
Abstract. Background/Aim: Acral lentiginous melanoma
(ALM) is a rare entity on the foot. This study aimed to reveal
its clinical presentations, histopathology and treatment options.
Materials and Methods: Seven cases of ALM involving foot
were treated in our Institute in a 3-year period. Results: The
patients’ age ranged from 38 to 84 years, with a mean of 65.
The ratios of males to females and white to non-white were 4:3
and 5:2, respectively. Clinically, ALM presented as asymmetric,
irregular shaped, black-brown, variegatedly discolored,
papular, verrucoid, ulcerated or nodular lesions with or
without pain. All ALMs were treated with either wide local
excision (WLE) or toe amputation. Histologically, ALM was
characterized by multiple single and nested atypical
melanocytes growing along the dermal-epidermal junction, and
extending into dermal layer in nodular growth pattern.
Conclusion: ALM is a rare, asymmetric, irregularly bordered,
variegatedly pigmented lesion. WLE or toe amputation is the
standard treatment option. 

Diagnosis of cutaneous malignant melanoma (CMM) has
increased dramatically in the last several decades.
Epidemiological analysis revealed that the incidence of
CMM increased from 6.8 per 100,000 persons in 1973 to
20.8 per 100,000 persons in 2005 in the United States (1).
Similar trends have been reported in other parts of the world
(2). CMM has been histologically classified as four subtypes:
Superficial spreading melanoma, occurring most often on the
trunk, accounting for 70% of cases; Nodular melanoma, with

a vertical growth pattern, accounting for 15%; Lentigo
malignant melanoma, occurring most often on the face,
accounting for 13%; and acral lentiginous melanoma (ALM)
(3-5). ALM has been described as pigmented lesions on the
distal region of the body, including the palms of the hands,
soles of the feet and the nail subungual regions, and
histologically characterized by a diffuse proliferation of large
atypical melanocytes along the epidermal-dermal junction
grown in a lentiginous (radial) pattern, with marked
acanthosis and elongation of the rete ridges (4). ALM
accounts for about 2-3% of all melanomas (1, 5). It has been
reported that the age-adjusted incidence rate of ALM was 1.8
per million person-years (6). ALM is therefore a rare subtype
of CMM. Due to its rarity, we present 7 cases of ALM
involving foot and ankle with the aim to characterize its
clinical presentations, histopathology, differential diagnosis
and treatment options. 

Patients and Methods

Seven cases of ALM on the foot and ankle diagnosed between Sept
1st, 2015 and August 30th, 2018 were retrieved from the database
of Foot and Ankle Specialists of Mid-Atlantic, LLC (Xingpei Hao,
XPH). All treatment and prognostic data were provided by the
referring individual patient care physician. All patients’ HE and
immunostained slides were evaluated again with confirmation of the
original diagnoses (XPH). Tumor thickness was measured by the
Breslow techniques (7) and the stage was defined according to the
American Joint Committee on Cancer (AJCC) staging system (8, 9).

Results

Clinicopathological characteristics of ALM on the foot. As
shown in Table I, seven cases of ALM on the foot including
four males and three females were diagnosed in a three-year
period. Five patients were white, one patient was Hispanic
and one was African-American. The patients’ age ranged
from 38 to 84 years, with a mean and median age being 65
and 68, respectively. Two tumors occurred on the soles, two
on the dorsal skin of the 3rd toe, two on the tips of the hallux
extending into nail beds, and one on the heel. Five tumors
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were located on the left side and two on the right side. The
size of the tumors ranged from 0.4 to 2.5 cm, with a mean
and median size being 1.33 and 1.5 cm, respectively. Four
patients complained of pain. The onset of the pain was
gradual, and the pain was aggravated by footwear and
walking but was not alleviated by any treatment. The
duration of symptoms from onset to evaluation ranged from
one to 24 months with the mean and median were 5 and 2
months, respectively. Clinically, two ALMs on the plantar
surface presented as irregular shaped, black-brown, unevenly
discolored, thick hyperkeratotic verrucoid or flat lesions
(Figure 1A, B). Two cases showed uneven black colored,
asymmetric nodule or papule at the distal tips of hallux
extending into matrix underneath the nail (Figure 1C, D).
Another two patients exhibited discolored ulcerations on the
heel or dorsal surface of the toe (Figure 1E). Three patients
had noticeable medical histories of tumors, one with right
breast cancer treated with modified radical mastectomy, one
with Non-Hodgkin’s lymphoma treated with CHOP therapy
and one with appendiceal tumor treated with appendectomy.
Two patients had long term histories of diabetes mellitus.
The 38-year old female had significant family cancer
histories including the mother with breast cancer, both
maternal and paternal uncles and one cousin with
melanomas. All patients were treated with surgical excision.
Two ALMs on the plantar surface, one on the heel and one
on the 3rd toe were treated with wide local excision with
safe margins free of tumors and sentinel lymph node
biopsies, while three ALMs on the toes were treated with
amputation of the toes. The 84-year female treated with
hallux amputation died from cancer metastasis at follow-up
of 16 months. All other patients were alive, without
significant symptoms at follow-up from 12 to 48 months. 
Histopathologically, five of 7 ALMs showed characteristics

of multiple single and nested melanocytes with atypical size
and shape arranged in a lentiginous growth pattern, which
extended along the dermal-epidermal junction (Figure 2A).
Multiple pagetoid single and nested dysplastic melanocytes
were observed within all levels of the epidermis and dermis
with irregularly distributed melanin, accompanied with
epidermal hyperplasia with elongation of rete ridges,
acanthosis and infiltrated lymphocytes (Figure 2A).
Dysplastic melanocytes in nodular pattern grew at the
papillary dermis and vertically down into the deeper level in
the dermis (Figure 2B and C). Two of the seven ALMs were
malignant melanomas in situ featured with multiple single
and small clustered dysplastic melanocytes proliferating along
the dermal-epidermal junction (Figure 2D, E and F).
Immunostaining revealed that the malignant melanocytes
were positive for MART-1 (Figure 2G), HMB-45 (Figure
2H), S-100 (Figure 2I), and focally positive for PHH3, but
negative for cytokeratin AE1/AE3 (Figure 2J). The Breslow
thickness available from 5 patients ranged from 1.48-3.7 mm,

with a mean thickness of 2.4 mm. The Breslow thickness of
the two ALMs in situ was not measured. 

Discussion

We report seven cases of ALM on the foot and ankle with
their clinical manifestation, histopathology and treatment. In
our small series, the patients’ age ranged from 38 to 84
years, with a mean of 65. This is comparable with reported
means of 62.7 (7) and 62.8 (6), and 63 (10). These data
suggest that ALM occurs predominantly in populations older
than 60. The 38-year old white female patient had a strong
family history of cancers where her mother had breast cancer
and both her maternal and paternal uncles as well as one
cousin had melanomas, suggesting that patients with a strong
family history of multiple cancers may develop ALM
younger than the general population. 
Clinically, ALM can be located anywhere on the foot,

including plantar surface, tips and dorsal surface of the toes,
and heel. Most of the ALM present as an asymmetric,
irregularly bordered, black-brown, unevenly discolored, thick
hyperkeratotic verrucoid or flat papule or nodule, with or
without pain, larger than 0.5 cm. Ulceration can be noticed
on the surface of the lesions. 
Three of seven patients had a previous history of cancers

before diagnosis of ALM: one had breast cancer, one Non-
Hodgkin’s lymphoma and one appendiceal tumor. Wolff et
al. have shown that 61 out of 554 patients with melanomas
(11%) had second malignancies, with basal cell carcinomas
being the most frequent tumor, followed by skin,
gastrointestinal tract, genital, brain and lung cancer (11). Bae
et al. have analyzed 432 melanomas and noticed 51 with
secondary cancers (11.3%); the most frequent secondary
cancer was gastrointestinal cancer, followed by thyroid, lung,
and breast (12). Patients with acral melanomas had a higher
chance to have a secondary cancer compared with those with
non-acral melanomas (12.8% vs. 9.6%) (12). 
The standard treatment of patients with ALM involving

foot is wide local excision (WLE) with safe margins free of
tumor or toe amputation and sentinel lymph node (SLN)
biopsy, depending on tumor location, size, depth of invasion
and SLN status. Complete lymphadenectomy should be
carried out when SLN biopsies are positive for lymphatic
metastasis (13). Treatments for late stage ALM with spread
to other organs include radiotherapy, cryotherapy and
immunotherapy when surgical interventions fail (14). All of
our patients were treated by either WLE for ALM on the
plantar surface and heel, or toe amputation for ALM on the
toes. The 38-year female with ALM on the surface of the 3rd
toe was treated with WLE and skin graft upon patient’s
request. 
Prognosis of ALM is determined by multiple factors,

including patient’s age, tumor location, size, Breslow
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Table I. Clinicopathological characteristics of patients with acral lentiginous melanoma on the foot and ankle.

Patients    Age     Gender       Race                        Clinical presentation                             Histology of ALM                 Treatment               Recurrence

1                68           F           White           A painful, thick, black, verrucoid,                Typical (Figure 2A)              WLE with 3                 None 
                                                                 hyperkeratotic lesion under the right         HMB-45+, MART1+, and       dissected SLNs         (48 months) 
                                                                      1st metatarsal head for 2 years               S100+, Fontana-Masson 
                                                                    (Figure 1A), 2 cm. Breast cancer               pigments+ Thickness: 
                                                                         with modified radical right                      1.67 mm 3 SLN (–)
                                                                                mastectomy at 44.                                       T2N0M0 
2                63          M        Hispanic               A painful, irregular shaped,                                Typical                              WLE                       None 
                                                                     dark, unevenly discolored, thick                         MART-1+,                                                      (12 months)
                                                               hyperkeratotic flat papule with central                     HMB-45+
                                                                 breakdown and dystrophy on the left              Thickness: 1.48 mm
                                                                plantar heel for 1 month (Figure 1B),                     T2bN0M0
                                                                     2.5 cm. Numbness, tingling and 
                                                                burning sensation in lower extremities. 
                                                                                Diabetes mellitus. 
3                77          M          White              A painful ulcer extending into                     Biopsy and WLE:            WLE with 2 cm              None
                                                                    subcutaneous fat layer on his left                           Typical                      margins with a          (48 months)
                                                                 posterior inferior heel for 2 months,               S-100+, HMB-45+.          posterior calf flap
                                                                      1.5×1×0.3 cm. Non-Hodgkin’s                           AE1/AE3–                     reconstruction and 
                                                                      lymphoma treated with CHOP                  Thickness: 3.57 mm.           skin graft from 
                                                                             therapy 10 years ago.                                  T3bN0M0                    the right thigh 
4                84           F         African-               A brown to black, gradually                     Typical with dermal        Amputation of the        Died from 
                                          American               raised, painful lesion with                   invasion (Figure 2 B, C)           right hallux                 cancer
                                                                        irregular border and middle                              HMB-45+                              with WLE             metastasis at 
                                                                        ulceration at the tip and top                              T2bN0M0                                                      follow-up of 
                                                                    one third nail bed of right toe for                 Thickness: 1.54 mm                                                16 months 
                                                                   1 month (Figure 1C), 1.5×1.0 cm. 
                                                                 Matrixectomy due to painful injury, 
                                                                       loose toenail and paronychia 
                                                                    6 months ago. Diabetes mellitus.
5                38           F          White            A discolored, gradually increased,                      ALM in situ                WLE with 5 mm             None 
                                                                    asymmetric, non-painful spot on                     (Figure 2D, 2E)                  margin and            (24 months) 
                                                                      left medial 3rd toe for several                            TISN0M0                         skin graft
                                                                 months. 0.4 cm. Mother with breast 
                                                                   cancer, both paternal and maternal 
                                                                 uncles and a cousin with melanoma. 
6                48          M          White       A black, painless, uneven, asymmetric,        ALM in situ (Figure 2F)          Amputation                  None 
                                                               gradually increased spot with irregular          MART-1+ (Figure 2G),             with WLE              (20 months) 
                                                                  border and mild serous drainage on            HMB-45+ (Figure 2H), 
                                                                 left lateral distal dorsal tip extending          S-100 (Figure 2I), focal 
                                                                  towards the nail matrix proximally                PHH3+, AE1/AE3–
                                                                    underneath the nail for 2 months                        (Figure 2J)
                                                                             (Figure 1D), 1×1 cm.                                   TISN0M0
7                78          M          White               A painless growth with central                          Biopsy and                  Toe amputation              None 
                                                                 ulceration, yellow thick moist tissue              amputation: Typical            with WLE and          (36 months) 
                                                               distally and mild erythema proximally             HMB-45+, S-100+,          2 SLNs dissection
                                                                 on the medial dorsal side of left 3rd              vimentin+, SOX10–, 
                                                                       toe for 3 months (Figure 1E),                           AE1/AE3–
                                                                   0.3×0.4 cm. An appendectomy for                    2 SLN (–) from 
                                                                   tumor. Family history with cancer.                        left groin 
                                                                                                                                             Thickness: 3.7 mm
                                                                                                                                                    T3bN0M0

Typical acral lentiginous melanoma (ALM): Multiple single and nested melanocytes with varied size and shape presented in dermal-epidermal
junction with irregularly distributed melanin; AE1/AE3, cytokeratin AE1/AE3; HMB, human melanoma black; MART: melanoma antigen recognized
by T cells; PHH3, phosphorylated histone H3; SLN, sentinel lymph node; SOX10, SRY-related HMG-box 10; WLE, wide local excision. 



thickness, and SLN involvement (15). SLN status is the most
important factor to predict recurrence and survival of ALM
patients (13, 15). It has been reported that the overall five- and
ten-year melanoma-specific survival rates of acral melanoma
were lower than that of cutaneous malignant melanoma
(80.3% vs. 91.3% and 67.5% vs. 87.5%, respectively) (6). The
84-year old African-American female with nodular growth on
the right hallux died from metastasis at follow-up of 16
months after toe amputation. This patient had a long history
of DM and was at a late stage when diagnosed. All other
patients had no recurrence at follow-up, from 12 to 48 months. 
Histologically flate or papular ALMs are characterized by

multiple dysplastic single and nested melanocytes growing
lentiginously along the dermal-epidermal junction. The
pagetoid single cell and nested cells can infiltrate up into any
level of the epidermis and down into dermis. Nodular ALM
is featured with atypical melanocytes growing in the
papillary dermis and vertically invading down to a deeper
level in the dermis. ALM in situ shows multiple single or
small clustered dysplastic melanocytes growing in the
epidermal layer along the dermal-epidermal junction.

Immunostaining for biomarkers of malignant melanocytes
displayed positive staining for MART-1, HMB-45, S-100,
and focal PHH3 but negative staining for cytokeratin
AE1/AE3, which are helpful for the diagnosis and
differential diagnosis.
ALM needs to be differentiated from other benign and

malignant conditions including chronic foot diabetic ulcer,
acral lentiginous nevus, pyogenic granuloma, paronychia,
hematoma, onychomycosis, ischemic necrosis, palmoplantar
wart, poroma, schwannoma, and squamous cell carcinoma.
Biopsies for histological evaluation with the assistance of
specific stains and biomarkers contribute to the final
diagnosis.  
The pathogenesis of ALM is still unclear. It is believed

that trauma may play a role during melanomagenesis.
Previous penetrative injury has been reported to be
associated with the development of ALM (16). However, this
association did not gain support from another report (17).
Interestingly, two recent studies have suggested that long-
term physical or mechanical stresses may be related to the
formation of melanoma on the plantar surface of foot in
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Figure 1. Clinical presentations of acral lentiginous melanoma. A. A thick, black, rough and verrucoid lesion on the plantar surface (patient 1); B.
An irregular shaped, dark, unevenly discolored papule with central breakdown and dystrophy on the plantar heel (patient 2); C. A brown to black,
raised nodule with irregular border and middle ulceration at the tip and distal one third nail bed of right big toe (patient 4); D. A black, uneven,
asymmetric papule with irregular border on lateral distal dorsal tip extending towards the nail matrix proximally underneath the left first toenail
(patient 6); E. A raised, ulcerated tissue with yellow thick moist tissue and mild erythema on the medial dorsal side of the 3rd toe (patient 7).



Korean (18) and Japanese populations (19). These data
suggested that constant pressure, stress, friction, maceration
and irritation to the sole may contribute to the
melanomagenesis on the sole. The 84-year African-American
female with diabetes mellitus had a history of bruising and
loose right big toenail with paronychia, and she was treated
with phenol and alcohol based matrixectomy and cephalexin
prior to her diagnosis of ALM six months ago. The patient
gradually recovered without events from infection until
discoloration and drainage at the tip of toe were noticed.
Punch biopsy confirmed the diagnosis of ALM. This case
suggests that trauma and infection may play a role in the
formation of melanoma in view of the consequential
development from infection to the melanoma.  
Genetic factors may also play a significant role in the

genesis of ALM. Our 38-year white female patient had a
strong family history of different kinds of cancers, including
a mother with breast cancer, both paternal and maternal
uncles and one cousin with melanomas, which indicates that
ALM may be related to genetic changes in this particular
family. Moreover, three of seven ALMs had previous
medical history of cancers. Mutations of BRAF, NRAS, KIT
and PTEN have been reported in ALM with a frequency

being 17%, 15%, 15% and 4%, respectively (20). Mutations
in BRAF, NRAS and KIT are involved in the activation of
mitogen-activated protein kinase (MAPK) and the
phosphatidylinositol-3 kinase (PI3K)/Akt pathways, leading
to the deregulated cellular proliferation, differentiation and
apoptosis, which may contribute to the development of ALM
(21). Since tumorigenesis results from dysfunctions of
multiple oncogenes and tumor suppressor genes, further
investigation is needed to reveal the genes involved in the
formation of ALM. 
The association between primary cutaneous melanoma and

melanocytic nevus has been reported with a frequency
between 4% and 72% (10, 22-24). A 15-year prospective
study involving 832 patients showed that 54.2% of primary
melanomas were associated with melanocytic nevi, and the
patients with multiple nevi had a higher frequency of nevus
associated melanomas (25). Multiple moles on the soles or
other parts of the body have been linked to the development
of ALM (16). Our 38-year white female patient had multiple
dark brown macules with ill-defined borders and asymmetric
pigment network under dermoscope on the central chest, left
5th metatarsal-phalangeal joint, right lateral heel, lower back
and right posterior thigh, as well as round to oval, regular to
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Figure 2. Histopathology of acral lentiginous melanoma. A. Multiple dysplastic single and nested melanocytes growing lentiginously along the
dermal-epidermal junction (patient 1) (HE, 100×1); B: Nodular acral lentiginous melanoma (ALM) featured with multiple atypical single
melanocytes infiltrating all layers of epidermis and a cluster of dysplastic melanocytes proliferating at the papillary dermis (patient 4) (HE, 100×1);
C. Malignant melanocytes invading down into deep dermis (patient 4) (HE, 100×1); D and E. ALM in situ showing multiple single and small
clusters of dysplastic melanocytes growing in the epidermal layer along the dermal-epidermal junction (patient 5) (HE, D: 100xl, E: 400×1); F.
ALM in situ showing multiple pagetoid single and nested cells infiltrating up into all levels of the epidermis (patient 6) (HE, 100×1). Immunostaining
for biomarkers of malignant melanocytes being positive for MART-1 (Figure 2G, 100×1, the malignant melanocytes were positively stained with
Fast red), HMB-45 (Figure 2H, 100×1, the malignant melanocytes were positively stained with Fast red), S-100 (Figure 2I, 100×1, the malignant
melanocytes were positively stained with Fast red), but negative for keratin AE1/AE3 (Figure 2J, 100×1, the malignant melanocytes were negatively
stained with DAB whereas the keratinocytes were positively stained with DAB, which served as internal positive control) (patient 6).



slightly asymmetric, uniformly-pigmented brown macules
scattered on the face, neck, trunk, and extremities, suggesting
that ALM may arise from transformation from preexisting
proliferative neval cells in this patient. 
In conclusion, ALM on the foot is a rare entity of malignant

melanoma in older populations. It most often occurs on the
plantar surface and toes, and presents as asymmetric,
irregularly bordered, black to brown papule or raised nodule.
Wide local excision or amputation is the standard treatment
option. Patients with previous history of malignancies or family
history of melanoma or multiple asymmetric moles need to be
screened regularly for early diagnosis and treatment. 
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