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Abstract
Background

Acral melanoma is the most common subtype of melanoma in Chinese patients and one of the least
common in Caucasian patients. It has been unclear if outcomes differ between Chinese and Caucasian
patients diagnosed with Acral Melanoma. This study investigated patient characteristics and survival
differences between Chinese and Caucasian Acral Melanoma patients.

Methods

Two large institutional melanoma databases from Fudan University Shanghai Cancer Center (FUSCC)
and Mayo Clinic enterprise, were retrospectively reviewed from 2009 to 2015. Clinicopathologic and
survival data were collected and analyzed between the two groups. The primary outcome was disease-
speci�c survival (DSS) and was calculated using the Kaplan Meier (KM) method.

Results

The Chinese group presented with more advanced disease compared with Caucasians: thicker Breslow
depth (median 3.0 mm vs. 1.2 mm, p=0.003), more ulcerated disease (66.1% vs 29%; p<0.001), and
advanced stages (stage II/III 84.3% vs. 37.1%; p<0.001). No signi�cant difference was identi�ed in terms
of age at diagnosis, location, histologic subtypes, or node positive rate. The 5-year DSS rate was 68.4%
and 73% (p=0.56) for Chinese and Caucasians, respectively. Male gender, Breslow thickness, ulceration,
and positive sentinel lymph nodes predicted worse DSS on multivariate Cox regression analysis.

Conclusions

There appears to be no difference in stage-strati�ed survival between Chinese and Caucasians,
supporting the implementation of clinical trials of AM that could include both Chinese and Caucasian
patients.

Background
Malignant melanoma is a relatively common malignancy in Western countries, especially among
population with lighter skin color.1 Its incidence is higher in Australia and the United States, typically
related to ultraviolet (UV) radiation damage to the skin, and most commonly originates in sun-exposed
areas. Although a high density of melanin in people of color may provide better protection from UV
radiation, the prognosis seems to be more severe in certain subtypes.2 Melanoma is classi�ed into four
subtypes based on the anatomic location of the tumor and the degree of UV exposure: (1) melanomas
that occur on skin without chronic sun-induced damage (non-CSD); (2) melanomas on skin with chronic
sun-induced damage (CSD); (3) mucosal melanomas; and (4) acral melanomas.16 Acral melanoma (AM)
is the least common subtype of cutaneous melanoma in Caucasians (1–7%), but it is the most common
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type of melanoma diagnosed in non-white populations (Asians, Hispanics, Black American, etc),4−6

accounting for 58% of all cutaneous melanomas in Asians. It can occur in areas with little to no sun
exposure (such as palms, soles, or nail apparatus).

The pathogenesis of AM remains unclear. Some studies have found penetrating injury, physical pressure,
and trauma to be risk factors of AM in Asian populations, while others have found UV light exposure and
chemical exposure as risk factors in Caucasian populations.7−9 AM is thought to carry a worse prognosis
than other subtypes of melanoma, possibly because of its lower awareness, delay in diagnosis, and
aggressive biological behavior.3 Due to the low incidence of melanoma in China, sentinel lymph node
biopsy (SLNB) and documentation of Breslow thickness have not been widely implemented in melanoma
centers in China. Only a few case series of Asian AM have been published. The clinical and pathological
characters, treatment, and prognosis of Chinese AM patients have never been compared with Caucasian
patients. Data are presented from two cohorts of AM patients following curative resection and SLNB in
two large referring centers in China and the US.

Patients And Methods

Patient selection
Retrospective review identi�ed AM patients treated at FUSCC and Mayo Clinic Enterprise between
December 1, 2009 and December 1, 2015. A total of 280 primary AM patients were identi�ed at FUSCC,
and a total of 68, of whom 62 were Caucasian (3 American Indian, 3 Black Americans were excluded),
were identi�ed at Mayo Clinic. Clinical and pathological data were retrospectively analyzed from the
databases after Institutional Review Board (IRB) approval at both centers. AM was de�ned by anatomic
location, including melanoma on palmar, plantar, and subungual sites. Only patients with primary tumors,
clinical node negative, treated with surgical excision were included in the study. Patients with one or more
invasive melanomas located in non-acral locations, clinically positive regional lymph node, stage IV
disease, or recurring disease were excluded. The primary and sentinel lymph node specimens were
reviewed and con�rmed by experienced dermatopathologists at each institution. Five-year disease-
speci�c survival (DSS) statistic was analyzed using KM method.

Patients were staged according to the American Joint Committee on Cancer (AJCC) 7th Edition Staging
System. The following clinical and pathological data were retrieved from medical records: age at the time
of diagnosis, gender, location of lesion, greatest dimension of lesion, histological type, tumor stage at
admission, Breslow depth, Clark level, ulceration, Sentinel Lymph node (SLN) status, type of surgery, and
adjuvant treatment. Disease status at the latest contact was categorized as NED (alive with no evidence
of disease), AWD (alive with disease), DFD (death from disease), DFO (death from other causes), and
DUK (death and disease status unknown). Disease-speci�c survival (DSS) was de�ned as the time from
pathologic diagnosis to the time of death due to melanoma or last follow-up. Patient current disease
status at the end of follow-up and their �rst recurrence were listed as well, which are classi�ed as node-
only(regional), local only, in-transit disease, or distant organ metastasis (liver, lung, brain, bone, etc.).
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Surgical procedures, SLNB
Wide local excision of Acral tumor was performed with an adequate margin according to National
Comprehensive Cancer Network (NCCN) guidelines. Amputation was applied for subungual lesion if
adjacent joint involved in the adequate resection margin. Reconstruction of primary defect was
performed by either skin graft, or second intention healing at non-weight bearing area, or rotational �ap
on weight bearing area at the discretion of primary surgeon or plastic surgeon. Lymphatic mapping
technique, including radioisotope, methylene blue or both, were used when performing SLNB.

SLNB was performed for all patients with non-palpable lymph nodes, and SLN status was evaluated by
frozen section intra-operatively at FUSCC. For those with node positive disease intraoperatively, complete
lymph node dissection was performed subsequently, as well as those with node positive disease on �nal
pathology. At Mayo, SLNB was performed for patients with Breslow thickness > 1 mm, and SLN status
was evaluated only on �nal pathology. Some of the patients with sentinel lymph node positive disease
underwent close observation with ultrasound at the discretion of primary surgeons.

Adjuvant therapy
At FUSCC, adjuvant therapies included immunotherapy alone, or immunotherapy combined with
chemotherapy. Immunotherapy include Interleukin-2 (IL-2) or Interferon (IFN)-alpha. Chemotherapy
regimen included Dacabazine plus Cisplatin, or Temozolomide alone. At Mayo, adjuvant therapy included
immunotherapy with IL-2 alone.

Statistical analysis
Statistical analysis was performed using statistical package SPSS, version 23.0 (SPSS, Inc). Descriptive
statistics were utilized using Chi Square method and P < 0.05 was consider signi�cant. DSS was
calculated using the Kaplan Meier (KM) method. Age, gender, Pathologic stage, location, histology,
ulceration, LN status, surgical procedure and adjuvant therapy were analyzed as categorical variables.
Breslow thickness was analyzed as continuous variable. The univariate Cox regression model was used
to examine the association of clinical and pathologic variables with DSS. Characteristics signi�cant in
the univariate analysis at 𝛂<0.05 were included in a multivariate Cox proportional hazards model.

Results

Patient demographics and characteristics
The clinical and pathological features of the two groups of patients are summarized in Table 1. The
median age at diagnosis was 60.5 years (51–70) for Chinese and 64.5 years (49.5–75.3) for Caucasians.
Older age was associated with lower DSS (HR 1.02, CI 1.001–1.035). AM was more common in males in
both groups, with a male to female ratio of 1.22:1 in Chinese patients compared to 1.14:1 in Caucasians.
Tumors were larger in Chinese than Caucasians (median 2.50 cm vs. 1.0 cm). Chinese patients had more
advanced disease than Caucasians, in terms of thickness, ulceration, and pathologic stage, all of which
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were signi�cant between groups. The mean Breslow thickness was 4.19 mm (median 3.0 mm) in Chinese
compared to 1.3 mm (median 1.0 mm) in Caucasians. The percentage of ulceration was 66.1% in
Chinese vs. 29% in Caucasians, and the percentage of stage II-III disease was 84.3% in Chinese vs. 37.1%
in Caucasians. Volar sites (lower limb) were more frequently involved than subungual melanoma in both
groups (Chinese 68.6% vs. 31.4%, Caucasian 61.3% vs. 38.7%). Acral lentiginous melanoma was the
predominant subtype of AM in both groups (92.8% Chinese vs. 96.8% Caucasian).
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Table 1
– Clinical and pathological parameters of AM patients in Chinese (n = 280) and Caucasian (n = 62)

Parameter Chinese (n = 280) Caucasian (n = 62) P value

Age at diagnosis (years)     0.25

Median (IQR) 60.5 (51–70) 64.5 (49.5–75.3)  

Gender (%)     0.80

Male 154 (55) 33 (53.2)  

Female 126 (46) 29 (46.8)  

Male to Female ratio 1.22: 1 1.13:1  

Pathologic stage (%)     < 0.001

0/I 43(15.3) 38 (61.2)  

II 160 (57.1) 11 (17.7)  

III 76 (27.2) 12 (19.4)  

Unknown 1 (0.4) 1 (1.6)  

Largest Diameter (cm) (0.4–10.0) (0.2–4.5) < 0.001

Median (IQR) 2.5 (1.7–3.5) 1.0 (0.43-2.0)  

Unknown (%) 90 (32.0) 18 (29.0)  

Location (%)     0.27

Volar
foot
hand

192 (68.6)
191 (68.2)
1 (0.4)

38 (61.3)
37 (59.6)
1 (0.7)

 

Subungual 88 (31.4) 24 (38.7)  

Histology     0.21

Acral lentiginous 260 (92.8) 60 (96.8)  

Nodular 8 (2.9) 1 (1.6)  

Super�cial spreading 12 (4.3) 1 (1.6)  

Breslow thickness (mm)     0.003

Median (IQR) 3.0 (1.7-5.0) 1.2 (0.65–2.8)  

Unknown (%) 54 (19.3) 11 (17.7)  

Clark Level (%)     < 0.001
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Parameter Chinese (n = 280) Caucasian (n = 62) P value

I 10 (3.6) 8 (12.9)  

II/III 28 (10.0) 22 (35.5)  

IV/V 164 (58.6) 18 (29.0)  

Unreported/unknown 78 (27.8) 14 (22.6)  

Ulceration (%)     < 0.001

Yes 185 (66.1) 18 (29.0)  

No 87 (31.1) 44 (71.0)  

Unreported/unknown 8 (2.8) -  

SLN biopsy (%)     N/A

Yes 280 (100) 34 (54.8)  

No - 28 (45.2)  

SLN biopsy positive (%)     0.56

Yes 85 (30.4) 12 (35.3)  

No 195 (69.6) 22 (64.7)  

Number of SLN resected
Mean (SD)

3.1 (2.05) 2.0 (1.39)  

CLND after SLNB+ (%) 74/85 (87) 8/12 (66.7)  

Number of Total LNs resected, Mean (SD) 8.7 (4.35) 23.4 (12.1)  

CLND positive (%) 27/77 (35.1) 2/8 (25) 0.44

Surgery (%)     N/A

WLE 173 (61.8) 30 (48.4)  

Amputation 88 (31.4) 27 (43.5)  

Mohs surgery - 3 (4.8)  

Unknown 19 (6.8) 2 (3.2)  

Adjuvant therapy (%)     N/A

Yes 238 (84.7) 4 (6.5)  

No 32 (12.4) 58 (93.5)  

Unreported/unknown 10 (3.9) --  
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Treatments

SLNB and CLND
All patients in the Chinese group had SLNB, 30.4% of whom had positive SLN. Fifty-four percent of
patients in the Caucasian group received SLNB, 35.3% of whom had positive SLN. The mean number of
SLN was 3.07 in Chinese patients compared to 2.0 in Caucasian patients. Among SLN positive patients,
74/85 (87%) of patients underwent complete lymph node dissection (CLND) in the Chinese group, with a
mean of 8.7 (1–22) LNs removed and 27/77(35.1%) of patients had positive nodes. In the Caucasian
group, 8/12 (66.7%) underwent CLND, 23.1 (11–48) LNs were removed, and 2/8(25%) of patients had
positive nodes.

Surgery and adjuvant therapy
The majority of patients with volar tumors (Chinese 88.5% vs. Caucasian 73.7%) underwent wide local
excision (WLE), whereas amputation was performed more often for subungual tumors (Chinese 93.2% vs.
Caucasian 79.2%). The majority of Chinese patients (84.7%) received adjuvant therapy, among which
97.5% received immunotherapy (IL-2 or IFN-alpha alone or combined) and 2.5% received immunotherapy
combined with chemotherapy. In Caucasian group, only 6.5% of patients received immunotherapy(IL-2).

Prognostic factors and Survival analysis
The median follow-up time was 43 months (range 3-101 months) in the Chinese group and 24.5 months
(range 2–75 months) in the Caucasian group. During follow up, 25.7% (72/280) Chinese patients died
from melanoma, whereas 11.3% of (7/62) Caucasian patients died of the disease, due to in-transit
metastasis or distant metastasis. About 115/280 (41.1%) recurrences occurred in the Chinese group, with
regional node being the most common site (33%), followed by distant organ metastasis (32.2%), and in-
transit and local recurrence. The Caucasian group had 27.4% (17/62) recurrences, with in-transit
metastasis being the most common (35.2%), followed by local recurrence (29.4%), distant organ (23.5%),
and nodal recurrence (11.4%) [Table 2].
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Table 2
– Patient disease status and recurrence of AM patients in Chinese and Caucasian.

Parameter Acral Melanoma in
Chinese

Acral Melanoma in
Caucasian

Patient disease status (%)    

NED 174 (62.1) 48 (77.4)

DFD 67 (23.9) 5 (8.1)

AWD 30 (10.7) 8 (12.9)

DFO/DUK 9 (3.3) 1 (1.6)

First Recurrence (%) N = 115 (41.7) N = 17 (27.5)

Local 7 (6.1) 5 (29.4)

Regional LN 38 (33.0) 2 (11.8)

In transit 18 (15.7) 6 (35.2)

Distant organ Mets (lung, liver, brain, bone,
etc)

37 (32.2) 4 (23.5)

Unknown 15 (13.0) -

Disease status at the latest contact: NED (alive with no evidence of disease), AWD (alive with
disease),

DFD (death from disease), DFO (death from other causes), and DUK (death and disease status
unknown).

Among prognostic factors, gender (p = 0.001), pathological stage (p < 0.001), Breslow thickness (p < 
0.001), Clark level (p < 0.001), the presence of ulceration (p < 0.001), and positive SLN (p < 0.001) were all
associated with decreased DSS on univariate analysis. Age, Location of tumor, histology, type of surgery,
and adjuvant therapy were not signi�cantly associated with DSS. Using multivariate analysis, gender (p = 
0.011), Breslow thickness (p = 0.018), presence of ulceration (p = 0.026), and positive SLN (p = 0.003)
were independently associated with DSS [Table 3].
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Table 3
– Prognostic factors associated with DSS in AM patients from Chinese and Caucasians.

Parameter Univariate Analysis Multivariate Analysis

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

Age (years)
≤ 60 (N = 166)
> 60 (N = 176)

0.68 (0.43–1.05)
1.0

0.08    

Gender
Male (N = 187)
Female (N = 155)

2.21 (1.38–3.55)
1.0

0.001 1.99 (1.17–3.38)
1.0

0.011

Chinese vs. Caucasian
Chinese (n = 280)
Caucasian (n = 62)

1.26 (0.58–2.76)
1.0

0.56    

Pathologic stage   < 0.001    

0/I (n = 81) 0.08 (0.03–0.27)      

II (n = 171)
III (n = 89)

0.42 (0.27–0.66)
1.0

     

Location
Volar (n = 230)
Subungual(n = 112)

0.91 (0.57–1.46)
1.0

0.69    

Breslow thickness (mm) 1.06 (1.03–1.09) < 0.001 1.05 (1.01–1.09) 0.018

Clark Level (%)   < 0.001    

Unknown (n = 91)
I /II/III (n = 68)
IV/V (n = 183)

0.42 (0.23–0.77)
0.26 (0.11–0.60)
1.0

     

Histology   0.93    

Nodular (n = 9)
Super�cial spreading (n = 12)
Acral lentiginous (n = 321)

1.01 (0.25–4.12)
0.81 (0.25–2.57)
1.0

     

Ulceration
Yes (n = 203)
No (n = 130)

4.06 (2.20–6.57)
1.0

< 0.001 3.39 (1.20–8.23)
1.0

0.026

SLN biopsy status
Positive (n = 97)
Negative (n = 217)

3.45 (2.19–5.45)
1.0

< 0.001 4.10 (1.54–10.92)
1.0

0.003

Surgery
Amputation (n = 115)
WLE (n = 203)

1.04 (0.64–1.68)
1.0

0.88    
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Parameter Univariate Analysis Multivariate Analysis

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

Adjuvant therapy
Yes (n = 242)
No (n = 90)

0.87 (0.51–1.47)
1.0

0.60    

SLN status was an independent prognostic factor associated with lower DSS in the multivariate analysis.
In the subgroup analysis of patients who underwent SLNB (n = 315), AM patients who underwent an SLN
biopsy and had a positive SLN had a 44.0% (95% CI: 25.9% − 55.3%) 5-year DSS compared with a 76.2%
(95% CI: 67.4% − 85.0%) 5-year DSS for patients with a negative SLN.

Comparing Chinese and Caucasians, the overall 5-year DSS rate was 68.4% vs. 73% (p = 0.56),
respectively. No signi�cant difference in stage-strati�ed DSS between Chinese and Caucasian patients
was found. The 5-year DSS rate in Stage III disease was 43.9% for Chinese vs. 49.4% for Caucasian
patients, 73.3% vs. 64.3% for Stage II disease, and 95.0% vs. 94.4% for Stage I disease. There was no
signi�cance in DSS between Chinese and Caucasian patients when controlled for Breslow thickness as
well (data not shown).

Discussion
AM is a distinct subgroup of cutaneous melanoma occurring on the palmoplantar and subungual sites
with speci�c histological and clinicopathological features, regardless of histologic type (if acral
lentiginous or not). It is the most commonly occurring subtype of melanoma in Asian populations and is
known to have a worse prognosis than non-acral melanoma,3,10 likely due to its late presentation and
diagnosis or its intrinsic high aggressiveness.17 Acral lentiginous melanoma (ALM) is a histological
subtype of melanoma, mostly occurring in palmoplantar and nail apparatus and occasionally in non-
acral sites. Racial differences have been investigated in a few case series10,31 and a population-based
analysis on cutaneous melanoma3.However, it is still in dispute. Black Americans was reported to have
lower MSS compared to whites and other races31. Due to its rarity, no study has compared characteristics
and outcomes in AM between Chinese and Caucasian patients. Our study represents the �rst direct
comparative study of a large series of Chinese and Caucasian patients from two tertiary referral
institutions focusing on acral melanoma. To capture the disease process for newly diagnosed AM treated
in a standard fashion, patients were selected from a consecutive time period, with surgery being the initial
treatment. Patients presenting with recurrent disease or metastatic disease were excluded.

Considering epidemiological pathological characteristics, Chinese and Caucasian patients were very
similar in terms of mean age of diagnosis (early 60 s), no signi�cant gender predominance, volar (lower
limb) predilection, and acral lentiginous type predominance, which were consistent with prior studies.19

This study also found that Chinese patients presented with advanced disease compared to Caucasian
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patients. This is consistent with other studies that have reported a higher percentage of T4 disease in
Asia/Paci�c Islanders compared with white skin and black skin patients,3 as well as a high proportion of
Breslow T4 disease in Chinese and Koreans (40.8% and 33%, respectively). Lv et al also reported a mean
Breslow Thickness of 4.9 mm and 47.9% of ulceration in their series.8,13 Delay in diagnosis of AM with a
duration ranging from 1 to 3.7 years was described in the literature13,32, due to hidden site, frequent lack
of pigmentation, lack of recognition and misdiagnosis by dermatologists was an explanation of the
advanced stage disease in Chinese.13

Decreased melanoma-speci�c survival was associated with male gender, thick Breslow depth, high Clark
level, presence of ulceration, advanced pathological stage, and positive SLN. Gender has been reported to
be an independent prognostic factor.11,20,22,23 We also found that male sex was associated with a worse
prognosis, even after controlling for other factors. In the Chinese group, male patients had a 5-year DSS
of 59.4% compared with 77.9% in female patients; whereas, DSS was 55.1% in males versus 93.8% in
females in the Caucasian group. Breslow thickness and presence of ulceration have been shown to be
important prognostic factors for cutaneous melanoma and AM.3,10,15 Breslow thickness was the most
signi�cant prognostic factor in previous studies, before the prevalence of SLNB.20 SLN status has proven
to be an important prognostic factor for cutaneous melanoma24 − 28 and has been reported to be an
important prognostic factor for AM as well, in a few recent series. A recent study of AM patients by Bello
et al found that, out of 157 patients who underwent SLN biopsy, 63 (40%) were positive.15 Our study has
the largest series of Chinese AM patients undergoing SLN biopsy to-date. We found 30.4% of patients
were SLN positive in the Chinese group, who all underwent SLN for staging purposes, and 35% of patients
were SLN positive in the Caucasian group, of whom 54.8% (34/62) underwent biopsy. In our study, we
found that SLN status (HR 4.10, 95% CI 1.54–10.92) was the strongest prognostic factor in AM patients
who underwent SLN biopsy. The SLN positive rate was 2.9% in T1, 20.9% in T2, 39.2% in T3, and 48.7% in
T4 disease. Five-year DSS was 44.0% in patients with positive SLN compared with 76.2% in patients with
a negative SLN, which is consistent with prior literature.15

The prognostic value of racial difference has been investigated in the literature, but its implication on
outcomes remains unclear. Some studies have identi�ed race as an independent prognostic factor,
whereas others have shown similar survival rates among different racial groups after controlling for
stage.2,6,18 Bradford et al reported on a large population of ALM patients and found the 5-year DSS rates
were highest in Non-Hispanic whites (82.6%), intermediate in black Americans(77.2%), and lowest in
Asian/Paci�c Islanders (70.2%).3 However, no survival difference was found between Caucasians and
Asian/Paci�c Islanders, after adjusting for stage and thickness. Lv et al reported on a large series of
Chinese AM patients and found the 5-year DSS to be 53.5%,13 which is worse than reported in
Caucasians (e.g., the 5-year DSS of 70% reported by Bello et al,15 71% by Kuchelmeister et al,21 and 76%
by Phan et al20). In our study, race was not a prognostic factor (HR 1.26, 95% CI 0.59–2.76; P = 0.56). Also
in our study, Chinese patients had more advanced disease as compared to Caucasian patients. However,
there was no signi�cant difference in the 5-year DSS survival between the two groups (68.4% vs. 73%, P = 
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0.56), after adjusting for stage and thickness, which was consistent with literature. In our cohort, a much
higher percentage of Chinese patients received adjuvant therapy (84.7% vs. 6.5%), which may impact
DSS of Chinese patients. One hypothesis is that tumor biology or genetic alterations in AM between the
two groups has a similarity that plays a role. High focal ampli�cations, including CCND1, CDK4, and
GAB2, and low mutation rates on BRAF, NRAS, and KIT have been reported in Caucasians.16,30 A recent
study of genetic alterations of Chinese showed CDK4 gain (39.5%), CCND1 gain (26.7%), and P16INK4a

loss (60.3%).29 Also, positive SLN was higher in the Caucasian group (35.3% vs. 30.4% in Chinese),
though not statistically signi�cant. Positive SLN was the most important detrimental prognostic factor in
our study, which may be an explanation for the survival difference between the two groups.

The major strength of this study is that it includes the largest number of primary AM patients. All of our
Chinese patients had sentinel lymph node biopsy, allowing more accurate pathological staging.
Limitations of this study were that margin status and mitotic rates of the primary tumor were not
analyzed, both of which could be potential prognostic factors. Also, the median follow-up period was
nearly four years in the Chinese group versus two years in the Caucasian group. A shorter follow-up
interval and limited patients included in the Caucasian group could lead to statistical limitations in
identifying survival differences between two cohorts.

Conclusions
This study represents the �rst (and one of the largest) contemporary series investigating AM in Chinese
and Caucasians, from two large referral centers. Our results reinforce the prognostic importance of
positive sentinel lymph nodes, Breslow depth, and presence of ulceration in AM disease-speci�c survival.
There appears to be no difference in survival between Chinese and Caucasians, after controlling for stage
and thickness, even though the Chinese patients presented with more advanced disease. Our results
imply that the biological course of AM is likely similar between Chinese and Caucasian patients. Future
studies are warranted to clarify and expand on the biological differences of AM between different racial
groups. As Asian countries have a high incidence of AM, our data support the implementation of clinical
trials of AM that could include both Chinese and Caucasian cohorts.

Declarations
This research was supported (in whole or in part) by HCA Healthcare and/or an HCA Healthcare a�liated
entity. The views expressed in this publication represent those of the authors and do not necessarily
represent the o�cial views of HCA Healthcare or any of its a�liated entities.

Ethics approval and consent to participate: This study was approved by Institutional Review Board (IRB)
by Mayo Clinic Florida and Fudan University Shanghai Cancer center.

Consent for publication: all the authors are consent for publication.



Page 14/19

Authors’ contributions: S.Bagaria, Y Chen, and S.Misra contributed to the study conceptualization and
design. K Huang, Y Xu. contributed to data acquisition. K Huang. analyzed and interpreted the data. K
Huang, drafted the manuscript.  All authors critically reviewed and contributed to the draft submitted for
publication.

Acknowledgement: The authors thank Pierre-Victor Dudith, MPH, Benjamin Liotta, MD, for language and
grammar revision of the manuscript, and LeAnn Garza of English Pro, LLC for substantive editing of this
manuscript.

Funding:  No

Competing interests: The authors report no proprietary or commercial interest in any product mentioned
or concept discussed in this article.

Data Availability Statement: The data that support the �ndings of this study are available from the
corresponding author upon request. The data are not publicly available due to privacy or ethical
restrictions.

References
1. Chi Z, Li S, Sheng X, et al. Clinical presentation, histology, and prognoses of malignant melanoma in

ethnic Chinese: a study of 522 consecutive cases. BMC Cancer. 2011;11:85.

2. Cormier JN, Xing Y, Ding M, et al. Ethnic differences among patients with cutaneous melanoma. Arch
Intern Med. 2006;166:1907–1914.

3. Bradford PT, Goldstein AM, McMaster ML, et al. Acral lentiginous melanoma: incidence and survival
patterns in the United States, 1986-2005. Arch Dermatology. 2009;145(4):427-434.

4. Shaw JH, Koea JB. Acral (volar-subungual) melanoma in Auckland, New Zealand. The British
Journal of Surgery. 1988;75:69–72.

5. Cascinelli N, Zurrida S, Galimberti V et al. Acral lentiginous melanoma. A histological type without
prognostic signi�cance. The Journal of Dermatologic Surgery and Oncology. 1994;20:817–822.

�. Ridgeway CA, Hieken TJ, Ronan SG, Kim DK, Das Gupta, TK. Acral lentiginous melanoma. Archives of
Surgery. 1995;130:88–92.

7. Green A, McCredie M, MacKie R, et al. A case-control study of melanomas of the soles and palms
(Australia and Scotland). Cancer Causes Control. 1999;10:21-5.

�. Jung HJ, Kweon SS, Lee JB, Lee SC, Yun SJ. A clinicopathological analysis of 177 acral melanomas
in Koreans: relevance of spreading pattern and physical stress. JAMA Dermatol. 2013;149(11):1281–
1288.

9. Bormann G, Marsch WC, Haerting J, Helmbold P. Concomitant traumas in�uence prognosis in
melanomas of the nail apparatus. Br J Dermatol. 2006;155:76-80.



Page 15/19

10. Asgari MM, Shen L, Sokil MM, et al. Prognostic factors and survival in acral lentiginous melanoma.
Br J Dermatol. 2017;177(2):428-435.

11. Wada M, Ito T, Tsuji G, et al. Acral lentiginous melanoma versus other melanoma: A single-center
analysis in Japan. J Dermatol. 2017;44(8):932-938. PMID: 28342269.

12. Collins KK1, Fields RC, Baptiste D, Liu Y, Moley J, Jeffe DB. Racial differences in survival after
surgical treatment for melanoma. Ann Surg Oncol. 2011;18(10):2925-3.

13. Lv J, Dai B, Kong Y, et al. Acral Melanoma in Chinese: A Clinicopathological and Prognostic Study of
142 cases. Scienti�c Reports. 2016;6:31432.

14. Boriani F, O’Leary F, Tohill M, Orlando A. Acral Lentiginous Melanoma-misdiagnosis, referral delay
and 5 years speci�c survival according to site. European Review for Medical and Pharmacological
Sciences. 2014;18:1990–1996.

15. Bello DM,  Chou JF, Panageas K et al. Prognosis of acral melanoma: a series of 281 patients. Annals
of Surgical Oncology. 2013;20:3618–3625.

1�. Curtin JA, Fridlyand J, Kageshita T, et al. Distinct sets of genetic alterations in melanoma. N Engl J
Med. 2005;353:2135–2147.

17. Bastian BC, Kashani-Sabet M, Hamm H, et al. Gene ampli�cations characterize acral melanoma and
permit the detection of occult tumor cells in the surrounding skin. Cancer Res. 2000;60:1968-1973.

1�. Slingluff CL Jr, Vollmer R, Seigler HF. Acral melanoma: a review of 185 patients with identi�cation of
prognostic variables. Journal of Surgical Oncology. 1990;45:91–98.

19. Hsueh EC, Lucci A, Qi K, Morton DL. Survival of patients with melanoma of the lower extremity
decreases with distance from the trunk. Cancer. 1999;85:383–8.

20. Phan A, Touzet S, Dalle S, et al. Acral lentiginous melanoma: histopathological prognostic features
of 121 cases. The British Journal of Dermatology. 2007;157:311–318.

21. Kuchelmeister C, Schaumburg-Lever G, Garbe C. Acral cutaneous melanoma in caucasians: clinical
features, histopathology and prognosis in 112 patients. The British Journal of Dermatology.
2000;143:275–280.

22. Lino-Siva Ls, Dominguez-Rodriguez JA, Aguillar-Romero JM, et al. Melanoma in Mexico:
Clinicopathologic Features in a Population with Predominance of Acral Lentiginous Subtype. Ann
Surg Oncol. 2016;23(13):4189-4194. Epub 2016 Jul 11.

23. Barnes BC, Seigler HF, Saxby TS, et al. Melanoma of the foot. J Bone Joint Surg Am. 1994;76:892–8.

24. Nagore E1, Oliver V, Botella-Estrada et al. Prognostic factors in localized invasive cutaneous
melanoma: high value of mitotic rate, vascular invasion and microscopic satellitosis. Melanoma Res.
2005 Jun;15(3):169-77.

25. Gershenwald JE, Mans�eld PF, Lee JE, Ross MI. Role for lymphatic mapping and sentinel lymph
node biopsy in patients with thick [or = 4 mm] primary melanoma. Ann Surg Oncol. 2000;7:160–5.

2�. Morton DL, Thompson JF, Cochran AJ, et al. Sentinel-node biopsy or nodal observation in melanoma.
N Engl J Med. 2006;355:1307–17.



Page 16/19

27. Yee VS, Thompson JF, McKinnon JG, et al. Outcome in 846 cutaneous melanoma patients from a
single center after a negative sentinel node biopsy. Ann Surg Oncol. 2005;12:429–39.

2�. Scolyer RA, Thompson JF, Stretch JR, Sharma R, McCarthy SW. Pathology of melanocytic lesions:
new, controversial, and clinically important issues. J Surg Oncol. 2004;86:200–11.

29. Kong Y, Sheng X, Wu X, et al. Frequent Genetic Aberrations in the CDK4 Pathway in Acral Melanoma
Indicate the Potential for CDK4/6 Inhibitors in Targeted Therapy. Clin Cancer Res. 2017;23(22):6946-
6957.

30. Krauthammer M, Kong Y, Ha BH, et al. Exome sequencing identi�es recurrent somatic RAC1
mutations in melanoma. Nat Genet. 2012;44:1006-14.

31. Collins KK1, Fields RC, Baptiste D, Liu Y, Moley J, Jeffe DB. Racial differences in survival after
surgical treatment for melanoma. Ann Surg Oncol. 2011;18(10):2925-36.

32. Boriani, F., O’Leary, F., Tohill, M. & Orlando, A. Acral Lentiginous Melanoma-misdiagnosis, referral
delay and 5 years specic survival according to site. European review for medical and
pharmacological sciences 18, 1990–1996 (2014)

Figures



Page 17/19

Figure 1

Stage strati�ed 5-yr DSS in Chinese and Caucasian group. Stage 0/I, p=0.13.
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Figure 2

Stage strati�ed 5-yr DSS in Chinese and Caucasian group. Stage II, p=0.67



Page 19/19

Figure 3

Stage strati�ed 5-yr DSS in Chinese and Caucasian group. Stage III, p=0.87


