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Abstract

Acral lentiginous melanoma is a histological subtype of cutaneous melanoma that
occurs in the glabrous skin of the palms, soles and the nail unit. Although in some
countries, particularly in Latin America, Africa and Asia, it represents the most fre-
quently diagnosed subtype of the disease, it only represents a small proportion of
melanoma cases in European-descent populations, which is partially why it has not
been studied to the same extent as other forms of melanoma. As a result, its unique
genomic drivers remain comparatively poorly explored, as well as its causes, with
current evidence supporting a UV-independent path to tumorigenesis. In this review,
we discuss current knowledge of the aetiology and diagnostic criteria of acral lentigi-
nous melanoma, as well as its epidemiological and histopathological characteristics.
We also describe what is known about the genomic landscape of this disease and

review the available biological models to explore potential therapeutic targets.
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1 | INTRODUCTION

Cutaneous melanoma (CM) (for this review, we will consider cutane-
ous melanoma as all melanomas that arise on skin) is usually classified
mainly into four main histological subtypes: superficial spreading
melanoma (SSM), lentigo maligna melanoma (LMM), nodular mel-
anoma (NM) and acral lentiginous melanoma (ALM). ALM arises in
acral locations, specifically in palms, soles and the nail unit. The word
“lentiginous” refers to its radial growth phase, which appears before
the tumour starts invading the dermis. The terms “lentiginous” and
“acral” might not be used always together, and could cause some
confusion even among pathologists and clinicians. Before we delve
deeper into its characteristics, some definitions are in order: as ALM
is the most common histopathological subtype of melanoma that
arises in acral sites, some authors use acral melanoma and ALM as
interchangeable terms (Darmawan et al., 2019), while other authors
refer to acral melanomas as all histopathological subtypes that occur
on the glabrous skin of the palms, soles or nail unit. Additionally,
there are authors that include melanomas from dorsal surfaces
of the hands and feet in the category of acral melanomas (Haugh
et al., 2018). However, it is important to note that not all melanomas
that arise on acral locations are ALMs, as they can also be of the nod-
ular or superficial spreading subtypes, particularly on the dorsum of
the hands or feet or other sun-exposed areas of acral location.

Although ALM represents the majority of melanoma cases in
some Latin American, African and Asian countries, it comprises a
relatively low per cent of melanoma diagnoses in countries with pri-
marily European-descent inhabitants such as the United States, the
United Kingdom and Australia (Ossio, Roldan-Marin, Martinez-Said,
Adams, & Robles-Espinoza, 2017). Because ALM incidence rates
across populations appear to be similar (Wang, Zhao, & Ma, 2016),
this large gap is likely accounted for by the strikingly different inci-
dence rates of sun-induced melanoma. All in all, this has meant that
ALM remains understudied, with its predisposing factors, causal
agents and mutational drivers mostly unknown. As a consequence,
patients still lack effective treatment options.

Here, we start by briefly reviewing our current knowledge re-
garding ALM causes and risk factors, its incidence trends around the
world and diagnostic strategies. We then discuss known genomic
drivers, and its biological and histopathological characteristics.
Finally, we review the current status of available disease models and
discuss therapeutic possibilities. In each section, we have strived to
give an interpretation of incomplete or conflicting data where they
arise, and pinpoint areas where more evidence is needed to reach a

consensus.

2 | EPIDEMIOLOGY

The aetiology of ALM remains controversial. Although so far, no fa-
milial cases of ALM have been reported, there is scattered evidence
suggesting that some genetic risk factors might exist. For instance,
a large cohort study observed an increased risk of any major mela-
noma subtype in patients with first-degree relatives diagnosed with
ALM (Fallah et al., 2014), suggesting some shared genetic factors
with other melanoma subtypes. Another study found that ALM pa-
tients had secondary cancers and a family history of cancer more
often than patients with other melanoma subtypes (Nagore, Pereda,
Botella-Estrada, Requena, & Guillén, 2009). Similarly, another large
study showed a positive association between the number of naevi
and risk of acral melanoma (Green et al., 1999) or of rare melanoma
subtypes, which included ALM (Newton-Bishop et al., 2010). Yet,
there is no clear aetiology for ALM, and due to its development
on sun-shielded locations, it is believed not to be related to UV ex-
posure. Regardless of its biological origin, a history of trauma has
frequently been proposed as an ALM trigger, since tumours de-
velop on weight-bearing areas of the body or sites that are highly
susceptible to mechanical injury such as palms and soles. In this
regard, a retrospective study on 685 Chinese acral melanoma pa-
tients found an association between prior trauma and disease de-
velopment at the tumour site (Zhang et al., 2014). Additionally, other
studies have indicated that the most common location where ALM
arises is the foot, in accordance with this being the site under the
highest mechanical stress, and have suggested that tumour loca-
tion in this region overlaps with the highest pressure areas on the
plantar foot (Al-Hassani, Chang, & Peach, 2017; Jung, Kweon, Lee,
Lee, & Yun, 2013; Minagawa, Omodaka, & Okuyama, 2016; Sheen
et al.,, 2017). However, the trauma theory remains contentious, as
other studies have not found this correlation; for example, a retro-
spective study of 122 acral melanomas from the Mayo Clinic found
no significant difference in the distribution of acral melanomas on
weight-bearing and non-weight-bearing regions (Costello, Pittelkow,
& Mangold, 2017). Additionally, analyses of the incidence of ALM in
African tribes did not find differences in incidence between groups
who wore shoes or were barefoot, although sample sizes were lim-
ited (Barra-Martinez, Herrera-Gonzélez, Fernandez-Ramirez, &
Torres, 2015; Rippey, Rippey, & Giraud, 1975).

Given the observations cited above, the origin of this disease may
be multifactorial, characterized by an interaction between common
genetic variants of small effect and certain environmental cues, such
as trauma (Fallah et al., 2014; Newton-Bishop et al., 2010; Sheen

et al., 2017). Gene/environment interactions have previously been
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demonstrated for other melanoma subtypes, for which both genetic
variants in genes such as MCIR and environmental exposures such
as UV light are established risk factors. Usually, large-scale case/
control cohort genotyping and genome-wide association testing are
necessary to elucidate the influence of these aetiological agents;
however to date, no such studies have been published for ALM.
Regarding incidence trends, ALM shows similar rates across eth-
nicities (Ridgeway, Hieken, Ronan, Kim, & Das Gupta, 1995; Wang
et al., 2016). However, it represents contrasting proportions of mel-
anoma cases across populations due mainly to marked differences in
sun-induced melanoma incidence, which is much more common in
fair-skinned individuals. Whereas ALM represents between 1% and
8% of the melanoma diagnoses in European-descent individuals, this
proportion is much higher in Hispanic, African- and Asian-descent
populations, and in some countries, it can constitute more than 50%
of cases (Bradford, Goldstein, McMaster, & Tucker, 2009; Lee, Chay,
Tang, Chio, & Tan, 2012). Here, we have decided to focus on stud-
ies from non-European populations, as incidence rates in European
populations have been discussed extensively by others (Bradford
etal., 2009; Kuchelmeister, Schaumburg-Lever, & Garbe, 2000; Minini,
Rohrmann, Braun, Korol, & Dehler, 2017; Teramoto et al., 2018).

2.1 | Latin America

We can hypothesize that countries in Latin America have varying
proportions of ALM perhaps reflecting the amount of European,
Indigenous and African ancestries in their population and therefore
their distinct susceptibility to UV-induced melanoma. However, ac-
curate incidence estimates are difficult to obtain due to the lack of
national cancer registries.

In countries with a higher European ancestry such as Argentina,
more than half of melanoma cases are of the SSM subtype and ALM
represents approximately 6% of diagnoses, as a study of 3,832 cases
reported (Loria & Gonzélez, 2013). In Brazil, an analysis of patients
mostly of European descent reported that the most prevalent sub-
type was SSM (Vazquez et al., 2015), and another study of 3,878
patients suggested that only 13.6% of melanoma cases were located
in acral sites, of which the most frequent histopathological subtype
was ALM (44.3%). Interestingly, this study also reported that 56.8%
of the patients diagnosed with melanoma in acral sites self-declared
as White, while the other 43.2% self-declared as non-White (Nunes,
Quintella Mendes, & Koifman, 2018). In Chile, a study of 1,148 mel-
anoma cases showed differences in anatomical site presentation ac-
cording to site of collection (state hospitals vs. private clinics), which
is a proxy for socioeconomic status (SES) (Zemelman, Valenzuela,
Sazunic, & Araya, 2014). Patients of high SES showed a lower pro-
portion of acral melanoma (~2% of all melanoma diagnoses) and a
lower proportion of Amerindian ancestry (~20%) compared with pa-
tients of low SES, whose acral melanoma proportion was ~10% and
who had about 40% Amerindian ancestry. An older, smaller study in
the same country showed SSM as the most common subtype of the
disease with 37.5% of the cases, followed by NM (31.2%) and acral
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melanoma (22.1%) (Cabrera et al., 1994). In Mexico and Peru, coun-
tries with a complex demographic history with European, African and
Native American ancestries, ALM comprises most of the melanoma
diagnoses (Coras, Morales, Yabar, & Beltran, 2013; del Carpio, 2008;
Lino-Silva et al., 2016). These differences in melanoma subtype pre-
sentation reflect the complex aetiology of the disease, among which
are the existence of different ethnic groups within these populations
and the disparity of healthcare access correlating with ancestry.

2.2 | Africa

There are limited studies regarding ALM prevalence in African coun-
tries. In general, epidemiological studies have observed a higher pro-
portion of acral melanoma in Black African populations compared
with White African populations, consistent with observations in
other countries around the world. For example, a study by Hudson
and Krige from 1972 to 1985 in South Africa reported that mela-
noma on the plantar surface accounted for 71% of all CMs in Black
African patients, with 54% of all CMs identified as ALM (Hudson &
Krige 1995). Another study in the same country reported that 80%
of CM diagnoses in Black individuals are in acral sites, and accord-
ingly, that the majority of acral melanoma diagnoses are made in
Black individuals (De Wet, Tod, Visser, Jordaan & Schneider, 2018).
A more recent study, also performed in South Africa using data col-
lected from 2008 to 2012, reported that ALM was the most com-
mon subtype observed and that all ALM cases came from the public
health system. In this health system, Black Africans represented 43%
of patients, similar to the ALM-SES relationship observed in Chile by
Zemelman et al. This study also reported that ALMs were often diag-
nosed at advanced stages (York et al., 2016). A study from Togo com-
piled 63 cases of melanoma and reported similar results, where acral
lentiginous lesions were the most common (Pitché, Napo-Koura,
& Tchangai-Walla, 2005). This was also the case in Tunisia where
Naouali et al. (2017) reported ALM as the most frequent histological
subtype (Naouali et al., 2017).

2.3 | Asia

As in the case of Hispanic and African populations, the most common
form of melanoma in Asian populations is ALM. A study in Singapore
estimated that 50% of melanoma patients were diagnosed with this
subtype (Lee et al., 2012), with others estimating that this proportion
is 47% for Japanese patients (Ishihara et al., 2008), 42% for Chinese
patients (Chi et al., 2011) and 58% for Taiwanese patients (Chang
et al., 2004). A study of 206 cases ascertained from 2005 to 2012
in Korea found that 45.6% presented with acral melanoma (Jang,
Kim, Park, et al., 2014), and a study in the United States estimated
that Asian Americans were significantly more likely to be diagnosed
with ALM than Non-Hispanic Whites (Shin, Palis, Phillips, Stewart,
& Perry, 2009). Similar to Hispanics and Africans, UV exposure is

unlikely to be an important aetiological factor for ALM development
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and predisposition, and then again, trauma has been proposed to
play a role in the disease, although no conclusive evidence of causa-
tion has been found (Bellew, Del Rosso, & Kim, 2009).

3 | DIAGNOSIS

When diagnosed early, melanoma is often curable through a surgi-
cal excision of the lesion. Unfortunately, the diagnosis of early-stage
ALM remains challenging as diagnostic features are often subtle
(Darmawan et al., 2019; Fernandez-Flores & Cassarino, 2017). ALM
is histologically characterized by a diffuse proliferation of large atyp-
ical melanocytes along the dermoepidermal junction with a lentigi-
nous growth pattern with marked acanthosis and elongation of the
rete ridges (Darmawan et al., 2019).

ALM lesions are often diagnosed at later stages, and it is common
for them to be misdiagnosed as fungal infections, warts, diabetic
foot ulcers or traumatic ulcers (Criscito & Stein, 2017). Furthermore,
differential diagnosis may be complex considering other pigmented
(pigmented poromas) and unpigmented and bleeding tumours (pyo-
genic granulomas) often seen on acral skin. Misdiagnosis has been
observed to be associated with increased median tumour thickness,
more advanced stage at diagnosis and lower 5-year survival (Soon
et al., 2003). Misdiagnosis is also associated with low SES, lack of

prompt access to assessment by a dermatologist, lack of full body
examination during regular primary care physician consultation,
low interest and insufficient education regarding skin cancer in the
medical school curricula and a highly demanded and saturated public
healthcare system.

Melanoma detection depends heavily on an adequate phys-
ical examination of the skin, as well as in the experience of the
medical professional who performs it. The ABCDE criterion for
the assessment of cutaneous lesions has been used as a success-
ful screening tool to help in the identification of melanoma-prone
skin lesions (Balch et al., 2009). Nevertheless, the accuracy of the
ABDCE rule when diagnosing melanoma in the foot and nail unit
has been questioned due to differences in tumour presentation in
ALM compared with other CM subtypes (Albreski & Sloan, 2009).
In light of these, an alternative acronym, CUBED, which stands for
Coloured lesion, Uncertain diagnosis, Bleeding lesion on the foot
or under the nail, Enlargement of a lesion and Delay in healing,
was proposed for the identification of ALM lesions (Bristow & de
Berker, 2010); however, this acronym lacks specific morphologic
criteria (Darmawan et al., 2019). Subungual lesions also tend to
be misdiagnosed due to their unusual location and presentation,
especially if the healthcare provider is not familiar with this type
of melanoma. For example, longitudinal melanonychia (Figure 1a),

a sign of nail unit melanocyte activation (in some cases related

FIGURE 1 Examples of distinct acral lesions. (a) Longitudinal melanonychia in a 6-year-old patient with a subungual naevus. (b) Clinical
appearance of an acral lentiginous melanoma (top panel), for which dermoscopy shows a parallel ridge pattern (bottom panels). (b') Close-
up of the parallel ridge pattern typical of acral lentiginous melanoma. (c) Clinical appearance of an acral naevus showing a parallel furrow
pattern. (c') Close-up of the parallel furrow pattern typical of acral naevi. (d) Dermoscopic appearance of a diffuse irregular pigmentation
pattern in an advanced-stage acral lentiginous melanoma. (e) Clinical and dermoscopic appearance of an amelanotic nodular melanoma on
the heel. (f) Advanced-stage nail unit melanoma. Dermoscopy is not necessary to make a diagnosis in these cases. (g) Adult patient with new
onset of a pigmented lesion on the nail unit; clinically, a longitudinal melanonychia affecting the first finger. The recent onset, the affection
of the first finger and the grey coloration shown by dermoscopy were important clues to suggest this was a nail unit melanoma despite the
fact that there was no loss of parallelism nor affection >2/3 of the nail plate. All patients depicted here signed an informed consent that
authorized the use of their photographs for research purposes



BASURTO-LOZADA ET AL.

to melanocytic hyperplasia with or without abnormal melanocyte
proliferation) that gives the nail plate a brown or black colour is
present in two thirds of nail melanoma cases, but can also be pres-
ent in nail unit naevi or when there is trauma or onychomycosis
(André & Lateur, 2006).

Given the above difficulties in diagnosis, dermoscopy is widely
seen as the best method to perform a prompt diagnosis of ALM. This
tool is useful for the evaluation of skin lesions because it increases
the diagnostic accuracy over naked eye examination by 30% when
performed by an experienced physician (Braun, Rabinovitz, Oliviero,
Kopf, & Saurat, 2005). It has also been shown to improve discrimi-
nation between acral melanoma and acral naevi mainly by highlight-
ing the accentuation of the pigmentation on the skin ridges (parallel
ridge pattern or parallel furrow pattern). ALM lesions most com-
monly display a parallel ridge pattern (Figure 1b,b’), while acral naevi
display a parallel furrow pattern (Figure 1c,c’), lattice-like pattern or
a fibrillar pattern. However, not all acral melanomas present with a
parallel ridge pattern (Lallas et al., 2015), and some benign lesions
such as drug-induced acral pigmentation, subcorneal haemorrhage,
and lentigines of Peutz-Jeghers syndrome and Laugier-Hunziker
syndrome have been reported to also present with this pattern
(Darmawan et al., 2019). Therefore, Lallas et al. (2015) suggest to
consider additional features when evaluating a pigmented lesion and
have proposed the “BRAAFF” checklist as a tool to help detection
of acral melanomas that deviate from the parallel ridge pattern. This
checklist delivers a score based on the presence of the following
criteria: irregular blotch, parallel ridge pattern, asymmetry of struc-
tures, asymmetry of colours, parallel furrow pattern and fibrillar pat-
tern. However, ALM diagnosis for patients of non-European descent
can still be challenging as benign congenital acral pigmented lesions
are more common in dark-skinned patients. These congenital acral
naevi can show a highly pigmented blotch in the central area, often
black-grey or blue-grey coloured, with dark brown projections pe-
ripherally (parallel furrow pattern most of the time).

Advanced-stage ALM usually shows an irregular diffuse pigmen-
tation pattern. It is characterized by the presence of multiple struc-
tureless areas of pigmentation of different shades of brown, black
and grey, generally arranged asymmetrically and irrespective of the
dermatoglyph architecture (Lallas et al., 2015) (Figure 1d).

Unpigmented benign or malignant tumours also exist on acral
skin, their diagnosis is based on the analysis of their vascular pattern.
However, diagnostic rules about vascular patterns of acral skin do
not differ from those concerning other locations. Attention should
be given to pigmented structures only observed by dermoscopy and
invisible to the naked eye, in the diagnostic approach to unpigmented
or hypopigmented acral tumours, so as not to miss amelanotic mel-
anoma (Figure 1e). The “EFG” acronym (Elevated, Firmness and
Growth) has been proposed to avoid missing amelanotic melanoma
(Giacomel, Zalaudek, Mordente, Nicolino, & Argenziano, 2008).

Diagnosis of nail unit melanoma is often delayed by a poor
general knowledge of its clinical characteristics, and a many-year
history of a misdiagnosed condition is common at a patient's first

interrogation. Dermoscopy is often not needed in advanced cases
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but allows a very early diagnosis in paucisymptomatic cases char-
acterized only by longitudinal melanonychia. Early pigmented nail
unit melanoma is characterized by the presence of a brown-grey
background of the pigmentation and an irregular pattern of the lon-
gitudinal microlines, only dermoscopically visible. These lines are
irregular in colour, thickness, spacing and parallelism. Occasionally,
an only-dermoscopically visible periungual pigmentation (also
known as the micro-Hutchinson sign) is seen on the proximal
nail-fold skin (Littleton, Murray, & Baratz, 2019). More advanced
stages of pigmented nail unit melanoma may be dermoscopically
characterized by granulation, scar-like depigmentation, blue-black
structureless areas, blood spots, prominent periungual pigmenta-
tion, atypical vascular areas, erosion of the nail plate or ulceration
of the nail bed. In these cases, clinical diagnosis is usually sufficient
(Figure 1f). Affection of the first finger or toe, pigmentation of two
thirds of the nail plate, presence of black-grey pigmentation, irreg-
ularly sized and coloured band and Hutchinson and micro-Hutchin-
son signs are important clues that aid in the diagnosis of nail unit
melanoma (Benati et al., 2017) (Figure 1g).

Local recurrence is two to five times higher for ALM than for
melanoma at other sites and can be associated with poor survival.
Wide excision is the primary treatment modality. The size of the ex-
cision is challenging in ALM since a smaller margin favours minimal
functional impairment, but a wider excision may be more likely to be
curative. One possible explanation for the high local recurrence rate
is the finding of genetically abnormal melanocytes in histologically
normal epidermis adjacent to melanomas on the non-hair-bearing
skin of the palms and soles (Bastian et al., 2000; North, Kageshita,
Pinkel, LeBoit, & Bastian, 2008). These “field” cells were not histo-
logically identified because they were not sufficiently increased in
number, abnormally distributed or markedly atypical compared with
normal melanocytes. Thus, field cells may be a form of occult mel-
anoma that, if left behind, lead to local recurrence through a subtle
contiguous extension of the primary melanoma, providing a plausi-
ble mechanism for regrowth of melanoma at previous primary sites
despite previous excision with histologically clear margins. It also ex-
plains why recurrences can arise after highly variable latent periods,
ranging from months to up to 15 years, and at locations that are not
immediately continuous with the primary excision scar. The extent
of “field effect” is unrelated to thickness of the primary tumour, the
parameter currently used to determine the width of safety margins
in melanoma. In fact, according to the field cell concept, minimal
residual disease is linked to the in situ portion, suggesting that the
horizontal extent may be more important to estimate the risk of re-

currence in acral melanoma (Bastian, 2003).

4 | ALM BIOLOGY AND
MICROENVIRONMENT

Skin from acral sites is unique and shows striking differences from
skin from other anatomical sites, including the absence of hair fol-

licles and sebaceous glands, a compact, thick stratum corneum,
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hypopigmentation and the presence of encapsulated sense organs.
Another peculiarity of acral skin is the presence of a grooved surface
continuously alternating ridges and sulci, with eccrine ducts opening
at the centre of the ridges (Calonje, Brenn, Lazar, & Mckee, 2011)
(Figure 2).

The number of melanocytes in different areas of the body varies
substantially (Szabo, 1954). In acral skin of palms and soles, between
40 and 270 melanocytes per 1-mm length of the epidermal/dermal
junction are observed. In the nail apparatus, this number is reduced
to less than 20 melanocytes per 1 mm length of the epidermal/der-
mal junction (Fernandez-Flores & Cassarino, 2017). Melanocytes in
the acral skin are normally located in the two lowest layers of the
epidermis, in single units, equidistant from each other.

The origin of adult melanocytes on acral skin appears to be
different from that of melanocytes on non-glabrous sites. All me-
lanocyte precursors are derived from the neural crest, where mela-
noblasts originate and migrate to colonize the developing epidermis.
In non-glabrous skin, they are mainly detected in hair follicles, where
they can differentiate into melanocytes or remain as melanocyte
stem cells (Gola, Czajkowski, Bajek, Dura, & Drewa, 2012; Lang,
Mascarenhas, & Shea, 2013). Differentiated melanocytes have also
been identified in sebaceous glands, but whether these differentiate
from resident melanoblasts or from other sources such as hair fol-
licle precursors remains to be demonstrated (Jang, Kim, Lee, et al.,
2014). In glabrous skin, melanocyte precursors have been detected
in the secretory portion of eccrine glands, providing a source of dif-
ferentiated melanocytes to the epidermis (Okamoto et al., 2014).
Interestingly, melanoblasts harbouring CCND1 amplification have
been detected in the secretory portion of eccrine glands among
human melanoma cells, suggesting that these cells could originate
acral melanomas. CCND1 encodes Cyclin D1, a protein that forms
a complex with cyclin-dependent kinase 4 (CDK4) or 6 (CDK6), and
whose activity is required for G1/S transition. This cell distribution
may explain the characteristic parallel ridge pattern of acral mela-
noma (Okamoto et al., 2014).

Stratum corneum g Melanoma

Stratum granulosum
Stratum spinosum
Stratum basale
Basal lamina

Epidermis

Melanocyte

Dermal stem cell ~

Eccrine gland

Dermis

Fibroblast —— | T
&

Melanocyte
precursor

Epidermal appendages are not the only source of melanocytes.
Glover and colleagues revealed the presence of distinct popula-
tions of melanocytes in the epidermis of mice lacking hair follicles
and eccrine glands. These were characterized as pigment-producing
melanocytes with proliferative potential interspersed with a small
percentage of amelanotic melanocytes, suggesting that these pop-
ulations could serve as melanocyte reserves (Glover et al., 2015).
Another alternative source of melanocytes already described in
glabrous skin is the dermis. When embedded in the dermal com-
partment of skin reconstructs, low-affinity nerve growth factor
receptor (NGFR)-positive dermal stem cells isolated from glabrous
human foreskin differentiate into melanocytes and migrate from the
dermis to the epidermis, aligning singly along the basal layer similar
to what would be expected for melanocytes of non-glabrous skin
(Li et al., 2010). These results were confirmed by Kumar, Parsad,
Rani, Bhardwaj, and Srivastav (2016), who isolated NGFR-positive
dermal stem cells from glabrous skin of vitiligo patients and demon-
strated that these cells can be differentiated into melanocytes in
vitro (Kumar et al., 2016). NGFR has been used as a marker for the
isolation of neural crest stem cells, given that NGFR-positive cells
have self-renewal capacity and display multipotent differentiation
properties (Li et al., 2010). Whether this could also be a source of
melanocytes of other anatomical locations remains to be addressed.

Apart from melanocyte differentiation, other major differences
between acral and non-acral skin relate to the cells and factors that
constitute the tissue microenvironment. Skin from palms and soles,
for instance, shows distinct gene expression profiles compared with
non-acral skin including enhanced expression of the genes encoding
keratin 9, 6 and 16 (Bissonnette et al., 2016). Interestingly, keratin 9
is exclusively expressed in acral skin, and its downregulation leads
to hyperpigmentation of plantar acral skin in mice, suggesting a role
of the microenvironment in regulating melanogenesis and, perhaps,
impacting melanocyte function and/or proliferation (Fu et al., 2014).
A decrease in CCL27 gene expression was also observed in acral
skin (Bissonnette et al., 2016). CCL27 is a chemokine produced by

Glabrous skin

Non-glabrous skin

FIGURE 2 Schematic representation of glabrous and non-glabrous skin. A thick stratum corneum, a grooved surface alternating ridges
and sulci and the absence of hair follicles are some of the characteristics that define glabrous skin. Melanocytes are located in the basal layer
of the epidermis of both skin types. Melanocyte precursors have been detected in hair follicles of non-glabrous skin and in eccrine glands

of glabrous skin. Evidence suggests that the epidermis may be a source of melanocyte precursors independent of skin appendages. Dermal
stem cells can also differentiate into melanocytes. In glabrous skin, oncogenic mutations in melanocyte precursors have been observed in
eccrine glands, suggesting that these can be transformed into melanoma cells. Other characteristics specific of glabrous skin such as the

presence of encapsulated sense organs are not illustrated in the figure
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keratinocytes that attracts T cells to the skin, where they play a role
in inflammation (Homey et al., 2002).

Given the well-studied role of the microenvironment in mel-
anoma development, progression and therapy response, it is con-
ceivable to speculate that melanomas arising in acral locations
may be influenced by these microenvironment differences. But
cancer development is also influenced by external environmental
factors, which act differently according to the anatomical region.
For instance, both trauma and UV can influence the structure and
composition of the skin, including by generating an inflammatory
environment (Liu, Zhang, Gao, & Li, 2016). Interestingly, cutaneous
inflammation mediated by mast cells is sustained for longer in hairy
skin compared with glabrous skin after chronic exposure to stress, il-
lustrating how external factors may have different impacts depend-
ing on the type of skin (reviewed in Caruntu, Boda, Musat, Caruntu,
& Mandache, 2014).

When looking at the characteristics of the immune infiltrate, the
microenvironment can exhibit an immune desert (immunological
ignorance), immune excluded or inflamed phenotype. Their cellular
and molecular properties are determinants of melanoma progres-
sion and therapeutic response (Chen & Mellman, 2017). Differences
in the presence of immune cells in ALM compared with other cu-
taneous melanoma subtypes have also been reported. It has been
recently demonstrated that ALM presents increased numbers of
M2 macrophages in both peritumoral and intratumoral areas com-
pared with SSM and this was significantly associated with several
histopathological characteristics predictive of adverse prognosis
including tumour thickness, ulceration, mitotic rate and metasta-
sis (Zuniga-Castillo, Pereira, & Sotto, 2018). Regarding tumour-in-
filtrating lymphocytes (TILs), lower levels were associated with
ALM compared with other cutaneous melanomas, as well as with
higher Breslow, Clark levels and longer overall survival (Castaneda
et al., 2017). In addition, an association between lower levels of the
tumour-suppressor protein, p16(INK4A) in tumour cells, and lower
density of CD3+ and CD8+ TlLs was found, suggesting a probable
relationship between p16(INK4A) and TIL immune response in ALM

FIGURE 3 Representation of main
pathways affected in acral lentiginous
melanoma. Proportions of ALM cases that
harbour alterations in the genes depicted

are shown in red, based on the available / ”

data (Puig-Butillé et al., 2013; Rabbie,

Ferguson, Molina-Aguilar, Adams, &

Robles-Espinoza, 2019; Shim et al., 2017; I/
Yeh et al., 2019) .
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(Castaneda et al., 2019). p16(INK4A) is involved in the tumour cell
intrinsic regulation of cell cycle progression by blocking the activity
of CDK4/6. Park and Kim (2017), however, found no association be-
tween the different cutaneous melanoma subtypes and the levels of
TILs, but observed that high levels of peritumoral and intratumoral
lymphocytes were associated with less recurrence and metastasis
and with longer disease-free survival only in ALM.

5 | GENOMIC DRIVERS AND MUTATIONAL
SIGNATURES

Elucidating the biological pathways involved in ALM pathogenesis
is key to the development of new molecular-based targeted thera-
pies (Shim et al., 2017). Unfortunately, compared with CM, very few
molecular studies have been performed on ALM tumours. Although
limited, this body of literature already suggests compelling molecular

differences between ALM and other melanoma subtypes.

5.1 | Genomicdrivers

Sequencing and copy-number profiling studies of ALM tumours
have identified characteristic tumour-promoting mutations impli-
cating several genes. Examples of these include the KIT proto-on-
cogene (KIT), which encodes a type Il receptor tyrosine kinase that
can stimulate cell growth, division, survival and migration; Cyclin
D1 (CCND1) and cyclin-dependent kinase 4 (CDK4), which encode
a cyclin and a kinase that when bound to each other promote the
transition from G1 to S phase; cyclin-dependent kinase inhibitor
2A (CDKN2A), which encodes for two proteins: p16(INK4A) and
p14(ARF), the latter of which helps stabilize TP53; telomerase
(TERT), encoding an enzyme crucial for telomere maintenance;
and aurora kinase A (AURKA), which is involved in regulation of
cell cycle progression by playing critical roles in mitosis (Curtin,
Busam, Pinkel, & Bastian, 2006; Hayward et al., 2017; Puig-Butillé
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et al., 2013; Yun et al,, 2011). In this regard, a study over 514 ALM
samples identified that these tumours frequently display a dysreg-
ulated CDK4 pathway, a product of either gains of CDK4/CCND1
or loss of CDKN2A that, in turn, promote G1 to S cell cycle transi-
tion and thus contribute to tumour proliferation (Kong et al., 2017)
(Figure 3). Further, as in other melanoma subtypes, TERT or its
promoter are frequently mutated; for example, Liang et al. (2017)
observed TERT aberrations in 41% of their patients with acral mela-
noma. In their study, Yeh et al. (2019) observed a low frequency
of TERT promoter mutations but amplification of the TERT locus in
10.3% of the cases, and 3.3% cases with copy-number transitions
with relative gain of TERT, although the comprehensive role of tel-
omere regulation specific to ALM has not been clarified (Hayward
et al., 2017; Liang et al., 2017).

ALM stands out from other melanoma subtypes as it carries
a large number of structural variants including duplications, de-
letions, translocations and inversions. Through whole-genome
sequencing of 35 ALM and 8 mucosal melanoma (MM) samples,
Hayward et al. (2017) identified that, compared with any other
melanoma subtype, both ALM and MMs carry significantly higher
numbers of genomic rearrangements, in accordance with previ-
ous studies (Curtin et al., 2005). Furthermore, these alterations
show evidence of being caused by repeated events of breakage-
fusion-bridge (BFB) and chromothripsis, and were found in ~68%
of the acral samples studied. Such catastrophic events, although
found in other cancer types, rarely reach the prevalence found in
ALM, which highlights the uniqueness of the molecular aetiology
of this disease (Rode, Maass, Willmund, Lichter, & Ernst, 2016).

Most studies of the molecular profile of ALM have been done
in European-descent populations, but there are a few from other
populations available. A study from Shim et al. (2017) analysed the
mutational profile of acral melanomas in a Korean population and re-
ported mutational frequencies of 8.5%, 4.3% and 6.4% of KIT, NRAS
proto-oncogene (NRAS) and the BRAF proto-oncogene (BRAF),
respectively, and noted that their results were similar to those de-
scribed in other Korean and Asian populations, but that mutation
rates were lower than those observed in other studies. As NRAS
and BRAF are among the most commonly mutated genes in other
melanoma subtypes due to their crucial roles in triggering the mi-
togen-activated protein kinase (MAPK) pathway, Shim et al. (2017)
speculate that the differences between the mutation rates could re-
flect a different genetic and/or environmental cause between Asian
and European populations.

Overall, the frequency of RAS, BRAF or neurofibromin 1 (NF1)
mutations resulting in the activation of the MAPK pathway seems
to be lower in ALM than in other subtypes of melanoma (Hayward
et al., 2017; Vazquez et al., 2015; Yun et al., 2011), and other driv-
ers such as KIT, PAK1 and SPRED1 may be more important (Curtin
et al.,, 2006; Liang et al., 2017; Yeh et al., 2019) (Figure 3). NF1
and SPRED1 encode proteins involved in the regulation of the
MAPK signalling pathway, while PAK1 codes for a protein kinase
involved in signalling pathways important for cell migration, pro-

liferation, apoptosis and mitosis. However, a significant proportion

of tumours still remain with no known drivers. These studies also
suggest that chromosomal instability is a contributing factor to the
aetiology of ALM and that it is different from that of melanomas in

sun-exposed skin.

5.2 | Mutational signatures

The identification of mutational signatures from a collection of
cancer genomes can pinpoint the processes, both environmental
and endogenous, that were operative during tumour develop-
ment and consequently that caused mutation accumulation. As
expected, several mutational signature analyses on CM have iden-
tified a high prevalence of the UV-induced signature dominated
by C>T transitions (termed Signature 7) (Alexandrov et al., 2013).
Unfortunately, few whole ALM genomes and exomes have been
analysed in this way, as this subtype of melanoma is not well rep-
resented in some of the largest tumour collections such as The
Cancer Genome Atlas (TCGA) (Cancer Genoma Atlas Network,
2015; Hayward et al., 2017), which only has 2 out of 470 sam-
ples classified as ALM. From the available analyses, however, we
can gather that the dominant signature is not UV-induced, as ex-
pected, but rather that two other signatures dominate the ALM
mutational landscape, both of which are age-related (Signatures 1
and 5) (Hayward et al., 2017).

Regarding structural rearrangements, a recent study that ana-
lysed 256 cutaneous melanomas observed that acral melanomas
had an enrichment of a type of genomic rearrangement that the
authors named “tyfonas” (Greek word meaning typhoon), which are
extremely large amplicons comprising >100 Mb of genomic material
and present in high copy number (often in more than 50 copies) (Hadi
et al., 2019). The authors speculated that these rearrangements may
be able to generate neoantigens, explaining the similar response rate
to immune checkpoint inhibition therapy between acral and cutane-
ous melanoma (Shoushtari et al., 2016).

However, these conclusions were derived from a small number of
tumours; therefore, our knowledge of the molecular events leading
to ALM remains limited.

6 | DISEASE MODELS AND POTENTIAL
THERAPEUTIC TREATMENTS

Due to the poor prognosis associated with ALM, clinically relevant
experimental models are urgently needed to identify biomarkers
and drug targets. Unfortunately, these have not kept pace with
those available for CM, for which there are several in vitro, in vivo
and ex vivo models (Brohem et al., 2011; Krepler et al., 2017; Pérez-
Guijarro, Day, Merlino, & Zaidi, 2017; Smalley, Lioni, Noma, Haass, &
Herlyn, 2008). As a consequence, little is known about the mecha-
nisms of ALM development and there are no specific targeted thera-
peutic approaches available for the majority of BRAF wild-type ALM
patients.
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There are no transgenic mouse models specific for ALM. In recent
years, several melanoma patient-derived xenograft (PDX) platforms
have been developed, but few ALM specimens were included in the
collections. Krepler et al. (2017) and Garman et al. (2017) together
established 15 acral melanoma PDXs, which are included in a broad
collection of 319 melanoma PDXs. Einarsdottir et al. (2014) established
23 melanoma PDXs, including one ALM PDX. A large melanoma PDX
platform developed by Girotti et al. (2016) reported seven acral mela-
nomas among a collection of 126 melanoma of other subtypes. Kong
et al. (2017) established five ALM PDXs in a study exclusively focused
on this subtype of melanoma. The generation of PDX platforms has had
an important impact on the generation of acral melanoma cell lines.

Until 2012, only seven ALM cell lines derived from primary and
metastatic lesions from different laboratories had been described
(Ashida, Takata, Murata, Kido, & Saida, 2009; Furney et al., 2012;
Murata et al., 2007; Satyamoorthy et al., 1997). More recently, addi-
tional cell lines have been reported, most of them derived from PDXs
(Garman et al., 2017; Kong et al., 2017; Krepler et al., 2017; Liang
et al., 2017). Fortunately, most of the ALM cell lines available have
been, at least partially, genetically characterized. However, the num-
ber of available cell lines is still scarce and poorly captures the diver-
sity of the disease. Scarcity of cell lines may be attributed not only
to the rarity of this disease in Australia, Europe and North America,
where most melanoma studies have been performed, but also to
how difficult they are to establish. Acral melanoma cells depend on
a specific cocktail of growth factors that differs from that of other
cutaneous melanoma cells (Ashida et al., 2009; Furney et al., 2012;
Murata et al., 2007; Satyamoorthy et al., 1997), but this formulation
still needs to be refined. Of note, at least half of the acral melanoma
cell lines developed to date are derived from primary tumours. This
may also make the establishment of cell lines more difficult because
these samples are often pigmented and contaminated with fungi.
Moreover, primary tumours are highly dependent on the skin micro-
environment and cell lines derived from those grow less aggressively
in vitro (Satyamoorthy et al., 1997). This and other factors such as
the low mutation burden of acral melanoma samples may have an
impact on the low number of available cell line models.

Of major clinical importance, drug intervention experiments con-
ducted with melanoma PDXs and derived cell lines clearly show that
these models can recapitulate the therapeutic response observed
in patients, can help identify the causal role of genetic alterations
in therapy resistance and may be used to test drug combinations
(Einarsdottir et al., 2014; Girotti et al., 2016; Kemper et al., 2016;
Krepler et al., 2017). In the study by Liang et al. (2017), genetic al-
terations in TERT were found in more than 40% of acral melanomas
in patients. TERT inhibition (by telomerase inhibitor IX) decreased
cell viability of two acral melanoma cell lines with copy-number gain
and promoter mutations on TERT, whereas no effect was observed in
normal melanocytes, suggesting the potential of TERT as a therapeu-
tic target in ALM (Liang et al., 2017). In CM, it was recently shown
that TERT inactivation significantly affects in vitro viability and in
vivo tumour growth of melanoma cells, including cells and tumours

resistant to targeted and immunotherapies (Zhang et al., 2018). The
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frequency of TERT alterations in ALM makes this melanoma subtype
a candidate for this therapeutic approach.

Two previously described ALM cell lines harbour KIT mutations:
SM3 (D820Y) and WM3211 (L576P) (Ashida et al., 2009; Furney
et al., 2012). This is consistent with the presence of KIT alterations
in ALM and other melanoma subtypes and has supported the devel-
opment of studies exploring its role as a therapeutic target in mela-
noma (Curtin et al., 2006; Hodi et al., 2013). In ALM, KIT inhibition
through dasatinib (but not other KIT inhibitors) decreased viability of
WM3211 cells (Posch et al., 2016; Woodman et al., 2009). The po-
tential clinical relevance of KIT as a therapeutic target was demon-
strated by the significant reduction of tumour burden observed in
patients treated with second-line dasatinib (Woodman et al., 2009).
Unfortunately, both patients eventually evolved to progressive dis-
ease, warranting further work exploring the role of KIT as a thera-
peutic target in ALM and other melanoma subtypes.

Oncogenic activation of the CDK4 pathway through copy-num-
ber gains in CDK4, CCND1 and loss of CDKN2A is a common genetic
feature of acral melanomas (Bastian et al., 2000; Curtin et al., 2005;
Furney et al., 2012; Kong et al., 2017; Liang et al., 2017). Kong
et al. (2017) used ALM PDX with different CDK4 pathway aberra-
tions to test response to either the pan-CDK inhibitor AT7519 or
the specific CDK4/6 inhibitor PD0332991 (palbociclib). While ALM
PDXs with no alterations in the CDK4 pathway showed no signifi-
cant response, tumour volume was decreased in PDXs harbouring
CDK4 gain/CDKN2A loss or CCND1 gain/CDKN2A loss and, to a
larger extent, in PDXs with copy-number gains in both CDK4 and
CCND1. The effect on tumour growth correlated with decreased
phosphorylation of RB Transcriptional Corepressor 1 (Rb1) (Kong
et al,, 2017). Complementary to these findings, Yu et al. (2019)
showed that, in humanized mouse and PDX models, palbociclib
improved response to immune checkpoint blockade. Although this
was not observed specifically in acral melanoma models, supporting
evidence suggests that these results may be applied to this mela-
noma subtype. Palbociclib treatment increased the expression of
PD-L1 and other genes involved in immune response, such as those
related to the JAK/STAT pathway in acral melanoma cells harbour-
ing CDK4 gain/CDKNZ2A loss. Furthermore, activation of CDK4 path-
way, in the case of acral melanoma patients achieved via CCND1
copy-number gains, was associated with response to PD-1 blockade
(Yu et al., 2019). These findings bring hope for the use of CDK4 in-
hibitors in a relevant clinical setting and may contribute to improve
response to immunotherapies for acral melanoma patients. Clinical
trials testing palbociclib in ALM patients with CDK4 pathway aber-
rations (NCT03454919) and testing checkpoint blockade specifically
in acral lentiginous and mucosal melanoma patients (NCT02978443)

are ongoing.

7 | CONCLUSIONS

ALM is a complex disease that appears to have both weak germline

genetic risk factors and an environmental component, potentially
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trauma associated with mechanical injury, involved in its aetiology.
Germline components may have a role in cell cycle regulation, given
the observation that these patients may have an increased risk of
other types of cancer, or in melanocyte development, but larger
analyses such as genome-wide association studies are needed to
establish whether there is a true genetic signal and what functional
role it may have.

Diagnosis of ALM is difficult, being easily confused with other
dermatological conditions, and because of this, it is usually diag-
nosed at later stages compared with other melanoma subtypes.
However, whether this late diagnosis causes its poorer prognosis or
whether ALM is inherently biologically more aggressive remains to
be addressed. In this regard, dermoscopy is widely regarded as being
the best method to diagnose promptly ALM, providing a consider-
able improvement in diagnostic accuracy over other examination
methods.

Acral lentiginous melanoma also appears to be a different dis-
ease compared with CM, given the microenvironment differences
between glabrous and non-glabrous skin, the embryonic origin of
acral melanocytes and its immune compartment. This may be re-
flected in the large differences in the genomic landscape of CM and
ALM, with the latter having a much lower number of mutations but
a higher number of large chromosomal aberrations. The mutational
landscape is also strikingly different, with CM being dominated by a
UV-induced signature but ALM displaying age-associated signatures.
Definitely, large-scale ALM studies are necessary for establishing
genomic drivers and mutational signatures, and more functional
analyses are needed to address possible aetiological factors.

Some ALM disease models are available, mainly in the form of
PDX models and cell lines, but these are still scarce and have not
been analysed in great depth. However, their study has already high-
lighted palbociclib as a possible agent in treating ALM patients with
aberrations in the CDK4 pathway, which highlights the power of
these kinds of preclinical studies and calls for more research for this
subtype of melanoma. Given the strikingly low number of studies on
this disease when compared to CM and that it is the most common
form of the disease in some countries in Latin America, Africa and
Asia, we truly believe it is about time we shift our focus to these

regions of the world.

ACKNOWLEDGEMENTS

We wish to thank Prof. Meenhard Herlyn for helpful discussions.
We also acknowledge help by Luis A. Aguilar. Alejandro de Ledn
and Carlos S. Flores of the Laboratorio Nacional de Visualizacién
Cientifica Avanzada, and Jair S. Garcia Sotelo, Abigayl Hernandez,
Eglee Lomelin, Alejandra Castillo and Carina Diaz from the
International Laboratory for Human Genome Research, National

Autonomous University of Mexico.

CONFLICT OF INTEREST

None declared.

ORCID

David J. Adams
Patricia A. Possik
Carla Daniela Robles-Espinoza
org/0000-0003-3277-7466

https://orcid.org/0000-0001-9490-0306
https://orcid.org/0000-0003-2899-0969
https://orcid.

REFERENCES

Albreski, D., & Sloan, S. B. (2009). Melanoma of the feet: Misdiagnosed
and misunderstood. Clinics in Dermatology, 27(6), 556-563. https://
doi.org/10.1016/j.clindermatol.2008.09.014

Alexandrescu, D. T. (2009). Melanoma costs: A dynamic model compar-
ing estimated overall costs of various clinical stages. Dermatology
Online Journal, 15(11), 1.

Alexandrov, L. B., Nik-Zainal, S., Wedge, D. C., Aparicio, S. A. J. R., Behjati,
S., Biankin, A. V., ... Stratton, M. R. (2013). Signatures of mutational
processes in human cancer. Nature, 500(7463), 415-421.

Al-Hassani, F., Chang, C., & Peach, H. (2017). Acral lentiginous melanoma
- Is inflammation the missing link? JPRAS Open, 14, 49-54. https://
doi.org/10.1016/j.jpra.2017.06.002

André, J., & Lateur, N. (2006). Pigmented nail disorders. Dermatologic
Clinics, 24(3), 329-339. https://doi.org/10.1016/j.det.2006.03.012

Ashida, A., Takata, M., Murata, H., Kido, K., & Saida, T. (2009). Pathological
activation of KIT in metastatic tumors of acral and mucosal mela-
nomas. International Journal of Cancer, 124(4), 862-868. https://doi.
org/10.1002/ijc.24048

Balch, C. M., Gershenwald, J. E., Soong, S.-J., Thompson, J. F., Atkins, M.
B., Byrd, D. R,, ... Sondak, V. K. (2009). Final version of 2009 AJCC
melanoma staging and classification. Journal of Clinical Oncology,
27(36), 6199-6206. https://doi.org/10.1200/jco.2009.23.4799

Barra-Martinez, R., Fernandez-Ramirez, F., & Torres, L. A. (2015). Acral
melanoma - A distinct molecular and clinical subtype. In Melanoma
- Current clinical management and future therapeutics, London: Mandi
Murph, IntechOpen. https://doi.org/10.5772/59093

Bastian, B. C. (2003). Understanding the progression of melanocytic
neoplasia using genomic analysis: From fields to cancer. Oncogene,
22,3081-3086. https://doi.org/10.1038/sj.onc.1206463

Bastian, B. C., Kashani-Sabet, M., Hamm, H., Godfrey, T., Moore, D. H.
2nd, Brocker, E. B., ... Pinkel, D. (2000). Gene amplifications charac-
terize acral melanoma and permit the detection of occult tumor cells
in the surrounding skin. Cancer Research, 60(7), 1968-1973.

Bellew, S., Del Rosso, J. Q., & Kim, G. K. (2009). Skin cancer in Asians:
Part 2: Melanoma. Journal of Clinical and Aesthetic Dermatology, 2(10),
34-36.

Benati, E., Ribero, S., Longo, C., Piana, S., Puig, S., Carrera, C., ...
Argenziano, G. (2017). Clinical and dermoscopic clues to differentiate
pigmented nail bands: An International Dermoscopy Society study.
Journal of the European Academy of Dermatology and Venereology,
31(4), 732-736. https://doi.org/10.1111/jdv.13991

Bissonnette, R., Sudrez-Farifias, M., Li, X., Bonifacio, K. M., Brodmerkel,
C., Fuentes-Duculan, J., & Krueger, J. G. (2016). Based on molecular
profiling of gene expression, palmoplantar pustulosis and palmoplan-
tar pustular psoriasis are highly related diseases that appear to be
distinct from psoriasis vulgaris. PLoS ONE, 11(5), e0155215. https://
doi.org/10.1371/journal.pone.0155215

Bradford, P. T., Goldstein, A. M., McMaster, M. L., & Tucker, M. A. (2009).
Acral lentiginous melanoma: Incidence and survival patterns in the
United States, 1986-2005. Archives of Dermatology, 145(4), 427-434.
https://doi.org/10.1001/archdermatol.2008.609

Braun, R. P, Rabinovitz, H. S., Oliviero, M., Kopf, A. W., & Saurat, J.-
H. (2005). Dermoscopy of pigmented skin lesions. Journal of the
American Academy of Dermatology, 52(1), 109-121. https://doi.
org/10.1016/j.jaad.2001.11.001


https://orcid.org/0000-0001-9490-0306
https://orcid.org/0000-0001-9490-0306
https://orcid.org/0000-0003-2899-0969
https://orcid.org/0000-0003-2899-0969
https://orcid.org/0000-0003-3277-7466
https://orcid.org/0000-0003-3277-7466
https://orcid.org/0000-0003-3277-7466
https://doi.org/10.1016/j.clindermatol.2008.09.014
https://doi.org/10.1016/j.clindermatol.2008.09.014
https://doi.org/10.1016/j.jpra.2017.06.002
https://doi.org/10.1016/j.jpra.2017.06.002
https://doi.org/10.1016/j.det.2006.03.012
https://doi.org/10.1002/ijc.24048
https://doi.org/10.1002/ijc.24048
https://doi.org/10.1200/jco.2009.23.4799
https://doi.org/10.5772/59093
https://doi.org/10.1038/sj.onc.1206463
https://doi.org/10.1111/jdv.13991
https://doi.org/10.1371/journal.pone.0155215
https://doi.org/10.1371/journal.pone.0155215
https://doi.org/10.1001/archdermatol.2008.609
https://doi.org/10.1016/j.jaad.2001.11.001
https://doi.org/10.1016/j.jaad.2001.11.001

BASURTO-LOZADA ET AL.

Bristow, I. R., & de Berker, D. A. (2010). Development of a practical
guide for the early recognition for malignant melanoma of the foot
and nail unit. Journal of Foot and Ankle Research, 3, 22. https://doi.
org/10.1186/1757-1146-3-22

Brohem, C. A, daSilva Cardeal, L. B., Tiago, M., Soengas, M. S., de Moraes
Barros, S. B., & Maria-Engler, S. S. (2011). Artificial skin in perspec-
tive: Concepts and applications. Pigment Cell & Melanoma Research,
24(1), 35-50. https://doi.org/10.1111/j.1755-148X.2010.00786.x

Cabrera, M, Silva, V., Diaz de Medina, D. J., Hoell, B., Guglielmetti, V.,
Rohmann, K. et al. (1994). Estudio clinico de 113 casos de melanoma
maligno. Revista Medica de Chile, 122(8), 900-906.

Calonje, J. E., Brenn, T.,, Lazar, A., & Mckee, P. (2011). McKee's pa-
thology of the skin (4th ed.). Elsevier. Retrieved from https://
www.elsevier.com/books/mckees-pathology-of-the-skin/calon
je/978-1-4160-5649-2

Cancer Genome Atlas Network. (2015). Genomic classification of cuta-
neous melanoma. Cell, 161(7), 1681-1696. https://doi.org/10.1016/j.
cell.2015.05.044

Caruntu, C., Boda, D., Musat, S., Ciruntu, A., & Mandache, E. (2014).
Stress-induced mast cell activation in glabrous and hairy skin.
Mediators of Inflammation, 2014, 105950.

Castaneda, C. A, Castillo, M., Torres-Cabala, C., Bernabe, L. A., Casavilca,
S., Villegas, V., ... Abugattas, J. (2019). Relationship between tu-
mor-associated immune infiltrate and p16 staining over clinicopatho-
logical features in acral lentiginous melanoma. Clinical & Translational
Oncology, 21(9), 1127-1134.

Castaneda, C. A., Torres-Cabala, C., Castillo, M., Villegas, V., Casavilca,
S., Cano, L., ... Abugattas, J. (2017). Tumor infiltrating lympho-
cytes in acral lentiginous melanoma: A study of a large cohort of
cases from Latin America. Clinical & Translational Oncology, 19(12),
1478-1488.

Chang, J.-W.-C., Yeh, K.-Y., Wang, C.-H., Yang, T.-S., Chiang, H.-F., Wei,
F.-C., ... Yang, C.-H. (2004). Malignant melanoma in Taiwan: A prog-
nostic study of 181 cases. Melanoma Research, 14(6), 537-541.

Chen, D. S., & Mellman, I. (2017). Elements of cancer immunity and the
cancer-immune set point. Nature, 541(7637), 321-330.

Chi, Z., Li, S., Sheng, X., Si, L., Cui, C., Han, M., & Guo, J. (2011). Clinical
presentation, histology, and prognoses of malignant melanoma in
ethnic Chinese: A study of 522 consecutive cases. BMC Cancer, 11,
85.

Coras, N., Morales, D., Yabar, A., & Beltran, B. E. (2013). Prognosis of
melanoma in Peru: An analysis of 410 cases. Journal of Clinical
Orthodontics, 31(15_suppl), €20023.

Costello, C. M., Pittelkow, M. R., & Mangold, A. R. (2017). Acral mela-
noma and mechanical stress on the plantar surface of the foot. New
England Journal of Medicine, 377(4), 395-396.

Criscito, M. C., & Stein, J. A. (2017). Improving the diagnosis and treat-
ment of acral melanocytic lesions. Melanoma Management, 4(2),
113-123.

Curtin, J. A, Busam, K., Pinkel, D., & Bastian, B. C. (2006). Somatic ac-
tivation of KIT in distinct subtypes of melanoma. Journal of Clinical
Oncology, 24(26), 4340-4346.

Curtin, J. A., Fridlyand, J., Kageshita, T., Patel, H. N., Busam, K. J., Kutzner,
H., ... Bastian, B. C. (2005). Distinct sets of genetic alterations in
melanoma. New England Journal of Medicine, 353(20), 2135-2147.
https://doi.org/10.1056/NEJM0a050092

Darmawan, C. C., Jo, G., Montenegro, S. E., Kwak, Y., Cheol, L., Cho, K. H.,
& Mun, J.-H. (2019). Early detection of acral melanoma: A review of
clinical, dermoscopic, histopathologic, and molecular characteristics.
Journal of the American Academy of Dermatology, 81(3), 805-812.

De Wet, J., Tod, B., Visser, W. ., Jordaan, H. F., & Schneider, J. W. (2018).
Clinical and pathological features of acral melanoma in a South
African population: A retrospective study. South African Medical
Journal, 108(9), 777-781.

WILEY-L¥

del Carpio, R. Z. (2008). Situacién del melanoma maligno cuténeo en el
hospital militar central Lima 1985-2007. Dermatologia Peruana, 18(3),
267-283.

Einarsdottir, B. O., Bagge, R. O., Bhadury, J., Jespersen, H., Mattsson,
J., Nilsson, L. M,, ... Nilsson, J. A. (2014). Melanoma patient-derived
xenografts accurately model the disease and develop fast enough
to guide treatment decisions. Oncotarget, 5(20), 9609-9618. https://
doi.org/10.18632/oncotarget.2445

Fallah, M., Pukkala, E., Sundquist, K., Tretli, S., Olsen, J. H., Tryggvadottir,
L., & Hemminki, K. (2014). Familial melanoma by histology and age:
Joint data from five Nordic countries. European Journal of Cancer,
50(6), 1176-1183. https://doi.org/10.1016/j.ejca.2013.12.023

Fernandez-Flores, A., & Cassarino, D. S. (2017). Histopathological di-
agnosis of acral lentiginous melanoma in early stages. Annals of
Diagnostic Pathology, 26, 64-69. https://doi.org/10.1016/j.anndi
agpath.2016.08.005

Fu, D. J., Thomson, C., Lunny, D. P., Dopping-Hepenstal, P. J., McGrath,
J. A, Smith, F. J. D,, ... Leslie Pedrioli, D. M. (2014). Keratin 9 is re-
quired for the structural integrity and terminal differentiation of the
palmoplantar epidermis. Journal of Investigative Dermatology, 134(3),
754-763. https://doi.org/10.1038/id.2013.356

Furney, S. J.,, Turajlic, S., Fenwick, K., Lambros, M. B., MacKay, A., Ricken,
G., ... Marais, R. (2012). Genomic characterisation of acral melanoma
cell lines. Pigment Cell & Melanoma Research, 25(4), 488-492. https://
doi.org/10.1111/j.1755-148X.2012.01016.x

Garman, B., Anastopoulos, I. N., Krepler, C., Brafford, P., Sproesser, K.,
Jiang, Y., ... Nathanson, K. L. (2017). Genetic and genomic charac-
terization of 462 melanoma patient-derived xenografts, tumor
biopsies, and cell lines. Cell Reports, 21(7), 1936-1952. https://doi.
org/10.1016/j.celrep.2017.10.052

Giacomel, J., Zalaudek, I., Mordente, 1., Nicolino, R., & Argenziano, G.
(2008). Never perform laser treatment of skin tumors with clinical
“EFG” criteria. Journal of the German Society of Dermatology, 6(5),
386-388.

Girotti, M. R., Gremel, G., Lee, R., Galvani, E., Rothwell, D., Viros, A., ...
Marais, R. (2016). Application of sequencing, liquid biopsies, and
patient-derived xenografts for personalized medicine in melanoma.
Cancer Discovery, 6(3), 286-299.

Glover, J. D., Knolle, S., Wells, K. L., Liu, D., Jackson, I. J., Mort, R. L.,
& Headon, D. J. (2015). Maintenance of distinct melanocyte pop-
ulations in the interfollicular epidermis. Pigment Cell & Melanoma
Research, 28(4), 476-480.

Gola, M., Czajkowski, R., Bajek, A., Dura, A., & Drewa, T. (2012).
Melanocyte stem cells: Biology and current aspects. Medical Science
Monitor: International Medical Journal of Experimental and Clinical
Research, 18(10), RA155-RA159.

Green, A., McCredie, M., MacKie, R., Giles, G., Young, P., Morton, C,, ...
Thursfield, V. (1999). A case-control study of melanomas of the soles
and palms (Australia and Scotland). Cancer Causes & Control: CCC,
10(1), 21-25.

Hadi, K., Yao, X., Behr, J. M., Deshpande, A., Xanthopoulakis, C., Rosiene,
J., ... Imielinski, M. (2019). Novel patterns of complex structural vari-
ation revealed across thousands of cancer genome graphs. BioRxiv,
836296. https://doi.org/10.1101/836296

Haugh, A. M., Zhang, B., Quan, V. L., Garfield, E. M., Bubley, J. A,,
Kudalkar, E., ... Gerami, P. (2018). Distinct patterns of acral mela-
noma based on site and relative sun exposure. Journal of Investigative
Dermatology, 138(2), 384-393.

Hayward, N. K., Wilmott, J. S., Waddell, N., Johansson, P. A., Field, M. A,
Nones, K., ... Mann, G. J. (2017). Whole-genome landscapes of major
melanoma subtypes. Nature, 545(7653), 175-180.

Hodi, F. S., Corless, C. L., Giobbie-Hurder, A., Fletcher, J. A., Zhu, M.,
Marino-Enriquez, A., ... Fisher, D. E. (2013). Imatinib for melanomas
harboring mutationally activated or amplified KIT arising on mucosal,


https://doi.org/10.1186/1757-1146-3-22
https://doi.org/10.1186/1757-1146-3-22
https://doi.org/10.1111/j.1755-148X.2010.00786.x
https://www.elsevier.com/books/mckees-pathology-of-the-skin/calonje/978-1-4160-5649-2
https://www.elsevier.com/books/mckees-pathology-of-the-skin/calonje/978-1-4160-5649-2
https://www.elsevier.com/books/mckees-pathology-of-the-skin/calonje/978-1-4160-5649-2
https://doi.org/10.1016/j.cell.2015.05.044
https://doi.org/10.1016/j.cell.2015.05.044
https://doi.org/10.1056/NEJMoa050092
https://doi.org/10.18632/oncotarget.2445
https://doi.org/10.18632/oncotarget.2445
https://doi.org/10.1016/j.ejca.2013.12.023
https://doi.org/10.1016/j.anndiagpath.2016.08.005
https://doi.org/10.1016/j.anndiagpath.2016.08.005
https://doi.org/10.1038/jid.2013.356
https://doi.org/10.1111/j.1755-148X.2012.01016.x
https://doi.org/10.1111/j.1755-148X.2012.01016.x
https://doi.org/10.1016/j.celrep.2017.10.052
https://doi.org/10.1016/j.celrep.2017.10.052
https://doi.org/10.1101/836296

BASURTO-LOZADA ET AL.

* | wiLey

acral, and chronically sun-damaged skin. Journal of Clinical Oncology,
31(26), 3182-3190.

Homey, B., Alenius, H., Miiller, A, Soto, H., Bowman, E. P., Yuan, W,, ...
Zlotnik, A. (2002). CCL27-CCR10 interactions regulate T cell-medi-
ated skin inflammation. Nature Medicine, 8(2), 157-165.

Hudson, D. A., & Krige, J. E. (1995). Melanoma in black South Africans.
Journal of the American College of Surgeons, 180(1), 65-71.

Jang, H. S., Kim, J. H,, Park, K. H., Lee, J. S., Bae, J. M., Oh, B. H.,
... Chung, K. Y. (2014). Comparison of melanoma subtypes among
Korean patients by morphologic features and ultraviolet expo-
sure. Annals of Dermatology, 26(4), 485. https://doi.org/10.5021/
ad.2014.26.4.485

Jang, Y. H, Kim, S. L., Lee, J. S., Kwon, K.-Y,, Lee, S.-J., Kim, D. W,, & Lee,
W. J. (2014). Possible existence of melanocytes or melanoblasts in
human sebaceous glands. Annals of Dermatology, 26(4), 469-473.

Jung, H. J., Kweon, S.-S., Lee, J.-B., Lee, S.-C., & Yun, S. J. (2013). A clini-
copathologic analysis of 177 acral melanomas in Koreans: Relevance
of spreading pattern and physical stress. JAMA Dermatology, 149(11),
1281-1288.

Kemper, K., Krijgsman, O., Kong, X., Cornelissen-Steijger, P., Shahrabi, A.,
Weeber, F., ... Peeper, D. S. (2016). BRAF(V600E) kinase domain du-
plication identified in therapy-refractory melanoma patient-derived
xenografts. Cell Reports, 16(1), 263-277.

Kong, Y., Sheng, X., Wu, X., Yan, J.,, Ma, M., Yu, J,, ... Guo, J. (2017).
Frequent genetic aberrations in the CDK4 pathway in acral mela-
noma indicate the potential for CDK4/6 inhibitors in targeted ther-
apy. Clinical Cancer Research, 23(22), 6946-6957.

Krepler, C., Sproesser, K., Brafford, P., Beqiri, M., Garman, B., Xiao, M.,
... Herlyn, M. (2017). A comprehensive patient-derived xenograft
collection representing the heterogeneity of melanoma. Cell Reports,
21(7), 1953-1967.

Kuchelmeister, C., Schaumburg-Lever, G., & Garbe, C. (2000). Acral cu-
taneous melanoma in Caucasians: Clinical features, histopathology
and prognosis in 112 patients. British Journal of Dermatology, 143(2),
275-280.

Kumar, R., Parsad, D., Rani, S., Bhardwaj, S., & Srivastav, N. (2016).
Glabrous lesional stem cells differentiated into functional melano-
cytes: New hope for repigmentation. Journal of the European Academy
of Dermatology and Venereology, 30(9), 1555-1560.

Lallas, A., Kyrgidis, A., Koga, H., Moscarella, E., Tschandl, P., Apalla, Z.,
... Argenziano, G. (2015). The BRAAFF checklist: A new dermo-
scopic algorithm for diagnosing acral melanoma. British Journal of
Dermatology, 173(4), 1041-1049.

Lang, D., Mascarenhas, J. B., & Shea, C. R. (2013). Melanocytes, mela-
nocyte stem cells, and melanoma stem cells. Clinics in Dermatology,
31(2), 166-178. https://doi.org/10.1016/j.clindermatol.2012.08.014

Lee, H. Y., Chay, W. Y., Tang, M. B., Chio, M. T,, & Tan, S. H. (2012).
Melanoma: Differences between Asian and Caucasian patients.
Annals of the Academy of Medlicine, Singapore, 41(1), 17-20.

Li, L., Fukunaga-Kalabis, M., Yu, H., Xu, X., Kong, J., Lee, J. T., & Herlyn, M.
(2010). Human dermal stem cells differentiate into functional epider-
mal melanocytes. Journal of Cell Science, 123(Pt 6), 853-860.

Liang, W. S., Hendricks, W., Kiefer, J., Schmidt, J., Sekar, S., Carpten, J.,
... Trent, J. (2017). Integrated genomic analyses reveal frequent TERT
aberrations in acral melanoma. Genome Research, 27(4), 524-532.

Lino-Silva, L. S., Dominguez-Rodriguez, J. A., Aguilar-Romero, J. M,
Martinez-Said, H., Salcedo-Hernandez, R. A., Garcia-Pérez, L., ...
Cuellar-Hubbe, M. (2016). Melanoma in Mexico: Clinicopathologic
features in a population with predominance of acral lentiginous sub-
type. Annals of Surgical Oncology, 23(13), 4189-4194.

Littleton, T. W., Murray, P. M., & Baratz, M. E. (2019). Subungual mela-
noma. Orthopedic Clinics of North America, 50(3), 357-366.

Liu, L., Zhang, W., Gao, T., & Li, C. (2016). Is UV an etiological factor
of acral melanoma? Journal of Exposure Science & Environmental
Epidemiology, 26(6), 539-545.

Loria, D., & Gonzélez, A. (2013). Cutaneous melanoma epidemiology
in Argentina: Analysis from de Argentine Cutaneous Melanoma
Registry. Dermatologia Argentina, 16(2010), 39-45.

Minagawa, A., Omodaka, T., & Okuyama, R. (2016). Melanomas and me-
chanical stress points on the plantar surface of the foot. New England
Journal of Medicine, 374(24), 2404-2406.

Minini, R., Rohrmann, S., Braun, R., Korol, D., & Dehler, S. (2017).
Incidence trends and clinical-pathological characteristics of invasive
cutaneous melanoma from 1980 to 2010 in the Canton of Zurich,
Switzerland. Melanoma Research, 27(2), 145.

Murata, H., Ashida, A., Takata, M., Yamaura, M., Bastian, B. C., & Saida,
T. (2007). Establishment of a novel melanoma cell line SMYM-PRGP
showing cytogenetic and biological characteristics of the radial
growth phase of acral melanomas. Cancer Science, 98(7), 958-963.

Nagore, E., Pereda, C., Botella-Estrada, R., Requena, C., & Guillén, C.
(2009). Acral lentiginous melanoma presents distinct clinical profile
with high cancer susceptibility. Cancer Causes & Control: CCC, 20(1),
115-119.

Naouali, C., Jones, M., Nabouli, I, Jerbi, M., Tounsi, H., Ben Rekaya, M., ...
Yacoub-Youssef, H. (2017). Epidemiological trends and clinicopatho-
logical features of cutaneous melanoma in sporadic and xeroderma
pigmentosum Tunisian patients. International Journal of Dermatology,
56(1), 40-48.

Newton-Bishop, J. A., Chang, Y.-M,, lles, M. M., Taylor, J. C., Bakker, B.,
Chan, M, ... Bishop, D. T. (2010). Melanocytic nevi, nevus genes, and
melanoma risk in a large case-control study in the United Kingdom.
Cancer Epidemiology, Biomarkers & Prevention, 19(8), 2043-2054.

North, J. P, Kageshita, T., Pinkel, D., LeBoit, P. E., & Bastian, B. C. (2008).
Distribution and significance of occult intraepidermal tumor cells
surrounding primary melanoma. Journal of Investigative Dermatology,
128(8), 2024-2030. https://doi.org/10.1038/jid.2008.41

Nunes, L. F., Quintella Mendes, G. L., & Koifman, R. J. (2018). Acral mel-
anoma: A retrospective cohort from the Brazilian National Cancer
Institute (INCA). Melanoma Research, 28(5), 458-464.

Okamoto, N., Aoto, T., Uhara, H., Yamazaki, S., Akutsu, H., Umezawa, A.,
... Nishimura, E. K. (2014). A melanocyte-melanoma precursor niche
in sweat glands of volar skin. Pigment Cell & Melanoma Research, 27(6),
1039-1050.

Ossio, R., Roldan-Marin, R., Martinez-Said, H., Adams, D. J., & Robles-
Espinoza, C. D. (2017). Melanoma: A global perspective. Nature
Reviews Cancer, 17(7), 393-394.

Park, C. K., & Kim, S. K. (2017). Clinicopathological significance of intra-
tumoral and peritumoral lymphocytes and lymphocyte score based
on the histologic subtypes of cutaneous melanoma. Oncotarget, 8(9),
14759-14769.

Pérez-Guijarro, E., Day, C.-P.,Merlino, G., & Zaidi, M. R.(2017). Genetically
engineered mouse models of melanoma. Cancer, 123(511), 2089-
21083. https://doi.org/10.1002/cncr.30684

Pitché, P., Napo-Koura, G., & Tchangai-Walla, K. (2005). Epidemiology of
melanoma in Togo. International Journal of Dermatology, 44(Suppl 1),
44-45. https://doi.org/10.1111/j.1365-4632.2005.02813.x

Posch, C., Moslehi, H., Sanlorenzo, M., Green, G., Vujic, I., Panzer-
Grumayer, R., ... Ortiz-Urda, S. (2016). Pharmacological inhibi-
tors of c-KIT block mutant c-KIT mediated migration of melano-
cytes and melanoma cells in vitro and in vivo. Oncotarget, 7(29),
45916-45925.

Ishihara, K., Saida, T., Otsuka, F., Yamazaki, N., & Prognosis and Statistical
Investigation Committee of the Japanese Skin Cancer Society (2008).
Statistical profiles of malignant melanoma and other skin cancers in
Japan: 2007 update. International Journal of Clinical Oncology, 13(1),
33-41.

Puig-Butillé, J. A., Badenas, C., Ogbah, Z., Carrera, C., Aguilera, P,
Malvehy, J., & Puig, S. (2013). Genetic alterations in RAS-regulated
pathway in acral lentiginous melanoma. Experimental Dermatology,
22(2), 148-150. https://doi.org/10.1111/exd.12080


https://doi.org/10.5021/ad.2014.26.4.485
https://doi.org/10.5021/ad.2014.26.4.485
https://doi.org/10.1016/j.clindermatol.2012.08.014
https://doi.org/10.1038/jid.2008.41
https://doi.org/10.1002/cncr.30684
https://doi.org/10.1111/j.1365-4632.2005.02813.x
https://doi.org/10.1111/exd.12080

BASURTO-LOZADA ET AL.

WILEY-L2

Rabbie, R., Ferguson, P., Molina-Aguilar, C., Adams, D. J., & Robles-
Espinoza, C. D. (2019). Melanoma subtypes: Genomic profiles, prog-
nostic molecular markers and therapeutic possibilities. Journal of
Pathology, 247(5), 539-551. https://doi.org/10.1002/path.5213

Ridgeway, C. A., Hieken, T. J., Ronan, S. G., Kim, D. K., & Das Gupta, T.
K. (1995). Acral lentiginous melanoma. Archives of Surgery, 130(1),
88-92. https://doi.org/10.1001/archsurg.1995.01430010090019

Rippey, J. J., Rippey, E., & Giraud, R. M. A. (1975). Pathology of malignant
melanoma of the skin in Black Africans. South African Medical Journal,
49(19), 789-792.

Rode, A., Maass, K. K., Willmund, K. V., Lichter, P., & Ernst, A. (2016).
Chromothripsis in cancer cells: An update. International Journal of
Cancer, 138(10), 2322-2333. https://doi.org/10.1002/ijc.29888

Satyamoorthy, K., DelJesus, E., Linnenbach, A. J., Kraj, B., Kornreich,
D. L., Rendle, S., ... Herlyn, M. (1997). Melanoma cell lines from
different stages of progression and their biological and molecu-
lar analyses. Melanoma Research, 7(Suppl 2), S35-542. https://doi.
org/10.1097/00008390-199708001-00007

Sheen, Y.-S., Liao, Y.-H., Lin, M.-H,, Chen, J.-S., Liau, J.-Y.,, Tseng, Y.-J.,, ...
Chu, C.-Y. (2017). A clinicopathological analysis of 153 acral melano-
mas and the relevance of mechanical stress. Scientific Reports, 7(1),
5564. https://doi.org/10.1038/s41598-017-05809-9

Shim, J. H., Shin, H.-T., Park, J., Park, J.-H., Lee, J.-H., Yang, J.-M,, ... Lee,
D.-Y. (2017). Mutational profiling of acral melanomas in Korean pop-
ulations. Experimental Dermatology, 26(10), 883-888. https://doi.
org/10.1111/exd.13321

Shin, S., Palis, B. E., Phillips, J. L., Stewart, A. K., Perry, R. R., & the
Commission on Cancer Melanoma Disease Site Team. (2009).
Cutaneous melanoma in Asian-Americans. Journal of Surgical
Oncology, 99(2), 114-118. https://doi.org/10.1002/js0.21195

Shoushtari, A. N., Munhoz, R. R., Kuk, D., Ott, P. A., Johnson, D. B., Tsai,
K. K., ... Postow, M. A. (2016). The efficacy of anti-PD-1 agents in
acral and mucosal melanoma. Cancer, 122(21), 3354-3362. https://
doi.org/10.1002/cncr.30259

Smalley, K. S., Lioni, M., Noma, K., Haass, N. K., & Herlyn, M. (2008).
In vitro three-dimensional tumor microenvironment models for an-
ticancer drug discovery. Expert Opinion on Drug Discovery, 3(1), 1-10.

Soon, S. L., Solomon, A. R., Papadopoulos, D., Murray, D. R., McAlpine,
B., & Washington, C. V. (2003). Acral lentiginous melanoma mimick-
ing benign disease: The Emory experience. Journal of the American
Academy of Dermatology, 48(2), 183-188. https://doi.org/10.1067/
mjd.2003.63

Szabo, G. (1954). The number of melanocytes in human epidermis. British
Medical Journal, 1(4869), 1016-1017.

Teramoto, Y., Keim, U., Gesierich, A., Schuler, G., Fiedler, E., Tlting, T.,
... Garbe, C. (2018). Acral lentiginous melanoma: A skin cancer with
unfavourable prognostic features. A study of the German central ma-
lignant melanoma registry (CMMR) in 2050 patients. British Journal of
Dermatology, 178(2), 443-451.

Vazquez, V., Silva, T., Vieira, M., de Oliveira, A., Lisboa, M., de Andrade,
D., ... Carneseca, E. (2015). Melanoma characteristics in Brazil:

Demographics, treatment, and survival analysis. BMC Research Notes,
8, 4. https://doi.org/10.1186/s13104-015-0972-8

Wang, Y., Zhao, Y., & Ma, S. (2016). Racial differences in six major sub-
types of melanoma: Descriptive epidemiology. BMC Cancer, 16, 691.
https://doi.org/10.1186/s12885-016-2747-6

Woodman, S. E., Trent, J. C., Stemke-Hale, K., Lazar, A. J., Pricl, S.,
Pavan, G. M., ... Davies, M. A. (2009). Activity of dasatinib against
L576P KIT mutant melanoma: Molecular, cellular, and clinical cor-
relates. Molecular Cancer Therapeutics, 8(8), 2079-2085. https://doi.
org/10.1158/1535-7163.MCT-09-0459

Yeh, I., Jorgenson, E., Shen, L., Xu, M., North, J. P., Shain, A. H., ... Asgari,
M. M. (2019). Targeted genomic profiling of acral melanoma. Journal
of the National Cancer Institute, 111(10), 1068-1077.

York, K., Dlova, N. C., Wright, C. Y., Khumalo, N. P., Kellett, P. E,,
Kassanjee, R., & Mosam, A. (2016). Primary cutaneous malignancies
in the Northern Cape Province of South Africa: A retrospective his-
topathological review. South African Medical Journal, 107(1), 83-88.

Yu, J, Yan, J., Guo, Q., Chi, Z., Tang, B., Zheng, B., ... Kong, Y. (2019).
Genetic aberrations in the CDK4 pathway are associated with innate
resistance to PD-1 blockade in chinese patients with non-cutaneous
melanoma. Clinical Cancer Research, 25(21), 6511-6523.

Yun, J., Lee, J.,Jang, J., Lee, E. J.,, Jang, K. T.,Kim, J. H., & Kim, K.-M. (2011).
KIT amplification and gene mutations in acral/mucosal melanoma
in Korea. APMIS: Acta Pathologica, Microbiologica, et Immunologica
Scandinavica, 119(6), 330-335.

Zemelman, V. B., Valenzuela, C. VY., Sazunic, |, & Araya, |. (2014).
Malignant melanoma in Chile: Different site distribution between
private and state patients. Biological Research, 47(1), 34. https://doi.
org/10.1186/0717-6287-47-34

Zhang, G., Wu, L. W., Mender, |., Barzily-Rokni, M., Hammond, M. R.,
Ope, O,, ... Shay, J. W. (2018). Induction of telomere dysfunction pro-
longs disease control of therapy-resistant melanoma. Clinical Cancer
Research, 24(19), 4771-4784.

Zhang, N., Wang, L., Zhu, G. N., Sun, D. J,, He, H,, Luan, Q., ... Gao, T.
W. (2014). The association between trauma and melanoma in the
Chinese population: A retrospective study. Journal of the European
Academy of Dermatology and Venereology, 28(5), 597-603.

Zuhiga-Castillo, M., Pereira, N. V., & Sotto, M. N. (2018). High density of
M2-macrophages in acral lentiginous melanoma compared to super-
ficial spreading melanoma. Histopathology, 72(7), 1189-1198.

How to cite this article: Basurto-Lozada P, Molina-Aguilar C,
Castaneda-Garcia C, et al. Acral lentiginous melanoma: Basic
facts, biological characteristics and research perspectives of
an understudied disease. Pigment Cell Melanoma Res.
2021;34:59-71. https://doi.org/10.1111/pcmr.12885



https://doi.org/10.1002/path.5213
https://doi.org/10.1001/archsurg.1995.01430010090019
https://doi.org/10.1002/ijc.29888
https://doi.org/10.1097/00008390-199708001-00007
https://doi.org/10.1097/00008390-199708001-00007
https://doi.org/10.1038/s41598-017-05809-9
https://doi.org/10.1111/exd.13321
https://doi.org/10.1111/exd.13321
https://doi.org/10.1002/jso.21195
https://doi.org/10.1002/cncr.30259
https://doi.org/10.1002/cncr.30259
https://doi.org/10.1067/mjd.2003.63
https://doi.org/10.1067/mjd.2003.63
https://doi.org/10.1186/s13104-015-0972-8
https://doi.org/10.1186/s12885-016-2747-6
https://doi.org/10.1158/1535-7163.MCT-09-0459
https://doi.org/10.1158/1535-7163.MCT-09-0459
https://doi.org/10.1186/0717-6287-47-34
https://doi.org/10.1186/0717-6287-47-34
https://doi.org/10.1111/pcmr.12885

