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Abstract: Objective: To analyze the pathological characteristics of Acral Melanoma (AM) patients and identify the
factors influencing distant metastasis, while constructing a predictive model for distant metastasis-free survival
(DMFS). Methods: Conducted on 229 AM patients admitted to the Third People’s Hospital of Bengbu and The First
Affiliated Hospital of Anhui Medical University from January 1, 2012, to December 31, 2024. Data collected included
gender, age, lesion location, initial diagnosis stage, trauma history, ulcer presence, Breslow thickness, mitotic rate,
lactate dehydrogenase (LDH), albumin (Alb), and adjuvant therapy. DMFS was assessed through follow-up, with a
deadline of March 31, 2025. Statistical analysis was performed to evaluate significant factors influencing distant
metastasis. Results: The incidence of AM showed an increasing trend from 2012 to 2024. Of the 229 patients, 78
(34.06%) developed distant metastasis. The median follow-up period was 37 months, and 1-year, 3-year, and 5-year
survival rates without distant metastasis were 93.45%, 74.24%, and 66.81%, respectively. Statistically significant
factors affecting DMFS included initial diagnosis stage, ulcer presence, Breslow thickness, mitotic rate, LDH, and
Alb levels (all P<0.05). Risk factors for distant metastasis included stage Il at diagnosis, ulcer presence, lack of
adjuvant therapy, elevated LDH, and low Alb levels. Conclusions: The study identified key pathological factors influ-
encing distant metastasis in AM patients. The constructed nomogram model demonstrated good predictive accu-
racy, with AUC values of 0.895 and 0.879 in the training and validation sets, respectively. This model can aid in the
clinical screening of AM patients at risk for distant metastasis.
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Introduction accounts for only 2%-3% of melanomas in

Western populations, it is the most common

Melanoma is a malignant tumor originating
from melanocytes and is highly metastatic,
often spreading to other sites even in the early
stages of the disease [1, 2]. The global inci-
dence of melanoma has risen significantly,
from 230,000 cases in 2012 to 325,000 in
2020, marking an increase of over 40% [3]. If
this trend continues, by 2040, the number of
new melanoma cases and deaths worldwide
could reach 510,000 and 96,000, respectively
[3]. Melanomas are classified by their primary
site, including cutaneous, acral, mucosal, and
uveal types [4]. Acral Melanoma (AM) arises
from hairless areas such as the soles, subun-
gual regions, and palms [5]. The incidence of
AM varies by ethnicity and geography. While AM

subtype in Asian, Spanish, and African popula-
tions, making up about 50% of all melanomas
in Asians [6, 7].

Early manifestations of AM include deep pig-
mentation, plaques or irregular stripes, often
with symptoms like itching, pain, or bleeding
[8]. As the disease progresses, AM cells rapidly
proliferate, forming ulcers or nodules, which
invade surrounding tissues. Due to the unique
anatomy of acral skin, AM cells are more likely
to spread via lymphatic and blood vessels, lead-
ing to distant metastasis [9, 10]. Distant metas-
tasis, a key feature of AM, significantly impairs
patients’ quality of life and survival. Symptoms
differ based on the affected organ: pulmonary
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from 2012 to 2024

262 patients with Acral Melanoma (AM) treated

(1) Patients with other malignant tumors before or
concurrent with AM diagnosis: 5 cases

(2) AM diagnosed due to central nervous system
metastasis or malignant meningitis: 3 cases

(3) History of gastrointestinal perforation or fistula
within six months of AM diagnosis, or high
bleeding risk (e.g., coagulation dysfunction,
current use of anticoagulants): 2 cases

—>| Exclude

(4) Patients unable to provide distant metastasis
information via telephone follow-up: 23 cases

predictive model integrating mul-
tiple factors is essential for accu-
rately assessing distant metasta-
sis risk in AM patients. Such a
model would provide clinicians
with a comprehensive tool to de-
velop more precise treatment
plans and follow-up strategies,
improving patient survival and
quality of life. This study aims to
construct a predictive model ba-
sed on pathological characteris-

’ 229 AM patients ultimately enrolled in the study ‘

tics to guide clinical practice in

\J/ Distant metastasis

reducing metastasis risk.

Distant metastasis group: patients
who experienced distant metastasis
between the start of treatment and
March 31, 2025.

Non-distant metastasis group:
patients who did not experience
distant metastasis between the start
of treatment and March 31, 2025.

Materials and methods

Patient selection

Figure 1. Process diagram for selecting research subjects.

metastasis can cause dyspnea, cough, and
hemoptysis; liver metastasis may lead to
abdominal pain, bloating, and jaundice; brain
metastasis can result in headaches, seizures,
and neurological dysfunction; and bone metas-
tasis may cause severe pain and fractures [11-
14]. These metastases cause substantial phys-
ical and emotional distress, often diminishing
patients’ ability to care for themselves, affect-
ing daily life, and reducing survival [15].
Although there have been recent advances in
clinical research on AM, understanding of its
pathological characteristics and risk factors for
distant metastasis remains inadequate, espe-
cially regarding the lack of models for predict-
ing distant metastasis risk.

Currently, managing AM clinically depends
largely on the initial diagnosis stage and patho-
logical features, yet these factors are limited in
predicting distant metastasis risk. Staging
reveals tumor depth and extent but lacks com-
prehensive individualized risk assessment.
Pathological features like ulceration, Breslow
thickness, and mitotic rate correlate with dis-
tant metastasis but have limited predictive
power individually [16]. Existing guidelines and
treatment plans often inaccurately assess indi-
vidual risk for AM patients due to limited data,
potentially leading to under- or overestimation
of distant metastasis risk, which affects treat-
ment decisions and prognosis. Developing a
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The data of 229 patients newly

diagnosed with AM and admitted

to the Third People’s Hospital of
Bengbu and The First Affiliated Hospital of
Anhui Medical University between January
2012 and December 2024 were retrospective-
ly collected.

Inclusion criteria: (1) Malignant melanoma con-
firmed by pathology; (2) Histological type of AM;
(3) No distant metastasis at initial diagnosis;
(4) Complete clinical and pathological data
available.

Exclusion criteria: (1) Patients with other malig-
nant tumors before or concurrent with AM diag-
nosis; (2) AM diagnosed due to central nervous
system metastasis or malignant meningitis; (3)
History of gastrointestinal perforation or fistula
within six months of AM diagnosis, or high
bleeding risk (e.g., coagulation dysfunction,
current use of anticoagulants); (4) Patients
unable to provide distant metastasis informa-
tion via telephone follow-up. The study was
approved by the Ethics Committee of The Third
People’s Hospital of Bengbu.

The research subjects were grouped according
to the presence of distant metastasis. Among
the 229 AM patients included, 78 patients with
distant metastasis were categorized into the
distant metastasis group, while 151 patients
without distant metastasis were categorized
into the non-distant metastasis group. The pro-
cess and results of subject selection are shown
in Figure 1.

Am J Cancer Res 2025;15(8):3678-3692



Distant metastasis of AM

w
o
]

[
o
L

Number of confirmed cases

T T T T 1 1 T 1 1 1 1
S DO >0 0 A O N D A
NN NN NN NN A&
S S S S S S
Year of Diagnosis

Figure 2. Changes in the incidence trend of AM, AM:
Acral melanoma.

Data extraction

This was a retrospective analysis, with medical
records of AM patients collected, including the
first page of the medical records, admission
records, first course, treatment records, exami-
nation reports, and pathological reports. The
following factors were included: (1) Basic infor-
mation: gender, age, primary tumor site, initial
diagnosis stage [16], history of trauma or stim-
ulation, distant metastasis, lactate dehydroge-
nase (LDH), and albumin (Alb) levels at initial
treatment; (2) Pathological data: presence of
ulcer, Breslow thickness, mitotic rate; (3)
Treatment: whether postoperative adjuvant
therapy was given. Patient survival information
was obtained through telephone follow-up, with
the follow-up deadline set for March 31, 2025.
Distant metastasis-free survival (DMFS) was
defined as the time from the start of treatment
to distant metastasis or death [3].

Outcome measures

(1) Primary outcomes: Influencing factors of
distant metastasis in AM patients and con-
struction of the prediction model. Patients were
divided into distant metastasis and non-distant
metastasis groups based on the presence or
absence of metastasis [1], and clinical data
were compared. The 229 patients were split
into a training set (160 cases) and a validation
set (69 cases) in a 7:3 ratio using R software. In
the training set, univariate and multivariate
logistic regression were used to analyze factors
affecting distant metastasis in AM patients.
The specific influence of each factor was
assessed by odds ratio (OR), and a nomogram
model was created. (2) Secondary outcomes:
Model validation. The receiver operating char-
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acteristic (ROC) curve, calibration curve, and
decision curve were used to evaluate the mod-
el’'s prediction efficiency.

Statistical analysis

SPSS 26.0 and R 4.2.2 software were used for
statistical analysis. Quantitative data with a
normal distribution were expressed as mean +
SD, while non-normally distributed data were
expressed as median (P25, P75). For normally
distributed measurement data, an indepen-
dent sample t-test was used, and for non-nor-
mally distributed data, a rank-sum test was
performed. Qualitative data were expressed as
frequency (percentage) and analyzed using the
chi-square test. Survival analysis was per-
formed using the Kaplan-Meier method, and
the Log-rank test was used to compare survival
rates between different groups. A P value of
less than 0.05 was considered statistically
significant.

Results
Trends in the incidence of AM

As illustrated in Figure 2, a total of 229 AM
patients admitted to the hospital from 2012 to
2024 were included. The number of confirmed
cases showed an alternating upward trend
from 2012 to 2018, followed by a steady
increase from 2019 to 2024, peaking in 2024.

Clinical data and pathological characteristics
of AM patients

The clinical data and pathological characteris-
tics of the 229 AM patients are summarized in
Table 1. Of these, 136 were male (59.39%) and
93 were female (40.61%). The average age was
62.88+12.97 years. Among them, 185 patients
(80.79%) had primary lesions on the foot; 56
patients (24.45%) were diagnosed with stage IlI
at initial diagnosis; 141 patients (61.57%) had
ulcers; 92 patients (40.17%) had Breslow thick-
ness >4 mm; and 83 patients (36.24%) had a
mitotic rate >5/mm?.

Distant metastasis of AM patients

Of the 229 AM patients, 78 (34.06%) devel-
oped distant metastasis. A comparison of clini-
cal data between the distant metastasis group
and the non-distant metastasis group revealed

Am J Cancer Res 2025;15(8):3678-3692
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Table 1. Clinical data and pathological features of AM patients

Variable n (%)/Mean + SD Variable n (%)/Mean + SD
Gender No 208 (90.83)
Male 136 (59.39) Alb (g/L) 39.86+5.46
Female 93 (40.61) Ulcer
Age (years) 62.88+12.97 Yes 141 (61.57)
Location of primary tumor No 88 (38.43)
The-foot 185 (80.79) Breslow thickness
Non-foot 44 (19.21) >4 mm 92 (40.17)
Staging at initial diagnosis 1-4 mm 126 (55.02)
Phase I 56 (24.45) <1 mm 11 (4.80)
Phase Il 114 (49.78) Mitotic rate
Phase | 59 (25.76) >5/mm? 83 (36.24)
History of traumatic irritation 1-5/mm? 130 (56.77)
Yes 53 (23.14) <1/mm? 16 (6.99)
No 176 (76.86) Adjuvant Therapy
Elevated LDH Yes 170 (74.24)
Yes 21 (9.17) No 59 (5.76)

Note: LDH: lactate dehydrogenase; Alb: aloumin.

significant differences in the initial diagnosis
stage, LDH elevation, Alb levels, ulcer pres-
ence, Breslow thickness, mitotic rate, and adju-
vant therapy (all P<0.05). Detailed data are pre-
sented in Table 2.

DMEFS in patients with different pathological
characteristics

As of the follow-up deadline on March 31,
2025, all 229 patients were successfully fol-
lowed up for survival. The overall survival analy-
sis showed a median follow-up time of 37
months (range: 3-157 months). The DMFS rates
at 1, 3, and 5 years were 93.45%, 74.24%, and
66.81%, respectively. The median DMFS was
not reached (Figure 3A). Analysis of DMFS for
patients with and without ulcers revealed that
the median DMFS for patients without ulcers
was not reached, while the median DMFS for
patients with ulcers was 48 months, signifi-
cantly lower than that of patients without ulcers
(Log-Rank x2 = 15.790, P<0.05) (Figure 3B). For
patients with Breslow thickness <1 mm and
1-4 mm, the median DMFS was not reached,
while the median DMFS for patients with
Breslow thickness >4 mm was 46 months (Log-
Rank x? = 16.055, P<0.05) (Figure 3C). For
patients with a mitotic rate <1/mm? and 1-5/
mm?, the median DMFS was not reached, while
the median DMFS for patients with a mitotic
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rate >5/mm? was 45 months (Log-Rank x? =
14.348, P<0.05) (Figure 3D).

Comparison of patients’ data between the two
datasets

As shown in Table 3, the clinical and pathologi-
cal characteristics of patients in two sets were
similar (P>0.05), indicating that the two datas-
ets are comparable.

Univariate analysis of factors affecting distant
metastasis in AM patients

Logistic regression analyses were performed in
the training set, with the assignment of each
variable shown in Table 4. Both univariate and
multivariate analyses identified the following
factors as influencing distant metastasis in AM
patients: initial diagnosis stage, ulcer, adjuvant
therapy, LDH, and Alb levels (OR = 2.644,
5.658, 0.028, 10.792, and 0.771, respective-
ly). Among these, stage lll at initial diagnosis,
ulcer presence, no adjuvant therapy, elevated
LDH, and low Alb levels were found to be risk
factors for distant metastasis in AM patients
(Table 5).

Construction of nomogram model

The results of the multivariate logistic regres-
sion analysis were visualized to construct the

Am J Cancer Res 2025;15(8):3678-3692
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Table 2. Comparison of data of patients with different metastatic conditions

Distant metastasis group

Non-distant metastasis group

Variable (n=78) (n = 151) X4/t P
Gender 0.002 0.969
Male 45 (34.56) 89 (65.44)
Female 31 (33.33) 62 (66.67)
Age (years) 63.33+12.52 62.64+13.23 0.381 0.227
Location of primary tumor
The-foot 61 (32.97) 124 (67.03)
Non-foot 17 (38.64) 27 (61.36)
Staging at initial diagnosis 11.946 0.001
Phase llI 29 (51.79) 27 (48.21)
Phase Il 36 (31.58) 78 (68.42)
Phase | 13 (22.03) 46 (77.97)
History of traumatic irritation 1.703  0.192
Yes 22 (41.51) 31 (58.49)
No 56 (31.82) 120 (68.18)
Elevated LDH 14.374 <0.001
Yes 15 (71.43) 6 (28.57)
No 63 (30.29) 145 (69.71)
Alb (g/L) 35.98+4.00 41.86+5.02 8.989 <0.001
Ulcer 11.781 0.001
Yes 60 (42.55) 81 (57.45)
No 18 (20.45) 70 (79.55)
Breslow thickness 10.723  0.001
>4 mm 43 (46.74) 49 (53.26)
1-4 mm 33 (26.19) 93 (73.81)
<1 mm 2(18.18) 9 (81.82)
Mitotic rate 6.978 0.008
>5/mm? 39 (46.99) 44 (53.01)
1-5/mm? 34 (26.15) 96 (73.85)
<1/mm? 5 (31.25) 11 (68.75)
Adjuvant Therapy 6.351 0.012
Yes 50 (29.41) 120 (70.59)
No 28 (47.46) 31 (52.54)

Note: LDH: lactate dehydrogenase; Alb: albumin.

nomogram model, as shown in Figure 4. The
nomogram includes each influencing factor
and its corresponding line segment of a specif-
ic length. Researchers can determine the score
for each factor based on the subject’s specific
conditions, and the total score is obtained by
summing the scores of all factors. A vertical line
drawn downward on the total score axis pro-
vides the predicted risk of distant metastasis
for that AM patient.

Validation of the nomogram model

The ROC curve was used to assess the model’s
discrimination in both the training and valida-
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tion sets. As shown in Figure 5A and 5B,
the AUC of the model in the training set was
0.895 (95% CI: 0.846-0.944), and in the valida-
tion set, it was 0.879 (95% CI: 0.794-0.964),
both values exceeding 0.7. The calibration
curves (Figure 6A and 6B) demonstrated
that the model's prediction accuracy in
both sets aligned well with the corrected
prediction accuracy. According to the decision
curve analysis shown in Figure 7A and 7B,
with a distant metastasis incidence of 34.06%,
the benefit rate of the model was higher
than the “all” and “none” curves within the
threshold probability range of 6%-88% in
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Figure 3. Distant metastasis-free survival in patients with AM, (A) All patients, (B) Ulceration, (C) Breslow thickness,

and (D) mitosis rate.

the training set, and 6%-100% in the validation
set.

Nomogram model and ROC comparison of
various factors

The Delong test results indicated that the ROC
of the nomogram model was significantly high-
er than that for the initial diagnosis stage, ulcer,
adjuvant therapy, LDH, and Alb levels (z =
6.224, 7.388, 7.501, 11.197, 2.791, all P<
0.05). Detailed results are presented in Figure
8 and Table 6.

Discussion

This study analyzed the incidence trend of 229
AM patients admitted from January 2012 to
December 2024 and observed changes in the
incidence of AM during this period. From 2012
to 2018, the number of confirmed AM cases
showed an alternating upward trend, which
may be linked to both the natural growth trend
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of melanoma and advancements in medical
diagnostic techniques. With increased aware-
ness of melanoma and continuous improve-
ments in dermopathological diagnostic meth-
ods, more potential AM cases have been identi-
fied. The incidence of diagnosed AM increased
from 2022 to 2024, a trend seen in many
regions [17-20]. This rise is likely due to factors
such as population aging, improved diagnostic
technology, heightened public health aware-
ness, and environmental changes [21-28].
Future studies should investigate the mecha-
nisms behind these changes in AM incidence
trends to inform public health policy and clinical
interventions.

AM exhibits distinct biological behaviors, in-
cluding a high incidence of distant metastasis
and poor prognosis, which are closely related
to the primary site, pathological features,
and tumor microenvironment [29, 30]. In this
study, we analyzed the clinical and patholo-
gical characteristics of 229 AM patients to

Am J Cancer Res 2025;15(8):3678-3692
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Table 3. Comparison of patients’ data between the two datasets

Variable Training set (n = 160) Validation set (n = 69) X/t P
Distant metastasis 0.208 0.648
Yes 56 (71.79) 22 (28.21)
No 104 (68.87) 47 (31.13)
Gender 0.785 0.376
Male 92 (67.65) 44 (32.35)
Female 68 (73.12) 25 (26.88)
Age (years) 63.48+13.09 61.49+12.68 1.062 0.290
Location of primary tumor 0.009 0.925
The-foot 129 (69.73) 56 (30.27)
Non-foot 31(70.45) 13 (29.55)
Staging at initial diagnosis 0.690 0.406
Phase llI 40 (71.43) 16 (28.57)
Phase Il 82 (71.93) 32 (28.07)
Phase | 38 (64.41) 21 (35.59)
History of traumatic irritation 1.028 0.311
Yes 40 (75.47) 13 (24.53)
No 120 (68.18) 56 (26.92)
Elevated LDH 0.697 0.404
Yes 13 (61.90) 8 (38.10)
No 147 (70.67) 61 (29.33)
Alb (g/L) 39.78+5.69 40.03+4.92 0.319 0.750
Ulcer 1.065 0.302
Yes 102 (72.34) 39 (27.66)
No 58 (65.91) 30 (34.09)
Breslow thickness 0.738 0.390
>4 mm 70 (76.09) 22 (23.91)
1-4 mm 80 (63.49) 46 (36.51)
<l mm 10 (90.91) 1(9.09)
Mitotic rate 0.084 0.772
>5/mm? 62 (74.70) 21 (25.30)
1-5/mm? 84 (64.62) 46 (35.38)
<1/mm? 14 (87.50) 2 (12.50)
Adjuvant Therapy 0.066 0.798
Yes 118 (69.41) 52 (30.59)
No 42 (71.19) 17 (28.81)

Note: LDH: lactate dehydrogenase; Alb: albumin.

explore the relationship between distant
metastasis and pathological features. AM
typically occurs in hairless areas such as the
soles, palms, and subungual regions, where the
skin structure is distinct and lymphatic and
blood vessels are abundant. This increases
the likelihood of tumor cells spreading to
distant organs via these pathways [31, 32].
Previous studies [33, 34] have indicated a
high rate of distant metastasis in AM, with
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common metastatic sites including the
lungs, liver, brain, and bones, which signi-
ficantly affect patients’ quality of life and prog-
nosis. In our study, 34.06% of AM patients
developed distant metastasis, which is slightly
lower than the rates reported in previous
studies [33, 34]. This discrepancy may be
due to differences in the study populations but
still underscores the high metastatic potential
of AM.

Am J Cancer Res 2025;15(8):3678-3692
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Table 4. Variable assignment

Variables Assignment

Dependent variable
Distant metastasis 0=No, 1=Yes

Independent variable
Staging at initial diagnosis 0 =“Phase I”, 1 = “Phase Il”, 1 = “Phase III”
Ulcer 0="“No", 1="“Yes”
Breslow thickness 0=“<1mm”, 1=“1-4mm”, 2="“>4mm”
Mitotic rate 0=“<1/mm?”, 1 =“1-5/mm?”, 2 = “>5/mm?”
Adjuvant Therapy 0="“No", 1="Yes”
LDH 0 = “Normal or reduced”, 1 = “Elevated”
Alb Enter actual values

Note: LDH: lactate dehydrogenase; Alb: albumin.

Table 5. Univariate and multivariate analysis

. Univariate analysis Multivariate analysis

Variables
B P OR (95% Cl) B P OR (95% Cl)

Staging 0.684 0.001 1.981(1.318-2.978) 0.972 0.009 2.644 (1.272-5.495)
Ulcer 1.058 0.001 2.881(1.555-5.335) 1.733 0.006 5.658 (1.631-19.623)
Breslowthickness 0.844 0.001 2.325(1.394-3.879) 0.818 0.233 2.266 (0.590-8.702)
Mitotic rate 0.650 0.009 1.915(1.177-3.114) -0.164 0.735 0.849 (0.329-2.190)
Adjuvant Therapy -0.744 0.013 0.461 (0.251-0.848) -3.562 <0.001 0.028 (0.007-0.118)
Elevated LDH 1.750 0.001 5.754 (2.134-15.514) 2.379 0.002 10.792 (2.361-49.325)
Alb -0.270 <0.001 0.764 (0.706-0.826) -0.260 <0.001 0.771 (0.705-0.844)
Constant - - - 8.671 - -

Note: LDH: lactate dehydrogenase; Alb: albumin; OR: odds ratio.
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Figure 4. Nomogram prediction model for distant metastasis in AM pa-
tients, LDH: lactate dehydrogenase; Alb: albumin.

Regarding pathological features, the core char- thinner tumors. Greater Breslow thickness indi-
acteristics of AM include ulcer formation, cates deeper tumor cell penetration through
Breslow thickness, and mitotic rate. These fea- the basement membrane, bringing the tumor
tures not only reflect tumor biology but are also closer to lymphatic and blood vessels and
closely related to distant metastasis. Our study increasing the risk of distant metastasis [38,
found significant differences in DMFS among 39]. Mitotic rate is another key pathological
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feature influencing distant metastasis. In this
study, patients with a mitotic rate greater than
5 per square millimeter had a significantly high-
er risk of distant metastasis than those with
lower rates. A high mitotic rate means a higher
proliferation rate of tumor cells, allowing tumors
to grow faster, break through local tissue barri-
ers, and facilitate distant metastasis [40, 41].

The results of Multivariate analyses showed
that the initial diagnosis stage, ulcer presence,
adjuvant therapy, LDH levels, and Alb levels
were important factors influencing distant
metastasis in AM. In this study, patients with
stage lll at initial diagnosis had a significantly
higher risk of distant metastasis than those

3686

e |

2 -
----- Ideal prediction curve

@ _| —— actual prediction curve

e corrected forecast curve .=

©

o

< |

o

N

o

e |

o

T T T T T |
0.0

0.2 04 0.6

Predicted Probability

0.8 1.0

with stage | and Il. This is closely linked to the
biological behavior of melanoma: as the tumor
stage increases, so does the tumor’s invasive
and metastatic potential [42, 43]. Stage Il
patients often already have regional lymph
node metastasis, and tumor cells are more like-
ly to enter the bloodstream via the lymphatic
system, thereby leading to distant metastasis
[44, 45]. Therefore, stage Il at initial diagnosis
is an independent risk factor for distant metas-
tasis in AM.

In our study, patients with ulcers had a signifi-
cantly higher risk of distant metastasis than
those without ulcers. Ulcers typically indicate
that tumor cells have penetrated the skin’s
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age, and higher levels may indi-
cate tumor cells’ strong ability to
invade and destroy tissue [50-
52]. Elevated LDH levels may also
reflect inflammatory responses
in the tumor microenvironment,
which can further facilitate tumor
metastasis [53, 54]. This study’s
results suggest that increased
LDH levels are closely linked to
melanoma’s aggressiveness, me-
tastatic potential, and poor pro-
gnosis.

20

Model (AUC=0.895)
Staging (AUC=0.607)
Ulcer (AUC=0.587)
-= Adjuvant Therapy (AUC=0.587)
- LDH (AUC=0.558)
Alb (AUC=0.829)

Treatments like immunotherapy,
targeted therapy, and chemother-
apy can remove potential micro-
metastases after surgery and re-

duce recurrence and distant me-

60
100%-Specificity

Figure 8. Nomogram model and ROC comparison of various factors,
LDH: lactate dehydrogenase; Alb: albumin; AUC: Area under the curve.

basement membrane, invaded surrounding tis-
sues, and caused local destruction and inflam-
mation [46]. This local aggressiveness makes it
more likely for tumor cells to enter lymphatic
and blood vessels, promoting distant metasta-
sis [47]. Ulcers may also correlate with tumor
behaviors such as proliferation, invasiveness,
and immune evasion [48, 49]. LDH is a marker
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tastasis risks [55-57]. Advances
in immunotherapy, especially im-
mune checkpoint inhibitors such
as PD-1 and CTLA-4 inhibitors,
have improved DMFS and overall
survival in melanoma patients
[58]. In this study, lower Alb levels
were identified as a risk factor for distant
metastasis in AM. Alb is a key protein for nutri-
tion and immune modulation, and its reduction
may indicate poor nutritional status and weak-
ened immune function, which can lower the
body’s ability to control tumor cells and increa-
se distant metastasis risk [59, 60]. Reduced
Alb levels may also be related to the tumor’s
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Table 6. Nomogram model and ROC comparison of various factors

Indicators AUC Cut-off values SE 95% ClI Z P
Model 0.895 >0.249 0.025 0.836-0.938

Staging 0.607 >1 0.044 0.527-0.683 6.224 <0.001
Ulcer 0.587 >1 0.038 0.506-0.664 7.388 <0.001
Adjuvant Therapy 0.587 >1 0.038 0.506-0.664 7.501 <0.001
LDH 0.558 >1 0.023 0.477-0.636 11.197 <0.001
Alb 0.829 >39.23 (g/L) 0.031 0.762-0.884 2.791 0.005

consumptive metabolism, affecting patient
prognosis [61-63].

The performance of the nomogram model was
satisfactory in both the training and validation
sets, demonstrating high discrimination and
calibration abilities. This model can assist clini-
cians in identifying high-risk AM patients at an
early stage, enabling timely targeted interven-
tions such as enhanced follow-up and early
adjuvant treatment, ultimately reducing the
incidence of distant metastasis and improving
patient prognosis. Compared to previous stud-
ies, this study benefits from a longer follow-up
period and provides representative data. We
identified that the initial diagnosis stage, ulcer
presence, adjuvant therapy, LDH levels, and Alb
levels are independent factors influencing dis-
tant metastasis, potentially through their
effects on tumor invasiveness and immune
function. While some results align with previ-
ous research, there are differences. For exam-
ple, the incidence of distant metastasis in this
study was 34.06%, slightly lower than in some
previous studies [33, 34], which may be related
to differences in the populations included.
Additionally, this study provides a more com-
prehensive evaluation of the interaction effects
of multiple factors, offering a more accurate
risk assessment tool for clinical practice.
However, there are limitations in the study
design. As a retrospective study, it has limita-
tions in the data that can be collected. There
may be additional risk factors for distant metas-
tasis in AM patients, particularly gene-related
factors, that were not included. Furthermore,
due to the broad time range (2012-2024), col-
lecting data for external validation would have
required an extended period, so we did not per-
form external validation of the model. Future
prospective studies should incorporate more
factors and conduct external validation to
explore the mechanisms of distant metastasis
in AM, thereby providing a more comprehensive
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theoretical basis for precise treatment and per-
sonalized management.

In conclusion, this study analyzed the clinical
data and pathological characteristics of 229
AM patients to elucidate the relationship
between pathological features and long-term
metastasis and survival. It identified key fac-
tors influencing distant metastasis in AM,
including initial diagnosis stage, ulcer pres-
ence, adjuvant therapy, LDH levels, and Alb lev-
els. Based on these factors, a nomogram pre-
diction model for distant metastasis was con-
structed. The model’s performance was satis-
factory in both the training and validation sets,
with ROC values of 0.895 and 0.879, signifi-
cantly higher than those predicted by each fac-
tor alone.

Acknowledgements

This work was supported by The Health Re-
search Project of Bengbu (No. BBWK2024A2-
08); Natural Science Foundation of Bengbu
Medical University (No. 2023byzd118); Anhui
High Education Institution (No. 2022AH-
050670) and Research Foundation of Anhui
Medical University (No. 2022xkj053).

Disclosure of conflict of interest
None.

Address correspondence to: Xiaojing Li, Depart-
ment of Plastic Surgery, The First Affiliated Hospital
of Anhui Medical University, No. 218, lJixi Road,
Shushan District, Hefei 230000, Anhui, China. Tel:
+86-0551-6292-2800; E-mail: lixiaojing611@163.
com

References
[1] Long GV, Swetter SM, Menzies AM,

Gershenwald JE and Scolyer RA. Cutaneous
melanoma. Lancet 2023; 402: 485-502.

Am J Cancer Res 2025;15(8):3678-3692



(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

(10]

[11]

(12]

[13]

Distant metastasis of AM

Zhang Y, Ostrowski SM and Fisher DE. Nevi
and melanoma. Hematol Oncol Clin North Am
2024; 38: 939-952.

Arnold M, Singh D, Laversanne M, Vignat J,
Vaccarella S, Meheus F, Cust AE, de Vries E,
Whiteman DC and Bray F. Global burden of cu-
taneous melanoma in 2020 and projections to
2040. JAMA Dermatol 2022; 158: 495-503.
Gassenmaier M. WHO classification of melano-
cytic tumours. Dermatologie (Heidelb) 2025;
76: 121-126.

Gajon JA, Juarez-Flores A, De Leon Rodriguez
SG, Aguilar Flores C, Mantilla A, Fuentes-
Panana EM and Bonifaz LC. Immunotherapy
options for acral melanoma, a fast-growing but
neglected malignancy. Arch Med Res 2022;
53: 794-806.

Kim SH and Tsao H. Acral melanoma: a review
of its pathogenesis, progression, and manage-
ment. Biomolecules 2025; 15: 120.

Park S and Yun SJ. Acral melanocytic neo-
plasms: a comprehensive review of acral ne-
vus and acral melanoma in asian perspective.
Dermatopathology (Basel) 2022; 9: 292-303.
Basurto-Lozada P, Molina-Aguilar C, Castane-
da-Garcia C, Vazquez-Cruz ME, Garcia-Salinas
Ol, Alvarez-Cano A, Martinez-Said H, Roldan-
Marin R, Adams DJ, Possik PA and Robles-
Espinoza CD. Acral lentiginous melanoma: ba-
sic facts, biological characteristics and re-
search perspectives of an understudied dis-
ease. Pigment Cell Melanoma Res 2021; 34:
59-71.

Chiu YJ, Li CY, Wang TH, Ma H and Chou TY.
Comparative transcriptomic analysis reveals
differences in gene expression and regulatory
pathways between nonacral and acral mela-
noma in Asian individuals. J Dermatol 2024;
51: 659-670.

Gui J, Guo Z and Wu D. Clinical features, mo-
lecular pathology, and immune microenviron-
mental characteristics of acral melanoma. J
Transl Med 2022; 20: 367.

Ryu GW, Choi YD, Ryu YJ, Lee JB, Shin MH and
Yun SJ. Risk factors affecting the first metasta-
sis of acral melanoma: Low- pigmentation in-
dependently predicts a first lung metastasis. J
Am Acad Dermatol 2021; 84: 1739-1742.
Zhou L, Shao L, Gao S, Cui C, Chi Z, Sheng X,
Tang B, Mao L, Lian B, Yan X, Wang X, Bai X, Li
S, Guo J and Si L. Impact of response patterns
for patients with advanced acral melanoma
treated with anti-programmed death-1 mono-
therapy. Br J Dermatol 2023; 188: 112-121.
Wang Y, Lian B, Si L, Mao L, Chi Z, Sheng X,
Kong Y, Wang X, Bai X, Yan X, Li S, Tang B, Dai
J, Zhou L, Wei X, Cui C and Guo J. Cumulative
incidence and risk factors of brain metastasis
for acral and mucosal melanoma patients with
stages I-ll. Eur J Cancer 2022; 175: 196-203.

3689

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

Chen PT, Manvar K, Chaudhry R, Wu R and
Wang JC. Acral lentiginous melanoma with
multiple bone metastasis: case report. Pan Afr
Med J 2023; 45: 141.

Lin X, Sun W, Ren M, Xu Y, Wang C, Yan W,
Kong Y, Balch CM and Chen Y. Prediction of
nonsentinel lymph node metastasis in acral
melanoma with positive sentinel lymph nodes.
J Surg Oncol 2023; 128: 1407-1415.
Cheraghlou S, Ugwu N and Girardi M. Sentinel
lymph node biopsy positivity in patients with
acral lentiginous and other subtypes of cuta-
neous melanoma. JAMA Dermatol 2022; 158:
51-58.

Helkkula T, Christensen G, Mikiver R, Ingvar A,
Isaksson K and Nielsen K. Acral melanoma in-
cidence and survival trends in 1990-2020:
a nationwide, population-based study. Acta
Derm Venereol 2024; 104: adv40242.
Angel-Baldo J, Podlipnik S, Azon A, Boada A,
Arrieta A, Marcoval J, Lopez-Sanchez C, Sabat
M, Segura S, Bodet D, Curco N, Lopez-Castillo
D, Sola J, Quintana-Codina M, Baliu-Pique C,
Just-Sarobe M, Martin-Sala S, Malvehy J, Puig
S, Carrera C and Marti RM; Network of
Melanoma Centers of Catalonia. Acral mela-
noma in the caucasian population: a compre-
hensive cohort study on epidemiological, clini-
copathological, and prognostic features. Actas
Dermosifiliogr 2025; 116: 462-473.

Wang S, Zhou H, Ma Y, Jin S, Zhao Y, Wang P,
Tang C, Zhu M, Wang J and Wang P. A retro-
spective study of clinicopathological and prog-
nostic characteristics in 177 Chinese patients
with acral melanoma: heterogeneity based on
tumor site. Melanoma Res 2024; 34: 390-
392.

Alicea GM, Patel P, Portuallo ME, Fane ME, Wei
M, Chhabra Y, Dixit A, Carey AE, Wang V, Rocha
MR, Behera R, Speicher DW, Tang HY,
Kossenkov AV, Rebecca VW, Wirtz D and
Weeraratna AT. Age-related increases in
IGFBP2 increase melanoma cell invasion and
lipid synthesis. Cancer Res Commun 2024; 4:
1908-1918.

Scortegagna M, Murad R, Bina P, Feng Y,
Porritt RA, Terskikh AV, Tian X, Adams PD, Vuori
K and Ronai ZA. Age-associated modulation
of TREMZ1/2-expressing macrophages pro-
motes melanoma progression and metastasis.
Cancer Res 2025; 85: 2218-2233.

Carvalho LAD, Aguiar FC, Smalley KSM and
Possik PA. Acral melanoma: new insights
into the immune and genomic landscape.
Neoplasia 2023; 46: 100947.

Chen CJ, Kajita H, Aramaki-Hattori N, Sakai S
and Kishi K. Screening of autophagy-related
prognostic genes in metastatic skin melano-
ma. Dis Markers 2022; 2022: 8556593.

Am J Cancer Res 2025;15(8):3678-3692



[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

Distant metastasis of AM

Menefee DS, McMasters A, Pan J, Li X, Xiao D,
Waigel S, Zacharias W, Rai SN, McMasters KM
and Hao H. Age-related transcriptome changes
in melanoma patients with tumor-positive sen-
tinel lymph nodes. Aging (Albany NY) 2020; 12:
24914-24939.

Alhaskawi A, Ezzi SHA, Dong Y, Zhou H, Wang
Z, Lai J, Yao C, Kota VG, Abdulla MHAH and Lu
H. Recent advancements in the diagnosis and
treatment of acral melanoma. J Zhejiang Univ
Sci B 2024; 25: 106-122.

Conway J, Bellet JS, Rubin Al and Lipner SR.
Adult and pediatric nail unit melanoma: epide-
miology, diagnosis, and treatment. Cells 2023;
12: 964.

Thakker S, Jaguan D, Belzberg M, Gulati N,
Campbell JR, DeClerck BK, In GK and Patel VA.
Acral lentiginous melanoma. part . epidemiol-
ogy, etiology, clinical presentation, and diagno-
sis. J Am Acad Dermatol 2025; [Epub ahead of
print].

Perez-Anker J, Soglia S, Lenoir C, Albero R, Alos
L, Garcia A, Alejo B, Cinotti E, Orte Cano C,
Habougit C, Dorado Cortes C, Pellegrino L,
Tognetti L, Castillo P, Rubegni P, Suppa M,
Perrot JL, Del Marmol V, Puig S and Malvehy J.
Criteria for melanocytic lesions in LC-OCT. J Eur
Acad Dermatol Venereol 2024; 38: 2005-
2016.

Zhang C, Shen H, Yang T, Li T, Liu X, Wang J,
Liao Z, Wei J, Lu J, Liu H, Xiang L, Yang Y, Yang
M, Wang D, Li Y, Xing R, Teng S, Zhao J, Yang Y,
Zhao G, Chen K, Li X and Yang J. A single-cell
analysis reveals tumor heterogeneity and im-
mune environment of acral melanoma. Nat
Commun 2022; 13: 7250.

Liu H, Gao J, Feng M, Cheng J, Tang Y, Cao Q,
Zhao Z, Meng Z, Zhang J, Zhang G, Zhang C,
Zhao M, Yan Y, Wang Y, Xue R, Zhang N and Li
H. Integrative molecular and spatial analysis
reveals evolutionary dynamics and tumor-im-
mune interplay of in situ and invasive acral
melanoma. Cancer Cell 2024; 42: 1067-1085,
ell.

Perez MC, Messina JL, Karapetyan L, Neves RI
and Sondak VK. Acral melanoma: clinical ad-
vances and hope for the future. Clin Adv
Hematol Oncol 2023; 21: 400-409.

Masison JA, Eldirany SA, Stewart CL and Sloan
SB. Acral and nail melanoma. Clin Dermatol
2025; 43: 3-9.

Chu PY, Chen YF, Li CY, Yang JS, King YA, Chiu
YJ and Ma H. Factors influencing locoregional
recurrence and distant metastasis in Asian pa-
tients with cutaneous melanoma after surgery:
a retrospective analysis in a tertiary hospital in
Taiwan. J Chin Med Assoc 2021; 84: 870-876.
Wei X, Wu D, Li H, Zhang R, Chen'Y, Yao H, Chi
Z, Sheng X, Cui C, Bai X, Qi Z, Li K, Lan S, Chen

3690

[35]

(36]

(37]

(38]

(39]

[40]

[41]

[42]

[43]

L, Guo R, Yao X, Mao L, Lian B, Kong Y, Dai J,
Tang B, Yan X, Wang X, Li S, Zhou L, Balch CM,
SiLand Guo J. The clinicopathological and sur-
vival profiles comparison across primary sites
in acral melanoma. Ann Surg Oncol 2020; 27:
3478-3485.

Shawa HJ, Kazak M, Dahle S and Schulman
JM. Acral amelanotic melanoma mimicking a
foot ulcer. Cureus 2022; 14: e26615.
Mandala M, Rutkowski P, Galli F, Patuzzo R, De
Giorgi V, Rulli E, Gianatti A, Valeri B, Merelli B,
Szumera-Cieckiewicz A, Massi D, Maurichi A,
Teterycz P and Santinami M. Acral lentiginous
melanoma histotype predicts outcome in
clinical stage I-Il melanoma patients: an
International multicenter study. ESMO Open
2022; 7: 100469.

Susok L and Gambichler T. Caucasians with
acral lentiginous melanoma have the same
outcome as patients with stage- and limb-
matched superficial spreading melanoma. J
Cancer Res Clin Oncol 2022; 148: 497-502.
Jung JM, Jung CJ, Won CH, Chang SE, Lee MW,
Choi JH and Lee WJ. Different progression pat-
tern between acral and nonacral melanoma: a
retrospective, comparative, clinicoprognostic
study of 492 cases of primary cutaneous mel-
anoma according to tumor site. Indian J
Dermatol Venereol Leprol 2021; 87: 498-508.
Lee TL, Lin MH, Liao YH, Liau JY and Sheen YS.
Clinicopathological characteristics and prog-
nosis in significantly thick acral lentiginous
melanoma in Taiwan. J Formos Med Assoc
2022; 121: 2338-2344.

Barragan-Estudillo ZF, Brito J, Chavez-Bour-
geois M, Alejo B, Alos L, Garcia AP, Puig S,
Malvehy J and Carrera C. Dermoscopy and re-
flectance confocal microscopy to estimate bre-
slow index and mitotic rate in primary melano-
ma. Dermatol Pract Concept 2022; 12:
e2022174.

Hsu CC, Lee TL, Lin MH, Liao YH, Liau JY and
Sheen YS. Risk factors for lymphatic and he-
matogenous metastasis after diagnosis of cu-
taneous melanoma in Taiwan. J Formos Med
Assoc 2022; 121: 1823-1831.

Roster K, Thang C, Islam S and Lipner SR.
Underreporting of acral lentiginous melanoma
in studies informing American joint committee
on cancer staging system guidelines: a review
of 150 cited studies. Melanoma Res 2024; 34:
84-88.

Broseghini E, Veronesi G, Gardini A, Venturi F,
Scotti B, Vespi L, Marchese PV, Melotti B,
Comito F, Corti B, Ferracin M and Dika E.
Defining high-risk patients: beyond the 8the
AJCC melanoma staging system. Arch Dermatol
Res 2024; 317: 78.

Am J Cancer Res 2025;15(8):3678-3692



[44]

[45]

[46]

[47]

(48]

[49]

(50]

(51]

[52]

Distant metastasis of AM

Jaguan D, Thakker S, Belzberg M, Gulati N,
Campbell JR, DeClerck BK, Patel VA and In
GK. Acral Lentiginous Melanoma. Part Il
Staging, surgical management, the role of
systemic therapy, shortcomings and future di-
rections. J Am Acad Dermatol 2025; [Epub
ahead of print].

Lallas A, Paschou E, Manoli SM, Papageorgiou
C, Spyridis |, Liopyris K, Bobos M, Moutsoudis
A, Lazaridou E and Apalla Z. Dermatoscopy of
melanoma according to type, anatomic site
and stage. Ital J Dermatol Venerol 2021; 156:
274-288.

Morrison GM, Morrison LH, Koon SM, Andeen
N and Chung J. Melanoma presenting as a
Marjolin ulcer on the lower extremity. Dermatol
Online J 2022; [Epub ahead of print].

Monari P, Galli B and Pinton PC. Leg skin ulcer
with atypical features: vascular wound or ad-
vanced melanoma? Wounds 2024; 36: 119-
123.

Stassen RC, Maas CCHM, van der Veldt AAM,
Lo SN, Saw RPM, Varey AHR, Scolyer RA, Long
GV, Thompson JF, Rutkowski P, Keilholz U, van
Akkooi ACJ, Verhoef C, van Klaveren D and
Grunhagen DJ. Development and validation of
a novel model to predict recurrence-free sur-
vival and melanoma-specific survival after sen-
tinel lymph node biopsy in patients with mela-
noma: an international, retrospective, multi-
centre analysis. Lancet Oncol 2024; 25: 509-
517.

Sundararajan S, Thida AM, Yadlapati S, Mu-
kkamalla SKR and Koya S. Metastatic Mela-
noma. StatPearls. Treasure Island (FL) with
ineligible companies. Disclosure: Aye Thida
declares no relevant financial relationships
with ineligible companies. Disclosure: Sujitha
Yadlapati declares no relevant financial rela-
tionships with ineligible companies. Disclosure:
Shiva Kumar Mukkamalla declares no relevant
financial relationships with ineligible compa-
nies. Disclosure: Supriya Koya declares no rel-
evant financial relationships with ineligible
companies: 2025.

Zhang Y, Liu B, Kotenko S and Li W. Prognostic
value of neutrophil-lymphocyte ratio and lac-
tate dehydrogenase in melanoma patients
treated with immune checkpoint inhibitors: a
systematic review and meta-analysis. Medicine
(Baltimore) 2022; 101: e29536.

Liang X, Zhou S and Xiao Z. Prognostic value of
lactate dehydrogenase in patients with uveal
melanoma treated with immune checkpoint
inhibition. Aging (Albany NY) 2023; 15: 8770-
8781.

Desai AD, Chinta S, Yeh C, Shah VP, Shah R,
Paskhover B and Schwartz RA. An analysis of
lactate dehydrogenase (LDH) levels in ad-

3691

(53]

(54]

(55]

(56]

(57]

(58]

(59]

[60]

[61]

vanced stage IV melanoma of the skin: prog-
nostic capabilities and demographic variabili-
ty. Arch Dermatol Res 2023; 315: 799-806.
Popovic A, Petkovic |, Dimitrijevic A and Jovic A.
Prognostic value of lactate dehydrogenase in
patients with melanoma treated with pembroli-
zumab. Acta Dermatovenerol Croat 2023; 31:
86-91.

lozzo M, Comito G, Ippolito L, Sandrini G,
Pardella E, Pranzini E, Capone M, Madonna G,
Ascierto PA, Chiarugi P and Giannoni E. Sex-
related changes in lactate dehydrogenase a
expression differently impact the immune re-
sponse in melanoma. FEBS J 2025; 292:
3056-3071.

Mao L, Qi Z, Zhang L, Guo J and Si L.
Immunotherapy in acral and mucosal melano-
ma: current status and future directions. Front
Immunol 2021; 12: 680407.

Chesney J, Lewis KD, Kluger H, Hamid O,
Whitman E, Thomas S, Wermke M, Cusnir M,
Domingo-Musibay E, Phan GQ, Kirkwood JM,
Hassel JC, Orloff M, Larkin J, Weber J, Furness
AJS, Khushalani NI, Medina T, Egger ME, Graf
Finckenstein F, Jagasia M, Hari P, Sulur G, Shi
W, Wu X and Sarnaik A. Efficacy and safety of
lifileucel, a one-time autologous tumor-infiltrat-
ing lymphocyte (TIL) cell therapy, in patients
with advanced melanoma after progression on
immune checkpoint inhibitors and targeted
therapies: pooled analysis of consecutive co-
horts of the C-144-01 study. J Immunother
Cancer 2022; 10: e005755.

Di Pietro FR, Marinelli D, Verkhovskaia S, Poti
G, Falcone R, Carbone ML, Morelli MF, Zappala
AR, Di Rocco ZC, Morese R, Piesco G, Chesi P,
Marchetti P, Failla CM and De Galitiis F. Weekly
carboplatin plus paclitaxel chemotherapy in
advanced melanoma patients resistant to anti-
PD-1 inhibitors: a retrospective, monocentric
experience. BMC Cancer 2024; 24: 1220.

Xu J, Zhao J, Wang J, Sun C and Zhu X.
Prognostic value of lactate dehydrogenase for
melanoma patients receiving anti-PD-1/PD-L1
therapy: a meta-analysis. Medicine (Baltimore)
2021; 100: e25318.

Carbonnel F, Routier E, Lazure T, Mussini C,
Bellanger C, Merklen C, Bejou B, Buisson A,
Amiot A, Meyer A, Dong C and Robert C. Severe
colitis in patients with melanoma treated with
BRAF/MEK inhibitors. Aliment Pharmacol Ther
2023; 57: 792-799.

Tas F, Ozturk A and Erturk K. Prognostic signifi-
cance of body mass index and serum albumin
as the indicators of nutritional status in small
cell lung cancer. Postgrad Med 2024; 136:
208-217.

Ward ES, Gelinas D, Dreesen E, Van Santbergen
J, Andersen JT, Silvestri NJ, Kiss JE, Sleep D,

Am J Cancer Res 2025;15(8):3678-3692



Distant metastasis of AM

Rader DJ, Kastelein JJP, Louagie E, Vidarsson
G and Spriet I. Clinical significance of serum
albumin and implications of fcrn inhibitor
treatment in IgG-mediated autoimmune disor-
ders. Front Immunol 2022; 13: 892534,

[62] Yaprak DS, Yalcin B, Pinar AA and Buyuk-
pamukcu M. Assessment of nutritional status
in children with cancer: significance of arm an-
thropometry and serum visceral proteins. Pedi-
atr Blood Cancer 2021; 68: e28752.

3692

[63] Lee CC, Wang TT, Lubek JE and Dyalram D. Is

preoperative serum albumin predictive of ad-
verse outcomes in head and neck cancer sur-
gery? J Oral Maxillofac Surg 2023; 81: 1422-
1434,

Am J Cancer Res 2025;15(8):3678-3692



