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Abstract

Background: Acral lentiginous melanoma is associated with worse survival than other subtypes of melanoma. Understanding
prognostic factors for survival and recurrence can help better inform follow-up care.

Objectives: To analyze the clinicopathologic features, melanoma-specific survival, and recurrence-free survival by substage in a
large, multi-institutional cohort of primary acral lentiginous melanoma patients.

Methods: Retrospective review of the United States Melanoma Consortium database, a multi-center prospectively collected
database of acral lentiginous melanoma patients treated between January 2000 and December 2017.

Results: Of the 433 primary acral lentiginous melanoma patients identified (median [range] age: 66 [8–97] years; 53% female,
83% white), 66% presented with stage 0–2 disease and the median time of follow-up for the 392 patients included in the survival
analysis was 32.5 months (range: 0–259). The 5-year melanoma-specific survivals by stage were 0 = 100%, I = 93.8%, II = 76.2%,
III = 63.4%, IIIA = 80.8%, and IV = 0%. Thicker Breslow depth ((HR) = 1.13; 95% CI = 1.05–1.21; P < .001)) and positive nodal
status ((HR) = 1.79; 95% CI = 1.00–3.22; P = .050)) were independent prognostic factors for melanoma-specific survival.
Breslow depth ((HR = 1.13; 95% CI = 1.07–1.20; P < .001), and positive nodal status (HR = 2.12; 95% CI = 1.38–3.80; P = .001)
were also prognostic factors for recurrence-free survival.

Conclusion: In this cohort of patients, acral lentiginous melanoma was associated with poor outcomes even in early stage
disease, consistent with prior reports. Stage IIB and IIC disease were associated with particularly low melanoma-specific and
recurrence-free survival. This suggests that studies investigating adjuvant therapies in stage II patients may be especially valuable
in acral lentiginous melanoma patients.
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Introduction

Acral lentiginous melanoma (ALM) is a subtype of melanoma
predominantly occurring on palmar, plantar, and subungual
skin. Though only accounting for 2–3% of all melanomas,
ALM disproportionately affects African American, Hispanic,
and Asian populations.1,2 It is the most common subtype in
those with darker skin types and needs to remain a significant
diagnostic consideration in these individuals.1,3

The prognosis of patients with ALM is worse compared
to patients with non-acral melanoma.1 It has been suggested
that decreased survival may be due to a delay in diagnosis,
leading to increased tumor thickness and advanced stage at
presentation.1,3-12 The later stage at diagnosis may be due to
initial misdiagnosis, atypical location compared to super-
ficial spreading melanoma, unusual presentation, or delay in
seeking care.1,3 However, recent studies have suggested that
ALM patients may not necessarily present at a later stage
than non-ALM patients.13 Additional possibilities for sur-
vival disparities include genomic differences between ALM
(likely non-ultraviolet (UV)-induced) and cutaneous mel-
anoma (UV-induced).14 The exact cause of the poor prog-
nosis associated with ALM therefore remains unknown.

A thorough description of the diagnostic, management,
and recurrence patterns may uncover key features that help
explain the poor survival associated with ALM. Unfortu-
nately, many previous studies examining ALM prognosis
have been limited by small sample sizes and/or ethnically
homogenous populations (i.e., exclusively in Japanese or
Caucasian patients) in single-institution cohorts,3,7-12 and the
few larger cohort studies have not examined recurrence
patterns.1,5,6 In this study, we used a large, multi-institutional
melanoma database to not only characterize the presenting
clinicopathologic features and recurrence patterns of ALM,
but also analyze melanoma-specific survival (MSS) and
recurrence-free survival (RFS) by pathologic American Joint
Cancer Committee (AJCC) eighth ed. stage and substage,
which highlights important prognostic features when caring
for patients with ALM.

Methods

The United States Melanoma Consortium database, a pro-
spectively collected database from six institutions (New
York University Langone Health, Moffitt Cancer Center,
Emory University, Oregon Health and Science University,
University of Alabama Birmingham, and Duke University),
was used to perform a retrospective study of 433 patients
with primary ALM managed surgically at one of the above
institutions between January 2000 and December 2017.

Patients who presented with recurrent ALM were excluded.
All institutions received approval for this study and waiver
of consent from their respective institutional review boards
(Emory IRB#00101435)

Data collected included demographics, comorbidities,
clinical characteristics, diagnostic work-up, histopathology of
final excision specimen, postoperative outcomes, systemic
treatment/radiotherapy, disease recurrence and survival data.
All tumors underwent wide local excision with margins based
on National Comprehensive Cancer Network (NCCN)
guidelines.15 Pathologic TNM stage was used to reclassify
patients based on AJCC eighth edition staging.16 Survival
time was calculated as months between date of surgery and
date of last follow-up or death. Follow-up included clinical
exams with the surgeon, oncologist, and/or dermatologist and
surveillance imaging at the discretion of the treating physi-
cian. Forty-one patients with inadequate details on pathologic
stage or date of surgery were excluded from survival analyses.
Of the patients included, substage could not be determined for
two of the stage II patients.

Clinical characteristics analyzed included age, sex, patient-
reported race, and location of lesion. Race was included to
determine whether or not it is a prognostic factor for survival.
Histopathologic characteristics analyzed included AJCC
eighth edition stage, Breslow thickness of final specimen,
presence of ulceration, presence of mitoses, and lymph node
status. Five-year MSS and RFS rates and curves were gen-
erated using the Kaplan–Meier method. Melanoma-related
deaths were determined based on review of death certificates,
inquiry to patient’s treating physicians, known stage IV
disease resulting in multisystem organ failure, or documen-
tation of hospice care for advanced melanoma. Recurrence
was defined as detection of disease in patients whom had no
residual disease following intervention. For stage III disease,
patients who had undergone completion lymph node dis-
section (CLND) were considered to be without residual
disease; those who had not undergone CLND were assumed
to have no residual disease after sentinel lymph node biopsy
(SLNB) unless otherwise documented, as data shows that
only 11.5% of these patients have residual disease.17 Stage IV
patients were excluded from RFS analysis. Univariate Cox
regression model was used to determine if any of the clini-
copathologic characteristics were associated with MSS or
RFS. Proportional hazards assumption was tested using
Kaplan–Meier curves and time-dependent covariate Cox re-
gression models Characteristics significant (P value <.05) on
univariate analysis were included in the multivariable Cox
proportional hazards model to identify prognostic factors.
Data analysis was performed using SPSS software (IBM Inc.
Armonk, NY).
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Results

Clinicopathologic Characteristics

Overall, 392 patients with primary ALM were analyzed
(Table 1), of which 282 (72%) presented with localized
disease (stage 0 to II). Median age was 65 years (range: 8–97),
and 54% of patients were female. Eighty-three percent of

patients were white, and 77% presented with a plantar surface
lesion. One hundred and six tumors (26%) were less than
1.0 mm thick at the time of surgery. Females were more likely
than males to present with melanomas less than 1 mm (33.8%
and 19.2%; P < .001). Of 110 stage III and IV patients, 22
(20%) were treated with adjuvant therapy, of which seven
were treated with immunotherapy. Race was not associated
with stage at presentation.

Table 1. Clinical and Histopathologic Characteristic.

Characteristic All patients (n = 433) Patients included in survival analysis (n = 392)

Age (years), mean; Median (range) 65; 66 (8–97) 63; 65 (8–97)
Gender n (%)
Female 231 (53.3) 210 (53.6)
Male 202 (46.7) 182 (46.4)

Race n (%)
White, non-Hispanic 358 (82.7) 326 (83.2)
Black 51 (11.8) 46 (11.7)
Hispanic 12 (2.8) 11 (2.8)
Asian/Pacific islander 7 (1.6) 5 (1.3)
Not reported 5 (1.2) 4 (1.0)

Location of lesion n (%)
Plantar 331 (76.4) 302 (77.0)
Palmar 34 (7.9) 29 (7.4)
Subungual 68 (15.7) 61 (15.6)

Ulceration n (%)
Present 152 (35.1) 138 (35.2)
Absent 230 (53.1) 212 (54.1)
Not reporteda 51 (11.8) 42 (10.7)

Mitoses n (%)
Present 267 (61.7) 239 (61.0)
Absent 82 (18.9) 77 (19.6)
Not reported 84 (19.4) 76 (19.4)

Nodal status n (%)
Positive 115 (26.5) 111 (28.3)
Negative 213 (49.2) 203 (51.8)
Sentinel lymph node biopsy not indicated (Tis or T1a) 105 (24.3) 78 (19.9)
Breslow thickness (mm) (n= 427), mean; Median (range) 2.50; 1.80 (0 to 19) 2.80; 1.7 (0 to 19)

Stage at presentation n (%)
0 19 (4.4) 19 (4.8)
I 151 (34.9) 147 (37.5)
II 118 (27.2) 116 (29.6)
III 110 (25.4) 108 (27.6)
IV 5 (1.2) 2 (.5)
Incomplete 30 (6.9) -

Therapy for stage III and IV n (%)
Immunotherapy 7 (6.1) 7 (6.4)
Interferon 9 (7.8) 9 (8.2)
Chemotherapy 5 (4.3) 2 (1.8)
Vaccine trial 4 (3.5) 4 (3.6)
Completion lymph node dissection 67 (58.3) 67 (60.9)
None 35 (30.4) 33 (30)

aUlceration status was not required to stage 30 patients; substage could not be determined for two patients; ulceration status from biopsy was used to stage the
remaining ten patients.
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Melanoma-Specific Survival by Stage

The median time to follow up for the 392 patients included was
32 months (range 0–259) Overall 5-year MSS was 78.1%
(Figure 1) and by stage were stage 0 = 100%, stage I = 93.8%,
IA = 94.2%, IB = 93.4%, II = 76.2%, IIA = 96.8%, IIB =
73.2%, IIC = 63.2%, III = 63.4%, IIIA = 80.8%, IIIB = 79.5%,
IIIC = 56.5%, IIID = 44.4%, and IV = 0% (Table 2). The
percent of melanoma-related deaths that occurred within
3 years after surgery were 9.1% for stage IIB, 40% for IIC, 25%
for IIIA, 66.7% for IIIB, and 89.5% for IIIC. All but 2 stage IIB
and IIC patients had sentinel lymph node biopsies performed.

Recurrence-Free Survival by Stage

Eight additional patients were excluded due to unknown
date of recurrence (n = 1) or because they had residual

disease following intervention (n = 7). Overall 5-year RFS
rate for the 384 included patients was 62.8% (Figure 1) with
a median time to recurrence of 23 months (range: 0–
54 months). For patients with recurrence who experienced
death, median time to recurrence was 15 months (range: 0–
71 months) and median time between detection of recur-
rence and death was 16 months (range: 1–142 months). The
5-year RFS was stage 0 = 100%, stage I = 90.3%, IA =
90.7%, IB = 89.7%, II = 50.1%, IIA = 67.8%, IIB = 45.0%,
IIC = 38.3%, III = 38.2%, IIIA = 55.7%, IIIB = 50.2%,
IIIC = 33.4%, IIID = .0% (Table 2).

The most common first site of recurrence was in transit/
satellite (n = 40; 38.8%), which had a median time to re-
currence of 21.5 months. Twenty-nine (28.2%) were first
detected in regional nodes, 25 (24.2%) in distant sites, and 9
(8.7%) in nodal and distant sites with median times to
recurrence of 23, 24, and 19 months, respectively. Of

Figure 1. Kaplan–meier curves for 5-year melanoma-specific survival stratified by pathologic AJCC eighth edition stage (A) and substage (B)
and for 5-year recurrence-free survival stratified by stage (C) and substage (D).
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patients with nodal recurrences, 16 (55%) had had negative
sentinel lymph node biopsies (SLNB) at time of initial
treatment. Of the 11 patients who initially had a positive
SLNB, four had undergone a completion lymph node
dissection at time of initial treatment. The most common
sites of first recurrence by substage are summarized in Table
3. Greater than 70% of recurrences occurred within 3 years
for stage IIB and higher patients. The percent of recurrences
that occurred within 5 years were 94.7% for stage IIB, 100%
for IIC, 83.3% for IIIA, 88.9% for IIIB, and 97.1% for stage
IIIC. Thirteen stage IIB and IIC patients had nodal recur-
rence only with median time to recurrence of 13 [6–71]
months. Following recurrence, 11/13 (84.6%) underwent
lymph node excision, 9 (69.2) received systemic therapy
(interferon, chemotherapy, or immunotherapy), and 4 (30.8)
received radiotherapy.

Cox Proportional Hazards Survival Analysis

On univariate analysis, the presence of ulceration, presence of
mitoses, positive nodal status, advanced pathologic stage, and
thicker Breslow depth were associated with reduced MSS and
RFS (all P < .05) (Table 4). Age, gender, location of lesion,
and race were not significantly associated with MSS or RFS.
On multivariable Cox proportional hazard modeling, thicker
Breslow depth ((Hazard Ratio (HR)=1.13 [95% Confidence
Interval (CI) = 1.05–1.21]); P = <.001)) and positive nodal
status (HR = 1.79 [1.00–3.22]; P = .05), were identified as
independent prognostic factors for reduced MSS (Table 5).
Positive nodal status (HR = 2.12 [1.38–3.80]; P = .001), and
thicker Breslow depth (HR = 1.13 [1.07–1.20]; P < .001) also
remained as independent prognostic factors for RFS. Stage
was not included in the multivariate model as it would have
confounded with ulceration and Breslow thickness.

Table 2. Melanoma-Specific Survival and Recurrence-Free Survival Rates by AJCC Eighth Edition Stage and Substage.

Current series (n = 392);
AJCC 8th ed.

Bello et al.13 (n = 281);
AJCC 7th ed.

Bradford et al.1 (n = 1178);
AJCC 6th ed.

AJCC 8th ed.
Staging manual

Stage n (%) 5-yr MSS for ALM 5-yr MSS for ALM13 5-yr MSS for ALM1 5-year MSS for CM16

0 19 (4.8) 100 -
I 147 (37.5) 93.8 95 98.8 98
IA 89 (22.7) 94.2 99
IB 58 (14.8) 93.4 97
IIa 116 (29.6) 76.2 70 85.8 90
IIA 41 (10.5) 96.8 94
IIB 47 (12.0) 73.2 87
IIC 26 (6.6) 63.2 82
III 108 (27.6) 63.4 42 61.2 77
IIIA 14 (3.6) 80.8 52 93
IIIB 17 (4.3) 79.5 54 83
IIIC 68 (17.6) 56.5 22 69
IIID 9 (2.3) 44.4 32
IV 2 (.5) 0 22.2 —

Stage n (%) 5-year RFS for ALM
0 19 (4.9) 100
I 147 (38.3) 90.3
IA 89 (23.2) 90.7
IB 58 (15.1) 89.7
II 116 (30.2) 50.1
IIA 41 (10.7) 67.8
IIB 47 (12.2) 45
IIC 26 (6.8) 38.3
III 100 (26.0) 38.2
IIIA 14 (3.6) 55.7
IIIB 17 (4.4) 50.2
IIIC 61 (15.9) 33.4
IIID 8 (2.1) 0
IV 2 (.5) —

aSubstage could not be determined for two stage II patients; Abbreviations: MSS—Melanoma-Specific Survival, CM—Cutaneous Melanoma, RFS—Recurrence-
Free Survival.
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Discussion

Acral lentiginous melanoma is a rare subtype of melanoma,
and survival outcomes are significantly worse when compared
to other cutaneous melanomas.1 To date, most studies

characterizing ALM have been limited in sample size and
ethnic diversity.3,7-12 In this study, we utilized a large, multi-
institutional database to perform an in-depth analysis of ALM
diagnosis, management, recurrence patterns, and survival
characteristics, which highlights unique ALM stage and
substage features that have the potential to identify patients at
risk for recurrence and improve outcomes.

Similar to other studies, our study highlights that ALM is
associated with advanced age and plantar location.3,6,7,11,13

Most primary tumors were >1.0 mm (74%) and had mitoses
present (61.0%). Histologic ulceration was present in 35.1 and
26.5% had at least one positive node. Tumor thickness was an
independent prognostic factor for MSS, which is consistent
with prior ALM series.6,13,18 A majority (72%) of our cohort
presented with localized (AJCC eighth edition stage 0 to II)
disease. In two recent single-institution cohort studies, Bello
et al.13 reported that 71% of patients with non-acral melanoma
on the extremities presented with localized disease, and Wada
et al.7 reported this proportion to be 63%, suggesting that
ALM patients may not necessarily present at a later stage than
non-ALM patients.

In contrast to the survival patterns in overall cutaneous
melanoma,16 stage I disease in our cohort was associated with
excellent outcomes while stage II was not, suggesting that
early stage disease may not necessarily be associated with
good prognosis. The trends in our 5-year MSS by stage are
consistent with prior reports of ALM patients (Table 2).1,13,16

In Bradford et al.1’s population-based analysis of the Sur-
veillance, Epidemiology, and End Results (SEER) registry,
they additionally found that after controlling for AJCC stage,
survival rates for ALM patients were lower compared to non-
ALM patients in stage II and III patients. This suggests that the
poorer survival of ALM compared to non-ALM is indepen-
dent of stage, and further highlights that the worse prognosis
in ALM may not be entirely due to advanced disease at
presentation. It has been hypothesized that distinct genetic
alterations as well as socioeconomic disparities may also
contribute to survival differences.5 ALM is genetically distinct
in that BRAF mutations have been reported less frequently
compared to melanoma that occurs on sun-exposed skin.19,20

ALM also has a lower mutation burden compared to mela-
noma on UV-exposed skin, and thus, fewer actionable tar-
gets.21 Studies have also found that ALM more frequently has
KIT mutations than non-acral cutaneous melanomas (36 vs
28%, respectively).22 However, the relationship between these
variations in molecular pathways and prognosis remains
poorly understood. Because patients with darker skin com-
prise a greater proportion of ALM cases compared to non-
acral cases, socioeconomic disparities may also play a role.23

In a more recent analysis of the SEER database, Huang et al.5

found that non-Hispanic Whites had the highest survival and
Blacks had the lowest. After stratifying by stage, this dif-
ference in survival remained significant in stage I and stage III
patients. In our cohort, the majority of patients were white
(83%), which is consistent with the racial distribution of the

Table 3. Site of First Recurrence by AJCC Eighth Edition Substage.

Substage Site N % Of patients in substage

IA In transit/satellite 4 4.5
n = 89 Nodal 2 2.2

Distant 0 0
Nodal + distant 0 0
Total 6 6.7

IB In transit/satellite 0 0
n=58 Nodal 1 1.7

Distant 2 3.4
Nodal + distant 0 0
Total 3 5.2

IIA In transit/satellite 4 9.8
n=41 Nodal 1 2.4

Distant 0 0
Nodal + distant 2 4.9
Total 7 17.1

IIB In transit/satellite 4 8.5
n=47 Nodal 10 21.3

Distant 2 4.3
Nodal + distant 2 4.3
Unknown 1 2.1
Total 19 40.4

IIC In transit/satellite 5 19.2
n=26 Nodal 3 11.5

Distant 3 11.5
Nodal + distant 0 0
Total 11 42.3

IIIA In transit/satellite 2 14.3
n = 14 Nodal 1 7.1

Distant 3 21.4
Nodal + distant 0 0
Total 6 42.9

IIIB In transit/satellite 7 41.2
n = 17 Nodal 1 5.9

Distant 0 0
Nodal + distant 1 5.9
Total 9 52.9

IIIC In transit/satellite 11 18.0
n = 61 Nodal 8 13.1

Distant 11 18.0
Nodal + distant 4 6.6
Unknown 1 1.6
Total 35 57.4

IIID In transit/satellite 2 25.0
n = 8 Nodal 2 25.0

Distant 4 50.0
Nodal + distant 0 0
Total 8 100
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SEER database. Although race was not a prognostic factor for
MSS in our cohort, understanding the underlying socioeco-
nomic factors of such health disparities warrants further
investigation.

In overall cutaneous melanoma, stage IIB and IIC MSS is
better than or similar to stage IIIB MSS.16 In contrast, stage
IIB/IIC patients had worse 5-year MSS and RFS compared to
IIIB patients in our cohort. In addition, our 5-year RFS for
stage IIB (45%) and IIC (38%) were lower than the rates
reported by Lee et al.24 in a survival analysis of stage II
cutaneous melanoma (62 and 53%, respectively). Although
we found that many of the first sites of recurrence were in
transit/satellite in stage IIB (21%) and IIC (46%) patients, we
do not have data on subsequent sites of tumor spread, and it is
likely that many of these patients initially presented with
locoregional recurrences and later developed distant metas-
tases, contributing to poor survival rates. This underscores

that, in the absence of nodal disease, higher T category is as-
sociated with worse outcomes in ALM, especially given that
Breslow thickness was found to be a prognostic factor on the
multivariable model. Due to the aforementioned unique mo-
lecular and genetic characteristics of ALM, it has been postu-
lated that these tumors may present with more aggressive
vertical growth phases,3,13 as supported by the high median
tumor thickness of 1.7mm in this cohort. Thus, stage IIB and IIC
may have locally invasive tumors with high metastatic potential.

These recurrence patterns should be considered when
tailoring surveillance strategies for ALM, particularly for
patients who are stage IIB and higher. Current recommen-
dations for melanoma follow-up are limited by a lack of
prospective, randomized trials, resulting in surveillance strate-
gies that vary widely.25 Guidelines for ALM-specific surveil-
lance strategies are further limited by the low prevalence of this
melanoma subtype. The NCCN guidelines for stages IIB-IV

Table 4. Cox Proportional Hazards Model for Melanoma-Specific Survival and Recurrence-Free Survival (Univariate Analysis).

Melanoma-specific survival Recurrence-free survival

Hazard ratio (95% CI) P Hazard ratio (95% CI) P

Age (years) 1.02 (1.0–1.04) .079 1.01 (.997–1.03) .114
Gender .195 .94
Male 1.42 (.84–2.42) .984 (.66–1.46)
Female 1.00 1.00

Location of lesion .257 .178
Palmar 1.54 (.43–5.50) .66 (.37–1.25)
Plantar 2.02 (.86–4.76) 1.42 (.98–2.05)
Subungual 1.00 1.00

Race .62 .496
Asian/Pacific islander N/A 1.74 (.364–8.31)
Black .52 (.20–1.45) .925 (.40–2.14)
Hispanic .59 (.08–4.25) .463 (.097–2.20)
White, non-Hispanic 1.00 1.00

Ulceration <.001 <.001
Present 3.04 (1.71–5.39) 2.29 (1.63–3.21)
Unknown .84 (.29–2.49) .53 (.30–.916)
Absent 1.00 1.00

Mitoses .041 .003
Present 6.19 (1.49–25.64) 1.79 (1.25–2.56)
Unknown 5.21 (1.18–23.10) 1.56 (1.04–2.33)
Absent 1.00 1.00

Nodal disease statusa .001 <.001
Present 2.53 (1.48–4.33) 2.96 (1.98–4.43)
Absent 1.00 1.00

Breslow thickness (mm)b 1.21 (1.13–1.28) <.001 1.21 (1.15–1.27) <.001
Stage <.001 <.001
0 N/A N/A
I 1.00 1
II 3.94 (1.46–10.63) 17.31 (.0–290)
III 6.70 (2.71–18.0) 32.44 (.0–544)
IV 479.36 (71.3–3224.31) N/A

aIncludes patients who had sentinel lymph node biopsy performed or had clinically palpable lymph nodes (n = 314).
bContinuous variable.
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cutaneous melanoma recommend a history and physical exam
with emphasis on the skin and lymph nodes every 3–6 months
for 2 years, then every 3–12 months for 3 years, then annually.15

In one of the few prospective studies on melanoma surveillance,
Garbe found that almost 50%of stage II and III recurrences were
detected by clinical exam.26 Given that the most common first
site of recurrence for stage IIC (48%), IIIB (78%), and IIIC
(33%) patients in our cohort was satellite/in-transit, our findings
further support the importance of the clinical exam in stage II
and III ALM patients. The NCCN guidelines also recommend
considering imaging for up to 5 years to screen for recurrence
and metastases for patients with stage IIB-IV cutaneous mel-
anoma.15 For stage IIB ALM patients, examination and imaging
of the lymph nodes may be particularly important given that
53% of patients with recurrence presented with regional nodal
metastasis in our cohort. In addition, a majority of recurrences in
stage IIB and higher occurred within 5 years (95% for stage IIB,
100% for stage IIC, and 95% for stage III), suggesting that the
timeline recommended by the NCCN for radiologic follow-up
of cutaneous melanoma patients is appropriate for ALM as well.

These recurrence and survival patterns should also be taken
into account when determining the need for adjuvant therapy.
Immunotherapy has been shown to improve progression-free
survival and overall survival in patients with metastatic
melanoma.27,28 While 41% of all patients in our cohort were
treated prior to availability of currently utilized immuno-
therapies, many of the stage III and IV patients would be
considered for immunotherapy if treated in the present.
However, these therapies would not be indicated for stage II
patients even if they were treated today. Given the worse 5-
year MSS and RFS in stage IIB/IIC patients compared to stage
IIIB, ALM patients may especially benefit from current
clinical trials investigating the survival benefit of immuno-
therapy and targeted therapy in stage II disease (KEYNOTE-
716).28 Furthermore, given that ALM patients are often

underrepresented in clinical trials and may respond to im-
munotherapy differently than other cutaneous melanomas, it is
important that they be included in current and future trials.29

Because this study is a retrospective review of prospec-
tively collected data, it is limited by not having full data on
other variables that may impact recurrence and survival, such
as socioeconomic factors, time between lesion onset and
presentation, and date of diagnosis. We also did not have full
data on the frequency and types of surveillance imaging
utilized, which could help further inform surveillance strat-
egies. In addition, 47.8% of patients were lost to follow-up
prior to the date of final data collection, resulting in a median
time to follow up of only 32 months, and thus, our Kaplan–
Meier estimates may underestimate the long-term risk of
recurrence and death. In addition, the majority of our cohort
was white, which may limit the applicability of these findings
in non-white patients. Finally, because we are comparing our
survival data to the much larger AJCC dataset, there is a
chance of type I error; however, given the rarity of this
subtype, it is unavoidable.

Conclusion

We present a large multi-center substage survival analysis of
primary ALM patients. Patients with early stage disease (i.e.,
stage II patients) were associated with poor outcomes, con-
sistent with prior cohort studies. The particularly low RFS and
MSS rates in stage IIB/IIC patients compared to stage IIIB
disease suggests that increased thickness is associated with
worse outcomes, even in the absence of nodal metastases, and
highlights that studies investigating adjuvant therapies in stage
II cutaneous melanoma patients may be particularly valuable
for ALM. Furthermore, the timing and sites of recurrence
support the utilization of current cutaneous melanoma sur-
veillance strategies for ALM patients.

Table 5. Cox Proportional Hazards Model for Melanoma-Specific Survival and Recurrence-Free Survival (Multivariate Analysis)a.

Melanoma-specific survival Recurrence-free survival

Hazard ratio (95% CI) P Hazard ratio (95% CI) P

Ulceration 0.2 .08
Present 1.66 (.89–3.09) 1.48 (.94–2.32)
Unknown .73 (.16–3.41) .50 (.14–1.72)
Absent 1.00 1.00

Mitoses .15 .09
Present 3.75 (.87–16.15) 2.43 (.97–6.1)
Unknown 4.67 (1.00–21.86) 3.13 (1.13–8.63)
Absent 1.00 1.00

Nodal disease status .05 .001
Present 1.79 (1.00–3.22) 2.12 (1.38–3.80)
Absent 1.00 1.00

Breslow thickness (mm)b 1.13 (1.05–1.21) .001 1.13 (1.06–1.20) <.001

aIncludes patients who had sentinel lymph node biopsy performed or had clinically palpable lymph nodes (n = 314).
bContinuous variable.
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Appendix A

AJCC American Joint Cancer Committee
ALM acral lentiginous melanoma
MSS melanoma-specific survival

NCCN National Comprehensive Cancer Network
RFS recurrence-free survival

SEER Surveillance, Epidemiology, and End Results
SLNB sentinel lymph node biopsy

UV ultra-violet;
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