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Abstract: Acral melanoma (AM) is the most common histologic subtype of melanoma in dark-skinned patients and is associated 
with a worse prognosis and a high mortality rate, largely due to the inconspicuous nature of early-stage lesions, which can lead to 
late diagnosis. Because of the overlapping clinical and histopathological features of AM with other forms of cutaneous melanomas, 
early detection of AM requires a multidisciplinary approach that integrates various diagnostic modalities, including clinical 
examination, dermoscopy, histopathology, molecular testing, radiological imaging, and blood tests. While surgery is the preferred 
method of treatment for AM, other therapeutic options may be employed based on the stage and underlying etiology of the disease. 
Immune checkpoint inhibitors, molecular targeted therapy, radiotherapy, chemotherapy, and oncolytic virotherapy represent 
promising advanced treatment options for AM. In this review, we provide an overview of the latest advancements in diagnostic and 
therapeutic methods for AM, highlighting the importance of early detection and the prompt, individualized management of this 
challenging disease.
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1 Introduction

Acral melanoma (AM), a distinct histopatho‐
logical subgroup of cutaneous malignant melanomas 
(CMMs), represents 1%–3% of CMM cases and af‐
fects acral areas such as the soles, palms, and nails 
(Bradford et al., 2009; Wu et al., 2011; Huang et al., 
2020). Despite the incidence of AM being similar 
across racial and ethnic groups, it disproportionately 
affects individuals with dark skin (Bradford et al., 
2009). AM carries a poorer prognosis compared to 

other subtypes of melanoma, possibly due to delayed 
diagnosis related to its unique appearance (Cascinelli 
et al., 1994; Ridgeway et al., 1995; Chang et al., 1998; 
Gumaste et al., 2014). Compared to CMM, it is less 
linked to sun exposure and typically appears later and 
more severely, as well as being more prevalent in older 
patients (mean age of 63 years versus 59 years for 
CMM) (Hayward et al., 2017; Liang et al., 2017; 
Huang et al., 2020). There is inadequate evidence to 
show a causal link between stress, genetics, carcino‐
gen exposure, viral infection and AM.

Clinical findings differ between AM and non-
AM CMMs, with clinical research indicating that 
AM has a worse survival rate. In a recent Surveil‐
lance, Epidemiology, and End Results (SEER) analy‐
sis, five-year disease-specific survival rate for AM 
was found to be 81% compared to 93% for non-AM 
CMM (Huang et al., 2020). Despite controlling for the 
melanoma stage, studies indicate that AM has poorer 
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survival outcomes than non-AM due to inherent 
molecular/biological differences (Curtin et al., 2005; 
Bello et al., 2013). Late diagnosis has been suggested 
as a possible factor but other research shows that, 
even when tumor diameter and stage are also adjusted 
for, AM still has a worse prognosis (Cascinelli et al., 
1994; Ridgeway et al., 1995; Weyers et al., 1999; 
Bradford et al., 2009; Bello et al., 2013; Wada et al., 
2017; Teramoto et al., 2018; Huang et al., 2020). Prog‐
nosis is influenced by age, race, and socioeconomic 
status (Zemelman et al., 2014; York et al., 2016).

Population-based studies analyzing data from 
SEER, epidemiology, surveillance, and the American 
National Cancer Database (NCDB) have investigated 
AM’s survival rate. For instance, the NCDB was 
used by Bian et al. (2021) to compare survival rates 
of AM and non-AM patients; they analyzed prognos‐
tic and therapeutic factors and stage-specific therapy, 
as well as AM survival. The authors investigated cuta‐
neous melanoma patients aged 18–90 years with ma‐
lignant tumor characteristics in American Joint Com‐
mittee on Cancer (AJCC) cancer stages I–IV between 
2004 and 2015, gathering data on critical circum‐
stances, sex, age, diagnosis date, histopathology, and 
the Charlson-Deyo comorbidity index (for predicting 
long-term survival). The results reflected that AM had 
a less favorable overall prognosis in stages I, III, and 
IV compared to non-AM. Moreover, the difference in 
overall survival (OS) rates between AM and non-AM 
(stages I, II, and IV) was ≤4%, suggesting that con‐
ventional treatment is typically required for early cases 
but is ineffective for later ones. Huang et al. (2020) 
found that AM patients in stage III may not be given 
established standard therapy or receive heterogeneous 
care. This may amplify the disease’s biological differ‐
ences compared to non-AM and could potentially lead 
to significant implications for patient outcomes.

The serine/threonine-protein kinase B-raf (BRAF) 
mutation rate in AM is significantly lower than that in 
non-AM (Maldonado et al., 2003; Curtin et al., 2005; 
Beadling et al., 2008; Viros et al., 2008; Greaves et al., 
2013),which may lead to a decrease in the effective‐
ness of targeted therapy. Furthermore, AM displays 
notable genetic differences, such as localized amplifi‐
cations and deletions, along with neuroblastoma RAS 
viral oncogene homologue (NRAS) mutations and mast/
stem cell growth factor receptor Kit (KIT) mutations/
amplifications (Curtin et al., 2006; Woodman and 

Davies, 2010; Lee et al., 2011; Omholt et al., 2011; 
Ascierto et al., 2013; Yeh et al., 2019). Moreover, AM 
may be less vulnerable to immune checkpoint inhibi‐
tors (ICIs) because of a lower tumor mutational bur‐
den and tumor-infiltrating lymphocytes (TILs) in the 
absence of the ultraviolet (UV) mutational signal ob‐
served in non-AM patients (Castaneda et al., 2017; 
Hayward et al., 2017; Kaunitz et al., 2017; Liang et al., 
2017).

There are several diagnostic methods used to 
identify AM; these methods include a visual examin‑
ation of the skin, a biopsy of the suspicious area, histo‐
pathology, and imaging tests such as X-rays, com‐
puted tomography (CT) scans, and magnetic resonance 
imaging (MRI). In some cases, a sentinel lymph node 
(SLN) biopsy (SLNB) may be performed to determine 
whether cancer has spread to nearby lymph nodes. Der‐
moscopy, a non-invasive technique that uses a hand‐
held device to magnify the skin, can also be used to 
identify suspicious lesions and improve diagnostic ac‐
curacy. Molecular testing may be used to analyze the 
genetic mutations that drive the growth of cancer cells 
and help guide treatment decisions (Abbasi et al., 
2004; Phan et al., 2010; Fernandez-Flores and Cassa‐
rino, 2017). Consequently, clinical information, includ‐
ing dermoscopic findings, is occasionally important 
for diagnosing AM and determining the most accurate 
treatment method. The standard treatment for AM is 
surgery, which involves removing the cancerous tissue 
and some of the surrounding healthy tissues. However, 
additional treatment may be needed, such as radiation 
therapy, chemotherapy, or immunotherapy. The use of 
targeted therapy, which involves drugs that specifically 
target the genetic mutations that drive the growth of 
cancer cells, has shown promising results in some cases 
(Yeh et al., 2019).

This paper provides an in-depth review of vari‐
ous diagnostic methods and treatment modalities, to‐
gether with the latest research developments in AM, 
to underscore the importance of early detection for the 
management of this malignancy.

2 Methods 

In this study, we aimed to identify relevant scien‐
tific articles related to acral malignant melanoma. 
To accomplish this, we searched electronic databases, 
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including PubMed, Scopus, Web of Science, and 
Google Scholar, using the search terms: acral mela‐
noma; acral malignant melanoma; acral lentiginous 
melanoma; lentiginous melanoma; and malignant mela‐
noma. Articles were included if they were directly rele‐
vant to acral malignant melanoma and covered aspects 
such as clinical manifestations, epidemiology, risk fac‐
tors, diagnosis, treatment options, or outcomes. Non-
English articles and those unrelated to our research 
objectives were excluded. After a thorough evaluation, 
a total of 144 articles met our inclusion criteria and 
were included in the review, ensuring a comprehensive 
and reliable basis for our study.

3 Diagnosis 

3.1 Clinical findings

The close observation of the AM lesion at the 
initial growth stage shows an irregular fringe with a 
mottled pigmentation appearance or asymmetric tan 
macule. During early research on melanomas, Saida 
(1989) analyzed 144 pigmented lesions of the soles, 
and suggested a clinical guideline to detect the plantar 
malignant melanoma at an early stage. The guideline 
states that elderly patients (>50 years) are more affected 
by plantar malignant melanoma, and resection and 
histological examination should be considered when 
the pigmented lesion’s diameter is more than 7 mm. 
Other clinical guidelines, such as “Asymmetry, Border, 
Color, Diameter, and Evolution” (ABCDE) and the 
acronym CUBED (colored lesion, uncertain diagnosis, 
bleeding lesion, enlargement of a lesion, and delay 
in healing), are supposed to assist physicians in evalu‐
ating questionable skin lesions—particularly of the 
acral sites—and in making decisions about the need 
for further observation and diagnosis (Arrington et al., 
1977; Bristow and de Berker, 2010). However, these 
guidelines have not included a systematic investiga‐
tion of AM and lack specific morphological standards.

3.2 Dermoscopic features

Dermoscopy is a vital tool for the visual assess‐
ment of pigmented skin lesions, particularly for the 
identification of AM, which presents in two distinct 
dermoscopic patterns: the parallel ridge pattern (PRP) 
and irregular diffuse pigmentation (IDP). In contrast, 
acral melanocytic nevi can be identified through three 

dermoscopic patterns, namely the parallel furrow pattern 
(PFP), lattice-like pattern (LLP), and regular fibrillar pat‐
tern (RFP). Benign acral lesions are characterized by the 
presence of at least one of these patterns. When compar‐
ing acral nevi to AM, the former are typically smaller 
with less asymmetric borders (Saida et al., 2011; Chuah 
et al., 2015; Darmawan et al., 2019). During the early 
stages of AM, the PRP typically manifests as a band-like 
pigmentation on the skin ridges, with the presence of 
asymmetrical, light brown lesions. As the disease pro‐
gresses, the lesions tend to darken, eventually result‐
ing in the formation of a black lesion during the later 
stages of the disease (Kim et al., 2014). Studies have 
shown that atypical melanosis of the foot (AMF) pres‐
ents a PRP similar to that of AM. As a result, distin‐
guishing between the two based on dermoscopic fea‐
tures can be challenging. However, recent research 
utilizing biopsies has indicated that AMF lesions are 
likely an early stage in the formation of AM in situ 
(Kilinc Karaarslan et al., 2007; Oh et al., 2011; Menis 
et al., 2015). Although PRP commonly presents with 
dermoscopic features in AM, it can also be manifested 
in benign lesions like subcorneal hemorrhage, drug-
induced acral pigmentation, Peutz-Jeghers syndrome, 
and Laugier-Hunziker syndrome. Distinguishing be‐
tween these conditions and AM can be achieved by 
considering the patient’s clinical history and evaluat‐
ing the cutaneous characteristics (Tanioka, 2011). Mun 
et al. (2018) identified distinctive patterns that aid in 
differentiating in situ AM from invasive AM. Both ex‐
hibit asymmetry and PRP patterns; however, in situ 
AM demonstrates irregular dots, globules, and blotches, 
while invasive AM presents irregular blotches, poly‐
chromia, ulcers, blue-white veils, and atypical vas‐
cular patterns. Dermoscopy has significantly advanced 
the evaluation of pigmented lesions on acral sites by 
providing several dermoscopic patterns that aid in 
differentiation beyond what can be detected by the 
naked eye. Dermoscopy has played a crucial role in 
the early detection and management of pigmented le‐
sions, especially AM, and in avoiding unnecessary bi‐
opsies of benign lesions. To facilitate the early diagno‐
sis and management of AM, Saida and Koga (2007) 
proposed a three-step algorithm. The first step involves 
examining for PRP. If PRP is present, direct excision 
and histopathological examination are performed. If 
PRP is absent, the second step involves measuring the 
lesion size. Lesions with a diameter smaller than 7 mm 
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require careful observation, while lesions with a larger 
diameter require the third step, which involves exam‐
ining the dermoscopic patterns. Clinical follow-up is 
recommended for lesions with typical benign patterns, 
such as PFP, LLP, and RFP. However, biopsy and histo‐
pathological examination are preferred for lesions 
with atypical patterns. The scientists who proposed 
the three-step algorithm for the diagnosis and manage‐
ment of AM on acral sites reviewed and updated the 
algorithm after four years. In the updated algorithm, it 
was determined that close follow-up of acral nevi with 
benign dermoscopic patterns is unnecessary (Saida 
et al., 2011). In a 2018 retrospective study, Costello et al. 
(2018) found that the three-step algorithm was highly 
accurate in diagnosing and managing AM, but was 
unable to evaluate small multi-component and inva‐
sive melanomas. As a result, the multi-component 
pattern was included among the high-risk dermoscopic 
features. Costello et al. (2018) also suggested that 
improving the ability to recognize the RFP as a be‐
nign appearance could lower the number of neces‐
sary biopsies for diagnosis. In 2015, the BRAAFF 
(irregular blotch, parallel ridge pattern, asymmetry 
of structures, asymmetry of colours, parallel furrow 
pattern, fibrillar pattern) algorithm emerged as a new 
approach to AM diagnosis and management, with a 
sensitivity of 93.1% and a specificity of 86.7% (Lallas 
et al., 2015). The BRAAFF algorithm was based on 
the absence of PRP in one-third of AM cases and 
considered additional dermoscopic features for as‐
sessing AMs. BRAAFF is a six-variable algorithm 
for diagnosing AM, consisting of four positive vari‐
ables (including PRP, asymmetry of color and struc‐
ture, and irregular blotches) and two negative vari‐
ables (including furrow and fibrillar patterns). An 
AM diagnosis is made when the score is one or 
higher. Lesions with a PRP appearance should be 
excised, while lesions with a symmetric PEP or fi‐
brillar pattern may not require excision. However, 
lesions that exhibit either asymmetry of color or 
structure, as well as those with irregular blotches, 
should be excised. The presence of PFP and RFP, 
which are often seen in nevi, should not exclude the 
diagnosis of AM as they may also be present in 
AM, albeit at a low percentage (Lallas et al., 2015). 
The three-step algorithm proposed by Saida and Koga 
(2007) for early AM diagnosis is less effective with 
6 mm AM lesions. PRP appearance is a crucial factor 

in the initial evaluation of melanocytic lesions on 
hairless skin. Lesions with PRP indicate a malignant 
lesion and a biopsy is necessary for confirmation. 
Lesions without PRP require further examination 
using IDP to determine their nature. If the lesion 
exhibits sophisticated features, such as PRP, IDP, 
atypical vascular patterns, or blue-white veil, histo‐
pathology examination is required. Biopsy is recom‐
mended for lesions of >7 mm in diameter without 
malignant features, while lesions of ≤7 mm should 
be monitored for changes in color, size, and pattern 
(Saida and Koga, 2007; Costello et al., 2018; Han 
et al., 2020) (Fig. 1).

3.3 Histopathological examination

The gold standard for analyzing melanocytic le‐
sions is an excisional biopsy, which is not typically 
preferred for AM due to the large lesion size and wound 
closure difficulties. Multiple punch biopsies are pre‐
ferred to provide a primary diagnosis of AM, taken 
from the highly pigmented area (Scolyer et al., 2006; 
Park and Cho, 2010). The diagnosis of melanoma 
in situ can be made with large hyperchromatic melano‐
cytic nuclei compared to keratinocyte nuclei. The ma‐
lignant lesion is characterized by thick elongated den‐
drites and angulated vertically arranged nuclei. AM 
may have thick elongated dendrites near the epider‐
mis at superficial layers, with their processes around 
the basal keratinocytes in a web shape (Bravo Puccio 
and Chian, 2011). It is important to note that the pres‐
ence of pagetoid melanocytes in the sole is not suffi‐
cient to confirm the diagnosis of AM in situ, as it can 
also be present in benign acral nevi (LeBoit, 2000). In 
benign acral nevi, there is an increase in melanocytic 
nests proliferation, which differs from the single unit 
diffuse proliferation in AM. The cells in AM tend to 
aggregate and form nests of varying sizes, poor con‐
sistency, and circumscription (Fernandez-Flores and 
Cassarino, 2017). In addition, an obvious sign of early-
stage AM can be seen histologically, where the crist 
profunda intermedia contains solitary melanocytes with 
preferential proliferation (Ishihara et al., 2006). Histo‐
logically, the presence of solitary melanocytes with 
preferential proliferation in the crist profunda interme‐
dia is a hallmark of early-stage AM. Stratum corneum 
should be closely evaluated for pigment separation, as 
it is a key feature of AM diagnosis, whereas benign 
nevus pigmentation is found in the vertical columns 
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(Fernandez-Flores and Cassarino, 2017). Dermal in‐
flammation is a distinguishing feature of AM as it is 
not present in benign nevi (Ishihara et al., 2006). AM 
diagnosis can be aided by the use of melanocyte mark‐
ers such as homatropine methylbromide 45, S-100, 
and melan-A. Solitary melanocytes found in the crista 
profunda intermedia on homatropine-methylbromide 
45 staining also suggest an AM diagnosis (Boyd and 
Rapini, 1994; Ishihara et al., 2006).

3.4  Biomarker tests

Biomarker tests or molecular tests search for a 
specific gene, protein, or other molecules in the tissue 
sample to confirm the diagnosis of AM. Upregulation 
of cyclin D1 (CCND1) was reported to be a mela‐
noma oncogene, more specifically in AM, which has 
more upregulated CCND1 than other types of CM. The 
early radial growth phase of AM can be detected 
through upregulated CCND1 in proliferating melano‐
cytes, which is visible on fluorescence in situ hybrid‐
ization (FISH) (Signoretti et al., 1999). The diagnostic 
accuracy of early in situ AM increased with the FISH 
assay because it detects various amplificated genes such 
as aurora kinase A (AURKA), Ras-responsive element-
binding protein 1 (RREB1), telomerase reverse tran‐
scriptase gene (TERT), chromosome 6 centromere 
(CEP6), and v-myb avian myeloblastosis viral onco‐
gene homolog (MYB), which are found in early 
in situ AM at a high percentage compared with other 
melanomas (Diaz et al., 2014; Su et al., 2017; Ogata 

et al., 2018). In addition, when the acral lesion has a 
PRP pattern but without histological findings, then the 
application of the FISH assay assists with early AM 
diagnosis (Diaz et al., 2014; Ogata et al., 2018). Ac‐
cording to genomic studies, AMs and mucosal mela‐
noma have a significantly lower mutation burden con‐
trolled by wider structural variants compared with 
CMs (Tod et al., 2020; Yang et al., 2023). BRAF, 
NRAS, neurofibromin 1 gene (NF1), and KIT proto-
oncogene mutations distinguish AMs from other mel‐
anomas, as they are remarkably higher in AMs (de 
Lima Vazquez et al., 2016; Hayward et al., 2017; Rav‐
aioli et al., 2019).

3.5  Radiological imaging

The identification of AM using non-invasive im‐
aging techniques could be essential for providing fur‐
ther detail for the purpose of AM diagnosis and surgi‐
cal planning, as well as for minimizing the diagnostic 
challenge associated with the classic diagnostic criter‑
ia. The diagnostic effectiveness of MRI was reported 
in a study by Kong et al. (2020), in which a presurgi‐
cal MRI of a small lesion on the right heel showed an 
abnormal mass with internal hyperintensity on T1-
weighted imaging (T1WI) and hypointensity on T2-
weighted imaging (T2WI). The previous findings 
have mainly been related to melanoma lesions. On the 
other hand, non-melanoma lesions appear with a hy‐
pointense nodule on T1WI and a hyperintense nodule 
on T2WI (Kong et al., 2020).

Fig. 1  Diagnosis and management of acral melanoma (AM) based on dermoscopic features. PRP: parallel ridge pattern; 
PFP: parallel furrow pattern; LLP: lattice-like pattern; RFP: regular fibrillar pattern. Reprinted from Han et al. (2020) 
licensed under a Creative Commons Attribution 4.0 International License, with some modifications.
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The pre-operative CT and positron emission to‐
mography (PET)/CT efficacy in AM patients has been 
evaluated to detect nodal or distant metastasis. Pre-
operative CT and PET/CT in patients without palp‑
able adenopathy (lymphadenopathy) have limited de‐
tection efficacy due to low metastasis rate and low 
staging accuracy; thus, they are not appropriate (Swet‐
ter et al., 2019; Garbe et al., 2020). Generally, radio‐
logical imaging has high false-positive results in the 
detection of nodal disease or distant metastases associ‐
ated with early AM. In contrast, AM patients with 
lymphadenopathy were detected with a high metasta‐
sis rate by the CT and PET/CT; therefore, it is neces‐
sary to perform pre-operative CT or PET/CT to deter‐
mine a better treatment strategy and assess the meta‐
static lesion (Ide et al., 2021).

3.6  Non-invasive imaging methods

There are several non-invasive imaging methods 
that are commonly used to diagnose and monitor AM. 
Digital dermatoscopy uses a specialized camera to cap‐
ture high-resolution images of the skin. Digital derma‐
toscopy can be used to identify the early signs of AM, 
such as pigmented lesions, and can also be used to 
monitor the progress of the disease (Kraus and Haens‐
sle, 2013; Cabrera and Recule, 2018). Reflectance con‐
focal microscopy (RCM) uses laser technology to pro‐
duce high-resolution images of the skin’s surface and 
subsurface structures. RCM can be used to diagnose 
AM by identifying the characteristic patterns of pig‐
mentation and architecture that are associated with the 
disease (Cinotti et al., 2016). Optical coherence to‐
mography (OCT) applies light waves to produce high-
resolution images of the skin’s surface and subsurface 
structures. OCT can be used to diagnose AM by iden‐
tifying the characteristic patterns of pigmentation and 
architecture that are associated with the disease (Rajabi-
Estarabadi et al., 2019). Ultrasound imaging uses 
high-frequency sound waves to produce images of the 
skin’s surface and subsurface structures. Ultrasound 
imaging can be used to diagnose AM by identifying 
characteristic patterns of pigmentation and architec‐
ture, as well as to monitor the progress of the disease 
(Kwon et al., 2019).

3.7  Blood tests

Blood tests are capable of indicating the nature 
of the AM, especially for late-stage AM. Lactate 

dehydrogenase (LDH) is a converting enzyme that is 
present in most cells. High blood LDH level refers to 
tissue damage and the advanced cancer stage. When 
the AM patient has a high level of LDH, this means 
that AM has metastasized or spread to the surround‐
ing organs (Palmer et al., 2011).

4 Treatment/management methods of acral 
melanoma 

4.1  Surgical method

Primary AM treatment typically involves broad 
local excision, similar to other types of melanoma. In 
the past, aggressive melanoma was treated with sub‐
stantial local excision using 3–5 cm horizontal bound‐
aries. However, numerous studies have shown that 
narrow-margin and broad-margin excisions result in no 
discernible differences in survival rate or prognosis. 
For 1–4 mm thick melanomas, previous studies found 
no statistically significant difference between 2 and 
4 cm margins (Khayat et al., 2003; Felton et al., 2016).

A randomized study conducted by Khayat et al. 
(2003) found no significant differences in 10-year 
survival rates or recurrence when investigating mela‐
noma with a thickness of ≤2 mm in relation to 2–5 cm 
margins. However, Kunishige et al. (2012) revealed 
that 5 mm margins for in situ melanoma excision were 
insufficient, eliminating only around 86% of the lesion, 
and suggested standard excision margins of approxi‐
mately 9 mm. Therefore, 5–10 mm margins are cur‐
rently recommended for in situ melanoma (Bichakjian 
et al., 2011). After surgical removal, various methods 
are considered for restoring the functional and aes‐
thetic features, such as primary closure, grafting of 
the skin, subsequent intended repair, and local and 
free flaps (Nakamura and Fujisawa, 2018). If primary 
closure is not possible, full-thickness skin grafting is 
often employed for restoration and negative pressure 
closure (NPC) is performed for skin graft stabilization 
(Llanos et al., 2006; Oh et al., 2013).

Following extensive excision of heel AM, local 
flaps such as a distally-based sural flap and a medial 
plantar flap can provide excellent aesthetic and func‐
tional outcomes. However, these flaps may negatively 
impact lymphatic circulation to localized lymph nodes, 
potentially increasing the risk of tumor growth (Naka‐
mura et al., 2018).
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Micrographic surgery, also known as Mohs sur‐
gery, is a specialized surgical procedure used to treat 
specific types of skin cancer, including AM. Com‐
pared to traditional surgical techniques, Mohs surgery 
offers several advantages, such as precise removal of 
cancerous tissue layer by layer while minimizing the 
removal of healthy tissue, resulting in higher cure 
rates, better cosmetic outcomes, and potentially re‐
duced need for additional treatments such as radiation 
therapy or chemotherapy. However, Mohs surgery is a 
complex and time-consuming procedure that requires 
specialized training and equipment, and not all cases 
of AM are suitable for this surgery. It is crucial to 
work with an experienced healthcare team to ensure 
the best possible outcome and explore alternative 
treatments if needed (Loosemore et al., 2013; Seo et al., 
2021).

4.2  Molecular targeted therapies

Most treatments for metastatic melanoma are 
currently designed to target transcription factors asso‐
ciated with specific driver mutations (BRAF, NRAS, 
phosphatase and tensin homolog (PTEN)) or to en‐
hance the immune system response of tumors. How‐
ever, the available treatment options have mainly 
been developed and tested on patients with superficial 
spreading melanoma/nodular melanoma (SSM/NM) 
(Dobson et al., 2014; Miller et al., 2014). Although 
there are genetic and multifactorial differences between 
AM and SSM/NM, it is difficult to generalize outcomes 
from current medical studies of melanoma therapies 
such as vemurafenib and ipilimumab. Nonetheless, 
novel medications are being developed and used to 
treat advanced AM, including targeting KIT (often 
mutated in AM) as a therapeutic strategy. Although 
imatinib or sunitinib has been utilized to treat ad‐
vanced AM, their effectiveness in this group is 
still being studied (Zebary et al., 2013; Miller et al., 
2014).

Malignant melanoma often exhibits prevalent 
mutations, such as the BRAF gene mutation, a serine-
threonine kinase mutation occurring in 40% to 60% 
of patients (Manzano et al., 2016). This mutation ac‐
tivates the rapidly accelerated fibrosarcoma (Raf), ex‐
tracellular signal-regulated kinase (ERK), and mitogen-
activated protein kinase (MAPK) kinase (MEK) com‐
ponents of the MAPK pathway, leading to ERK phos‐
phorylation and cellular proliferation, which serves as 

a protective mechanism and plays a critical role in 
cancer biology. The majority of cases involve a valine 
substitution at the 600 codon (V600E), with lysine 
(V600K) or arginine (V600R) mutation occurring 
rarely. According to Chapman et al. (2017), a random‐
ized phase 3 study (BRIM-3) using the BRAF inhibi‐
tor vemurafenib demonstrated a significantly better re‐
sponse rate and increased progression-free survival 
(PFS) and OS in comparison to dacarbazine (DTIC) 
for patients with advanced BRAF mutant melanoma. 
Furthermore, the MEK inhibitor, which suppresses 
downstream BRAF, also extended the OS rate in these 
patients compared to DTIC (Flaherty et al., 2012). 
As MEK stimulation is a recognized drug resistance 
mechanism for BRAF suppression in BRAF mutant 
melanoma, clinical trials have combined BRAF and 
MEK inhibitors. The combination of trametinib (MEK 
inhibitor) and dabrafenib has been shown to have 
better efficacy and higher survival rates, and pro‐
longed PFS compared to dabrafenib monotherapy. 
Therefore, the combined treatment with BRAF and 
MEK inhibitors is now recommended for patients 
with advanced BRAF-mutant melanoma (Coit et al., 
2016a). The incidence of BRAF mutations in melanoma 
is known to be closely linked with significant solar 
exposure. However, such mutations are found to be 
relatively infrequent in AM in comparison to other 
types of melanoma (Zebary et al., 2013). Previous 
studies have reported BRAF mutation prevalence in 
AM to be around 15% to 20%, whereas it is much 
higher, ranging from 50% to 65%, in SSM (Curtin 
et al., 2005; Beadling et al., 2008; Greaves et al., 2013; 
Bastian, 2014; Kim et al., 2015; Yamazaki et al., 
2015). On the other hand, KIT mutations are found to 
be more prevalent in AM, ranging from 10% to 20%, 
as compared to other melanomas (Curtin et al., 2005; 
Omholt et al., 2011). Promising outcomes have been 
observed in several phase II studies involving KIT 
inhibitors in KIT-mutant melanoma cases (Woodman 
and Davies, 2010). Besides KIT, NRAS mutations 
have also been reported in AM, and recent clinical 
trials of the potent MEK inhibitor, MEK162, in pa‐
tients with NRAS-mutant melanoma have shown the 
modest efficacy (Lee et al., 2011; Ascierto et al., 2013). 
Consequently, given the low incidence of BRAF mu‐
tants in AM, a small group of AM patients may bene‐
fit from innovative drugs targeting these molecules in 
the future.
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4.3 Immunological treatment

Immunological treatment, also known as immuno‐
therapy, has emerged as a promising approach to 
treating AM. By enhancing the body’s immune re‐
sponse, this therapy targets cancer cells, leading to 
better outcomes for patients. With continued research, 
immunotherapy may become a standard treatment op‐
tion for AM. Moreover, programmed cell death-1 (PD-1) 
is an immunoglobulin superfamily protein mainly 
expressed on the T lymphocytes’ surfaces, with the 
capability to attach to programmed cell death-ligand 1 
(PD-L1) and PD-L2 and significantly suppress cluster 
of differentiation 28 (CD28) co-stimulation and T-cell 
receptor (TCR) signaling (Sharpe et al., 2007; Arasanz 
et al., 2017). Cytotoxic T-lymphocyte antigen-4 (CT‐
LA-4) is generally expressed on both types of T 
cells (conventional and regulatory). It could interact 
with CD28 for B7 and block the signaling of TCRs 
(Linsley et al., 1996). Thus, PD-1 and CTLA-4 are 
essential determinants for inhibiting T-cell stimulation. 
The most recent discovery of immune checkpoint 
drugs that target such molecules has substantially im‐
proved metastatic melanoma treatment. The survival 
rate of metastatic melanoma patients has increased 
due to anti-CTLA-4 and anti-PD-1 therapies (Robert 
et al., 2011, 2015; Hamid et al., 2017). Coit et al. 
(2016b) recommended ICIs as the first-line treatment 
for BRAF metaststic melanoma. On the other hand, 
Kaunitz et al. (2017) observed that AM is less respon‐
sive to ICIs than SSM or lentigo malignant melanoma 
(LMM). Furthermore, Nakamura and Fujisawa (2018) 
discovered that the highest performance response 
rates for individuals with SSM and AM achieved by 
anti-PD-1 antibodies were 80% and 25%, respectively. 
In addition, the response of TILs to immunotherapies 
was significant. The number of TILs in AM was re‐
duced markedly compared with that in non-AM pa‐
tients (Castaneda et al., 2017). Hence, further investi‐
gation is needed to improve AM response to immune 
checkpoint-blocked treatment through the combin‑
ations of ICIs and other immunostimulants.

Fan et al. (2015) showed that topical imiquimod 
is the potential for LMM treatment with positive sur‐
gical margins. Several studies have established the ef‐
ficacy of imiquimod in different AM categories (non-
subungual and subungual); however, the imiquimod-
induced inflammatory response appears to be consid‐
erably challenging in causing an ulcerated acral lesion 

due to the dense corneum and epidermal layers, which 
inhibits component absorption (Savarese et al., 2015; 
Ocampo-Garza et al., 2017). Thus, imiquimod may be 
a potential therapy option for individuals unable to un‐
dergo surgery due to patient desire, comorbidities, or 
functional impairment.

Furthermore, type I interferons (IFNs) exhibit di‐
verse biological functions, including antiangiogenic, 
immunoregulatory, antiproliferative, differentiation-
inducing, and antiapoptotic activities (Kirkwood et al., 
2002). Regarding immunoregulation, the dendritic cell 
reactivity to tumor antigens may improve with type I 
IFNs, which can also increase cross-linking antigens; 
therefore, an antitumor immunity enhancement occurs 
(Kirkwood et al., 2002; Wang et al., 2007). IFNs have 
been routinely utilized as adjuvant therapy for individ‐
uals whose primary tumor has been removed. Prior 
randomized controlled studies showed the effective‐
ness of IFN doses (at high-dose or pegylated) as adju‐
vant treatment (Rafique et al., 2015), but unfortunately, 
the advantage of IFN adjuvant therapy was slight. 
Recently, Long et al. (2017a) and Eggermont et al. 
(2018) reported that, when IFNs were used as adju‐
vant therapy, the BRAF and ICIs greatly extended the 
survival rate; therefore, studies of IFN coupled with 
anti-CTLA-4 or anti-PD-1 antibodies for the treat‐
ment of metastatic melanoma are ongoing (Rafique 
et al., 2015).

4.4 Radiation therapy

Radiotherapy is not the primary treatment for 
melanocytes due to low radio-sensitivity. However, it 
may be used for adjuvant therapy, palliation, and re‐
curring cases (Seegenschmiedt et al., 1999). SLNs, 
which drain from the initial tumor, are crucial in deter‐
mining prognosis. Thus, SLNB is recommended for 
intermediate-thickness melanoma patients (Coit et al., 
2019). SLNB is recommended by the National Com‐
prehensive Cancer Network (Coit et al., 2019) for 
first melanomas with an AJCC stage of T1b or above. 
Because of the high probability of loco-regional recur‐
rence, SLNB may be particularly significant for AM. 
Swetter et al. (2021) recommend supplementing SLNB 
with ultrasound monitoring of the node pelvis, rather 
than extensive lymph node dissection, for cases with 
a higher risk of progression.

Moreover, no increase in melanoma-specific sur‐
vival was observed in two separate trials comparing 
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the benefits of complete lymph node dissection 
following positive SLNB assessment against clinical 
evaluation with nodal ultrasound surveillance. Mul‐
tiple studies have shown that AM patients with positive 
SLNs had shorter OS and disease-free survival (DFS) 
(Ito et al., 2015). Recently, Marek et al. (2016) found 
that, in superficial melanoma, AM had the greatest 
prevalence of positive SLNs amongst all histologic 
categories and was an independent predictor of the 
positivity of SLN. Nowadays, the use of elective lymph 
node dissection (ELND) has suggested that an SLNB 
reveals metastatic disease (Coit et al., 2016a). Con‐
versely, Faries et al. (2017) conducted a randomized 
study (the second Multicenter Selective Lymphade‐
nectomy Trial (MSLT-II)) that compared positive SLN 
patients with versus without rapid ELND, indicating 
that quick ELND did not increase disease-specific 
survival. Moreover, Nakamura et al. (2018) indicated 
that ELND might enhance tumor development via 
a deficient adaptive immune response. Hence, in the 
coming years, the existing recommendation for im‐
mediate ELND following a positive SLNB may be 
modified.

4.5 Chemotherapy

Chemotherapies have been utilized to fight can‐
cer due to their cytotoxic activity on tumor cells. For 
decades, chemotherapy with DTIC has been regarded 
as the mainstay treatment for individuals with malig‐
nant melanoma (Nakamura and Fujisawa, 2018). Never‐
theless, it is recognized that responses to DTIC are 
minimal, and prior trials have not shown a survival 
advantage with DTIC. However, current research has 
demonstrated that several chemotherapy medica‐
tions have immunosuppressive properties. According 
to Hervieu et al. (2013), DTIC had no immediate 
effect on immune cells and it eventually caused the 
overexpression of natural killer group 2 member D 
(NKG2D) ligands on cancerous cells, which resulted 
in natural killer (NK) upregulation and IFN release in 
mice and humans. NK cell-derived IFN then promoted 
the expression of the main histocompatibility com‐
plex class I molecules on malignant cells, making them 
vulnerable to cytotoxic CD8+ T lymphocytes. Further‐
more, until 2011, chemotherapy with DTIC was re‐
garded as the standard therapy for individuals with 
inoperable or malignant melanoma (Manzano et al., 
2016).

Over the past decade, the management of stage 
IV melanoma has seen significant advancements with 
the introduction of immunotherapy and targeted therapy. 
Prior to this, phase III trials using chemotherapy 
achieved objective response rates (ORRs) ranging 
from 5% to 15% but did not have a noticeable impact 
on OS, resulting in an average OS of 8–10 months 
with approved therapies (Flaherty et al., 2012; Haus‐
child et al., 2012; Manzano et al., 2016). A study by 
Häfliger et al. (2018) demonstrated that primary chemo‐
therapy for stage IV AM had an ORR of 44%, 
which was higher than the previously reported results 
for CM, yet the OS remained within the literature 
limits (8–9 months) (Flaherty et al., 2012; Hauschild 
et al., 2012; Long et al., 2017b). The use of ICIs, such 
as ipilimumab, in combination with DTIC, has shown 
improved OS in phase III randomized trials (Coit 
et al., 2016a; Lee et al., 2016; Russo et al., 2017). 
This is achieved by increasing anti-cancer T-cell 
immunity through the suppression of cytotoxic T-
lymphocyte-associated antigen 4, enhancing the im‐
munostimulatory properties towards melanoma. In add‑
ition to having a superior ORR compared to chemo‐
therapy, immunotherapy and targeted therapy have 
revolutionized the management of metastatic melanoma.

4.6 Oncolytic virotherapy

Oncolytic virotherapy is a virus-related therapy, 
in which a genetically modified virus is injected into 
the tumor. It is part of intralesional immune therapies 
that include proinflammatory cytokines, innate immune 
agonists, and vaccines, providing an alternative treat‐
ment for metastasized cancers, especially inoperable 
or malignant melanoma, where traditional treatment 
methods, such as surgical resection, chemotherapy, and 
immune checkpoint therapy, have unsatisfactory out‐
comes with high recurrence rates (Beasley et al., 
2009; Perone et al., 2018) (Fig. 2). The selective repli‐
cation of the oncolytic viruses within the cancer cells 
and the ability to enhance anticancer immunity in the 
body, along with high cytotoxicity, enable them to in‐
duce apoptosis and destroy the tumor cells (Ito et al., 
2006). The association between viruses and cancer 
treatment has been investigated since the early 20th 
century, when many clinical experiments were per‐
formed to test the effectiveness of different viruses, in‐
cluding the herpes simplex virus, reovirus, adeno‐
virus, and vaccinia, as anticancer agents (Kuruppu and 
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Tanabe, 2005; Alemany, 2013). The anticancer effects 
of viruses were reported in cervical cancer, Hodgkin’s 
lymphoma, and Burkitt’s lymphoma after the patients 
had a viral infection or immunization (Kuruppu and 
Tanabe, 2005). In 2004, the enteric cytopathic human 
orphan virus type 7 (ECHO-7) was the first oncolytic 
virus approved in Latvia and was used to treat skin 
melanoma (Lichty et al., 2014; Doniņa et al., 2015), 
but in 2019 the state agency of medicine in Latvia 
withdrew it and suspended its registration (De Facto 
and Eng.LSM.lv, 2019). Since then, many other viruses 
have been genetically modified to target specific can‐
cer cells. The China’s State Food and Drug Adminis‐
tration (SFDA) New Drug Application (NDA) ap‐
proved a modified adenovirus called H101 (Oncorine) 
in 2005 for head-and-neck cancer treatment (Frew 
et al., 2008). Ten years later, the US and the European 
Union approved the first oncolytic virus known as tal‐
imogene laherparepvec (T-VEC), which was a genetic 
modification of the herpes virus involving genetic de‐
letion of infected cell protein 34.5 (ICP34.5) and ICP47, 
a neurovirulence gene and antigen presentation in‐
hibiter, respectively (Pol et al., 2016), and the addition 
of the Granulocyte-macrophage colony-stimulating 
factor (GMCSF) gene for antitumor immune response 
(Kaufman et al., 2015). T-VEC is used to treat inoper‐
able melanoma by being injected directly into the le‐
sion to produce an anticancer immune response and 

invade the cancer cells, and then start replicating; as 
a result, the cancer cells will be swollen and burst 
(Fukuhara et al., 2016). Another clinical trial inves‐
tigated the efficacy of T-VEC in 50 patients with 
unresectable metastatic melanoma. It found that the 
virus increased survival rate and had systemic efficacy 
and robustness (Senzer et al., 2009). Furthermore, 
Andtbacka et al. (2015)’s clinical trial was the main 
reason for the approval of T-VEC for treating inoper‐
able stages III and IV melanoma, where the durable 
response rate and overall response rate of T-VEC were 
greater than those of GM-CSF. T-VEC efficacy is higher 
when it is combined with systemic therapy, such as 
ipilimumab or pembrolizumab, in treating advanced 
melanoma (Ribas et al., 2017; Chesney et al., 2018). 
There are many other oncolytic viruses under investi‐
gation for providing better treatment for advanced 
melanoma. Some of these viruses are ONCOS-102 
(modified adenovirus), coxsackievirus A21, polio‐
virus (PVSRIPO), and vesicular stomatitis virus (VSV) 
(Koski et al., 2010; Wollmann et al., 2013; Kaufman 
et al., 2015; Farrow et al., 2020). In the future, onco‐
lytic virotherapy will contribute greatly to treating un‐
resectable AM or other lesions due to extensive animal 
and clinical research.

5 Modern development of acral melanoma 
research 

Recent studies have been attempting to find the 
most suitable treatment methods for AM; some of 
these studies will be discussed in this section. Bian 
et al. (2021) described a study on a significant multi-
institutional cohort of 4796 AM patients during 2004–
2015 using NCDB to define the demographic and thera‑
peutic aspects of AM. The findings showed that AM 
patients had a lower 5-year survival rate when cat‐
egorized by phases than non-AM patients, especially 
for stage III patients (47.5% vs. 56.7%, P<0.001). 
Older age, male sex, comorbidity load, positive lymph 
nodes, higher tumor thickness, ulceration, and posi‐
tive metastasis were all independently related to a lower 
rate of 5-year survival in AM patients. Furthermore, 
stage III AM patients were found to have a higher sur‐
vival rate under a multimodal treatment (surgery along 
with radiation and/or systemic therapies) in contrast with 
lower stages. The aforementioned findings highlight 

Fig. 2  Oncolytic virotherapy mechanism in treating 
advanced malignant melanoma. Reprinted from Robinson 
et al. (2022) licensed under a Creative Commons Attribution 
4.0 International License, with some modifications.
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the need for further research into the potential of 
therapy intensification in the AM patient population. 
Yang et al. (2011) tested the therapeutic efficacy of 
various therapies for malignant melanoma of the fin‐
ger. The most common therapies were surgery, chemo‐
therapy (one pre-operative chemotherapy cycle and 
four to six postoperative chemotherapy cycles), and 
immunotherapy (using IFNα2b and four cases had 
interleukin-2 (IL-2)). They concluded that the most ef‐
fective treatment was a combination of surgery, chemo‐
therapy, and immunotherapy, and that the survival 
rates for 1- , 3- , and 5-year follow-ups were 86.4%, 
42.1%, and 31.0%, respectively. Moreover, Kwon et al. 
(2019) aimed to identify the most prevalent pri‐
mary metastatic location of AM and the use of pre-
operative ultrasonography for SLN mapping. The ex‐
periments were carried out on 98 Korean AM cases. 
The results showed that the most prevalent site of ori‐
gin was the sole (33.7%) and loco-regional recurrence 
was the most frequent site of primary metastasis (64.7%). 
Moreover, pre-operative SLN ultrasonography’s sensi‐
tivity, specificity, and prediction values (negative and 
positive) were 29.1%, 94.6%, 63.0%, and 80.0%, 
respectively. The limited sensitivity of pre-operative 
ultrasound observations of SLN underscores the neces‐
sity of pathological confirmation of SLN in AM pa‐
tients, especially at earlier stages of the disease (Sanki 
et al., 2009). Therefore, the authors hypothesized that 
pre-operative ultrasound for SLN mapping in AM is 
ineffective.

It has been indicated that the Wnt/β-catenin sig‐
nalling pathway plays a central role in melanoma de‐
velopment (Espada et al., 2009). The essential com‐
ponents of the Wnt signalling system are β-catenin and 
lymphoid enhancer-binding factor-1 (LEF-1) (Takahashi 
et al., 2008). Under physiological settings, β-catenin 
gene mutations and other molecular alterations 
improve the cytoplasmic stabilization of β-catenin 
(Friedlander and Hodi, 2010; Gartner et al., 2012). 
According to earlier research, heparanase-1 (HPA-1) 
is also a risk factor for the emergence of skin cancer 
(Liu et al., 2012). In addition, HPA-1 is implicated in 
the dissemination and invasion of cancer cells and is 
increased in metastatic tumors (Orgaz and Sanz-Moreno, 
2013). Also, 14.5% and 16.0% of the AMs were 
evaluated for NRAS and BRAF mutations, respectively. 
Consequently, Xu et al. (2015) examined AM cases 
without mutant variants of BRAF and NRAS and 

analyzed the expression of LEF-1, β-catenin, and HPA-1 
in peritumoral tissue, pigmented nevus, and malignant 
melanoma, as well as their roles in the prognosis. The 
results reflected that AM patients had positive ex‐
pression of LEF-1, β-catenin, and HPA-1, with corre‐
sponding percentages of 62%, 72%, and 64%, respect‑
ively. Moreover, LEF-1, β-catenin, and HPA-1 expres‐
sion levels were not associated with age, gender, or 
diseased body parts (P>0.05) but were strongly cor‑
related with tumor node metastasis (TNM) phase and 
metastasis. In patients with harmful mutations in BRAF 
exons 11 and 15 and NRAS exons 1 and 2, the ex‐
pression of LEF-1, β-catenin, and HPA-1 was evalu‐
ated and compared between malignant melanoma, 
benign nevus, and peritumoral tissues, and the re‐
sults identified LEF-1, β-catenin, and HPA-1 as po‐
tential therapies for metastatic AM.

The recent progress in immune checkpoint regu‐
lation and exceptional clinical activity in AM opens 
the way to new combinations that may bypass the 
tolerogenic tumor mechanisms that are recognized to 
limit the powerful antitumor effect of IFN-α. Rafique 
et al. (2015) reported that IFN has considerable immuno‑
modulatory and anticancer clinical efficacy, con‐
tributing to its antiproliferative properties in metastatic 
melanoma and its complementary effectiveness in 
more than 20 studies of phase III. Despite the poten‐
tial anticancer benefits of immunotherapy treatment, 
metastatic cancer has been found to induce immuno‐
logical suppression, thereby reducing the efficacy of 
this treatment approach. However, it has become more 
feasible to overcome tumor-induced immune suppres‐
sion in metastatic cancers through techniques that util‑
ize the immunomodulatory and therapeutic potential 
benefits of IFN. In the case of malignant lesions such 
as AM, modifying the consequences of immune check‐
points may allow therapeutic antibodies to control or 
destroy malignancies by reducing the restrictions that 
inhibit the response to novel antigens. These approaches 
have the potential to improve the effectiveness of ad‐
juvant therapy in patients with significant tumor loads. 
Antibodies that interrupt suppressive mechanisms, in‐
cluding those recognized for clinical use as an anti‐
cancer drug that targeted PD-1, CTLA-4, and PD-L1, 
are appropriate partners to the cytokine/IFN response 
system, to form different effects such as synergistic or 
complementary effects. In addition, specific checkpoint-
blocking antibodies showed a significant effect in 
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treating various types of malignancies, as a mono‐
therapy or combined with other immunotherapeutic 
agents. Furthermore, the combination of anti-CTLA-4 
immunotherapy with high-dose IFN and tremelimumab 
has exhibited long-lasting anticancer activity that is at‐
tracting interest concerning experimental studies of inter‑
national cooperating associations. Another area of 
focus is the evaluation of the effectiveness of combin‐
ing ipilimumab or pembrolizumab with IFN for treat‐
ing metastatic melanoma.

6 Conclusions 

Clinical information, including dermoscopic find‐
ings, histological examination, radiological imaging, 
biomarkers, and blood tests, is important for diagnos‐
ing AM and determining the most accurate treatment 
method. Many algorithms have been established for 
diagnosing AM, which have considered PRP the unique 
dermoscopic pattern of AM and the first step that the 
physician should be aware of. Although surgical inter‐
vention is the first line of treatment, other advanced 
methods are available such as targeted molecular ther‐
apies and ICIs; these are the first line of treatment for 
BRAF wild-type metastatic melanoma.
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