Cancer Management and Research FaLll

ORIGINAL RESEARCH

Clinical and Histopathological Prognostic Factors
for Disease-Free Survival in Early-Stage Acral and
Non-Acral Cutaneous Melanoma:

A Retrospective Asian Cohort Analysis

Yu-Jen Chiu@"?2, Chiao-Yun Cheng', Kuan-Cheng Chen', Cheng-Yuan Li(®**, Tien-Hsiang Wang'?,
Chi-Han Tsai'

'Division of Plastic and Reconstructive Surgery, Department of Surgery, Taipei Veterans General Hospital, Taipei, | 1217, Taiwan; 2Department of
Surgery, School of Medicine, National Yang Ming Chiao Tung University, Taipei, | 12304, Taiwan; *Department of Dermatology, Taipei Veterans General
Hospital, Taipei, 11217, Taiwan; “Faculty of Medicine, School of Medicine, National Yang Ming Chiao Tung University, Taipei, | 12304, Taiwan

Correspondence: Yu-Jen Chiu, Division of Plastic and Reconstructive Surgery, Department of Surgery, Taipei Veterans General Hospital, 19/F,
No. 201, Sec. 2, Shipai Road, Beitou, Taipei, | 1217, Taiwan, Email chiou70202@gmail.com

Background: Melanoma in Asian populations exhibits distinct clinicopathological features compared to Western populations. While
acral melanoma (AM) is the predominant subtype among Asians, recent studies have demonstrated unique genomic profiles across
melanoma subtypes within this population, suggesting underlying biological differences. Despite these observations, prognostic factors
affecting disease-free survival (DFS) in early-stage melanoma remain insufficiently characterized among Asian patients. Improved
DFS-based risk stratification may inform risk-adapted surveillance strategies in clinical practice. This study investigates clinicopatho-
logical factors associated with DFS in early-stage melanoma among Taiwanese patients.

Methods: A retrospective analysis was performed on 186 Asian patients with early-stage melanoma. Key factors, including age,
gender, tumor location, histological subtype, Breslow thickness, mitotic rate, Lymphovascular Invasion (LVI), lactate dehydrogenase
(LDH) levels, and ulceration, were analyzed. Cox proportional hazards models assessed the influence of these factors on DFS.
Results: Advanced age (>65) was associated with poorer DFS (HR 1.87, 95% CI 1.23-2.83, p = 0.003). Female sex was associated
with a lower risk of disease recurrence compared with male sex (HR 0.657, 95% CI 0.436-0.989, p = 0.044). Ulceration (HR 2.09,
95% CI 1.42-3.09, p = 0.0002), Breslow thickness, and mitotic rate (HR 2.09, 95% CI 1.13-3.86, p = 0.0183) were associated with an
increased risk of disease recurrence. In the multivariate analysis, LVI (HR 8.69, 95% CI 1.73-43.73, p = 0.009) and ulceration (HR
2.01, 95% CI 1.05-3.85, p = 0.035) were identified as independent risk factors for worse DFS; notably, the markedly elevated hazard
ratio observed for LVI should be interpreted with caution given its relatively low prevalence in the cohort.

Conclusion: Clinicopathological factors, including age, gender, Breslow thickness, mitotic rate, ulceration, and LVI were associated
with disease-free survival in univariate analyses. Importantly, LVI and ulceration emerged as independent prognostic factors in
multivariate analysis in early-stage melanoma among Asian patients. These findings emphasize the need for tailored follow-up and
management strategies to improve outcomes.
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Introduction

Melanoma is an aggressive form of skin cancer originating from melanocytes in the epidermis.' Characterized by a high
propensity for metastasis and poor prognosis, melanoma represents a significant clinical challenge globally.> * While the
majority of research and clinical guidelines have focused on cutaneous melanoma in Caucasian populations, where
ultraviolet (UV) radiation is a major etiologic factor, the epidemiological and pathological features of melanoma differ
substantially in non-Caucasian populations, particularly in Asians.'>”’

In Asian countries such as Taiwan, where over 70% of melanomas are acral in origin, acral melanoma (AM)

5,8-11

represents the predominant subtype, unlike in Western populations, where it accounts for only 1% to 7%.'* '
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AM which arises in sun-protected areas like the palms, soles, and nail beds, often occurs in less visible anatomical
locations, leading to delayed diagnosis and resulting in deeper tumor invasion and worse clinical outcomes.>'> Recent
genomic studies have highlighted significant genetic differences between melanomas in Asian and Caucasian popula-
tions. In Caucasian cohorts, melanoma pathogenesis is strongly associated with UV radiation exposure, leading to a high
frequency of characteristic UV-induced mutations such as BRAF and NRAS."'® Conversely, melanomas occurring in
Asian populations, particularly AM, exhibit distinct genetic profiles marked by fewer UV-related mutations and a higher
prevalence of unique structural variations and copy number alterations, including mutations or amplifications in genes
such as KIT, CCND1, CDK4, and TERT.>!” These ethnicity-specific genomic alterations suggest alternative oncogenic
mechanisms in Asian melanoma, independent of UV exposure.

Consequently, prognostic models and therapeutic strategies developed from Western datasets might inadequately
represent the risk and biological behavior of melanoma among Asian patients. Understanding these distinctive genetic
backgrounds provides a critical rationale for investigating tailored prognostic indicators and improving individualized
clinical management within Asian populations.

Multiple studies have identified age, Breslow thickness, ulceration, and lymphovascular invasion (LVI) as significant
prognostic factors in melanoma.®'%'®2% Whether these same variables carry equivalent prognostic weight in Asian
cohorts, particularly those dominated by acral melanoma, remains uncertain. Furthermore, there is inconsistent evidence
regarding the prognostic significance of other histopathological markers such as mitotic rate and ulceration across
different ethnic groups.™'>!%21-22

Given that most prognostic models are based on Western data, they may not adequately reflect the risk profiles of
Asian populations, particularly in AM-dominant regions like Taiwan, thereby limiting the development of tailored
clinical strategies that can guide clinical decision-making. In early-stage melanoma, accurate identification of prognostic
factors is critical for determining follow-up protocols and treatment intensity.>*> Without reliable prognostic markers
reflective of local patient characteristics, clinicians may under- or over-treat individuals, leading to either unnecessary
interventions or missed opportunities for early recurrence detection. For instance, while Taiwan’s national melanoma
guideline currently stratifies follow-up intensity primarily based on clinical stage,* it remains unclear whether additional
high-risk features such as older age, greater tumor thickness, or lymphovascular invasion, should prompt more
personalized surveillance.

To address these knowledge gaps, we conducted a retrospective analysis of early-stage melanoma patients treated at
Taipei Veterans General Hospital between 2000 and 2023. Using Kaplan—Meier survival analysis and Cox proportional
hazards modeling, we aimed to identify independent prognostic factors that influence disease free survival (DFS) in an
Asian cohort. Rather than relying solely on traditional staging criteria, we sought to uncover which clinicopathological
features within early-stage disease may help stratify patients by risk and guide surveillance intensity. This personalized
approach to risk assessment may better capture the heterogeneity of melanoma presentation in Asian patients and
improve long-term outcomes through earlier intervention and tailored follow-up care.

Methods

This is a retrospective analysis of patients with melanoma. The medical record of patients with early-stage melanoma
between 2000 and 2023 at Taipei Veteran Hospital, a tertiary medical center in Taiwan were retrieved. The Strengthening
the Reporting of Observational Studies in Epidemiology guidelines were followed in this study. This retrospective cohort
study was approved by the Institutional Review Board of Taipei Veterans General Hospital (approval numbers: 2025-04-
014AC). The requirement for informed consent was waived by the ethics committee because of the retrospective study
design. Clinicopathological staging was determined according to the American Joint Committee on Cancer staging
criteria. The patients’ demographics and tumor characteristics, including age, sex, location, Breslow thickness (tumor
depth classified as T1 [<1.0 mm], T2 [1.1-2.0 mm], T3 [2.1-4.0 mm], or T4 [>4.0 mm]), primary tumor site,
lymphovascular invasion and ulceration were collected and analyzed. Finally, only cases with adequate histopathological
data were included. Of the 375 eligible patients, totaling 186 patients had TNM clinical stage 0, I or II.

All analyses were performed using R version 4.2.0 (R Core Team, Vienna, Austria). Fisher’s exact test or the Chi-
Square test were used to compare between categorical variables as appropriate. The Kaplan—-Meier method was used to
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estimate 5-year cumulative DFS and Log rank test determined it’s significancy between different groups. Cox propor-
tional regression was used to analyze independent risk factors affecting 5-year DFS in a univariant and multivariant
model. Variables included in the multivariate Cox model were selected based on a priori clinical relevance and statistical
significance in univariate analysis. Analysis were conducted using a complete-case approach; cases with missing values
for covariates (including mitotic rate and serum lactate dehydrogenase [LDH]) were excluded from the corresponding
models. The proportional hazards assumption was assessed using Schoenfeld residuals, and no significant violation was
detected. Statistical significance was set at p < 0.05.

This study was approved by the Institutional Review Board of Taipei Veterans General Hospital. The requirement for
informed consent was waived because of the retrospective nature of the study and the use of de-identified patient data,
which posed minimal risk to the participants. All patient data were handled in strict accordance with institutional
guidelines to ensure confidentiality and privacy. The study was conducted in compliance with the principles of the
Declaration of Helsinki.

Results
We retrospectively analyzed data from patients diagnosed with melanoma at Taipei Veterans General Hospital between
2000 and 2023. After excluding 189 patients with stage III and IV disease, 186 patients with early-stage melanoma (stage
0-II) were included in the final analysis. This study population provides a valuable opportunity to explore prognostic
indicators in a predominantly acral melanoma cohort and contribute region-specific insights to the global melanoma
literature.

The overall characteristics of the cohort are presented in Table 1. Most patients were aged >65 years (59.1%) and
were male (56.5%). Tumor locations were predominantly on the extremities (77.4%), consistent with the common
anatomical distribution of AM in Asian populations. Histopathologically, 70.4% of tumors were acral melanomas, while

Table | Clinicopathological Characteristics

N %

Age <65 76 40.9
265 110 59.1
Gender Male 105 56.5
Female 8l 43.5
Location Trunk 19 10.2
Head and neck 23 12.4
Extremity 144 774
Stage 0 23 12.3
| 45 24.2
1l 118 63.4
Acral site Non-AM 55 29.6
AM 131 70.4

LDH <225 95 51.1
2225 32 17.2
Unknown 59 31.7
Breslow I(<1) 52 28.0
2(1~2) 39 21.0
3(2.1~4) 42 22.6

4(>4) 43 23.1

Unknown 10 54
Mitosis <=3 58 31.2
>3 31 16.7
Unknown 97 522
(Continued)
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Table | (Continued).

N %
LvI Negative 181 97.3
Positive 5 27
Ulceration Negative 110 59.1
Positive 76 40.9

Abbreviations: AM, acral melanoma; LDH, Lactate dehydro-
genase; LVI, Lymph-vascular invasion.

the remaining 29.6% were non-acral. Regarding serum lactate dehydrogenase (LDH) levels, 51.1% of patients had LDH
<225 U/L, and 17.2% had levels >225 U/L. In terms of tumor depth, 28.0% of tumors had a Breslow thickness of <1 mm,
while 23.1% were >4 mm, indicating a broad distribution of tumor invasiveness. Ulceration was observed in 40.9% of
cases, and LVI was present in a small but clinically important subset (2.7%). Mitosis rates varied, with only 16.7% of
patients demonstrating a high mitotic index (>3 mitoses/mm?), although over half of the cases (52.2%) had unknown
mitotic data, limiting this variable’s interpretability.

Overall, our findings reveal that the presence of ulceration and LVI were significantly associated with shorter DFS in
both univariate and multivariate analysis. Older age, male and mitosis rate also showed trends toward poorer prognosis
but with less consistent statistical significance. These results are largely in agreement with Western studies but extend
their relevance to an Asian cohort dominated by AM cases. Notably, the high percentage of AM cases in our population
(70.4%) reinforces the distinct epidemiology of melanoma in Taiwan and underscores the need for subtype-specific
prognostic tools, as shown in Table 2.

To facilitate a deeper understanding of these associations, we now present a series of Kaplan—Meier survival curves
illustrating the impact of key clinicopathological variables on disease-free survival. These include age, gender, location,
histology, Breslow thickness, mitotic rate, ulceration, LDH and LVI. Each graph is accompanied by a narrative
interpretation that highlights the clinical implications and statistical significance of the observed survival trends.

The Kaplan-Meier survival curve indicates that age is significantly associated with disease-free survival in early-stage
melanoma patients. Patients aged >65 years exhibited a notably poorer DFS compared to those under 65. The separation

between the survival curves is clear and persistent throughout the follow-up period, suggesting that older age is an

Table 2 Disease Free Survival

Disease Free Survival

Univariate Multivariate
Factors P value HR 95% CI P value | HR | 95% CI
Age 265 0.003* 1.87 1.23~2.83 0.389 1.39 | 0.66~2.95
Female 0.044* 0.6569 | 0.4363~0.9891 | 0.984 0.99 | 0.50~1.97
Location head and neck | 0.787 111 0.52~2.35
Location extremity 0412 0.77 0.42~1.43
Acral site: AM 0.557 1.1341 | 0.7452~1.726
LDH 2225 0.485 0.8164 | 0.4622~1.442
Breslow 2(1~2) 0.018* 2.10 1.13~3.90
Breslow 3(2.1~4) 0.006* 2.32 1.28~4.24
Breslow 4(>4) 0.0004* 293 1.62~5.32
Mitosis rate >3 0.0183* 2.09 1.13~3.86 0.069 1.81 | 0.95~3.42
LVI 0.0274* 2.77 1.12~6.85 0.009* 8.69 | 1.73~43.73
Ulceration 0.000212* | 2.09 1.415~3.088 0.035* 2.01 | 1.05~3.85

Note: *p<0.05.
Abbreviations: AM, acral melanoma; LDH, Lactate dehydrogenase; LVI, Lymph-vascular invasion.
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independent risk factor for earlier recurrence. This finding underscores the importance of age as a prognostic marker and
highlights the need for closer surveillance in elderly patients, even in early-stage disease, as shown in Figure 1.

The Kaplan—Meier survival curve of 5-year disease-free survival stratified by gender demonstrates a distinct separa-
tion, with female patients showing superior outcomes compared to male patients, as shown in Figure 2. The divergence
becomes more apparent after the first year and persists throughout the follow-up period. The Log rank test confirmed that
this difference was statistically significant (P = 0.043). These results indicate that male gender is associated with poorer
DFS, supporting its potential role as an adverse prognostic factor in this cohort.

This survival analysis demonstrates a significant inverse relationship between Breslow thickness and DFS. Patients
with thicker melanomas (higher Breslow depth) had substantially poorer DFS compared to those with thinner lesions.
The survival curves diverge early and remain separated over time, indicating that Breslow thickness is a critical predictor

5-Year Cumulative Disease-Free Survival by age
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Figure | Kaplan-Meier curves of 5 year disease-free survival in patients with early-stage melanoma stratified by Age.

5-Year Cumulative Disease-Free Survival by LDH
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Figure 2 Kaplan—Meier curves of 5 year disease-free survival in patients with early-stage melanoma stratified by Gender.
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of recurrence risk. This result aligns with previous studies and reinforces the role of tumor depth as a core component of
melanoma staging and prognosis, as shown in Figure 3.

The DFS curve based on mitotic rate shows that patients with higher mitotic activity tend to have worse outcomes,
although the degree of separation is less pronounced than in other variables like Breslow or age. The trend suggests
a possible association between rapid tumor cell proliferation and increased recurrence risk. Although mitotic rate is not
consistently included in all staging systems, its role as a secondary prognostic factor should not be overlooked, as shown
in Figure 4.

Patients whose tumors exhibited ulceration demonstrated significantly shorter DFS compared to those without
ulceration, as shown in Figure 5. The survival curves diverge notably early in the follow-up period and continue to

5-Year Cumulative Disease-Free Survival by Breslow
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Figure 3 Kaplan—Meier curves of 5 year disease-free survival in patients with early-stage melanoma stratified by Breslow.

5-Year Cumulative Disease-Free Survival by mitosis
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Figure 4 Kaplan—Meier curves of 5 year disease-free survival in patients with early-stage melanoma stratified by Mitosis.
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5-Year Cumulative Disease-Free Survival by LVI
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Figure 5 Kaplan—Meier curves of 5 year disease-free survival in patients with early-stage melanoma stratified by Ulceration.

separate over time. This result confirms ulceration as a negative prognostic indicator, consistent with global melanoma
literature.

LVI showed a strong and statistically significant correlation with poor DFS, as shown in Figure 6. Patients with LVI-
positive tumors had the lowest survival probabilities among all subgroups analyzed. The survival curve drops sharply
compared to the LVI-negative group, underscoring the aggressive nature of tumors with vascular or lymphatic spread. In
multivariate analysis, LVI was associated with a markedly increased hazard ratio, despite its relatively low prevalence in
the cohort. This supports the inclusion of LVI in multivariate prognostic models and suggests its potential utility in
identifying high-risk patients requiring intensified follow-up.

In univariate Cox proportional hazards analysis, neither tumor location nor histologic subtype was significantly
associated with disease-free survival. Compared to tumors on the trunk (reference), head and neck lesions had a hazard
ratio of 1.11 (95% CI: 0.52-2.35, p = 0.787), and extremity tumors had an HR of 0.77 (95% CI: 0.42-1.43, p = 0.412).

5-Year Cumulative Disease-Free Survival by ulceration
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Figure 6 Kaplan-Meier curves of 5 year disease-free survival in patients with early-stage melanoma stratified by LVI.
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For histology, acral melanoma (AM) showed an HR of 1.13 (95% CI: 0.75-1.73, p = 0.557) compared to non-AM,
indicating no significant prognostic impact on DFS. These results align with the Kaplan—-Meier curves, which suggested
potential trends but did not reach statistical significance.

Discussion

Melanoma is a heterogeneous disease comprising biologically and prognostically distinct clinicopathological subtypes.**
Most prognostic models, particularly those emphasizing age, Breslow thickness, and ulceration, are derived primarily
from studies in Western populations,'® which often underrepresent the AM subtype prevalent in Asian cohorts. Given the

high incidence of AM in Taiwan,***

our study aimed to identify prognostic factors specific to early-stage melanoma
(stage 0-II) using a large, long-term dataset from a single tertiary medical center. In our cohort, age, gender, Breslow
thickness, mitosis, LVI and ulceration emerged as independent prognostic indicators for DFS. These findings are largely

consistent with those from European and American studies,'*"?

where tumor thickness and ulceration have been widely
validated as strong predictors of recurrence. While our results align with existing literature, they also offer novel insights
that reflect the distinct clinicopathological characteristics of Taiwanese patients.

Age, as a traditional prognostic factor, however only showed poor DFS in Kaplan—-Meier analysis. The poorer
prognosis observed in older patients may be attributed to factors such as delayed diagnosis, reduced attention to skin
changes, lower awareness of early melanoma signs, the presence of seborrheic keratoses that may mask malignancy or
anatomical tumor locations that are less visible and biologically more aggressive tumor features such as increased
thickness, ulceration, and higher mitotic activity.'>>°-¢

Breslow thickness has been a cornerstone of prognostic indicator across diverse populations and melanoma subtypes.
In our study, increased thickness was strongly associated with poorer DFS. This is biologically plausible, as thicker
tumors frequently exhibit BRAF-driven MAPK pathway activation and matrix metalloproteinase overexpression, which
promote tumor cell proliferation and invasion.' These mechanisms support the observed correlation between tumor depth
and aggressive clinical behavior.

LVI defined as the presence of melanoma cells within lymphatic or blood vessels and is thought to facilitate
metastatic spread to regional lymph nodes and distant sites.?” Although not currently included in AJCC staging systems,
LVI has been associated with other poor prognostic features such as increased Breslow thickness, ulceration, mitotic rate,
and sentinel lymph node positivity.?”*® Our findings support its prognostic relevance, with LVI significantly associated
with reduced DFS.

Ulceration retained prognostic significance in acral melanoma, consistent with Western studies where it is a well-
established predictor of recurrence and survival.'>** This indicates that ulceration represents a universal marker of tumor
aggressiveness across melanoma subtypes. Given the disproportionately high prevalence of AM in Asian populations, the
clinical impact of ulceration may be even more pronounced.”*’ These findings support its inclusion in current staging
systems while underscoring the need for further studies in Asian cohorts.

Although high mitotic rate, age and gender did not reach statistical significance in our multivariate Cox regression
analysis, both factors demonstrated trends toward poorer DFS in Kaplan-Meier analysis and are widely recognized as
important prognostic indicators in previous studies.*>'*2'** The lack of statistical significance in our model may be
partly explained by the relatively small number of patients exhibiting these features and the presence of missing data,
which could have limited the power of the analysis.

These findings have important clinical implications, suggesting that even within early-stage melanoma, risk stratifica-
tion based on patient and tumor features is feasible and necessary. This challenges current uniform follow-up protocols
that rely solely on tumor staging and supports the development of more individualized surveillance schedules—
particularly for elderly patients or those with deeper tumors or LVI-positive pathology.

These findings also have direct implications for post-treatment surveillance strategies. Current NCCN guidelines
generally recommend symptom-driven imaging and do not support routine imaging for asymptomatic patients with early-
stage melanoma.”* In contrast, local practice in Taiwan adopts a more proactive, stage-adapted follow-up approach,
including baseline imaging and more frequent surveillance in selected patients, reflecting population-specific disease
characteristics and healthcare system considerations.”* In light of our findings, patients with adverse prognostic features
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(eg, lymphovascular invasion and ulceration) may warrant closer surveillance in the early post-treatment period, when
the risk of recurrence is generally considered higher in clinical practice, followed by regular long-term follow-up
thereafter. Such risk-adapted follow-up strategies may help bridge the gap between uniform stage-based protocols and
individualized surveillance tailored to high-risk subgroups within early-stage melanoma, particularly in AM-dominant
populations such as those in Taiwan, while patients at lower risk may be appropriately managed with standard
surveillance.

Our study further emphasizes the need for ethnic and regional specificity in melanoma prognostication, espe-
cially in AM-dominant populations like Taiwan. When comparing our findings with existing literature from both
Western and Asian cohorts, we observed a mix of concordant and distinct prognostic patterns. Similar to prior
studies from the United States and Europe, as well as several East Asian cohorts, our univariate analysis confirmed
age, gender, Breslow thickness, mitotic rate, LVI, and ulceration as significant predictors of DFS. However, in
multivariate analysis, only LVI and ulceration retained independent prognostic significance, highlighting their
potential underappreciated value in early-stage melanoma risk stratification, especially within AM-dominant popu-
lations. Western-derived prognostic models may not fully capture the risk dynamics in Asian populations, especially
in Taiwan. Our study contributes to a growing body of evidence advocating for the adaptation of clinical guidelines
to reflect local disease characteristics and serves as a foundation for prospective validation in multicenter Asian
cohorts.

Future research should aim to include larger, more diverse Asian populations and multi-institutional datasets to
validate and strengthen the generalizability of our findings. While key oncogenic drivers such as BRAF, NRAS, NF1,
and KIT mutations are well-documented in cutaneous melanoma, substantial genomic differences have been observed
between cutaneous and acral melanoma. Specifically, acral melanoma is characterized by a lower burden of point
mutations but a higher frequency of large-scale chromosomal aberrations, reflecting distinct tumor biology.'~' Despite
these differences, most molecular studies to date have focused predominantly on populations with cutaneous mela-
noma, leaving acral melanoma underrepresented in genomic and biomarker research. Given the high prevalence of AM
in Asian populations, especially in Taiwan, there is a critical need for further research specifically targeting AM-
dominant cohorts. Integrating molecular markers, such as immune-related biomarkers, gene expression signatures, and
metabolic indicators, with established clinicopathological features (eg, Breslow thickness, ulceration, LVI) may
facilitate the development of more precise and personalized prognostic models tailored to the biological characteristics
of AM-dominant population.

Limitations

This study has several limitations that warrant consideration. First, the number of patients with certain adverse features
such as LVI, ulceration, and high mitotic rate were limited, which may reduce the statistical power to detect significance
in some subgroup analyses and raises concerns about model overfitting, particularly for rare variables like LVI (2.7%
incidence). Second, a proportion of pathological variables had missing data, which may have biased multivariate model
selection or attenuated the apparent impact of some prognostic factors. Third, although the cohort reflects real-world
clinical practice in Taiwan, it was drawn from a single tertiary medical center, and thus generalizability to the broader
Taiwanese or pan-Asian melanoma population may be limited. Finally, molecular or genetic markers such as BRAF,
NRAS, or KIT mutations were not available in this dataset, limiting our ability to integrate clinicopathologic and
genomic risk stratification.

Conclusion

Our study highlights the strong prognostic factors of age, gender, Breslow, mitosis, ulceration and LVI for early-stage
melanoma in an Asian cohort predominantly composed of AM cases. These findings support the feasibility and necessity
of risk stratification beyond standard staging. With patients harboring adverse pathological features—particularly LVI
and ulceration—representing a higher-risk subgroup that may benefit from closer, individualized surveillance, whereas
patients without these features may be appropriately managed with standard follow-up. Given the distinct epidemiolo-
gical profile of melanoma in Taiwan, our results emphasize the need for population-specific prognostic models. By
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addressing a long-standing research gap, this study contributes to more accurate risk assessment, provides a rationale for

risk-adapted follow-up strategies within existing guideline frameworks, and lays the groundwork for future multicenter

validation in Asian population with melanoma.
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