnancy and changes in uterine and ovarian hormones are risk factors for
melasma, the female sex hormones estrogen and progesterone have been implicated
in the development of hyperpigmentation in melasma [2]. Estrogens stimulate mela-
nogenesis in human melanocytes by inducing the synthesis of melanogenic enzymes,
and melanocytes express estrogen receptors [4]. An immunohistochemical analysis
has shown that estrogen receptor and progesterone receptor expression levels are
increased in affected skin [22, 23].

Recently, based on a microarray analysis, the upregulation of PDZ domain pro-
tein kidney 1 (PDZKI1) expression was detected in the hyperpigmented skin of
melasma patients [4]. PDZK1 is a member of the sodium-hydrogen exchanger
regulatory factor (NHERF) family. NHERFs have PDZ domains, which mediate
protein—protein interactions and have been shown to bind ion transporters. Estrogen
increases MITF and TYR expression via PDZK1 in melanocytes. Knockdown of
PDZK1 reduces estrogen-induced TYR expression. PDZK1 overexpression
increases estrogen-stimulated TYR expression with ER-a and ER-f expression.
PDZK1 also upregulates the expression of several ion transporters such as sodium—
hydrogen exchanger (NHE), cystic fibrosis transmembrane conductance regulator
(CFTR), and SLC26A3. These transporters are upregulated by estrogen, and spe-
cific inhibitors of transporter proteins inhibit the estrogen-induced expression of
TYR. Interestingly, PDZK1 upregulation stimulates melanosome transfer to kerati-
nocytes, irrespective of protease-activated receptor-2 (PER-2) expression, which is
involved in melanosome transfer. PDZK1 has emerged as an important factor in the
development of hyperpigmentation in melasma and is particularly associated with
estrogen.
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11.5 MicroRNAs and Their Targets

miRNAs have been identified as novel factors in melasma pathogenesis. Downregulation
of the expression of the H19 noncoding RNA has been detected in the hyperpigmented
skin of a melasma patient, but not in UV-exposed hyperpigmented skin in a microarray
analysis [5]. Noncoding RNAs have important roles in the epigenetic regulation of
genes. In an examination of the mechanism of H19 downregulation in melasma, one
miRNA was identified as its target in melanogenesis [6]. miRNAs are small, 20-24
nucleotide, endogenously expressed noncoding RNAs. They anneal to the 3'-untranslated
region (UTR) of mRNAs in a sequence-specific fashion and either block translation or
promote transcript degradation, thus playing a major role in the posttranscriptional
regulation of gene expression [24].

H19 knockdown reduces miR-675 expression levels in keratinocytes, but not in
melanocytes or fibroblasts. In addition, miR-675 overexpression decreases the expres-
sion of TYR and TRP-1, whereas its inhibitor increases their expression in keratino-
cytes and melanocytes in a cocultured system. As the expression levels of miR-675
are correlated with those of H19 in keratinocytes, but not in melanocytes, miR-675 is
thought to be released from keratinocytes. Exosomes, which are extracellular vesicles
derived from the endosomal system, are secreted from living cells into the extracel-
lular environment. Exosomes can arise from different cell types, including tumor cells
but also from normal cells, and contain various cellular proteins, including MHC
molecules and adhesion molecules, as well as miRNAs. As the transfer of exosome-
derived miRNAs to receipt cells is suggested as a means of cell-cell communication,
miR-675 could be released from keratinocytes via exosomes and regulate melanogen-
esis in melanocytes. A microarray analysis has revealed that MITF is a target of miR-
675, which inhibits MITF mRNA expression by targeting its 3'-UTR.

Cadherin 11 (Cad-11) is another target of miR-675 [7]. miR-675 similarly inhib-
its Cad-11 expression by targeting its 3’-UTR. Increased Cad-11 expression is also
observed in the hyperpigmented skin of melasma patients, suggesting a role of Cad-
11 in melasma. Cad-11 regulates dermal fibroblast migration and p-catenin levels,
both of which are important in the development of tissue fibrosis [25]. Although
Cad-11 expression is not detectable in melanocytes, Cad-11 in fibroblasts or
keratinocytes stimulates melanogenesis, increasing the expression of -catenin and
Whnt, and induces melanocyte migration.

In vivo miR-675 overexpression in mouse skin using a transfection reagent
reduces the expression of melanogenesis-related genes [6]. As exosome-derived
miRNAs have been shown to be resistant to RNase treatment, miR-675 could be a
potent therapeutic target for melasma.

11.6 Conclusion

In this review, we summarize the current understanding of the mechanisms of
melasma development. Novel mediators for melasma such as the H19 noncoding
RNA, WIF-1, microRNAs, and PDZK1 have recently been identified using
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large-scale expression profiles. In addition, Cad-11 appears to be an important
mediator of melasma, and inhibition of its function is a potential therapeutic
approach for the treatment of melasma.

Understanding the pathogenesis of melasma could enable the development of

new treatment options for the disorder.
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Chapter 12
Topical Agents in Melasma

Ma. Flordeliz Abad-Casintahan and Hester Gail Lim

12.1 Introduction

Melasma is often difficult to treat, and the condition may be refractory. Principles of
therapy include protection from ultraviolet (UV) light, inhibition of melanocyte activity
and melanin synthesis, and the disruption and removal of melanin granules [1]. Due to
the multiple treatment modalities available, the choice of treatment must take into
account the type of melasma (whether epidermal, dermal, or mixed), the skin complex-
ion of the patient, previous treatments, patient expectations, as well as compliance [2].

Topical therapy remains the standard of melasma treatment. It aims to retard the
proliferation of melanocytes, inhibit melanosome formation, and enhance melano-
some degradation [3]. The epitome of a depigmenting agent should provide power-
ful, quick, yet selective lightening on hyperactive melanocytes. Resultant elimination
of unwanted pigment must be lasting, with no undesirable side effects. Despite the
numerous topical therapeutic options in the market, the ideal depigmenting agent
has yet to be found. Depigmenting agents can target melanin production at the level
of transcription and tyrosinase glycosylation, during the synthesis of melanin as
well as the uptake and distribution of melanosomes into recipient keratinocytes, and
during tyrosinase degradation and turnover of pigmented keratinocytes. Simply put,
depigmenting agents target melanin synthesis before, during, and after the process
[4]. Topical agents are especially efficacious in the epidermal type of melasma [5].

This chapter will cover the different types of topical therapy, administered as
monotherapy or in combination with different agents. While monotherapy for
melasma has been in use the longest, the current trend is toward combination
therapy, which has shown greater efficacy.
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12.2 Monotherapy

12.2.1 Hydroquinone (HQ)

Hydroquinone is the most extensively studied medication in the management of
melasma, although most recent studies have hydroquinone in combination with
other substances. A dihydric phenol, HQ is an aromatic organic compound with a
primary function of hindering melanin production by inhibiting the tyrosinase
enzyme [6, 7]. As monotherapy, HQ in itself is effective and used at concentrations
ranging from 2 to 5% [8]. After prolonged use, however, it can cause permanent
depigmentation. Other adverse effects include irritant dermatitis, ochronosis, and
postinflammatory pigmentation [9].

HQ is often the standard therapy to which other treatment regimens are com-
pared. While it is the gold standard in depigmentation, issues of safety have arisen
with this product, thus, it has been banned in several countries. With the risk of
exogenous ochronosis and permanent depigmentation following long-term use, it
has been banned by the European Committee, with formulations withdrawn from
cosmetics in these countries [10]. This has spurred research for its use with other
agents and for other equally potent, but safer depigmenting agents.

12.2.2 Azelaic Acid

A dicarboxylic acid derived from Pityrosporum mold, azelaic acid is a reversible
inhibitor of tyrosinase activity. While it does not affect normal melanocytes, it is
antiproliferative and cytotoxic to abnormal melanocytes [3]. This is especially
advantageous to patients who only wish to lighten the sites affected with melasma,
but not their baseline skin color. In a study by Balina and Graupe, 20 % azelaic acid
was found to be comparable with 4 % HQ [11]. In a Thai population comparing 2 %
HQ with 20 % azelaic acid, the latter was found to be more efficacious; however this
population had a greater incidence of adverse effects which include pruritus, tran-
sient erythema, scaling, and, occasionally, sensitization [12].

12.2.3 Kojic Acid

A'7-pyronecompound, produced fromfermentationof Aspergillus and Penicillium[10],
kojic acid is a fungal metabolic product that inhibits the catecholate activity of tyrosi-
nase. In addition, kojic acid functions as a potent antioxidant. For the management of
hyperpigmentation, a concentration of 1-4 % is often used. While itis more chemically
stable than HQ, it is less effective than HQ in its lightening property [13]. The Kojyl-
APPA 5-[(3-aminopropyl)phosphinooxy]-2-(hydroxymethyl)-4H-pyran-4-one)
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synthesized by Kim et al. showed increased skin penetration and pigment lightening
efficacy in melanoma and normal human melanocytes [14]. Adverse effects include
sensitization, contact dermatitis, and erythema [15, 16].

12.2.4 Vitamin C

Vitamin C chelates copper ions necessary in the enzymatic steps for melanin production.
In addition, it can convert melanin from its usual jet-black color to light tan. Vitamin C,
however, is very easily oxidized in an aqueous solution. In a study by Espinal-Perez and
colleagues, 5 % L-ascorbic acid was found to be equal in efficacy to 4 % HQ [17]. More
stable derivatives, such as magnesium 5 % L-ascorbyl-2-phosphate in a 10 % cream com-
pound, have also been found effective in the management of melasma [18]. Iontophoresis
has also been used to increase cutaneous penetration of vitamin C [19].

12.2.5 Retinoids

Retinoids have been found to be moderately effective in the management of melasma.
It promotes rapid loss of pigment through its effect in increasing epidermopoiesis,
thereby decreasing keratinocyte contact time with melanocytes [20]. They also func-
tion by decreasing melanosome transfer and inhibiting tyrosinase transcription [21].
Adverse effects include erythema and peeling on application sites. Postinflammatory
hyperpigmentation (PIH) should also be considered as a potential adverse effect.

Tretinoin concentrations used for melasma range from 0.05 to 0.1 %. Studies in
a predominantly white population [22] have proven moderate effectivity.

Topical isotretinoin studied among Thai patients showed no statistically signifi-
cant difference in MASI and colorimetry in the 0.05 % isotretinoin group versus a
placebo group [23].

Adapalene is a second-generation retinoid. In an RCT of 30 Indian female
patients diagnosed with melasma, efficacy and safety of adapalene 0.1 % was com-
pared to that of tretinoin 0.05 %. Melasma area severity index (MASI) scores were
recorded at baseline, 2 weeks, 6 weeks, 10 weeks, and 14 weeks. Results showed
equal efficacy between the two agents: 37 % reduction in MASI score in tretinoin
compared to 41 % reduction in adapalene group, with no statistical difference. There
was a greater incidence of adverse effects in the tretinoin group [24].

12.2.6 Tranexamic Acid (TA)

Tranexamic acid is a trans-4(aminomethyl) cyclohexane carboxylic acid, which has
been used in medical practice as a fibrinolytic agent. It has shown promise in the man-
agement of melasma through inhibition of melanin production. TA binds to plasmin and
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plasminogen leading to a decrease in the amount of free arachidonic acid. Prostaglandin
production is then decreased and so is the melanocyte tyrosinase activity [6].

The injectable and oral forms have been noted to lighten melasma in patients.
However, results have been conflicting. In a split-face trial by Kanechorn et al., there
appeared to be no significant difference with topical tranexamic acid versus placebo,
with a greater incidence of adverse effects in the tranexamic acid group [25]. Banihashemi
et al. studied 5% tranexamic in a liposomal form, a vehicle which may prolong the
action of the substance, as well as improve its moisturizing effect. In this form, TA was
comparable to HQ [26]. In another randomized, double-blind split-face trial, Ebrahimi
et al. compared a topical solution of 3 % tranexamic acid to 0.01 % dexamethasone-3 %
hydroquinone combination. Effects were comparable [27]. Velasquez et al. discussed
the use of TA intradermally, with favorable results [28]. Due to the paucity of literature,
more studies are needed to evaluate this substance for use in melasma.

12.2.7 Arbutin

Arbutin is a B-glycosylated form of HQ present in bearberry extracts [10]. It exists
in two forms, a-arbutin and deoxyarbutin, both of which are inhibitors of tyrosinase
and melanosome maturation. The synthetic deoxyarbutin, however, is more potent.
Arbutin functions through reversible inhibition of melanosomal tyrosinase activity
rather than suppression of expression and synthesis of tyrosinase. It shows less
melanocyte cytotoxicity than HQ. While higher concentrations appear more effica-
cious, they may also cause paradoxical hyperpigmentation. In comparison to HQ,
where the skin lightening effect is very difficult to sustain, deoxyarbutin-induced
skin lightening was maintained without the use of maintenance therapy [29].

12.2.8 Vitamin E

In an in vitro study by Funasaka et al., alpha-tocopheryl ferulate dissolved in lecithin
inhibited melanization without significantly inhibiting cell growth, via inhibition of
tyrosinase. Added to this is the antioxidant effect of both a-tocopherol and a-tocopheryl
through the inhibition of biological reactions induced by reactive oxygen species [30].
Topical vitamin E has been shown to be effective for wrinkles and other signs of
photoaging. In porcine skin, vitamin E combination with ascorbic acid works
synergistically, providing fourfold protection against UV-induced erythema [31, 32].

12.2.9 Niacinamide

The amide form of vitamin B3, niacinamide, reversibly inhibits melanosome trans-
fer from melanocyte to keratinocyte by 35-68 % [33]. It also decreases collagen
oxidation products and improves aging-induced yellowing or sallowness. It has no
activity against tyrosinase [4].
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12.2.10 Novel Therapeutic Agents

Rucinol serum, a derivative of resorcinol, functions via tyrosinase inhibition [6, 34].
A split-face trial comparing 4-n-butylresorcinol 0.1 % cream to placebo showed the
former to be more effective [35].

Oligopeptides are a new class of tyrosinase inhibitors. In a study by Ubeid et al.,
octapeptides P16-18 were more effective than HQ, with minimal toxicity toward
major human skin cell types [35]. A split-face, randomized pilot study in cases of
recalcitrant melasma was performed, revealing efficacy with no apparent irritation
to the skin [36].

Lincomycin and linoleic acid are substances that inhibit melanogenesis by
increasing the degradation of tyrosinase and increasing stratum corneum turnover.
Lee et al. found that the combination of lincomycin and linoleic acid with 0.05 %
betamethasone valerate was found to be more effective than placebo, and the linco-
mycin group alone [37].

12.3 Combination Topical Therapies

The literature shows multiple variants of the triple combination cream: Kligman’s
formula (5% HQ, 0.1 % tretinoin, and 0.1 % dexamethasone), modified Kligman’s
formula (4 % HQ, 0.05 % tretinoin, and 1 % hydrocortisone acetate), and Pathak (2%
HQ and 0.05-0.1 % tretinoin) and Westerhof’s formula (4.7 % N-acetylcysteine, 2 %
HQ, and 0.1 % triamcinolone acetonide) [6]. The addition of tretinoin to hydroqui-
none prevents the oxidation of HQ, ameliorates the side effects of topical steroids, and
increases pigment elimination through desquamation. This combination strongly
inhibits the production of melanin without the destruction of melanocytes [1].

To date, one of the most effective and widely studied is the triple combination
cream utilizing 4 % HQ, 0.05 % tretinoin, and 0.01 % fluocinolone acetonide [38].
In a systematic review of randomized controlled trials (Cochrane), this triple com-
bination was more effective than HQ monotherapy or other individual constituent
therapies [39]. The fluocinolone-based triple creams are considered safe up to 24
weeks, with a very low risk of skin atrophy [40, 41]. In an open label study by
Grimes et al., the aforementioned triple combination cream improved moderate to
severe melasma at 12 weeks. Once patients had improved, they were shifted to
maintenance therapy at twice weekly dosing. However, this dosing led to a relapse,
prompting resumption of daily therapy [41]. Of significance is that the use of a fluo-
rinated steroid (fluocinolone acetonide) in this triple combination is contributory to
its safety, in contrast to the non-fluorinated steroids (dexamethasone, hydrocorti-
sone, mometasone).

Chan et al. compared the efficacy of a fixed triple combination cream (4 % HQ,
0.01 % triamcinolone, and 0.05 % tretinoin) with 4 % HQ for melasma. This triple
combination cream was more effective than 4 % HQ monotherapy in an Asian popu-
lation, despite the high incidence of retinoid dermatitis in this group. Though ery-
thema was a frequently noted adverse reaction, none were severe enough to prompt



98 M.FE. Abad-Casintahan and H.G. Lim

discontinuation of the study. Even with a corticosteroid containing agent, patients
had no reports of skin atrophy at the conclusion of the study [40]. Adverse effects
include erythema, peeling, dryness, and irritation. Topical therapy with triple com-
bination cream appears to be the most effective treatment regimen [38].

Hydroquinone 4 % and hyaluronic acid 0.01 % combination was found to be less
irritating than HQ alone. The addition of glycolic acid 10 % was found to accelerate
desquamation and pigment dispersion, thereby accelerating skin lightening [7].
Unfortunately, many patients found this formula highly irritating. Javaheri et al.
suggested the use of glycolic acid 10 % lotion and 2 % HQ [42].

12.4 Maintenance

Melasma 1is easily triggered by UV exposure and thus tends to be recurrent.
Significant in the maintenance phase of melasma management is the diligent daily
use of topical sunscreens, in addition to avoidance of UV exposure (by natural or
artificial light). Vazquez and Sanchez found that HQ therapy was more effective
when sunscreen was added to the treatment regimen. Though most studies include
sunscreens in both control and treatment groups, the authors feel that Vazquez and
Sanchez’s findings can be extrapolated to infer that all other whitening agents are
more effective when sunscreen is added [43]. It must be noted, however, that the use
of a broad spectrum sunscreen, while important in the management and mainte-
nance therapy of melasma, cannot in itself prevent relapse [44], and thus, mainte-
nance topical regimens are required. The appropriate therapy should be dependent
on the patient’s compliance and the severity of melasma at initial consult [41, 45].

There are limited studies on the ideal tapering regimen. In a randomized, blinded,
controlled study, Arellano et al. compared a tapering regimen (thrice weekly for the
first months, then twice weekly for the second month, and then once weekly for the
fourth month) versus a twice weekly regimen. Both groups were comparable; how-
ever, the twice weekly application postponed relapse for a greater period of time in
severe melasma, while the tapering regimen was more effective for patients with
moderate melasma [45].

12.5 Conclusion

The management of melasma is no mean task. Topical therapies remain the gold
standard in management, with hydroquinone being the most popular and exten-
sively studied agent. In recent years, however, studies have shifted away from
hydroquinone monotherapy to search for substances equal in efficacy but superior
in safety. Monotherapies such as azelaic acid, retinoids, kojic acid, and other novel
agents have found much support in recent years, especially in this era of
hydroquinone-free cosmeceuticals. Despite this surge of interest in novel therapies
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for melasma, the literature considers triple combination cream as the most effective
topical therapy for melasma to date. Lastly, of paramount importance is the reli-
gious use of broad spectrum sunscreens—success in the treatment of melasma is
dependent on rigorous photoprotection as an adjunct to treatment.
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Chapter 13
Botanicals in Melasma

Evangeline B. Handog, Maria Juliet Enriquez-Macarayo, and Ricky Hipolito

13.1 Introduction

Greater understanding of the pathogenesis of melasma has given way to more phar-
macologic agents especially those of botanical origin. While the role of tyrosinase
is well known, many new pathways have been elucidated with molecular research;
transcription and posttranslational modification of tyrosinase and other melano-
genic enzymes have now been found to be targets of treatment [1].

With free radicals and peroxides inducing melanin formation, molecules with
free radical scavenging and antioxidant properties were found to have therapeutic
value in melasma. As the understanding of melasma pathophysiology deepens, cou-
pled with clinical research, molecules of botanical origin with less adverse effects
than existing therapies are emerging and finding their way into the mainstream
treatment regimens.

Even with many currently existing treatments, melasma remains a management
challenge. The condition has a tendency to relapse which contributes to patient dis-
satisfaction. Moreover, the gold standard, hydroquinone has been documented to
cause ochronosis with prolonged use. Other available treatments include topical reti-
noids, azelaic acid, and kojic acid. Peeling agents with benefit in melasma include
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glycolic, trichloroacetic, salicylic, and lactic acid. All of the above agents either have
harmful side effects on prolonged use or does not prevent relapse of melasma [2].

Fisk et al in their review article published in 2014 showed that botanical agents are
becoming popular alternative therapies for hyperpigmentation [3]. These agents are
more effective in superficial forms of hyperpigmentation and as such should be con-
sidered for integration into standard regimens. However, the review also showed that
further clinical studies integrating botanicals with accepted treatments are needed.

The following botanicals that will be discussed are well studied, supported by
in vitro and clinical research. These are already incorporated into cosmeceuticals
available in the market.

13.2 Tyrosinase Inhibitors

Aloe vera, rumex occidentalis, bearberry (Figs. 13.1, 13.2, and 13.3, respectively)
are some of the botanicals inhibiting tyrosinase.

Fig. 13.1 Aloe vera

Fig. 13.2 Rumex occidentalis
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13.2.1 Aloe Vera

Aloe vera is a succulent perennial herb (Fig. 13.1) which is probably native to North
Africa but now found in the tropics and warmer areas of the world, including Asia.
Viscous, transparent liquid can readily be extracted from the pea green fresh leaves.
Some uses described in traditional medicine include minor wounds and burns [4].

Aloesin is a pigment-inhibiting substance derived from aloe vera extract. The
study by Choi et al showed that aloesin prevents UV-induced pigment development
in the skin of healthy volunteers. The results demonstrated that pigmentation sup-
pression of aloesin was significantly greater than control but less than arbutin.
However, aloesin used together with arbutin afforded more pigment suppression
than arbutin alone. This study supports the current use of aloesin in nonprescription
cosmeceutical formulations [5].

13.2.2 Rumex Occidentalis

Rumex occidentalis is a perennial herb (Fig. 13.2) found in North America, Asia,
and Europe. It is a small, leafy plant with narrow leaves [6]. Rumex occidentalis is
a traditional remedy, used as a mild laxative, digestive aid, and liver cleanser.
Topical preparations can relieve insect stings [7].

A randomized double-blind study by Mendoza et al showed that Rumex occi-
dentalis 3 % extract in cream formulation has lightening efficacy equivalent to
hydroquinone 4 %. This study was conducted in 45 Filipino women who were
randomized to receive placebo, hydroquinone 4 %, and Rumex occidentalis 3 %
cream [8].

Fig. 13.3 Bearberry
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13.2.3 Bearberry

Bearberry is an evergreen shrub (Fig. 13.3) that usually grows less than 6 inches tall.
The leaves are alternately on the branches and the flowers are white to pink and bear
round. Bearberry is native to Labrador, Alaska, Virginia, Illinois, Nebraska and
New Mexico [9].

Arbutin, a tyrosinase inhibitor which comes from bearberry, is a glycosylated
form of hydroquinone [10]. It is considered a safer alternative to hydroquinone
for long term and regular use due to its comparable efficacy and less side effects
[10-12].

13.3 Antioxidants/Free Radical Scavengers/Photoprotective
Agents

Under this category are the following botanicals: orchids, proanthocyanidin from
grape seed extract, procyanidin from maritime pine bark, coffeeberry, green tree
extracts from Camellia sinensis, licorice (Glycyrrhiza glabra), mulberry (Morus
alba), soy, and umbelliferone from carrots (Figs. 13.4, 13.5, 13.6, 13.7, 13.8, 13.9,
13.10, 13.11, and 13.12, respectively).

Fig. 13.4 Orchid
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Fig. 13.5 Grape seed F |

Fig. 13.6 Maritime pine
bark

Fig. 13.7 Coffeeberry
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Fig. 13.8 Camellia

sinensis

Fig. 13.9 Glycyrrhiza ) I
glabra
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Fig. 13.10 Morus alba

Fig. 13.11 Soybean

Fig. 13.12 Daucus carota i
sativus
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13.3.1 Orchids

Orchids are perennial herbs widely distributed mostly in tropical and subtropical
forests. While there is much variability in the specialized structures of the
Orchidaceae family, the flowers are characteristic, having three petals and three
petallike sepals, with a conspicuous central sepal forming a lip (labellum)
(Fig. 13.4) [13].

Tadakoro et al conducted a split face study comparing orchid extract cream and
vitamin C 3 % cream. Results obtained using the melanin index, clinical evaluation,
and skin color tone scale were equivalent for orchid extract and vitamin C at the end
of the study [14].

13.3.2 Flavonoids

Flavonoids are a group of naturally occurring substances in fruits, vegetables,
plant parts, tea and wine. Diversity in their basic phenolic structure is the basis
for their grouping and variations in physiologic activities [15, 16]. The main
groups of flavonoids are flavones, flavanones, catechins, and anthocyanins [16].
While flavones and anthocyanins are found in berries and grapes, flavanones are
sourced from citrus peels and fruits, and catechins are derived from red wine and
tea. Several mechanisms have been found in vitro, such as nitric oxide inhibition,
leukocyte immobilization, and arachidonic acid metabolism inhibition [16].
Their pigment inhibitory action rests on the antioxidant activity, tyrosinase inhi-
bition and DOPA oxidation [2].

13.3.2.1 Grape Seed Extract

Grapes are climbing shrubs native to different parts of the world, especially in the
tropical, subtropical and some temperate regions. The principal genera are Cissus,
Parthenocissus, Ampelopsis and Vitis [17]. Proanthocyanidin is an antioxidant
extracted from grape seeds (Fig. 13.5) [17].

Yamakoshi et al found that intake of the powder form containing 81.0 % proan-
thocyanidin (Gravinol™) has a beneficial effect on melasma. Eleven patients com-
pleted an open-label study for 12 months. Outcomes documented, using colorimetry
and melanin index, showed significant improvement in terms of lightening and
decrease in lesion size [18].

13.3.2.2 Procyanidin

Procyanidins present in apples, maritime pine bark (Fig. 13.6), cinnamon, aronia fruit,
cocoa beans, and grape seeds and skin are flavonoids with high antioxidant properties
in vitro [19]. They have been shown to modulate the arachidonic acid pathway, inhibit
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gene transcription and protein expression of inflammatory mediators, and hence have
anti-inflammatory effects [20]. Pinus pinaster (French maritime pine), growing in low-
lying coastal plains, is found in France, Spain and Portugal [21].

Handog et al conducted a randomized, double-blind, single-center trial to deter-
mine the lightening efficacy of tablets containing 24 mg of procyanidin, 6 mg of
[-carotene, 60 mg of ascorbic acid, and 15 IU of D-a-tocopherol acetate. After 8
weeks, it was shown that the melanin content decreased significantly among the
treatment patients (p<0.0001). MASI also decreased for both the treatment and
placebo groups (p<0.001) with a greater decline noted among the treatment group
(»<0.0001) [22].

13.3.3 Pycnogenol

Pycnogenol is a dietary supplement with many purported uses. Despite the insuffi-
cient evidence for benefit in any chronic condition [23], it remains available in over
the counter formulations. Pycnogenol has been reported to have antioxidant and
anti-inflammatory properties [24]. Its oral formulation at 50-200 mg per day has
been used for a variety of conditions such as chronic venous insufficiency, diabetes,
hypertension and retinopathy [24].

For melasma, the recommended dose was 75 mg/day [24]. Ni et al gave 30
women 75 mg of pycnogenol daily. At the end of the thirty-day study, they noted an
average decrease in melasma area of 25.86+20.39 mm (p<0.001). They also noted
an average decrease in pigmentary intensity of 0.47+0.51 unit (p<0.001) [25].
Twenty-nine patients with melasma were given 100 mg of daily pycnogenol by
Campos et al. Two months of treatment yielded 26-50 % improvement by blind
observation verified by digital photography [26]. In another study assessing the pre-
ventive action of pycnogenol to IPL-induced melasma-like pigmentation, Campos
etal gave 100 mg of daily pycnogenol to 25 patients after three sessions of IPL. None
developed melasma-like pigmentation in the treatment arm, while two developed
pigmentation in the control group [27].

13.3.4 Coffeeberry

Coffea arabica is one of the two main species of coffee cultivated today, which
accounts for 75-80% of the world’s production [28]. It grows best in subtropical
and equatorial regions. Coffeeberry extract (Fig. 13.7) is naturally rich in polyphe-
nol antioxidants, specifically cholorogenic acid, condensed proanthocyanidins,
quinic acid, and ferrulic acid [29].

McDaniel in 2010 enrolled 30 females with moderate photoaging to determine
the beneficial effects of coffee berry extract 1 % for photoaging, including pigmen-
tation. His 6-week protocol included 20 full face and 10 split face participants. The
full face participants applied the active product, while split face participants applied
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the active product on one side of the face and the vehicle on the opposite side.
Blinded evaluations were done by dermatologists. Full face participants showed
27 % improvement in global assessment, 16 % for fine lines and wrinkles, 18 % for
roughness and dryness, and 25 % for pigment. In the split-face study, notably greater
improvement was noted on the active product than vehicle [29].

13.3.5 Green Tea Extracts

Green tea extracts come from Camellia sinensis (Fig. 13.8), cultivated in China for
the past 3000 years. Polyphenolic compounds from green tea extracts act as anti-
inflammatory, antioxidant, and anticarcinogenic. Its antioxidant and in vitro tyrosi-
nase inhibition that may be responsible for its lightening effect [30].

No et al showed that green tea extracts inhibited mushroom tyrosinase in vitro [31].

13.3.6 Licorice

Glycyrrhiza glabra (Fig. 13.9), commonly known as licorice, is a perennial herb
belonging to the pea and bean family, native to Eurasia, Northern Africa, and
Western Asia. It grows about 1 meter tall with leaflets arranged in pairs along a
central axis and light-blue to violet flowers held in loose conical spires [32]. Licorice
extract has several pigment inhibitory mechanisms to wit, melanin dispersal, mela-
nin biosynthesis inhibition, and cyclooxygenase inhibition [2].

Glabridin, a polyphenolic flavonoid serving as the main component of the extract,
has been shown to prevent UVB-induced hyperpigmentation. It also has anti-
inflammatory activity by inhibition of superoxide anion and cyclooxygenase [33].
Liquiritin, another component, has been reported to affect melanin dispersability
and epidermal removal [34].

Alobaidi et al conducted a randomized double-blind study among 100 volunteer
female patients with melasma. The 28-day study revealed a 93 % improvement of
melasma in the group treated with Glycyrrhiza glabra 2.5 % cream, while only 4 %
improvement was shown among the placebo group. The difference in proportion of
improved patients was statistically significant (p value: 0.001) [35].

13.3.7 Mulberry

Morus alba (Fig. 13.10), also known as white mulberry, is native to China but is
now found in most of the USA [36]. White mulberry is a perennial shrub or tree that
can grow as high as 15 meters. The leaves are alternate and ovate, while flowers
maybe staminate or pistillate. Fruits can be white, black or purple.
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Lee et al measured the tyrosinase and superoxide inhibition of mulberry extract
in vitro. Eighty-five percent of methanol extract of dried mulberry leaves was uti-
lized for the experiment. Mushroom and mammalian tyrosinase assays were used
to determine tyrosinase inhibition and Oyanagui method for superoxide suppres-
sion. In the mushroom tyrosinase assay, inhibition was expressed as IC50, the con-
centration of sample that inhibits 50 % of tyrosinase activity. Strong inhibitory
activity for tyrosinase was shown with IC50 of 0.29 ug/ml. Mammalian tyrosinase
was suppressed to 50 % at a concentration of 68.3 ug/ml. Superoxide inhibition
was 8.3 % at100 ug/mL. Mulberry extract’s tyrosinase inhibition was 4.5 times
more potent than kojic acid in mushroom assay with similar results in the mam-
malian assay [37].

13.3.8 Soy

Soybean is an annual legume of the Fabaceae family (Fig. 13.11), cultivated mainly
for its vegetable protein and processed into food and industrial products. Its origin
is believed to be from a wild plant in East Asia. It is now grown in most parts of the
world, with the largest producers being the USA, Brazil, and China. It is an erect
branching plant, which can grow to more than 2 meters. Flowers can be white or a
shade of purple. Edible seeds contained in pods can be yellow, green, brown, black
or bicolored [38]. Major components of soy reported to be responsible for its pig-
ment inhibitory activity are the protease inhibitors and isoflavones. Protease inhibi-
tors decrease PAR-2 activation, inhibiting melanosome transfer [39]. Isoflavones
decrease melanogenesis by inhibiting DOPA oxidase activity [40].

Female patients with Fitzpatrick phototype I-III were enrolled in the study of
Wallo et al, evaluating the benefits of soy-containing moisturizer for photoaging.
This parallel, randomized, double-blind, vehicle-controlled study lasted for 12
weeks. It was shown that soy moisturizer was significantly better than vehicle (P
value<0.05) as to mottled pigmentation, blotchiness, dullness, fine lines, overall
texture, overall skin tone, and overall appearance [41].

13.3.9 Umbelliferone

Umbelliferone (UMB) or 7-hydroxycoumarin is a photoprotectant, antioxidant and
anti-inflammatory phenolic compound. It is a product of plants belonging to the
Apiaceae (Umbelliferae) family including domesticated carrot and coriander [42].
Domesticated carrot (Daucus carota sativus) (Fig. 13.12) was developed in the
Netherlands in the seventeenth century [43].



114

E.B. Handog et al.

13.4 Summary of Studies (Tables 13.1 and 13.2)

Table 13.1 Tyrosinase inhibitors

Component/plant source/
preparation

Study

Aloesin/aloe vera extract/
topical

P: 15

I: Randomized comparative trial of volunteer subjects divided into
four groups (control, aloesin, arbutin, and aloesin plus arbutin)
Patients were exposed to 210 mJ of UV radiation. Pigment
development was determined among the volunteers for 15 days

O: Pigmentation suppression was 34 % for aloesin 43.5 % for
arbutin, and 63.3 % for combined treatment compared with the
control (N=15 p value<0.05)

Choi et al [5]

Rumex occidentalis/3 %
Rumex occidentalis cream

P: 45

I: Randomized, double-blind, placebo-controlled clinical trial

O: Mean decline in MASI and Mexameter values from baseline to
week 8 similar for both 4 % hydroquinone and 3 % Rumex
occidentalis

Mendoza et al 8]

Rumex occidentalis with
glycolic acid

P: 27

I: Single group, open-label clinical trial

O: There was a significant difference between baseline and 12
weeks, baseline and 24 weeks in L*, C*, and h* values. There was
a clinically significant response rate

Sabancilar et al [44]

Legend: P population, / intervention, O outcome
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13.5 Newer Depigmenting Agents of Botanical Source

(Table 13.3)

The list is growing and promising and includes the following:

Table 13.3 Other botanical agents and their sources

Botanical

Source(S)

Artocarpanone

Artocarpus heterophyllus, an Indonesian tree

4-n-butylresorcinol or rucinol

May have plant sources

Ursolic acid

Apple peels, holy basil

Anthraquinones

Rhubarb

Cinnamic acid

Various plant sources

Macelignan Mpyristica fragrans, an evergreen tree
Gallic acid Gallnuts, grapes, tea, hops, and oak bark
Glycine Meat, fish, dairy products, legumes

Isopanduratin A and 4-hydroxypanduratin A

Kaempferia pandurata Roxb, common name:
Chinese ginger

Kurarinol, kuraridinol, and trifolirhizin

Sophora flavescens, common names: Ku Shen
Gen/bitter root/yellow sophora root

Selina dien-8-one

Atractylodis Rhizoma Alba, Atractylodes rhizome

Taxifolin

Onions, French maritime bark, milk thistle, and
tamarind seeds

Deoxyarbutin and its second-generation
derivatives

Synthesized by removing the hydroxyl groups
from the glucose side chain of arbutin

Hydroperoxytraxastane-type triterpene

Arnica montana, common name: leopard’s bane

Piceatannol

Grapes, passion fruit, white tea, and Japanese
knotweed
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13.6 Conclusion

Melasma may be a pigmentary disorder quite elusive to treatment, but continuous
efforts are being placed in the discovery of depigmenting agents, with botanicals
considered as a safer source.

Grateful acknowledgment to Dr. Johanna O. Flordelis for providing all the artistic original
illustrations.
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Chapter 14
Oral Lightening Agents

Evangeline B. Handog and Maria Juliet Enriquez-Macarayo

14.1 Introduction

Uneven skin color especially among female patients with melasma always illus-
trates a lot of concern and anxiety. For several decades now, having a fair face and
an even skin tone have not only been symbols of prominence but also of preemi-
nence and advantage. In India, attitudes towards skin color have developed over two
centuries and reflect consideration of class and background [1].

Systemic skin whitening agents are very rapidly attaining popularity.
Commercialism has gone far hence has become a multimillion dollar business.
Women who believe that being fair has more advantages and can afford to buy them
will not have second thoughts even if there is not much evidence in its efficacy.

14.2 Tranexamic Acid (TA)

Known to be a hemostatic agent, tranexamic acid (trans-4-aminomethyl cyclo-
hexane carboxylic acid) (Fig. 14.1) is a synthetic derivative of the amino acid lysine.
Foremost, it is being used especially in surgery, because of its antifibrolytic action
[2]. As early as 1979, Nijor’s first study and report paved the way for more researches
especially on its action on melasma [3]. Being a synthetic lysine analogue that
reversibly blocks lysine binding sites on plasminogen molecules, TA’s efficacy lies
in its being an inhibitory plasminogen activator (PA) of plasmin.
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COOH

NH,
Fig. 14.1 Tranexamic acid (trans-4-amonimethyl cyclohexane carboxylic acid)

Keratinocytes produce PA. Epidermal basal cells contain plasminogen molecules.
Plasmin plays a role in the release of basic fibroblast growth factor, which is a
potent growth factor for melanocytes [4]. Wu et al reported that TA in animal models
has been shown to prevent ultraviolet light-induced pigmentation by preventing the
binding of plasminogen to keratinocytes that resulted in a decrease in the tyrosinase
activity of melanocytes [5]. He further stated that research by Zhang et al showed
that TA is able to inhibit melanogenesis by interfering with the catalytic reaction of
tyrosinase. Sarkar et al showed that TA is able to decrease a-melanocyte-stimulating
hormone that stimulates melanin synthesis [6].

Karn et al evaluated the efficacy of TA as an adjunct to topical hydroquinone and
sunscreen for melasma in 260 subjects [7]. In this randomized controlled trial done for
3 months, Group A received TA at a dose of 250 mg twice daily in addition to topical
treatment, and Group B received topical treatment alone. Results indicated that there
was a statistically significant decrease in the mean Melasma Assessment Severity
Index (MASI) from baseline to 8 and 12 weeks among group A patients (11.08+2.91
vs. 8.95+2.08 at week 8 and vs. 7.84+2.44 at week 12; p<0.05 for both). Among
group B patients, the decrease in mean score was significant at 8§ weeks and insignifi-
cant at 12 weeks follow-up (11.60+3.40 vs. 9.9+£2.61 at 8 weeks and vs. 9.26+3 at
12 weeks; p<0.05 for former but p>0.05 for later). TA was found effective for the
treatment of melasma at a low dose of 250 mg twice a day for at least 3 months.

Because of its antihemorrhagic property, it is not safe to use it for a long dura-
tion. Unwanted side effects can include venous thromboembolism, myocardial
infarction, cerebrovascular accidents and pulmonary embolism.

14.3 Pycnogenol/Procyanidin

Pycnogenol is derived from the extract of the French maritime pine bark, Pinus
pinaster (Fig. 14.2). It contains 65-75 % procyanidin as its main ingredient. It also
contains other phenolic compounds such as catechin, epicatechin, caffeic acid and
ferulic acid [8]. It was found to be more potent than vitamins C and E in vitro, in its
anti-inflammatory and antioxidant properties [9]. It has been demonstrated to pro-
tect against UV-induced erythema through mechanisms that inhibit the expression
of nuclear factor (NF-kB) [8].

Ni et al in an open-label trial of 30 Chinese women with melasma taking oral
Pycnogenol 25 mg thrice daily for 30 days demonstrated an 80 % response rate
with no significant side effects observed [9]. Handog et al, in a randomized,
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Fig. 14.2 French maritime pine bark

double-blind, placebo-controlled trial, reported that a fixed combination of oral
procyanidin plus vitamins A, C, E given to 60 Filipino women with bilateral epi-
dermal melasma resulted in a significant decrease in the degree of pigmentation in
both malar regions (left: 165.85+70.909; right: 161.33+61.824, p<0.0001).
MASI scores showed similar significant improvements (left: 2.4862+1.67816;
right: 1.8889+1.67110, p<0.001). Procyanidin + vitamins A, C, E proved to be
safe and well tolerated, with minimal adverse events. The combination contained
24 mg of procyanidin and was taken twice daily for 8 weeks. No serious adverse
reaction was reported in the study [10].

14.4 Polypodium leucotomos (PL)

Polypodium leucotomos is a tropical species of fern (Fig. 14.3) that contains poly-
phenols, which are potent inhibitors of reactive oxygen species with anti-
inflammatory, antioxidant, and photoprotective properties. PL inhibits matrix
metalloproteinase-1-photoinduced membrane damage and reduces psoralen/UVA-
induced phototoxicity [11].

Martin et al demonstrated the clinical efficacy of P. leucotomos for the treat-
ment of melasma. Female subjects aged 18-50 years with epidermal melasma
(N=21) were randomized to receive oral P. leucotomos or placebo twice daily for
12 weeks. Each subject applied SPF45 sunscreen daily. Efficacy measures
included changes in the Melasma Quality of Life Scale, MASI and clinical evalu-
ation by the study investigator. Plain and UV-lamp photographs obtained at base-
line and weeks 4, 8, and 12 were evaluated by an independent, blinded investigator.
At 12 weeks, patients treated with P. leucotomos had significantly decreased mean
MASI scores (5.7-3.3; p<0.05), whereas the placebo group did not (4.7-5.7;
p=NS). Photographic assessment revealed that mild and marked improvement
was achieved by 43 and 17 % of P. leucotomos-treated patients, respectively, ver-
sus 14 and 0% of placebo-treated patients. Similarly, patient self-assessments
revealed 50 and 13 % of patients achieved mild and marked improvement, respec-
tively, versus 17 and 0% for placebo-treated patients. Seventeen percent of
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Fig. 14.3 Polypodium leucotomos

placebo-treated patients reported worsened melasma severity versus none of P.
leucotomos-treated patients [12].

A review by Nestor et al quoted a randomized, placebo-controlled trial, which
evaluated oral PL in 21 females (18-50 years) with epidermal melasma. PL was
given twice daily (dose not stated) for a duration of 12 weeks in addition to daily use
of sunscreen. Outcome measures included change in the Melasma Quality of Life
Scale, MASI score, clinical evaluation by the study investigator and photographic
evaluation by an independent, blinded investigator. At the end of the study, subjects
who received PL had significantly decreased mean MASI scores which was not
observed in the placebo group. All other parameters improved [13].

14.5 Glutathione (GSH)

Glutathione is a ubiquitous compound containing a biologically active sulfhydryl
(SH) group found in our bodies. It is a tripeptide composed of glutamate, L-cysteine
and glycine (Fig. 14.4), that has been recognized to be the master antioxidant. As a
skin lightening agent, several mechanisms were proposed. These include: (1) a shift
in the production of pheomelanin over eumelanin, (2) the effects of glutathione on
tyrosinase, and (3) the quenching of ROS and free radicals that influence tyrosinase
activation [14, 15].

The first published study on glutathione as an oral whitening agent was by
Arjinpathana et al in 2012. It was a randomized, double-blind, placebo-controlled
trial involving 60 medical students, where 250 mg capsules were taken twice daily
on an empty stomach for 4 weeks. Changes in melanin indices and digital photo-
graphs comparing baseline and after treatment were significant. Limitations of the
study, however, were: plasma glutathione levels were not measured, limited study
period of only 4 weeks, and no follow-up on the participants to determine when the
skin melanin indices return to their baseline value [16].

Handog et al did an open-label, single-arm pilot study enrolling 34 patients, 30
of whom completed the study. Subjects were healthy women (aged 22-42) having
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GLUTATHIONE (GSH)

gamma-glutamyl-cysteinyl-glycine

Fig. 14.4 Glutathione (GSH), gamma-glutamyl-cysteinyl-glycine

Fitzpatrick skin types IV or V. Subjects received 500 mg of GSH in the form of
lozenges and were instructed to melt in their mouth (or side of buccal cavity) every
morning for eight weeks. Mucosal delivery avoids the first pass metabolism and
hence the dosage is uniform. Complete blood count and liver profile tests were done
before and after the study. Melanin indices were determined every 2 weeks.
Mexameter reading from both the sun exposed (mid sternum) and sun protected
areas (extensor right wrist) were recorded. Global assessment scores were obtained
at the end of the study. Statistical analysis revealed significant lowering of the mela-
nin indices as early as 2 weeks, in both areas. Ninety percent of the subjects noted
moderate degree of skin lightening while 3 % had mild change [17].

14.6 Conclusion

Systemic lightening agents may be useful as adjuvant management for patients
seeking to have fairer complexion. More studies are needed to evaluate GSH’s effi-
cacy when used for a long time.

Grateful acknowledgment to Dr. Johanna O. Flordelis for providing all the artistic original
illustrations.
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Chapter 15
Chemical Peeling for Melasma

Rosalina E. Nadela

15.1 Introduction

Melasma is characterized by increased melanin in the skin. This increased epider-
mal pigmentation, as evidenced from histological studies of lesional skin, is the
hallmark of melasma and must be the main target for melasma treatment [1]. With
this in mind, the use of chemical peeling, as an ancillary procedure in the treatment
of this disorder is a warranted option. The basic mechanism of action of the chemi-
cal peel is to remove the unwanted epidermal melanin by creating a controlled
injury to the skin. This entails special consideration in brown to dark brown skin, as
the risk of post-inflammatory hyperpigmentation (PIH) and the exacerbation of the
existing melasma is high.

15.2 Chemical Peels for Use in Brown Skin

Chemical peeling is a mainstay in a dermatologists’ workbox due to its simple
technique, inexpensive cost, and relatively low rate of adverse effects. The appli-
cation of a caustic agent causes a penetration to a specific skin depth depending
on the type of agent selected. The net effect of a superficial peel is to increase
epidermal cell turnover, stimulate collagen production, and generate a more reju-
venated even skin color. Specifically for melasma, a peel removes unwelcome
melanin.
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15.2.1 Alpha Hydroxy Acids (AHA)

15.2.1.1 Glycolic Acid Peels (GAP)

Fast Facts

e Sugar cane derivative.

* Anti-inflammatory, keratolytic, and antioxidant effect.

e Serial peels for 3-5 min once every 2 weeks (Fig.15.1).

e Mild desquamation.

e Uneven penetration into the skin.

e Neutralization with sodium bicarbonate solution is needed.

e Adverse events are slight discomfort, burning, erythema, and pigmentary
changes.

F )

Fig. 15.1 (a) Before 70 % glycolic acid peels (b) after 4 biweekly sessions of 70 % glycolic
acid peels

Glycolic acid, a derivative of sugar cane, is the most widely used alpha hydroxy
acid. It has the smallest molecular weight of the AHAs and thus is able to penetrate
the skin easily. Often used in concentrations of 2070 %, its absorption into the skin
is dependent on its pH, concentration, and length of application time on the skin. It
should be used in lower concentrations initially, gradually increasing the concentra-
tion in subsequent sessions with an interval of 2 weeks between treatments. Peel
neutralization is particularly important and should immediately follow the timed
application of the peel. The longer the duration on the skin, the deeper the depth of
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the peel. Application of the GAP is associated with a mild stinging and/or a burning
sensation. To counter this discomfort, the author prefers to use an ice cube wiped
over the face followed by a peel neutralizer significantly alleviating any distress that
the patient might be experiencing. Advising the patient in advance of the discomfort
will also help them mentally prepare for this.

The usefulness of GAP for the treatment of melasma has been widely documented.
In a study by Erbil et al., 28 women with melasma underwent serial glycolic acid peels
(35-50%, and 70 % every second peel) alone and in combination with topical azelaic
acid 20 % cream and adapalene 0.1 % gel over a 20 week period [2]. There was signifi-
cant decrease in the Melasma Area Severity Index (MASI) scores (p=0.048) in the
group receiving the chemical peels plus topical treatment but only with GAP of 50 %
and higher. However, three patients in the glycolic acid peel group developed a mild
degree of PIH with total clearance at the end of the treatment period.

Lim, et al. demonstrated in ten Asian women the efficacy of GAP done every
3 weeks (20-70%) alone or in combination with 2% hydroquinone and 10%
glycolic acid cream. After eight peels, the subjects on GAP with combination cream
trended towards significant improvement (p<0.06) in their melasma with lighten-
ing of the condition [3].

Sarkar, et al. found a significant decrease in the MASI scores (p<0.001) of 20
Indian patients receiving six serial GAP (30—40 %) combined with a topical modified
Kligman’s formula (2 % hydroquinone, 0.025 % tretinoin, and 1% mometasone) as
compared to the 20 patients who received the cream alone. The only adverse events
observe with GAP were mild burning, erythema, desquamation, and transient hyper-
pigmentation [4]. A similar result was shown by Chaudhary and Dayal on 20 Indian
patients who underwent serial GAP with a topical regimen (2 % hydroquinone, 1%
hydrocortisone, and 0.05 % tretinoin) versus cream alone. After 24 weeks, there was
an overall decrease in MASI from baseline in both the groups (p value <0.05). The
group receiving the glycolic acid peel with topical regimen showed early and greater
improvement than the group which was receiving topical regimen only [5].

15.2.1.2 Lactic Acid Peel (LAP)

Fast Facts

e Sour milk derivative.

e Serial peels done every 2—3 weeks.

e Peel neutralization is needed.

* Adverse effects are uncommon: mild erythema, flaking, and burning sen-
sation rare.

This is often called a “starter peel” because the lactic acid peel is the most gentle of
all the chemical peels and usually results in few side effects. The following support
its use as an option in brown skin. Lactic acid peels were found to be an effective
and safe peeling agent in a study involving 20 Fitzpatrick skin type IV patients with
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melasma. Lactic acid peels (92 %, pH 3.5) were applied on the face once every 3
weeks. A maximum of six sessions resulted in marked improvement as seen in the
MASI scores (56 % decrease) [6].

Sharquie compared the use of LAP (92 %, pH 3.5) on the left side of the face and
Jessner’s solution on the right side of the face on 30 Fitzpatrick skin type IV patients
with melasma. Peeling was done once every 3 weeks for 2-5 sessions. There was
significant improvement in MASI scores from baseline in both groups without any
side effects noted. LAPs were shown to be as effective as Jessner’s solution [7].

Further, Magalhaes also reported the successful use of serial sessions of 85 %
LAP on 33 melasma patients, predominantly of phototype IV. There was a signifi-
cant reduction in both MASI (average decrease of 7 points) and melasma quality of
life scales. This peel was also found to be safe, with an almost total absence of
adverse events. The only events verified were light and transient erythema and
edema immediately after the procedure [8]. Singh used LAP 82 % applied every 2
weeks for 12 weeks on 20 patients Fitzpatrick skin type IV=V with melasma. The
decrease in MASI score was statistically significant (»<0.05) at 12 weeks and all
follow-ups. There was 35.7 % of total improvement at final visit (24 weeks) with a
burning sensation noted as the only side effect of treatment [9].

15.2.2 Beta Hydroxy Acids (BHA)

15.2.2.1 Salicylic Acid Peels (SAP)

Fast Facts

* Beta hydroxy acid from willow bark.

e Anti-inflammatory and antimicrobial effects.

» Lipophilic nature with a comedolytic effect.

* White precipitate represents crystallization of the acid (pseudofrost).

* Adverse events are a stinging sensation on application, erythema, dryness,
excessive crusting and desquamation, and salicylism.

Salicylic acid is beta hydroxy acid which can be used in low concentrations of
1-2% in over the counter acne products or in higher concentration of 20-30 % to
produce a superficial chemical peel.

Its efficacy as a peeling agent has been demonstrated in darker skin patients
treated with a series of 20-30 % SAP for acne vulgaris, post-inflammatory hyper-
pigmentation, and melasma [10]. Bari likewise documented its use in Fitzpatrick
skin type IV and V patients, treated with a series of eight weekly sessions of 30 %
SAP. There was a 35-63 % improvement (p <0.05) in all facial dermatoses treated
such as melasma, acne vulgaris, and post-inflammatory hyperpigmentations with-
out significant side effects [11]. In a comparison of 30 % SAP and Jessner’s solution
for epidermal melasma, it was shown that both were equally effective peeling agents
with only mild adverse effects in sixty Asian patients predominantly skin type V
with melasma [12]. Sarkar has documented the use of three consecutive 20 % and
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Fig. 15.2 (a) Before salicylic acid 20 % peels (b) after 4 biweekly sessions of salicylic acid 20 %
peels

30 % salicylic acid peels done weekly followed by the 2 % hydroquinone/0.025 %
tretinoin cream in between peels in 20 Indian patients. This led to a significant
decrease in MASI scores (p<0.05) [13].

In the treatment of melasma, the author recommends a series of SAP done once
every 2 weeks using a 20-30 % concentration (Fig. 15.2). As a precautionary mea-
sure, start with a 20 % SAP, left on the skin for 3 min to test the patient’s reaction to
the solution. Frequently a stinging or burning sensation is experienced during the
peel, followed by skin dryness lasting for a few days. The discomfort lasts only for
1-2 min and can be eased with the use of a handheld fan and application of ice post
peel. There is also more visible peeling as compared to a GAP.

15.2.3 Trichloroacetic Acid Peels (TCA)

Fast Facts

e Colorless crystalline solid.

¢ Formulated using weight-in-volume method (TCA 10 % solution is 10 g
TCA + water to make a 100 ml solution).

e Uniform application.

* Endpoint is frosting which indicates protein denaturation (Fig. 15.3a).

¢ No need to neutralize.

¢ Adverse events are a moderate to severe burning sensation, erythema, post-
peel cracking (Fig. 15.3b), PIH, scarring.
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Fig. 15.3 (a) Immediately after a TCA 30 % peel with frosting and erythema (b) post-peel
cracking

Considered the gold standard of chemical peels, TCA is well researched, stable, and
easy to prepare and has no systemic toxicity. It is considered the most versatile of
the peeling agents and can be used alone or in combination with glycolic acid or
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Jessner’s solution to produce a medium-depth peel. TCA is a coat-dependent peel,
and the operator has to carefully observe the skin for the frost which may be seen as
only a wisp in brown skin patients. At times, erythema is seen, but frosting is not
observed. Thus relying on the number of coats is more important than waiting for
the frost. It is best to wait for a coat to sufficiently dry and observe for the color
changes on the skin before applying another coat. The more coats, the deeper the
peel; consequently, multiple coats of a 15% TCA can mimic the results of one to
two coats of 35 % TCA [14, 15]. Thus, it is prudent to use only TCA 10-30 % in the
management of melasma in brown-skinned patients and start off with 1-3 coats.
Using a lower concentration of TCA will likewise decrease the likelihood that the
peel will cause uneven penetration into skin, so-called hot spots. A major complaint
by most patients is the initial experience of heat that develops into a moderate to
severe burning sensation, lasting for a couple of minutes. The use of a handheld
battery-operated fan and the application of cold wet compresses alleviate the dis-
comfort. Soliman, et al. reported that 20 % TCA plus 5 % ascorbic acid cream was
superior to TCA alone in 30 women with Fitzpatrick skin type III-IV. There was a
significant decrease in MASI score for this group (»<0.001) as compared to TCA
alone [16]. Some studies have compared the efficacy of TCA to GAP with insignifi-
cant differences between the two agents.

Kumari compared the efficacy of 20-30% GAP to 10-20% TCA in 40 Indian
women with melasma. Gradually increasing peel concentrations were applied once
every 15 days for a total of six treatments for both groups. There was a significant
reduction in MASI scores from baseline but no difference between the two groups.
Moderate to severe burning and post-peel cracking was reported in the TCA group
but not in the GAP group [17]. Similar findings were reported by Puri who com-
pared a 15 % TCA peel versus a 35 % glycolic acid peel for the treatment of melasma
in 30 Indian patients. After six sessions spaced 3 weeks apart, the decrease in MASI
score from baseline in both the groups was found to be statistically significant
(»=0.269). However, there was no difference between the two regimens in terms of
efficacy. The adverse effects of burning, erythema, and hyperpigmentation were
more common in the TCA group rather than in the GAP group [18].

For the author, the burning discomfort and the downtime associated with the
TCA peel are the major drawbacks to this modality. The deeper penetration and
injury to the skin means that there is more visible peeling and a higher risk for PIH.

15.2.4 Jessner’s Solution

Fast Facts

* Classic — 14 % resorcinol, 14 % lactic acid, and 14 % salicylic acid.
* Modified — 17 % lactic acid, 17 % salicylic acid, and 8 % citric acid.
o Keratolytic.

* Adverse effects are moderate burning sensation, peeling, and PTH.
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Jessner’s solution, like TCA, is coat dependent. Increasing the number of coats will
increase the depth of penetration as well as the skin reaction. For melasma, serial
peels done once every 2—3 weeks can be utilized. Modified Jessner’s solution proved
to be useful as an adjuvant treatment with TCA in the treatment of 20 females,
Fitzpatrick skin type III-IV with epidermal melasma (TCA 15% on 1 side of the
face and TCA 15 % +modified Jessner’s solution on the contralateral side). Peel ses-
sions were done once every 10 days for eight sessions. There was a decrease in
MASI scores for both sides; however, the side with the combination TCA and
Jessner’s solution showed a higher decrease in MASI scores (54.76 vs. 71.72). As
regards the side effects, they were the same on both sides, in the form of erythema,
swelling, acne, and folliculitis [19]. The efficacy of Jessner’s solution was also
described by Sharquie on 30 melasma patients, Fitzpatrick skin type IV who under-
went one treatment session every 3 weeks for 2—5 times. There was a significant
decrease in MASI scores on both the Jessner’s side and lactic acid side without any
side effects [20].

15.2.5 Tretinoin Peel

Fast Facts

* On application leaves a yellowish discoloration on the skin.
* No neutralization needed.

* Should be left on the skin for 4-5 h before washing.

* Adverse effects are erythema and peeling.

Tretinoin promotes the rapid loss of pigment through epidermopoiesis, and
increased epidermal turnover decreases the contact time between keratinocytes
and melanocytes [21]. It has produced good results in melasma clinical trials
[22, 23]. Khunger, in a split-face study involving ten Indian women with
melasma, compared 1 % tretinoin solution on half face to 70 % GAP on the
opposite side. After 12 weekly peels, there was a significant improvement on
both sides as assessed by photography and decreased MASI scores (p<0.001).
Both peels were well tolerated with minimal side effects [24]. More recently, a
study on 63 Asian women with melasma compared the split face use of tretinoin
1 % and GAP 70 % every 2 weeks for four sessions. The efficiency of tretinoin
1 % peelings in decreasing the MASI score was similar to GA 70 %. Patient
discomfort was significantly lower with tretinoin 1 % compared to GAP 70 %
[25]. Ghersetich, et al., using a modification, i.e., 10 % tretinoin peel mask on
20 melasma patients, has shown that there was significant improvement
(p<0.05) after the peels [26].

From the author’s experience, the use of a tretinoin peel (Fig. 15.4) is likewise
comparable to a higher-strength GAP although more treatment sessions are needed
with a tretinoin peel.
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Fig. 15.4 (a) Before tretinoin 1 % peel (b) after 4 biweekly sessions of tretinoin 1 % peel
15.3 Considerations for an Optimum Result

The management of melasma remains a challenge. It is imperative to devise a thera-
peutic regimen that will target the disease progression and prevent relapse. Of par-
ticular concern is the propensity of brown skin to develop post-inflammatory
hyperpigmentation (PIH). The high incidence of PIH in darker skin is attributable to
its faulty pathophysiological response to cutaneous injury, owing, in turn, to its
increased melanocyte activity [27].

Chemical peels are generally used to treat only the epidermal and mixed forms
of melasma, as an attempt to treat the deeper variant often leads to unwanted com-
plications like hypertrophic scarring and permanent depigmentation [1, 28]. The
main advantage of chemical peels lies in the fact that they can be tailored for use
according to the needs of the patient and can be used synergistically with other in-
office procedures and topical creams to achieve synergistic effects [29].

15.3.1 Patient Preparation

15.3.1.1 Assessment and History

A thorough patient evaluation is done on the first consultation. Eliciting a detailed
medical history with attention to details (e.g., family history of melasma, use of oral
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contraceptives, current medications, and sun exposure history) will reveal the
underlying causes of pigmentation, as well as factors that may hinder treatment.
Evaluate the skin type of the patient, paying attention to a history of post-inflamma-
tory hyperpigmentation and a keloidal tendency. As part of the preparations, it is
essential to take good photographs before and during treatment to properly docu-
ment a patient’s response. Consistent serial photos can be acquired if guidelines are
maintained such as the same color background, distance of camera from patient,
good overhead lighting, as well as angles taken like front, 45°, and 90°. Photographs
prove particularly useful to show the patients, as improvement rates vary. General
contraindications to peeling include active inflammation or infection of the treat-
ment site, oral isotretinoin intake within the last 6 months, and allergies to any
component of the peel solution such as resorcinol or salicylic acid. Start oral antivi-
rals (acyclovir 400 mg BID or valciclovir 500 mg BID) if there is a history of recur-
rent herpes simplex infection, 2 days before the peel.

15.3.1.2 Priming the Skin

The preparation of the skin prior to the peel procedure is essential to obtain the best
results while minimizing the risk of post-peel complications. Two to four weeks
prior to the peel, the patient is put on a topical regimen of a daily sunscreen SPF
30-50, an alpha hydroxy acid cream to promote a mild exfoliation, and a depig-
menting agent like 2% hydroquinone or arbutin cream to reduce epidermal
melanin.

In dark-skinned patients, the choice of a retinoid cream or a 4 % hydroquinone or
higher is not the best option since irritation can occur, leading to more complica-
tions. In a study, Garg compared the beneficiary effects of with and without a prim-
ing agent (2 % hydroquinone or 0.025 % retinoic acid) before a series of glycolic
acid peels in 60 melasma patients. There was an overall decrease in MASI scores
from baseline for the three groups, but the results were more significant for the
group that used 2 % hydroquinone as a priming agent compared to tretinoin [30].
According to Javaheri, the use of daily sunscreen and a night time 10% glycolic
acid lotion for 2 weeks prior to monthly 50 % glycolic acid peels, improved melasma
in 91 % of the Indian patients studied who had melasma [31].

When patients are given a priming routine to follow, the physician will be able to
gauge adherence to treatment. If a patient is uncooperative or has an irregular appli-
cation, then this might affect the overall success of a peel.

15.3.2 Peel Procedure

Obtain an informed consent prior to the peel procedure. Tailor the therapy to the
patient. If downtime is a problem because of work, then a series of superficial peels
may be the better option. Regardless of the chemical peel solution selected, the
physician has to be very familiar with the peel agent, the application procedure, as
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well as its removal and whether or not neutralization is needed. Prepare all the
needed equipment by the bedside prior to the peel. A precise technique is paramount
to ensure a satisfactory result. The mode of application affects the evenness of appli-
cation and the penetration of the peeling agents. Remember to practice the cautious
application of the solution, especially around the periorbital area, proper neutraliza-
tion of agents if needed, and documentation in the chart of the procedure [32].

15.3.3 Post Peel Care

It is best to explain to the patient what to expect after a chemical peel. A printed
handout with detailed instructions maybe given so that they patient remembers all
the do’s and don’ts. A skin care regimen inclusive of a gentle cleanser, sunscreen,
and moisturizer, if needed, is prescribed for the patient to take home and use. More
importantly, schedule a return visit for a checkup. The necessity for maintenance
treatment is likewise emphasized.

15.4 Conclusion

Despite ongoing researches on the pathophysiology of melasma, it remains difficult
to treat and is recurrent despite therapy. Chemical peels for the treatment of melasma
remain to be a worthwhile adjunct in its management for both the patient and physi-
cian. For the author, the glycolic acid peel remains the best option for epidermal
melasma in the hands of an experienced physician. Careful consideration must be
made to avoid PIH which is common in Asian skin. While promises cannot be made
on the outcome, careful selection of the chemical peeling agent, patients, and use of
precise technique will ensure a satisfactory result.
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Chapter 16
The Role of Lasers and Light Devices
for the Treatment of Melasma

Chee Leok Goh

16.1 Introduction

Melasma is a common pigmentary disorder among Asians, Hispanics, and the
Mediterraneans. The etiology is multifactorial, and there is no single treatment
(topical or procedural) that can completely cure melasma. The first-line treatment
of melasma is sun avoidance, sun protection, and elimination of aggravating factors
together with topical skin whitening agents. Oral tranexamic acid and chemical
peels are generally second-line treatment [1], and lasers and light devices are gener-
ally used as second- or third-line treatment after a failed topical treatment. None of
these second- and third-line treatments are curative either, and relapse is commonly
observed upon cessation of treatment.

Lasers and light devices have a role in the management of melasma. Generally,
such devices must be used with caution in skin of color, especially among Asians,
as the risk of post-inflammatory hyperpigmentation (PIH) following treatment is
high (Fig. 16.1). Melasma may occasionally darken following laser and light treat-
ment and patients should be counseled and advised on such complications. But as a
second- or third-line treatment, lasers and light devices can offer patients with
melasma, who are recalcitrant to topical treatment, a respite and improvement in the
quality of life. Laser and light treatment can be a therapeutic option that will provide
benefits to the patients.
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Fig. 16.1 PIH 2 months following QS Nd:YAG 1064-nm laser using convention treatment proto-
col for treating melasma. This patient was treated with QS Nd:YAG 1064 nm 4 ns pulsed duration
and fluence of 8 J/cm? (Photograph courtesy of National Skin Centre, Singapore)

16.2 Laser and Light Therapies

16.2.1 The Q-Switched Lasers (Pigment Lasers)

The Q-switched (QS) lasers are lasers with short pulse duration in nanosecond
domain. They are suited to treat pigmentary skin disorders because of melanin’s
short thermal relaxation time and absorption spectrum. These lasers include the QS
ruby, alexandrite, and Nd:YAG lasers. The QS lasers are wonderful devices for
removing tattoos, nevus of Ota, Hori’s nevus, lentigines, and some other pigmentary
disorders. Initially, it was thought that adopting the same treatment protocol used to
treat other pigmentary skin disorders will also be suitable for melasma [2, 3]. But
experience showed that they are not, as severe PIH is common and often no improve-
ment could be achieved.

Taylor reported eight patients with melasma or PIH treated with the QS ruby laser
(694 nm, 40 ns pulse duration) at fluences of 15-7.5 J/cm?. It was shown that regard-
less of fluence, there was no permanent improvement of their melasma; in some cases,
darkening of melasma was even observed. Histologic sections of biopsy specimens
taken before and after treatment showed extracellular melanin immediately after the
procedure. Several months after the last treatment, epidermal pigmentation was back
to baseline levels, and dermal melanophages were focally increased [4].

Given these results, the Q-switched lasers used in conventional treatment param-
eter for pigmentary skin lesions are not a recommended method to treat melasma.

16.2.2 Ablative Skin Resurfacing (Erbium:
Yttrium-Aluminum-Garnet Lasers)

The erbium: YAG laser (Continuum Biomedical, Dublin, CA) emits 2940-nm laser
wavelengths. This wavelength is highly absorbed by tissue water as its chromophore
and is an effective ablative resurfacing wavelength. Manaloto et al. treated ten
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patients of Fitzpatrick skin phototypes II-V with refractory melasma using the
erbium:YAG laser. Utilizing MASI scores and spectrophotometer for assessment,
the authors found that there was improvement immediately after the laser treatment.
However, all patients developed PIH after 3—6 weeks follow-up, despite prophylaxis
oral steroids for 5 days post procedure [5].

While the PIH improved with serial glycolic acid peels, this side effect appears
to outweigh the benefit derived from this ablative procedure.

16.2.3 Combination of Carbon Dioxide and QS
Alexandrite Laser

Various combination treatments with ablative laser resurfacing with the QS
lasers were tried too, but the problem of post-inflammatory hyperpigmentation
remained.

Theoretically, pulsed CO, laser wavelength targets water as its chromophore and
can be helpful in removing epidermal pigmentation. The QS alexandrite laser emits
755 nm wavelength energy that targets melanin up to the dermis. A study reported
the combination of the CO, laser ablation followed by the QS alexandrite laser treat-
ment to enhance the penetration of the pigment laser to remove dermal melanin in
melasma. Nouri et al. treated eight patients with Fitzpatrick skin phototypes IV-VI
with dermal melasma who were pretreated with 14 days of 0.05 % tretinoin cream,
4 % hydroquinone cream, and 1 % hydrocortisone cream twice daily. Four patients
were randomized to receive spot treatment with one pass of the CO, laser, followed
by one pass of the Q-switched alexandrite laser. The other four patients received
treatment with one pass of the CO, laser alone. Using blinded subjective investiga-
tor evaluation as the primary end point, the authors felt that the combination therapy
led to better resolution of the treated area with less peripheral hyperpigmentation.
However, the sample size was small, as was the area being treated, limiting the gen-
eralizability of these results [6].

Niwat et al. reported a split-face study among Thai patients with refractory
melasma on the efficacy of the Q-switched alexandrite 755-nm laser (Accolade;
Cynosure, Chelmsford, United Kingdom) with or without one pass of the Ultrapulse
CO, laser (Coherent, Palo Alto, CA). Among the six females with Fitzpatrick skin
phototypes I1I-V with refractory melasma who were treated, there was no statisti-
cally significant difference between the two treatment modalities at the end of the
study. MASI and melanin index evaluation, however, showed Ultrapulse CO,
laser+ QSAL gave better improvement but more severe PIH. Importantly, three
(33 %) patients with Fitzpatrick skin phototypes IV-V had PIH on both sides at 2—4
weeks lasting up to 3 months, and one patient had transient hypopigmentation last-
ing 6 months. The authors’ conclusion was that given the risk of postoperative dys-
pigmentation, neither modality was safe for routine use for treating melasma in
Asians [7].

It is generally felt that combination ablative and pigment lasers are not a recom-
mended treatment for melasma in view of the high risk of PIH among Asians.
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Fig. 16.2 Significant improvement of melasma after three treatments at monthly interval with
non-ablative fractional laser. But recurrence appeared 3 months after stopping treatment
(Photographs courtesy of National Skin Centre, Singapore)

16.2.4 Fractional Laser Resurfacing

Fractional laser resurfacing is a procedure that uses laser light to create scattered
microzones of thermal damage on the skin. It does not cause confluent full-thickness
skin wounds, and the in-between normal undamaged skin acts as a reservoir to
regenerate the laser damaged skin. This results in more rapid skin repair and recov-
ery [8]. This laser is approved by the Food and Drug Administration (FDA) for the
treatment of melasma, periorbital rhytides, pigmented lesions, skin resurfacing,
acne scars, and surgical scars [9]. The microthermal zones of injury limit the area of
the skin that is damaged with each treatment, which may decrease the risk of PIH.

The transepidermal elimination of debris and tissue through the microthermal
treatment zones after injury could serve as an effective method of removing dermal
melanophages [10]. Good clinical results may be seen in some patients (Fig. 16.2).

Roshkar evaluated ten patients with Fitzpatrick skin phototypes III-V treated
with a fractional laser (Fraxel; Reliant Technologies, Palo Alto, CA) for four to six
sessions, 1-2 weeks apart [11]. None of the patients were pretreated with hydroqui-
none. The authors found that six out of the ten patients had 75-100 % clearing of
melasma based on clinical evaluation and 30 % had less than 25 % improvement.
The nonresponders were all Hispanic patients. There was a 10% risk of
post-inflammatory hypopigmentation. The risk of delayed PIH and relapse were not
assessed (level of evidence, II-iii).

However, the incidence of post-inflammatory pigmentation (Fig. 16.3) following
fractional laser resurfacing in Asians is high ranging from 10 to 90 % [12]. It is
likely that those with melasma will experience higher risk of PIH. Hence such
modality of treatment is not suitable for Asian melasma patients especially those
with darker skin type.

Another study looked at the histopathologic effects of fractional laser technology
on melasma. The study failed to support the efficaciousness of fractional laser resur-
facing for melasma [13]. The authors treated ten patients with epidermal melasma
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Fig. 16.3 PIH following a single treatment with the non-ablative fractional laser treatment for
melasma (Photographs courtesy of National Skin Centre, Singapore)

who had Fitzpatrick skin phototypes III-IV every 2 weeks for four sessions. Biopsy
specimens were obtained before treatment and 3 months after the final treatment.
Sunscreen use was advocated but depigmenting agents were avoided. After treat-
ment, lesional skin showed a decrease in the number of epidermal melanocytes and
fewer enlarged melanocytes on electron microscopy; however, there was no correla-
tion between histologic improvement and investigator-rated improvement.

Several later studies also reported lack of efficaciousness of fractional lasers for
melasma. Lee et al. reported 25 melasma patients who received four monthly frac-
tional laser treatments who achieved reduction of mean MASI score from 7.6 to 6.2.
There was 60 % improvement at 4 weeks after treatment which deteriorated to 52 %
at 24 weeks after treatment. Mean melanin index decreased significantly after the
first two sessions, but it relapsed in subsequent follow-ups. The treatment did not
alter skin elasticity. Hyperpigmentation was observed in three of 23 subjects (13 %).
The authors concluded that fractional laser treatment of melasma led to some clini-
cal improvements, but it was not as efficacious as previously reported. They recom-
mend judicious use of fractional laser for melasma in Asian skin because of its
limited efficacy. There is also risk of PIH [14].

Wind et al. treated 29 melasma patients with a split-face study using four to five treat-
ments with non-ablative 1550-nm fractional laser on half the face compared to daily
topical triple combination therapy (hydroquinone 5 %, tretinoin 0.05 %, triamcinolone
acetonide 0.1 % cream) alone on the other half in a 15-week study. After the last treat-
ment session, patients were asked to apply the triple combination cream twice weekly
on both sides of the face during follow-up. Mean patient global assessment and satisfac-
tion were significantly lower at the fractional laser-treated side (p<0.001). Physician
global assessment, melanin index, and L-value showed a significant worsening of hyper-
pigmentation at the fractional laser-treated side. At the triple cream-treated side, no sig-
nificant change was observed. At 6-month follow-up, most patients preferred the triple
cream treatment. Side effects of the fractional laser-treated side were erythema, burning
sensation, edema, and pain. Nine patients (31 %) developed PIH after two or more laser
sessions. The authors concluded that given the high rate of PIH, non-ablative 1550-nm
fractional laser at 15 mJ/microbeam is not recommendable in the treatment of melasma.
Triple cream treatment remains the gold standard treatment [15].
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Subsequently, the same group of authors reported a somewhat similar study in
2011. Twenty female patients with moderate to severe melasma and Fitzpatrick skin
phototypes II-V were treated either with non-ablative fractional laser therapy or
triple topical therapy (hydroquinone 5 %, tretinoin 0.05 %, and triamcinolone ace-
tonide 0.1 % cream) once daily for 8§ weeks in a randomized controlled observer-
blinded study. Laser treatment was performed every 2 weeks for a total of four
times. Physician global assessment improved (p<.001) in both groups at 3 weeks.
There was no difference in physician global assessment between the two groups.
Mean treatment satisfaction and recommendation were significantly higher in the
laser group at 3 weeks (p<.05). However, melasma recurred in five patients in both
groups after 6 months. Side effects in the laser group were erythema, burning sensa-
tion, facial edema, and pain; in the triple topical therapy group, side effects were
erythema, burning, and scaling. The authors concluded that non-ablative fractional
laser therapy is safe and comparable in efficacy and recurrence rate with the triple
topical therapy. It may be a useful alternative treatment option for melasma when
topical bleaching is ineffective or not tolerated [16].

Fractional laser appears to show satisfactory results for melasma in Caucasians
with lighter skin type but is associated with unacceptable PIH and relapses in Asians
with darker skin types. It is at most equivalent to topical triple cream therapy.

16.2.5 Laser Toning with QS Nd:YAG Lasers

A procedure called “laser toning” that uses a low-energy 1064-nm Q-switched
Nd:YAG laser was recently introduced for the treatment of melasma, demonstrat-
ing good results (Fig. 16.4). The procedure involves using the QS Nd:YAG laser
setting at large spot size of 6 mm or 8 mm, with fluence of 2-3 J/cm? and 1-2 J/
cm?, respectively, and waving the laser beam on the surface of melasma lesions
for 5-10 passes. The procedure is carried out once a week or fortnightly. The
proposed mechanism of action of laser toning is subcellular selective photother-
molysis of melanosomes and not melanocytes. It is speculated that melanocytes
survived but the melanogenic activity downregulated such that they did not pro-
duce fully matured melanosomes [17].

There have been numerous reports of “laser toning” using the QS Nd: YAG laser.
The initial reports generally concluded that the 1064-nm Q-switched Nd: YAG laser
is a safe and effective modality for treating melasma in Asian patients [18-21].

A recent study comparing “laser toning” with hydroquinone and hydroquinone
alone confirmed the efficacy of the treatment. Twenty-two Thai patients on split-
face randomized study, combination of low-fluence QS Nd: YAG laser+2 % hydro-
quinone versus topical treatment only, showed that the laser-treated side achieved
92.5 % improvement in relative lightness index and 75.9 % improvement in mMASI
score, against 19.7 % and 24 %, respectively, on the topical HQ alone side (p <.001).
However, the report indicated that “laser toning” procedure was associated with side
effects including mottled hypopigmentation in three patients (14 %) and rebound
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Fig. 16.4 Good improvement of melasma following eight treatments of laser toning with the QS
Nd:YAG 1064-nm laser performed every 2 weeks. Fluence was 2.5 J/cm? 6 mm spot size, 5 ns
pulsed duration. Recurrence appeared 3 months after cessation of treatment (Photographs courtesy
of National Skin Centre, Singapore)

Fig. 16.5 Guttate
hypomelanotic macules
following too frequent and
high-dose laser toning with
the QS Nd:YAG 1064-nm
laser for melasma
(Photograph courtesy of
National Skin Centre,
Singapore)

hyperpigmentation in four (18 %) at 12-week follow-up. Melasma relapse is the rule
upon cessation of treatment. Their conclusions were that QS Nd:YAG laser treat-
ment (“laser toning”) for melasma in Asians produced only temporary improvement
and had side effects. Common complications were hypopigmentation, melasma
recurrence, and rebound hyperpigmentation [22]. Hypomelanosis following “laser
toning” with QS Nd:YAG laser is a serious complication (Fig. 16.5). There have
been several reports on this difficult to treat complication which may last several
years [23-25].

“Laser toning” appears to be a useful adjunct to topical treatment for melasma.
But it should be used with caution. The laser physician should use conservative
treatment protocol when carrying out “laser toning.” Generally, the frequency of
“laser toning” should not exceed more often than once fortnightly, and the fluence
should be kept low. “Laser toning” should be stopped at the earliest indication of
guttate hypomelanotic macules appearing.
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Fig. 16.6 Fairly good response of melasma to six sessions at monthly interval of IPL

16.2.6 Intense Pulsed Light

Intense pulsed light (IPL) is a broadband light source and is not a laser device. The
IPL emits light of wavelength stretching from 500 to 1200 nm. This spectrum of
wavelength falls within the absorption spectrum of melanin and oxyhemoglobin.
Hence, it can be used to treat superficial pigmentary lesions including melasma.
“Cutoff” filters can be placed across IPL sources to eliminate unwanted shorter
wavelengths to prevent epidermal burn. These filters are especially useful when
using IPL on darker skin type.

Several studies have reported improvements of melasma with IPL with minimal
side effects. But patients often require multiple treatments (Fig. 16.6).

A report from Taiwan compared IPL treatment with HQ against HQ alone on 33
patients with Fitzpatrick skin phototypes III and IV having mixed melasma.
Patients received four monthly sessions of IPL. Using the mexameter, the authors
calculated a relative melanin index (defined as the difference between the melanin
index of lesional skin and the melanin index of normal skin). In the IPL/HQ group
(17 females), 35 % had greater than 50 % improvement compared to the HQ-alone
group (16 control) with only 14 % experiencing greater than 50 % improvement.
The patients who received IPL treatment had a 39.8 % decrease in the relative
melanin index after four treatments (16 weeks), while the control group receiving
topical therapy alone had only an 11.6 % decrease. At 24-week posttreatment, the
improvement on the IPL-treated side had decreased less to a mean of 24.2 %, sug-
gesting the need for maintenance treatments. Side effects of the IPL included some
crusting lasting for 1-2 weeks; transient PIH seen in 12 % was resolved with the
use of HQ [26].

In another report from China, 89 Chinese females with predominantly mixed
melasma unresponsive to topical therapy and chemical peels were treated with IPL
every 3 weeks for four sessions. Patients were instructed to use broad-spectrum
sunscreen and avoid bleaching creams. Improvement of melasma was assessed
using the MASI score. Pigmentation and erythema were objectively measured with
a mexameter. Mean MASI scores dropped significantly, from 15.2 to 5.2 after four
sessions and to 4.5 at the 3-month follow-up visit. Epidermal melasma responded
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better than the mixed type. The melanin index as measured by the mexameter
dropped from a mean value of 140.8 to a value of 119; the erythema index dropped
significantly as well. The most common side effects included temporary erythema
and edema and microcrusting. PIH was observed in three cases [27].

16.2.7 Newer Intense Pulsed Light Treatment Protocol
and Devices

16.2.7.1 Low-Fluence and Short-Pulse Intense Pulsed Light

Low-fluence and short-pulse IPL has been reported to be effective and safe in the
treatment of melasma. The low-fluence IPL has nanosecond-level pulse duration
and allows selective thermolysis of melanosomes with minimal side effects.
Twenty Korean adults with melasma were randomly assigned to two groups and
treated at fluences of 10 or 13 J/cm? of IPL weekly over 6 weeks. Subjects were
evaluated at baseline and weekly during the 6 weeks of treatment and at 3 weeks
following the final treatment. Melanin and erythema indices were scored using a
spectrophotometer. The mMASI score of 20 patients at inclusion was 11.6. Both
10 J and 13 J IPL treatment groups had decreased mMASI scores from 2 weeks
onward at statistically significant levels. Both 10 J and 13 J IPL treatment groups
showed decreased melanin indices with statistically significant differences from 3
weeks onward. The authors concluded that a low-fluence IPL protocol could provide
effective treatment for melasma with minimal side effects in Asian skin [28].

16.2.7.2 Fractionated Intense Pulsed Light Device

A recent report on a prospective, split-face, randomized study of the efficacy and safety
of a novel fractionated IPL with microsecond domain to treat melasma in 30 Asian
women showed significant improvement of melasma. In this 14-week split-face study,
one side of the face received weekly fractionated IPL and the other side biweekly con-
ventional IPL. The non-inferiority of a weekly fractionated IPL regimen to a biweekly
conventional IPL regimen was verified by a lower margin of the 95 % confidence inter-
val for the difference in the MASI change from baseline of 2.61 for each side. This
value was greater than the previously determined non-inferiority margin of —2.68
(»<0.025). On the fractionated IPL side, the mMASI score decreased continuously,
but in the conventional IPL group, the mMASI score rebounded during the treatment
course. The authors concluded that fractionated IPL. shows moderate efficacy as a
melasma treatment and is therefore a good alternative to conventional IPL. Fractionated
IPL can also be used as a maintenance treatment for melasma [29].

IPL appears to be moderately effective in the treatment of melasma. It does not
clear nor cure the condition. However, because of its safety and a lower percentage
of producing PIH, IPL can be considered as an adjunct in the treatment of recalci-
trant melasma.
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16.2.8 Combination of Laser Toning and IPL

“Laser toning” with Q-switched Nd: YAG 1064-nm laser combined with IPL for the
treatment of melasma has been reported to enhance the efficaciousness of the two
individual procedures. Skin toning with the QS Nd:YAG laser targets deeper pig-
ment, while IPL targets a wide range of superficial cutaneous structures.

In a study among 20 females with mixed-type melasma on both cheeks, laser
toning with the QS Nd:YAG laser was done full face for five sessions at 1-week
interval. One side of the face was randomly assigned to receive additional three ses-
sions of IPL treatments at 2-week intervals. At 12 weeks after the last treatment, 18
patients completing the study showed both sides of the face with significant
improvement in their mMASI score and melanin indices. A more rapid improve-
ment of mMASI score and melanin indices, however, was observed on the com-
bined side. At the end of treatment, 55 % improvement and 37 % improvement of
melanin indices were observed on the combined side and monotherapy side, respec-
tively. The overall patients’ satisfaction was in favor of the combined side.
Recurrence occurred on both sides but there was still a significant decrease com-
pared to baseline. No serious side effect was noted. The authors concluded that
combination of “skin toning” with QS Nd:YAG lasers and IPL results in faster
clearance of melasma and is more effective than skin toning with QS Nd: YAG laser
alone. However, recurrence is still inevitable [30].

16.2.9 Pulsed Dye and Copper Bromide Lasers

The vascular lasers were used to treat melasma with variable results. There are not
enough good scientific reports to confirm the role of vascular laser and copper bro-
mide lasers for the treatment of melasma at present.

The basis for the role of vasculature in melasma was reported by Kim et al. It was
shown that melasma lesions have, in addition to increased pigmentation, more elasto-
sis and vascularization than perilesional skin. Chromometer measurements were sig-
nificantly higher in the melasma lesion than the nonlesional skin. Histology showed
that factor VIIla-related antigen staining showed a significant increase in the number
and size of dermal blood vessels in the lesional skin. Added to the significant relation-
ship between the number of vessels and pigmentation, expression of vascular endo-
thelial growth factor (VEGF) was significantly increased in melasma skin [31, 32].

16.2.9.1 Pulsed Dye Laser (PDL)

Pulsed dye laser was reported to improve the topical treatment outcome of melasma
and prolong remission period. Passeron et al. carried out a controlled, randomized,
single-blind, split-face clinical trial evaluating the effectivity of dual treatment of fixed
triple combination cream (TCC) and PDL in the treatment of melasma. Patient
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satisfaction was significantly greater for the combination treatment. Half of the patients
with dark skin type IV developed PIH. PDL in association with a bleaching cream
appears beneficial in treating melasma in patients with skin phototypes II and III [33].

Following the same study, Passeron reported that melasma lesion treated with
PDL and triple cream showed long remission indicating enhanced effects of PDL on
melasma lesions [34].

16.2.9.2 Copper Bromide Laser

The copper bromide laser (Dual Yellow; Norseld) is a laser with a concomitant-
output dual-wavelength light source comprising 90 % yellow light at 578 nm target-
ing vascular lesions and 10% green light at 511 nm which targets pigmentary
lesions. These two light wavelengths can be emitted separately or simultaneously.
Recent studies have suggested the potential effectiveness of targeting the vascular
component of melasma [33, 34, 35, 37].

In a recent pilot study, ten Korean women with mixed or epidermal melasma were
treated with a copper bromide laser emitting both wavelengths simultaneously at
2-week intervals for a total of 8 weeks. MASI scores decreased modestly from an
average of 12.3 pretreatment to 9.5 at 1-month posttreatment follow-up. Using a
chromometer, the authors noted measurable lightening of lesional skin after treatment,
but the effects appeared to wane slightly at 1-month posttreatment follow-up. The
same findings were seen when erythema was measured. Clinically, three patients
were noted to have recurrence at the 6-month posttreatment follow-up. The histo-
logic examination of lesional skin before and 3 months after treatment showed
decreased levels of basal layer melanin (Melan-A) and fewer melanosomes in the
epidermis after treatment, suggesting some longer-term benefit. In addition, CD34
staining for blood vessels showed a decrease in the number and size of dermal ves-
sels after treatment. Staining for endothelin 1 and VEGF antigen showed decreased
numbers in keratinocytes posttreatment, indicating some effect of the laser on vascu-
larity within treated lesions. It is significant to note that none of the ten patients
exhibited scarring or dyspigmentation from treatment. The authors concluded that
the copper bromide lasers seem relatively safe and at least moderately effective for
melasma in Asian patients (level of evidence, II-iii). Additional studies in other
patient populations will help determine the generalizability of these results [35].

A study done in Thailand, however, did not corroborate these positive results.
Among 20 melasma patients treated with the copper bromide laser, the mean mela-
nin index (MI) showed no statistically significant improvement compared with
baseline measurements at any of the follow-up visits. Though there were significant
improvements in clinical evaluation after three treatments (p=0.00), this difference
was no longer visible after six treatments. There was no improvement as measured
by clinical evaluation or MI. The authors concluded that copper bromide laser does
not improve melasma in patients with skin phototypes I1I-V [36].

Ghorbel et al. from France conducted a randomized split-face study comparing cop-
per bromide lasers with the triple cream (a combination of hydroquinone, 5%;
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dexamethasone acetate, 0.1 %; and retinoic acid, 0.1 %). All patients applied the topical
cream to their entire face once a day for 4 weeks. A hemiface was then randomly
assigned to be treated with the copper bromide laser, while the other side of the face
continued to receive daily application of the topical cream for 3 additional months.
Four sessions of copper bromide laser were given at weeks 4, 6, 9, and 12. The yellow
and green wavelengths were simultaneously produced at a ratio of 9:1. The treatments’
effectiveness was assessed using the MASI score for each hemiface. Follow-up visits
were conducted at 3 and 6 months. The main evaluation criterion was the patient’s
MASI score 6 months after the end of treatment. At the end of treatment, the topical
cream resulted in a greater decrease in the MASI score compared with the laser treat-
ment (p=.006). The MASI score at 6 months was comparable with the score at the
beginning of the study in both groups; no significant difference was observed between
the two groups. No difference could be found when results were analyzed according to
the localization and duration of the melasma (p>.99 and p=.87, respectively). An
increased vascularization was noted on the melasma lesions at baseline compared with
perilesional skin. However, no decrease in vascularization was observed on the laser-
treated side between the baseline and posttreatment visits. At the final visit, no changes
in vascularization were noted between the two sides. Neither scarring nor PIH was
noted. The authors concluded that results showed that Kligman’s formula combination
cream is more effective than the copper bromide laser for treating melasma [37].

It would appear that there is little role for the copper bromide laser in the treat-
ment of melasma since the latter two reports appear to indicate lack of superiority
over topical treatment. The role of other vascular lasers remains to be ascertained.

16.3 Level of Evidence for Using Lasers and Light
Procedures for Treating Melasma Using the GRADE
Working Group Recommendation [38—40]

Levels of evidence for aesthetic procedures

Level of
evidence Quality of evidence and definitions
A: High Further research is very unlikely to change our confidence in the estimate of effect

Several high quality studies with consistent results

B: Moderate Further research is likely to have an important impact on our confidence in the
estimate of effect and may change the estimate
One high quality study or several studies with limitations

C: Low Further research is very likely to have an important impact on our confidence
in the estimate of effect and is likely to change the estimate
One or more studies with limitations

D: Very low Any estimate of effect is very uncertain

Expert opinion with

No direct research experience

One or more studies with very severe limitations

GRADE Working Group [38], Guyatt et al. [39]
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Reference Procedures Quality of evidence (A-D)
[5-7] Full ablative lasering D (very low)

[11, 13, 14] Fractional lasers B (moderate)

[2-4] QS Nd:YAG laser C (low)

[18-22, 28] QS Nd:YAG laser toning A (high)

[26, 27, 29] Intense pulsed light C (low)

[33, 34] Pulsed dye laser C (low)

[37, 38] Copper bromide laser C (low)

16.4 Conclusion

Topical treatment together with sun avoidance and protection remains to be the first-
line treatment for melasma. Lasers and light devices are reserved as second- or
third-line treatments, as they are not curative, do not clear melasma completely, and
may be associated with post-inflammatory hyperpigmentation and relapses. They
do have a role to play in recalcitrant melasma unresponsive to topical treatment,
providing a respite and improvement of quality of life.

IPL appears to be the safest among the laser/light devices. However, it modestly
offers only mild to moderate improvement, requires multiple sessions, and neces-
sitates the need of maintenance treatment. Laser toning is the other alternative, but
complications including rebound pigmentation and guttate hypomelanosis are seri-
ous impediments to watch out for. The QS pigment lasers using standard protocols,
fractional lasers, and copper bromide lasers do not appear to be useful for melasma.
The role of pulsed dye lasers remains unclear. More studies are needed to ascertain
their effectiveness for melasma.

Given their cost and the need for multiple treatments, laser and light therapies
should be considered third-line treatments in severe refractory melasma patients
who have not responded to topical preparations or chemical peels and who are will-
ing to accept the risks of these procedures.
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Chapter 17
Iontophoresis and Mesotherapy in Melasma

Maria Suzanne L. Datuin

17.1 Introduction

Melasma is a chronic, acquired pigmentary disorder that affects individuals world-
wide. The mainstays for the treatment of melasma are topical depigmenting agents
such as hydroquinone, kojic acid, arbutin, and azelaic acid. Procedural treatments
are usually considered as second line options and include chemical peels, intense
pulsed light, and various lasers among others, which have yielded mixed success
rates [1]. Therefore, there is a continuous search for treatments that are safe, effec-
tive, accessible, cost-effective, and capable of providing long-term clearance of the
pigment. This chapter discusses the available evidence of two other procedural
treatments that have been used for melasma: iontophoresis and mesotherapy.

17.2 Tontophoresis

Tontophoresis is the facilitated movement of both ionic and nonionic molecules
across a membrane through the application of an electric potential that enhances the
delivery of these molecules. It is based on the principle that like charges repel, while
unlike charges attract each other [2]. Iontophoresis applied to the skin is known as
transdermal iontophoresis [3].

Under normal conditions, the lipophilic nature of the skin limits the permeation
of high molecular weight, hydrophilic, and charged compounds [2]. The main bar-
rier for transdermal delivery of these molecules is the stratum corneum, which is
around 10-100 pm thick [3]. Iontophoresis can enhance the absorption of these
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molecules without injuring the skin and occurs by any of three main pathways,
namely, intracellular, intercellular, or the appendageal pathways [3, 4].

The advantages of iontophoresis include the noninvasive delivery of ionized and
unionized drugs, improvement in the delivery of polar molecules and high-
molecular-weight compounds, and controlled and easy termination of drug delivery,
all with restoration of the skin barrier without producing severe skin irritation [2].
The treatment time is between 10 and 30 min, as most of the ions pass through the
skin at about 8—15 min, and very little passage occurs after 30 min [4].

Historically, iontophoresis has been used in the treatment of several dermato-
logic indications such as warts, softening of scar tissue, and wound care [2, 5].
Other applications include local delivery of anesthetics (i.e., lidocaine), steroids,
retinoids, as well as the temporary relief of acral hyperhidrosis [3, 5].

17.2.1 Vitamin C

Among the studies on iontophoresis for melasma, Vitamin C has been the most
utilized molecule. The role of vitamin C in melasma lies in its antioxidant proper-
ties, reducing the formation of o-quinone and reducing oxidized melanin [6, 7].
Vitamin C (as L-ascorbic acid) is a negatively charged ion in solution and may be
transported transdermally for the treatment of melasma [5]. However, it is quickly
oxidized and decomposes in an aqueous solution. For this reason, more stable forms
of vitamin C have been used which includes magnesium-L-ascorbyl-2-phosphate
(MAP) and ascorbyl glucoside [5, 6].

One of the earlier clinical trials on vitamin C iontophoresis for melasma was
done in Korea involving 15 patients. Vitamin C was applied under a constant direct
current of 0.4-0.8 A for 15 min, and the treatment was performed twice weekly for
6 weeks. Outcome measures were the Melasma Area and Severity Index (MASI)
score and light reflectance as measured by a colorimeter, taken at baseline and at the
end of the study. Results showed a decrease in the MASI score and light reflectance
and significant clinical improvement of the melasma [8].

Subsequent to this trial, a randomized, double-blind, placebo-controlled trial using
vitamin C was conducted also in Korea among 29 females with melasma. Vitamin C, as
MAP 3.75 % solution, was applied to half of the face, while distilled water was applied
to the other half as the control. A direct current of 0.5 mA was used, and the treatment
was done for 8 min with the patients treated twice a week for 12 weeks. The objective
outcome measures were the MASI score and the change in the luminance value (L
value), as measured by a colorimeter, and patient self-assessment using a 5-point scale.
At the end of the study, clinical photography showed improvement only on the side
treated with vitamin C. The L values also decreased on the treated side (p=0.002), which
were not observed on the side of the control (p=0.142). However, patients reported an
improvement on both sides, which could be attributed to the placebo effect. Side effects
were mild and transient and included mild burning sensation and mild sense of electric
shock, pruritus, erythema, and dryness of the skin. The authors concluded that vitamin
C iontophoresis is a useful modality in treating melasma [6].
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17.2.2 Vitamin C Versus Glycolic Acid

Comparative studies have also been done, specifically with glycolic acid peel.
An early study evaluated the efficacy of vitamin C iontophoresis and 30 % gly-
colic acid peel. Thirty-four patients were enrolled in the study. The first group
received vitamin C only, the second group received only the peel, and last group
received both treatments. Iontophoresis was done weekly for 12 weeks, under a
direct current of 0.3 mA/cm? for 6 min. The glycolic acid peel, on the other
hand, had a contact time of only 2 min. Outcome measures were the modified
MASI (mMASI) score and melanin indices measured by a Mexameter. At the
end of the study, all groups had lower mMASI scores and Mexameter readings
(p<0.05) [9].

More recently, a single-blinded study was done that compared topical nanosome
vitamin C to 70 % glycolic acid peel. Fourteen patients with skin types IV and V
were enrolled, with each patient receiving the glycolic acid peel on the right side of
the face, while 0.5 ml solution containing 10 % ascorbic acid liposome was applied
on the left side using iontophoresis at 50 mA for 10 min. Each patient received a
total of six treatments. Photographs, MASI scores, and global evaluation were taken
at baseline and at the end of the study.

Results showed a statistically significant improvement of both sides, but the side
treated with the vitamin C had a greater improvement, with a 43 % decrease in the
MASI score (versus 22 % for right side) at end point. Global assessment by the
patient, attending physician, and two blinded physicians likewise revealed greater
improvement on the vitamin C treated side. The authors concluded that nanosome
vitamin C delivered via iontophoresis was safe and effective in the treatment of
melasma and was superior to the glycolic acid peel [10].

17.2.3  Vitamin C Versus Multivitamin Mixture

Another Korean study enrolled 20 women in a randomized, split-face, double-
blind trial that compared vitamin C to a multivitamin mixture composed of
vitamins A, D, E, B1, B2, B5, B6, C, and nicotinamide. Vitamin C alone was
applied on one side of the face, while the multivitamin was applied on the other
side. Iontophoresis was performed for 6 min, and a sunscreen was applied after.
All patients received treatments twice a week for 12 weeks. The outcome mea-
sures were the L value and the patient self-assessment at baseline, 6 weeks and
12 weeks.

As early as 6 weeks, patients already reported lightening of both sides of the
face which was sustained until 12 weeks. At the end of the study, both sides had
decreased L values and were equally effective in lightening the hyperpigmented
patches. There was no statistically significant difference between the two (p>0.05).
Side effects for both treatments were burning sensation, erythema, and pruritus
with fewer events recorded in the multivitamin treated side [7].
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17.2.4 Iontophoresis Home Device

The latest study on vitamin C iontophoresis for melasma involves a novel home
device called the full-face iontophoresis mask (FFIM). The FFIM mask was made
of biocompatible gels with an adhesive back surface for direct contact with the
whole face. The device was connected to 6-V power source with an output of 1.8 pA
per cm?. From a larger study that originally involved 101 patients with both postin-
flammatory hyperpigmentation (PIH) and melasma, outcomes of 35 patients with
melasma who received the FFIM with vitamin C (as ascorbyl glucoside 20 %) and
an alpha hydroxy acid-based skin care regimen were reported. A sunscreen was also
incorporated into the program. Majority of the patients had skin types III, IV, and V.

After one in-office treatment, the FFIM together with the ascorbyl glucoside
preparation was applied by the patients at home. The mask was left on for 1 h, three
times a week for 1-2 months, in conjunction with the previously mentioned skin
care regimen. Patients were followed up from 1 up to 54 months, with a mean fol-
low-up length of 26 months. The mean improvement in the pigmentation was 73 %,
with more than 50 % improvement in 22 out 35 of patients. The authors concluded
that the use of the FFIM was able to sufficiently increase the levels of vitamin C to
therapeutic levels, which led to favorable clinical outcomes, and the addition of the
skin care regimen led to long-term sustained results [5].

17.2.5 Glutathione

Glutathione (GSH) is the most abundant low-molecular-weight thiol in mammalian
cells. It is composed of the amino acids L-cysteine, glutamate, and glycine and is
involved in many important biological processes such as protection of cells through
the metabolism of xenobiotics and carcinogens. Glutathione, at high concentrations,
can influence melanogenesis by several proposed mechanisms. These include a shift
toward the production of the lighter pigment, pheomelanin over eumelanin; the direct
and indirect effects of glutathione on the enzyme tyrosinase; and the quenching of
free radicals and reactive oxygen species which increase tyrosinase activity [11].

GSH iontophoresis has been used by the author in an open-label pilot study
where 10 Filipino patients with malar melasma, all with skin type IV, received eight
weekly treatments. GSH 12 % solution (600 mg/5 ml) 1 ml was applied on the
hyperpigmented patches under a direct current. Since GSH is a negatively charged
molecule, the cathode was the active electrode used. Iontophoresis was done for
8 min on each side of the face, while the forehead was used as the control. Patients
were instructed to use a sunscreen daily and to avoid direct sun exposure.

Clinical photography and mMASI scoring were done at baseline and 1 week after
the last treatment session. Melanin indices (Mexameter readings) of both cheeks and
the control were taken at baseline, after the fourth treatment and 1 week after the last
treatment. A patient global assessment using a 5-point scale was done after the eighth
treatment. At the end of the study period, there was a significant decrease in the
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Fig. 17.1 Before
treatment

Fig. 17.2 After treatment

mMASI scores (p=0.0015), which was evident on clinical photography. There was
likewise a decrease in the melanin indices of both cheeks (p=0.0108), which was not
observed with the control (p=0.5619). Six patients graded themselves as having slight
to moderate improvement while four graded themselves as having marked to excellent
improvement (Figs. 17.1, 17.2, 17.3, and 17.4). Side effects were transient erythema
on the treated areas and a sensation of mild electric shock. In conclusion, glutathione
solution, when delivered topically via iontophoresis, was considered safe and effec-
tive as an adjunctive treatment for melasma.
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Fig. 17.3 Before
treatment

Fig. 17.4 After treatment

17.3 Mesotherapy

Mesotherapy is a technique where drugs or substances are introduced into the der-
mis or subcutaneous tissue through localized microinjections. All intravenously
injectable compounds may be used except for alcoholic and oily solvents [12].
There were two studies found on the use of mesotherapy for melasma, both using
tranexamic acid.
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17.3.1 Tranexamic Acid

Tranexamic acid (TA), a plasmin inhibitor, is a synthetic analog of the amino acid
lysine [12]. TA reversibly blocks lysine-binding sites on plasminogen molecules
and prevents plasminogen activator from converting plasminogen to plasmin [13,
14]. Plasmin is a protease that enhances the release of intracellular arachidonic acid
and also increases levels of alpha-melanocyte-stimulating hormone (a-MSH).
These two molecules are known to increase melanocyte synthesis of melanin [15].

TA inhibits UV-induced plasmin activity by preventing the binding of plasmino-
gen to keratinocytes, which results in a decrease in free arachidonic acid and there-
fore a decrease in prostaglandins that are known to increase melanocyte tyrosinase
activity [12, 15, 16]. Prostaglandins D,, E,, and F, have been reported to increase
melanogenesis [12].

Mesotherapy using TA for melasma among Asians was first done in Korea.
Eighty-five females with Fitzpatrick skin types IV to V completed an open-label
pilot study, which involved weekly intradermal injections of 0.5 ml of TA (4 mg/ml)
directly into the hyperpigmented lesions. Injections were spaced 1 cm apart after
topical anesthesia was applied. The study ran for 12 weeks with clinical evaluation
and MASI scoring done every 4 weeks. Subjective assessment was done using a
patient satisfaction questionnaire at the end of week 12. Results showed a signifi-
cant decrease in the MASI scores from baseline to 8 and 12 weeks (p<0.05 for
both). The authors observed that from week 8, there was a decrease in the darkness
of the lesions followed by a decrease in the area of the hyperpigmented patches.
However, only 8/85 patients (9.4 %) graded their improvement as good (51-75%
lightening), while majority of the patients (65/85, 76.5 %) graded their improve-
ment as fair (26-50% lightening). None graded their improvement as excellent
(>75 % lightening), and 12/85 (14.1 %) graded themselves as poor (<25 % improve-
ment). No significant side effects were noted [12].

A more recent study compared two methods of delivering TA on patients with
melasma: through mesotherapy (microinjections) and microneedling. Microneedling
is a minimally invasive procedure that involves passing a handheld device studded
with numerous microneedles (frequently called a dermaroller) on the skin in order
to create hundreds of microchannels where specific molecules or medications can
be delivered transdermally. Normally, several passes are done on any given area,
and the target medication/product is applied directly on the skin while these micro-
channels are still open. This facilitates entry into the skin of substances that would
normally take longer or be more difficult to be absorbed topically such as proteins
that would not otherwise pass through intact skin [15]. Microneedling has other
dermatologic applications, most notably for skin rejuvenation and in the treatment
of acne scars.

In this randomized open-label trial of 60 patients with Fitzpatrick skin types IV
and V, half of the group (arm 1) received microinjections of TA (4 mg/ml) using a
4 mm meso needle into lesional skin. The other half (arm 2) underwent micronee-
dling using a roller studded with fine needles 1.5 mm in length and 0.25 mm in
diameter. After the skin was sufficiently wounded using the microneedles after four
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to five passes, the TA solution was directly applied on the skin, and the procedure
was repeated for another four to five times. Treatments were done thrice at monthly
intervals, and patients were followed up for another 3 months. Outcome measures
included the mMASI score, physician and patient global assessments, and clinical
photography. Both methods of delivering TA into the skin showed significant
decreases in the mean mMASI scores from baseline to the end of the follow-up
period. The arm treated with microneedling had more improvement but the differ-
ence between the two groups was not statistically significant. The authors attributed
this finding to the ability of the microneedling device in achieving deeper and more
even delivery of the medication [16].

17.4 Conclusion

These aforementioned studies show that vitamin C iontophoresis is safe and effective
for the short- and long-term treatment of melasma. Though different forms of vitamin
C were used, all yielded positive outcomes. Glutathione iontophoresis is also a safe
and effective procedure, which can be added to any regimen for melasma. It is simple
and takes only a few minutes to perform and is virtually painless without any down-
time. Side effects were mild and transient, and the procedure was well tolerated.

Mesotherapy using tranexamic acid also appears to be safe and promising as an
adjunctive treatment for melasma. Based on the above studies, intralesional TA is
able to produce relatively fast results without significant side effects. Since small
amounts of the drug are directly injected into the dermis, there is very little chance
of systemic absorption and therefore systemic side effects.

Both procedures are able to facilitate transdermal delivery of molecules that
would otherwise be difficult to transport through the skin at optimum concentra-
tions that result in good clinical improvement. The sample sizes of these studies
were small, however, and perhaps larger clinical trials maybe done.
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Chapter 18
Quality of Life in Melasma

Andreas Katsambas and Efthymia Soura

18.1 Introduction

Melasma, being more common on the face (Fig. 18.1a), may also be infrequently
seen on the neck and the forearms. Both sexes are affected, but the male population
(Fig. 18.1b) may represent up to only 10% of cases [1]. This hyperpigmentation
disorder is of varying severity and tends to exhibit seasonal changes. As is the case
with most dermatological conditions that involve the face, melasma may be a cause
of distress for many patients. Daily life can be influenced through alteration of self-
perception, loss of confidence, and worsening of mood that may finally lead to
decreased interaction with others and lowering of overall quality of life. In addition,
melasma is a condition that requires constant treatment, which may be time con-
suming and expensive, with frequently moderate results and a high recurrence rate
[2]. This may be a source of further aggravation for many patients.

The quality of life measures used for the evaluation of melasma impact on every-
day life are summarized. In addition, the way that melasma may influence everyday
life is also addressed.

18.2 Melasma and Quality of Life Measures

Quality of life (QoL) is considered to be a broad concept that encompasses subjec-
tive evaluations of both positive and negative aspects of life and conveys an overall
sense of well-being. Health-related quality of life (HRQoL) is a more specific
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Fig. 18.1 Facial melasma in an adult (a) female patient (b) male patient

determinant of QoL, which includes those aspects of overall quality of life that can
be clearly shown to affect health (physical or mental) [3].

Overall, the instruments used for determining QoL in melasma patients can be
divided into two main categories: those that are non-disease-specific and those that
are disease-specific.

18.2.1 Non-disease-specific QoL instruments

A number of QoL measures have been used in order to determine the impact of skin
disease in patients. These include the Dermatology Life Quality Index (DLQI), the
Dermatology Quality of Life Scales (DQoLS), the Family Dermatology Life Quality
Index (FDLQI), and the Skindex-29, Skindex-17, and Skindex-16, among others
[4]. Out of these, the two most commonly used instruments are the DLQI and the
Skindex-16 questionnaires.

The DLQI questionnaire was developed by Finlay and Khan and is comprised of
ten items that explore various aspects of an individual’s everyday life. These include
disease-associated restriction of daily activity, personal feelings, interpersonal rela-
tionships, leisure, and treatment efficacy evaluations [5].

The Skindex questionnaire was developed by Chren et al. and was initially com-
prised of 61 items that explored both the physical and psychosocial impact of der-
matological conditions. The design of this instrument focused mainly on assessing
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the disability caused by the disease rather than the emotional well-being of the
patients. In recent years, the Skindex instrument was condensed to a 30-item
(Skindex-29) version and later to a 16-item (Skindex-16) version [6]. The newer
versions explore many aspects more relevant to the dermatological disease (such as
feelings of irritation, stinging, and itching) as well as feelings of embarrassment,
frustration, and difficulty in socializing with others. In this way, disease symptoms
and emotional and functional well-being can be assessed [7, 8].

18.2.2 Disease-Specific QoL instruments

The main disadvantage of DLQI and Skindex-16 in evaluating QoL in melasma is
that these instruments give equal attention to the assessment of physical and psy-
chosocial distress. Melasma, on the other hand, is a disorder that impacts the psy-
chosocial well-being of patients far more than their physical well-being since it is
asymptomatic. This diagnostic void is filled by the disease-specific QoL measure,
Melasma Quality of Life (MELASQoL) scale.

The MELASQoL measure was initially introduced by Balkrishnan et al. and is
comprised of ten items [9]. MELASQoL focuses mainly on questions relevant to
melasma HRQoL and uses a combination of items from the Skindex-16 (seven
items) and the skin discoloration questionnaire (three items). Each item is rated on
a 7-point Likert scale with possible answers ranging from “not bothered at all”
(score=1) to “bothered all the time” (score=7). Scores are summed up to produce
a total score of 7-70, with higher scores corresponding to a lower quality of life.
MELASQoL centers mainly on the evaluation of the patient’s feelings on skin
appearance, emotions of frustration or embarrassment, and the burden of melasma
in interpersonal relationships [10]. MELASQoL is the most popular instrument
used in the evaluation of QoL in melasma patients, as it has shown high discrimina-
tory power, validity, and internal consistency and has been translated in a number of
languages [9].

18.2.3 Overview of Disease Severity Instruments

An interesting characteristic of dermatological QoL measures is that they are highly
subjective, and the results obtained depend heavily on the patient’s perception of
themselves. That said, QoL in dermatologic patients may not be directly correlated
with the actual severity of their dermatological condition. For this reason, various
instruments that can assess disease severity may be used concomitantly with QoL
instruments. These measures are also rather subjective, as the assessment is per-
formed by a dermatologist and not an “objective” instrument, such as a
DermaSpectrometer [10]. Nevertheless, they are most commonly used in clinical
practice and include the melasma severity scale, the Munsell color chart for
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melasma, the physician’s global assessment, the patient’s global assessment scales
[11], and the Melasma Area and Severity Index (MASI) score, among others. The
MASI score is the most popular disease severity assessment instrument for melasma.
Developed by Kimbrough-Green et al., it was based on the Psoriasis Area and
Severity Index calculation concept [12]. However, the complex relationship between
patient psychological well-being and disease severity is further highlighted by the
inability of MASI to capture the considerable emotional and psychological effects
of melasma on patients. This is another reason why both types of instruments should
be used in order to achieve a more complete approach to patients.

18.3 Melasma and Impact in Quality of Life

A number of studies have been performed in order to assess the impact of melasma
in everyday life. In the study by Balkrishnan et al., 102 women were evaluated with
the use of MASI, DLQI, Skindex-16, skin discoloration questionnaire, and
MELASQoL instruments. It was shown that patients felt that their social life, recre-
ation / leisure, and emotional well-being were severely affected by the condition
(mean reported MELASQoL score: 36). Overall, there was a moderate correlation
of MASI scores with the MELASQoL scores and a high correlation of MELASQoL
scores with the DLQI, the Skindex- 16, and the skin discoloration questionnaires [9].
Similar results were reported by Dominguez et al. in a study that included 99 women
of Hispanic origin, recruited from an outpatient clinic in Texas. Social life, physical
health, and emotional well-being were reported to be influenced by the presence of
melasma. In addition, the financial cost of treating the disorder was also reported as
a major concern (mean reported MELASQoL score: 42) [13].

In another study by Dogramaci et al., 114 Turkish women were evaluated with the
use of MASI and MELASQoL instruments. It was reported that melasma was con-
sidered an important source of frustration, decreased patient freedom, and feeling of
unattractiveness (mean reported MELASQoL score: 29.9) [14]. Similar results were
reported in a recent study by Ikino et al. that included 51 patients from Brazil. The
vast majority of patients (94.11 %) felt bothered about their skin appearance, while
most expressed feelings of depression, frustration, and embarrassment. In addition,
78.43 % felt unattractive due to the presence of melasma. Interestingly, patients did
not feel that melasma had a severe impact on their freedom, social life, or interaction
with others (mean reported total MELASQoL score: 34.40) [15]. Almost identical
results were reported by other studies that included Brazilian women [16—18].
Overall, young age, mild psychiatric disorders (i.e., anxiety) and lower educational
levels of patients were associated with higher MELASQoL scores [19].

MELASQoL has also been used in the evaluation of melasma treatment
efficacy. In a study by Cestari et al. that included 300 patients from Brazil, feelings
of unattractiveness (43 %), frustration (55 %), embarrassment (57 %), and an
influence of the disease on interpersonal relationships (42 %) were reported.
However, after treatment with a triple combination cream (hydroquinone,
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fluocinolone acetonide, and tretinoin) for 8 weeks, the MELASQoL scores of the
patients on the treatment arm had improved significantly. More specifically, 12.2%
of patients continued to experience frustration, 9.3% continued to experience
embarrassment, and 5.8 % reported an impact on interpersonal relationships, compared
t0 59.7 %, 56 %, and 35.3 % of the no treatment arm patients, respectively [20].

Similar results were reported by other studies were QoL instruments other than
MELASQoL were used. For instance, in a study from Pakistan where DLQI scores
were obtained from 100 patients, it was reported that the presence of melasma was
associated with strong feelings of embarrassment and self-consciousness. However,
this study differed from other studies in the fact that patients also reported a strong
impact of melasma on social interactions with close friends, relatives, or partners
and even in the choice of clothing [21].

Melasma-associated embarrassment was also reported as the main complaint in
another study from Thailand. However, DLQI scores from patients with melasma
were compared to those of patients suffering from other dermatoses, and it was
found that melasma patients exhibited lower DLQI scores than psoriasis, acne, and
vitiligo patients but higher than patients with viral warts, seborrheic keratosis,
moles, and benign skin tumors.

Another aspect of melasma that was investigated was the “willingness to pay”
intent. Interestingly, it was reported that patients were willing to spend more on
melasma treatments than on clothes and footwear (7.2 % of their total monthly
income). These results showcase the grave impact of melasma on QoL [22].

Overall, melasma is considered rare among males. As a result of this, only few
males have been involved in studies assessing QoL. In a study by Pichardo et al., it
was reported that DLQI scores were higher in a subset of the investigated patients.
In general, male patients seem to be less concerned than female patients regarding
the presence of melasma [23]. Regardless, inquiry on the impact of melasma on
everyday life among male patients must be considered, especially since camouflage
make-up is not a practical option for them.

18.4 Conclusion

Melasma is a condition with a noticeable impact on patient everyday life. Most
studies have reported similar results with some minor variations. These variations
reflect mainly the cultural and economic differences between countries. For instance,
social expectations, average wedding age, educational level, and income can differ
widely from country to country. However, all studies agree in that melasma influ-
ences emotional well-being greatly and that it is associated with feelings of embar-
rassment, frustration, and unattractiveness. This also shows the similarities between
various cultures and further highlights the importance of taking the time to discuss
with patients. Assessing the impact of melasma in QoL could lead to achieving bet-
ter patient compliance, by assisting constructive communication between patients
and physicians and by choosing appropriate treatments based on realistic
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expectations on efficacy and on willingness of patients to conform. In addition, QoL
instruments can be used as tools for assessing and comparing treatment efficacies as
well as monitoring patients after treatment completion.
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Chapter 19
Vitiligo: Definition, Incidence, Etiology

Vinod Kumar Sharma, Neetu Bhari, and Manoj Kumar Tembhre

19.1 Introduction

Depigmentation of the skin occurring without any preceding inflammation charac-
terizes vitiligo. Affecting approximately only 1 % of the total population, the associ-
ated stigma and severe psychosocial distress have been noted in patients suffering
from this pigmentary condition. Causation may still be unknown but an underlying
autoimmune disorder is highly considered. Though, vitiligo is commonly referred
to as leukoderma, injury or inflammation precedes the latter. This chapter discusses
the definition, incidence, and current understanding of the etiology of vitiligo.

19.2 Definition

Vitiligo is an acquired disease of pigmentation, and a selective and often continuous
loss of epidermal melanocytes characterizes vitiligo; mostly affecting the skin, there
is occasional involvement of the mucosa and hairs. As early as 1700-1100 BC,
cases of vitiligo have already been recorded. It was known in the Indian subconti-
nent then as “switra,” from the Sanskrit word “sveta,” which means “white patch.”
Switra has been mentioned in the ancient classical texts of Ayurveda and in the
Persian history, where it was known in the 2200 BC [1].
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The lack of an international consensus regarding the definition and classification
of vitiligo hampers international level research and communication. The Vitiligo
European Task Force (VETF) has proposed consensus definitions for the disease,
but a need for broader international consensus was felt [2]. Recently, the Vitiligo
Global Issues Consensus Conference (VGICC) classification was proposed, includ-
ing the work of seven regional working groups: North and South Africa, North and
South/Central America, Europe, Middle East, Continental Asia/Singapore, Japan/
Taiwan, and the Pacific [3] (discussed in the Chap. 21).

19.3 Incidence

Vitiligo is known to affect around 0.1-2 % of the population worldwide; in India, its
prevalence is about 0.5-2.5 % (range: 0.46—8.8 %) [4—15]. The population frequency
of vitiligo in Caucasians has been estimated as 0.38 % [3], and in the United States,
the incidence was estimated at 1 % [5, 6]. The annual prevalence of vitiligo deter-
mined in Korea was 0.12-0.13 % over a 3-year period of a study by Lee et al. [7].

Usually, both sexes have shown equal predilection, but in some studies done in
India and Korea, female preponderance has been reported [6, 7]. This may be
because of the higher cosmetic and social concerns in female patients.

Onset of vitiligo occurs in childhood or young adulthood with a peak age at
10-30 years. Around 50 % of cases were reported to appear before 20 years of
age and nearly 70-80 % before 30 years [8, 9]. In a study of 692 vitiligo patients
from China, the mean age of onset was 23.69 + 13.83 years [10]. Its onset is rare
in old age or infancy. However, late-onset vitiligo was reported from Chandigarh,
India, with a mean age of onset of 55+2.3 years [11]. Similarly, childhood
vitiligo (age <12 years) constituted 23.4 % of vitiligo patients in another Indian
study [12].

Regarding the type of vitiligo, generalized vitiligo was the most common pattern
noted in studies from India and China, followed by focal and segmental patterns
[10-12]. In contrast, acrofacial vitiligo was the most common pattern (44.5 %) in
another study of 762 cases, highlighting lack of consensus in the classification of
the disease [13].

19.4 Etiology

Vitiligo presents as a complex phenomenon that involves a play of multiple factors,
many of which are not clearly delineated. In the past decades, extensive research has
been devoted to vitiligo, and multiple hypotheses have been postulated to explain its
occurrence [14]. Though the framework for vitiligo pathogenesis is available,
further research is still essential to elucidate its exact mechanism.
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19.4.1 Genetic

Over the past years, considerable development has been made to understand the role of
genetics in vitiligo, with several susceptibility genes being identified (Table 19.1).
Vitiligo seen in the families of patients is an indication that genetic factors play an
important role in the occurrence of the disease. In this genetic hypothesis, vitiligo
inheritance is considered as polygenic and multifactorial. Among multi-generation
families, inheritance can occur in an autosomal dominant pattern with incomplete pen-
etrance [15]. The relative risk of vitiligo for first-degree relatives has been shown to be
increased by seven- to tenfold [16, 17]. Though, the likelihood of vitiligo in monozy-
gotic twins was reported at 23 %, vitiligo concordance among them is unclear, indicat-
ing a potential influence of nongenetic environmental factors (e.g., epigenetics).

To understand the role of genetics in the pathogenesis of vitiligo, various scien-
tific approaches are in use, such as (a) genetic linkage, (b) candidate gene associa-
tion studies, (c) genome-wide association studies (GWAS), (d) DNA sequencing
studies, and (e) gene expression studies.

19.4.1.1 Genetic Linkage Studies

The first vitiligo genetic linkage study performed on the major histocompatibility
complex (MHC) reported the linkage of various genetic markers located on human
leukocyte antigen (HLA) gene locus [18-20]. However, the linkage analysis in fami-
lies with vitiligo-related systemic lupus erythematosus identified SLEV1 locus [21]
and subsequently reported NLRP1 [22] located on chromosome 17, as one of the
novel vitiligo susceptibility loci. The genome-wide linkage studies also revealed the
various other susceptibility loci in different ethnic populations, e.g., chromosome 1, 7,
8,9, 11,13, 19, and 21 (Caucasians) [23, 24] and chromosome 4, 6, and 22 (Chinese)
[20, 23-25]; some of these loci are also confirmed by GWAS.

19.4.1.2 Candidate Gene Association Studies

This approach has been first successfully used to identify the single nucleotide poly-
morphism (SNP) for CTLA-4 gene locus [26] in vitiligo; however, CTLA-4 locus
has been associated with various other autoimmune diseases [27]. Recently, Birlea
et al. [28] reported a comprehensive list of 33 vitiligo candidate genes (Table 19.1),
but only three genes (TSLP, XBP1, FOXP3) were supported by GWAS studies [29].

19.4.1.3 Genome-Wide Association Studies (GWAS)

The first vitiligo GWAS was carried out in a specific population of Northwestern
Romania with a high prevalence of vitiligo and other autoimmune diseases, and it
found an association of vitiligo with SMOC?2 gene located at distal chromosome
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6927 (in the vicinity of IDDMS, a linkage and association signal for type I diabetes
mellitus and rheumatoid arthritis). Among the Caucasian and Chinese populations
with vitiligo, this gene was also detected in the GWAS done [29-32]. To date, these
particular populations carry three large GWAS of vitiligo, while a small gene-
centric GWAS of vitiligo was reported in Indian—Pakistani patients [32-36]. These
studies collectively identified 30 vitiligo susceptibility loci in Caucasians
(Table 19.1). The subsequent parallel studies in the Chinese population have
detected nine vitiligo susceptibility loci, suggesting some common susceptibility
genes (LPP, the HLA class I gene region, CCR6, IL2RA, IKZF4, and C1QTNF6)
between Caucasian and Chinese [37]. There is no major GWAS study performed in
the Indian population, which is required for understanding the genetic aspect of
vitiligo in this population.

19.4.1.4 DNA Sequencing Studies

The first sequencing study was performed for GTP-cyclohydrolase I gene (GCH1)
that reported the association of vitiligo with GCHI mutations. However, the find-
ings were proven false much later [38, 39]. Over the years, DNA sequencing was
performed for many candidate genes (ASIP, MCIR, MYG1/c120rf10, and POMC),
but none showed significant differences [40—43].

Recently, the more robust next-generation DNA re-sequencing is being used to
identify sequence variation. Sequencing of both HLA-A and TYR in Caucasian
vitiligo patients had shown that the predominant HLA-A vitiligo-associated suscep-
tibility allele is HLA-A*02:01:01:01, and the two common non-synonymous sub-
stitutions of TYR, S192Y and R402Q, exert both individual and synergistic
protective effects [44].

19.4.1.5 Gene Expression Studies

The first gene expression study identified a gene VIT1 (FBXO11), which was down-
regulated in vitiligo melanocytes, but its role in vitiligo development remains uncer-
tain [45]. In the recent years, many genome-wide expression studies have been
performed reporting many differentially expressed genes in vitiligo patients, but
none can be proven to be the causal factor of vitiligo.

To date, there are approximately 36 (confirmed and suggestive) susceptibil-
ity loci identified for generalized vitiligo among various ethnic populations.
Immunoregulatory proteins are approximately encoded by 90 %, while the
10% encode melanocyte proteins, suggesting the major involvement of
immune parameters and hence strengthening the autoimmune theory of
pathogenesis.
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19.4.2 Autoimmune Hypothesis

The autoimmune hypothesis is the most popular theory for the non-segmental and
generalized type of vitiligo. Stronger evidence for this theory comes from the higher
frequency of concomitant autoimmune diseases in vitiligo patients and response of
vitiligo to treatment with immunosuppressives [46, 47].

Inflammatory cell infiltrates were noticed at the margin of vitiligo macules [48].
The epidermis-infiltrating T cells revealed an amplification of the CD8/CD4 ratio
and IL-2 receptor expression suggesting that melanocyte obliteration could be cyto-
toxic CD8+ T cell mediated [49].

Many studies have shown the potential role of cytokines in the causation of vit-
iligo. Vitiligo skin showed significantly increased expression of IL-10, interferon-y
(IFN-y), and tumor necrosis factor o« (TNF-a) when compared to control skin.
Levels of Th2 cytokine IL-10 were also found to be increased in lesional skin [50].
This explains the mechanism of action of tacrolimus in vitiligo, which potentially
suppresses the Thl response via the Th2 cytokine IL-10 suppression. Recently,
elevated IL-17 levels have been found in both the lesional skin and sera of the vit-
iligo patients compared to controls, and it showed a positive correlation with the
disease duration [51].

Humoral immunity has also been proposed to contribute to the autoimmune
hypothesis of vitiligo pathogenesis. In a study by Kemp et al., 23 % of the non-
segmental vitiligo patients were positive for tyrosine hydroxylase antibodies, an
enzyme essential for melanogenesis pathway [52]. Harning et al., on measuring
the levels of antibodies against pigment surface antigens, have shown that IgG-
and IgM-based pigment cell antibodies were present in 80 % of active vitiligo
patients. No IgG was seen among stable patients and controls, but 21 % of inactive
vitiligo patients and 16 % of controls had notable levels of IgM [53]. In later stud-
ies, antibodies to MCHRI (melanin-concentrating hormone receptor 1) were
found in 16.4 % of vitiligo patients, whereas no reactivity was exhibited in the
control sera [54].

Regarding the association of other autoimmune diseases, Ingordo et al. found
that 42.5 % of the vitiligo patients had circulating antibodies (antithyroglobulin
antibodies in 27.5 %, anti-thyroperoxidase in 22.5 %, and anti-smooth muscle
antibody in 17.3 %). However, an overt thyroid disease was seen in only 5 % of the
cases [55].

In the recent years, regulatory T (Tregs) cells have gained much attention for
their role in vitiligo occurrence. These cells are chief immunoregulatory T cells
that maintain the immune system homeostasis by suppression of the proliferation
of autoreactive T cells and thereby maintain the immune tolerance to self-antigens.
The defect in Treg frequency, function, and homing has been reported, indicating
the role of autoimmunity due to the breakdown of body’s tolerance mechanism in
vitiligo [56].

Thus far, the autoimmune hypothesis is one of the strongest and most attractive
hypotheses in the genesis of vitiligo.
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19.5 Conclusion

Vitiligo, an acquired depigmentary skin condition with accompanying severe psy-
chosocial distress, affects the adult population with a reported preponderance
among females of brown skin. Though, further research is still needed to point its
exact mechanism, several hypotheses in the recent years have led to a better under-
standing in the development of this disorder. At present, genetics and the autoim-
mune hypotheses are well supported by several well-founded studies.
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Chapter 20
Pathogenesis of Vitiligo

Rashmi Sarkar, Sumit Sethi, and Anjali Madan

20.1 Introduction

Vitiligo is a pigmentary disorder where functioning melanocytes undergo selective
destruction that leads to the depigmentation of the skin, hair, and mucosal surfaces.
It is a complex disease involving the interplay of multiple factors as genetic predis-
position and environmental factors. In almost 50 % of the patients, vitiligo starts
before the age of 20 years, affecting both sexes with equal frequency [1]. The
VGICC [2] classifies vitiligo into three types: segmental vitiligo (SV), non-
segmental vitiligo (NSV), and unclassifiable vitiligo (UnV).

The pathogenesis of vitiligo has been expounded by several theories over the
years. Neural theory was first propagated in the 1950s which were followed by
thoughts and theories like neurogenic, genetic, the autoimmune hypothesis, autocy-
totoxic, microenvironmental, viral, apoptotic, reactive oxygen species (ROS), cell
adhesion disorders, multivariate theories, and melanocytorrhagy hypothesis [3].

Most of the earlier hypotheses were one-dimensional and did not have complete
basis to explain the pathophysiology of vitiligo. They failed to explain the funda-
mental basis and were not evidence based, paving the need for contemporary theo-
ries that could better explain the disease in toto. Universally agreed upon principles
are an absence of functional melanocytes in vitiliginous skin and a loss and destruc-
tion of histochemically recognized melanocytes.
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Various perceptions of the components applicable to the pathophysiology of
vitiligo are detailed in this chapter.

20.2 Neural Hypothesis

The neural theory hypothesizes the secretion of a certain neurochemical mediator
from nearby nerve endings that is cytotoxic to pigment cells. The following clinical
observations support the theory:

1. The presence of a segmental form of vitiligo confined to one section of the body
2. Severe emotional stress precipitating the onset of vitiligo
3. Increased incidence of vitiligo in patients with neurological disorders

The neural theory, proposed in 1959, built around the finding that segmental
vitiligo occurs along the nerve dermatomes in the body exhibiting symptoms such as
hyperhidrosis and emotional disorders. It was proposed that nervous system dysregu-
lation is seen at local and/or systemic levels, damaging the melanocytes and affecting
melanin production, as seen in the vitiligo tissues. Abnormalities of the autonomic
nerve system may also exist in vitiligo lesions, that is, decreased parasympathetic tone
and an increased adrenergic tone. High levels of neurotransmitters may directly lead
to cell cytotoxicity. Indirectly, through local vasoconstriction, cellular hypoxia ensues
followed by stress-generated hydrogen peroxide production [4, 5].

20.3 Genetic Hypothesis

Most of the cases of vitiligo are sporadic, but familial clustering has been seen, and
according to several studies, 6.25-38 % of patients have a positive family history for
vitiligo [5]. Various epidemiologic studies have indicated that vitiligo is polygenic
and multifactorial, inherited in a non-Mendelian pattern with incomplete pene-
trance. Genomically identical monozygotic twins have shown 23 % concordance in
developing vitiligo, suggesting a significant nongenetic environmental component.
Different phenotypes of vitiligo are linked with specific genetic susceptibility genes
and environmental exposures [6].

20.4 The Autoimmune Hypothesis

The autoimmune theory is more commonly associated with generalized vitiligo and
focal non-dermatomal vitiligo. Various autoimmune disorders and organ-specific
antibodies have been associated with vitiligo. Indirectly, the fact that different
topical therapies that work in vitiligo have immune-modulating effects, sustains
the notion of an autoimmune pathogenesis of the disease.
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20.4.1 Humoral Immunity

Antibodies to intracellular pigment cell antigens, nonpigment cell antigens (com-
mon tissue antigens), and cell surface pigment cell antigens are the different catego-
ries of antibodies in the sera of vitiligo patients. The presence of different antibodies
and the nonspecificity for melanocytes suggest that their formation may be a sec-
ondary phenomenon, following disruption of the melanocyte/keratinocyte unit and
destruction of melanocytes. Nonetheless, melanocytes are known to be more sensi-
tive than fibroblasts or keratinocytes to immune- or toxin-mediated injury, so even
these nonspecific antibodies may lethally damage the melanocytes, sparing the sur-
rounding cells [7].

20.4.2 Cellular Immunity

Primary or secondary to damage of melanocytes by specific cytotoxic T-cell immune
reaction may play a role in their destruction. An increased CD8/CD4 ratio has been
observed in the epidermotropic T cells of perilesional skin. These T cells frequently
juxtapose the remaining melanocytes and express the skin-homing cutaneous lym-
phocyte antigen [7, 8].

20.5 Viral Theory

The possible involvement of viruses [i.e., hepatitis C virus (HCV), hepatitis B virus
(HBV), Epstein-Barr virus, Cytomegalovirus (CMV), and HIV] in the etiopatho-
genesis or deterioration of vitiligo has been suggested by some authors. Active
immune surveillance may result in melanocyte destruction, either by killing cells
hosting infectious agents or attacking cells portraying similar antigens (antigen
mimicry) [9, 10].

20.6 Melanocytorrhagy Theory

This theory attempts to explain the Koebner phenomenon in vitiligo by proposing a
role of weak basal attachments of melanocytes. A minor friction or trauma and/or
other stressors (i.e., catecholamines, reactive oxygen species (ROS), or autoimmune
elements) can prompt the transepidermal migration and loss of melanocytes. The
concept of “melanocytorrhagy” or chronic melanocytes’” detachment together with
other theories has been used to explain a single integrated hypothesis of vitiligo
pathogenesis [11].
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20.7 Oxidative Stress Hypothesis

Oxidative stress hypothesis suggests that a lack of balance in the redox
(reduction-oxidation) state of the vitiligo affected skin leads to a considerable
production of reactive oxygen species, as H,O,. Abnormally low level of cata-
lase has been detected in vitiliginous skin, which correlates with high H,O,
levels in the epidermis. ROS, through oxidative processes, can damage biologi-
cal processes coupled with excessive H,0,, thus initiating melanocytic failure
and apoptosis. Langerhans cells can activate and trigger melanocytes reactive
immune response, leading to eradication of skin melanocytes, resulting in
depigmentation [12].

20.8 Double Strike Hypothesis

In 2010, Michelsen presented the double strike hypothesis that explains the
pathophysiological mechanisms of vitiligo and hypopigmentation associated
with melanoma. It states that two different major pathophysiological mecha-
nisms are involved in vitiligo causality: a humoral antibody-based mechanism
and a cellular T-cell-based mechanism. In diffuse vitiligo, the antibody-based
mechanism dominates, while the cellular mechanism dominates in localized
vitiligo [13].

20.9 Intrinsic Theory

It is postulated that an intrinsic defect leads to melanocyte apoptosis in vitiligo.
Abnormalities include: (1) circular rough endoplasmic reticulum (RER) profiles,
(2) dilated RER, and/or (3) membrane bound-compartments of melanosomes [14].

20.10 Integrated Theory (Convergence Theory)

Patients present in a variety of clinical types and state different histories of
onset of disease, which makes it appealing to believe that the etiology of vitiligo
varies among individual patients. A “convergence theory” suggests that stress,
genetic factors, mutations, infection, accumulation of toxic compounds, altered
cellular environment, autoimmunity, and impaired melanocyte migration and/or
proliferation can all play a role in pathogenesis of vitiligo. Vitiligo seems like a
syndromic entity with a multicausal etiology rather than a single disease [5, 10]
(Fig. 20.1).
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Fig. 20.1 Factors leading to melanocyte death
20.11 Conclusion

Though the exact causation of vitiligo still eludes us, it is safe to assume that several
different pathophysiologic mechanisms may be involved. Best supported is the
autoimmune hypothesis because of the numerous genetic associations and linkage
studies, in combination with abnormal cellular and humoral immunity. However,
the exact contribution of the aberrant immune responses in vitiligo pathogenesis has
not yet been permanently established. The neural, humoral, cytotoxic, and oxidative
stress hypotheses have modest evidence. The concept of melanocytorrhagy and
decreased melanocyte survival still has to be convincingly demonstrated. Because
all these ideas show promise, it seems probable that vitiligo, in reality, may be a
final end result of a variety of anomalies that exhibit a common phenotype. The trig-
gers underlying vitiligo pathogenesis may vary depending on the type and distribu-
tion of vitiligo patches. Further research works are necessary to clarify the interaction
of all the abovementioned mechanisms and factors for a better comprehension of
the pathophysiology of vitiligo and subsequent successful management.
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Chapter 21
Vitiligo Classification and Clinical
Presentations

Andreas D. Katsambas and Electra Nicolaidou

21.1 Introduction

Progressive loss of functional melanocytes characterizes vitiligo, presenting as
well-circumscribed white macules and patches on the skin. Affecting 0.1-2 % of the
general population worldwide, highest prevalence of 8.8 % was noted in Gujarat,
India [1].

Vitiligo can be a psychologically devastating disease, especially for patients with
darker skin phototypes, such as those with brown or black skin [2]. This chapter will
focus on the most recent classification of the various forms of the disease, with
emphasis on vitiligo presentation among patients with brown skin.

21.2 Classification

There is a need for a classification system that can both guide prognosis and lead to
a more homogenous reporting in vitiligo research. With this goal in mind, the
Vitiligo Global Issues Consensus Conference (VGICC), held in 2011 in Bordeaux,
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resulted in a consensus on vitiligo classification and nomenclature [3]. The two
main categories are shown in Table 21.1, as non-segmental vitiligo (NSV) and seg-
mental vitiligo (SV).

21.2.1 Vitiligo/NSV

The term vitiligo includes different usually multifocal clinical subtypes that are
all clearly distinct from SV. The depigmented macules and patches vary in size
from a few to several centimeters in diameter and involve both sides of the body
with a tendency toward symmetrical distribution. Vitiligo/NSV can be general-
ized, acrofacial, universal, mucosal, and mixed (associated with SV). Rare types
of vitiligo/NSV include vitiligo punctata and hypochromic vitiligo/vitiligo
minor.

21.2.1.1 Generalized Vitiligo

This is the most common form of the disease. It is characterized by lesions
involving the face, trunk, and extremities, usually in a symmetrical pattern
(Fig. 21.1).

Table 21.1 Main types of 1. Vitiligo/non-segmental vitiligo (NSV)
vitiligo, according to VGICC

classification [3]

1.1 Generalized
1.2 Acrofacial
1.3 Universal
1.4 Mucosal
1.5 Mixed
2. Segmental vitiligo (SV)

Fig. 21.1 Generalized vitiligo: symmetrical lesions on the shins and feet (a) and hands (b)
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21.2.1.2 Acrofacial Vitiligo

Acrofacial vitiligo is limited to the face, head, hands, and feet (Fig. 21.2).
Depigmentation of the distal fingers and facial orifices is usually present. Acrofacial
vitiligo may evolve into typical generalized vitiligo.

21.2.1.3 Universal Vitiligo (Vitiligo Universalis)

In wuniversal vitiligo, more than 80% of the body surface area is depigmented
(Fig. 21.3). It is the most extensive form of the disease, and hair involvement is also
common. Some pigmentation may be still present, especially in sun-exposed areas.
Universal vitiligo can be the end point of a progressive generalized vitiligo that has
evolved to nearly complete depigmentation of the skin and hair.

21.2.1.4 Mucosal Vitiligo

Mucosal vitiligo is characterized by involvement of the oral and/or genital mucosae
(Fig. 21.4). It is included in vitiligo/NSV when it is associated with skin involve-
ment. If the skin lesions are not present, mucosal vitiligo is classified as
undetermined/unclassified vitiligo.

Fig. 21.2 Acrofacial
vitiligo: lesions on the face
(lesions on the hands were
also present)
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21.2.1.5 Mixed Vitiligo

Mixed vitiligo refers to segmental vitiligo which has been followed by vitiligo/NSV
with a delay of at least 6 months [4]. In patients with mixed vitiligo, the “segmental”
part of the disease is usually more resistant to treatment. Risk factors for the pro-
gression of segmental to mixed vitiligo include the presence of halo nevi and leuko-
trichia [5].

Fig. 21.3 Universal
vitiligo: note the few
remaining islands with
normal pigmentation
(arrows)

Fig. 21.4 Mucosal vitiligo:
lesions on the prepuce and
glans penis
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21.2.1.6 Rare Types

Vitiligo punctata refers to multiple, small (confetti-like), sharply demarcated depig-
mented macules (Fig. 21.5).

Hypochromic vitiligol/vitiligo minor is characterized by the presence of
hypopigmented lesions alone or in association with completely depigmented
lesions [6]. This type of vitiligo/NSV has been very sparsely reported, and it
seems to be limited to dark-skinned individuals. Histological examination

should be performed to rule out hypopigmented mycosis fungoides
(Fig. 21.6).

21.2.2 Segmental Vitiligo

In segmental vitiligo, one or more vitiligo lesions are distributed on a unilateral
segment of the body. The lesions usually (but not always) respect the midline
(Fig. 21.7).

Mono-segmental vitiligo is the most common form of SV. Rarely, multiple seg-
mental lesions are noted either unilaterally or bilaterally. The onset of these multiple
lesions can be simultaneous or not.

Segmental vitiligo may progress to mixed vitiligo, if lesions that correspond to
vitiligo/NSV appear in a patient with segmental disease.

Fig. 21.5 Vitiligo
punctate: confetti-like
lesions
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21.2.3 Undetermined/Unclassified Vitiligo

Focal vitiligo refers to one or more acquired lesions that do not fit a segmental dis-
tribution. This form may evolve into either SV or vitiligo/NSV.

Mucosal vitiligo is classified as undetermined/unclassified vitiligo when oral
and/or genital mucosal lesions occur without skin involvement. If skin involvement
exists, mucosal vitiligo is included in vitiligo/NSV.

Fig. 21.6 Mycosis
fungoides lesions
resembling hypochromic
vitiligo

Fig. 21.7 Segmental
vitiligo (erythema inside
the vitiligo lesion is caused
by atopic dermatitis)
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21.3 Clinical Presentations

Vitiligo usually presents with sharply demarcated, totally amelanotic (milk-white)
macules and patches surrounded by normal skin. Lesions can be round, oval, or
completely irregular in shape, and they range from millimeters to several centime-
ters in diameter. In patients with brown or black skin, the contrast between the
lesional and normal skin is striking. The lesions are usually asymptomatic. Pruritus
has been reported in rare cases.

Lesions can appear anywhere on the body, and they are usually symmetric.
Typical sites include the face, nipples, axillae, dorsal surface of the hands, anogenital
region, elbows, knees, shins, and dorsal surface of feet [7]. The disease seems to
favor sites that are subjected to repeated trauma, friction, or pressure.

Leukotrichia may be associated with vitiligo lesions. On the scalp, vitiligo often
presents as localized patches of white hair (poliosis) (Fig. 21.8). Scattered white
hairs or even total depigmentation of all scalp hair can also occur.

The onset of the disease is usually insidious. Most patients become aware of the
lesions during the spring or summer, when the contrast between the normal and
lesional skin is greater due to the tan produced by sun exposure. In a recent clinical
study that included more than 1,000 patients from Gujarat, India, the lower limb was
the most common site of initial disease presentation (41.5 % of patients), followed

Fig. 21.8 Leukotrichia in
vitiligo patient
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Fig. 21.9 Trichrome
vitiligo: is a zone between
the normal and lesional
skin with an intermediate
degree of pigmentation

by the scalp, face, upper limb, and trunk [1]. In another study from India that
included 625 children with vitiligo, the most common site of onset was the head and
neck, followed by the lower limbs, trunk, upper limbs, and mucosa [8]. The head
and neck was the most common site of initial disease presentation in another study
from India that included 182 patients with disease onset after 50 years of age [9].

The most common form of vitiligo is the generalized form of vitiligo/NSV. In the
study from Gujarat, India, generalized vitiligo was present in 58 % of patients, fol-
lowed by acrofacial (28 %), segmental (7 %), universal (7 %), and mucosal form [1].
Generalized vitiligo was also the most prevalent form in the study that included
pediatric population with 78 % of patients, followed by focal (14.4 %), segmental
(4.6 %), and acrofacial form (1.6 %) 8], as well as in the study that included patients
with disease onset after 50 years of age with 84 % of patients, followed by focal
(5.5 %), segmental (4.4 %), and acrofacial (3.8 %) [9]. The course of vitiligo/NSV is
unpredictable. It may regress spontaneously, stabilize for a long period of time,
show a slow progression, or exacerbate acutely. When the disease is progressive,
new lesions may appear or/and the old ones may enlarge centrifugally.

Vitiligo lesions are often described as active or stable. A stable lesion is one that
has not changed in the past 12 months [3]. A variant of active disease is trichrome
vitiligo, in which there is a zone of varying width between the normal and lesional
skin with a uniform intermediate degree of pigmentation, which gives the impres-
sion of “three color” (Fig. 21.9). The number of melanocytes has also been found to
be intermediate in this zone [10].

Segmental vitiligo is characterized by a different clinical presentation and differ-
ent prognosis, compared to vitiligo/NSV. Clinically, in segmental vitiligo, one or
more lesions are distributed on a unilateral segment of the body. SV spreads within
the segment over a period of 1-2 years and then the disease is usually stabilized. It
is more common in patients with disease onset in childhood, compared to patients
with disease onset during adolescence or adulthood [11]. The reported rate (4.6 %)
of segmental vitiligo among children with brown skin [8] is lower, compared to
children from other ethnic groups [11].
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Halo nevus, an acquired melanocytic nevus surrounded by a halo of depigmenta-
tion, may also be present in vitiligo patients. It may be solitary or multiple and can
occur alone or in combination with vitiligo. The exact relation between halo nevi
and vitiligo remains to be elucidated [12, 13]. Halo nevi were present in 4.4 % of
children [8] and 3.8 % of adult patients [12] with vitiligo from India. Higher rates,
up to 31 %, have been reported in white patients [12].

21.4 Conclusion

The new VGICC classification system attempts to meet the need for a classification
system that can both guide prognosis and lead to a more homogenous reporting in
vitiligo research.

In vitiligo patients with brown skin, the striking difference between the lesional
and healthy skin can impose a huge burden, as far as quality of life is concerned.
The most common type of vitiligo in patients with brown skin is the generalized
form. Rates of segmental vitiligo seem lower in patients with brown skin, compared
to patients from other ethnic groups
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Chapter 22
Dermoscopy in Vitiligo

Devinder Mohan Thappa, Laxmisha Chandrashekar, and Munisamy Malathi

22.1 Introduction

Vitiligo, an acquired, idiopathic disorder characterized by circumscribed depig-
mented macules with convex borders, is primarily a clinical diagnosis without the
need for diagnostic tools. The presence of clinically evident leukotrichia further
enhances diagnostic accuracy and also signifies poorer prognosis especially in
segmental vitiligo. However, diagnostic difficulties arise occasionally when focal
vitiligo needs to be differentiated from chemically induced leukoderma, tinea versi-
color, pityriasis alba, halo nevus, depigmented nevus, and postinflammatory
hypopigmentation (PIH). Moreover, in many circumstances a diagnosis of early
localized vitiligo cannot be definitely made, based on clinical examination alone.
Since vitiligo is associated with significant emotional disturbances, a reliable early
diagnosis is essential to initiate appropriate counseling and early treatment. In such
conditions, dermoscopy, the dermatologist’s stethoscope, might play a role in obvi-
ating the need for a skin biopsy for histopathological confirmation, especially in
children.
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22.2 Role of Dermoscopy in Vitiligo

Dermoscopy (digital epiluminescence microscopy or “dermatoscopy”), by magni-
fying the clinical image manifold, allows for the appreciation of subtle features
invisible to the naked eye. To date, dermoscopy has been reported to be beneficial in
certain circumstances in vitiligo:

* Diagnosis of early vitiligo [1]

* Assessment of the stage of the disease (evolution, stability, or repigmentation)
(2,3]

* Assessment of treatment response by detecting clinically inapparent leukotrichia
especially in the segmental variant [4]

* Diagnosis of blue vitiligo [5] and nail trichrome vitiligo [6]

» Differentiation of guttate vitiligo from idiopathic guttate hypomelanosis [7]

22.3 Dermoscopic Patterns Described in Vitiligo

Dermoscopy facilitates the recognition of vitiligo, by revealing characteristic
depigmentation patterns. A pattern of hypopigmentation with residual perifollicular
pigmentation (Fig. 22.1) has been described as a specific pattern in vitiligo by Chuh
and Zawar [1]. The residual perifollicular pigmentation is a well-described phenom-
enon in vitiligo seen in active lesions, as well as lesions in spontaneous remission or
after treatment. This is because, in the early phase of the disease, the melanocytes in

Fig. 22.1 Retention of
perifollicular pigmentation
in early lesion of vitiligo
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the interfollicular compartment are lost, followed by loss of melanocytes in the
perifollicular compartment. However, this specific sign seen in vitiligo has also
been reported in idiopathic guttate hypomelanosis [7].

22.4 Dermoscopic Findings in the Diagnosis of Early Vitiligo

Thatte and Khopkar [3] in their recent study have reported the following dermo-
scopic findings in evolving vitiligo: reduced/absent (Fig. 22.2), reversed pigmentary
network (Fig. 22.3), perifollicular and perilesional hyperpigmentation (Fig. 22.4),
and a diffuse white glow under UV light. The predominant findings noted were
reduced (40 %), absent (30 %), and reversed pigmentary network (20 %).

Reversed pigmentary network, a well-described finding in the dermoscopy of
melanoma and melanocytic nevus, refers to a white or depigmented net-like pattern
with pigmentation. It is similar to the salt and pepper pattern reported by
Chandrashekar [2]. In vitiligo, there is a gradual loss of melanocytes and melanin
which allows the light to directly pass into the dermis without being reflected by the
melanocytes and melanin. This leads to a window through which light passes into
the dermis and is reflected by dermal collagen.

In the initial stages of evolving vitiligo, this leads to an area of relative hyperpig-
mentation produced by the pale area corresponding to the papillary dermis in the
normal reticulate pattern of pigmentation. The appearance of “reversed pigmentary
network pattern” in evolving vitiligo is thus seen.

Identification of leukotrichia in nonlesional skin on dermoscopy may also be
considered as an earlier dermoscopic marker of impending vitiligo. In a recent

Fig. 22.2 Absence of
pigment network with
Koebner phenomenon in
an early lesion of vitiligo
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Fig. 22.3 Reversed
pigmentary network in an
early lesion of vitiligo

Fig. 22.4 Perifollicular
pigmentation with reduced
pigment network in an
early lesion of vitiligo

report by Sonthalia et al. [8], perifollicular depigmentation and evolving leukotrichia
in areas of clinically unaltered pigmentation has been suggested as an early predic-
tive sign of impending vitiligo.

22.5 Dermoscopic Features to Assess the Stage of Vitiligo

Assessing the stability of vitiligo when considering vitiligo surgery is another area
where the dermoscope comes as a handy tool. There are various well-described clin-
ical signs of progressive activity like confetti macules, koebnerization, onset of new



22 Dermoscopy in Vitiligo 211

Fig. 22.5 Perifollicular
hyperpigmentation in a
case of stable repigmenting
vitiligo

macules, and trichrome. In a Chinese study [9], it was reported that residual perifol-
licular pigmentation was observed in 91.94 % of patients with progressive vitiligo
when compared to 62.86 % of those with stable vitiligo. There was no residual peri-
follicular pigmentation observed in nonvitiligo depigmented lesions. The presence
of telangiectasia, early reservoirs of pigmentation, and perilesional hyperpigmenta-
tion was reported to be related to the stage of vitiligo and treatment history of
patients.

Chandrashekar [2] has reported various signs associated with stable and pro-
gressive vitiligo. The various dermoscopic findings associated with stability and
repigmentation of vitiligo are marginal and perifollicular hyperpigmentation
(Fig. 22.5), reticular pigmentation (well-defined pigment network within the
depigmented macule), and marginal reticular pigmentation (well-defined pigment
network at the margins of the macule) (Fig. 22.6). The various dermoscopic find-
ings associated with progressive vitiligo include polka dot or confetti-like (depig-
mented dots distributed in a polka dot pattern) (Fig. 22.7), comet tail
(micro-Koebner phenomenon) (Fig. 22.8), starburst or nebulous (Fig. 22.9), tri-
chrome vitiligo (three zones, brown, tan, and white) (Fig. 22.10), and salt and
pepper pattern.

22.6 Dermoscopic Features to Assess Treatment Response
by Detecting Clinically Inapparent Leukotrichia

Prominent rarefaction and pigment reduction in terminal hair shafts might suggest
impending leukotrichia [8]. In segmental vitiligo, detection of leukotrichia
(Fig. 22.11) with the help of dermoscopy might be a useful predictor of treatment
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Fig. 22.6 Marginal
reticular
hyperpigmentation in a
stable vitiligo

Fig. 22.7 Polka dots
(confetti macules) in active
lesions of vitiligo

response and decision on treatment modalities, as the presence of leukotrichia
suggests poor response to treatment [4]. Repigmentation of vitiligo macules associ-
ated with leukotrichia may be minimal or absent because the loss of hair melanocytes
is usually permanent, and repigmentation may not be possible with medical therapy.
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Fig. 22.8 Absent
pigmentary network with
comet tail-like projection
(micro-Koebner
phenomenon)

Fig. 22.9 Starburst
appearance with absent
pigmentary network in
progressive vitiligo

22.7 Dermoscopic Features in the Diagnosis of Blue Vitiligo

Blue vitiligo is a distinct rare variant of vitiligo. It is characterized by a blue-gray
appearance corresponding histologically with the absence of epidermal melanocytes
and presence of numerous dermal melanophages. This occurs due to PIH following
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Fig. 22.10 Trichrome sign
with three shades seen in a
case of progressive vitiligo

Fig. 22.11 Leukotrichia
with marginal reticular
hyperpigmentation in a
case of stable vitiligo

psoralen chemotherapy. The blue color could be due to enhanced absorption and
scattering of visual light by deep dermal melanin. The dermoscopic findings that aid in
the diagnosis of this rare condition include a linear depigmented macule in the center
with multiple blue dots (representing the dermal melanin) (Fig. 22.12) at the interface
between the blue macule and hypopigmented macule, absence of epidermal melanin
on the side of the blue macule, and reticular pigmentation with a few depigmented
macules and scattered blue dots over the side of the hypopigmented macule [5].
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Fig. 22.12 Absent
pigmentary network with
multiple blue dots in a case
of blue vitiligo

22.8 Dermoscopic Features in the Diagnosis of Nail
Trichrome Vitiligo

Trichrome vitiligo, a marker of disease activity, is characterized by macules with an
intermediate zone of hypochromia located between the achromic center and the
peripheral unaffected skin. Though clinically evident, it is better appreciated with a
dermoscope. Trichrome vitiligo of the nail unit presenting with brown, light brown,
and achromic areas has been reported to be better identified with a dermoscope,
indicating disease progression [6].

22.9 Dermoscopic Features Differentiating Guttate Vitiligo
from Idiopathic Guttate Hypomelanosis

Sometimes, it might be difficult to differentiate a guttate vitiligo from idiopathic
guttate hypomelanosis by clinical examination, especially in darker races. But dif-
ferentiating the two conditions is of prognostic and therapeutic significance.
Errichetti and Stinco reported the detection of cloudy or cloudy sky-like pattern in
idiopathic guttate hypomelanosis. Guttate vitiligo shows a dense/glowing white
shade and possible follicular hyperpigmentation but typically lacks a hyperpig-
mented patchy network [10].
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22.10 Conclusion

Noninvasive investigations like dermoscopy have a role in vitiligo when the diagno-
sis is uncertain, as in the early disease, and for objective evaluation of treatment
response. However, dermoscopy in vitiligo is in its infancy with only few published
case reports and series, thus warranting the need for standardization of nomencla-
ture for uniform reporting and validation of findings.
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Chapter 23
The Histopathology of Vitiligo in Brown Skin

Johannes F. Dayrit

23.1 Importance of Histopathology in Vitiligo

The diagnosis of vitiligo based on clinical grounds is often straightforward when
presentation is classical. However, when the presentation is atypical, cases should
be referred for expert assessment by a dermatologist [1]. More commonly observed
differential diagnoses of vitiligo in brown skin include chemical leukoderma,
idiopathic guttate hypomelanosis, pityriasis alba, hypopigmented mycosis fungoi-
des, and tuberculoid leprosy. Histopathology can confirm the diagnosis of vitiligo
and can assist to differentiate it from other disorders in ambiguous cases [2].

In the assessment of histopathological findings of vitiligo in pigmented skin, it is
important to remember that there is no variation in melanocyte concentration and
density among races [3]. Melanosomes in pigmented skin, however, are noted to be
distributed throughout the entire epidermis, with dense clusters in the basal layer
and heavy pigmentation in the stratum corneum. In fair white skin, only few mela-
nosomes are observed in the basal layer and the stratum malphigi [4-6].

The exact reason of melanocyte loss in vitiligo remains unclear and debatable,
but more recent observations have implicated the role of cellular immunity in the
pathogenesis [7].
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23.2 Epidermis

A biopsy of vitiliginous skin (Fig. 23.1a) shows thinning of the epidermis in 53 %
of cases [8], absence of melanocytes in the basal cell layer, and complete loss of
melanin pigments (Fig. 23.1b). The advancing edge of the lesion may show larger
melanocytes, often vacuolated with giant melanosomes and increased number of
dendrites. Occasionally, a lymphocyte is present next to a melanocyte showing early
apoptosis [9, 10] (Fig. 23.2a, b). Effacement of the dermoepidermal junction is pres-
ent in 39 % of cases [8].

In a recent study done by Wang et al. [11] in 20 patients diagnosed with non-
segmental vitiligo, the immunohistochemical marker Melan-A was used to quantify
melanocytes in normal-appearing lesional skin, depigmented lesional skin, and the
leading edge skin from vitiligo lesions. Abundant expression of Melan-A was
observed in pigmented lesional skin, highlighting melanized keratinocytes and
melanocytes found at the dermoepidermal junction (DEJ). By comparison,

Fig. 23.1 Clinical picture of vitiligo in a Filipino (a) and histopathology (b) showing absence of
melanocytes and melanin in the basal cell layer (arrow) (H & E, x 40)

Fig. 23.2 (a) Melanocytes showing apoptosis (arrow) may be seen in some biopsies with either
follicular repigmentation or at the edge of the lesion; (b) A lymphocyte (arrow) is present next to
an apoptotic melanocyte (H & E, x400)
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melanocytes were absent, and no positivity was observed in depigmented lesional
skin samples. However, staining of the leading edge of depigmented vitiligo skin
showed fewer Melan-A-positive cells (Fig. 23.3a), which are apoptotic and show
distorted cellular morphology (Fig. 23.3b, c).

The number of epidermal Langerhans cells is greater in the leading edge and lesional
skin as compared to non-lesional skin, shown through the use of immunohistochemical
markers CD207/Langerin and CD1 1c. The Langerhans cells reside in the lower half of
the epidermis in contrast to non-lesional pigmented skin where they are uniformly
distributed in the stratum malphigi. More mature and activated Langerhans cells are
found in the leading edge vitiligo skin compared to non-lesional and depigmented
lesional skin as demonstrated by the markers HLA-DR+ and DC-LAMP+ [11].

Fig. 23.3 Immunohistochemistry of the leading edge of depigmented vitiligo skin shows mark-
edly decreased number of Melan-A-positive melanocytes in the basal cell layer (a) and highlights
apoptotic melanocytes showing distorted morphology (arrows, b, ¢) (Melan-A stain x400)
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23.3 Dermis

A review of 74 vitiligo specimens revealed (1) perivascular mononuclear inflamma-
tory cell infiltrates in 30 %, (2) sweat gland degeneration in 72 %, (3) sebaceous gland/
hair follicle degeneration in 38 %, and (4) nerve degeneration in 78 % [8] (Fig. 23.4a).
A mild lymphocytic infiltrate in the upper dermis is a common finding [12]
(Fig. 23.4b).

By immunohistochemistry, the pan T-cell marker CD3+ and the cytotoxic CD8+
cells are observed in depigmented lesional skin, further suggesting T-cell-mediated
cytotoxicity as one of the mechanisms for melanocyte killing. Also, majority of T
cells are found to be both CD3+ and CD4 +(>60 %) [11]. At the leading edge skin
of vitiligo lesions, the CD3+ cells are located in the papillary and upper reticular
dermis where they form aggregates and are frequently observed to be hugging the
basal cell layer or directly infiltrating the epidermis [11]. These cells correspond to
the perivascular and focally lichenoid infiltrate of lymphocytes located close to the
epidermis (Fig. 23.5a, b).

DATEN

Fig. 23.4 (a) The dermis reveals decreased number of adnexal structures (H & E x40) and (b) a
mild predominantly lymphocytic inflammatory infiltrate (H & E x400)

Fig. 23.5 (a) A biopsy on the advancing edge of the lesion shows mononuclear cells in the papil-
lary dermis, either in clumps (black arrows, H & E x40) or as single cells moving toward the epi-
dermis (red arrows, H & E x400)
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23.4 Special Stains Used in Vitiligo

Useful special stains which can detect both active and dormant melanocytes include
HMB45, Mel-5, and NKI/beteb. DOPA detects active melanocytes, and a pan-melanoma
cocktail HMB45 +tyrosinase + MART-1 (Melan-A) can maximize yield [13-15].

For research purposes, T-cell CD markers CD3 and CDS are used to highlight and
quantify infiltrating and dermal lymphocytes. CD 207/Langerin, integrin CDl1lc,
HLA-DR, DC-LAMP, and CD83 are additional immunohistochemical stains used to
quantify and detect the activity of Langerhans and dermal dendritic cells.

23.5 Differential Diagnosis

23.5.1 Idiopathic Guttate Hypomelanosis (IGH)

IGH is characterized by 2-5 mm hypopigmented or porcelain-white macules usu-
ally seen on sun-exposed extremities of the elderly (Fig. 23.6a). Histopathologically,
IGH is characterized by hyperkeratosis of the stratum corneum, atrophic epidermis
with flattened rete ridges, decreased melanin content, and reduced melanocytes in
the basal layer (Fig. 23.6b). In a study by Kim et al. [16] comparing lesional and
normal skin, hyperkeratosis was a common feature in patients with IGH, but atro-
phic epidermis and flattened rete ridges were not. There was also a significantly
decreased amount of melanin pigment and detectable melanocytes in the epidermal
layers of IGH skin compared to normal skin. The decrease in pigmentation in IGH
therefore could be due to decreased number and dysfunction of degenerative mela-
nocytes in addition to a decreased number of melanosomes in some melanocytes.

IGH is thus characterized histopathologically by hyperkeratosis, decreased mel-
anin, and melanocytes, in contrast to vitiligo where a complete loss of melanin pig-
ment and absence of melanocytes are seen [9].

Fig. 23.6 (a) Clinical picture of idiopathic guttate hypomelanosis in brown skin and (b) histo-
pathological findings of flattened rete ridges and markedly decreased number of melanocytes and
melanin in the basal cell layer (H & E x100)
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Fig. 23.7 (a) Pityriasis alba in a Filipino boy presenting as a hypopigmented patch on the cheeks
and (b) histopathological findings of spongiosis and normal number of melanocytes in the basal
cell layer (H & E x400)

23.5.2 Pityriasis Alba (PA)

Pityriasis alba (PA) is characterized by variably hypopigmented slightly scaling
patches seen on the face, neck, and shoulders of patients with or without atopic
dermatitis (Fig. 23.7a). According to In et al. [17], biopsy specimens of patients
assessed with PA revealed spongiosis with exocytosis, hyperkeratosis, and acantho-
sis in the epidermis; dermal perivascular lymphocytic infiltrates were seen, but not
common. The main findings of PA are in the pilar apparatus and include follicular
plugging, follicular spongiosis, and atrophic sebaceous glands. There were no sig-
nificant differences in the number of melanocytes between lesional and normal skin,
which both show a normal number of melanocytes in the basal cell layer (Fig. 23.7b).
Electron microscopy also revealed degenerative changes in some melanocytes and
a reduced number of melanosomes in the keratinocytes from lesional skin.

PA therefore is characterized histopathologically by follicular plugging, follicu-
lar spongiosis, atrophic sebaceous glands, degenerative changes in melanocytes,
and reduced number of melanosomes, in contrast to vitiligo where a complete loss
of melanin pigment and absence of melanocytes are seen [9].

23.5.3 Hypopigmented Mycosis Fungoides

Hypopigmented mycosis fungoides is a rare variant of MF commonly presenting in
young and adolescent patients with darker skin types [18] (Fig. 23.8a). Clinically,
lesions may mimic vitiligo, atopic dermatitis, postinflammatory hypopigmentation,
leprosy, tinea versicolor, or pityriasis alba [19]. A high level of clinical suspicion is
needed to make a diagnosis of this condition. Histologically, lesions present with
epidermotropism of solitary or clusters of lymphocytes (Pautrier microabscesses)
(Fig. 23.8b, ¢) which is predominantly CD4+ or in some cases CD8+ [20]. Other
key diagnostic features include hydropic degeneration of basal cells, partial loss of
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Fig. 23.8 (a) Hypopigmented mycosis fungoides in an 8-year-old Filipino girl with (b) epider-
motropism of medium-sized, haloed lymphocytes in the lower part of the epidermis (H & E x40).
(¢) The lymphocytes present as either clumps or “string of pearls” (arrows) and the underlying
collagen appears wiry (H & E x400)

pigment with preservation of melanocyte, and presence of lymphocytes within the
papillary dermis [21]. Though the pathogenesis of this type of MF is not fully elu-
cidated, the hypopigmentation may be attributed to the cytotoxic effect of the
T-suppressor lymphocytes on melanocytes [19]. Patients have shown good response
with topical mechlorethamine, PUVA, and UVB [18].

23.5.4 Indeterminate and Tuberculoid Leprosy

Hansen disease is a chronic infection caused by Mycobacterium leprae affecting
mainly the skin and peripheral nerves. The disease is highly infective but with low
virulence and a long incubation period [22]. The indeterminate type is the earliest
form and most often overlooked clinically. Lesions present as single or multiple
hypopigmented or faintly erythematous macules usually on the extremities with
normal or impaired sensation [23]. Lesions of tuberculoid leprosy may be hypopig-
mented and resemble clinically indeterminate lesions (Fig. 23.9a). The presence of
palpable induration, patches of erythema, and more prominent anesthesia, anhidro-
sis, and nerve enlargement distinguishes indeterminate lesions from tuberculoid
lesions clinically. The characteristic histopathological findings include a superficial
and deep dermal infiltrate around blood vessels, dermal appendages, and nerves
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Fig. 23.9 (a) Clinical picture of tuberculoid leprosy presenting as a single, hypopigmented, and
hypoesthetic patch on the cheek; (b) histopathology shows nodular and elongated epithelioid gran-
ulomas (arrows) surrounding adnexal structures and nerves (H & E x100)

(Fig. 23.9b), composed predominantly of lymphocytes with few macrophages. Less
than 5 % of the dermis is involved by the infiltrate. Scanty acid-fast bacilli may be
seen in the perineural infiltrate, arrectores pilorum muscles, and the dermal nerves
[24]. There is a decreased pigment in the basal cell layer and in some cases reduc-
tion in melanocytes was also reported. The pathogenesis of the hypopigmentation is
still unknown [23].

23.6 Conclusion

Limited research and publications have been done on the histopathology of vitiligo
in brown skin. A nonspecific diagnosis of postinflammatory pigmentary alteration
(PIPA) is often issued in reports, which does not exactly validate the clinical impres-
sion of the dermatologist and may even be a source of controversy in some cases.
Immunohistochemical studies should likewise be conducted to highlight the cellular
immune elements which potentially drive the unique inflammatory responses,
which eventually lead to apoptosis and loss of melanocytes.
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Chapter 24
Differential Diagnosis of Vitiligo in Brown Skin

Ma. Teresita G. Gabriel, Gracia B. Teodosio, and Nani Kumala Dewi Tasmin

24.1 Introduction

Various conditions have similar clinical presentation with vitiligo. Alikhan et al.
classified the different differential diagnosis of vitiligo into occupational iatrogenic
chemical leukoderma, genetic syndromes, malformations, idiopathic, infections,
neoplastic, and postinflammatory hypopigmentation [1]. Listed in Table 24.1 are the
mimickers of vitiligo, as we see it among people with brown skin. Good history
taking, a thorough physical examination, and the judicious use of histopathology
generally yield a straightforward diagnosis.

24.2 Genetic Syndromes

24.2.1 Piebaldism

Piebaldism is an autosomal dominant disorder in tyrosine kinase transmembrane
receptor of the melanocyte. This congenital condition is characterized by an exten-
sive, symmetrically distributed depigmented areas. It has been reported in all races
with equal sex distribution [2]. Midfrontal poliosis (Fig. 24.1) is seen in 80-90 % of
cases. Depigmentation, however, may cover minimal to extensive areas of the entire
body. Histopathology reveals a decreased number or total absence of melanocytes
and melanin.
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Camouflage or surgical grafting may be helpful and autologous noncultured epi-
dermal cell transplantation has been reported with good result [2, 3].

Table 24.1 Mimickers of vitiligo among people with brown skin

Classification

Disease

Occupational leukoderma

Phenols and other derivatives

Genetic syndromes

Piebaldism

Tuberous sclerosis

Hypomelanosis of Ito

Malformations Nevus anemicus
Nevus depigmentosus
Idiopathic Idiopathic guttate hypomelanosis
Lichen sclerosus et atrophicus
Infections Tinea versicolor
Leprosy
Syphilis
Neoplastic Mycosis fungoides

Halo nevus

Postinflammatory hypopigmentation

Pityriasis alba

Atopic dermatitis/allergic contact dermatitis

Phototherapy-induced hypopigmentation

Hypopigmented scar

Psoriasis

Discoid lupus erythematosus

Scleroderma

Topical drug-induced depigmentation

Fig. 24.1 Midfrontal poliosis in a Filipina with piebaldism
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24.2.2 Tuberous Sclerosis

Tuberous sclerosis complex (TSC) is an autosomal dominant multisystem neurocu-
taneous syndrome with characteristic features of multiple hamartomas distributed
throughout the skin, central nervous system (CNS), eye, heart, kidney, liver, and
lungs. Two-thirds of cases are sporadic. The true incidence of this condition is
unknown but reports were between 1 in 5,800 and 1 in 10,000 [4].

There are two different types of hypopigmented macules in TSC: medium- to
large-sized hypopigmented macules and tiny confetti-like macules. The ash-leaf
macule/spot, which can be mistaken for a vitiligo lesion, is the most characteristic
type of hypopigmented lesion in TSC. It is lance-ovate shaped, often linear, usually
1.0-12 cm in diameter, with one end rounded and the other sharp tipped (Fig. 24.2).
This typical lesion predilects the trunk and buttocks.

The confetti-like lesions (Fig. 24.2, arrows) are characterized by tiny 1-3 mm white
spots, symmetrically distributed, typically over the extremities. The hypopigmentation
is enhanced by Wood’s lamp examination. Histopathology reveals reduction in the
number of melanocytes and a decrease in melanosome size and epidermal melanin.

There are notable cutaneous findings in TSC, not evident in vitiligo. Facial
angiofibromas are benign hamartomas pathognomonic of TSC, which appear as
multiple smooth, firm, pink, 1-5-mm papules over the nasolabial folds, cheeks, and
chin (Fig. 24.3a). Shagreen patch is a connective tissue nevus appearing as skin-
colored to yellow plaques with irregular pebbled surface and is typically located
over the back and buttocks (Fig. 24.3b). Periungual fibromas or angiofibromas are
seen as conical, pink, firm projections from the proximal nail folds of fingers and
toes which usually arise during puberty.

Fig. 24.2 Hypomelanotic
patch in TSC: notice the large
ash-leaf spot and small
confetti-like lesions (arrows)
on the left thigh of a Filipino
patient
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Fig. 24.3 Filipino male with facial angiofibromas on the nasolabial folds (a) and shagreen patches
on the back (b)

Extracutaneous manifestations, if present in TSC, differentiate it further from

vitiligo:

e CNS: Tumors producing seizures such as cortical tubers, periventricular calcification,
subependymal hamartomas, astrocytomas, infantile spasms, and mental retardation.

e Eye: Retinal hamartomas (phakomas) are seen in 50 % of patients with tuberous
sclerosis which appear as gray to yellow plaques on the retina.

e Heart: Cardiac rhabdomyoma.

* Kidney, liver, thyroid, testes, and GIT: Hamartomas of mixed cell type.

e Others: Angiomyolipoma, multiple renal cysts, enamel pits, gingival fibromas,
phalangeal cysts, periosteal thickening, and pulmonary cysts.

The management of TSC is presently symptomatic. However, some recent thera-
peutic trials of mammalian target of rapamycin (mTOR) pathway antagonists such
as rapamycin (sirolimus) showed potential therapeutic options for TSC patients [4].

24.3 Malformations

24.3.1 Nevus Anemicus

Nevus anemicus (Fig. 24.4) usually presents at birth with an irregularly shaped
hypochromic patch, varying from one to several centimeters in size. The con-
trast with the surrounding non-lesional skin disappears upon application of
pressure [5]. Highly sensitive a-adrenergic receptors of endothelial cells in the
affected areas lead to vasoconstriction of small vessels; E-selectin expression is
reported to be decreased [6]. Emotional stress and physical activities are shown
to be trigger factors. The lesion is usually found on the trunk but the face and
extremities may be affected. No abnormal findings are noted on histopathologic
evaluation, differentiating it from vitiligo. No treatment is needed for this
condition.
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Fig. 24.4 Nevus anemicus on the back of
a 25-year-old Filipino male.
Histopathology showed normal skin
findings

Fig. 24.5 Nevus depigmentosus, isolated
variant, present at birth in a Filipino patient

24.3.2 Nevus Depigmentosus

Nevus depigmentosus presents as a well-circumscribed irregularly bordered
hypopigmented macule or patch that becomes visible from birth or during the first
year of life. It presents as hypopigmentation rather than depigmentation, in contrast
to vitiligo. It remains stable in its relative size and distribution throughout life.
A defect in the transfer of melanosomes from melanocytes to keratinocytes has been
reported [7]. There are three clinical variants: isolated (solitary and well-defined
lesion) (Fig. 24.5), segmental (unilateral, band-shaped, Blaschkoid distribution
lesions), and systematized form (extensive, whorls, and streaks of hypopigmenta-
tion following the lines of Blaschko). Nevus depigmentosus is usually not associ-
ated with any systemic manifestations. However, the variants manifesting with the
Blaschkoid pattern have been associated with developmental disorder and epilepsy.
Histopathology reveals marked reduction of melanin with variable melanocyte
count (normal to decreased).
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Camouflage may be required. Surgical grafting has been reported with poor to
good repigmentation; recurrence was noted during follow-up [3].

24.4 Idiopathic

24.4.1 Idiopathic Guttate Hypomelanosis

Idiopathic guttate hypomelanosis (IGH) is a common, benign, idiopathic leukoder-
mic dermatosis, which manifests as asymptomatic, small, 0.2—1.6 cm, achromic, or
hypopigmented macules on the sun-exposed areas of the upper and lower extremi-
ties (Fig. 24.6). Patients usually have associated signs of photoaging, including atro-
phy, lentigines, and xerosis. This condition is commonly seen among the elderly,
over the age of 50, with female predisposition [8].

The pathogenesis of IGH is not completely understood, but a multifactorial etiol-
ogy is more likely to be involved, such as senile degeneration, sunlight exposure,
and trauma. On histopathology, slight basket-weave hyperkeratosis with epidermal
atrophy and flattening of the rete ridges is seen. There is a decrease in melanocytes
and epidermal melanin with irregular distribution of pigment granules.

Vitiligo differs from IGH in terms of both age of onset and the size and distri-
bution of lesions. Together with sun protection, reassurance is required in most

Fig. 24.6 Idiopathic guttate
hypomelanosis on the right forearm
of a 65-year-old male gardener
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patients with IGH. Topical tretinoin, steroids, and calcineurin inhibitors have been
proposed to improve the lesions of IGH. However, careful destruction using
trichloroacetic acid, liquid nitrogen, or superficial dermabrasion is the most
effective treatment [9, 10]. Some reports also showed promising result with frac-
tional CO, laser [11].

24.5 Infections

24.5.1 Leprosy (Hansen’s Disease)

Leprosy is a chronic mycobacterial infection of the skin and peripheral nerves that
is caused by Mycobacterium leprae. According to the World Health Organization
(WHO), endemic countries for leprosy are India, Brazil, Indonesia, Nigeria,
Ethiopia, Bangladesh, and other countries in Southeast Asia, Africa, and Western
Pacific region [12]. The Ridley-Jopling classification divided the disease into tuber-
culoid (TT), borderline (BT, BB, BL), and lepromatous leprosy (LL). The WHO
supports only two spectrums, based on the number of acid-fast bacilli (AFB) found
in the tissues: paucibacillary (PB) and multibacillary (MB) leprosy. The lesions of
leprosy may manifest as solitary to multiple hypopigmented patches (Fig. 24.7)
with hypoesthesia and sometimes accompanied by enlargement of peripheral nerve
or palsy. Histopathological examination reveals granulomatous dermal infiltrate of
predominant foamy histiocytes in perivascular, periadnexal, and perineural areas
with or without grenz zone. A definite diagnosis of leprosy requires demonstration
of a consistent peripheral nerve abnormality or AFB in tissues. Slit-skin smear

Fig. 24.7 Multiple
hypoesthetic
hypopigmented patches in
a 36-year-old Filipino male
with lepromatous leprosy
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examination with modified Ziehl-Neelsen stain will help to demonstrate the
AFB. Absence of hypoesthesia, nerve abnormalities, and distinct histopathology
findings clearly distinguish vitiligo from leprosy.

The WHO recommended the use of multidrug therapy program for treating PB
(rifampicin, dapsone) and MB (rifampicin, clofazimine, and dapsone) leprosy with
satisfactory results. However, with the emergence of resistant cases, treatment fail-
ures have been reported. Options for these cases are the use of other bactericidal
agents as clarithromycin, minocycline, and ofloxacin.

24.5.2 Tinea Versicolor

Tinea versicolor is a superficial fungal infection caused by dimorphic, lipophilic organ-
isms in the genus Malassezia, formerly known as Pityrosporum. This saprophytic
yeast, known to be a normal commensal organism of the skin, may be converted to its
parasitic form, resulting in the manifestation of the disease. Predisposing factors are
genetic predisposition, warm humid environments, immunosuppression, and
malnutrition.

Multiple hypopigmented macules or patches with fine dust-like superficial scal-
ing seen in tinea versicolor (Fig. 24.8) differentiate it from vitiligo. The trunk, upper
back, abdomen, and proximal extremities are mostly affected. Wood’s lamp exami-
nationreveals ayellowish fluorescence. Histopathology discloses mild hyperkeratosis
and acanthosis of the epidermis with a mild dermal perivascular infiltrate. Periodic
acid-Schiff (PAS) stain helps to detect the organism. On potassium hydroxide
(KOH) 10% examination of skin scrapings, the characteristic fungal spores and
cigar-butt hyphae appear as “spaghetti and meatballs.”

Several topical antifungal agents may prove useful in the management of
tinea versicolor: zinc pyrithione, ciclopirox olamine, sodium sulfacetamide,
selenium sulfide 2.5 %, ketoconazole 2 %, terbinafine solution 1%, and serta-
conazole [13].

Fig. 24.8 Tinea versicolor on Filipino male patients, presenting as hypopigmented lesions with
fine scales on the upper back (a) and arm (b)
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24.6 Neoplastic

24.6.1 Mycosis Fungoides

Mycosis fungoides (MF) is the most common type of cutaneous T-cell lymphoma,
usually arising in mid-to-late adulthood. The stages are categorized based on the
typical cutaneous manifestations such as patch, plaque, and tumor stages. The early
patch stage is more frequently observed among the younger population and darker-
skinned individuals. The lesions present as multiple, irregular with indistinct border,
hypopigmented macules and patches occasionally associated with pruritus
(Fig. 24.9). Distribution of lesions is more common in sun-protected areas [14].
Lymph nodes and visceral organs can be involved in the advanced stage.
Characteristic histopathologic findings in MF are atypical lymphocytic cells with
cerebriform nuclei, epidermotropism, and Pautrier’s abscess. Melanin may be
reduced or absent with mild or marked pigmentary incontinence. Inflammatory
nonspecific response to cell injury leads to the degeneration of melanocytes and
abnormal melanogenesis, leading to the development of hypopigmented MF lesions.
At its early stage, the histopathology can be nonspecific and can be similar with
other inflammatory disorders. Immunohistochemistry and clonal T-cell receptor
arrangement are helpful in establishing the diagnosis.

Patch stage MF is highly responsive to PUVA and narrowband UVB photo-
therapy, although recurrences were reported after discontinuation of therapy [15].

Fig. 24.9 Hypopigmented patches of mycosis
fungoides in a 46-year-old Filipino male.
Histopathology revealed the presence of
Pautrier’s microabscesses
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24.6.2 Halo Nevus

Halo nevus (HN) is a nevomelanocytic nevus (NMN) encircled by a depigmentation
area. It usually appears before adulthood and occurs spontaneously in 1 % of popu-
lation, without sex and race preponderance [16]. The halo appearance indicates
regression of the central nevus, which is produced by an immunologic reaction. It is
commonly associated with benign acquired melanocytic nevi, nonmelanocytic
tumors, basal cell carcinomas, and even metastatic melanoma [17]. The association
of halo nevus with vitiligo remains unclear. However, the incidence of halo nevus in
vitiligo is higher than the normal population (3.75 %) [16].

This nevus usually manifests as>5 mm centrally located brown papular NMN
with an oval to round sharply marginated hypomelanosis (Fig. 24.10). Wood’s
lamp examination usually reveals depigmentation of the halo. Progression of
lesion may be divided into three stages: (1) development of a white halo sur-
rounding a preexisting MN, which may be preceded by faint erythema (months);
(2) disappearance of the MN (months to years); and (3) repigmentation of the halo
area (months to years).

Aouthmany et al. have reported that 51 % of HN remained stable. There was
partial nevus regression and persistence of halo in 14.3 %, complete involution of
the nevus with persistent halo depigmentation in 4.1 %, some repigmentation of the
halo in 8.2 %, and complete repigmentation in 22.4 % of HN cases [16].

Histopathology examination on the halo area shows decrease or total absence of
melanin and melanocytes. There is a dense lymphocytic infiltrate within the dermis
surrounding surviving nevus cells in nests or singly among the lymphocytes with
evidence of cell damage or apoptosis.

Majority of HN lesions are benign. Therefore, reassurance and observation are
recommended to avoid discomfort and scarring from surgical intervention [16].
Excision of the nevus is indicated if there are atypical features such as color variega-
tion and irregular borders [18].

Fig. 24.10 Halo nevus on the left cheek of
a 23-year-old Filipino female




24 Differential Diagnosis of Vitiligo in Brown Skin 237

24.7 Postinflammatory Hypopigmentation

24.7.1 From Preceding Inflammatory Skin Disorders

Hypopigmentation (Fig. 24.11) may be seen following several inflammatory pro-
cesses such as psoriasis, atopic and nummular dermatitis, and bacterial and fungal
infections. Lesions are seen on the sites of previous inflammation. The borders of
the lesions are usually irregular and ill to well defined. Melanocytes are normal in
number but melanin production is decreased.

Resultant hypopigmentation is usually reversible. Reassurance, application of
emollients, and phototherapy are usually helpful.

24.7.2 Pityriasis Alba

Pityriasis alba (PA) is a common pigmentary disorder that is associated with atopic
dermatitis. This condition, mostly observed in children and young adults, affects all
skin types but is more prominent in darker-skinned individuals. The hypopigmenta-
tion seen is more apparent in summer and fades during winter. The etiology is still
poorly understood, but dryness of the skin may have an important role in the devel-
opment of postinflammatory hypopigmentation in this condition [19]. Sun expo-
sure, frequent bathing, and hot baths are highly associated with the development of
pityriasis alba.

Fig. 24.11 Postinflammatory
hypopigmentation on the left leg of a
Filipino male patient with atopic dermatitis
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Fig. 24.12 Pityriasis alba clinically seen as multiple macules on the face in a Filipino boy (a) and
patches in a 20-year-old Filipina (b)

PA presents with round, oval to irregular-shaped, ill-defined hypopigmented
macules (Fig. 24.12a) and patches (Fig. 24.12b) with slight or no pruritus. Early
lesions can be pinkish with elevated borders and progressively become hypopig-
mented with powdery white scales. Any skin area can be affected, but the face and
neck regions are the most frequent sites. Histopathology shows hyperkeratosis,
some parakeratosis, and markedly reduced melanin in basal cell layers of the epi-
dermis, with normal melanocyte count. Slight perivascular lymphocytic infiltrate
and edema of the upper dermis are usually noted. In Wood’s lamp examination, the
lesions are not totally amelanotic in contrast to vitiligo.

Pityriasis alba is a self-limited disease, but topical steroids and emollients are
helpful in early lesions. Avoiding sun exposure, use of sunscreens, and reducing the
frequency and temperature of baths should be recommended [19].

24.7.3 Discoid Lupus Erythematosus

Discoid lupus erythematosus (DLE) is a discoid variant of chronic cutaneous lupus
erythematosus (CCLE) with potential scarring and disfigurement. DLE, the most
common variant of CCLE, is found in 15-30% of systemic lupus erythematosus
(SLE) patients. The age of onset is usually between 20 and 40 years of age with
female preponderance. DLE can affect all races but it is more prevalent among
people with color [20]. Pathogenesis of DLE is not completely understood, but
reports suggested the involvement of factors such as ultraviolet irradiation, autoan-
tibody generation, T cell, dendritic cells, and other immune cell dysfunction.
Clinical presentation of DLE is asymptomatic to painful, erythematous to viola-
ceous, scaly papules and plaques with follicular plugging and can progress to cause
disfiguring, scarred, atrophic, and dyspigmented plaques with alopecia. In patients
with colored skin, marked hypopigmentation (Fig. 24.13) and hyperpigmentation
are usually seen, and the clinical manifestations are more severe. The face (eye-
brows, eyelids, nose, and lips), scalp, ears, V-area of the neck, and extensor aspects
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Fig. 24.13 Filipino patients with DLE — hypopigmented lesion on the preauricular area (a) and
scalp (b)

of the arms are usually affected. Histopathology examination reveals hyperkerato-
sis, follicular plugging, epidermal atrophy, vacuolar degeneration of basal cell layer,
apoptotic keratinocytes, and a dense perivascular and periadnexal infiltrate.
Thickening of basement membrane, pigment incontinence, and dermal mucin depo-
sition may also be seen.

Triggering factors include oral medications (i.e., procainamide, hydralazine, iso-
niazid, minocycline, and acebutolol), smoking, and UV exposure. The first-line treat-
ment for DLE lesions is topical and intralesional corticosteroids and
hydroxychloroquine. Topical calcineurin inhibitors are also reported to be useful in
DLE. In severe and recalcitrant cases, systemic therapies, such as corticosteroids, reti-
noids, dapsone, methotrexate, cyclosporine, and mycophenolate mofetil, may be
required [9].

24.7.4 Scleroderma

Scleroderma is an inflammatory connective tissue disorder characterized by exces-
sive accumulation of collagen in the dermis. It may extend to the subcutaneous tis-
sue and fascia, producing thickening and hardening of the skin. The lesions may be
circumscribed, linear, deep, or generalized. The initial erythematous to violaceous
indurated plaques with violaceous borders may gradually become ivory in color.
Hypopigmentation can develop in chronic sclerosis with perifollicular pigmentary
retention (salt-and-pepper appearance) which is highly suggestive of systemic
scleroderma and can be the early sign preceding the sclerosis [21, 22]. Sites of pre-
dilection for hypopigmented lesions are the anterior chest, legs, forearms, hands
(Fig. 24.14), and distal fingers. Contracture, cosmetic, or functional deformity, limb
length discrepancy, and associated systemic disease (arthritis, pulmonary hyperten-
sion, chronic renal insufficiency) may develop and cause significant morbidity.
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Fig. 24.14
Hypopigmented patches on
both dorsal aspects of the
hands in a 53-year-old
Filipino patient with
scleroderma. There is
associated induration of
the upper extremities.
Histopathologic findings
were consistent with
scleroderma

Histopathology reveals atrophy of epidermis, decreased epidermal melanin, and
dermal fibrosis with thickening of collagen bundles sometimes extending to subcu-
taneous tissue. Sung et al. reported some cases of juvenile localized scleroderma
with vitiligo-like hypopigmented lesions. Immunohistochemistry with Melan-A and
Fontana-Masson staining revealed a decrease in melanocyte count at the dermoepi-
dermal junction (DEJ). CD3 and CDS8 were increased at the DEJ of hypopigmented
scleroderma lesion, suggesting this to be the cause of immune-mediated loss of
melanocytes in vitiligo. Hypopigmented scleroderma lesion can be distinguished
from vitiligo by immunostaining evaluation, showing decrease in CD34 at the
fibrotic area and increase in FXIIIA at the papillary and/or reticular dermis.

Treatment of active localized lesions of scleroderma includes high-potent topical
steroid or tacrolimus. PUVA, methotrexate, and systemic steroids are reserved for
deep, generalized, and systemic scleroderma [23].

24.8 Conclusion

There are various diseases that mimic vitiligo ranging from genetic conditions to
malformations, infections, occupational, neoplastic, as well as idiopathic causes and
disorders giving rise to postinflammatory hypopigmentation. It is imperative to get a
complete history, perform a detailed physical examination to include associated signs
and symptoms, and correlate with histopathologic examination to reach an accurate
diagnosis. Important ancillary procedures may aid in confirming the diagnosis.
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Chapter 25
Comorbidities in Vitiligo

Rahul Mahajan and M. Ramam

25.1 Introduction

Vitiligo occurs due to a complex interaction among genetic, environmental and
immunologic factors. This ultimately leads to melanocyte damage resulting in the
characteristic depigmented lesions. The prevalence of vitiligo varies from 0.5 to
3% in different regions of the world [1]. Although the disease is typically
asymptomatic and nonfatal, the profound cosmetic disfigurement it produces has
a significant negative impact on the patient’s quality of life. This often leads to a
sense of humiliation and loss of self-esteem. The disease has been classified
variably on the basis of age of onset (into early/prepubertal or late/post-pubertal
onset) and on the extent of involvement. Half of all patients develop the disease
before 20 years of age [2].

Many patients with vitiligo exhibit other dermatologic as well as systemic dis-
eases. However, the association of comorbidities and vitiligo is complex and multi-
factorial. The linkage is subject to a number of biases and confounding factors such
as age of onset, lifestyle factors, impaired health-related quality of life, depression
and therapeutic interventions. Table 25.1 enumerates the various diseases com-
monly associated with vitiligo. Some of these associations can be explained on the
basis of shared immunopathogenesis of the two diseases; others are mere co-
occurrences as random events. The present chapter focuses on the various disease
associations of vitiligo.
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Table 25.1 Diseases associated with vitiligo

1. Autoimmune disorders

1.1 Systemic diseases

Hashimoto thyroiditis

Myasthenia gravis

Graves’ disease

Sjogren’s syndrome

Systemic lupus erythematosus (SLE)
Inflammatory bowel disease (IBD)
Rheumatoid arthritis

1.2 Dermatoses

Alopecia areata

1.3 Autoimmune
syndromes

Autoimmune polyendocrinopathy-candidiasis-ectodermal
dysplasia (APECED) syndrome

Schmidt syndrome

Alezzandrini syndrome

Vogt-Koyanagi-Harada disease

Mitochondrial encephalomyopathy, lactic acidosis and stroke-like
episodes (MELAS) syndrome

2. Atopic disorders

Atopic dermatitis

Hay fever
Asthma
3. Inflammatory Psoriasis
dermatoses
4. Psychiatric disorders Depression
Anxiety
Sleep disturbances
Alexithymia
5. Malignancy Melanoma

Nonmelanoma skin cancers (NMSC)
Mycosis fungoides (MF)

6. Miscellaneous
associations

Ocular abnormalities

Hearing abnormalities

Baboon syndrome

H. pylori infection

Kallin syndrome

Nevi such as congenital melanocytic nevus, halo nevi and nevus
depigmentosus

Striae distensae

Leprosy

25.2 Epidemiology

Paediatric-onset vitiligo may be associated with a higher prevalence of allergic dis-
eases and a lower prevalence of thyroid diseases [3]. In adults, Schallreuter et al.
found a high prevalence of thyroid diseases and presence of thyroid autoantibodies
and a higher prevalence of congenital nevi (6.2 % compared with 2.8 % in a normal
healthy population) among 321 individuals with vitiligo [4].

In another large 15-year retrospective population-based study, non-stratified
analysis showed a significant association between vitiligo and psoriasis, atopic
dermatitis and several autoimmune diseases such as alopecia areata, Hashimoto
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thyroiditis, myasthenia gravis, Graves’ disease, Sjogren’s syndrome and systemic
lupus erythematosus (SLE ) [5]. However, when adjusted for age and gender,
increased risks of SLE, Sjogren’s syndrome, myasthenia gravis and rheumatoid
arthritis were observed only in certain age groups. In a similar study from the United
States, 23 % of the vitiligo patients had one of the following autoimmune disorders:
thyroid-related diseases (11.7 %), psoriasis (7.6 %), rtheumatoid arthritis (2.9 %),
alopecia areata (2.4 %), inflammatory bowel disease (IBD) (2.4 %), SLE(2.4 %) and
type I diabetes mellitus (0.8 %). In addition, 41 % had elevated antinuclear antibody
levels [6].

In a large retrospective study of 1416 vitiligo patients by Kanwar et al. from
India, vitiligo was associated with other cutaneous and systemic diseases in 116
(8.2 %) patients [7]. These were classified as autoimmune and non-autoimmune dis-
eases and both these groups were further subdivided into systemic and primary
dermatologic diseases. Autoimmune diseases were present in 3.2 % of the patients
and included primary dermatologic diseases (0.2 %) and systemic diseases (3 %)
like hypothyroidism, hyperthyroidism and diabetes mellitus. Non-autoimmune dis-
eases were present in 5 % of the patient population and included unrelated primary
dermatologic diseases (2.6 %) such as melasma, acanthosis nigricans, cutaneous
amyloidosis, lichen sclerosus et atrophicus and systemic diseases (2.4 %) like
hypertension and polycystic ovary disease. However, they did not find any signifi-
cant association of vitiligo with any of these disorders.

In another study from South India, Shankar et al. found among vitiligo patients a
high incidence of autoantibodies (22.5 %), vitamin B12 deficiency (30 %), hypothy-
roidism (11.3 %), elevated absolute eosinophil count (16.3 %), hypoacusis (10 %)
and retinal changes (8.8 %) [8].

25.3 Vitiligo and Other Autoimmune Disorders

Vitiligo is considered an autoimmune disease due to the presence of autoantibodies
against melanocytes in patients’ sera [9], the detection of organ-specific antibodies
in the patients’ sera and frequently in first-degree relatives and the association of the
disease with HLA-DR4 and HLA-DRI1. There is a production of autoantibodies
directed against melanocyte antigens, and their titres may correlate with the activity
and extent of the disease [10]. Moreover, altered cellular immunity is present, in
addition to and in combination with a humoral response [11]. Equally important is
the observation regarding the associations of vitiligo with other autoimmune
conditions.

In a study assessing the association between vitiligo and autoimmune diseases in
Caucasian probands and their families [12], the frequencies of six autoimmune dis-
orders were significantly elevated in vitiligo probands and their first-degree rela-
tives: vitiligo, autoimmune thyroid disease, pernicious anaemia, Addison’s disease,
SLE and probably IBD. Such association can best be explained by an overall genetic
susceptibility to autoimmunity.
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The link of vitiligo with autoimmune thyroid disorders is the best established.
They may be present in as many as one-fourth of vitiligo patients with disease onset
during childhood [13-15], although the onset of the two diseases may be separated
by more than a decade [16]. One study identified thyroid disease in 18.5 % of 15,126
vitiligo patients [17]. Conversely, vitiligo is more common in those with autoim-
mune thyroid disorders [18].

Patients with non-segmental vitiligo are more likely to have autoimmune disor-
ders than those with segmental vitiligo [19]. In a study from Japan by Tanioka et al.,
one-fourth of the patients with non-segmental vitiligo had associated comorbidities
[20]. Among the associations, autoimmune diseases were the most common in 43 %
of patients, with autoimmune thyroid disease noted in 7.4 %. Other autoimmune
associations included myasthenia gravis, Sjogren’s syndrome and autoimmune
nephritis. Another study from Japan found autoimmune diseases in 20.3% of
patients with generalized vitiligo [21]. In a study comparing paediatric-onset and
later-onset vitiligo, longer duration of disease and a positive family history of thy-
roid disease were associated with the presence of thyroid disease only in the
childhood-onset group [3].

A higher incidence of thyroid microsomal antibody is found in vitiligo patients
and their family members. In a multicentre study from Italy [22], at least one circu-
lating autoantibody was detected in 61 (41.8 %) of 146 subjects. Other autoantibod-
ies observed in this study included anti-thyroperoxidase (25.6 %), anti-thyroglobulin
(23.4 %), antinuclear antibodies (16.8 %) and anti-gastric parietal cell antibodies
(7.8 %). Another controlled study of 226 vitiligo patients found an increased inci-
dence of antinuclear (12.4 %), antimicrosomal (7.1 %) and anti-smooth muscle anti-
bodies (25.7 %) [23].

Vitiligo may be associated with several autoimmune syndromes. In a small case
series assessing the association between vitiligo and multiple autoimmune syn-
drome, type III multiple autoimmune disease was diagnosed in all the 11 patients
observed [24]. Vitiligo and thyroid disorders were noticed in seven and ten patients,
respectively. Autoimmune polyendocrinopathy-candidiasis-ectodermal dysplasia
(APECED)/autoimmune polyendocrine syndrome type 1 (APS1)/ polyglandular
autoimmune syndrome type 1 (PGA1) presents with a combination of Addison’s
disease, hypoparathyroidism, ectodermal dysplasia and/or chronic mucocutaneous
candidiasis. Other manifestations may include alopecia areata, vitiligo, gastrointes-
tinal symptoms, gonadal failure and ocular and dental anomalies [25]. A study of 68
patients with APECED found that 13 had vitiligo [25].

Schmidt syndrome/APS2 is an autosomal dominant disorder with variable
expressivity [26]. Like APECED, it presents with polyglandular failure (Addison’s
disease, hypothyroidism and type I diabetes mellitus) and occasionally vitiligo and/
or hypogonadism [27]. Vogt-Koyanagi-Harada disease is a systemic T-cell-mediated
disorder characterized by uveitis, aseptic meningitis, dysacusis, alopecia, poliosis,
tinnitus and vitiligo (8-100 %) [28-30]. Alezzandrini syndrome presents with uni-
lateral facial vitiligo, poliosis, deafness and tapetoretinal degeneration [31, 32].
Mitochondrial encephalomyopathy, lactic acidosis and stroke-like episodes
(MELAS) syndrome is a mitochondrial disorder that presents with central nervous
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system abnormalities, neurosensory hearing loss, diabetes mellitus and
cardiomyopathy. Vitiligo may be seen in 11 % (3/28) of MELAS patients [33].

25.4 Vitiligo and Atopy

Patients with vitiligo, especially those with early-onset disease, have a significantly
higher risk for atopic dermatitis. The probable pathophysiologic factors linking
these two dermatoses could be common genetic factors, melanocyte destruction due
to the inflammation seen in atopic dermatitis or koebnerization due to scratching.
Silverberg and Silverberg found a higher prevalence of atopic disorders in patients
with vitiligo compared to the general adult population [34]. They suggested that a
history of atopic disease may be helpful to predict the progression of vitiligo to
widespread disease. Kuriyama et al. conducted a prospective observational study to
investigate the leukoderma-related clinical manifestations and bioparameters in
atopic dermatitis and found that 8/52 (15.4 %) of patients had leukoderma. There is
a female preponderance, a more severe eczema, a lower frequency of allergic rhini-
tis and a higher frequency of prurigo lesions in patients who have concurrent atopic
dermatitis and vitiligo [35].

In a recent systematic review and meta-analysis, 16 studies of vitiligo were
included [36]. In the pooled analysis of the studies, patients with vitiligo had signifi-
cantly higher odds of atopic dermatitis than control patients without these disorders.
Subgroup analysis found higher odds of atopic dermatitis in patients with early-
onset vitiligo (<12 years) compared to those with late-onset vitiligo (OR, 3.54; 95 %
CI,2.24-5.63, p<.001).

25.5 Vitiligo and Inflammatory Dermatoses

Concurrent occurrence of vitiligo and psoriasis has been frequently noted.
Yazdanpanah et al. reported that among the 219 and 154 patients suffering from
psoriasis and vitiligo, respectively, 12 patients (0.19 %) had psoriasis and vitiligo
simultaneously [37]. The simultaneous occurrence in the psoriasis group was 5.48 %
and in the vitiligo group was 7.79 %. Of the 717 vitiligo patients seen at the Mayo
Clinic over a 5-year period, 29 (4.04 %) had concurrent psoriasis [38]. Dermoscopic
findings include dilated capillaries and red globules of psoriasis against a back-
ground of depigmentation, aptly called as “the red in white sea” sign [39].
Arunachalam et al., investigated the implications of disease association between
vitiligo and psoriasis [40]. The presence of vitiligo and even mild psoriasis is sig-
nificantly correlated with a family history of cardiovascular disease. Multivariate
analysis demonstrated that inflammation or pruritus in vitiligo macules (OR 2.56,
p=0.047) and a family history of cardiovascular disease (OR 4.07, p=0.02) were
the most significant predictors of patients having both psoriasis and vitiligo, while
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the presence of organ-specific autoantibodies (OR 0.24, p=0.007) was significantly
associated with patients having only vitiligo.

25.6 Vitiligo and Psychiatric Diseases

Since vitiligo carries a significant social stigma in many parts of the world, it is not
surprising that patients with this disease have a higher psychological morbidity.
Psychological disturbances are common in patients with vitiligo and were found in
31 % of adult Sudanese patients [41]. These disturbances were mild in 17.2 % and
severe in 13.8 %.

Psychological morbidity in vitiligo has frequently been compared with other
chronic skin conditions, most notably psoriasis. In a study from India, 30 adult
patients with psoriasis and vitiligo were studied [42]. The prevalences of psychiatric
morbidity as assessed by the standardized Hindi version of the General Health
Questionnaire (GHQ-H) were found to be significantly higher in vitiligo patients
(53.3 % versus 16.22 %). The prevalence of depression was also much higher in the
vitiligo cohort (23.3 % versus 10 %), while anxiety was observed in 3.3 % in both
groups. In another study from India, Mattoo et al. found similar rates of psychiatric
morbidity among patients with psoriasis (33.6 %) and vitiligo (24.7 %) [43].

Alexithymia is a personality trait characterized by difficulties in differentiating
and describing feelings. Recently, alexithymia has been associated with numerous
dermatologic conditions including vitiligo. In a case-control study, Picardi et al.
suggested that vulnerability to vitiligo is not increased by stressful events except for
unpredictable and uncontrollable aversive events which occurred three times more
frequently in cases than controls [44]. Based on the Toronto Alexithymia Scale
(TAS-20), and the Multidimensional Scale of Perceived Social Support, alexi-
thymia, insecure attachment and poor social support appear to increase susceptibil-
ity to vitiligo, possibly through deficits in emotion regulation or reduced ability to
cope effectively with stress.

25.7 Vitiligo and Malignancy

The development of nonmelanoma skin cancer (NMSC) in patients with vitiligo is
still debated. Due to the loss of melanocytes and of melanin, it has been postulated
that patients with vitiligo have an increased risk of developing melanoma. Evidence
supporting the concept that vitiligo has a higher incidence of melanoma and vice
versa is limited [45]. In addition, a slightly higher incidence of NMSC has been
reported in those with vitiligo [46, 47]. In contrast, the development of vitiligo in
patients with metastatic melanoma may be associated with a favourable prognosis
[48]. The immunologic mechanisms that lead to melanocyte destruction in vitiligo
may also destroy malignant pigment cells.
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Several mechanisms have been proposed to explain the negative association
between vitiligo and skin cancer. This includes stricter sun protection likely to be
undertaken by patients with vitiligo, a protective immunologic response as described
above, lack of melanocytes within vitiligo lesions, overexpression of the p5S3 tumour
suppressor gene which may protect against NMSC and overproduction of pro-
inflammatory cytokines, such as interleukin-1 and tumour necrosis factor alpha
(TNF-a) which stimulate the production of superoxide dismutase and glutathione
peroxidase thus reducing the risk of skin cancer [49]. Teulings et al. reported a
decreased risk of melanoma and NMSC in patients with vitiligo. They observed that
adjusted for confounders, patients with vitiligo had a threefold lower probability of
developing melanoma (adjusted OR 0.32; 95 % CI 0.12-0.88) and NMSC (adjusted
OR 0.28; 95 % CI 0.16-0.50) [50]. In another study, the same authors suggested that
although vitiligo occurs only in a low percentage of patients with melanoma treated
with immunotherapy, induction of vitiligo lesions suggests a clear survival benefit
and is important as an indicator of effective anti-melanoma immunity and improved
survival [51].

Less commonly, vitiligo has been associated with cutaneous T-cell lymphoma
(CTCL). Herrmann et al. analysed case records of 25 patients with CTCL and con-
comitant vitiligo [52]. They observed a younger age, stage I[IB-IV disease and pres-
ence of a CD8+CD4- mycosis fungoides phenotype to be associated with the
development of vitiligo. Increased risk of vitiligo was associated with the use of
methotrexate and CD4 antibody therapies, which may indirectly indicate advanced
disease.

25.8 Miscellaneous

Vitiligo has been associated with ophthalmologic and auditory findings. Up to 20 %
of patients with vitiligo have hearing loss which is caused by functional disorders of
intermediate cells (melanocytes) of the stria vascularis [53, 54]. Ocular abnormali-
ties may be present in up to 40 % including choroidal anomalies, uveitis [55], iritis
[56, 57] and some degree of fundal pigment disturbance [58]. Biswas et al. studied
100 vitiligo patients, of whom 23 % showed hypopigmented spots on the iris, 9%
retinal pigment epithelium hypopigmentation, 5 % uveitis and 11 % with chorioreti-
nal degeneration. The remaining 34 % of patients had no ocular findings [59]. In
another study, Baskan et al. studied 45 patients with vitiligo and found nearly 23 %
to be having ocular findings that included anterior segment (iris) involvement, ring-
like peripapillary atrophy around the optic nerve, atrophy of pigment epithelium,
focal hypopigmented spots and diffuse hypopigmentation [60]. The presence of peri-
orbital vitiligo and genital lesions was significantly related to the ocular findings.

In a recent study, vitiligo was associated with H. pylori infection [61]. The fre-
quency of H. pylori infection was 64.7 % in the patient group and 33.3 % in the
control group (p=0.012). Vitiligo has been reported in association with Kallin syn-
drome, a variant of epidermolysis bullosa simplex (EBS). It has also been reported
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with baboon syndrome. Association of vitiligo with hypovitaminosis D has been
evaluated, and no association was found in a recent study [62]. However, vitamin D
deficiency may be seen in young males, male gender with short duration of vitiligo
and non-use of phototherapy.

Finally, studies evaluating the association between vitiligo and metabolic syn-
drome have thrown up conflicting results. While studies by Karadag et al. and
Pietrzak et al. have supported such an association, these observations were contra-
dicted by Rodriguez-Martin et al., who found that patients with vitiligo had a better
lipid profile, with higher levels of HDL and lower triglyceride, in comparison with
the control group [63]. The role of melanocytes in the pathogenesis of metabolic
syndrome may be important. As oxidative stress plays a vital role in the pathogen-
esis of both the metabolic syndrome and the vitiligo, looking for such an association
appears interesting.

25.9 Conclusion

In a proportion of patients, vitiligo is more than skin deep and can be associated
with other dermatologic and systemic diseases. The association with autoimmune
disorders, most notably thyroid disorders, seems to be strong, especially in patients
with early-onset non-segmental vitiligo with a family history of autoimmune dis-
ease. However, it is not recommended to screen all patients for autoantibodies, as
their mere presence does not require intervention. It is best to reserve the tests for
those who have clinical signs and symptoms of associated disease. Early-onset non-
segmental vitiligo has a strong association with atopic disorders as well.
Psychological morbidity should be looked for, as it is both common and amenable
to psychosocial interventions that can significantly improve quality of life. Evidence
of association with other disorders is less robust. Finally, there is evidence that vit-
iligo may confer some protection against melanoma and nonmelanoma skin
cancers.
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Chapter 26
Topical Medications in Vitiligo

Koushik Lahiri and Anupam Das

26.1 Introduction

Vitiligo is a fairly common dermatosis resulting into significant deterioration in the
quality of life [1]. With recent advances in the field of medical sciences, numerous
treatment options have emerged for the management of the distressing condition.
The basic objectives are to minimize disease progression, attain repigmentation,
and achieve cosmetically pleasing results [1]. It is crucial to understand each and
every therapeutic modality with respect to the mechanism of action, indications, and
contraindications. In this chapter, the topical medications available to treat vitiligo
are discussed (Table 26.1).

26.2 Topical Corticosteroids (TCS)

Topical steroids are the first-line drugs for the management of vitiligo. They are
responsible for reduction of macrophages and T lymphocytes in vitiliginous patches
[9], they likewise reduce the complement-mediated destruction of melanocytes
[10]. In children and adults with limited, extrafacial involvement, once-daily appli-
cation of potent steroids is advisable for not more than 3 months [11]. The response
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Table 26.1 Summary of various topical agents used in the treatment of vitiligo

Drug Mechanism of action Level of evidence
Corticosteroids Modulate the immune response by 1A
reducing the macrophages and T cells
Reduce autoantibodies
Inhibit complement-mediated
melanocyte destruction
Calcineurin inhibitors Reduce the tissue counts of IFN-y, IA (children)
IL-1, IL-2, IL-3, IL-4, IL-5, GM-CSE, | 1IA (adults)

TNF-a
Enhance melanocyte and melanoblast
proliferation

Vitamin D3 analogs

Target the local immune response in
vitiligo, by acting on specific T-cell
activation

Inhibit the transition of T cells from
early to late G1 phase

Inhibit the expression of TNF-a
IFN-y

Modulate melanocyte maturation and
differentiation

Upregulates melanogenesis through
pathways activated by vitamin D
ligand receptors (endothelin receptor
and c-kit) [2]

IIA (monotherapy), IB
if combined with topical
steroids

Photochemotherapy

Psoralens stimulate melanogenesis;
photoconjugation of psoralens in
melanocyte DNA leads to mitosis,
replication and proliferation of
melanocytes, increased number of
melanosomes, and subsequent
apocopation

PUVA stimulates the activity of
cAMP; leads to increased synthesis of
tyrosine, the precursor of melanin;
induces a suppressor T-cell response
which releases IL-10 suppressing the
autoimmune stimulus responsible for
the destruction of melanocytes

PUVA induces basic fibroblast growth
factor (bFGF) and hepatocyte growth
factor, leading to re-growth and
migration of follicular melanocytes to
stratum basale [3-5]

PUVA: IV
Khellin: TIT

L-Phenylalanine

Stimulates melanogenesis in
vitiliginous patches

1B

(continued)
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Table 26.1 (continued)

Drug Mechanism of action Level of evidence
Monobenzyl ether of Reacts with tyrosinase to form a v
hydroquinone (MBEH) reactive quinone product that binds to

cysteine residues in tyrosinase
proteins to form hapten-carrier
complexes causing destruction of
melanocytes

Induces lysosomal degradation of
melanosomes by autophagy

A contact sensitizer inducing a
delayed-type hypersensitivity
response [6]

Antioxidants Increase catalase activity leadingtoa | IB
decrease in reactive oxygen species
Inhibit ROS-mediated destruction of
melanocytes

5-Fluorouracil Direct stimulation of melanocyte v
proliferation

Inhibits agents or cytotoxic cells
which destroy melanocytes
Immunomodulator stabilizing the
vitiligo disease [7]

Piperine Stimulates the proliferation of v
melanocytes [8]

Prostaglandin E2 Increases melanocyte proliferation 1B
and density

Capsaicin and curcumin Inhibit apoptosis of melanocytes 1B
Reduce the generation of ROS and
lipid peroxidation

Improve mitochondrial activity
Enhance survival of melanocytes

to this therapy is better in children as compared to adults. Moreover, lesions over the
head and neck region respond well [12].

There are multiple studies supporting the efficacy of topical corticosteroids.
Kwinter et al. reported response rates of 64 % in a study conducted on children who
were treated with TCS alone [13]. Complete repigmentation rates are approximately
49.3% [14].

The efficacy has been compared with other agents. When compared with topical
calcineurin inhibitors, the response is equivocal to high [14, 15]. Repigmentation
rates are however the same when compared with ultraviolet A (UVA) light photo-
therapy [16].

Even though TCS are very effective in the treatment of vitiligo, local side effects
and topical steroid abuse limit the ultimate use of these agents. Skin atrophy, telan-
giectasia, hypertrichosis, acneiform eruptions, and striae caused by potent or very
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potent TCS are well known. Moreover, systemic absorption should be kept in mind
while treating large areas of skin, thin skin and children with potent steroids. Lower
potency TCS and newer class III TCS, like mometasone furoate and methylpred-
nisolone aceponate, are devoid of these untoward side effects [11].

26.3 Topical Calcineurin Inhibitors (TCI)

Calcineurin, when activated, leads to transcription of IL-2 and TNF-a. Vitiliginous
patches were found to have elevated levels of these cytokines. Inhibitors of cal-
cineurin, like tacrolimus and pimecrolimus, are extremely effective in treating
vitiligo, by increasing the proliferation of both melanoblasts and melanocytes
[17]. This is particularly useful for new and actively spreading lesions on thin
skin, as an alternative to TCS. Initially, twice-daily applications are recom-
mended. If effective, the duration of use may be extended to 12 months [11]. The
onset of action is earlier in comparison to TCS but the repigmentation is inferior.
Occlusion may help in cases of recalcitrant lesions on the extremities [18].
Lesions on the head and neck are the most responsive, with the rates ranging
from 63 to 89 % [19-21].

When combined with other agents, the response is even better. Topical tacroli-
mus combined with NB-UVB was reported to have repigmentation rates of greater
than 50% in 42 % of lesions in patients with chronic stable refractory vitiligo
[22]. Similar results were also reported by Nordal et al. [23]. Also, combination
with 308 nm excimer laser was reported to have a very high response rate of
100 % [24].

In controlled trials among the pediatric age group, efficiency of tacrolimus was
compared with that of fluticasone, mometasone, and clobetasol, with a conclusion
of similar efficiency of steroids and tacrolimus [25-28]. Moreover, tacrolimus in
combination with oral prednisolone was effective in recent-onset vitiligo [29].

TClIs are safe for short-term or intermittent long-term use, side effects being ery-
thema, pruritus, burning, irritation, and rarely hyperpigmentation and acne [30-33].
According to the FDA, topical tacrolimus should not be used in patients less than 2
years of age, and only 0.03 % tacrolimus is approved for patients aged 2—15 years
[34]. Tacrolimus 0.1 % ointment with excimer laser is superior to placebo for
UV-resistant areas. When used alone, the efficacy of tacrolimus 0.1 % ointment is
similar to clobetasol propionate 0.05 % ointment. Pimecrolimus 1 % cream combined
with narrow-band UVB is superior to placebo, especially for facial lesions [35].

26.4 Topical Vitamin D3 Analogs

Calcipotriene is an effective adjunct to topical corticosteroids in the treatment of
vitiligo, on account of its immunomodulatory and proliferative effects on melano-
cytes. Even though advocated as a good add-on therapy, there are reports of
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repigmentation in children when used as a monotherapy [36, 37]. Combination
with TCS provided the maximum benefit and was shown to be safe for both chil-
dren and adults [1]. Moreover, there was increase in repigmentation rates, earlier-
onset of repigmentation, and, most importantly, greater stability of repigmentation
[38, 39].

Newman and Silverberg found that topical calcipotriene and betamethasone
dipropionate is a promising combination to treat facial vitiligo [40]. Calcipotriene,
however, is not effective when combined with NB-UVB [25, 41-43].

26.5 Photochemotherapy (Psoralens, Khellin,
and L-Phenylalanine)

26.5.1 Psoralens

Photochemotherapy with topical 8-methoxypsoralen (8-MOP) can be used in
patients with lesions covering less than 5 % body surface area and also in children
less than 12 years of age (systemic PUVA is contraindicated). However, topical
psoralens may lead to significant pruritus, erythema, edema, blisters, and skin
necrosis even with minimum dosage. Thus, therapy with these agents mandates
strict monitoring [1]. Application of 0.001 % 8-MOP or less, one to three times
per week for 20-30 min, is recommended. The skin is then exposed to UVA radia-
tion at 0.25-0.5 J/cm?. The exposure time is increased by 15-30 s in subsequent
sessions (maximum 10 min). This procedure has to be repeated until a dosage and
exposure time are attained which produces erythema but not burning. Post-
procedural advice is crucial to avoid untoward adverse effects. The patients
should wash away the excess 8-MOP with soap and water immediately after the
irradiation and apply UVA sunscreen to avoid additional environmental UVA
exposure [44]. The advantage of topical PUVA is the need for fewer treatments
and considerably smaller cumulative UVA doses, lower plasma levels, and
reduced systemic and ocular phototoxicity [11].

26.5.2 Khellin

Khellin is a furanochrome extract of the plant Ammi visnaga (5,8-dimethoxy-2
methyl-4,5-furo-6,7 chromone). KUVA refers to khellin followed by UVA. It has a
stimulatory effect on melanogenesis and melanocyte proliferation when combined
with UVA light. Khellin can be topically applied in a moisturizing cream or Carbopol
gel (3-5 %). Topical “KUVA-sun” is still used in sunny countries. It has been stud-
ied and found that topical khellin followed by UVA (KUVA) does not provide any
significant benefit in patients with vitiligo [45, 46]. It is rather effective when given
orally, but it has been abandoned.
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26.5.3 Phenylalanine

Since phenylalanine is an essential amino acid responsible for initiation of melano-
genesis, it is used as a photosensitizer for topical and/or oral supplementation of
natural or artificial UVA light phototherapy in the management of vitiligo. The best
responders are patients with less than 25 % body surface area involvement, with
onset of disease before 21 years of age, and those having generalized and symmetri-
cal lesions [47]. Lotti et al. reported a significant repigmentation in 29.3 % of
patients applying topical L-phenylalanine as monotherapy [48]. The addition of
topical L-phenylalanine to oral L-phenylalanine and light therapy makes it even
more effective [49, 50].

26.6 Topical Depigmenting Agents

Topical agents like hydroquinone (HQ) and monobenzone induce melanocyte
death, and these have been approved by the FDA for vitiligo [51]. It should be noted
that depigmenting agents should be used in patients with extensive disfiguring vit-
iligo, and definitely when trial of conventional therapies have failed [11]. Unlike
HQ, monobenzyl ether of hydroquinone (MBEH) always causes irreversible depig-
mentation [52]. A thin layer of MBEH 20 % cream is applied two to three times
daily in a uniform manner and rubbed into the pigmented area. Since the depig-
menting effect is significantly reduced on exposure to sunlight, prolonged exposure
to sunlight is not permissible during treatment, or a sunscreen should be used.
Depigmentation is achieved after 1-4 months. The drug should be withdrawn if
there is no response after 4 months of treatment. However, if the desired degree of
depigmentation is obtained, the drug should be continued in a maintenance dosage
(twice weekly) [11].

The response rates range from 40 to 80 % [52]. Side effects include burning, itch-
ing, contact dermatitis, conjunctival melanosis, pingueculae, and corneal pigment
deposition [1]. There are reports of development of resistance to treatment. To over-
come this, prescribing MBEH with retinoic acid has been proposed [53].

26.7 Comparison of Various Topical Therapies

Clobetasol was shown to be superior in efficacy compared to pimecrolimus [54], but
considering the adverse-effect profile of TCS, tacrolimus can be a better option
[14]. Besides, the results with pimecrolimus is variable [55], thus re-establishing
tacrolimus as a better option [21, 56]. However, pimecrolimus in combination with
phototherapy is definitely a good option [57]. But, the combination of calcipotriol
with TCS is the most favorable therapeutic modality with respect to the efficacy and
safety profile, especially when applied on Indian skin [38].



26 Topical Medications in Vitiligo 261

26.8 Newer Drugs

26.8.1 Antioxidants

Recent advances in the etiopathogenesis of vitiligo suggest the role of reactive oxy-
gen species (ROS) in the inhibition of melanogenesis. Therapy with antioxidants
(topical and oral) leads to increased catalase activity and a decrease in ROS [58].
Combining oral and topical phenylalanine gives good results [59]. Moreover,
Schallreuter et al. reported remarkable repigmentation on the face and hands of
patients who were put on topical pseudocatalase with short-term UVB [60].
Sanclemente et al. concluded that topical catalase is as effective as 0.05 % beta-
methasone in vitiligo [61]. Side effects associated with the use of topical catalase/
superoxide dismutase include transient erythema, pruritus, and peeling [61, 62].

26.8.2 Topical 5-Fluorouracil (5-FU)

Topical 5-FU has been studied for the treatment of vitiligo. It is hypothesized that
direct overstimulation of melanocyte proliferation, inhibition of agents able to
destroy melanocytes, and immunomodulation stabilizing the vitiligo disease could
be responsible for the efficacy of 5-FU in vitiligo. However, topical application of
5-FU alone cannot induce any pigment spread in vitiligo patients; application on a
dermabraded or ablated epidermis could cause a long-lasting and favorable pigment
spread [7, 25, 63].

26.8.3 Piperine

Piperine and its  analogs, PIP  [5-(3,4-methylenedioxyphenyl)-2,4-
pentadienoylpiperidine], tetrahydropiperine[ THP, 5-(3,4-methylenedioxyphenyl)-
pentanoylpiperidine], a  cyclohexyl analog of  piperine [CHP,
5-(3,4-methylenedioxyphenyl)-2,4-pentadienoylcyclohexylamine], and reduced
CHP [rCHP, 5-(3,4-methylenedioxyphenyl)-2,4-pentanoylcyclohexylamine],
have been reported to stimulate melanocyte replication in vitro and may be useful
in treating vitiligo [8]. Treatments with these compounds and concomitant cuta-
neous exposure to ultraviolet (UV) radiation are better in efficacy than UV radia-
tion alone [64].

26.8.4 Prostaglandin E2 (PGE2) Analogs

PGE2, by virtue of its growth-stimulatory effects, is capable of regulating the
proliferation and maturation of melanocytes [65]. Kapoor et al. studied the effi-
cacy and safety of topical PGE2 in the treatment of stable vitiligo (<5 % body
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surface area). Excellent response was seen in 55 % of patients. Side effects in the
form of a transient burning sensation especially on the lips were reported in a few
patients [66, 67].

26.8.5 Capsaicin and Curcumin

Treatment with these antioxidants inhibits caspase-induced apoptosis, increases the
total antioxidant capacity of the body, decreases the generation of ROS and lipid per-
oxidation, and improves mitochondrial activity. Moreover, C. melo extracts have
shown superoxide dismutase and catalase-like activities [68]. Thus, topical capsaicin
and extracts of C. melo might protect against vitiligo progression [69]. However, well-
designed randomized clinical trials are needed to support the use of these extracts for
vitiligo because of conflicting reports regarding its effectiveness and efficacy [67, 70].

26.8.6 Camouflage

Keeping in mind the significant psychosocial trauma associated with vitiligo, cam-
ouflage has a considerable role in the management [71]. There is a wide choice of
self-tanning agents; stains; dyes; whitening lotions; tinted cover creams; compact,
liquid, and stick foundations; fixing powders; fixing sprays; cleansers; semiperma-
nent and permanent tattoos; and dyes for pigmenting facial and scalp white hairs
[11]. The results are even more gratifying in cases of vitiligo in children [72].
Dihydroxyacetone (DHA), one of the most effective camouflage agents, is an active
ingredient of sunless tanners. DHA is an easy and convenient option for patients
who want to camouflage their vitiligo, because the stain lasts up to 10 days. It reacts
with proteins of the stratum corneum and forms brown chromophores called mela-
noidins, which temporarily impart a golden brown color to the skin [73]. The
amount of tanning is proportional to the concentration of DHA used [74]. Thus, it
becomes easy for the patient to choose the concentration of DHA that most closely
matches their skin color [75, 76].

26.9 Conclusion

Success in the management of vitiligo depends on factors such as patient age, type
of vitiligo, location, and extent of involvement. Treatment must also be tailored
according to the individual requirements of the patients, to assure adherence.
However, with the advent of surgical techniques, vitiligo is no longer considered a
disease which cannot be cured, and topical therapies serve as an excellent adjunct to
newer therapeutic modalities.
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Chapter 27
Oral Medications in Vitiligo

Koushik Lahiri and Samujjala Deb

27.1 Introduction

The exact etiopathogenesis of vitiligo is yet to be determined, and hence there is a
great dilemma regarding an effective modality of treatment for vitiligo. Treatment
response is often variable. Thus, patients of vitiligo having skin of color suffer a
negative impact on the quality of their lives [1-7].

Over the years, a number of studies have been carried out on different treatment
modalities that may give the best outcomes. These help physicians decide on a
course of treatment, supported by evidence-based medicine for different forms of
vitiligo. The major studies published are from India [8], Saudi Arabia [9], America
[10, 11], and Europe [12, 13].

In spite of much advancement in pharmacotherapy, treatment for vitiligo still
remains a challenge for physicians. With the complex interplay of etiopathogenic
factors, it still remains a mystery as to which treatment option will be best for dif-
ferent cases of vitiligo. The various modalities of treatment range from topical to
systemic and from physical to surgical. The choice of treatment needs to be indi-
vidualized based on the patients’ age, extent of vitiligo, stability, side-effect profile,
coexisting morbidity, and supporting evidence [10, 12, 14—19]. The various oral
medications that have been used in vitiligo are discussed, together with some novel
and alternative treatment modalities.
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27.2 Systemic Corticosteroids

Oral corticosteroids are very effective in controlling actively spreading vitiligo
when given in optimum doses and for appropriate indications. It mainly acts by sup-
pressing of autoantibody production and inducing apoptosis of cytotoxic T cells. It
halts the progression in rapidly progressing disease and also helps in repigmentation
[20-23]. In the past, daily doses of corticosteroids were often used. In light of the
untoward side effects like weight gain, diabetes mellitus, hirsutism, peptic ulcer,
acneiform eruptions, and osteoporosis, low-dose pulse therapy regimens were tried
which showed good response without the adverse effects [20].

27.2.1 Oral Pulse Therapy

This principle of administering systemic corticosteroids has shown a lot of promise
in the treatment of unstable progressive vitiligo. In pulse therapy, intermittent large
(suprapharmacologic) doses are administered to enhance the therapeutic effect and
reduce the side effects of a particular drug. It was pioneered in India by Pasricha [22].

As an adjunct to phototherapy, Rath et al. observed that the highest repigmenta-
tion was seen when used in combination with narrowband ultraviolet B light
(NBUVB) in comparison to broadband UVB (BBUVB) and psoralen with UVA
phototherapy [24].

In one study, prednisolone was given in an oral dose of 2 mg/kg once weekly in
50 patients with extensive and rapidly spreading vitiligo; 93 % of patients showed
cessation of disease progression with repigmentation in 88 % of cases, with side
effects developing in only three patients [25].

27.2.1.1 Oral Minipulse (OMP) Therapy

Oral minipulse therapy is usually given using dexamethasone or betamethasone,
5 mg as a single oral dose, after having breakfast on any two consecutive days of the
week. This regimen has similar therapeutic response without the potential adverse
effects of daily corticosteroid therapy [26, 27].

The dosage can be increased to 7.5 mg in patients with inadequate response. In
children the dose can be reduced to 2.5-3.5 mg per day for two consecutive days in
a week after having a thorough discussion with parents and keeping the indications
and side-effect profile in mind. The mini-pulse regimen can be used in patients with
other concomitant diseases like hypertension and diabetes mellitus. It is best to
avoid minipulse therapy in pregnant women.

Side effects are less in comparison to daily corticosteroid therapy but can be seen
nevertheless. Most common are weight gain, acneiform eruptions, gastric discom-
fort, hiccups, headache, and bad taste in the mouth.
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The treatment is usually continued till the appearance of new lesions is halted.
The dose can then be progressively reduced over a span of 6—8 months. The usual
protocol is to reduce the dose of betamethasone by 1 mg every 4-6 weeks. In another
study, methylprednisolone was given as OMP in doses of 0.8 mg/day along with
topical fluticasone in children for a duration of 6 months. The disease was arrested
in 90 % cases with repigmentation seen in 65 % cases with minimal side effects [28].

Response is usually achieved within 1-3 months in most patients. Progression of
the disease is halted, and many patients achieve partial to complete repigmentation.
In some cases, repigmentation may not occur at all [26, 27].

In the study conducted by Radakovik et al., 10 mg of dexamethasone minipulse
was given on two consecutive days per week for up to 24 weeks in 77 patients. In
88 % of patients, progression of disease activity was stopped following 18 weeks of
treatment; 69 % of patients also showed side effects like weight gain, insomnia,
agitation, hypertrichosis, and menstrual disturbances [27].

In cases with rapidly progressive vitiligo, phototherapy can be started following
minipulse therapy. But there is limited data regarding the efficacy of phototherapy
in vitiligo when given alongside steroid minipulse therapy.

27.2.2 Intravenous Pulse Therapy

In a study by Seiter et al., methylprednisolone was administered in a dose of 8 mg/
kg for three consecutive days in a month in 14 patients with generalized vitiligo.
Eighty-five percent of the patients showed cessation of disease progression with
repigmentation in 71 % patients. But the patients who had static disease did not
show any repigmentation. The therapy was well tolerated in all except by one patient
who developed intermittent arterial hypertension [29].

In another study by Nagayata, five vitiligo patients were treated with 500 mg of intra-
venous methylprednisolone (half-dose steroid pulse) for three consecutive days, thrice
every month. The patients were evaluated using a spectrophotometer. After completion
of three such monthly cycles, three out of the five patients achieved arrest of disease
progression with decrease of white contrast on spectrophotometric examination [30].

Lee et al. evaluated the safety and efficacy of intravenous methylprednisolone
pulse in combination with phototherapy in generalized vitiligo. Thirty-six patients
were treated with intravenous methylprednisolone, 500 mg on three consecutive
days followed by twice weekly treatment with PUVA. 36.1 % patients in the study
achieved greater than 50 % repigmentation [31].

27.3 Immunosuppressants and Biologics

Many immunosuppressive and biologic drugs have also been tried in the treatment
of vitiligo. Immunosuppressants act by inhibiting the T-cell response toward the
melanocytes. They may have an adjuvant role and help in reducing the dose of
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corticosteroids. Of the plethora of immunosuppressives, azathioprine,
cyclophosphamide, cyclosporine, and methotrexate have been tried in vitiligo with
varying results [32, 33].

There is still a lot of research and study needed to determine the therapeutic
potential of immunosuppressants and biologics in the treatment of vitiligo. Till such
data is available, it would be prudent to keep the adverse side effect profile of these
drugs in mind when it comes to treating a patient with vitiligo.

27.3.1 Azathioprine

In the study by Radmaneesh et al., 60 patients with vitiligo were randomized to
receive either azathioprine (0.6-0.76 mg/kg body weight) and oral PUVA or PUVA
alone for 4 months. Following treatment after 4 months, 58.4 % patients achieved a
mean total repigmentation in the azathioprine and oral PUVA group compared to
24.8% in the oral PUVA group alone. Side effects seen were minimal in both the
groups during the duration of the study [32]. In view of this finding, azathioprine may
be given in rapidly progressing vitiligo where corticosteroids are contraindicated.

27.3.2 Cyclophosphamide

Cyclophosphamide was also tried in a study by Gokhale et al. in a group of 33 vitiligo
patients. With 100 mg given daily, some repigmentation was seen in 29 patients with
side effects being cytopenia, hair loss, and nausea [34]. Some studies have also shown
the efficacy of cyclophosphamide along with oral minipulse of corticosteroids and
methotrexate (7.5 mg weekly) in rapidly spreading vitiligo [22, 33].

27.3.3 Cyclosporine

Cyclosporine was tried in six patients in a dose of 6 mg/kg daily. Five patients
showed little to no pigmentation after several months of therapy. Side effects seen
were hypertension and renal dysfunction [35].

27.3.4 Antitumor Necrosis Factor-a (Anti-TNF-a)

An open-label pilot study was carried out by Rigopuolos on four patients with pro-
gressive non-segmental vitiligo to assess the therapeutic efficacy of etanercept. It was
given weekly in a dose of 50 mg for 12 weeks followed by 25 mg weekly for another
4 weeks. The patients tolerated the drug well but there was no repigmentation [36].
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In another case report, a patient with ankylosing spondylitis and progressive
non-segmental vitiligo was treated with infliximab in doses of 350 mg intravenously
at weeks 0, 2, and 6 and then on alternate weeks for a total span of 10 months. After
6 months, partial or complete repigmentation was seen in all or most spots with a
halt in the progression of vitiligo [37]. But one point that needs to be kept in mind
is that non-segmental vitiligo may itself be induced by anti-TNF-o agents [38].

27.4 Oral Psoralens

Since ancient time, UV light-based therapy has been used in the treatment of vitil-
igo. Psoralens are naturally occurring tricyclic furocoumarins in plants. In ancient
India and Egypt, medical writings mention the use of Ammi majus [39] and Psoralea
corylifolia plants [40] on whitish skin patches followed by exposure to sunlight. The
active ingredients were later found out to be 8-methoxypsoralen, 5S-methoxypsoralen,
and 8-isoamyleneoxypsoralen [41].

In 1948, modern photochemotherapy was introduced by EI-Mofty [42], who
purified the topical and oral psoralens. When it was discovered that psoralens were
maximally activated with UVA light of 360 mm wavelength [43, 44], fluorescent
black lamps were used by investigators in combination with psoralens and the use
of PUVA chemotherapy began [45]. PUVA is effective in causing repigmentation of
vitiligo lesions as shown by many studies [43, 46].

The most commonly used psoralen is 8-methoxypsoralen (§-MOP). This is of
plant origin but synthetic preparations are also available. TMP (4, 5, 8 trimethyl
psoralen) is from a synthetic preparation which is less phototoxic after oral admin-
istration but is also less effective. 5-MOP is another naturally occurring psoralen in
citrus fruits, celery, and parsley leaves. This is less erythmogenic by oral route and
also does not lead to the development of intolerance reactions or adverse gastroin-
testinal effects. The time taken to achieve therapeutic levels in blood for psoralens
varies with the type and amount of food [47].

The most common dosing schedule used is by giving 8-MOP at 0.4-0.6 mg/kg,
after food intake, followed by exposure to sunlight after 2 h on alternate days in a
week. Though 8-MOP and TMP can both be used, the latter is often utilized as it is
less phototoxic [48]. The most suitable time for sun exposure is usually between
10:30 to 11:30 am and 3:30 to 4:30 pm, but these can be modified to suit the patients’
schedule. It changes as per the geographic location of the subject, based on the latitude
and longitude and also the position of the sun during that specific part of the year.

The duration of exposure is gradually increased from 5 to 15 min in a stepwise
manner or till the appearance of mild erythema. The UVA doses range from 0.25 to
2 J/cm? initially with increments of 0.2-0.5 J/cm? every session, until erythema
develops or a maximum dose is reached. A maximum of 6 J/cm? was cited by one
study [27, 49-51]. In another study, the exposure was increased by 20 % instead of
a fixed increase, with the end point remaining the same [52]. Therapy should be
stopped if there is no response after 6 months or 50 treatments. Maximum number
of treatments has been suggested to be a maximum of 150-200 sittings.
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Studies comparing UVA-based therapy with narrowband phototherapy have
shown that NB-UVB may be better in comparison to PUVA [53].

There are quite a few limitations associated with psoralen-based photochemo-
therapy. Oral administration of psoralens can lead to nausea and vomiting. The
exposure to UVA needs to be done within 2 h of ingestion. The absorption of the
drug is also variable depending on the type of food taken prior to the drug. Post
therapy, photo-protection is needed for the skin and the eyes to prevent damage.
Also UVA penetrates deeper in comparison to UVB; thus, incorrect administration
can lead to painful blistering of the skin which can be severe enough to warrant a
cessation of therapy. At the same time, there is poor color match and psoralens are
only moderately effective in vitiligo [54].

Psoralen based therapy is also contraindicated in children less than 10 years of
age for skin type 1 and less than 16 years for skin type 2. This is because of their
increased susceptibility to ocular and cutaneous damage especially if they have con-
comitant risk factors for developing malignant melanoma [55]. No studies are avail-
able for patients of darker skin belonging to Fitzpatrick skin type IV, V, or IV.

Past history of non-melanoma skin cancer is not an absolute contraindication, but
alternative therapies may be tried in patients with other important risk factors [55].

27.5 Khellin-Based Photochemotherapy

Another type of photochemotherapy using khellin as a photosensitizer has also been
tried. Khellin (5, 8-dimethoxy-2-methyl-4,5-furo-6,7 chromone) is a furanchrome,
derived as an extract from the plant Ammi visnaga and is used in conjunction with
UVA phototherapy [7, 56, 57] This treatment is also known as KUVA. The main
advantage of this regimen is the lack of phototoxicity. Thus, it can be used with natu-
ral sunlight even as a daily regimen. Its efficacy is limited because up to 30 % of
patients can present with liver toxicity in the form of cytolysis. It is used at a dose of
100 mg orally given 2 h before treatment. Notwithstanding its usefulness, the efficacy
and safety profile of oral khellin-based therapies in comparison to PUVA or other
treatment modalities has not been studied extensively, and available data is limited.

27.6 Other Systemic Treatments in Vitiligo

27.6.1 Antioxidants

Keeping in mind the role of cellular oxidative stress in the progression of vitiligo,
antioxidants have been tried in the treatment of vitiligo [58]. Pseudocatalase, vita-
min E, vitamin C, ubiquinone, lipoic acid, Polypodium leucotomos,
catalase/superoxide dismutase combination, and Ginkgo biloba are antioxidants that
have been used alone or, more frequently, in combination with phototherapy [12].
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Open trials have suggested that oral administration of single or multiple antioxidants
stopped the progression of vitiligo and also promoted repigmentation [59].

Vitamin E has been reported to enhance recovery of skin lipid peroxidation fol-
lowing PUVA therapy according to few randomized clinical trials [60]. A study by
Dell’Anna et al. has demonstrated a reduction in the requirement of UV dosages
after administration of a mixture of «a-lipoic acid, vitamin E, and vitamin C. It also
helped to enhance repigmentation [61].

Polypodium leucotomos is a fern found in South America with a wide application
in the treatment of diseases like vitiligo, melasma, psoriasis, and sunlight-induced
damage. It has antioxidant, photosensitizing and immunomodulator actions that
showed good results on concomitant administration with PUVA or UVB [62]. In a
study by Middelkamp-Hup et al., 50 patients were enrolled in a double-blind ran-
domized study wherein they received 250 mg of the extract thrice daily along with
twice weekly treatment with NBUVB. After 25-26 weeks, 44 % of patients receiv-
ing the extract showed repigmentation in the head and neck area which was signifi-
cantly more, in comparison to controls (27% only); other areas like trunk,
extremities, hands and feet had poorer response Repigmentation was higher in the
patients who received NB-UVB along with leucotomos extract [62].

Another novel agent, Gingko biloba, is a traditional Chinese herb. It is a polyphe-
nol compound having anti-inflammatory, immunomodulatory, and antioxidant
properties and has shown promising results in the treatment of vitiligo. In a study by
Parsad et al., 52 patients were enrolled in a randomized controlled study and were
treated with either 40 mg of Gingko biloba extract or placebo thrice daily. After 6
months of therapy, 80 % of vitiligo patients had cessation of disease activity com-
pared to 36.6 % of controls. Also 40 % of patients showed up to 75 % repigmenta-
tion compared to only 9 % of controls [63].

In another study by Szczurko et al., 12 patients were treated for 12 weeks with
120 mg extract, and all had arrest of disease progression [64]. The anti-inflammatory
action of Gingko biloba leads to a reduction in the cyclooxygenase activity with a
reduction in IL-8 and vascular endothelial growth factor in response to TNF-a [65].
The most common side effect seen was gastric discomfort [64]. An important side
effect is coagulopathy; hence, this drug should be used with caution in patients on
anticoagulants [66]. However, the number of patients enrolled in this study was
limited. A definite consensus cannot be reached on the long-term safety profile and
further studies are warranted [63-66].

27.7 Newer and Alternative Treatments in Vitiligo [67]

Vitiligo has been increasingly recognized as a disorder of autoimmune destruc-
tion of melanocytes [68—70]. Still, controversy exists regarding its true etiopatho-
genesis. A number of hypotheses have been put forward like immune dysregulation,
neurogenic factors, catecholamine-mediated cytotoxicity, and oxidative stress
[71, 72]. Over the years, a number of compounds have been experimentally tried



274 K. Lahiri and S. Deb

in the treatment of vitiligo. Some have shown good results while others have had
equivocal responses. In light of the enigmatic pathophysiology of vitiligo,
research continues to discover newer and novel systemic treatment modalities for
vitiligo.

27.7.1 L-Phenylalanine

L-Phenylalanine (I-Phe) is an essential amino acid and a precursor to tyrosine in
the melanin biosynthetic pathway. It has been explored as a treatment option in
vitiligo along with ultraviolet phototherapy. It has been hypothesized that metabo-
lism and uptake of phenylalanine is defective in vitiligo [72, 73]. Phenylalanine
appears to be beneficial in vitiligo, unrelated to its role in the melanin synthesis
pathway.

It has also been hypothesized that I-Phe may interfere with the antibody produc-
tion in vitiligo [74, 75].

In a study by Siddiqi et al., 149 patients of vitiligo were treated with I-Phe for 18
months. Patients were divided into three groups. Group I received I-Phe (100 mg/kg
body weight) with UVA phototherapy twice weekly. Group II received I-Phe alone
and group III did not receive any treatment. They found that 71.2 % of the patients
in group I had repigmentation up to 77 % in comparison to no pigmentation seen in
groups II and III [76].

In another study by Antoniou et al., patients received oral 1-Phe and UVA photo-
therapy in one group and oral and topical 1-Phe along with UVA phototherapy in
another group. In both, 75 % repigmentation was seen [74].

In two other studies, 50 mg/kg of 1-Phe was given to patients along with UVA
phototherapy and repigmentation ranging from 85 to 95 % after 68 months [77, 78].

It can be thus concluded that 1-Phe limits the antibody attack on melanocytes
while UVA induces repigmentation. Thus I-Phe may be tried in vitiligo in conjunc-
tion with UVA phototherapy, and the evidence is supported by quite a few random-
ized clinical trials.

27.7.2 Vitamin B12 and Folic Acid

It has been seen that there is decreased serum levels of vitamin B12 and folic acid
in vitiligo [79, 80].

An association between vitiligo and pernicious anemia has also been noticed [81,
82]. This has led researchers to study the role of vitamin B12 and folic acid supple-
mentation in the management of vitiligo.

Montes et al. reported that among 15 vitiligo patients, 73.3 % had folic acid defi-
ciency, 33.3 % had vitamin B12 deficiency, and 26.6 %6 had vitamin C deficiency.
On daily supplementation, repigmentation was seen in all patients and a halt in the
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progression of disease in 80—100 % patients, over a span of 2 years [83]. In a study
by Juhlin and Olsson of 100 vitiligo patients on oral supplementation with vitamin
B12 and folic acid along with phototherapy with either sunlight or UVB, repigmen-
tation was seen in 52.2 % cases with halt in progression of vitiligo over a span of
3—6 months [84].

On the contrary, in a randomized clinical trial by Tjioe et al., no significant dif-
ference was seen in 27 vitiligo patients on supplementation with vitamin B12 and
folic acid (oral cobalamin 1000 ug sustained release and folic acid 5 mg, twice
daily) along with UVB phototherapy [85].

Homocysteine levels have been found to be elevated in vitiligo patients and cause
direct damage of melanocytes by oxidative stress [80]. It is likely that vitamin B12
and folic acid act by decreasing homocysteine levels in vitiligo [86].

Since vitamin B12 and folic acid are water soluble vitamins, they can be supple-
mented in vitiligo patients at a low cost and negligible side effect profile. But nev-
ertheless, data supporting its therapeutic effect is limited and the only randomized
trial did not show any difference in clinical efficacy on supplementing vitamin B12
and folic acid.

27.7.3 Zinc

Zinc acts by regulation of gene expression and also acts as a cofactor for superox-
ide dismutase. Adequate cellular levels of zinc are also needed to prevent cellular
apoptosis. Decreased zinc levels activate caspase leading to cell death [87, 88]. In
a study by Shameer et al., vitiligo patients were found to have 21.6 % lower level
of serum zinc in comparison to controls [88]. Yaghoobi et al. carried out a ran-
domized trial with 35 patients of vitiligo receiving topical corticosteroids with or
without oral zinc sulfate supplementation in a dose of 220 mg, two capsules per
day in teenager and adults, and 10 mg/kg of capsule or syrup for children. At 4
months, response to treatment was higher in the group receiving oral zinc supple-
mentation [89].

Zinc supplementation has shown good results on concomitant treatment with
topical corticosteroids, but further studies are needed. The only limiting adverse
effect is gastrointestinal irritation with oral zinc therapy [89].

27.7.4 Minocycline

Minocycline is an antibiotic with anti-inflammatory and antioxidant property. In a
study by Parsad et al., daily treatment with minocycline (100 mg once daily). After
4 weeks of treatment, minocycline was effective in halting the progression of vitil-
igo both during and after therapy [90]. Further research, however, is needed to elu-
cidate the efficacy of minocycline therapy in vitiligo.
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27.7.5 Vitamin D

Many studies have identified a possible correlation between low vitamin D levels
and autoimmunity. A study done by Silverberg and Silverberg showed very low
levels (<15 ng/ml) of 25-hydroxy vitamin D levels in patients with vitiligo vulgaris
[91]. It has also been shown in a study by Sehrawat et al. that levels of 25-hydroxy
vitamin D were found to increase significantly following increase in the cumulative
dose of NBUVB [92]. A study conducted by Finamor et al. has showed that daily
oral supplementation with 35,000 IU of vitamin D for 6 months showed significant
repigmentation in 14 out of 16 vitiligo patients [93].

27.8 Conclusion

It is thus evident that despite of a plethora of systemic medications for vitiligo treat-
ment, the dilemma regarding the best possible treatment modality persists. Patients
often visit physicians after having tried both topical and oral medications for a long
period of time with variable responses. Nevertheless, with a systematic and scien-
tific approach, treatments with strong evidence supporting them can be prescribed
to patients in order to stop the disease progression, enhance the process of repig-
mentation, and improve the quality of their lives [2-4, 8, 9, 11, 12].

Outside of the topical and systemic medications known for vitiligo, availability
of surgical modalities is now an option for stable [94] as well as localized forms of
vitiligo. Excellent results can be obtained when tried in appropriate patients as
shown by Lahiri et al. in a number of studies [1, 19, 95, 96].

Patients must also be warned against the multitude of incorrect and harmful
treatments which may worsen their disease. Extensive research continues toward
finding a satisfactory treatment for vitiligo.
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Chapter 28
Vitiligo Management: Procedural Options

Swetalina Pradhan and Somesh Gupta

28.1 Introduction

Vitiligo is an idiopathic acquired pigmentary disorder characterized by solitary or
multiple depigmented macules that may arise in a localized, segmental, or general-
ized distribution [1]. Though not life-threatening, it adds a huge negative psycho-
logical and social impact on patients [2, 3]. The treatment of vitiligo has been
challenging, and medical therapies are considered as the primary mode of treat-
ment. However, some cases are refractory to medical treatment, and as such, surgi-
cal interventions can be used alone or in conjunction with medical management.

28.2 Principles of Surgery

The basic objective of surgical treatment should be to achieve complete and perma-
nent cosmetically acceptable repigmentation toward the color of the surrounding
normal skin in the shortest possible time with minimal or no side effects. The basic
principle is to introduce active melanocytes to the lesion sites which will then estab-
lish and function as epidermal melanin units. Transfer of active melanocytes can be
done either through tissue grafts or cellular grafts.
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Table 28.1 Assessment of vitiligo stability

S. Pradhan and S. Gupta

Parameters for assessing stability of
vitiligo

Consensus recommendation
of IJADVL* taskforce on
stability [5]

History of
progression

The absence of new lesions

No new lesions

Extension of old
lesions

No extension of old lesions

No progression of existing
lesions

Koebner The absence of Koebner phenomenon The absence of Koebner

phenomenon either based on history or by checking phenomenon during the past
for experimentally induced vitiligo 1 year

Spontaneous Should be considered as a

repigmentation favorable sign for the

transplantation procedure

Minigrafting test or
test grafting

The original test was proposed by
Falabella et al. to select patients with
stable vitiligo who may respond to
melanocyte transplantation [4]. The test
is considered positive if unequivocal
repigmentation took place beyond 1 mm
from the border of the implanted graft
over a period of 3 months

May be considered whenever
there is a doubt about the
stability, or the patient is
unable to give a clear history
on stability

“Indian Association of Dermatologists, Venereologists, and Leprologists

Table 28.2 Patient selection criteria for vitiligo surgery

1. Patients not responding to medical treatment

2. Patients with stable lesions of vitiligo vulgaris, localized or segmental vitiligo lesions,

though it may be done for all types of vitiligo (including segmental, generalized, and
acro-facial types)
Test graft should be always used to confirm the stability of vitiligo in case of a doubt or
inconclusive history

3. Patients with realistic expectations and who are psychologically stable

28.2.1 Ciriteria of Vitiligo Stability

Stability is the most important parameter before instituting any surgical treatment
for vitiligo. The outcome of surgery is good in stable lesions, whereas unstable
lesions respond poorly (Table 28.1).

28.2.2 Patient Selection Criteria (Table 28.2)

28.2.2.1 Patient Age

No current guidelines exist regarding the age group selection for vitiligo surgery.
Children may be difficult candidates. The procedure generally performed under
local anesthesia may be not tolerated by this younger age group. On the other hand,
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surgery done under general anesthesia poses unacceptable risk. Moreover, progress
of the vitiligo is hard to predict in children. Hence, it has been suggested that surgi-
cal procedures should not be performed in children. However, in various studies, it
has been found that results of the transplantation procedures yielded better results in
younger individuals than in older ones [6, 7]. Thus no consensus exists in this
aspect, and physicians should exercise their judgment after taking all aspects of the
individual patient into consideration.

28.2.3 Pre-procedure Preparation
28.2.3.1 Preoperative Counseling and Informed Consent [5]

The nature of the disease, procedure, expected outcome, and possible complications
after the procedure must be explained to the patient. The need for concomitant med-
ical therapy should be emphasized. Patients should understand that proper results
may take time to appear (few months to more than a year). They should be provided
with adequate opportunity to seek information through brochures, computer presen-
tations, and one-on-one discussions.

The consent form should specifically state the limitations of the procedure, pos-
sible future disease progression, and whether more procedures will be needed for
optimal outcome. A detailed consent form describing the procedure and possible
complications should be signed by the patient.

28.2.3.2 Preoperative Investigations (Based on the Procedure)

Complete blood counts, coagulation profile platelet count, blood sugar, screening
for hepatitis B, VDRL, HIV (ELISA), routine urinalysis, serum creatinine, blood
urea nitrogen, SGOT, SGPT (if large areas are going to be phenolized), and ECG
may be needed in elderly patients.

28.2.3.3 Anesthesia [5]

The recipient site is locally anesthetized by infiltration of 2% lidocaine HCI
(Xylocaine), the pain of which can be reduced by prior application of topical com-
bination anesthetic lidocaine 2.5 %/prilocaine 2.5 % (EMLA® cream) under occlu-
sion for 1-2 h. Adrenaline should not be used on the recipient site as it makes the
judgment difficult regarding the adequacy of the denudation to the required depth.
Tumescent anesthesia and nerve blocks may be used in larger areas. If grafting is
planned for extensive areas, general anesthesia may be needed in a hospital setting
Recent studies suggest that adequate anaesthetsia can be achieved in a significant
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Table 28.3 Grafts used for vitiligo surgery

Tissue grafts Cellular grafts
Punch grafting/minigraft Autologous, non-cultured epidermal cell
suspension
Suction blister grafting/epidermal grafting | Autologous, cultured melanocyte transplantation
Split-thickness skin grafting Autologous, cultured epithelial grafts
Modified grafting techniques
Mesh grafting
Flip-top grafting
Hair follicle grafting

proportion of patients by using topical anaesthesia alone, provided adequate amount
of EMLA cream is applied under effective occlusion for sufficient duration.

28.3 Methods of Surgical Modalities

Surgical modalities for vitiligo have been broadly classified into two types: tissue
grafts and cellular grafts (Table 28.3). Special methods of treatment used in selected
situation are tattooing and therapeutic wounding.

28.3.1 Tissue Grafts
28.3.1.1 Autologous Minipunch Grafting (PG)

Among the surgical modalities for vitiligo, minipunch grafting is the easiest, fastest,
least aggressive, and minimally expensive.

A. Evolution

Norman Orentreich in 1972 first reported autograft repigmentation in humans
and treated a black woman with long-standing leukoderma. Orentriech deployed
nine, 1 and 2 mm diameter, normal skin autografts and observed the “pigment
spread phenomenon” and reported a maximum of 1 mm pigment spread from
both the 1 and 2 mm grafts [8]. Falabella treated vitiligo and secondary
leukoderma by minigraft technique. He used minigrafts of size 1-1.2 mm in
diameter from donor site and grafted them onto chambers of the same size at the
recipient site spacing them 3 to 4 mm apart and further secured them using
Monsel’s solution and pressure dressing [9, 10]. Because of similar size, the
grafts did not snugly fit into the recipient chambers which led to circular peri-
graft scarring. Hence, Loewenthal’s method of using donor grafts larger than the
recipient chambers was used by Falabella leading to better fixation of the grafts
and lesser textural alterations. The procedure proved to be a highly effective
modality in various studies [11-15].
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B. Test grafting
Test grafting is done to confirm the stability of the disease before attempting repig-
mentation of the entire area. Few grafts (1-1.2 mm) are placed in the center of the
depigmented lesion to be scrutinized. Dressing is done by adhesive tape
(Micropore®) and kept for a couple of weeks. After removal of the tape, the area is
exposed to sunlight for 15 min daily, for a period of 3 months. No treatment is
given during this test period. All test sites are visualized under Wood’s light. The
test is considered positive if unequivocal repigmentation takes place beyond 1 mm
from the border of the implanted grafts. Apart from stability, it also gives a fair idea
about the perigraft pigment spread which will guide to maintain adequate distance
to be kept between the recipient chambers in future attempts. Over the years, this
test has been acknowledged as a powerful tool for detecting stability of vitiligo and
thereby anticipating success of the surgery in terms of repigmentation.

C. Instruments
The instruments required are cylindrical skin biopsy punches (1.2 to 1.5mm),
“S”-shaped scissors, ring forceps, iris scissors, Adson’s toothed forceps, and a
sterile petri dish/bowl.

D. Procedure

* Recipient area
The recipient area is prepared first. Lignocaine 2 %, with or without adrena-
line, is infiltrated as a local anesthetic. To minimize the chance of develop-
ing any perigraft halo, the initial recipient chambers are made on or very
close to the border of the lesion. The punched out chambers are spaced
according to the result of test grafting or at a gap of 5-10 mm from each
other.

e Donor area
The donor area is either the upper lateral portion of the thigh or the gluteal
area. Punch impressions are made very close to each other so that a maxi-
mum number of grafts can be taken from a small area. In one sitting, up to
200 grafts can be harvested and grafted (average, 25-60). The remaining
(extra) grafts can be stored in a refrigerator (on a shelf, not in the freezer) for
reuse (to replace rejected grafts up to 24—48 h later).

e Same-sized punches are used for both the donor and recipient areas.

* The grafts are placed directly from the donor area to the recipient area which
speeds up the procedure and lessens the chance of infection. The needle of
the syringe or tip of the scissors can be used for the proper placement of
grafts so that the graft edges are not folded and tissue is not placed upside
down.

* Hemostasis is achieved by applying firm pressure with a saline-soaked gauze
piece over the area.

e The recipient area is dressed with the three layers of paraffin-embedded, non-
adherent sterile gauze (Jelonet®), sterile Surgipad®, and bio-occlusive
Micropore® from inside to out.

* For the donor area, only Surgipad® and Micropore® are used.
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E. Post-procedure instructions

* The recipient area may be immobilized, if necessary.

» For special areas like the lips, the patients are advised to be on a liquid diet for the
first 24 h, preferably with a straw, and are allowed a normal diet after this period.

* To find out any dislodgment of grafts, dressings may be opened after 24 h,
and if any are found, they need to be replaced.

* Finally, dressings are removed after 4—7 days [12, 13, 16].

* Antibiotics and anti-inflammatory drugs are administered for 8—10 days.

e PUVA/PUVASOL or NB-UVB for 3—-6 months is done to enhance repigmen-
tation [12, 13, 17-19].

F. Mechanism of pigmentation after grafting
The graft of the donor area functions independently of the recipient area. It pro-
duces active melanin, and the melanocytes from the infundibulum of hair folli-
cles present in the graft spread centrifugally to the basal cell layer and thereby
recolonize the epidermis of recipient area with active and functional melano-
cytes leading to perigraft pigmentation [8, 10, 20].

G. Complications [21] (Table 28.4)

H. Advantages and disadvantages (Table 28.5)

Table 28.4 PG complications: recipient and donor sites

Recipient site Donor site

Keloid

Hypertrophic scar
Superficial scar
Depigmentation/spread of
disease

Contact dermatitis to
adhesive tapes

Fig. 28.1 After minigrafting, good repigmentation evident but
cobblestoning seen

Cobblestoning (Fig. 28.1)

Polka dot

Variegated appearance and color mismatch
Static graft (no pigment spread)
Depigmentation of graft

Perigraft halo

Graft dislodgment/rejection

Hypertrophic scar and keloid formation
Target-like pigmentation [22]




28 Vitiligo Management: Procedural Options 287

Table 28.5 PG: advantages and disadvantages

Advantages Disadvantages

Simple, safe, and inexpensive office procedure | Commonly associated with side effects
Needs no special training for a dermatologist. Perfect color match does not occur

High success rate and excellent cosmetic results | Phototherapy is required after grafting to
Large lesions and any site except the angle of achieve pigmentation

the mouth can be treated

Areas of residual vitiligo between grafts or
rejected can be regrafted

Specifically suitable for the areola

Perhaps the only suitable method for the palm

28.3.1.2 Suction Blister Grafting/Epidermal Grafting (SBEG)

Suction blister epidermal grafting is an established technique for the treatment of
recalcitrant and stable vitiligo. The pigmented epidermis is harvested from the
donor site by using suction to raise a blister which is then transferred to the vitiligi-
nous area.

A.

Evolution

Falabella, in 1971, first used epidermal sheets to treat vitiligo by in vivo separa-
tion of the viable epidermis [23]. However, various modified techniques have
been used for producing the blister, including the use of syringes, three-way
connectors, surgical glue, and modified BFY dermis— epidermis separator, mak-
ing the procedure simple with improved results [24-27].

. Instruments

Required are the following instruments: disposable syringes (10, 20, and 50 cc),
three-way cannulas, dermabrader (manual or electrical), iris scissors, non-
toothed forceps, artery forceps, sterile glass slides, and surgical glue (N-butyl-2-
cyanoacrylate). If available, lasers (CO, or Er: YAG) may be used.

Procedure

e Donor Area
Preferred sites include the medial aspect of the forearm, the medial/lateral
aspect of the upper arm, and the medial or posterior aspect of the upper thigh.
After surgical cleansing, a topical local anesthetic is applied to the area as the
procedure is painful; alternatively, 1 % lidocaine (Xylocaine) can be injected
as a field block.

* Raising of the Blister
Blisters may be raised using syringes, suction pump, suction cups, or a nega-
tive pressure cutaneous suction chamber system [24, 28, 29]. The most com-
monly used is the syringe suction. The bases of syringes sized 10 and 20 ml,
coated with petroleum jelly (Vaseline), are applied on the donor site.
Approximately 20-30 ml of air is aspirated using a 50 ml syringe and a three-
way cannula. The three-way cannula is locked, and the 50 cc syringe is dis-
connected. This maintains constant negative pressure within the 10 or 20 cc
syringe. It usually takes 1.5-3 h for the development of blisters. The best
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result is a single unilocular nonhemorrhagic blister. In case of smaller blis-
ters, one can either increase the negative pressure in the syringe by another
5 ml or intradermally inject saline into the blister to expand it [18].

Blister deroofing

The roofs of the blisters are gently cut using iris scissors. The graft is then
placed on a glass slide with the dermal side facing upward. The graft is then
cleaned and spread to its maximum size and kept moist with normal saline.
The donor site is then cleaned and bandaged using nonadherent dressing such
as chlorhexidine gauze.

Recipient site

The recipient area is surgically cleaned using methylated spirit and povidone
iodine and then anesthetized using plain lignocaine 1%. The area is then
dermabraded using a manual or motorized dermabrader, a microdermabrader,
or a CO, laser till minute pinpoint bleeding spots are visible. Gupta et al. used
hypodermic needle as a dermabrading device for the smaller recipient area
preparation before suction blister grafting [30]. Dermabrasion should extend
for 1-2 mm beyond the border of the vitiliginous area. Hemostasis is achieved
by pressure, and the area is covered with saline-soaked gauze pieces.
Cryoblistering or suction blistering has also been used for the preparation of
the recipient site [31].

Transfer of grafts

The grafts are then placed such that the dermal side of the graft is now in
contact with the dermabraded area. A gap of 0.5 cm can be left between two
grafts because there is a pigment spread.

Graft fixation

With sterile moist gauze, firm pressure is given over the graft to remove any
serous collection underneath. This helps in graft adherence. The recipient
area is dressed with double layer framycetin tulle moist gauze, followed by
sterile gauze and Elastocrepe bandage. Alternately, surgical glue (N-butyl-2-
cyanoacrylate) can be applied along the edges of the grafts for fixation.
Donor area is dressed with dry sterile pads.

Post-procedure instructions

The dressing over the donor and recipient sites is removed after 24 h and 7
days, respectively. The patient is advised to keep the area immobile. Usually,
the grafts fall off in 1-2 weeks.

Oral or topical Psoralen-UVA or PUVASOL can be started from the day of
removal of dressing to facilitate repigmentation.

Principle of suction blister epidermal grafting

In suction blister grafting, the cleavage occurs between the basal cells and the
basal lamina of the basement membrane zone. Hence, only the epidermal por-
tion of the donor area is grafted. So the graft generally acquires the characteris-
tics of the recipient site rather than the donor site, resulting in a better color
match and cosmetic outcome [32]. The melanocyte transfer takes place within
48-72 h from the graft to the recipient site.
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Table 28.6 SBEG complications: donor and recipient sites

Donor site Recipient site
Ecchymosis Hyperpigmentation
Hematoma Incomplete pigmentation
Pigmentary changes Perigraft halo
Secondary infection Graft rejection

Allergic contact dermatitis

F. Complications (Table 28.6)
G. Advantages and disadvantages (Table 28.7)

28.3.1.3 Split-Thickness Skin Grafting (STSG)

Split-thickness skin grafting involves transfer of epidermis and often the uppermost
part of superficial dermis into the dermabraded patch of vitiligo, thereby achieving
the transfer of melanocytes and keratinocytes from donor graft to the recipient area
[8]. The thickness of the graft ranges from 0.1 to 0.7 mm [35].

A. Evolution
In 1964, Behl was the first to report the use of thin Thiersch’s skin grafts to treat
vitiligo [36]. Since then, various modifications of the same procedure like ultra-
thin epidermal sheets or ultrathin split-thickness grafting (less than 0.08-
0.15 mm) have been tried for the treatment of vitiligo [37—40].

B. Instruments
These include dermabrader (manual or electrical), skin grafting equipment, graft
spreading rods/spatula, non-traumatizing ring forceps, iris scissors, surgical glue-
Cyanoacrylate adhesive (N-butyl-2-cyanoacrylate), and a sterile petri dish/bowl.

C. Procedure

Donor area

Preferred sites include the gluteal area and anterolateral aspect of the thigh,
abdomen, and arms [37, 41]. After shaving off the hairs and proper cleansing
with povidone iodine and 70 % ethanol, the area is anesthetized with 1%
lidocaine (Xylocaine) without adrenaline. The area is then stretched, and a
thin, even split-thickness graft is harvested, using either a sterile razor blade
mounted on a Kocher’s forceps or a blade-holding instrument. Alternatively,
a hand dermatome, Humby’s knife, Silver’s knife, or an air-driven power
dermatome may be used for harvesting the grafts [42-44]. The grafts thus
obtained are transferred to a petri dish containing normal saline. The donor
area is dressed with nonadherent dressing.

Recipient area

After proper cleansing with povidone iodine and 70 % ethanol, the area is
abraded using a dermabrader, until pinpoint hemorrhages are seen uniformly
all over the lesion. The area is then cleaned with normal sterile saline and
covered with a gauze piece soaked in normal saline. The grafts obtained are
then placed upside down on the sterile glass slides. The slide is placed on the
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recipient area and pressed against the skin. Any blood or exudates between
the graft and recipient area are evacuated by firm pressure over the graft with
the help of wet gauze, without displacing the graft. The graft is immobilized
by using surgical adhesive, octyl-2-cyanoacrylate and pressure dressing.
The adhesive gives excellent results to secure the graft and also has
antimicrobial properties against Staphylococci, Pseudomonas, and E. coli
[45]. The recipient site can also be prepared using a pulsed Erbium-YAG
laser or ultrapulse CO, laser [46].

D. Post-procedure instructions

» Patients are advised to avoid excessive movement of the grafted area and to

follow up after 1 week for a change of dressing. Donor site dressing is also
changed after 1 week.

Prophylactic oral antibiotics are given for 1 week to prevent postoperative
infection.

If there is perigraft depigmentation or achromic fissures, NB-UVB is required
postoperatively for complete repigmentation.

E. Principle of split-thickness skin grafting
Three biological changes occur following skin grafting [41].

Graft take adherence

This stage is comprised of two phases. The first phase occurs within 72 h of
the placement of the graft. Fibrin bonding occurs between the graft and recip-
ient area leading to graft adherence. The second phase begins with the onset
of vascular anastomosis and fibrovascular growth.

Graft revascularization

The graft and host vessels get connected with the formation of new vascular
channels.

Contracture

The contraction of the elastin fibers leads to the contracture of the graft after
harvesting, and a similar phenomenon also occurs at the recipient site. The
above two factors contribute to achromic fissures and perigraft halo which
follows the grafting. Overlapping of the graft edges at the recipient site can
prevent these complications.

F. Complications (Tables 28.8 and 28.9)
G. Advantages and disadvantages

28.3.1.4 Modifications of Techniques at Special Sites [32]

A. Eyelids
The thinnest graft should be selected for the upper eyelid. For small area, suc-
tion blister graft is ideal. Thin or ultrathin split-thickness skin grafts give good
results if the entire eyelid is involved. Strict immobilization for the first 72 h is
essential for graft uptake.
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Table 28.8 STSG complications: recipient and donor sites

Recipient site

Donor site

Graft rejection

Textural abnormalities like “curling” or “branching,”
resulting in peripheral beading at the graft edge or a “stuck

on tire patch” appearance
Hyperpigmentation
Perigraft halo
Hypertrophy

Milia

Secondary infection
Reactivation of vitiligo

Post inflammatory
hyperpigmentation

Scarring

Recurrence or Koebnerization

Table 28.9 STSG: advantages and disadvantages

Advantages

Disadvantages

Pigmentation can instantly cover larger areas
over a short period of time

Difficult areas such as eyelids, inner canthus
of eyes, areola, nipples, and genitals can be
treated readily

Pigmentation achieved is uniform [47]
Repigmentation of leukotrichia is also
possible [48, 49]

Less time-consuming as compared to other
procedures

Prolonged hyperpigmentation particularly on
the exposed areas in dark-skinned patients
Superficial scarring and chances of vitiligo at
the donor site

Larger area requires multiple sitting

Requires surgical skill for graft harvesting
Tips, palms, soles, and mucous membranes are
difficult to treat by this method

Scarring and contracture at the recipient area
[50]

Risk of malignant transformation in keratinized
grafts applied in the oral mucosa [51]

B. Lips

Suction blister grafts for small areas and thin split-thickness skin grafts for
larger areas give a good cosmetic outcome on the lips.

C. Areola

The entire areola should be grafted in order to maintain a uniform color.

. Acral areas

Minipunch grafting is most suitable for the fingers, toes, palms, and soles. Suction
blister grafting or thin split-thickness skin grafting is suitable for the dorsal sites.
. Genitals

The history of genital herpes should be always ruled out before attempting sur-
gical treatment. Long-term prophylaxis with acyclovir should be given in proven
and doubtful cases and the prognosis clearly explained. Suction blister grafts,
thin split-thickness skin grafts, minipunch grafts, and non-cultured melanocyte
suspensions can be tried, depending on the size of the vitiligo patch and exper-
tise of the surgeon [52].

Hairy areas

The hair should be plucked out instead of shaving before grafting to delay hair
regrowth and thereby preventing lifting up of the graft. Alternatively, a chemical
depilatory may be used.
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28.3.1.5 Mesh Grafting (MG)

Mesh grafting is a technique where the graft is expanded by making slits in it such
that it appears like a mesh [53].

A.

Instruments

These include a Padgett or Duvals dermatome, an ampligreffe or Discard-A-
pad, and a dermabrader.

Procedure

Donor site

Under general anesthesia, a 0.01 mm thickness graft is obtained from the
anterolateral aspect of the thigh, using a Padgett dermatome. The grafts, with
the dermis facing upward, are transferred to an ampligreffe, specifically
placed on its slightly inclined metal plate. With one end of the graft inserted
between the spiral barrels of the ampligreffe, the latter’s handle is then
rotated. There occurs the formation of a diamond-shaped mesh when the
graft passes between the two barrels of the ampligreffe. The resultant mesh is
of four times the size of the original graft.

Recipient site

After the recipient site is cleaned and dermabraded, the graft is transferred
and bandaged with saline-soaked dressing or framycetin (Sofratulle®). The
donor site is also dressed using aseptic precautions.

Post-procedure instructions

The dressing at the recipient site is removed after a week.
Phototherapy is started immediately or after a week.

. Advantages and disadvantages (Table 28.10)

28.3.1.6 Flip-Top Pigment Transplantation

Flip-top technique is a method devised by McGovern and colleagues in which the
graft is placed between a flap of the epidermis and dermis at the recipient site [54].

A. Instruments: sterile blade and surgical glue
B. Procedure

Table 28.10 MG: advantages and disadvantages

Advantages Disadvantages

Larger areas can be covered due to graft Risk of scarring at the donor site

expansion Thick graft might lead to beading at the margin
Rapid harvesting of the graft Cosmetic results are inferior as compared to other
Allows coverage of areas with variable methods

contours

No risk of scarring at recipient site
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Donor area

After cleaning, a thin split-thickness graft is harvested from either the medial
aspect of the upper arm or lateral aspect of the thigh, by using a sterile blade.
The grafts are kept moist in saline-soaked gauzes.

Recipient area

The recipient site is cleaned. A flap of the epidermis is raised using a sterile
blade. One end of the epidermis is left in contact with the dermis, and the flap
is turned to expose the dermis. The graft is placed with its dermal side in
contact with the dermis of the recipient site. The flap is put back in position
to cover the graft. Cyanoacrylate glue is used to secure the graft and the flap.
Both the donor and recipient areas are dressed.

C. Post-procedure instructions

The dressing is removed after a week.
Phototherapy is started after removal of dressing.

D. Advantages and disadvantages (Table 28.11)

28.3.1.7 Hair Follicle Grafting

Repigmentation of vitiligo occurs from hair follicle melanocytes. Hence, hair folli-
cle transplantation over a vitiligo patch leads to repigmentation of the patch, espe-
cially in hair-bearing areas with leukotrichia [55, 56].

A. Procedure

Donor area

The occipital area of the scalp is the preferred site. The hairs are trimmed to
1-2 mm length. Field block anesthesia is given with 2 % lidocaine. A 0.8 mm
punch with Folligraft® is used to obtain follicular units. The hair suspension
thus obtained is preserved in a sectioned petri dish filled with normal saline.
Recipient site

The recipient vitiligo patch is anesthetized with topical anesthetic cream fol-
lowed by a small amount of injected local anesthesia (2% lidocaine). The
prepared hair follicles are transplanted uniformly over the incision site cre-
ated with a scalpel. The recipient site is dressed.

Table 28.11 Flip-top pigment transplantation: advantages and disadvantages

Advantages Disadvantages

Flap of epidermis acts as a biological dressing Requires skill to harvest a thin graft
Less chances of secondary infection and falling of There is beading at the margins

graft
Inexpensive
Easy to perform
Quick method
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B. Post-procedure instructions

* After a week, the dressing is removed and checked for graft uptake.
* Phototherapy is started after removal of the dressing.

C. Principle of hair follicle grafting
This procedure is based on the concept of the existence of undifferentiated stem
cells in the hair follicle, which forms a good source of melanocytes for repig-
mentation [55]. Hair melanocytes have a remarkable synthetic capacity, and a
relatively small number of melanocytes can potentially produce sufficient mel-
anin for pigmentation [57]. After a few weeks of grafting, the melanocytes
spread to surrounding depigmented epidermis, and the skin appears
repigmented.

D. Advantages and disadvantages (Table 28.12)

Table 28.12 Hair follicle grafting: advantages and disadvantages

Advantages Disadvantages

Scarless surgery Requiring expertise and time
Good technique for management of leukotrichia
Vitiligo in hairy and non-glabrous areas

No cobblestoning

Good color match

28.3.2 Cellular Grafts

Tissue grafting techniques in vitiligo, though easy to perform and give appreciable
results, have various deficiencies in the form of cobblestoning, pigment mismatch,
stuck-on appearance, inadequate pigment cover, and patient discomfort. There has
always been an inclination toward the use of advanced technology in the treatment
of each and every condition. Replenishing melanocytes selectively in vitiliginous
macules by autologous melanocytes is one such promising treatment. Two types of
techniques are used: autologous melanocyte-rich cell suspension (non-cultured)
technique and the cultured melanocyte technique. Both are based on the principle of
seeding melanocytes (i.e., introduction of melanocytes from the normal skin into a
region of the depigmented skin).

28.3.2.1 Non-cultured Epidermal Cellular Grafting

A. Evolution
In 1992, Gauthier and Surleve-Bazeille described the technique in which a
donor sample was obtained from the scalp by superficial shaving using a
dermatome with a razor blade and then treated with trypsin 0.25 % for 18 h
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for dermal—epidermal separation [58]. Subsequently, epidermal cells were
extracted, and a cellular suspension was prepared. This suspension was inoc-
ulated into blisters raised with liquid nitrogen at the recipient area. In 1998,
Olsson and colleagues used the gluteal skin as donor sample and reduced
trypsinization time to 50 min. The cellular suspension was directly applied
onto a dermabraded vitiligo lesion [59]. Since then, many advances have
been made in the procedure, along with preparation of the recipient area.
De-epithelialization of the graft recipient area bed can be achieved by cryo-
therapy, induction of suction blisters or dermabrasion using a high-speed
dermabrader, and laser abrasion. Similarly, the use of special culture media
has been replaced by phosphate-buffered saline (PBS) or saline solution
without xenobiotics (e.g., bovine serum or pituitary extract or other foreign
proteins).

B. Instruments
These include skin grafting knife/Silver’s knife, dermabraders (manual metallic
or electrical), incubator, centrifuge, laminar flow bench, petri dishes, iris scis-
sors, jeweler’s forceps, ring forceps, spatula, and test tube marking pen.

C. Procedure

e Donor area
The medial aspect of the thigh or the lateral aspect of the gluteal region is
selected as the donor site. About one-tenth the size of the recipient area is
selected for harvesting the graft. A very superficial sample of the skin is
obtained using Silver’s skin grafting knife after anesthetizing the area. The
superficial wound is then dressed with liquid paraffin dressing and sterile
gauze pad.

* Trypsinization and cell separation in laboratory
The skin graft is immediately transferred to 6 ml of 0.25 % trypsin-EDTA
solution in a petri dish and is incubated at 37 °C for 50 min.

* Removal of excess trypsin
The grafts are then transferred into a petri dish containing 8 ml of melano-
cyte nourishment medium [i.e., Dulbecco’s Modified Eagle Medium/F12
(DMEM)] which acts as a diluting agent to wean off the trypsin action. All
the subsequent steps are performed in a laminar airflow bench under strict
aseptic conditions. The epidermis is further separated from the dermis with
forceps. The epidermis is further broken into smaller pieces in a petri dish
and washed with the DMEM/F12 medium and finally transferred to a test
tube also containing DMEM/F12.

e Centrifugation
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The test tube is then centrifuged for 6 min at 3000 rpm. The supernatant is
discarded, and the pellet at the bottom is suspended in a 1 ml insulin
syringe.
* Recipient area

After surgical cleaning and anesthesia, the vitiliginous area is dermabraded
until pinpoint bleeding is seen. The cell suspension is applied evenly on
the denuded area and spread uniformly with spatula. The area is then cov-
ered with a collagen dressing which is again covered with sterile liquid
paraffin and gauze pieces. The patient is made to lie down for 30 min (ele-
vation of body part, if required, i.e., foot) and then allowed to leave with
the instructions to avoid vigorous activities and to carry out only restricted
movements for next 7 days.

D. Post-procedure instructions

e Oral antibiotics and analgesics are given for 5 days.

e The dressings are removed after 1 week in most cases.

e The patients are followed up at 1, 3, and 6 months after the procedure for
assessing repigmentation.

e Phototherapy can be initiated after 3 weeks.

E. Complications (Table 28.13)
F. Advantages and disadvantages (Table 28.14)

Table 28.13 Non-cultured epidermal cellular grafting complications: donor and recipient sites

Donor area Recipient area
Scarring Infection
Infection

Koebnerization

Milia

Table 28.14 Non-cultured epidermal cellular grafting: advantages and disadvantages

Advantages Disadvantages
Tenfold large areas can be treated at a time Expensive procedure
Excellent cosmetic results Requires special setup
Excellent texture and color matching Needs expertise

No stuck-on look

No cobblestoning
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G. Modifications of the procedure

The use of hyaluronic acid

Hyaluronic acid can be added to the suspension to increase viscosity and
thereby preventing running away of the suspension [60].

In vivo technique for preparation of cell suspension

This is a novel technique suggested by Gupta et al. in which cell separation
and harvesting are performed inside sterile blisters induced by suction on the
patient’s thigh and injecting the solution containing 1 ml of 0.25 % trypsin
0.002 % EDTA solution into the blister. The body heat serves as the incubator
at a temperature of around 37°C. This technique has the advantage of being
simple, easy to learn, inexpensive, and requiring only minimal processing
and handling of the tissue outside the body [61].

Noncultured hair follicle outer root sheath cell suspension (Fig. 28.4a—d)

In this technique, the clee suspension is prepared from outer root sheath cells
of extracted hair follicles. Hair follicle contains more numerous and larger
melanocytes as compared to epidermis.

Mechanical separation of epidermal cells instead of enzymatic separation
Epidermal scrapings (till the level of the papillary dermis) are applied directly
onto the dermabraded recipient area [62]. However, questions regarding the
homogeneity of the repigmentation remain to be investigated.

Fig. 28.4 (a) Acral Vitiligo - before hair follicular outer root sheath cell suspension. (b—d) After
the procedure - good repigmentation evident
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28.3.2.2 Cultured Melanocyte Transplantation (CMT)

Autologous melanocyte culture is an effective surgical mode of treatment in stable
and recalcitrant lesions of vitiligo in which large areas of the skin can be covered
with a smaller donor skin. Cultured melanocytes have a donor to recipient area ratio
of around 1:100, and hence a very small donor graft is adequate to cover a very
large area.

A. Evolution
Eisinger and Marko in 1980 successfully cultured melanocytes from the new-
born foreskins and adult skin [63]. In 1987, cultured melanocytes were used to
treat leukoderma. Lerner et al. successfully treated a patient of piebaldism with
the use of cultured melanocytes [64]. The procedure of obtaining cultured mela-
nocytes and the preparation of recipient area for the melanocyte transplantation
have undergone several modifications in the last few decades.

B. Procedure

The initial steps are similar to the ones used for autologous, non-cultured mela-
nocyte plus keratinocyte grafting till the formation of a cell suspension pellet.
The cell suspension is cultured in tissue culture flasks along with 05 ml of
M2 medium [F12 medium supplemented with bFGF (20 ng/ml), isobutyl
methylxanthine (0.1 mm), cholera toxin (10 ng/ml), glutamine 2 mm, and
10 % fetal bovine serum (serum-free tetradecanoylphorbol acetate)]. The cul-
ture is maintained at 37 °C in 95 % air and 5 % CO, atm (using anaerobic gas
chargers) in an incubator for a total of 21 days. The tissue culture fluid was
replaced on a daily basis.

Cell viability is assessed by trypan blue exclusion assay, which is based on
uptake of trypan blue dye by nonviable cells as a result of disintegration of
the cellular membrane. The density of melanocytes is counted under a
microscope using a Neubauer’s chamber. A density of 1000-2000 melano-
cytes/mm? is achieved before transplantation.

The cultured grafts are transferred to a petri dish containing 8 ml of DMEM
media and then centrifuged at 3000 rpm for 6 min.

The cell suspension pellet is obtained, and the subsequent steps of cellular
transplantation to the recipient area are similar to the non-cultured epidermal
cell suspension method.

C. Post-procedure instructions

The patient is asked to give rest to the operated area and to limit mobility at
the site.

The dressing at both donor and recipient sites is removed on the seventh day.
The patients are called after 1, 3, and 6 months to assess the extent of
repigmentation.

D. Advantages and disadvantages (Table 28.15)
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Table 28.15 CMT: advantages and disadvantages

Advantages Disadvantages

Very small donor graft is adequate to cover a very large | Lack of complete standardization

area

Expensive laboratory equipment

The cells can be cryopreserved for future use Technical complexity

E. Modifications of the procedure

Amniotic Membrane as a Scaffold for Melanocyte Transplantation

In a study by Redondo et al., cultured epidermal melanocytes were replated
onto the basement membrane (BM) side of the amniotic membrane and were
allowed to grow for another 3—4 days [65]. The amniotic membranes were
then placed on the dermabraded recipient site with the BM side down.
Excellent repigmentation was achieved in all patients along with repigmenta-
tion of the marginal area.

The amniotic membranes have anti-inflammatory and antimicrobial proper-
ties with lack of antigenicity, facilitating the reepithelialization of the skin
and reducing scarring.

Hyaluronic Acid Micropore Sheets as Scaffold [66]

The cultured melanocytes and keratinocytes are transferred ontoa 10 x 10 cm-
sized sheet of hyaluronic acid, and the cells are allowed to proliferate and
form a keratinizing stratified epithelium. This sheet is then transferred to
dermabraded recipient sites, and repopulation of the areas occurs via passage
of cells through the micropores.

Autologous Cultured Epithelial Graft (CEG)

There has been limited data on these methods [66]. The melanocytes and
keratinocytes can be cultured together by this technique, and hence it is useful
in vitiligo patients who are refractory to all other known therapies [66]. No
major complications have been reported in various studies, but this technique
is expensive and requires sophisticated laboratory and trained personnel.

28.3.3 Other Methods

28.3.3.1 Micropigmentation

Tattooing or micropigmentation is defined as uniform implantation of minute inert
pigment granules into the dermis so as to artistically create a permanent cosmetic
camouflage [67, 68].

A. Instruments

L]

L]

Electrically driven tattooing machine and tattoo pigments

The pigment to be used for micropigmentation should be nontoxic and nonir-
ritating, with a particle size of about 6 pm, insoluble, light and tissue stable,
and inert to immunologic destruction.
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Various chemical substances and their colors of pigmentation are as follows:

White: titanium dioxide

— Red: cinnabar, mercuric sulfate (cadmium sulfide added to make red
brighter)

— Black: iron oxide

— Yellow: cadmium sulfide

Camel yellow: iron oxide

— Light brown: iron oxide

— Dark brown: iron oxide

B. Procedure

Pigment preparation is done by mixing various pigment powders to achieve
the desired shade. One to two drops of a wetting agent such as normal saline,
water, or 80 % alcohol are added to make a pigment paste.

A thick layer of pigment paste is applied to the site under local anesthesia
lignocaine 2 %. The site to be tattooed is stretched with the thumb and
index finger while the tattooing machine, held in the pen-holding manner,
makes repeated vertical movements of needles up and down on the surface
of the skin. Tattooing is done in the entire area in an overlapping manner.
Pressure is exerted with the thumb and index finger to maintain
hemostasis.

C. Post-procedure instructions

Prophylactic antibiotics and anti-inflammatory drugs may be given
postoperatively.

Follow-up at 4-6 weeks and 6 months may require touch-up tattooing for the
areas of pigment shed off.

D. Principles of Micropigmentation
The pigment particles are implanted intradermally between the superficial and
middle dermis; these particles get permanently fixed, both intracellularly and
extracellularly, within dermal mononuclear cells and collagen fibers, respec-
tively. Over the years, a small amount of this pigment may migrate to the
regional lymph nodes with resultant fading.

E. Complications (Table 28.16)

F. Advantages and disadvantages (Table 28.17)

Table 28.16 Complications

Ecchymosis Tattoo may act as foci of localized dermatoses in diseases
Crusting associated with Koebnerization

Edema Rarely precipitation of cutaneous malignant melanoma, basal
Reactivation of herpes cell carcinoma, and reticulohistiocytoma

simplex virus infection
Secondary bacterial infection
Contact allergy to pigments
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Table 28.17 Tattooing: advantages and disadvantages

Advantages Disadvantages

Results are immediate Mismatched color

Chances of rejection are less Change in shade from brown to slate bluish
Inexpensive, safe, and simple office black

procedure Loss of pigment (pigment extrusion)
Needs no hospitalization or expertise Leaching (pigment fading)

Can be done on any anatomical site

Can be easily repeated if required

28.3.3.2 Therapeutic Wounding

It is a therapeutic modality where superficial wounding of the epidermis is done for
small and stable patches of vitiligo to achieve repigmentation.

A.

B.

Evolution

This procedure for the vitiliginous skin is performed without subsequent graft-
ing. Various modalities like dermabrasion, CO, laser and Er: YAG laser ablation,
cryosurgery, needling, and spot chemical peeling with 88 % phenol solution or
trichloroacetic acid 30-50 % have been used for wounding the vitiligo patch and
inducing repigmentation [69-75].

Mechanism of repigmentation

Following therapeutic wounding, there occurs inflammation followed by reepi-
thelialization from the remnants of dermal appendages like sebaceous glands,
hair follicles, and sweat glands [69, 70, 74]. Various cytokines, such as leukotri-
enes C4 and D4, TGF-a, interleukin- 1, and endothelin-1 liberated during inflam-
matory and healing phase, stimulate the follicular and perilesional melanocytes
and induce perifollicular and perilesional pigmentation [69, 70, 74, 76-78].

Superficial Dermabrasion (Spot or Regional)

A.

B.

C.

Procedure

e It is performed under local or general anesthesia.

e Multiple, parallel, side-to-side, and above-downward strokes with an electric
dermabrader or to-and-fro, longitudinal, and horizontal, crisscross strokes
with a manual metallic abrader are made from one border to another border
of the vitiligo patch, till punctuate bleeding points appear. The complete
lesion is evenly dermabraded extending 1 cm beyond the vitiliginous area
(feathering).

Post-procedure instruction

» Topical PUVA or PUVASOL therapy is advised for the next 3—6 months after
the lesion has healed.

Complications

e Postoperative hypo- or hyperpigmentation, erythema, secondary infection,
and scarring
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D. Advantages and disadvantages (Table 28.18)

Table 28.18 Superficial dermabrasion: advantages and disadvantages

Advantages Disadvantages

Inexpensive Can be used for cosmetically
unimportant area

Safe and simple office procedure 25 % (ideally up to 50 %) of the black
hair required

Quick results Multiple sittings required for larger
regions

CO, Laser Ablation (Spot or Regional)

A. Procedure

e After anesthesia, small adjacent areas are uniformly ablated using the free-
hand method with the laser in the continuous mode. There occurs immediate
bubbling of the epidermis (which turns grayish white).

* After removal of the epidermis, healthy erythematous to pinkish dermis is
seen.

e The wound is then dressed with an antibiotic ointment.

B. Post-procedure instruction

e Topical PUVA or PUVASOL therapy is advised for the next 3—6 months after
the lesion has healed.

C. Complications
» Persistent erythema, pigmentary changes, and scarring

D. Advantages and disadvantages (Table 28.19)

Table 28.19 CO, laser ablation: advantages and disadvantages

Advantages Disadvantages
Simple freehand technique At least 25 % of black hair required
No bleeding Expensive equipment

Liquid Nitrogen Cryosurgery

A. Procedure

e This is done by therapeutically wounding the hairy vitiligo area by freezing
it with liquid nitrogen (—196°C) for 10-20 s through a single freeze—thaw
cycle. Within a few minutes, a violet color appears at the periphery and
moves centrally. A hemorrhagic blister forms on the surface which turns into
an eschar, lasting for a few days or weeks.

B. Complications (Table 28.20)
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Table 28.20 Liquid nitrogen cryosurgery complications: immediate and delayed

Immediate Delayed
Pain Hemorrhage
Headache (for lesions on the forehead, temples, or Postoperative infection
scalp) Granulation tissue formation
Edema Pseudoepitheliomatous hyperplasia
Hemorrhage Hyperpigmentation
Blister formation Milia
Syncope Hypertrophic scars
Arthralgia
Needling

A. Procedure

e Multiple, superficial, tiny puncture wounds spaced 1 mm apart are made at
the junctional hyperpigmented border with a sterile #26 injection needle at an
angle of 30—45° with the tip of the needle pointing toward the depigmented
zone. Hemostasis is achieved with pressure. A scab may form by the second
to fourth day and falls off by the eighth to tenth day.

B. Post-procedure instruction

e Treatment with topical PUVA/PUVASOL is continued.

Chemical Wounding with 50 % TCA or 88 % Phenol

A. Procedure

* Eighty-eight percent phenol is applied using a cotton-tipped applicator with
uniform smooth strokes until there is ivory white uniform frosting. Feathering
is done by gently painting the phenol from the periphery of the lesion into the

surrounding normal skin.

e No neutralization is required for phenol; however, ice cold water is needed
for neutralization if TCA is used, once frosting is observed.

B. Post-procedure instruction

* PUVA/PUVASOL therapy is started after 15 days and continued till there is
coalition of perifollicular and perilesional pigmentation.

C. Complications

* Immediate burning sensation and discomfort, hyperpigmentation, and super-

ficial scarring

D. Advantages and disadvantages (Table 28.21)
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Table 28.21 Chemical wounding: advantages and disadvantages

Advantages Disadvantages

Safe, simple, and inexpensive Multiple sittings required

No specialized training, equipment, or local | At least 25 % black hair needed
anesthesia

Donor Dermabrasion to Obtain Melanocytes and Keratinocytes

Described by Dilip Kachawa, this unique method involves dermabrasion of the
donor area. The dermabraded epidermis is collected and applied directly onto
the similarly dermabraded recipient area. In this method, the donor area needed
for collecting grafting material is approximately one-third of recipient
area [79].

28.3.3.3 Body Hair Transplantation in Vitiligo

Chouhan et al. reported successful repigmentation of vitiligo with leukotrichia after
body hair transplantation [79].

A. Procedure

e Donor hairs are collected using the follicular unit extraction (FUE) method
with 0.8 mm punch under local anesthesia. Follicular units are simultane-
ously transplanted in the directions of existing hairs using a 19 g needle in the
depigmented macules with 5 mm gap between the follicles.

B. Post-procedure instruction

* Phototherapy is restarted in the recipient area a week after the procedure.

28.3.3.4 Smashed Skin Grafting or Smash Grafting

Smashed skin grafting is a variant of the split-thickness skin graft with a slight
modification [80]. In this method, the split-thickness graft obtained undergoes a
process of “smashing” before being applied onto the donor site.

A. Procedure

e The amount of donor tissue removed is only one-tenth of the recipient area.
The tissue is “smashed” or simply cut into very minute pieces using a sterile
curved suture-cutting scissor to make a fine homogenous donor material. The
final tissue thus obtained after thorough smashing looks just like a paste con-
sisting of minute particles of the skin.
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* The smash graft is then applied to the recipient area. The recipient site is then
left open for 15-30 min for the exudates to dry up a little bit. The recipient
area is dressed using a nonadherent material, and the patient is advised to
keep the area immobile.

B. Post-procedure instruction
» Topical PUVA/PUVASOL is started after 2 weeks.
C. Advantages

e Need simple instruments

* Cost-effective to the patient

e Minimal residual changes at the donor and recipient sites

e Unlike suction blister and thin split-thickness graft, smash graft can be
applied without any epidermal or dermal side consideration.

* Easy to master with training and expertise

28.4 Conclusion

Proper patient selection and establishment of stability on vitiligo lesions are very
vital in considering surgical modalities as a form of management for refractory
vitiligo cases. With all the surgical options available and presented in the chap-
ter, the decision as to what surgical procedure to carry out for a particular candi-
date will then depend on what is best for the patient and the expertise of the
dermatologist—surgeon.

References

1. Goldinger SM, Dummer R, Schmid P, Burg G, Seifert B, Lauchli S. Combination of 308-nm
xenon chloride excimer laser and topical calcipotriol in vitiligo. J Eur Acad Dermatol Venereol.
2007;21(4):504-8.

2. Mohanty S, Kumar A, Dhawan J, Sreenivas V, Gupta S. Noncultured extracted hair follicle
outer root sheath cell suspension for transplantation in vitiligo. Br J Dermatol.
2011;164(6):1241-6.

3. Rusfianti M, Wirohadidjodjo YW. Dermatosurgical techniques for repigmentation of vitiligo.
Int J Dermatol. 2006;45:411-7.

4. Falabella R, Arrunategui A, Barona MI, Alzate A. The minigrafting test for vitiligo: detection
of stable lesions for melanocyte transplantation. ] Am Acad Dermatol. 1995;32:228-32.

5. Prasad D, Gupta S. Standard guidelines of care for vitiligo surgery. Ind J Dermatol Venereol
Leprol. 2008;74:37-45.

6. Gupta S, Kumar B. Epidermal grafting in vitiligo: influence of age, site of lesion, and type of
disease on outcome. J Am Acad Dermatol. 2003;49:99—104.

7. Gupta S, Kumar B. Epidermal grafting for vitiligo in adolescents. Pediatr Dermatol.
2002;19:159-62.



28

10.

12.

13.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Vitiligo Management: Procedural Options 307

. Orentriech N, Selmanwitz VJ. Autograft repigmentation of leucoderma. Arch Dermatol.

1972;105:784-6.

. Falabella R. Repigmentation of stable leukoderma by autologous minigrafting. J Dermatol

Surg Oncol. 1986;12:172-9.
Falabella R. Treatment of localized vitiligo by autologous minigrafting. Arch Dermatol.
1988;124:1649-55.

. Savant SS. Autologous miniature punch grafting in stable vitiligo. Indian J Dermatol Venereol

Leprol. 1992;58:310-4.

Lahiri K, Sengupta SR. Treatment of stable and recalcitrant depigmented skin conditions by
autologous punch grafting. Indian J Dermatol Venereol Leprol. 1997;63:11-4.

Malakar S, Dhar S. Treatment of stable and recalcitrant vitiligo by autologous miniature punch
grafting: a prospective study of 1,000 patients. Dermatol. 1999;198:133-9.

. Feetham HJ, Chan JL, Pandya AG. Characterization of clinical response in patients with

vitiligo undergoing autologous epidermal punch grafting. Dermatol Surg. 2011;38:14-9.
Malakar S, Lahiri K. Punch grafting for lip leukoderma. Dermatol. 2004;208:125-8.
Falabella R. Repigmentation of segmental vitiligo by autologous minigrafting. ] Am Acad
Dermatol. 1983;9:514-21.

Skouge JW, Morison WL, Diwan RV, Rotter S. Autografting and PUVA: a combination ther-
apy for vitiligo. Dermatol Surg Oncol. 1992;18:357-60.

Hann SK, Im S, Bong HW, Park YK. Treatment of stable vitiligo with autologous epidermal
grafting and PUVA. J] Am Acad Dermatol. 1995;32:943-8.

Lahiri K, Malakar S, Sarma N, Banerjee U. Repigmentation of vitiligo with punch grafting and
narrow-band UV-B (311 nm) a prospective study. Int J] Dermatol. 2005;45:649-55.

Ortonne JP, Schmitt D, Thivolet J. PUVA induced repigmentation of vitiligo, scanning electron
microscopy of hair follicles. J Invest Dermatol. 1980;74(1):40-2.

Lahiri K. Evolution and evaluation of autologous mini punch grafting in vitiligo. Ind
J Dermatol. 2009;54:159-67.

Bisen N, Bhat RM, Lahiri K, Kambil SM. Target-like pigmentation after minipunch grafting
in stable vitiligo. Ind J Dermatol. 2014;59:355-6.

Falabella R. Epidermal grafting: an original technique and its application in achromic and
granulating areas. Arch Dermatol. 1971;104:592-600.

Gupta S, Shroff S, Gupta S. Modified technique of suction blistering for epidermal grafting in
vitiligo. Int J Dermatol. 1999;38:306-9.

Gupta S. Double syringe blistering by adding a three-way connector. J Dermatol Treat.
2001;12:219.

Kim HV, Yun SK. Suction device for epidermal grafting in vitiligo: employing a syringe
and a manometer to provide an adequate negative pressure. J Dermatol Surg. 2001;
26:702-4.

LiJ, Fu WW, Zheng ZZ, Zhang QQ, Xu Y, Fang L. Suction blister epidermal grafting using a
modified suction method in the treatment of stable vitiligo: a retrospective study. Dermatol
Surg. 2011;37:999-1006.

Burm JS. Simple suction device for autologous epidermal grafting. Plast Reconstr Surg.
2000;106:1225-6.

Alexis AF, Wilson DC, Todhunter JA, Stiller MJ. Reassessment of the suction blister model
of wound healing: introduction of a new high pressure device. Int J Dermatol. 1999;
38:613-7.

Gupta S, Gupta S, Kumar A. The hypodermic needle as a dermabrading device for recipient
area preparation for skin grafting in vitiligo. J] Am Acad Dermatol. 2015;72:¢105-6.

Lee DY. The use of suction blisters for recipient site in epidermal grafting: the implications for
vitiligo. J Eur Acad Dermatol Venereol. 2009;23:241-2.

Khunger N, Kathuria SD, Ramesh V. Tissue grafts in vitiligo surgery — past, present, and
future. Indian J Dermatol. 2009;54(2):150-8.

Gupta S, Sandhu K, Kanwar A, Kumar B. Melanocyte transfer via epidermal grafts for vitiligo
of labial mucosa. Dermatol Surg. 2004;30:45-8.



308 S. Pradhan and S. Gupta

34. Nanda S, Relhan V, Grover C, Reddy BS. Suction blister epidermal grafting for management
of eyelid vitiligo: special considerations. Dermatol Surg. 2006;32:387-91.

35. Robinson JK. Surgery of the skin: procedural dermatology. 3rd ed. Philadelphia: Elsevier
Mosby; 2015.

36. Behl PN. Treatment of vitiligo with homologous thin Thiersch skin grafts. Curr Med Pract.
1964:8:218-21.

37. Kahn AM, Cohen MJ. Vitiligo: treatment by dermabrasion and epithelial sheet grafting. ] Am
Acad Dermatol. 1995;33:646-8.

38. Kahn AM, Cohen MJ. Repigmentation in vitiligo patients. Melanocyte transfer via ultra-thin
grafts. Dermatol Surg. 1998;24:365-7.

39. Olsson MJ, Juhlin L. Epidermal sheet grafts for repigmentation of vitiligo and piebaldism,
with a review of surgical techniques. Acta Derm Venereol. 1997;77:463-6.

40. Behl PN, Azad O, Kak R. Autologous thin Thiersch’s grafts in vitiligo: experience of 8000
cases, 50,000 grafts (1959-98) with modified technique in 198 cases in the year 1997-98. Ind
J Dermatol Venereol Leprol. 1999;65:117-21.

41. Khunger N. Thin split-thickness skin grafts for vitiligo. In: Gupta S, Narang T, Olsson MJ,
Ortonne JP, editors. Surgical management of vitiligo. Malden/Oxford: Blackwell Publishing
Ltd; 2007. p. 108-14.

42. McGregor IA, McGregor AD. Free skin grafts. In: McGregor IA, McGregor AD, editors.
Fundamental techniques of plastic surgery. 9th ed. Edinburg: Churchill Livingstone; 1995.
p. 35-9.

43. Ozdemir M, Cetinkale O, Woff R, Wolf R, Kotoyan A, Mat C, et al. Comparison of two surgi-
cal approaches for treating vitiligo: a preliminary study. Int J Dermatol. 2002;41:135-8.

44. Olsson M, Juhlin L. Long-term follow-up of leukoderma patients treated with transplants of
autologous cultured melanocytes, ultrathin epidermal sheets and basal cell layer suspension.
Br J Dermatol. 2002;47:893-904.

45. Torium DM, O’Grody K, Desai D, Bagal A. Cyanoacrylate adhesive. Plast Reconstr Surg.
1998;102:2209-19.

46. Kahn AM, Ostad A, Moy RL. Grafting following short pulse CO, laser de-epithelialization.
Dermatol Surg. 1996;22:965-7.

47. Khandpur S, Sharma VK, Manchanda Y. Comparison of minipunch grafting versus split-skin
grafting in chronic stable vitiligo. Dermatol Surg. 2005;31:436-41.

48. Agrawal K, Agrawal A. Vitiligo: surgical repigmentation of leukotrichia. Dermatol Surg.
1995;21:711-5.

49. Bose SK. Is there any treatment of leukotrichia in stable vitiligo? J Dermatol.
1997;24:615-7.

50. Rhee PH, Friedman CD, Ridge JA, Kusiak J. The use of processed allograft dermal matrix for
intraoral resurfacing: an alternative to split-thickness skin grafts. Arch Otolaryngol Head Neck
Surg. 1998;124:1201-4.

51. Sa’do B, Nakamura N, Higuchi Y, Zeki S, Harada H, Tashiro H. Squamous cell carcinoma of
the oral cavity derived from a skin graft: a case report. Head Neck. 1994;16(1):79-82.

52. Mulekar SV, Al Issa A, Al Eisa A, Asaad M. Genital vitiligo treated by autologous, noncul-
tured melanocyte-keratinocyte cell transplantation. Dermatol Surg. 2005;31:1737—40.

53. Srinivas CR, Rai R, Uday Kumar P. Meshed split skin graft for extensive vitiligo. Ind
J Dermatol Venereol Leprol. 2004;70:165-7.

54. McGovern TW, Bolognia J, Leffell DL. Flip-top pigment transplantation. Arch Dermatol.
1999;135:1305-7.

55. Aziz Jalali M, Jafari B, Isfahani M, Nilforoushzadeh MA. Treatment of segmental vitiligo with
normal-hair follicle autograft. Med J Islam Repub Iran. 2013;27:210-4.

56. Malakar S, Dhar S. Repigmentation of vitiligo patches by transplantation of hair follicles. Int
J Dermatol. 1999;38:237-8.



28

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Vitiligo Management: Procedural Options 309

Slominski A, Wortsman J, Plonka PM, Schallreuter KU, Paus R, Tobin DJ. Hair follicle pig-
mentation. J Invest Dermatol. 2005;124(1):13-21.

Gauthier Y, Surleve-Bazeille JE. Autologous grafting with non-cultured melanocytes: a sim-
plified method for treatment of depigmented lesions. J Am Acad Dermatol. 1992;26:191-4.
Olsson MJ, Juhlin L. Melanocyte transplantation in vitiligo. Lancet. 1992;340:981.

van Geel N, Ongenae K, De Mil M, Naeyaert JM. Modified technique of autologous non cul-
tured epidermal cell transplantation for repigmenting vitiligo: a pilot study. Dermatol Surg.
2001;27:873-6.

Gupta S, Sahni K, Tembhre MK, Mathur S, Sharma VK. A novel point-of-care in vivo tech-
nique for preparation of epidermal cell suspension for transplantation in vitiligo. J Am Acad
Dermatol. 2015;72:¢65-6.

Kachhawa D, Kalla G. Keratinocyte-melanocyte graft technique followed by PUVA therapy
for stable vitiligo. Indian J Dermatol Venereol Leprol. 2008;74:622—4.

Eisinger M, Marko O. Selective proliferation of normal human melanocytes in vitro in the
presence of phorbol ester and cholera toxin. Proc Natl Acad Sci U S A. 1982;79:2018-22.
Lerner AB, Halaban R, Klaus SN, Moellmann GE. Transplantation of human melanocytes.
J Invest Dermatol. 1987;89:219-24.

Redondo P, Giménez de Azcarate A, Marqués L, Garcia-Guzman M, Andreu E, Prosper
F. Amniotic membrane as a scaffold for melanocyte transplantation in patients with stable
vitiligo. Dermatol Res Pract. 2011;5:321-39.

Andreassi L, Pianigiani E, Andreassi A, Taddeucci P, Biagioli M. A new model of epidermal
culture for the surgical treatment of vitiligo. Int J Dermatol. 1998;37:595-8.

Savant SS. Tattooing. In: Savant SS, Shah RA, Gore D, editors. Textbook & atlas of dermato-
surgery and cosmetology. Mumbai: AS CAD Publishers; 1998. p. 222-6.

Roberts TA, Ryan SA. Tattooing and high-risk behavior in adolescents. Pediatr.
2002;110:1058-63.

Savant SS. Therapeutic spot and regional dermabrasion in stable vitiligo. Ind J Dermatol
Venereol Leprol. 1996;62:139-45.

Savant SS. Therapeutic spot dermabrasion. Study of 197 sites in 11 skin conditions. Ind
J Dermatol Surg. 1999;1:6-15.

Savant SS. Therapeutic wounding. In: Savant SS, editor. Textbook and atlas of dermatosurgery
and cosmetology. 2nd ed. Mumbai: ASCAD; 2005. p. 370-7.

Savant SS. Cryosurgery with liquid nitrogen in stable vitiligo. Ind J Dermatol Venereol Leprol.
1999;65:246-7.

Ahmad TJ, Rashid T, Rani Z. Needling: an adjunct to narrowband ultraviolet B therapy
in localized fixed vitiligo. J Pak Asso Dermatol. 2008;18:149-53.

Savant SS, Shenoy S. Chemical peeling with phenol for the treatment of stable vitiligo and
alopecia areata. Indian J Dermatol Venereol Leprol. 1999;65:93-8.

Savant SS. Surgical therapy of vitiligo: current status. Ind J Dermatol Venereol Leprol.
2005;71:307-10.

Morelli JG, Yohn JJ, Lyons MB, Murphy RC, Norris DA. Leukotrienes C4 and D4 as potent
mitogens for cultured human neonatal melanocytes. J Invest Dermatol. 1989;93(6):719-22.
Morelli JG, Kincannon J, Yohn JJ, Zekman T, Weston WL, Norris DA. Leukotriene C4 and
TGF-alpha are stimulators of human melanocyte migration in vitro. J Invest Dermatol.
1992:;98(3):290-5.

Yohn JJ, Morelli JG, Walchak SJ, Rundell KB, Norris DA, Zamora MR. Cultured human kera-
tinocytes synthesize and secrete endothelin-I. J Invest Dermatol. 1993;100(1):23-6.

Chouhan K, Kumar K, Kanwar AJ. Body hair transplantation in vitiligo. J Cutan Aesthet Surg.
2013;6(2):111-2.

Krishnan A, Kar S. Smashed skin grafting or smash grafting — a novel method of vitiligo sur-
gery. Int J Dermatol. 2012;51(10):1242-7.



Chapter 29
Phototherapy in Vitiligo

Molly C. Powers and Henry W. Lim

29.1 Introduction

Dating back many centuries, heliotherapy, or sunlight for therapeutic uses, has been
used to treat a variety of skin conditions. Over 3500 years ago in Egypt, individuals
would ingest a boiled extract from a weed growing in the Nile Delta and then expose
themselves to the sunlight for the treatment of vitiligo. In India, this similar practice
continued with the Atharva-Veda “healers.” These healers would supply Psoralea
corylifolia seeds and advise patients with “leukoderma” to ingest them followed by
sun exposure [1, 2]. These practices represent the earliest forms of photochemo-
therapy or PUVA.

In the late nineteenth century, the continued health benefits of sunlight in several
medical conditions were discovered. In 1877, Downes and Blunt demonstrated the
bactericidal properties of sunlight on bacillus anthrax [1-4]. Three years later, Palm
of Edinburgh reported the therapeutic role of the sun in treating rickets [4]. In 1896,
dermatologist Niels Ryberg Finsen reported the successful treatment of lupus vul-
garis in a personal friend with artificial light, also known as the “Finsen lamp” [1,
2]. The “Finsen lamp” used light generated from carbon arcs with a common glass
lens initially, then later used a fused quartz lens to allow separation of visible light
and ultraviolet rays. The “Finsen lamp” was used to treat over 800 patients with
lupus vulgaris. During that time period, without the availability of antibiotics and
anti-inflammatory medications, this was a tremendous breakthrough in medicine.
Finsen was awarded the Nobel Prize in Medicine in 1903 — the only dermatologist
to ever be awarded one [1, 2, 5-8].

The modern era of phototherapy began in 1947 after the identification of
8-methoxypsoralen (8-MOP) and 5-methoxypsoralen (5-MOP) from the Ammi
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majus plant [9, 10]. While it is recognized that the use of psoralen with ultraviolet
A (UVA) is a form of photochemotherapy, in this chapter, for simplicity, the term
“phototherapy” will be used to cover all forms of UV-based therapy.

The first use of oral psoralen in contemporary medicine was performed in 1967
with 8-MOP with ultraviolet light for the treatment of psoriasis [11]. In 1972,
Mortazawi used topical 8-MOP with blacklight UVA tubes in a total body radiation
unit for the treatment of psoriasis; however the output from the lightbulbs was insuf-
ficient to yield adequate response [12]. Later a team of dermatologists, photophysi-
cists, and electrical engineers collaborated to develop high-intensity UVA fluorescent
tubes, which, as reported by Parrish et al. in 1974, was successfully used for the
treatment of psoriasis in combination with oral 8-MOP, a treatment now commonly
known as “PUVA” or psoralen+UVA [13]. Since its introduction, PUVA became a
widely used treatment for many dermatoses including psoriasis, vitiligo, mycosis
fungoides, and atopic dermatitis.

In 1981, Parrish and Jaenicke reported that the most efficient action spectrum for
the treatment of psoriasis is between 296 and 313 nm, ultimately leading to the
development of narrowband ultraviolet B (NB-UVB) lightbulbs with a peak emis-
sion in 311-313 nm [14]. NB-UVB phototherapy is currently the most widely used
form of phototherapy worldwide.

29.2 Impact of Vitiligo

Vitiligo results in significant highly visible disfigurement, and the effects on overall
well-being, especially psychosocial, must not be overlooked. As the most visible
organ, the skin reflects not only information about our physical health but also par-
ticipates in social communications to others. Vitiligo has been found to evoke nega-
tive emotions including shame, embarrassment, anxiety, depression, and other
insecurities, which may ultimately lead to significant influences on personal and
social life, daily functioning, and psychological status [15-18].

Vitiligo has important significance in individuals with skin of color. For exam-
ple, in the Indian population, the depigmented patches are not only more visible in
comparison to individuals with lighter skin but also associated with an enormous
stigma. Many Indian cultures view vitiligo as a serious disease, which may lead to
ostracism, social restrictions, difficulties in employment, and may be considered as
a barrier to marriage [19].

29.3 Phototherapy in Vitiligo

29.3.1 Narrowband Ultraviolet B Therapy (NB-UVB)

Although the precise pathogenesis of vitiligo has not been fully elucidated, the role
of autoimmunity is the most favored hypothesis. NB-UVB treatment in vitiligo is
thought to be twofold. It induces localized immunosuppression, which can
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therefore downregulate the autoimmune process [20-22]. UVB irradiation leads to
increased levels of IL-10, which are associated with the local induction of antigen-
specific T-cell tolerance. This increase in IL-10 also causes an increase in the T
regulatory cells (Tregs), which in turn helps to suppress self-reactive antigens [20].
Furthermore, NB-UVB has proven to elicit a more optimal level of Th17 and Treg
cells in the vitiliginous skin, again, allowing for increased tolerance of self-antigens
[22, 23]. Not only does NB-UVB help to promote a favorable balance of Th17 and
Treg cells, it has also been implicated in inducing apoptosis in T lymphocytes in
psoriatic plaques [24].

The ultimate goal of phototherapy is to repigment the vitiliginous skin. There
are several proposed mechanisms for NB-UVB’s role in repigmentation. Firstly, it
has been discovered that the melanocytes within the hair follicles appear to be
immunologically privileged and are typically spared in the vitiliginous skin [20].
For this reason, the proliferation and migration of these melanocytes are essential
for repigmentation [25]. NB-UVB results in phosphorylation of focal adhesion
kinase and MMP-2, leading to increased migration of melanocytes from the hair
follicles and uninvolved perilesional skin. This phenomenon may help to explain
why the sites lacking hair follicles, such as the fingertips and mucosal surfaces,
are difficult to repigment [26-29]. In addition, NB-UVB results in the increased
production of melanogenic growth factors from keratinocytes [30]. These growth
factors include basic fibroblastic growth factor (bFGF) and endothelin-1, ulti-
mately leading to the proliferation of melanocytes [26, 27, 30, 31]. Lastly,
NB-UVB results in increased expression of tyrosinase, the key enzyme in melano-
genesis [25].

There are two ways to initiate NB-UVB phototherapy. Some treatment centers
recommend initiating at a fixed dose, considering all vitiliginous areas as the equiv-
alent of skin phototype I. This is the method used at our center (Henry Ford Medical
Center, Detroit, Michigan, USA). The approximate MED for skin phototype I is
400 mJ/cm?. We then initiate treatment at 70 % of the MED, which is 280 mJ/cm?
[32]. In other centers, the constitutional skin type of the patient’s unaffected skin is
used as a basis of determining the initial dose. In this method, either MED of the
unaffected skin is determined, and treatment started at 70 % of MED, or alternately,
skin type protocol is used.

With either of these two methods, treatment dose is increased by 5—15 % with
each session. Treatment is done 2-3x a week to a maximum of 1 J/cm? to the
face and 3 J/cm? to the body, if tolerated. During the repigmentation phase, treat-
ment should not be less than twice weekly; treatments completed once a week
would not allow for appropriate increase in dose and therefore should not be
utilized.

In those patients who are responsive, repigmentation should be evident within
20-30 treatments. Phototherapy is usually continued for a total of 40-60 treatments.
Once the response has plateaued, frequency is tapered to twice weekly for 4 weeks,
once weekly for 4 weeks, and then discontinued.
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29.3.2 Psoralen Plus Ultraviolet A (PUVA)

Photochemotherapy, or psoralen plus ultraviolet A (PUVA), consists of taking a pho-
tosensitizer followed by irradiation with UVA. In the United States (US) and in many
parts of the world, 8-MOP is used; in Europe, 5-MOP is also available [1, 2, 5, 33,
34]. An additional photosensitizer, 4-, 5-, 8-trimethyl psoralen (TMP, trioxsalen), is
a synthetic compound that was also used in PUVA therapy, frequently in combination
with sunlight. However, it is no longer available in the USA and in many parts of the
world [35]. Methoxsalen conjugates and forms covalent bonds with DNA upon pho-
toactivation, leading to monofunctional and bifunctional adducts [35-37]. This has
apoptotic, antiproliferative, anti-angiogenic, and immunosuppressive effects [38].
There are similar cutaneous immunosuppressive properties between PUVA and
NB-UVB; however, the proposed mechanisms to stimulate pigmentation differ. With
PUVA therapy, the psoralens help to stimulate melanogenesis through their photo-
conjugation to the DNA in melanocytes leading to further mitosis and proliferation
[39]. It produces increased melanin synthesis in melanocytes, with subsequent
increase of melanosome transfer to keratinocytes. Lastly, there is a stimulation of
cAMP, which leads to activation and synthesis of tyrosinase in melanocytes [39, 40].
Prior to or shortly after starting PUVA therapy, a baseline ophthalmology exam-
ination should be obtained, and then yearly thereafter. Similar to NB-UVB photo-
therapy, PUVA is administered two to three times weekly. Treatments should be
spaced 48 h apart as the peak erythema following PUVA exposure occurs at 48 h.
8-MOP is given at 0.4-0.5, up to 0.6 mg/kg for recalcitrant cases, with a maximum
of 70 mg per treatment. The photosensitizer should be taken one hour prior to UVA
exposure with a light, nonfatty meal as fatty foods can limit the absorption. Ideally,
the patient should take the photosensitizer on an empty stomach; however, this
often leads to gastrointestinal (GI) disturbances. Consistency of the meal (timing
and type of food) is important to ensure consistency in the GI absorption of 8-MOP
as food can substantially impact the peak blood levels [41]. On the day of treat-
ment, it is important that the patient practice photoprotection, including the use of
UV-protective glasses when outdoor, once the patient has ingested the psoralen.
We recommend the initial starting dose of UVA to be 0.25-0.5 J/cm?, increasing
by 0.25-0.5 J/cm? until mild, symptomatic erythema is observed in vitiligo lesions.
Since the limiting skin type is the vitiligo lesions, the equivalent of skin type I, a
maximum of 8 J/cm? is recommended.
Similar to NB-UVB, patients should show evidence of response after 20-30
treatments. Protocol for tapering and discontinuation of treatment is similar to that
of NB-UVB.

29.3.3 Psoralen and Solar Exposure (PUVAsol)

PUVAsol is the use of topical or systemic psoralen derivatives in combination with
natural sunlight. It is commonly used in regions where there is adequate sunlight
and/or insufficient access to artificial ultraviolet lamps. Individuals apply or ingest
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the indicated psoralen (often TMP) then expose themselves to sunlight, initially of
short duration, then titrating upward to achieve adequate erythema [42, 43]. This
has been shown to be effective in both localized and generalized vitiligo as demon-
strated by Handa et al. [44].

Nonetheless, there are several limitations of this therapy. Most importantly, there
is no standardization in the total dose received from sun exposure. Due to variations
in solar intensity pertaining to climate alterations, it is very difficult to maintain
consistency in the dose of ultraviolet radiation. PUVAsol has been shown to lead to
more frequent and severe adverse phototoxic events. For these reasons, it has been
almost completely replaced by NB-UVB phototherapy.

29.3.4 Targeted Phototherapy: Excimer Laser and Lamp

Targeted phototherapy comprised of the use of both the excimer laser and the
excimer lamp. Both produce radiation at 308 nm. Excimer laser and excimer lamp
are believed to have similar mechanism to NB-UVB, including immunosuppression
and pro-pigmentary properties. Excimer laser produces a pulsing (200 Hz), coher-
ent radiation at a 308 nm wavelength and is based on a self-contained system of
xenon chloride (XeCl) gases [45]. It allows for the targeted delivery of higher flu-
ences to affected lesions. The excimer lamp produces an almost continuous, inco-
herent radiation with a monochromatic spectrum of between 295 and 315 nm with
peak absorption of 308 nm [46, 47]. Excimer laser/lamp is ideal for individuals with
a smaller body surface area (BSA) affected by vitiligo, by selectively treating the
vitiliginous areas and sparing the uninvolved skin. This allows for decreased side
effects, such as tanning of the uninvolved skin (except for tanning of immediate
adjacent area); it also allows for decreased dose of total cumulative radiation
delivered.

At our center, excimer laser is used. For initiation, we start at 150 mJ/cm? and
increasing by 5-15 % per session up to a maximum of 1 J/cm? for the face and 3 J/
cm? for the body.

29.3.5 Home Phototherapy

In-office phototherapy is often inconvenient for patients. It may require multiple
co-pays, increased driving time, and therefore expenses, lost wages, and any com-
bination of the aforementioned [48]. Therefore, for patients who are known to be
responsive to phototherapy and requiring maintenance therapy or for patients who
otherwise have no access to a phototherapy center, home phototherapy is an appro-
priate option.

There are several models available, most of which allow exposure of the entire
body surface. Koek et al. found that home phototherapy, as compared with outpa-
tient NB-UVB for psoriasis, leads to similar safety and efficacy, lower burden of
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treatment, and increased patient satisfaction [49]. There are fewer studies on the use
of home phototherapy in vitiligo; however, Tien Guan et al. compared home-based
phototherapy with Daavlin Dermapal system thrice weekly and institution-based
excimer lamp twice weekly for 6 months. Results showed better efficacy in the
home-based phototherapy group with 72 % and 50 % achieving good and excellent
repigmentation, respectively, in contrast to only 54 and 26 % in the institution-
based group. However, these results were not statistically significant. The authors
believed that the better efficacy shown was due to the superior compliance in the
home-based group with 92% of the home-based phototherapy group remaining
adherent to treatment regimen as opposed to 70% in the excimer group [50].
Clearly, more studies need to be done on the efficacy of home phototherapy in
vitiligo.

Another form of home phototherapy is the handheld NB-UVB devices. These
devices are portable, lightweight, and suitable for the treatment of small areas of the
affected skin. Handheld NB-UVB devices have been used in the treatment of scalp
psoriasis and were found to be effective, well tolerated, safe, and easy to use [51,
52]. However, the efficacy of these handheld devices in vitiligo has not been well
established.

29.4 Adjuvants in Phototherapy

Two of the most important factors to consider in the treatment of vitiligo are the
body surface area involved and the stability of the disease. Stability of the dis-
ease is defined by Njoo et al., using the vitiligo disease activity score (VIDA).
Briefly, if there are new or progressing lesions in the preceding 6 weeks, the
score is +4; in the preceding 612 weeks, yields score of +3; in the preceding
3—6 months, yields score of +2; and in the preceding 6—12 months, yields score
of +1. The disease has been defined as stable if there is no activity in the past 12
months [53].

The use of systemic medications in unstable vitiligo should be considered. In
order to stabilize the disease, the use of systemic corticosteroids can be employed.
Kim et al. used monotherapy with low-dose prednisolone at 0.3 mg/kg for months
1 and 2, 0.15 mg/kg/day for month 3, and 0.075 mg/kg/day for the fourth and final
month; this resulted in 87.7 % arrested progression and 70.4 % repigmentation of
vitiligo [54]. In a study conducted by Parsad et al., it was demonstrated that mono-
therapy with 100 mg minocycline daily was effective in stopping the progression of
vitiligo in 29 of 32 patients with slowly progressive vitiligo [55]. Singh et al. later
demonstrated similar efficacy of monotherapy with dexamethasone (2.5 mg/day on
two consecutive days a week) and minocycline (100 mg/day) in decreasing the pro-
gression of the disease [56].

Figure 29.1 demonstrates a phototherapy treatment algorithm of vitiligo pertain-
ing to body surface area (BSA) affected and the disease stability. Adjuvants that
have been used for phototherapy are summarized in Table 29.1.



317

29 Phototherapy in Vitiligo

| 19[OIARI[N PUBQMOLIRU GA/)-gN ‘SIONQIYUI ULINAUIO[ED /) ‘SPIOIAISOINI0D §) ‘BaIe ddeJINS Apoq y§g "wyiiod[e Aderoyioioyd [°6T 81

g 18j0IABI)IN puBgMOLIBU GAN-GN ‘SIONQIYUI ULINBUIDIED [ ‘SPIOIBISOIILI00 :SY) ‘Bale 82euns Apoq :v/Sg.

( ) a e N B
10/S0 10/SO
1010 SO _mo_mo“ +4aAn [ 10/SO _mo_aaw + M) [eaidoy + ybi Jowioxgy [eoido} + 617 Jewioxg M
-aN + jusiied ay} yim gAN-aN + auljpAdoulw + jusned sy} yum + auljoAdoulw/sploials
auljoAoouluy/sploiss 10 sploJals Olwalshs suljoAooulw/sploials olwe)shs
olweysAs ssnosig 4O SyuoW 9-g JdPISUCY oiwe)sAs ssnosig 10 SUIOW 9-€ J3PISUOD
- J S N J J
C | ) T | ( | \ | J
- Y
M) ™ M ™ ™
| 617 Jowox:
L+ 10 g2+ ‘BpIA P+ 10 §+ (epIA 1080 _mo_a%+ aAn-aN L+ 10 g+ ‘BepIA P+ 10 £+ (BpIA .\+”M \_M o _.mo_mﬂ__o._.
N J - J N J - J
L J U N L N J U
_ ] \|_J _ _ \|_’
~ ™
(syuow g ul (sypuow g1 ul
a|qelsun SUOISe| MBU OU) B|qBIS siqeisun SUoISa| Mau ou) 8|qeIS
vS4a %01 < vS4a %01 >

JUBWAA|OAUI

VSg sulusleg




318

Table 29.1 Combinations in phototherapy

M.C. Powers and HW. Lim

Therapy
combined with
Author (year) N Type of trial light Results
NB-UVB combination therapy
Middelkamp- 49 RCT Polypodium Patients attending more
Hup et al. (2007) leucotomos than 80 % of required
NB-UVB sessions showed
increased repigmentation in
the head and neck area in
the P. leucotomos group vs.
placebo (50 vs. 19 %,
P<0.002)
Lim et al. (2014)| 55 Randomized | Afamelanotide In the combination therapy
multicenter trial group, repigmentation was
48.64 %(95 %CI, 39.49—
57.80 %) at day 168 vs.
33.26 % (95 %Cl,
24.18-42.33 %) in the NB—
UVB monotherapy group
Dell’ Anna 28 RCT Antioxidant 47 % of patients in the
(2007) (contained NB-UVB +antioxidant had
alpha-lipoic acid, | >75 % repigmentation
vitamins C and E, | compared to
polyunsaturated NB-UVB +placebo
fatty acids and (P<0.05)
cysteine
monohydrate)
Leone et al. 32 RCT Vit D analogues Combination therapy of
(20006) (tacalcitol) NB-UVB +tacalcitol
yielded significantly higher
repigmentation than
NB-UVB alone (p<0.005)
Arca et al. 37 Randomized, | Vit D Analogues NB-UVB +_calcipotriol
(2006) non-placebo (calcipotriol) yielded 46 % of subjects
controlled trial with >50 % repigmentation
(blinding not with NB-UVB alone
disclosed) yielding 42 % (not
significant)
Bakis-Petsoglou | 32 RCT Pseudocatalase No statistically significant
et al. (2009) cream difference in
repigmentation between
NB-UVB +placebo cream
and
NB-UVB + pseudocatalase
cream after 24 weeks

(continued)
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Table 29.1 (continued)
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Author (year) N Type of trial

Therapy
combined with
light

Results

Excimer (laser or lamp) combination therapy

Kawalek et al.
(2004)

24 (vitiligo| RCT
patches); 8
patients

Excimer
laser +tacrolimus

50 % of the lesions treated
with excimer + tacrolimus
achieved >75 %
repigmentation compared
to 20 % in the excimer
treatment group alone.
(P<0.05)

Passeron et al. RCT

(2004)

Excimer
laser +tacrolimus

70 % of the excimer/
tacrolimus group achieved
>75 % repigmentation
compared with 20 % of
excimer monotherapy
lesions; UV resistant areas
showed statistically
significant repigmentation
with combination than laser
monotherapy (P <0.002);
however, no statistical
difference was shown in
UV-resistant areas
(P=0.61)

Lu-yan et al. RCT

(2006)

Excimer lamp + vit
D analogues

Topical tacalcitol with
excimer yielded (25.7 %) of
patients with >75%
repigmentation compared
to excimer with placebo
vehicle (P<0.05)

Goldinger et al. |9 Prospective Excimer laser with | After 24 treatments, in 8/9
(2007) right/left calcipotriol patients, both sites (with
comparative, and without calcipotriol)
single-blinded showed pigmentation with
study no statistically significant
difference
Bae et al. (2015) | 159 Retrospective | Excimer laser with | 50.3 % of the 159 patients

chart review

tacrolimus and
short-term
corticosteroids for
segmental vitiligo

with segmental vitiligo
achieved >75 %
repigmentation using
combinations excimer laser,
topical tacrolimus, and
short-term systemic
corticosteroids

Selection of studies based on large randomized trials when possible
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29.5 Comparisons

29.5.1 NB-UVB Versus PUVA

Westerhof and Nieuweboer were the first to report the use of NB-UVB for the
treatment of vitiligo in 1997. They compared the use of NB-UVB and topical
PUVA each administered twice weekly for 4 months. They reported that 67 % of
NB-UVB patients developed repigmentation as compared with 46 % of topical
PUVA patients [57]. Several subsequent studies by Parsad et al., Bhatnagar et al.,
and Yones et al. all demonstrated NB-UVB’s superior efficacy on repigmentation
compared to PUVA [58-60]. Currently, NB-UVB is used as first-line treatment for
patients with widespread vitiligo, not only for its greater clinical efficacy over
PUVA but also for the elimination of systemic psoralen-related side effects, the
better color match, the superior safety in children, and the relative lack of long-
term photocarcinogenesis risk.

29.5.2 NB-UVB Versus Excimer Laser/Lamp

The first head-to-head study comparing NB-UVB with excimer laser was conducted
by Hong et al. using a split-body study. It was discovered that twice weekly, excimer
laser produced more rapid and profound repigmentation than NB-UVB after 10, 15,
and 20 treatments each [61]. Casacci et al. conducted another split-body study with
twice-weekly dosing of both NB-UVB and excimer lamp for 6 months. The patients
receiving excimer lamp treatment achieved faster repigmentation [62]. However, a
more recent prospective intra-patient, placebo-controlled, randomized trial con-
ducted by Verhaeghe et al. showed a higher percentage of lesions treated with local-
ized 311 nm NB-UVB achieving 50% repigmentation as compared with sites
treated with 308 nm excimer lamp after 24 sessions [63]. In conclusion, while there
are several more studies demonstrating the clinical superiority of excimer laser and
excimer lamp to NB-UVB, larger-scale studies need to be conducted to evaluate this
further.

29.5.3 Excimer Lamp Versus Excimer Laser

A single-center, randomized comparative study by Le Duff et al. compared the effi-
cacy of the excimer laser versus the excimer lamp in the treatment of vitiligo. No
statistically significant difference between the two excimer devices was demon-
strated. They did note that the lamp takes longer to deliver the same dose as the
laser. It also produces more erythema, believed to be due to longer treatment time
[64]. Similarly, in 2005, Kollner et al. found no statistically significant difference in
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the treatment of psoriasis with excimer laser, excimer lamp, and NB-UVB for 10
weeks of treatment [65].

29.6 Limitations and Side Effects

Major limitations with phototherapy include the accessibility of phototherapy treat-
ment centers and the time and effort necessary for patients to receive the treatment.
Insurance coverage and treatment cost are other factors that need to be considered.
While home phototherapy units do make it more convenient for the patients, they
are primarily used as maintenance treatment.

Short-term adverse events for NB-UVB and excimer laser/lamp include UV ery-
thema and possible keratitis/conjunctivitis [66]. While there have been no long-term
studies on the use of NB-UVB for vitiligo, Hearn et al. evaluated over 3800 psori-
atic patients previously treated with NB-UVB and found no increased incidence in
skin cancers (both nonmelanoma and melanoma) in patients treated with NB-UVB
alone; however, there was a small increase in the incidence of basal cell carcinoma
among patients treated with both NB-UVB and PUVA [67]. No long-term side
effects of excimer therapy have been described; however, in view of short duration
of treatment and the small number of treatment sessions, it is highly unlikely that
photoaging and photocarcinogenesis would occur secondary to excimer therapy.

The side effects of PUVA are well known. Acute side effects include psoralen-
induced nausea and less commonly, vomiting, acute phototoxicity, melanonychia,
and distal onycholysis. Chronic side effects include lentigines, photoaging,
squamous cell carcinoma, basal cell carcinoma, and melanoma [35, 66]. With the
replacement of PUVA with NB-UVB for the treatment of vitiligo and with the rela-
tively shorter duration of treatment course, this is no longer a clinically significant
issue for vitiligo.

29.6.1 Vitiligo and Skin Cancer

The incidence of skin cancer among vitiligo patients has yielded contradictory
results. In 2002, Shallreuter et al. reported no increased risk for sun-induced skin
cancers or sun-induced skin damage by biopsy [68]. Hexsel et al. later reported a
small increase in the incidence of nonmelanoma skin cancers in vitiligo patients;
however, the results were not statistically significant [69]. There is further research
to suggest that individuals with vitiligo, including those with prior phototherapy
treatment (including NB-UVB and PUVA), have an overall decreased risk in the
incidence of both melanoma and nonmelanoma skin cancers as reported by Teuling
et al. and Paradisi et al. [70, 71]. Conversely, Nijsten et al. demonstrated that psori-
atic patients who underwent PUVA therapy had an increased incidence of
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nonmelanoma skin cancer, even decades after PUVA treatment [72]. Additional
studies need to be conducted for further evaluation.

29.7 Conclusion

Phototherapy is an essential and important treatment for individuals with vitiligo.
Individuals with greater than 10% BSA would be candidates for NB-UVB with

top

ical corticosteroids or calcineurin inhibitors. Individuals with less than 10 %

BSA should be considered for either excimer lamp or laser to the affected areas. The
addition of systemic medications including dexamethasone or minocycline may be
considered for unstable vitiligo.
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Chapter 30
Vitiligo and Quality of Life

Marcia Ramos-e-Silva, Felipe Cupertino de Andrade,
and Joao Paulo Niemeyer-Corbellini

30.1 Definition

The World Health Organization (WHO) defined quality of life (QoL) as “the
perception of the individual regarding his position in life, the context of cultural and
value systems in which he lives, and in relation to his objectives, expectations, rules
and references” [1]. QoL is a multidimensional term determined not only by health
aspects. Multiple nonmedical aspects shape its relevance (i.e., socioeconomic situ-
ation and degree of independence; professional career, personality, and psychologi-
cal state; social relations and relations with the environment; happiness, ambition,
beliefs, expectations, and religious experience) [2].

30.2 History

The QoL theme has already been raised by philosophers along the entire human
history. In the IV century BC, Socrates stated that the most important is not life
itself but its quality. Since 1948, when the WHO defined health as being not only the
absence of disease and sickness but also the presence of physical, mental, and social
well-being, aspects related to QoL had been growing in relevance in the assistance
and investigation of health issues. The first clinical publications incorporating the
term QoL appeared in the 1960s of the past century, and the last quarter of that cen-
tury saw a dramatic increase regarding interest in QoL [3].
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30.2.1 Quality of Life in Dermatology

Skin diseases have always caused an adverse effect on the life of patients. However,
only in the last 20 years has this effect begun to be measured consistently through
QoL studies [4]. There is a great interest in the evaluation of QoL in dermatological
afflictions, given that these diseases usually have a significant impact in social rela-
tions, in the psychological state of mind, and in daily activities [2]. Since expecta-
tions regarding health and the ability to cope with limitations and incapacities can
affect an individual’s perception and satisfaction, two individuals with the same
clinical health state may have different impacts regarding their QoL [5].

30.2.2 Quality of Life in Vitiligo

Since vitiligo does not cause physical deficiency, it is often considered only a
cosmetic problem. However, alterations caused by this disease can affect the emo-
tional and psychological well-being of the patient and entail important repercus-
sions in his life. Additionally, vitiligo is a chronic disease with unpredictable
natural course turning it into a burden on the QoL of the patients. The disease,
which usually has its onset at a time in life where people begin to consolidate their
individuality and sexual identity, can have a great impact on the self-image, self-
esteem, and interpersonal relations. Actually, it has been reported that people with
vitiligo have a negative self-image of their body with low corporal self-esteem.
Furthermore, they may suffer stigmatization making them ashamed of their body
and damaging their social life [6]. It seems inadequate therefore that to describe
the severity of the disease, merely physical indicators are used (i.e., affected body
surface area (BSA) or the number of body locations affected). Only 9 % of the
studies that evaluate the efficacy of the treatment apply QoL as one of their refer-
ences [7]. The evaluation of QoL requires specific instruments for its assessment
in order to provide a detailed image of the individual impact caused by the
disease.

30.3 Instruments for Evaluation of QoL in Dermatoses
in General

In order to measure QoL, it is necessary to understand the factors that influence it.
Despite existence of several definitions for QoL, the majority of the researchers
agree that the factors involved can be classified into two main groups: objective and
subjective. The subjective factors include the self-evaluation of the physical condi-
tion, mental condition, and social and interpersonal relations; on the other hand,
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objective factors are those related to medical and psychological diagnoses, results
from laboratory exams and socioeconomic status [8].

30.3.1 Dermatology Life Quality Index (DLQI)

DLQI was developed by Finlay and Kahn in 1994. It was the first questionnaire specifi-
cally destined for QoL in dermatology. Of simple construction and with easy routine
application, it has already been used in over 272 studies in 32 countries, being available
in 55 languages. The questionnaire assesses the events that occurred in the foregoing
week, allowing an easy recollection by the patients and can thus be used in comparative
studies. The DLQI comprises ten questions addressing six different domains (symp-
toms, daily activities, leisure, work or school, personal relations, and treatment), and its
score varies from zero (least impact in the QoL) to 30 (highest impact in QoL) [9].

30.3.2 Children’s Dermatology Life Quality Index (CDLQI)

CDLQI was developed in 1995 based on the impact of dermatoses on children’s
QoL. It presents a similar score structure as DLQI and is recommended to be used
for children over 7 years of age [10]. Subsequently, in 2003, an illustrated version
of the CDLQI was created, faster and easier to fill out, being preferred by parents
and children [11].

30.3.3 Skindex

Skindex is a useful instrument to measure QoL in patients with different cutaneous
diseases. In its initial structure, it comprised 61 items divided in eight dimensions
(cognitive effects, social effects, depression, fear, embarrassment, irritation, physi-
cal discomfort, and physical limitations) [12]. This is an extensive questionnaire
with questions addressing the past 4 weeks, with excellent validity and reliability.
Afterward, it was reduced to 29 items, originating the Skindex-29 [13], and later
shortened again to 16 items, becoming Skindex-16 [14].

30.4 Specific Instruments for the Evaluation of QoL
in Vitiligo

Recently, some authors have proposed the creation and validation of scales regard-
ing the QoL evaluation, specifically aimed at vitiligo.
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30.4.1 Vitiligo Quality of Life Scale (VitiQoL)

VitiQoL is a scale with 15 items that incorporates the majority of information from
preexistent questionnaires specifically aimed at vitiligo and its impact in the forego-
ing week, with good reliability [15].

30.4.2 Vitiligo Life Quality Index (VLQI)

VLQI is a form with 25 questions regarding vitiligo, adapted from existent ques-
tionnaires and with new additional questions aimed at specific dermatoses such as
the Psoriasis Quality of Life Scale (PSORIQoL), Acne Quality of Life Scale
(AQOLS), and Atopic Dermatitis Quality of Life Scale (QoLiAD), presenting con-
verging results with DLQI when tested simultaneously [16].

30.4.3 Vitiligo Impact Scale-22 (VIS-22)

VIS-22 presents with 22 specific questions regarding the disease, adapted from the
VIS scale [17], which consisted of 27 questions, but had its number reduced with
the purpose to bring greater balance to the evaluation [18].

30.5 QoL in Vitiligo Patients

Vitiligo patients, on the average, present a moderate DLQI score (ranging from 4.4
to 17.1), comparable to other dermatoses as psoriasis and atopic dermatitis.
Additionally, DLQI is correlated to the extension of the affected BSA. Individuals
with over 25 % affected BSA present difficulty in the performance of daily tasks (i.e.,
shopping, gardening, or choosing clothes) and difficulties in socializing (i.e., taking
part in sport activities or begin and maintain affective and sexual relations) [19].

Through application and interpretation of Skindex-29, the main complaints
referred by the patients can be highlighted. These include worries that the disease
may worsen (60%), a sentiment of anger, embarrassment, depressive feelings,
affected social life, and shame. Emotional problems are more frequent in women.
Individuals with age over 40 have more difficulty to maintain personal relations and
social conviviality. The extension of the involvement and lesions in exposed areas
has a strong impact in the daily functionality [6].

Treatment of vitiligo is required not only for cosmetic reasons but also for the
promotion of the patient’s well-being. This was evident with the improvement in the
DLQI after therapy intervention, regardless of the effectiveness of the repigmentation
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[20]. The regular use of corrective makeup also promotes an improvement in the
QoL, with occurrence of a reduction in the DLQI score after a month of use in
exposed lesion areas, showing a benefit of the cosmetic camouflage [21]. Group
therapy with patients affected by vitiligo or persons who are accustomed to the dis-
ease is also effective in improvement of the QoL. This was shown to reduce the
disease stigma [22].

Regarding younger age groups, the CDLQI score is lower in children from age
7-14 years, without impairment to the QoL. In adolescents between 15 and 17
years, CDLQI is significantly higher. There is no difference in scores among sexes.
Facial lesions are the most disturbing for the patients and parents, followed by the
lower limbs; the latter, however, shows no impairment to QoL [23]. Patients who
have some parent with the disease have even lower scores, with mothers and best
friends being relevant sources of emotional support [24]. Nevertheless, 40% of
patients who underwent negative experiences in childhood, mainly provocations
and bullying, present a reduction in QoL during their adult life [25].

30.6 QoL in Patients with Higher Phototypes

Patients with higher phototypes seem to present greater emotional and functional
impairment and therefore, a worse QoL [26]. By observing the average DLQI found
in several countries (Estonia: 4.7, UK: 4.8, Belgium: 4.9, Japan: 5.9, Germany: 7.0,
Iran: 7.1-8.2, China: 8.4, India: 10.7, and Saudi Arabia: 14.7 and 17.1), the highest
scores were associated to populations with higher skin phototypes [27]. However,
patients from Tanzania obtained a DLQI score of 7.2, higher than the European
population but lower than in countries as China, India, and Saudi Arabia [28]. This
may have occurred due to the socioeconomic bias of the patients taking part in the
study. As there are also religious and cultural biases in countries as India and the
Middle East, more studies are required for a better assessment of the impact of pho-
totypes in the QoL of vitiligo patients.

30.7 Conclusion

The chronic nature of vitiligo, the long-term treatment, the lack of a uniform and
effective therapy, and the unpredictable course of the disease are demoralizing and
discouraging factors for the patients. Many health professionals still consider
vitiligo as a cosmetic health problem, failing to include in their assessment the
psychological and sociological components which are closely linked to the illness,
and therefore, underestimate the relevance of treatment for those patients.

Keeping in mind the maintenance of the quality of life can also have an influence
on the choice of the treatment in the clinical routine and, consequently, on the
patient’s willingness to be treated. By employing the measures of the quality of life
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in the clinical practice ensures that the treatment is focused on the patient and not
on his illness. Talking to the patients is necessary, asking how they feel about their
condition, discussing the impact of vitiligo on their daily routine, and learning how
to cope with it. An empathic approach is important, given the high psychological
and social morbidity.

The first step therefore, regarding the improvement of the quality of life, is to
establish a good relation between the doctor and the patient for motivation of the
therapy, especially in unsuccessful phases.
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Part IV
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Chapter 31
Photoprotection in Brown Skin

Vermén M. Verallo-Rowell

31.1 Introduction

Melasma is a hyperpigmentation that worsens with sun exposure; even with the use
of high sun protection factor (SPF) broad-spectrum sunscreens alongside available
therapies, it recurs repeatedly [1]. Most people with brown skin prefer a lighter skin
color [2], use skin lightening products [3], and practice sun avoidance [4], yet
melasma remains common among them [5]. In search for answers, the author
embarked in 1999 on several studies working on the hypothesis that melasma may
be a subclinical photosensitivity from low-dose photosensitizers (PS) reacting to
low-energy indoor lights.

The first set of photopatch tests (PPT) to lamps of mixed spectral outputs but
with dominant VL, UV, or NIR showed UVA, VL, and NIR phototoxic contact der-
matitis (PTCD) with persistent pigmentation at UVA and VL — not with NIR — irra-
diated test sites. It was concluded that photoprotection must not only center against
UVA and UVB but also against VL and IR. To this effect, the author published the
first book incorporating all these relevant studies and results with the ultimate goal
of making the populace, specifically the brown race, aware of these findings. A
review on the publication was later published by Dr. H Lim [6].

Since PTCD is a nonspecific reaction, the author, in 2013, carried out LED —
pure VL-PPTs. These elicited relevant crescendo and often delayed appearing reac-
tions, leaving hyperpigmented irradiated test sites several months after the PPT;
hence, a diagnosis of photoallergic contact dermatitis (PACD) was derived [7].
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31.2 Melasma in Brown Skin: Photoprotection as Part
of Therapy

Recent studies show that the most affected biological processes in melasma are lipid
metabolism genes, such as peroxisome proliferator-activated receptor alpha (PPAR),
arachidonate 15-lipoxygenase, PPAR gamma coactivator 1 alpha, and the Wnt
inhibitory factor-1 which are downregulated [8]. These findings are supported by an
impaired barrier function and solar elastosis in melasma lesional skin [9].
Downregulation occurs when a cell is overstimulated for a prolonged period of
time, so expression of the receptor protein is decreased in order to protect the cell.
In this process, a cell decreases the quantity of a cell component such as RNA or
protein, in response to an external variable.

Our series of PPTs suggest that in individuals with melasma, the possible exter-
nal variables are the subclinical photosensitivity, the low-dose PS from the environ-
ment and in personal products, and the low-energy indoor radiation that elicits the
reaction. Also suggested is the need to perform photopatch tests to specifically iden-
tify both the PS and the eliciting radiation [7].

31.2.1 Photopatch Testing (PPT)

Unlike regular patch testing for straight contact allergy, PPT remains inaccessible
and infrequently utilized. A survey in 2001 lists only 49 European centers perform-
ing a mean of 16 PPTs yearly. Cognizant of significant differences in methodology,
the European Society for Photodermatology and the Society of Contact Dermatitis
formed the Taskforce for Photopatch Testing which drew up the European consen-
sus methodology [10]. PPT has mostly been done in Europe on individuals with
skin phototypes I to IIT [11, 12]. Fewer PPT studies have been done on individuals
with Phototypes II/III-V in the United States [13] and in similar groups in Latin
America [14, 15]. Much fewer PPT studies originate from the brown-skinned popu-
lations across Asia, especially from tropical countries [16—18] where natural sun-
light is strong all year long.

In 1999, the author started PPT in the Philippines, utilizing first the US guide-
lines then later, the European consensus. PPT (+) readings are interpreted as
follows [19]:

Phototoxic is an immediate erythematous macule with well-defined borders that
fades within 24-48 h postirradiation (decrescendo) that within a week becomes
replaced by hyperpigmentation.

Photoallergic is when the erythematous macule increases in diameter and thickness,
even itches, over a week or more (crescendo) and is replaced by hyperpigmenta-
tion as the papule subsides.

Thermal reaction to near infrared radiation (NIR) is immediate with slight to marked
stinging and redness, and no pigmentation is seen up to 2 weeks of observation.
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31.2.1.1 PPT Study 1 (2001) [20]

Verallo et al. used 67 photosensitizers from Chemotechnique, Sweden (24 fragrances,
13 plants, 22 North Americans) and eight cosmetic ingredients from Skin Sciences
Laboratory, Inc. (SSLI), Pasig, Philippines in a cross-sectional study among 40
Filipino females who prefer to have lighter complexions, take measures to lessen sun
exposure, and are of mixed heritage (mostly Malay, some Chinese) with skin photo-
types IV and V, 20 subjects with melasma and a control group of 20 without melasma.
Three test lamps were used, each one with a dominant spectrum: (a) VL400-760 nm,
(b) UVA320-400 nm, and (c) NIR760-1500 and with a mix of much lower spectral
outputs from other radiation types (Fig. 31.1).

Results were as follows: VL had the most number of (+) reactions that were
reviewed and reported separately in 2008 [21]. All (+) reactions were of the photo-
toxic type and relevant, to make the diagnosis of VL-Phototoxic Contact Dermatitis,
with persistent pigment at all (+) PPT sites. In the melasma group, 55 % (N=11/20)
had 29 (+) PPT reactions to 11 fragrances, 11 North American, and seven plant
photoallergens (PAs); no reactions were noted in the non-melasma group. This
association was highly significant (P=0.00, two-tailed Fischer’s exact test) such
that compared to a (—) PPT, a (+) reaction predicted 12.67 times increased likeli-
hood of having melasma (P=0.05; 1.402-114).

UVA irradiation had 10 (+) phototoxic type reactions with persistent pigment at
(+) PPT sites. IR had 12 (+) phototoxic type reactions but showed no persistent
pigmentation.

31.2.1.2 PPT Study 2 (2010) [22]

This consisted of a case series of 20 Filipinos with melasma and irregular melasma-like
pigmentation, without dermatitis on their extensor arms and V-area of the neck. The
same photosensitizers as in Study 1 were used, with a Birtcher lamp for PPT (Fig. 31.2).

a Used as VL Lamp b Used as UVA Lamp C 250W IR bulb with
500W Tungsten-Halogen 6 Sylvania 40W 350 Black Light | aluminum foil lined reflector
UVB: 0.000; UVA:1.25; UVB:0.0125; UVA: 2.5 UVB:0.000; UVA: 0.5;
VL: 27,449 lux, IR:98.6 VL: 1.1; IR: 0.0271 VL: 13,514 lux; IR 144.3
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Fig. 31.1 Spectral signature and irradiance in mW/cm?2 of three test lamps with mixed outputs
used in PPT study 1 (a) VL lamp, (b) UVA tubes, and (c) IR bulb
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PPT using low-energy Birtcher or Wood’s lamp has shown photoallergy [23] to
musk ambrette [24] and to other men’s perfumes [25].

In the case series (Fig. 31.2), many (+) decrescendo reactions to perfume (6/20,
30 %), plant (16/20, 80 %), Scandinavian series (11/20, 55 %), and SSLI sunscreen
series (8/20, 40 %) were seen, all in concordance with persistent pigmentation at (+)
test sites.

Diagnosis was UVA 1 — phototoxic contact dermatitis with pigment persistence
at (+) PPT reaction sites.

For the first time, these PPTs showed (+) responses to VL and IR, not just to UV,
the accepted action spectrum of most PS. These appeared to be phototoxic reactions
(macular, non-spreading, and not pruritic). The persistent post-exposure hyperpig-
mentation clinically mimics post-inflammatory hyperpigmentation seen after most
photosensitivity reactions in brown skin. Of relevance is that presently, it is now
accepted that compact fluorescent lamps emit a mixed spectra of UV, VL, and IR
[26, 27]. Despite the low radiation dosage emitted by these indoor lights, landmark
papers have established the principle of “cumulative damage” referring to the
repeated sub-erythemal radiation exposures that eventually result in erythema and
lower the MED [28-30]. The next step was to find out if like UVA, the standard PPT
test energy pure VL can also elicit PACD.

31.2.1.3 PPT Study 3 (2013-2015) [7]

This study used an LED lamp emitting pure VL (Fig. 31.3) for testing four patients
with recalcitrant melasma and photosensitive hyperpigmentation even when using
broad-spectrum sunscreens. Pure VL-PPT in four patients resulted in only a few (+)
reactions of the crescendo type, with spreading borders, and pruritus lasting up to 2
weeks. These were interpreted as photoallergic reactions. The resulting pigmenta-
tion persisted for weeks to many months.

Figure 31.4a—f shows typical VL-PPT (+) reactions to p-Phenylenediamine in
one of the patients. He had both allergic contact dermatitis and VL photoallergic
contact dermatitis. Photoaggravated CD was ruled out because the (+) reactions
lasted for at least 2 weeks and more.
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Fig. 31.3 LED pure VL LED Pure VL spectrum 400-760 nm, no UV or IR
spectrum 400-760 nm, no
UV or IR, used in Study 3
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Fig. 31.4 LED-VL-PPT to p-Phenylenediamine

A PPT done in 2007 used the UVA tubes (shown in Fig. 31.1b) and the PSs in
PPT Studies 1 and 2. Unirradiated sites (Fig. 31.4a—c) had many (+) reactions: 10
of 13 plants, 8 of 21 Scandinavians, and 6 of 24 fragrance PSs. These results were
interpreted as angry back or excited skin at unirradiated sites. UVA-Irradiated PSs
were all (—) except for one fragrance PS (Fig. 31.4d—f). The minimal reaction at the
irradiated sites was signed out as photoinhibition.

Persistence of a photo-distributed eruption led us to perform a follow-up PPT
(2013) using a pure VL LED lamp and 64 PS: 55 from the American Contact
Dermatitis Society (ACDS) 80-allergen series and nine sunscreen ingredients from
SSLI. The same 64 PS served as unirradiated controls. While PPT to mixed energy
lamps elicited PTCD, PPT using pure VL elicited PACD followed by clearance of
the pigmentations on avoiding the PS, the eliciting lights, and with the use of daily
sunscreens with protection factors to VL and IR (Fig. 31.5).



342 V.M. Verallo-Rowell

(a, b) Before VL-PPT, 2013

(c, d) 2 years after VL-PPT

Improvement noted using the

following measures

- Avoidance of dyesin food and
other sources

- Minimizes VL exposure

- Uses a broad spectrum
sunscreen high in ZnO, TiO2
and FeO2

- Remains clear up to this writing

Complete Clearing- last photo 2015
Since 2013 avoids UVA and VL PPT : (+) Allergens and still clear

e f g

Fig. 31.5 Filipino male, 57 y/o, with recurrent melasma since the 1990s. VL-PPT done in 2013.
2013 Before VL-PPT (a) right side of the face, (b) left side of the face 2015 Same patient, after the
2013 VL-PPT and use of appropriate measures to control melasma (¢, g) right side of the face, (d,
e) left side of the face, (f) full front face

31.2.2 Pigmentation Induced by Radiation: In Normal Skin

Reaction to UVB starts with erythema followed by a protective tan from an increase
in the number of melanocytes, new melanin production, and redistribution to kera-
tinocytes. UVA-induced pigmentation is caused by neomelanogenesis and is
brought about by immediate photooxidation of existing melanin/precursors/metab-
olites. The molecular and biologic changes of these UV-induced pigmentations are
well studied, and current broad-spectrum sunscreens are protective [31, 32].

31.2.3 Beyond UV, VL, and IR Studies [33]

In electron spin resonance, activation of endogenous photosensitizers was shown
in ex vivo skin explants exposed to filtered natural midday sunlight [34]. The reac-
tive oxygen species (ROS) generated is calculated at 4 % from UVB, 46 % from
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UVA, and 50 % from VL. In an in vitro study, exposure to VL resulted in increased
ROS production, increased expression of MMP-1 and TNF-a mRNA in epidermal
keratinocytes [35]. Aside from photooxidation, ex vivo hormonal/molecular and
clinical studies showed that even in Caucasians, but more so in brown skin, VL also
activates melanogenesis after multiple (preconditioning) VL exposures and even at
lower doses of VL [36, 37]. These findings align well with the VL-induced skin
pigmentation demonstrated in skin tests and in histopathology of Caucasian versus
brown skin exposed to 400-800 nm artificial light at 80-480 mW/cm? [38-40].

Consistent with these findings is the persistent pigment at (+) PPT reaction
sites of PS exposed to pure VL or to mixed spectrum indoor light sources. In the
author’s studies on normal subjects to determine the MED to VL for sunscreen
protection factor, pigment likewise persisted for several weeks before fading away
gradually [7].

Although indoor radiation fluences are low and minimized further by movements
away from the light source, cumulative damage to chronic low-dose sub-erythemal
radiation has long been shown in normal and in photosensitive skin [41, 42].

Studies of IR effects on photoaging which shows dyspigmentation are even more
significant [43]. Thus, in brown skin patients with melasma, whether known to be
photosensitive or not, photoprotect against UV, VL, and IR [44].

31.3 Vitiligo in Brown Skin: Photoprotection as Part
of Therapy

Although normal skin of Fitzpatrick phototypes I to II and the vitiligo macule look
similar to the naked eye, they differ at the molecular level. Normal phototypes I and
IT skin has melanin-producing melanosomes within melanocytes possessing den-
dritic connections to about 40 keratinocytes. Vitiliginous skin has few, if any, func-
tioning melanocytes, melanosomes, or melanin; thus, cannot respond to sun
exposure by increased production of sun-protective melanin [45].

Global studies have shown that chronic sun exposure and a history of sunburns
contribute to the increasing incidence of melanomas and non-melanoma skin can-
cers (NMSC) in people with types I and II [46] skin and a similar, though smaller,
increase in brown skin types III-V [47]. Clinicians are concerned about contradic-
tory reports on the incidence of melanoma and NMSC in vitiligo patients prompting
a recent paper on the subject [48]. Of the 1024 retrieved articles on melanoma and
NMSC in vitiligo in this review, five were selected to assess best evidence.

A case-control questionnaire survey by Teulings, et al., (the Netherlands, mostly
skin types II and III) on 1307 patients with vitiligo and their normal partners, found
a threefold decreased probability of melanoma (odds ratio OR 0.32, 95 % CI 0.12—
0.88) and NMSC (OR 0.28, 95% CI 0.16-0.50) after adjusting for risk factors
(>100 nevi and sunburn in childhood). Seven melanomas occurred in those with
normal pigmented skin and two basal cell carcinomas (BCC) within vitiligo lesions.
The questionnaires were answered by patients at their homes without the assistance
of a trained physician; hence, accuracy of patient recall may be questionable [49].
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The next four were cohort studies. In Paradisi et al.’s study, from a large reference
center in Rome (no skin types given), 11 melanomas occurred in 10,040 vitiligo
patients and 118 in the control group of 25,956 non-dermatological patients seen for
vascular surgery (RR 0.24 95% CI 0.13-0.45). There were 37 NMSC in vitiligo
patients, 509 in the control (RR 0.19 95% CI 0.14-0.17). This study had a large
number of subjects and good internal validity, but there was an age distribution dif-
ference in the two groups [50].

Another relatively large prevalence study of Lindelof et al. from two Swedish
hospitals (no skin type given) consisting of 1052 vitiligo patients found only one
with melanoma and no SCC. The review authors calculated an absolute risk of
developing melanoma at 0.001 (95 % CI 0.0002—0.0054). This study did not elabo-
rate on factors that could have influenced the outcome [51].

Schallreuter et al. reported on 136 Caucasians with vitiligo who were screened
for NMSC. No melanomas, BCC, or SCC were seen. Despite a significant number
of early childhood sunburns, there was no histologic evidence for sun-related dam-
age and no increased risk for common photodermatoses [52].

Hexsel et al. screened 477 vitiligo patients for the occurrence of NMSC which
resulted in a calculated absolute risk of 0.013 (95 % CI 0.0058-0.0272). There was
one basal cell carcinoma (BCC) and one squamous cell carcinoma (SCC) on viti-
liginous skin, three BCCs and one SCC on normally pigmented skin [53].

While the above studies showed a decreased incidence of vitiligo skin cancers, in
the largest cohort of 10,040 patients, Paradisi found that those who underwent pho-
totherapy when compared with those who did not had a higher and statistically
significant risk for skin cancers. The phototherapy group risk for melanoma was
7.54 (95 % CI 1.99-28.56); for NMSC, it remained high at 4.7(95 % CI 2.0-10.8).
Anecdotal cases of SCC on exposed and non-exposed skin of vitiligo in brown skin,
with or without phototherapy, also continue to be reported [54-59].

The authors of the Hammoud review [48] warn that since none of the studies
described the extent of vitiligo nor included patients who died from melanoma or
NMSC, risk underestimation is a possibility.

Racially, Hexsel’s cohort of vitiligo patients were 42 % Caucasian, 41 % Brown
(29 % African-American, 6 % Asian-Pacific Islander, 2 % Hispanic, 2% Middle
Eastern, 2 % Native American) and 17 % with unavailable racial designations. The
small sample of 477 vitiligo patients was deemed not large enough to detect skin
cancer in brown skin as only Caucasians had the six NMSC (four in vitiligo, two in
normal pigmented skin). This was the only study on incidence rates comparing the
vitiligo cohort with two general US populations. Their results suggest that there
may be an increased or equal risk of NMSC in vitiligo patients, a finding that may
run counter to the long-standing belief of decreased skin cancer risk in Caucasians
with vitiligo. The authors caution that health care providers should not underesti-
mate the risk of this common cancer in vitiligo patients [52]. Possible reasons for
the negative association between melanoma and NMSC in individuals with vitiligo
may be (1) patients with vitiligo probably have been told to protect their skin against
the sun and (2) an over expression of the p53 tumor suppressor gene which can kill
cells via a dual transcription-dependent and -independent function in the nucleus
and at the mitochondria has been proposed to explain this low BCC and SCC risk.
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In normal unstressed cells, p53 is a very unstable protein with a half-life from 5
to 30 min, present at very low cellular levels due to continuous degradation medi-
ated by murine double minute 2 gene (MDM?2) [60]. A study on phototypes III and
IV brown-skinned Egyptians with vitiligo (all with outdoor occupations) demon-
strated significantly strong expression of p53 and MDM2 proteins versus controls in
normally pigmented and depigmented lesions at the epidermis, skin adnexa, and
blood vessels and higher in those with generalized than with localized vitiligo. The
rapid induction of high p53 protein levels may prevent inappropriate propagation of
cells carrying potentially mutagenic damaged DNA such as after sun exposure [61].

Since skin cancer risk is still in flux, it is best to recommend sun avoidance and
daily use of broad-spectrum sunscreen as recommended in the Vitiligo Treatment
Guidelines for brown [62] or white [63] skin.

31.4 Sunscreens: Testing, Labeling, Efficacy, Safety

The US FDA 2011 Final Rule [64] is mostly aligned with the European cosmetic,
toiletry and perfumery industry’s COLIPA. These, the ISO, and regulatory bodies in
the UK, Australia, New Zealand, Japan, and the ASEAN’s harmonized rule differ in
accepted ingredients, concentrations, and classification as over-the-counter (OTC),
therapeutic drugs, or cosmetic. However, all agree that the ideal profile is uniform
protection across the entire UVB/UVA range (290—400 nm) similar to that provided
by sun avoidance [65].

Sun protection factor (SPF) protects in the UVB 290-320 nm range and is
obtained through an in vivo methodology on at least ten subjects using a xenon arc
solar simulator with specific guidelines on test light specifications, usage, and test-
ing methodology. Labeling should include uses, warnings, directions, non- or water
resistance, and the listing first of active and then inactive ingredients in alphabetical
order.

UVA protection factor (UVA-PF) testing utilizes the more ethical in vitro method
that is well on its way to being harmonized among the various regulatory bodies.
The US FDA mandates determination of the critical wavelength (CW) at which
90% of the UVB and UVA is absorbed, by a pre-irradiated test sunscreen film
applied at 0.75 mg/cm? on a polymethyl methacrylate (PMMA) plate. CW greater
than 370 nm is the simple pass/fail criterion for UVA-PF, which if 1/3 the SPF of
50+, the sunscreen can be claimed to be broad spectrum.

For the author, it is but proper that all sunscreen products must undergo afore-
mentioned tests to prove the veracity of their claims of “broad spectrum” and pro-
tection factor number; efficacy cannot be based on ingredients alone. These details
on how sunscreens are evaluated for efficacy and safety are mentioned here because
in some countries, there are products that claim “broad-spectrum sunscreen” and
protection factor numbers based just on ingredients in the formulation and unsup-
ported by the above testings. An informal survey by the residents of the Skin and
Cancer Foundation, Inc. (Philippines) showed several such ‘“sunscreens” sold as
cheaper products to the public and even to dermatologists who dispense them with
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labels as claimed by the sellers who often are compounding pharmacists or chemists
without a photo laboratory to support their label claims.

VL and IR protection factors: There are as yet no standard guidelines on deter-
mination of protection factor (PF) determinations for VL and IR but some compa-
nies are already responding to this need [66, 67]. At our center, these VL and IR-PPT
studies were initiated and the need to photoprotect against VL and IR was substanti-
ated. We have adapted the methodology of UVA for in vivo PF testing but used the
LED-VL for VL and un-/cooled IR for IR. These studies achieved up to 6 VL-PF
and 6 IR-PF.

31.5 Conclusion

Guide to photoprotection in vitiligo and melasma of brown skin:

Photoprotect exposed skin from sun and indoor lights by avoidance practices
Always seek the shade and cover up with clothing

Use umbrellas and other shading devices

Minimize overhead lights and the use of wide-screen monitors
Use indirect or shaded lamps with double envelope CFLs and LED bulbs
Avoid heat while cooking or using hair dryer, in the sauna, and other heat-emitting surfaces

Apply daily a reputable broad-spectrum sunscreen

With a 50+ SPF, protection factors for UVA and as regulatory bodies and/or manufacturers
respond to our needs

Watch out for and use sunscreens with VL and IR protection factors [68]

With high amounts of low but not nano-sized inorganic particles (zinc oxide and titanium
dioxide) [69]

Also with high (more than 3.2 %) iron oxide content in colored foundations or moisturizers
[70]

Add potent oral/dietary antioxidants such as

Niacinamide, turmeric, and green tea and always remember the polyphenols in fruits,
vegetables, wine, tea, and caffeine [71]

The more anti-inflammatory medium-chain saturated coconut oil [72]

Omega-3 polyunsaturated fatty acids that are especially high in fish oils and nonsteroidal
anti-inflammatory chemicals in food substances [73]

Photopatch test

If despite using the above sunscreens, melasma persists or continually recurs, and especially
if it is darkened by lasers and IR or other heat devices

Photopatch not just to UVA but also VL or cooled IR
Based on the patient’s energy exposures at work, play, or home and

Choose PS based on a thorough history of lifestyle, occupation, habits, and environment

With the results of the PPT, Avoid the Test radiation and the Relevant (+) PS that elicit the
(+) reactions
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Chapter 32
Camouflage for Brown Skin with Melasma
or Vitiligo

Rashmi Sarkar, Sumit Sethi, and Narendra Gokhale

32.1 Introduction

External appearance plays an important role in personality development and
influencing social interactions. Imperfections on the face can lead to poor body
image and decrease in self-confidence. Camouflage techniques can be useful to con-
ceal congenital or acquired lesions in patients who have failed to achieve satisfac-
tory results with skin treatments. Camouflage makeup can normalize the appearance
of the skin and improve the quality of life [1, 2].

32.2 Indications for Camouflage Makeup

There are various therapeutic indications for camouflage makeup. Though the best
results are seen with pigmentary alterations, raised lesions and even scars can also
be camouflaged. Pigmentary disorders requiring camouflaging include vitiligo,
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chloasma, solar lentigo, nevi, lentigines, post-inflammatory hypopigmentation or
hyperpigmentation, café au lait spots, dark circles of the eyes, and tattoos [1-3].

32.3 Camouflaging of Pigmentary Disorders

Pigmentary disorders are camouflaged by applying an opaque cosmetic that hides
the underlying skin hues or by applying shades of complementary colors. Patches
with decreased or increased pigmented compared to the surrounding skin can be
hidden by camouflaging with foundations with an appropriate amount of tint [1, 2].

32.4 Camouflage in Vitiligo

Patients with vitiligo feel stigmatized as they face discrimination from society. They
suffer from poor body image and low self-respect, which leads to profound social
and psychological effects. Most of the treatment options for vitiligo need a long
time to produce good desirable results, and camouflage therapy becomes indispens-
able for those patients, especially when the neck, face, and hands are affected [4, 5].

32.5 Classification of Camouflage in Vitiligo

Temporary and permanent options are available for camouflaging in vitiligo.
Foundation-based cosmetic camouflages, liquid dyes, and self-tanning products are
included in temporary camouflage. Micropigmentation/medical tattooing helps in
achieving permanent camouflage in vitiligo [4, 5].

32.5.1 Permanent Camouflage/Tattoo

Permanent camouflage in vitiligo is achieved with a cosmetic tattoo. The pigments
used in the inks of tattoos and permanent makeup are made up of inert materials and
classified as color additives and cosmetics. They are insoluble in most organic sol-
vents and water. The practice of tattooing is not controlled by the Food and Drug
Administration (FDA); however, the pigments used for tattooing are subject to FDA
regulation. None of the pigments are approved for implantation or injection and
most are not even approved for skin contact.

Permanent makeup is waterproof, time saving, hassle-free, and always fresh and
permanent. People with physical difficulty in applying regular, temporary makeup
or with allergies to conventional cosmetics choose this procedure. The color cannot
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be washed off, as specialized techniques are used to implant the pigment into the
dermal layer. When only small areas of the face are involved such as the perioral
area and the dorsal hands, very pleasing results are obtained. It is easy to treat the
dark phenotypes than lighter ones. Perfect matching of the color of the tattoo with
the surrounding skin for a good cosmetic result is highly dependent on the doctor’s/
technician’s skill. Performance of the procedure in sensitive areas such as the lips
and eyelids is best done under local anesthesia. Periodic maintenance every 2-5
years is usually required since the color of the tattoo naturally fades over time. To
prevent the risk of transmitting infectious diseases, tattooing should be performed
using sterile technique under universal precautions. Tattooing has been reported to
cause allergic, photoallergic, foreign body, and granulomatous reactions [4—6].
Misapplication, migration, and fanning of pigment are the most frequent complica-
tions, leading to patient dissatisfaction.

32.5.2 Temporary Camouflage
32.5.2.1 Liquid Dyes

Indigo carmine, potassium permanganate, and henna pastes were commonly used to
camouflage vitiligo. An amber-like, natural shade is afforded by these dyes. A sin-
gle layer provides a lighter shade and an additional layer gives a darker color. A
disadvantage however is the difficulty to find a suitable color match for patients.
Also, in areas associated with friction on movement such as the neckline and cuffs,
there is a tendency for the temporary camouflage to be rubbed off [4, 5].

32.5.2.2 Foundation-Based Cosmetic Camouflage

The visual impact of vitiligo can be reduced by the uniform application of selected
opaque cosmetics with light-reflecting ingredients. Camouflage products provide an
excellent coverage and natural appearance by forming an opaque cover over the
white patches in vitiligo [1, 2, 4, 5].

32.5.2.3 Self-Tanning Products

Dihydroxyacetone (DHA) is used as a self-tanning product. It is a sugar that binds
with the amino acids tryptophan and histidine present in the stratum corneum
layer, forming brown chromophores known as melanoidins. These melanoidins
change color from yellow to brown, giving the skin a tanned effect. DHA (3-5 %)
is neither greasy nor dirty and easy to apply. The pigmentation appears a few hours
later (Fig. 32.1a, b), and repeated application is done until the desired effect is
obtained.
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Fig. 32.1 Vitiligo on the hands (a), camouflaged with application of dihydroxyacetone (b)

Frequent applications of DHA are required to maintain desired effect as the nor-
mal epidermal turnover exfoliates the epidermis. The staining usually lasts up to
3-5 days. DHA binds only with the stratum corneum layer, and thus the intensity of
the tan correlates with the compactness and thickness of the horny layer. Old,
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mottled hyperkeratotic, or rougher skin takes up an uneven finish. Lighter skin
requires a lower concentration of DHA cream than subjects with dark skin. The
advantage of DHA is its high substantivity and water resistance, avoiding discolor-
ation of cloth on staining. Its innate sun protection properties however have little
practical application due to its low SPF which decreases after application with each
passing day. Obtaining a proper color match is difficult as blending with the sur-
rounding skin is tricky [4, 5].

After the formulation becomes 6-9 months old, it starts to impart a greenish
color to the skin; thus, product storage requires special care.

DHA is an economical, effective, and safe therapeutic option for patients with
recalcitrant vitiligo. It is advantageous over camouflage cream involving the hands
and feet as the cover creams are just waterproof and not rub proof [4, 5, 7].

DHA is applied every alternate night on perfectly dry skin. The lesions are
cleaned with water and scales are gently removed with a towel, prior to application.
Using a cotton bud, a finger, or a paintbrush, a thin layer of the cream is applied with
circular movements to obtain a homogeneous result. Application on the mucosa and
areas near the forehead hairline and eyebrows should be avoided. The areas which
take to self-tanners quite well such as the face and neck should have sparing appli-
cation. In case the hairs are short, the application of the product should be behind
the ears. Nails and hair may take color, whereas mucous membranes do not. In order
to avoid staining, the fingers should be cleaned immediately after application.
Contact with textiles is avoided for the first 30 min, and no water contact is allowed
over the next 2 h. Bathing, swimming, or any activity that will lead to sweating must
be avoided for 1 h; no belts, brassieres, and shoes should be worn for 1 h, if the
products have been used on the body. During periods with high UV exposure, sun
protection is recommended with potent sunscreens of a high UVA and UVB protec-
tion factor [7, 8].

32.6 Camouflage in Melasma

Dyspigmentation of the face caused by melasma is a cosmetic challenge, and cam-
ouflage cosmetics are an important part of treating the melasma patient. Not only
do they provide additional photoprotection, but they also restore the patient’s self-
confidence while dermatologic treatment is under way. The difficulty lies in blend-
ing the various brown tones associated with the condition. Topical prescription
medications intended to lighten the darkened skin usually take a minimum of 3
months to produce clinically acceptable results, necessitating the need for camou-
flage techniques in the interim. It is very difficult to completely eliminate the
uneven pigmentation, especially in hypermelanotic disorders accompanied by
melanophages in the dermis such as dermal and mixed melasma. In such patients
camouflaging uneven pigmentation can be achieved with corrective cosmetics
such as Dermablend®, Covermark®, or Dermacolor®. These cosmetics provide
broad-spectrum sunscreen activity along with good coverage. They are especially
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useful in hyperpigmented conditions in which sunlight plays an aggravating and
perpetuating role [9].

Most sunscreen products are colorless and get absorbed directly into the skin,
leaving no trace. Tinted sunscreen combines the benefits of sun protection with
camouflage. Self-tanning lotions that have sunscreen properties and so-called
“invisible color” lotions for children are sometimes also described as tinted. Tinted
sunscreen products are manufactured by including ultraviolet A (UVA) and ultra-
violet B (UVB) protection in makeup foundations.

32.7 Principles of Camouflaging Pigmentation Defects

There are three basic techniques for camouflaging skin defects.

Concealing is hiding discoloration by completely covering them with makeup.
Concealers are creamy products, different from regular foundation in being more
thick and opaque, and are available in a variety of colors to match the natural shade
of the skin.

Color correcting is neutralizing red, blue, or yellow tones to more natural tones
of complementary color. Skin color is contributed by underlying tones including
hemoglobin producing red, keratin/degenerated elastin producing yellow, and mela-
nin producing brown tone. Application of a complementary green foundation can
help to camouflage a red pigmentation defect, yielding a brown tone, easily covered
with a conventional facial foundation. Brown tones also result when yellow skin
tones are blended with complementary purple-colored foundations. Thicker skin
possesses more yellow tones, while thinner skin appears red. For these reasons, only
one shade is insufficient to mimic the natural skin tone.

Contouring is creating the illusion of highlights and shadows to disguise the
irregular facial surface. It creates dimension by using shadow and light (darker areas
recede, while lighter areas appear to come forward). A contour shadow is required
which is about two shades darker than the concealer, and a highlighter which is
about two shades lighter.

To meet different needs of each defect to be concealed, many formulations of
camouflage cosmetics are designed. Makeup bases, facial foundations, lining col-
ors, and rouges are the basic products required to create the desired skin color.
Camouflage products contain fillers endowed with optical properties and are differ-
ent from makeup products as they contain up to 25-50% more pigment. They
impart a normal, natural appearance by concealing skin discoloration. Camouflage
cosmetics are designed to mask and cover a problem but must be mixed to match the
patient’s skin tone. A good cover cosmetic should be opaque, natural looking,
greaseless, easy to apply, waterproof, 100 % fragrance-free, long lasting, applicable
to all skin types, non-sensitizing, nonirritating, non-photosensitizing, and noncom-
edogenic. Sun protection can be an additional benefit. Depending on the require-
ment of the patient, different types of camouflage cosmetics are available which
may provide partial and full concealment or just pigment blending.
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Hue, intensity, and value are the three color coordinates to be kept in mind while
selecting a suitable camouflage cosmetic. These will determine which form of
makeup (e.g., paste, liquid, or mineral) is most suitable as well as proper application
technique. The name of the pure color is denoted by hue, intensity determines the
brightness (saturation) of the color, and value refers to the darkness or lightness of
the color. Brown and pink are the common hues required in vitiligo patients of
darker skin types [1-3, 9].

32.8 Types of Camouflage Cosmetics

Skin areas that are lighter than the natural skin color can be camouflaged with a
darker brown cosmetic, while darker areas can be minimized by applying facial
foundations of a lighter hue. Makeup bases and facial foundations are the primary
cosmetics designed to camouflage underlying dyspigmentation. Facial foundations
are available as soft or hard grease paints, pancake makeup, and liquid makeup.

32.8.1 Camouflage Procedure

The camouflage procedure includes application of a base cream followed by cover-
ing with a foundation suitable for each patient and finally drying up with a finishing
powder. The best camouflage facial foundations to cover dyspigmentation are the
creamy soft grease paints which can be applied to the back of the hand for warming
and blending. They are the easiest to use since they exhibit a long playtime (i.e.,
time before the cosmetic dries), minimal application skill, excellent coverage, good
blending characteristics, and adequate wear ability for most people.

32.8.1.1 Technique of Application

Match the correct camouflage color using normal skin closest (preferably adjacent)
to the area to be camouflaged. The makeup color that “disappears” into the adjacent
normal skin is the correct selection. Small amount of the makeup can be applied to
the back of the hand for blending and then held up to the face to evaluate the color
match. Blending makeup on the back of the hand also warms the product, allowing
for easier mixing and application. Finally, the foundation color mix is dabbed from
the central face outward to approximately 0.25 in. into the hairline and is blended
beneath the chin and over the ears. To obtain a more natural appearance, feathering
of cosmetic at the margins of application is necessary. Unpigmented, finely ground,
talc-based powder is used to set the cosmetic once the makeup has dried. It helps to
improve wearability, makes it waterproof, prevents smudging, and imparts a matte
finish.
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32.8.1.2 Color Matching

It is very difficult to match a color from different manufacturers because of the
number of tints and shades that can be produced by combination of various colors
and varying the amount of white in them. Ten to twelve shades are required to match
black skin, but for white skin only 7-8 shades are required. If more than two shades
are selected for color blending, the camouflage process becomes time-consuming
and costly for the patient. Also, the final color is muddy.

In patients having pigmentation problem, the underlying dyspigmentation of the
skin counts as one color. It is recommended to avoid mixing more than two cream
foundation colors in a patient of melasma to achieve an attractive final color match.
In vitiligo patients, the underlying color is red in dark skin and yellow in sallow
skin. In case the color contrast is too prominent, an opaque surgical foundation with
a high coverage to cover all underlying skin tones may be a better camouflage selec-
tion. After selecting the closest foundation match for the patient, blend in red for
ruddy complexion and yellow for a sallow complexion. If the patient has mild
melasma and does not require an opaque cosmetic, a traditional facial foundation
can be used and applied in three consecutive layers, allowing 5 min of drying time
after each application. If an acceptable color match is desired, the final blend should
represent all facial tones. The patient must realize that after camouflage therapy, it
will be obvious that he/she is wearing a cosmetic [1-3, 8].

A camouflage product requires thorough matching with the surrounding skin
because unlike regular foundation, it is applied to only a part of the face. The cos-
metic outcome should be documented with pictures before and after the application
of cosmetic product. Camouflage products should be worn on as a needed basis and
should be removed before sleeping. Oily cleansers are provided by most companies
for removal, and subsequent cleansing with water and soap is also recommended
[1-3, 8].

A high concentration of oils is present in camouflage cosmetics, which may,
though rarely, cause comedone formation in predisposed individuals. The founda-
tion should be use-tested by the patient to rule out comedogenicity. They are easy to
apply, lightweight, and free from contact allergens. With fragrances and preserva-
tives present in some brands, allergic reactions and dermatitis may rarely occur [9].

32.9 Camouflage Therapy and Quality of Life

Health-related quality of life (QOL) is a method used to measure social, physical,
and psychological well-being, thereby evaluating the burden of disease on daily liv-
ing. Psychological well-being is based on multiple factors, one of which is satisfac-
tion with physical appearance. Significant psychological morbidity may result from
the presence of visible skin lesions. Corrective cosmetics rapidly enhance QOL by
improving skin appearance. They are reported to have high satisfaction rates and are
well tolerated by patients with continued use [3].
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Camouflage helps those patients who need adjustment to an altered self-image
and also helps them to cope with altered appearance. The immediate visual effect of
camouflage therapy helps patients to regain confidence and self-esteem. Without
making any permanent alteration to the structure or function of the skin, it helps
them return to normal social and economic activities, thus improving their quality
of life [10].

32.10 Conclusion

Dyspigmentary cutaneous conditions can be psychologically devastating to men,
women, and children, irrespective of skin group classification, race, or religion.
People seeking skin camouflage have a great desire for their skin to appear normal.
Camouflage therapy provides an immense benefit to these patients by helping them
to cope with the psychological implications of facial disfigurement or blemishes.

Camouflage products provide a natural appearance with excellent coverage of
the defect and thus are an ideal adjunct to other therapies for successful treatment of
such skin conditions. They help to minimize stigmatization by helping to cover the
visible signs of the disease, and the results are extremely gratifying for both patients
and physicians. They are readily available, safe, and inexpensive.
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Chapter 33
What’s in the Pipeline for Melasma
and Vitiligo

Nada Elbuluk and Pearl E. Grimes

33.1 Melasma

33.1.1 Overview

Melasma is a common acquired disorder of hyperpigmentation characterized by
irregular light brown to dark brown patches of hyperpigmentation commonly affect-
ing the face. The trunk and arms are also occasionally involved. Multiple studies
have documented the negative impact of melasma on quality of life [1]. Moreover,
new research has led to an increased understanding of the complex pathogenesis of
this disorder [2]. Key etiologic factors include a genetic predisposition, solar dam-
age, barrier abnormalities, and unique sensitivities to hormonal changes including
pregnancy, oral contraceptives, and hormone replacement therapy. New technologi-
cal and pharmacological advances have facilitated expansion of approaches for the
prevention, diagnosis, and long-term management of this difficult and challenging
chronic pigmentary disorder.
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33.1.2 Melasma Assessment

Polarized light photography, colorimeters, mexameters, and spectrophotometers are
all helpful tools used to assess melasma [3]. New tools, such as in vivo reflectance
confocal microscopy, have further enhanced the ability to evaluate melasma. This
tool provides a noninvasive method to diagnose melasma and monitor treatment
response as well as therapeutic side effects [4]. In several studies, it has been found
to be more accurate than prior techniques for diagnosing and monitoring melasma
by providing real-time high-resolution imaging of the skin with more precise infor-
mation about the location and extent of pigment as well as other epidermal and
dermal cellular components. It may also help predict the efficacy of melasma treat-
ments through baseline and follow-up evaluations [5-7]. Dermoscopy has also
recently been used to better characterize the features of melasma [8]. Future studies
with the use of these technologies will provide greater insight into understanding
features of melasma and its response to various treatment options.

33.1.3 Melasma and Photoprotection

Given the ability of wavelengths outside of the ultraviolet range to also induce pig-
mentary changes in the skin, recent studies are evaluating the appropriate photopro-
tection needed in patients with melasma. A study examining the effects of UVAI
and visible light found that both led to pigmentation in skin types IV-VI, with vis-
ible light inducing dark and sustained pigmentation [9]. A prospective randomized
comparative trial examined the use of tinted and untinted ultraviolet (UV) sunscreen
with iron oxide and found that melasma relapses in both groups were prevented
through protecting against UV and short wavelengths of visible light [10]. Another
study compared the use of UV broad-spectrum sunscreen to UV broad-spectrum
sunscreen with iron oxide as a visible light-absorbing pigment, and the latter group
also showed greater improvement of their melasma [11]. Continued understanding
of the wavelengths of light which can trigger melasma may lead to future sun-
screens with broader and improved photoprotection.

33.1.4 Therapeutic Interventions
33.1.4.1 Tranexamic Acid (TA)

Triple-combination creams (TCC), retinoids, and hydroquinone (HQ) remain a
mainstay in the therapeutic armamentarium of melasma [12]. However, recent stud-
ies have shed light on newer therapies for melasma, which have been studied as
monotherapies and in combination with older traditional treatments, to yield
improved clinical efficacy (Table 33.1). Tranexamic acid, a plasmin inhibitor, known
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Table 33.1 Melasma therapeutic interventions

363

Transdermal drug

Topicals Chemical peels Lasers and lights delivery modes

Retinoids Glycolic acid ND:Yag (QS and Skin needling
long pulsed)

Hydroquinone Salicylic acid QS ruby Microneedling

Corticosteroids Jessner’s QS alexandrite Iontophoresis

Triple-combination Mandelic acid Non-ablative lasers® | Monopolar

cream radiofrequency

Novel skin-lightening

Trichloroacetic acid

Intense pulse light:

agents: Fractionated
Botanicals Pulse-in-pulse
Vitamins mode
Alternative

Tranexamic acid® Retinol Ablative lasers®

Kojic acid Variable pulsed

light
Azelaic acid Pulsed dye laser

“Includes fractional and non-fractional
Also used in oral and injectable form

as an antifibrinolytic medication, is a newer melasma treatment which has been
studied in an oral, topical, and injectable form [13]. TA specifically inhibits plas-
minogen activator from converting plasminogen, which resides in epidermal basal
cells and keratinocytes, to plasmin [14]. UV exposure can induce the keratinocyte-
plasminogen activator system resulting in melanogenesis. TA’s inhibitory effects on
melanogenesis include decreasing tyrosinase, TRP-1, and TRP-2 [15].

Studies have shown varied clinical benefits of TA. A double-blind, randomized,
controlled, split-face clinical trial investigated topical TA 5% compared to vehicle
and found no significant difference in Melasma Area and Severity Index (MASI)
score reduction on both sides, with TA also causing erythema [16]. Another study
compared TA 3 % to HQ 3 % with dexamethasone 0.01 % in a double-blind, split-
face trial and found that both decreased MASI scores, but there was no significant
difference between the improvements in the two groups [17]. Topical liposomal
tranexamic acid 5 % has been studied in comparison to HQ 4 % in a split-face trial
in which both topicals were applied twice daily and both resulted in significantly
reduced MASI scores [13].

Oral TA given as two pills, twice a day for 6 months in a Chinese study of 74
patients, resulted in nearly 64 % of the patients having a good to excellent response
with no significant complications [18]. A larger study of oral TA, given as 250 mg
twice daily for 3 months, found that patients who took the medication had a signifi-
cant reduction in MASI [19]. Oral TA has also been studied in combination with
topical TA. In one study, patients took oral TA (two tablets, three times daily) and
used topical tranexamic acid twice daily for 8 weeks, and the subjects had decreased
epidermal pigmentation and erythema, as well as a decrease in dermal melasma
changes including vessel number and mast cell count [20].
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TA has also been studied in a microinjection form and with microneedling. In a
randomized, open-label study comparing these two treatment modalities, both were
found to improve MASI scores with greater improvement in the microneedling
group, which may have been due to deeper and more uniform delivery of the TA
through the microchannels created by microneedling [21].

Side effects of TA can include nausea, diarrhea, orthostatic reactions, hypomen-
orrhea, and, rarely, skin reactions, acute renal cortical necrosis, and color vision
disturbances [14, 18].

In the future, as further studies are done on TA, it may become a more commonly
used treatment for those with melasma.

33.1.4.2 New Drug Delivery Vehicles

New vehicles for topical drug delivery are being investigated. Ethosomes® and
Transferomes® have been studied in vitro for topical drug delivery of compounds
such as linoleic acid which are used to treat disorders of hyperpigmentation [22]. By
using these drug delivery carriers for topical medications, there may be increased
skin penetration past the stratum corneum, which may lead to improved local and
systemic delivery, as well as higher clinical efficacy.

New conjugates of traditional melasma medications may also be on the hori-
zon. Treatments that typically cause skin irritability, such as salicylic acid (SA)
and HQ, have been combined into new formulations which have higher lipophilic-
ity, less aqueous solubility, and lower crystallinity than each medication sepa-
rately [23]. These new conjugates may improve skin absorption and skin
tolerance.

33.1.4.3 Novel Skin-Lightening Agents

Novel skin-lightening agents are also being developed, many of which have shown
promising results. The number of studies done on these newer agents however is
very limited, and therefore larger studies will be needed to truly determine their
safety and efficacy. One of these agents, undecylenoyl phenylalanine, an antagonist
to alpha-melanocyte-stimulating hormone and beta-adrenergic receptors, has been
found to significantly lighten melasma with minimal side effects [24]. Given that
hormones are thought to play a role in the pathogenesis of melasma, topical flu-
tamide 1 %, an antiandrogenic agent previously used for hair loss, has been studied
in an RCT and was found to be as effective as topical HQ 4 % in improving melasma
by mexameter assessment and was superior to HQ when comparing MASI scores
[25]. Cysteamine, an intrinsic antioxidant that protects against ionizing radiation
and that can inhibit melanin synthesis, was used topically in melasma patients and
in comparison to placebo was found to significantly reduce MASI scores at 2 and 4
months [26].
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33.1.4.4 Alternative Topical Therapies

Natural ingredients have been gaining popularity in the treatment of pigmentary
disorders including melasma. Topical lignin peroxidase, a purified active enzyme
derived from the fermented fungus Phanerochaete chrysosporium, has been studied
in a 9-week single-center, open-label, prospective study in 31 Chinese women and
was found to improve melasma through decrease in skin pigmentation and improve-
ment in skin luminance [27]. Rumex occidentalis, an Asian herb that inhibits tyrosi-
nase activity and blocks melanin formation, was studied in a randomized
double-blind placebo-controlled trial in which 45 subjects either received 3% R.
occidentalis cream or 4% HQ cream, and both were found to be comparable in
efficacy and safety [28]. Plant extracts containing catechins/polyphenols, which
have inhibitory effects on tyrosinase, have resulted in a significant decrease in mela-
nin levels when compared to placebo [29]. Another plant-derived ingredient, sily-
marin, derived from the milk thistle plant, contains silybin, a potent antioxidant with
photoprotective properties and the ability to inhibit L-dopa oxidation activity of
tyrosinase. When studied in 96 melasma patients, a significant improvement was
seen in a dose-dependent manner along with prevention of UV-induced skin damage
and no significant side effects [30]. Mulberry extract, which has flavonoids and
antioxidant properties as well as tyrosinase inhibiting properties, was evaluated in a
randomized, single-blind, placebo-controlled trial and was found to significantly
improve MASI and quality of life scores [31]. Topical niacinamide (4 %), which has
anti-inflammatory properties and can decrease melanosome transfer, has been stud-
ied against HQ 4% in an 8-week, 27-subject study and was found to similarly
improve pigmentation in melasma as HQ, but also had the added benefit of reducing
mast cell infiltrate and solar elastosis [32].

Various skin-brightening ingredients are also being marketed into commercial
products that are hydroquinone free. A topical cream with disodium glycerophos-
phate, L-leucine, phenylethyl resorcinol, and undecylenoyl phenylalanine was used
to treat mild to moderate melasma twice daily for 12 weeks in 20 female patients
and resulted in a significant reduction in melasma severity and appearance with high
tolerability [33]. Methimazole, an antithyroid medication, was formulated into a
5 % topical cream and used once daily in two patients with HQ-resistant melasma
and after 8 weeks led to significant melasma improvement with high tolerability and
no significant side effects [34].

33.1.4.5 Chemical Peels, Lasers, and Lights

Various chemical peels, lasers, and lights continue to be studied as treatment modal-
ities for improving melasma [35]. Chemical peels recently studied include glycolic
acid (GA), salicylic acid (SA), Jessner’s, mandelic acid (MA), and trichloroacetic
acid (TCA) [36, 37]. Chemical peels have also been used in combination with topi-
cal creams.
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Lasers and lights recently studied include Q-switched (QS), ablative, and
non-ablative lasers that are fractional and non-fractional, long pulsed ND:Yag,
intense pulsed light (IPL), copper bromide, and pulse dye lasers (PDL) [38—42].
Q-switched lasers, including ND:Yag, ruby, and alexandrite lasers, are continuing to
be studied at various settings in different skin types with varied success rates [43,
44]. Although some laser and light treatments have caused improvement in melasma,
other studies have found worsening rebound melasma, postinflammatory hyperpig-
mentation (PIH), and/or hypopigmentation.

Ablative and non-ablative lasers including CO, and Erbium Yag in fractional and
non-fractional forms have also shown promise in melasma treatment particularly in
targeting dermal melasma [45, 46]. The use of ablative lasers, however, has been
more limited due to the increased risk of PIH and difficulty in maintaining long-
term results [47].

A new type of IPL, called fractionated IPL, has recently been studied as a weekly
treatment for melasma in Asian women and, when compared to biweekly conven-
tional IPL, was found to result in decreased MASI scores with no melasma rebound
[48]. Another new type of IPL uses a pulse-in-pulse mode, which releases multiple
fractionated subpulses in one pulse width [49]. When compared to traditional IPL,
both significantly decreased MASI scores, with the former being preferred by
patients due to decreased discomfort during and after treatments. Another light
treatment similar to IPL called variable pulsed light is also being investigated.
Unlike IPL, it disperses energy as a few small, rapid microflashes instead of one
flash of light. It offers the advantage of decreased pain and better absorption into
select layers of the skin with decreased amounts of heat entering neighboring tis-
sues [50].

Lasers targeting the vascular component of melasma are also garnering interest.
Two recent studies examining the use of copper bromide laser which has wave-
lengths of 578 nm and 511 nm targeting vascular lesions and pigmentation, respec-
tively, have found the laser to not be efficacious in treating melasma and when
compared to Kligman’s combination cream formula , the latter was found to be
more effective [51, 52]. In contrast, another report of a woman treated with PDL and
Kligman’s formula found that the PDL treatment prevented recurrence of melasma
in treated areas [2].

33.1.4.6 Laser Combination Treatments

Combination treatments for melasma continue to show promise in further improv-
ing melasma and helping those with refractory melasma. Traditional topical treat-
ments are being studied in combination with other topical and procedural treatments
and have been found to have various degrees of therapeutic efficacy.

QS ND:Yag 1064 nm laser has been studied in combination with several other
treatments. When used with IPL, it has been found to be more effective, particularly
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for refractory melasma and then when each is used as a monotherapy [39, 53, 54].
When QS ND:Yag laser toning has been combined with vitamin C ultrasonic
application, it has led to higher physician and patient assessments [55]. QS
ND:Yag laser done after microdermabrasion and maintained with a topical regi-
men of tretinoin or vitamin C along with sunscreen has been shown to be effica-
cious in inducing melasma remission for up to 6 months with minimal risk and
recovery time [56].

IPL and fractional erbium glass laser, each combined with TCC, have shown
greater efficacy together than when each treatment is used alone [57, 58].
Another recent study found that patients treated with oral TA, IPL, and QS
ND:Yag laser treatments compared to those who had the laser and light treat-
ments without TA found that the patients in the former group had improved clini-
cal efficacy without significant side effects [59]. This result was supported by
another Korean study, which examined the use of oral TA in patients receiving
low fluence (LF) 1064-nm QS ND:Yag and found that those in the combination
group had overall greater clinical improvement than those who had the laser
treatment alone [60].

33.1.4.7 Transdermal Drug Delivery: Needling, Iontophoresis,
and Energy Devices

Additional treatments being investigated for melasma include modes of transdermal
drug delivery including skin needling, microneedling, iontophoresis, and radiofre-
quency. Skin needling has been found to enhance the penetration of topical prod-
ucts, and in a study combining skin needling with a depigmenting serum (containing
rucinol and sophora-alpha), the combination resulted in significant improvement of
the melasma in comparison to the use of the serum alone [61]. Iontophoresis can
increase drug penetration of a compound into the skin in a controlled fashion by
applying current through the tissue [62]. Vitamin C iontophoresis has been used
successfully in the treatment of melasma and when used in a nanosome formulation
has even been found to have better clinical results than 70 % GA [63]. It has also
shown efficacy in melasma treatment when followed by a home maintenance regi-
men consisting of MA [39].

Platelet-rich plasma (PRP) has recently been studied in a single patient who
underwent three treatments and had regression of her melasma with greater than
80 % reduction in epidermal pigmentation [64]. The mechanism of action is not
fully understood but may involve the effects of TGF-p1 on inhibition of melanin
synthesis along with an increase in skin volume.

Energy devices, such as monopolar radiofrequency, have also been combined
with transdermal drug delivery of a product containing kojic acid 1% and were
found to decrease MASI scores, average melanin, and erythema with no significant
side effects [65].
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33.2 Vitiligo

33.2.1 Overview

Vitiligo is a relatively common acquired, idiopathic pigmentary disorder character-
ized by one or more depigmented patches of the skin. The disorder can be cosmeti-
cally disfiguring and severely impacts quality of life. Patients with vitiligo often
experience low self-esteem, depression, stigmatization, and isolation [66, 67]. The
mechanisms involved in the destruction of melanocytes in vitiligo are complex and
include genetic influences, self-destruction, oxidative stress, neural defects, and
autoimmunity. Current research places autoimmune and oxidative stress at the fore-
front of mechanisms mediating the destruction of melanocytes in vitiligo.

33.2.2 Treatment Strategies

New approaches for vitiligo address stabilization of the disease as well as repigmen-
tation. While no consensus is available on the concept of stabilization in vitiligo, the
vitiligo disease activity (VIDA) score has been utilized in several publications. It is
a 6-point scale in which the activity of the disease is evaluated based on the appear-
ance of new vitiligo patches, or the enlargement of preexisting patches assessed
during a period ranging from less than 6 weeks to 1 year [68]. New therapies for
stabilization of the disease include minocycline, methotrexate, and narrowband UV
phototherapy (NB-UVB) (Table 33.2). Emerging therapies for repigmentation
include prostaglandin analogues, rituximab, afamelanotide, and JAK inhibitors.

33.2.2.1 Therapies for Stabilization
Minocycline
Minocycline is a broad-spectrum bacteriostatic antibiotic commonly prescribed for

acne vulgaris. Studies document that it also has anti-inflammatory and immuno-
modulatory properties [69]. It inhibits cytokine production, free radical formation,

Table 33.2 Pipeline Stabilization Repigmentation
therapies for vitiligo Oral corticosteroids Afamelanotide
NB-UVB phototherapy Prostaglandin F2« analogues
Minocycline Rituximab
Methotrexate Alternative phototherapy
JAK inhibitors
Simvastatin
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and apoptosis. Recently, minocycline was compared to oral minipulse dexamethasone
therapy for stabilization of active vitiligo [70]. Twenty-five patients were treated
with minocycline 100 mg daily for 6 months, and 25 patients received dexametha-
sone 2.5 mg on 2 consecutive days weekly. Both drugs were significantly effective
for stabilization of vitiligo. Side effects were minimal in each group. This study
expands our therapeutic options for stabilization of vitiligo.

Methotrexate

Methotrexate is an antimetabolite and competitively inhibits dihydrofolate reduc-
tase. It inhibits DNA, RNA, thymidylates, and protein synthesis. In addition, it
inhibits T-cell activation and intracellular adhesion molecule expression by T cells.
Methotrexate also downregulates B cells [71]. In a recent study of 42 patients, meth-
otrexate was compared to oral minipulse corticosteroid therapy for stabilization of
vitiligo. Half were treated with methotrexate 10 mg weekly and half with dexa-
methasone OMP 2.5 mg on two consecutive days weekly for 6 months. Both were
equally effective in controlling vitiligo disease activity [72].

Narrowband UVB Phototherapy

Recent studies document the beneficial effects of NB-UVB phototherapy for stabi-
lization of vitiligo. Forty-two patients were evaluated in a prospective comparative
3-month trial. Half were treated with NB-UVB twice weekly and the remainder
with minocycline 100 mg daily. Stabilization occurred in 76 % of the NB-UVB
group compared to 33 % of patients treated with minocycline. These findings sug-
gest that NB-UVB phototherapy is indeed effective in stabilizing active vitiligo
[73]. In addition, NB-UVB has been shown to be effective in reversing oxidative
stress in patients with vitiligo. This may be essential for stabilization of the disease
[74]. This investigation is one of the very first to document the stabilizing effects of
NB-UVB in a comparative trial.

33.2.2.2 Therapies for Stabilization
Afamelanotide

Afamelanotide is a potent synthetic analogue of alpha-melanocyte-stimulating hor-
mone. It stimulates melanogenesis and melanocyte proliferation. When compared to
a-MSH, afamelanotide exerts prolonged physiologic effects with stronger binding
affinity to the melanocortin receptor (MC1R). Several studies have demonstrated
defects in the melanocortin system in vitiligo patients [75, 76]. These defects include
low physiologic plasma a-melanocyte-stimulating hormone, decreased o-MSH in
lesional skin areas, and decreased expression of prohormone convertase.
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Clinically, afamelanotide combined with NB-UVB was found to be significantly
superior to NB-UVB monotherapy in a randomized multicenter study involving 55
patients with non-segmental vitiligo [76, 77]. Patients were treated for 6 months and
observed 6 months thereafter. Twenty-eight patients were treated with afamela-
notide and 27 with NB-UVB alone. The time to onset of repigmentation with com-
bination group was significantly lessened, especially on the face and upper
extremities, and more evident in skin types IV-VI. Moreover, there was signifi-
cantly greater repigmentation in the combination group versus NB-UVB mono-
therapy. Notable side effects from combination treatment versus monotherapy were
nausea, fatigue, and hyperpigmentation. Overall, the drug was well tolerated.
However, the optimum dosage, administration frequency, and further side effects
need to be determined.

Prostaglandin Analogues

Prostaglandin E2 (PGE2) is a novel and potentially beneficial treatment for local-
ized stable vitiligo. PGE2 controls the proliferation of melanocytes through stimu-
lant and immunomodulatory effects. In a consecutive series, repigmentation
occurred in 40 of 56 patients with stable vitiligo treated with translucent PGE2
0.25 mg [78]. The patients applied the PGE2 gel twice daily for 6 months. The mean
onset of repigmentation was 2 months. The response was excellent in 22 of 40
patients, with complete repigmentation observed in eight patients. The patients with
disease duration of 6 months showed the most significant response. Repigmentation
occurred the earliest on the face and scalp.

Bimatoprost, a synthetic prostamide (prostaglandin-ethanolamine) F2a ana-
logue, is associated with hyperpigmentation of periocular skin caused by increased
melanogenesis [79]. In a study by Narang et al. with ten patients, three had 100 %
repigmentation, three had 75-99 %, and one had 50-75 %. The best responses were
observed on the face [80]. A recent study documented efficacy of bimatoprost in 18
patients with non-facial vitiligo [81].

Latanoprost, also a prostaglandin F2a analogue, has also been evaluated for
repigmentation of vitiligo in 22 patients. It was superior to placebo and has compa-
rable efficacy of NB-UVB in achieving repigmentation of vitiliginous lesions [82].

Alternative Phototherapy

Natural sunlight emits a spectrum of accessible UV radiation, including sufficient
amounts of NB-UVB beneficial for vitiligo. However, it also emits nontherapeutic
wavelengths increasing the erythrogenic response. A topical cream was subse-
quently developed which filtered nontherapeutic radiation for solar exposure with a
bias for 311 nm, allowing NB-UVB to pass through for treatment [83].

In a double-blind placebo-controlled study, 15 vitiligo patients exposed them-
selves to natural sunlight thrice weekly following the use of the selectively permeable
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topical cream allowing exposure to NB-UVB [84]. This was compared against a
placebo sunscreen with SPF4. Only acrofacial vitiligo was treated. UV exposure
was determined by an MED chart and measurement of solar ultraviolet light using
a UV radiometer. Mean repigmentation at 12 weeks was 49 % for the topical cream
and 3 % for the placebo group. Additional studies are warranted.

Rituximab

Rituximab is a chimeric monoclonal antibody against the protein CD20, primarily
expressed on the surface of B cells. B cells are responsible for antibody formation.
Rituximab destroys B cells and is used to treat diseases characterized by increased
numbers of B cells or B-cell dysfunction. Anti-melanocyte antibodies have been
shown to mediate the destruction of melanocytes in vitiligo [67, 85]. A 6-month pilot
study was conducted in five vitiligo patients with active disease. They received intra-
venous rituximab 1 g in a single dose and were followed for 6 months. After 6 months,
three of five patients showed marked repigmentation. One had slight improvement
and the remaining patients showed no change. This repigmentation was correlated
with biopsy findings of an increased number of melanocytes, decreased lymphoid
infiltration, and decreased melanocyte apoptotic markers (Bcl-2, Apaf-1, caspase-9).
As expected, circulating CD20 lymphocytes were decreased; however, melanocyte-
specific antibodies and immunoglobulin levels showed no difference [86].

JAK Inhibitors

Tofacitinib is a JAK 1/3 inhibitor approved to treat severe rheumatoid arthritis.
Tofacitinib inhibits the production of IL-17 and proliferation of CD4 cells. In addi-
tion, it inhibits y-interferon signal transduction [87]. Current studies suggest that
interferon y-induced expression of the chemokine CXCL 10 mediates depigmenta-
tion in vitiligo [88, 89].

Recently a vitiligo patient was treated with oral tofacitinib citrate at a dose of
5 mg every other day. After 3 weeks, the dose was increased to 5 mg daily. At 2
months, partial repigmentation of the face and upper extremities was evident, and
after 5 months, there was significant repigmentation of the forehead and hands. The
patient experienced no adverse events related to the drug [90]. This case elicited
much interest given its mechanism of action and the recent advances in our under-
standing of the pathogenesis of vitiligo. Proof of concept and clinical trials are indeed
warranted to further assess the impact of JAK inhibitors in patients with vitiligo.

Simvastatin

Simvastatin,a HMG-CoA reductase inhibitor, is a widely used cholesterol-lowering
medication which has also been documented to have significant anti-inflamma-
tory properties. Such effects include scavenging free radical formation and
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increasing the production of TL10 and TGF-beta. Simvastatin also decreases TNF
alpha, IL-6 and IL-2 production. It is an inhibitor of interferon-y-induced STAT 1
activation [91, 92].

Recent studies have reported that the interferon-y-induced chemokine CXCL 10
is critical for the progression and maintenance of depigmentation in vitiligo [93]. In
a recent study of a mouse model of vitiligo, simvastatin prevented and reversed
depigmentation [94]. It reduced the number of infiltrating autoreactive CD8+T
cells in vitiligo. Treatment of melanocyte-specific CD8+T cells in vitro with simv-
astatin decreased proliferation and IFN-y production. These findings strongly sug-
gest simvastatin should be tested in clinical trials for vitiligo.

33.3 Summary

Melasma and vitiligo are indeed therapeutically challenging diseases. Recent
advances in our knowledge of the pathomechanisms of both disorders will signifi-
cantly impact the flow of new drugs and new approaches for the treatment of these
psychologically devastating disorders of pigmentation.
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