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Abstract
Acral lentiginous melanoma (ALM) is a rare type of cutaneous melanoma with a poor prognosis. It is unclear whether the
poor outcome of ALM is due to its inherent disease characteristics or advanced stage at initial diagnosis. To address this
question, we retrospectively analyzed the clinicopathologic factors of 828 thin (T1; Breslow thickness ≤1.0 mm) melanomas
[129 (15.6%) ALMs and 699 (84.4%) non-ALMs] and their nodal and distance metastases and local recurrence rates and
determined their relationship with the disease-specific (DSS), overall (OS), and recurrence-free survivals (RFS) at the
pathologic stages T1, T1a, and T1b with a median follow-up time of 84.5 months. With the exception of OS at T1b stage,
ALM patients showed significantly lower 5- and 10-year DSS, OS, and RFS rates at every pathologic stage when compared
with non-ALM. In multivariable analysis, ALM histologic type, SLN positivity, age, and the use of systemic therapy were
detected as independent poor prognostic factors associated with significantly lower survival rates. ALM histologic type was
associated with lower DSS and OS rates at T1 and T1a stages and lower RFS rates at T1b stage. SLN positivity was
associated with lower DSS, OS, and RFS rates at T1, T1a, and T1b stages. Age was associated with lower OS rates at T1 and
T1b stages. Whereas the use of systemic therapy was associated with lower DSS rates at T1a stage and RFS rates at T1b
stage. In addition, the ALM group showed significantly older median age patients and higher rates of female sex, Hispanic
ethnicity, nevoid cytology, non-brisk tumor-infiltrating lymphocytes, nodal metastasis, and local recurrence at every
pathologic stage of thin melanoma. Our findings suggest that ALM is inherently more aggressive than other types of
cutaneous melanoma. This information may be useful for prognostic stratification of patients with thin melanomas,
especially to help guide the clinical decision-making for SLN biopsy and patients entering clinical trials.

Introduction

Acral lentiginous melanoma (ALM) is a rare type of cuta-
neous melanoma that arises on the acral skin of the palms,
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soles, and digits as well as the nail unit and has a char-
acteristic histologic pattern of confluent proliferation of
predominantly single-cell units of neoplastic melanocytes
[1, 2]. Compared with other histologic types of cutaneous
melanoma, ALM is associated with delayed diagnosis [3],
advanced Breslow thickness, a higher rate of ulceration,
greater propensity for lymph node and distant metastases,
and ultimately worse prognosis [4, 5].

Alternatively, thin melanoma is defined as cutaneous
melanoma of any histologic type with Breslow thickness up
to 1.0 mm and staged as T1 in the tumor-nodes-metastases
staging system [6]. Thin melanoma is known to have up to
95% 10-year survival rates [7, 8] and low rates of nodal and
distant metastases estimated as <5% for T1a melanomas and
5–12% for T1b melanomas [9–12].

Due to the uncertain benefit and low rates of nodal
metastasis, SLN biopsy is not routinely performed for
patients with thin melanoma [13], but the National Com-
prehensive Cancer Network recommends “discussion and
consideration” of SLN biopsy for patients with T1b mela-
noma, particularly when it is associated with high-risk
features such as ulceration, dermal mitosis, or regression
[14, 15]. Other prognostic factors can also be taken into
account in patient selection for SLN biopsy, including the
presence of lymphovascular invasion and satellitosis
[16, 17]. A recent study of thin melanoma showed that
ALM histologic type was associated with a significantly
increased risk of SLN metastasis [18]. However, the prog-
nostic significance of ALM histologic type on patient’s
survival in thin melanoma is not well explored.

To clarify whether the worse outcome of ALM is due to
its inherent disease characteristics or higher stage at initial
diagnosis, we investigated clinicopathologic factors in a large
series of thin ALMs and non-ALMs. We included only thin
melanomas (i) to limit the powerful prognostic impact of
Breslow thickness and its confounding effect on other
prognostic factors, such as ulceration, mitosis, and nodal
metastasis, (ii) to limit the impact of delayed diagnosis, (iii)
to limit the prognostic impact of nodal metastasis and
ulceration, which are known to be at low prevalence rates in
thin melanoma, and ultimately (iv) to provide helpful prog-
nostic information that might be used for risk stratification,
especially to help guide the clinical decision-making for SLN
biopsy and for patients entering clinical trials.

Materials and methods

Case selection

With approval from our Institutional Review Board, we
searched the archives of the Department of Pathology, The
University of Texas MD Anderson Cancer Center, for

records containing the terms “acral”, “lentiginous”, and
“melanoma” (all three terms) but not containing “meta-
static” to identify cases of primary ALM and for records
containing the terms “cutaneous” and “melanoma” but not
containing either “lentiginous” or “metastatic” to identify
cases of primary cutaneous melanoma of other histologic
types. The search was limited to melanomas that were
diagnosed, treated, and followed up at our institution during
1994–2009. From the search results, T1 melanomas were
selected and microstaged into T1a and T1b groups
according to the eighth edition of the American Join
Committee on Cancer staging system for cutaneous mela-
noma [6].

Collection of clinical and histologic data

The original diagnosis of melanoma was made by at least 1
and up to all 7 of the participating dermatopathologists
(PPA, JLC, DI, PN, VGP, MTT, and CAT-C), and the
retrieved material was re-evaluated by PPA. For each
patient, the following details were recorded: date of initial
diagnosis, sex, age at diagnosis, race/ethnicity, anatomic
site of the primary lesion, date of last follow-up, cause of
death, histologic type, Breslow thickness, Clark level,
mitotic rate, ulceration, regression, lymphovascular inva-
sion, perineural invasion, tumor-infiltrating lymphocytes,
microsatellitosis, vertical growth phase, predominant
cytology, the status of SLNs and non-SLNs, the status of
resection margins, local recurrence, and distant metastasis.
Regression was defined histologically as the presence
of an area of reduced number of dermal melanoma cells
in association with a variably dense lymphohistioc-
ytic infiltrate, melanophages, increased number of capil-
laries, and superficial dermal fibrosis, and overlined by
irregularly attenuated epidermis. The status of regression
was recorded as either present or absent irrespective of its
stage or extent.

Lymphovascular invasion was predominantly detected
by routine hematoxylin and eosin (H&E) staining method.
However, for equivocal cases with suspicious lymphovas-
cular invasion, an additional immunohistochemical study
with a vascular marker such as CD31 or D2–40 was per-
formed for the definitive interpretation. The status of
regional lymph node metastasis was determined using our
institutional protocol of lymph node examination for cuta-
neous melanoma. The protocol required an initial evaluation
with H&E-stained sections only. If no obvious nodal
metastasis was identified, three sections were subsequently
cut at ~200 µm into the block and placed on slides. One
slide was stained with H&E, one slide was stained with
panmelanocytic cocktail (HMB45, tyrosinase, and
MART1), and one slide was reserved as an unstained slide
for any further ancillary study that might be needed.
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Due to the rarity of its use in thin melanoma, systemic
therapy was defined by the use of chemotherapy, radio-
therapy, and immunotherapy, each alone or in combination.
The status of the use of systemic therapy was reported as
either present or absent.

Statistical methods

Clinicopathologic characteristics were classified by the T
group (T1, T1a, and T1b). Categorical variables were
summarized by frequencies and percentages and compared
between groups using either the Fisher’s exact test or its
generalization. Continuous variables were summarized by
medians and ranges (minimums, maximums) and compared
between groups using the Wilcoxon rank-sum test.

Median follow-up time from the time of diagnosis was
84.5 months. DSS and OS were computed from the date of
diagnosis to the date of death or the last follow-up. For
DSS, the death date for patients who died from causes other
than melanoma and those alive at their last follow-up date
were administratively censored. For OS, patients alive at
their last follow-up date were administratively censored.
RFS was computed from the date of diagnosis to the date of
local recurrence or date of death from any cause. Patients
alive at their last follow-up date who did not experience
local recurrence were administratively censored. The
Kaplan–Meier method was used to estimate DSS, OS, and
RFS, and the log-rank test was used to assess differences

between groups. Univariate Cox proportional hazards
regression models were used to assess the association
between clinicopathologic factors and survival. A multi-
variable Cox proportional hazards regression model was
determined using backward elimination with an exit criter-
ion of p ≥ 0.05. All statistical analyses were performed using
SAS 9.4 for Windows (SAS Institute Inc., Cary, NC) and
used a significance level of 5%.

Results

Sampling and categorization

A total of 828 T1 melanomas were retrieved: 129 (15.5%)
ALMs (Fig. 1a) and 699 (84.5%) non-ALMs (superficial
spreading, lentigo maligna, and nodular melanomas)
(Fig. 1b–d). Of the 129 T1 ALMs, 82 (63.5%) were T1a and
47 (36.5%) were T1b melanomas. Of the 699 T1 non-
ALMs, 454 (65%) were T1a and 245 (35%) were T1b
melanomas.

Clinicopathologic characteristics

The clinicopathologic characteristics of thin melanomas
were categorized into ALM and non-ALM groups, classi-
fied as T1, T1a, and T1b, and summarized in Table 1. The
ALM group (n= 129) is purely comprised of ALMs (n=

Fig. 1 Representative H&E
pictures. Histologic features of
four morphologic subtypes of
cutaneous melanoma (a) acral
lentiginous type with Breslow
thickness 1.00 mm, pT1b (×40
magnification) (b) superficial
spreading type with Breslow
thickness 0.65 mm, pT1a (×40
magnification) (c) lentigo
maligna type with Breslow
thickness 0.86 mm, pT1b (×100
magnification) and (d) nodular
type with Breslow thickness
0.71 mm, pT1a (×100
magnification).
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Table 1 Clinicopathologic characteristics of patients with ALM and non-ALM classified into T1, T1a, and T1b groups.

T1 T1a T1b

Characteristic ALM (N= 129) Non-ALMa (N= 699) ALM (N= 82) Non-ALMa (N= 454) ALM (N= 47) Non-ALMa (N= 245)

Sex, n (%)

Male 42 (33) 355 (51)b 27 (33) 221 (49)c 15 (32) 134 (55)c

Female 87 (67) 344 (49) 55 (67) 233 (51) 32 (68) 111 (45)

Age, years

Median (range) 56.1 (9.8–99.4) 50.7 (2.3–7.7)c 55.7 (9.8–99.4) 49.1 (2.3–86.4)c 56.7 (21.3–85.4) 52.6 (15.8–87.7)c

Race/ethnicity, n (%)

Caucasian 95 (78) 677 (97)b 59 (77) 439 (97)b 36 (80) 238 (97)b

Hispanic 18 (15) 15 (2) 12 (16) 10 (2) 6 (13) 5 (2)

Other 9 (7) 6 (1) 6 (8) 4 (1) 3 (7) 2 (1)

Unknown 7 1 5 1 2 0

Histologic subtype, n (%)

ALM 129 (100) 82 (100) 47 (100)

SMM 617 (88)c 402 (89)c 215 (88)c

LMM 60 (9) 43 (9) 17 (7)

NM 22 (3) 9 (2) 13 (5)

Clark level, n (%)

II 57 (45) 174 (25)b 49 (60) 154 (34)b 8 (17) 20 (8)c

III 37 (29) 369 (53) 24 (29) 233 (52) 13 (28) 136 (56)

IV 34 (27) 153 (22) 9 (11) 65 (14) 25 (54) 88 (36)

V 0 1 (<1) 0 0 0 1 (<1)

Unknown 1 2 0 2 1 0

Breslow thickness, mm

Median (range) 0.7 (0.2–1.0) 0.7 (0.1–1.0) 0.5 (0.2–0.8) 0.6 (0.1–0.8) 0.9 (0.5–1.0) 0.9 (0.3–1.0)

Mitosis, n (%)

<1/mm2 69 (68) 414 (63) 50 (82) 309 (7) 19 (48) 105 (45)

≥1/mm2 32 (32) 246 (37) 11 (18) 118 (28) 21 (53) 128 (55)

Unknown 28 39 21 27 7 12

Median (range) 0 (0–9) 0 (0–20) 0 (0–4) 0 (0–5) 1.0 (0–9.0) 1.0 (0–20.0)

Ulceration, n (%)

Absent 121 (95) 677 (97) 82 (100) 454 (100) 40 (85) 224 (91)

Present 7 (5) 21 (3) 0 0 7 (15) 21 (9)

Breslow thickness <0.8 mm, n (%) 3 (6) 10 (4)

Breslow thickness ≥0.8 mm, n (%) 4 (9) 11 (5)

Unknown 1 1 0 0 0 0

Lymphovascular invasion, n (%)

Absent 127 (98) 670 (99) 82 (100) 437 (99) 45 (96) 233 (99)

Present 2 (2) 5 (1) 0 3 (1) 2 (4) 2 (1)

Unknown 0 24 0 14 0 10

Perineural invasion, n (%)

Absent 127 (98) 675 (100) 82 (100) 440 (100) 45 (96) 235 (100)c

Present 2 (2) 0 0) 0 2 (4) 0

Unknown 0 24 0 14 0 10

Regression, n (%)

Absent 101 (80) 463 (70)c 65 (79)c 288 (66)c 36 (80) 175 (77)c

Present 26 (20) 200 (30) 17 (2) 148 (34) 9 (20) 52 (23)

Unknown 2 36 1 18 2 18

Tumor-infiltrating lymphocytes, n (%)

Non-brisk/minimal 119 (98) 566 (86)b 79 (98) 374 (87)c 40 (100) 192 (85)c

Brisk 2 (2) 89 (14) 2 (2) 55 (13) 0 34 (15)

Unknown 8 44 1 25 7 19

Vertical growth phase, n (%)

Absent 60 (50) 116 (18)b 53 (66) 104 (24)b 7 (17) 12 (5)c

Present 61 (50) 538 (82) 27 (34) 321 (76) 34 (83) 217 (95)

Unknown 8 45 2 29 6 16
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129, 100%), whereas the non-ALM group (n= 699) is
comprised of 617 (88%) superficial spreading melanomas,
60 (9%) lentigo maligna melanomas, and 22 (3%) nodular
melanomas. Of the 7 (15%) T1b ALM with ulceration, 3
(6%) were <0.8 mm Breslow thickness and of the 21 (9%)
T1b non-ALM with ulceration, 10 (45%) were <0.8 mm
Breslow thickness.

At all pathologic stages, ALMs patients were associated
with significantly older median age and higher rates of
female sex, Hispanic ethnicity, nevoid cytology, non-brisk
tumor-infiltrating lymphocytes, nodal (SLN and non-SLN)
metastasis, and local recurrence in comparison to non-ALM
patients. Alternatively, non-ALMs patients were associated
with significantly higher rates of Caucasian ethnicity, Clark

level III, presence of vertical growth phase, epithelioid
cytology, and regression.

Survival rates

DSS rates

At all pathologic stages, ALM patients were associated with
significantly lower 5- and 10- year DSS rates than non-
ALM patients. The 5- and 10-year DSS rates for ALMs
were 90% and 82%, respectively, for T1, 92% and 79%,
respectively, for T1a, and 86% and 86%, respectively, for
T1b. Whereas the 5- and 10-year DSS rates for non-ALMs
were 99% and 98%, respectively, for T1, 100% and 99%,

Table 1 (continued)

T1 T1a T1b

Characteristic ALM (N= 129) Non-ALMa (N= 699) ALM (N= 82) Non-ALMa (N= 454) ALM (N= 47) Non-ALMa (N= 245)

Microsatellitosis, n (%)

Absent 129 (100) 672 (99) 82 (100) 438 (100) 47 (100) 234 (99)

Present 0 4 (1) 0 2 (<1) 0 2 (1)

Unknown 0 23 0 14 0 9

Predominant cytology, n (%)

Epithelioid 88 (70) 392 (93)b 63 (77) 274 (94)b 25 (58) 118 (91)b

Spindle 9 (7) 18 (4) 3 (4) 11 (4) 6 (14) 7 (5)

Nevoid 28 (22) 10 (2) 16 (20) 5 (2) 12 (28) 5 (4)

Unknown 4 279 0 164 4 115

Sentinel lymph nodes, n (%)

Negative 64 (83) 670 (96)b 36 (88) 444 (98)c 28 (78) 226 (92)c

Positive 13 (17) 29 (4) 5 (12) 10 (2) 8 (22) 19 (8)

Unknown 52 0 48 0 11 0

Number of positive SLNs

N 13 29 5 10 8 19

Median (range) 1 (1–4) 1 (1–2) 1.0 (1.0–1.0) 1.0 (1.0–2.0) 1.0 (1.0–4.0) 1.0 (1.0–2.0)

Non-sentinel lymph nodes, n (%)

Negative 12 (60) 127 (99)b 5 (50) 85 (100)b 7 (70) 42 (98)c

Positive 8 (40) 1 (1) 5 (50) 0 3 (30) 1 (2)

Unknown 109 571 72 369 37 202

Number of positive non-SLNs

n 8 1 5 0 3 1

Median (range) 3 (1–10) 4 (4–4) 3.0 (1.0–4.0) – 7.0 (1.0–10.0) 4.0 (4.0–4.0)

Local recurrence, n (%)

No 105 (94) 697 (100)b 67 (96) 452 (100)c 38 (90) 245 (100)b

Yes 7 (6) 2 (<1) 3 (4) 2 (<1) 4 (10) 0

Unknown 17 0 12 0 5 0

Distant metastases, n (%)

No 117 (91) 687 (98)b 77 (94) 449 (99)c 40 (85) 238 (97)c

Yes 12 (9) 12 (2) 5 (6) 5 (1) 7 (15) 7 (3)

Systemic therapy, n (%)

No 119 (92) 688 (98) 77 (94) 451 (99) 42 (89) 237 (97)

Yes 10 (8) 11 (2) 5 (6) 3 (1) 5 (11) 8 (3)

ALM acral lentiginous melanoma, SLNs sentinel lymph nodes.
aIncludes superficial spreading, lentigo maligna, and nodular melanoma.
bp < 0.001.
cp < 0.05.
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respectively, for T1a, and 99% and 95%, respectively, for
T1b (Fig. 2a–c).

Factors associated with DSS

By univariate analysis, ALM histologic type, SLN metas-
tases, and the use of systemic therapy were associated with
a significantly higher risk of melanoma-specific death in T1,
T1a, and T1b melanomas, whereas Breslow thickness and

lack of regression were associated with a significantly
higher risk of melanoma-specific death in T1 ALM
(Table 2).

By multivariable analysis, independent poor prognostic
factors associated with significantly increased risk of
melanoma-specific death included the ALM histologic type
in T1 and T1a melanomas, the use of systemic therapy for
T1b melanomas, and SLN metastasis in T1, T1a, and T1b
melanomas (Table 2).

Fig. 2 Survival analyses. Survival analyses of patients with thin
melanomas stratified by the histologic type (ALM vs. non-ALM) and
demonstrated by Kaplan–Meier curves for DSS (a–c), OS (d–f), and
RFS (g–i) at the pathologic stages T1, T1a, and T1b. With exception to

the OS of T1b melanomas, ALM patients were associated with sig-
nificantly lower survival rates for DSS, OS, and RFS at the T1, T1a,
and T1b pathologic stages.
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OS rates

At T1 and T1a stages, ALM patients were associated with
significantly lower 5- and 10-year OS rates than non-ALM
patients. The 5- and 10-year OS rates for ALMs were 81%
and 67%, respectively, for T1 and 81% and 65%, respec-
tively, for T1a. Whereas the 5- and 10-year OS rates for
non-ALMs were 96% and 87%, respectively, for T1, and
96% and 91%, respectively, for T1a. At the T1b stage, no
significant difference in the OS between the ALM and non-

ALM groups was identified and the 5- and 10- year OS rates
were 81% and 69%, respectively, for ALM and 94% and
80%, respectively for non-ALM (Fig. 2d–f).

Factors associated with OS

By univariate analysis, factors associated with a sig-
nificantly higher risk of death were ALM histologic type for
T1 and T1a melanomas, Breslow thickness and male sex in
T1 melanoma, Hispanic ethnicity in T1a melanoma, and age

Table 2 Relationships between clinicopathologic characteristics in patients with T1, T1a, and T1b melanomas and disease-specific survival (DSS)
by univariate and multivariable analysis.

DSS (univariate analysis)

T1 T1a T1b

Characteristic HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value

Histologic type

ALM vs. non-ALM 8.63 (3.55, 20.99) <0.001 18.73 (4.42, 79.42) <0.001 4.68 (1.40, 15.69) 0.012

Gender

Female vs. Male 0.99 (0.41, 2.38) 0.98 1.58 (0.38, 6.62) 0.53 0.79 (0.25, 2.49) 0.69

Age

Continuous 1.02 (0.99, 1.05) 0.21 1.04 (0.99, 1.09) 0.09 1.00 (0.96, 1.03) 0.82

Race/ethnicity

Hispanic vs. Caucasian 1.07 (0.06, 19.80) 0.96 2.95 (0.13, 66.61) 0.50 1.53 (0.07, 31.35) 0.78

Other vs. Caucasian 2.13 (0.12, 39.22) 0.61 4.87 (0.22, 109.6) 0.32 4.43 (0.20, 99.25) 0.35

Clark level

IV–V vs. I–III 1.11 (0.37, 3.34) 0.86 1.04 (0.13, 8.54) 0.97 0.73 (0.19, 2.77) 0.65

Breslow thickness

Continuous 46.70 (3.74, 583.3) 0.003 1.59 (0.01, 464.6) 0.87

Mitosis

≥1/mm2 vs. <1/mm2 2.55 (0.99, 6.57) 0.053 1.97 (0.44, 8.80) 0.37 1.94 (0.51, 7.34) 0.33

Ulceration

Present vs. Absent 3.34 (0.77, 14.42) 0.11 1.90 (0.42, 8.69) 0.41

Regression

Present vs. Absent 0.13 (0.02, 0.95) 0.045 0.12 (0.01, 2.46) 0.17 0.33 (0.04, 2.54) 0.29

Tumor-infiltrating lymphocytes

Brisk vs. Non-brisk/minimal 0.34 (0.05, 2.55) 0.29 0.39 (0.02, 7.98) 0.54 0.58 (0.07, 4.51) 0.60

Vertical growth phase

Present vs. Absent 1.04 (0.35, 3.15) 0.94 0.69 (0.17, 2.91) 0.62 0.77 (0.10, 5.99) 0.80

Predominant cytology

Spindle vs. Epithelioid 3.37 (0.75, 15.07) 0.11 5.76 (0.67, 49.36) 0.11 1.80 (0.22, 14.61) 0.58

Nevoid vs. Epithelioid 3.04 (0.68, 13.64) 0.15 5.43 (0.63, 46.76) 0.12 1.53 (0.19, 12.42) 0.69

Sentinel lymph nodes

Positive vs. Negative 52.63 (18.26, 151.7) <0.001 62.76 (10.42, 378.0) <0.001 31.72 (8.40, 119.8) <0.001

Number of positive SLNs

Continuous 1.67 (0.55, 5.02) 0.36 7.94 (0.49, 127.6) 0.14 1.06 (0.27, 4.21) 0.93

Systemic Therapy

Yes vs. No 29.04 (11.84, 71.23) <0.001 67.89 (16.96, 271.8) <0.001 12.52 (3.76, 41.70) <0.001

DSS (multivariable analysis)

Histologic type

ALM vs. non-ALM 5.34 (1.23, 23.24) 0.025 16.97 (1.06, 271.7) 0.045

Sentinel lymph nodes

Positive vs. Negative 42.11 (11.46, 154.7) <0.001 49.59 (3.10, 794.5) 0.006 29.75 (5.75, 153.8) <0.001

Systemic therapy

Yes vs. No 34.36 (3.10, 380.7) 0.004

ALM acral lentiginous melanoma, CI confidence interval, HR hazard ratio, SLNs sentinel lymph nodes.
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and SLN metastasis as well as the use of systemic therapy in
T1, T1a, and T1b melanomas (Table 3). By multivariable
analysis, independent poor prognostic factors associated
with significantly increased risk of death included age in T1
and T1a melanomas, and SLN metastasis in T1, T1a, and
T1b melanomas (Table 3).

RFS rates

At all pathologic stages, ALM patients were associated with
significantly lower 5- and 10-year RFS rates than non-ALM
patients. The 5- and 10-year RFS rates for ALMs were 77%

and 62%, respectively, for T1, 81% and 65%, respectively,
for T1a, and 72% and 57%, respectively, for T1b. Whereas
the 5- and 10-year RFS rates for non-ALMs were 95% and
87%, respectively, for T1, 96% and 90%, respectively, for
T1a, and 94% and 80%, respectively, for T1b (Fig. 2g–i).

Factors associated with RFS

By univariate analysis, ALM type, age, SLN metastasis,
number of positive SLNs, and the use of systemic therapy
were associated with a significantly higher risk of
melanoma-recurrence rate in T1, T1a, and T1b melanomas,

Table 3 Relationships between clinicopathologic characteristics in patients with T1, T1a, and T1b melanomas and overall survival (OS) by
univariate and multivariable analysis.

OS (univariate analysis)

T1 T1a T1b

Characteristic HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value

Histologic type

ALM vs. non-ALM 3.19 (1.89, 5.38) <0.001 4.12 (2.10, 8.07) <0.001 2.19 (0.95, 5.07) 0.07

Gender

Female vs. Male 0.62 (0.39, 0.98) 0.040 0.67 (0.37, 1.23) 0.20 0.57 (0.29, 1.16) 0.12

Age

Continuous 1.07 (1.05, 1.09) <0.001 1.09 (1.06, 1.11) <0.001 1.05 (1.02, 1.07) <0.001

Race/ethnicity

Hispanic vs. Caucasian 2.40 (0.87, 6.57) 0.09 3.60 (1.11, 11.74) 0.033 1.67 (0.31, 8.98) 0.55

Other vs. Caucasian 1.14 (0.16, 8.22) 0.90 1.90 (0.26, 13.86) 0.53 1.68 (0.09, 30.37) 0.72

Clark level

IV–V vs. I–III 0.77 (0.41, 1.42) 0.40 0.78 (0.28, 2.20) 0.65 0.59 (0.27, 1.30) 0.19

Breslow thickness

Continuous 3.63 (1.18, 11.20) 0.025 5.44 (0.53, 55.83) 0.15 0.87 (0.04, 20.93) 0.93

Mitosis

≥1/mm2 vs. <1/mm2 1.22 (0.76, 1.94) 0.41 0.69 (0.31, 1.50) 0.35 1.56 (0.76, 3.21) 0.23

Ulceration

Present vs. Absent 2.04 (0.83, 5.06) 0.12 1.62 (0.63, 4.18) 0.32

Regression

Present vs. Absent 1.03 (0.63, 1.68) 0.89 0.92 (0.48, 1.76) 0.79 1.45 (0.69, 3.01) 0.33

Tumor-infiltrating lymphocytes

Brisk vs. Non-brisk/minimal 0.54 (0.23, 1.25) 0.15 0.53 (0.16, 1.71) 0.29 0.52 (0.16, 1.70) 0.28

Vertical growth phase

Present vs. Absent 1.10 (0.62, 1.94) 0.74 0.96 (0.49, 1.89) 0.91 0.89 (0.27, 2.95) 0.85

Predominant cytology

Spindle vs. Epithelioid 0.88 (0.21, 3.61) 0.86 0.92 (0.13, 6.73) 0.93 0.80 (0.11, 6.00) 0.82

Nevoid vs. Epithelioid 1.58 (0.57, 4.41) 0.38 1.73 (0.41, 7.24) 0.45 1.29 (0.30, 5.64) 0.73

Sentinel lymph nodes

Positive vs. Negative 6.00 (3.26, 11.03) <0.001 6.20 (2.18, 17.67) <0.001 4.98 (2.30, 10.82) <0.001

Number of positive SLNs

Continuous 1.75 (0.69, 4.44) 0.24 4.63 (0.41, 51.89) 0.21 1.39 (0.45, 4.33) 0.57

Systemic therapy

Yes vs. No 5.08 (2.44, 10.56) <0.001 7.79 (2.77, 21.86) <0.001 3.17 (1.12, 9.01) 0.030

OS (multivariable analysis)

Age

Continuous 1.07 (1.05, 1.10) <0.001 1.11 (1.07, 1.15) <0.001

Sentinel lymph nodes

Positive vs. Negative 7.13 (3.23, 15.73) <0.001 23.33 (4.35, 125.1) <0.001 8.62 (3.06, 24.31) <0.001

ALM acral lentiginous melanoma, CI confidence interval; OS overall survival, HR hazard ratio, SLNs sentinel lymph nodes.
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whereas Breslow thickness and nevoid cytomorphology
were associated with a significantly higher risk of
melanoma-recurrence rate in T1 melanomas, and Hispanic
ethnicity was associated with a significantly higher risk of
melanoma-recurrence rate in T1a melanomas (Table 4).

By multivariable analysis, independent poor prognostic
factors associated with significantly increased risk of
melanoma-recurrence rate included ALM histologic type in
T1b melanomas, age for T1 and T1b melanomas, and SLN
metastases in T1, T1a, and T1b melanomas (Table 4).

Discussion

In this current study of thin melanoma, with the only
exception of the OS rates for T1b melanomas, ALM
patients were associated with significantly lower 5- and
10-year DSS, OS, and RFS rates than non-ALM patients.
The ALM histologic type, SLN positivity, patient’s age,
and the use of systemic therapy were detected as inde-
pendent prognostic factors associated with poor
prognosis.

Table 4 Relationships between clinicopathologic characteristics in patients with T1, T1a, and T1b melanomas and recurrence-free survival (RFS)
by univariate and multivariable analysis.

RFS (univariate analysis)

T1 T1a T1b

Characteristic HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value

Histologic type

ALM vs. non-ALM 3.70 (2.26, 6.05) <0.001 3.81 (1.96, 7.42) <0.001 3.54 (1.70, 7.35) <0.001

Gender

Female vs. Male 0.62 (0.40, 0.97) 0.035 0.61 (0.34, 1.12) 0.11 0.66 (0.34, 1.27) 0.21

Age

Continuous 1.06 (1.05, 1.08) <0.001 1.08 (1.05, 1.10) <0.001 1.04 (1.02, 1.07) <0.001

Race/ethnicity

Hispanic vs. Caucasian 2.18 (0.79, 5.96) 0.13 3.35 (1.03, 10.87) 0.045 1.49 (0.28, 7.96) 0.64

Other vs. Caucasian 1.04 (0.15, 7.52) 0.97 1.80 (0.25, 13.08) 0.56 1.44 (0.08, 25.59) 0.81

Clark level

IV–V vs. I–III 0.85 (0.48, 1.52) 0.59 0.74 (0.26, 2.06) 0.56 0.71 (0.34, 1.47) 0.36

Breslow thickness

Continuous 4.31 (1.43, 12.94) 0.009 5.92 (0.61, 57.91) 0.13 1.44 (0.06, 34.84) 0.82

Mitosis

≥1/mm2 vs. <1/mm2 1.21 (0.77, 1.90) 0.41 0.64 (0.29, 1.39) 0.26 1.57 (0.79, 3.12) 0.20

Ulceration

Present vs. Absent 1.90 (0.77, 4.69) 0.17 1.45 (0.56, 3.71) 0.44

Regression

Present vs. Absent 1.15 (0.72, 1.83) 0.56 1.08 (0.58, 2.01) 0.81 1.50 (0.74, 3.02) 0.26

Tumor-infiltrating lymphocytes

Brisk vs. Non-brisk/minimal 0.51 (0.22, 1.17) 0.11 0.50 (0.15, 1.62) 0.25 0.48 (0.15, 1.56) 0.22

Vertical growth phase

Present vs. Absent 1.18 (0.67, 2.08) 0.56 1.00 (0.51, 1.96) 1.00 0.99 (0.30, 3.25) 0.99

Predominant cytology

Spindle vs. Epithelioid 0.84 (0.20, 3.45) 0.81 0.89 (0.12, 6.49) 0.91 0.74 (0.10, 5.60) 0.77

Nevoid vs. Epithelioid 2.50 (1.07, 5.85) 0.035 1.67 (0.40, 6.97) 0.49 2.98 (1.00, 8.89) 0.050

Sentinel lymph nodes

Positive vs. Negative 5.92 (3.29, 10.65) <0.001 5.70 (2.01, 16.18) 0.001 5.03 (2.41, 10.49) <0.001

Number of positive SLNs

Continuous 3.20 (1.44, 7.12) 0.004 4.63 (0.41, 51.89) 0.21 3.33 (1.23, 9.02) 0.018

Systemic therapy

Yes vs. No 4.67 (2.25, 9.68) <0.001 7.28 (2.60, 20.38) <0.001 2.85 (1.01, 8.06) 0.048

RFS (multivariate analysis)

Histologic type

ALM vs. non-ALM 3.07 (1.05, 8.99) 0.040

Age

Continuous 1.07 (1.04, 1.09) <0.001 1.10 (1.06, 1.14) <0.001

Sentinel lymph nodes

Positive vs. Negative 6.23 (2.85, 13.62) <0.001 18.38 (3.57, 94.68) <0.001 7.05 (2.57, 19.32) <0.001

ALM acral lentiginous melanoma, CI confidence interval, RFS recurrence-free survival, HR hazard ratio, SLNs sentinel lymph nodes.
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In T1 melanomas, we found the histologic type of ALM
as an independent prognostic factor for lower rates of DSS.
When we microstaged the T1 melanomas, we found that
ALM type was both dependent and independent predictor of
worse DSS in T1a but only as a dependent poor prognostic
factor in T1b melanomas. This inconsistency in the prog-
nostic impact of ALM histologic type across pathologic
stages of thin melanoma might be explained by the rela-
tively powerful prognostic impact of greater Breslow
thickness and/or the presence of ulceration confounding the
prognostic impact of ALM histologic type in T1b melano-
mas. For RFS, the ALM histologic type was detected as a
dependent prognostic factor for lower rates at the T1, T1a,
and T1b pathologic stages, and as an independent prog-
nostic factor for T1b melanomas.

Alternatively, SLN positivity was consistently detected
as both dependent and independent prognostic factor for
worse DSS, OS, and RFS in every pathologic stage of thin
melanomas in concordance with the previously reported
studies of ALM [5, 19–22].

In comparison to our current study, Marek et al. [18].
performed a comparable yet less extensive analysis of thin
melanomas to detect clinicopathologic factors that can
predict SLN metastasis. The authors reported ALM histo-
logic type, mitosis, and Clark level IV–V of invasion as
independent predictors of increased SLN metastasis in thin
melanoma. However, the study was limited by the small
sample size of ten thin ALMs and the absence of analysis of
the study findings’ prognostic impact on patient’s survival.

Although Teramoto et al. [19]. reported that older patient
age as an independent poor prognostic factor for DSS, most
previous single-institution studies of ALM revealed no
prognostic impact of age on either DSS or OS [23–25]. In
our current study, we found that older age at the time of
diagnosis as an independent prognostic factor for OS and
RFS in T1 and T1a melanomas. However, this impact of
age on OS and RFS might be confounded by other unex-
amined prognostic factors in our patient population, such as
patients’ general health, socioeconomic status, and access to
healthcare.

Similar to Häfliger et al. [10]. who reported poor
response to systemic and targeted therapy in advanced stage
ALMs that ultimately associated with lower OS, in our
current study, the use of systemic therapy was associated
with worse DSS of T1a melanomas only. Although the
latter result might be explained by the patients’ advanced
disease stage, it is limited by the small number of patients
who received systemic therapy.

In agreement with previously reported studies of ALM,
the ALM patients of our current study were significantly
older than non-ALM patients [26–28] and had significantly
higher rates of female sex [29], Hispanic ethnicity [4], non-
brisk tumor-infiltrating lymphocytes [30], nodal metastasis

[10, 18, 21], and local recurrence presented across all tumor
stages of thin melanoma [10]. Unique to our current study,
significantly higher rates of nevoid cytomorphology were
detected in the ALM group than in the non-ALM group.

The findings of our current study indicating ALM as an
inherently aggressive type of cutaneous melanoma might be
supported by the unique histologic characteristic of the acral
skin as well as explained by the molecular signature of
ALM unrelated to sun exposure [31]. Histologically, the
epidermis of acral melanoma is usually thicker than that of
non-acral melanomas. Hence, when only a small volume of
tumor is present within the dermis, an acral melanoma may
have a greater tumor thickness than when a similar volume
of tumor is present in the dermis in a melanoma occurring at
a non-acral site. At the molecular level, ALMs have less
frequent mutations of BRAF and NRAS compared with other
types of cutaneous melanoma [32]. Alternatively, activating
mutations in KIT and PDGFRA as well as several genetic
changes such as copy number gains in CCNDI and TERT
were detected at higher rates in ALM [31, 33–35]. A recent
study found amplification of TRET detected by FISH ana-
lysis is increased in metastatic ALM, suggesting a role in
disease progression [36].

The strengths of our current study include the large
sample size of thin melanoma as well as the comprehensive
assessment of multiple clinicopathologic factors and the
determination of their impact on DSS, OS, and RFS. The
limitations of our current study include the fact that it was
performed at a single referral cancer center, which intro-
duces the possibility of referral bias. In addition, due to the
rarity of non-ALMs arising on the acral skin such as nodular
melanomas, these types of acral melanomas were not
investigated in our current study of thin melanoma.

The significantly lower rates of DSS, OS, and RFS and a
higher rate of SLN metastasis detected in thin ALM argue
against the concept that thin melanoma is associated with an
excellent prognosis and low rates of nodal metastases irre-
spective of its histologic type. The identification of ALM
type as an independent poor prognostic factor in thin mel-
anoma indicates that ALM is an inherently aggressive
disease.

Together with other prognostic factors, ALM histologic
type may provide helpful prognostic information for risk
stratification, such as for patients with thin melanoma being
considered for SLN biopsy and patients entering clinical
trials. Nonetheless, due to our study limitations, further
studies, especially at the molecular level, are warranted to
validate our findings.
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