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Abstract: The presence of ulceration in melanoma is associated with poor clinical outcomes and is the third most powerful predictor of 
survival in the AJCC Melanoma Staging System after tumor thickness and mitotic activity. The aggressive biological behavior associated 
with ulceration has been hypothesized to be the result of an intrinsic biological attribute that favors dissemination and presents locally with 
the loss of epidermal integrity. Among the features of ulcerated melanoma, many show promise as potential prognostic tools, markers of 
differential immunogenicity and indicators of oncogenic drivers of invasion and metastasis. The incidence of ulcerated melanoma is greater 
in males, increases with age and with systemic inflammatory risk factors (diabetes, smoking, low vitamin D, elevated body mass index). 
Patients with ulcerated primary tumors seem to exclusively benefit from adjuvant interferon (IFN) therapy, which is likely the consequence 
of an altered tumor microenvironment. When ulceration is present, there is a higher density of macrophages and dendritic cells and enhanced 
expression of pro-inflammatory cytokines, such as IL-6. There is also an increased expression of proteins involved in tumor antigen 
presentation in ulcerated melanomas. Histologically, vascular density, vasculogenic mimicry and angiotropism are all significantly 
correlated with ulceration in melanoma. The presence of ulceration is associated with reduced protein expression of E-cadherin and 
PTEN and elevated levels of N-cadherin and the matrix metalloproteinases. Differential microRNA expression also holds promise as 
a potential prognostic biomarker of malignancy and disease spread within the setting of ulceration. However, the molecular and cellular 
differences associated with the ulcerated state are complex and further study will aid in determining how these differences can be harnessed 
to improve care for patients with melanoma. 
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Introduction
The presence of ulceration in melanoma is defined by the American Joint Committee on Cancer (AJCC) Melanoma Staging 
System as having three key features: a full thickness epidermal defect to the level of the basement membrane, evidence of 
a characteristic host response (fibrin, neutrophils), and thinning, effacement, or reactive hyperplasia of the surrounding 
epidermis.1,2 Ulceration is third most powerful predictor of survival in the AJCC Melanoma Staging System, with the first 
and second being tumor thickness and mitotic activity, respectively.2,3 While tumor thickness is also considered a prognostic 
criterion for melanoma, and thicker tumors are more commonly ulcerated, the presence of ulceration and the extent of 
ulceration are both independent predictive factors.2–6 The presence of ulceration may also reflect a highly proliferative 
phenotype, often associated with a higher mitotic rate, but not all thick or highly mitotic lesions are ulcerated.4,5,7 This 
suggests that processes other than cell proliferation may influence the development of ulceration.7–9 The aggressive biologic 
behavior associated with ulceration has been hypothesized to be a consequence of some intrinsic biological attribute of the 
tumor that favors dissemination and presents locally with the loss of epidermal integrity.5
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The impact of ulceration in melanoma centers on its correlation with poor clinical outcomes. Thus, ulceration has 
consistently been considered an important indicator of prognosis. In the AJCC 8th Edition Melanoma Staging 
system, ulceration is included in the grading criteria for melanoma grades I–IV as a T-category criterion. Primary 
melanomas are thus classified as “a” or “b” indicating the absence or presence of ulceration, respectively.2–4 In 
1980, Balch et al showed that survival in stage I melanoma is reduced from 80% to 55% if the primary tumor is 
ulcerated and from 53% to 12% in stage II melanoma (p < 0.001).10 The same study showed reduced progression 
free survival (PFS) and overall survival (OS) relative to non-ulcerated melanomas of the same thickness, further 
supporting an association of tumor ulceration with poor prognosis. Based on the prognostic differences associated 
with ulceration, it has been proposed that ulcerated melanoma represents a unique biologic entity, separate from its 
non-ulcerated counterpart.11

To date, there is no clear reason for the development of the ulcerated phenotype in melanoma, or a well-defined 
molecular explanation for its prognostic value. However, several studies have demonstrated significant molecular features 
of ulcerated melanomas as well as correlations with other diagnostic criteria that may aid in answering these questions. For 
example, gene expression patterns associated with the upregulation of certain pro-inflammatory cytokines are increased in 
ulcerated tumors compared to non-ulcerated tumors. In 2006, Winnepenninckx et al cited differences in gene expression 
profiles between ulcerated and non-ulcerated melanoma; an indicator of the biologic basis for the adverse impact of 
ulceration. Specifically, primary cutaneous ulcerated melanomas had enhanced expression of IL-6, a pro-inflammatory 
cytokine.11,12 This finding suggests that altered activation of inflammatory pathways in the tumor microenvironment is 
associated with the ulcerated phenotype.12–14 Melanomas with increased vascular density have a higher rate of 
ulceration,12–14 and lymphovascular invasion has also been identified as a feature significantly associated with the presence 
of ulceration.15 While these studies provide evidence of the unique features of ulcerated melanomas that carry potential 
prognostic and biologic significance, further characterization of the histologic, molecular, and immunologic differences is 
needed in the context of clinical data in order to improve care, prognostication and therapy.

Impact of Sex, Age and Race on Ulcerated Melanoma
In a study of 423 cases, primary melanoma tumor ulceration was found to occur with a higher frequency in males 
(30.4%) than females (14.4%) (p = 0.019).16 The Sunbelt Melanoma Trial was a multicenter, prospective randomized 
clinical study of over 1800 patients that evaluated the role of high-dose interferon alfa-2b therapy in patients with a single 
positive sentinel lymph node metastasis treated with a completion lymph node dissection. This study made similar 
observations in that men were more likely to have evidence of tumor ulceration with a diagnosis of primary cutaneous 
melanoma (p < 0.0001).17 However, other studies have indicated that sex, as well as anatomic location and degree of 
pigmentation, are not correlated with the occurrence of ulceration.18–20 The reason for these disparate findings could be 
based on differences in sample size. There is also evidence that ulcerated melanomas are more common with advancing 
age (50 years or older) and non-white race, according to an analysis from the National Cancer Database.21

Risk Factors and Comorbidities
Several associated conditions and comorbidities have been shown to correlate with the incidence of tumor ulceration in 
melanoma. One published study investigating the relationship between ulceration and systemic inflammatory factors found 
that the occurrence of tumor ulceration in cutaneous melanoma was associated with diabetes, smoking, low vitamin D levels, 
and higher body mass index (BMI) at the time of diagnosis.10 The association between low vitamin D and ulceration has been 
hypothesized to be the result of altered Wnt/β-catenin signaling.22 In 2017, von Schuckmann et al showed that patients who 
regularly used statins, aspirin or NSAIDs were less likely to be diagnosed with an ulcerated melanoma when incidence was 
adjusted for age, sex, thickness and mitotic rate (OR 0.68, 95% CI 0.46–1.00).23 While early epidemiologic studies suggested 
that statins may prevent melanoma development, more recent studies do not support this finding.24–27 Rather, it is suggested 
that the onset of statin therapy may be associated with more frequent medical surveillance.27
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Histologic Features
Cell Morphology
Multiple specific histologic features of cutaneous melanoma have been investigated to determine their potential correla-
tion with the presence of tumor ulceration, including cell morphology. Spindle cell morphology, defined by a fusiform 
cell shape and elongated nucleus, is generally associated with mesenchymal cells. Melanomas composed entirely of 
spindle-shaped cells are rare and are estimated to account for 3% to 14% of all melanoma cases.28 Melanomas in which 
only parts of the tumor are composed of spindle cells are seen more often, although data supporting this observation are 
limited. In one study, 7% of the included melanomas were composed entirely of spindle-shaped cells and were equally 
distributed between ulcerated and non-ulcerated melanomas. However, a larger number (29%) of melanomas included in 
the study exhibited partial spindle cell morphology, and overall, the presence of spindle cell morphology was shown to 
correlate significantly with tumor ulceration in melanoma (p = 0.021).28

Histological Type
Histologic type classification (nodular, superficial spreading, desmoplastic, or lentigo melanoma) has not been shown to 
be significantly associated with ulceration. However, differences in the frequency of ulceration have been detected. In 
a study of 423 melanoma patients, 18% of cases exhibited ulceration, with a high percentage of ulcerated tumors being 
categorized as nodular melanomas (47.8%) and desmoplastic melanomas (66.7%), relative to the frequencies observed in 
superficial spreading melanoma (9.2%) and lentigo malignant melanoma (7.7%).29 A separate study by Masback et al 
found that among a sample of 468 Swedish patients, there was a significant correlation between the presence of 
ulceration and nodular melanoma growth (p < 0.001).30 It is possible that the population being sampled may impact 
the histologic type in which ulceration is most commonly observed.

Although ulceration in melanoma is an independent predictor of survival in melanoma, one study found that in acral 
melanoma, the prognostic value of ulceration depended on tumor thickness. In this study of 1053 patients with acral 
melanoma, ulceration was a significant prognostic indicator for tumors ≤1 mm. However, there was no association 
between ulceration and survival for intermediate/thick or stage III acral melanoma.31

Vascular Density and Vasculogenic Mimicry
Vascular density has been shown to be of prognostic value in malignant melanoma. It is hypothesized that vessel density 
is increased in tumors to subsequently increase oxygen and blood supply for support of tumor growth.32 A tendency 
toward vascularity in ulcerated melanoma was demonstrated by Storr et al in a study of 417 patients, wherein melanoma 
vascularity was evaluated via immunohistochemistry (IHC) for CD34 using a semi-quantitative technique. It was 
demonstrated that a high CD34+ microvessel density was associated with ulcerated lesions and infiltration of CD68+ 
macrophages.14

Vasculogenic mimicry, or the ability of cancer cells to mimic vasculogenic-like patterned structures to obtain nutrients 
and oxygen, has also been shown to aid in providing microcirculation in aggressive melanomas independent of the 
presence of endothelial cells.33 The acquisition of gene expression characteristic of endothelial cells is termed endothelial 
trans-differentiation, and CD31 and CD34 are two endothelial markers that have been used to measure this process. 
A study by Pisacane et al examining 45 cutaneous melanoma samples by immunohistochemistry (IHC) and found that 
87.5% and 68% of cutaneous ulcerated melanomas were CD31-positive and CD34-positive, respectively. In comparison, 
68% and 27% of non-ulcerated melanomas that were CD31-positive and CD34-positive, respectively (p = 0.03).33 

Endothelial trans-differentiation is associated with the development of intravascular niches of disseminated melanoma 
cells at metastatic sites. This event may occur more commonly in ulcerated tumors.34

Angiotropism and Vascular Invasion
Angiotropism is defined as tumor cells closely associated with abluminal vascular surfaces without intravasation.35 When 
observed in clinical specimens, angiotropism of melanoma cells has been termed “extravascular migratory 
metastasis”.36,37 Angiotropism has been shown to be significantly correlated with the presence of ulceration in primary 
melanomas when assessed in H&E stained tissue sections (p = 0.0331).38 The amount of angiotropism observed has been 
shown to vary significantly based on location within ulcerated lesions through semi-quantitative analysis (p < 0.0001). 
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Angiotropism was predominantly observed in the superficial and most ulcerated part of the tumor compared with the 
non-ulcerated part of the tumor (86% vs 28%, respectively). Angiotropism has also correlated strongly with the presence 
of neutrophils. The dense infiltration of neutrophils near vessels can be detected by immunohistochemistry for CD34 and 
CD66 in double-stained tissue sections.39 Neutrophils have also been shown to contribute to the adhesion of tumor cells 
to the endothelium.40 Therefore, concurrent observation of tumor angiotropism and neutrophilic infiltrate may contribute 
to extravascular migratory metastasis and the increased likelihood for intravasation of tumor cells into the circulation. 
This relationship could be a possible explanation for the increased risk of both regional lymph node metastasis and 
systemic spread in ulcerated melanoma.

In addition to angiotropism, lymphovascular invasion (LVI) is a feature that aligns with increased metastatic potential. 
LVI has been examined for its correlation with the presence of ulceration in melanoma. In a study with 246 samples, 
Rose et al found the presence of LVI, as detected via immunohistochemistry for podoplanin (lymphatic vessel marker 
detected with D2-40 monoclonal antibody) and/or CD34, was significantly associated with ulceration (p < 0.0001). 
Previous studies have found conflicting results regarding the clinical value of IHC-detected LVI and its association with 
disease-free survival (DFS) or OS on univariate analysis.41 While there is a correlation between LVI and ulceration in 
cutaneous melanoma, causation between the variables has yet to be proven.42,43

Patterns of Gene Expression, Associated Mutations, and Molecular Signatures
Efforts to characterize the gene expression profile, associated oncogenic mutations, and molecular signatures of ulcerated 
melanoma have been made by several groups. Identification of unique molecular features associated with ulcerated 
tumors has revealed multiple pathways by which affected patients may harbor an increased risk of metastasis and 
recurrence, and thus may hold prognostic value. Following is a discussion of genes that have been investigated in the 
context of melanomas exhibiting ulceration.

Matrix Metalloproteinases
Matrix metalloproteinase (MMP) function to degrade extracellular matrix proteins and have been shown to play a role in 
modulation of melanoma development, progression and metastasis. Vihinen et al found that serum MMP-8 was increased 
in melanoma patients with primary tumor ulceration.44 Elevated expression of MMP-1 and MMP-3 in melanoma 
metastases is associated with shorter disease-free survival (median 17.0 vs 11.2 months, p = 0.0383).45 MMP-1 promoter 
single nucleotide polymorphisms (SNPs) have been shown to have a significant association with a susceptibility to the 
development of cutaneous melanoma. Two SNPs in the MMP-1 promoter have been specifically associated with tumor 
ulceration in melanoma. SNP −422A > T (rs475007) and SNP −755T > G (rs498186) were identified using a dominant 
genetic model. However, this study showed no association between MMP-1 promoter SNPs and clinical outcome, 
suggesting only a moderate effect of these SNPs on melanoma progression.46

Cadherins
E-cadherins are essential for cell-to-cell adhesion in epithelial tissues. Loss of E-cadherin expression is recognized as an early 
event in epithelial-mesenchymal transition, and is associated with development of tumor metastasis in other cancers.47 

Bonnelykke-Behrndtz et al found that ulceration status in melanoma was significantly linked with the loss of E-cadherin 
expression when estimated as a global score (E-cadherin expression across the entire tumor) and as a weak-spot score (1 
x 1 mm area with the lowest E-cadherin expression). However, E-cadherin expression was portrayed as being heterogeneous 
throughout the tumor. This study showed that the loss of E-cadherin was most prominent within superficial and ulcerated part 
of the melanoma, while a study by Lade-Keller et al reported loss of E-cadherin specifically in the invasive zone.29,39 These 
studies differed in their methods of analyzing E-cadherin expression, with one using a quantitative computer-assisted analysis 
to divide the area of membrane expression by the area of region of interest to estimate E-cadherin expression, and the other 
using a semi-quantitative scoring system to assign a percentage range of positive staining tumor cells. These differences in 
the approach to analysis of IHC expression may have contributed to these differential findings.

The latter study by Lade-Keller et al also demonstrated a significant association between ulceration and high N-cadherin, low 
E-cadherin and low PTEN expression. The ratio of E-cadherin to N-cadherin was termed the “cadherin switch profile” and was 
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found to be of prognostic value.29 The cadherin switch profile predicted poor melanoma-specific survival (HR 2.5, 95% CI 1.3– 
4.6, p = 0.005) and poor distant-metastasis-free survival (HR 2.2, 95% CI 1.2–4.0, p = 0.01). Both survival measures were 
independent of Breslow thickness, ulceration, and tumor stage in multivariate analysis (HR 1.96, 95% CI 1.0–3.7, p = 0.04; and 
HR 2.1, 95% CI 1.1–3.9, p = 0.02, respectively). However, the presence of ulceration was significantly associated with high 
N-cadherin, low E-cadherin and low PTEN expression, and with the cadherin switch profile.29

BRAF
Other groups have demonstrated an association between melanoma tumor ulceration status with loss of E-cadherin 
expression in conjunction with BRAF mutational status. In a study of 68 samples, loss of E-cadherin expression and 
BRAF mutation individually were associated with ulceration in primary cutaneous melanoma (p = 0.05 and p = 0.02, 
respectively). There was also an association between BRAF mutation and E-cadherin loss even after controlling for 
confounding variables. These results suggest mutant BRAF may repress E-cadherin expression, thus indicating a role for 
BRAF in mediating epithelial-mesenchymal transition and the facilitation of metastasis.48 In another study of 232 cases 
of primary melanoma, overall levels of BRAF protein expression were examined. High BRAF expression was detected in 
85% of patients with ulceration at the time of diagnosis compared with 49.5% of patients without ulceration (p = 
0.000015). Also, univariate analysis demonstrated that BRAF expression, tumor thickness, presence of ulceration and 
AJCC stage were all significantly associated with overall and 5-year disease-specific survival in patients diagnosed with 
primary melanoma.49 In a study of 71 patients with ulcerated cutaneous melanoma, patients with high proportion of 
mutant BRAF alleles (>35%) had shorter recurrence-free survival (HR 2.44, 95% CI 1.23–4.84, p = 0.011).50 While 
targeted therapies for BRAF mutations have shown to increase recurrence-free survival in patients with stage III 
malignant melanoma, clinical benefit was consistent regardless of ulceration status.51

PTEN
Phosphatase and tensin homolog (PTEN) is a tumor suppressor gene on chromosome 10 that is frequently mutated in 
melanoma and functions in regulation of the cell cycle, cellular adhesion, migration and apoptosis.52 Loss of PTEN expression 
in melanoma has also been shown to correlate with reduced T cell infiltration and immune evasion.53 A switch from the 
expression of E-cadherin to N-cadherin (discussed above as a feature of ulcerated tumors) has been associated with down-
regulation of PTEN. Lade-Keller et al have shown a significant association between the presence of ulceration and low PTEN 
expression (p = 0.003). Lade-Keller et al also found reduced or absent PTEN expression significantly predicted poor overall 
relapse-free survival in melanoma (HR 2.0, 95% CI 1.2–3.2, p = 0.006), a finding not independent of Breslow thickness, 
ulceration, or tumor stage in multivariate analyses (p > 0.05).29 Mikhail et al found an association between reduced PTEN 
expression and ulceration but no association with other progression markers or survival. Sample size and time to follow-up 
may have contributed to the lack of an association with outcome measures in this study.54 However, Slipicevic et al found no 
association between reduced PTEN expression and primary tumor thickness, relapse-free survival, or overall survival.55

The discrepancies across multiple studies regarding PTEN expression, ulceration status, and progression markers or 
survival may be due to differences in staining and/or cohort characteristics. Lade-Keller et al examined a larger cohort 
with a longer clinical follow-up compared to other studies. Notably, Mikhail et al assessed nuclear staining and Slipicevic 
et al assessed cytoplasmic staining, while Lade-Keller et al analyzed both cellular compartments.29,54–56 While altered 
PTEN expression appears to be a feature associated with tumor ulceration, a cause for its dysregulated expression was 
not identified in these studies. De Unamuno Bustos et al have shown aberrant methylation of PTEN was associated with 
increased mitotic rate (OR 2.2, 95% CI 1.0–4.6, p = 0.021) and ulceration (OR 5.8, 95% CI 2.5–13.1, p < 0.001).56 Thus, 
PTEN methylation status may be altered in ulcerated tumors. Taken together, these findings suggest loss of PTEN 
expression may be a feature of ulcerated tumors that contributes to activation of PI3K/Akt signaling, but this relationship 
requires examination of other factors contributing to the regulation of this signaling pathway.

HLA Class I and MX1
Major Histocompatibility Complex (MHC) I (HLA Class I) and MX Dynamin Like GTPase 1 (MX1) are proteins 
involved in tumor antigen presentation.57,58 A study by Verver et al conducted IHC analysis for MHC I, MHC II, and 
MX1 in two retrospective cohorts of melanoma patients. Cohort 1 was diagnosed with a primary cutaneous melanoma 
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(n = 172, 49% ulcerated melanoma). Cohort 2 was diagnosed with metastatic melanoma and underwent lymph node 
resection (n = 98, 44% ulcerated melanoma). Primary and metastatic ulcerated melanomas were found to exhibit 
higher basal expression of MHC class I molecules compared with non-ulcerated melanomas, independent of Breslow 
thickness, histologic type and lymphocytic infiltrate. Primary ulcerated melanomas also exhibited higher baseline levels 
of MX1 at the border of tumor beds compared to non-ulcerated melanomas (50.6% (42/83) and 31.3% (25/80), 
respectively, p = 0.01). Moderate or strong peri-tumoral MX1 expression was independently associated with ulcerated 
melanoma in multivariable logistic regression analysis (p = 0.02). MX1 and MHC molecules are both regulated by 
interferon (IFN) signaling, and therefore the differences in expression of MHC class I and MX1 in ulcerated tumors 
indicate that the composition of the tumor microenvironment may be altered when ulceration is present. The altered 
tumor microenvironment presents an opportunity for immune-based therapies and helps to explain why ulcerated 
primary melanomas seem to exclusively benefit from adjuvant IFN.57

Maspin
Maspin is a member of the serpin family of protease inhibitors that may act either as a tumor suppressor or promoter, 
depending on the cell type under study and its subcellular localization. In a study by Martinoli et al, nuclear maspin 
expression in melanoma samples (n = 152) was significantly associated with melanoma thickness (p < 0.0001), mitotic 
rate (p < 0.0001), and the presence of ulceration (p < 0.002), while no significant association was detected between 
ulceration status and cytoplasmic mapsin expression.59 These findings suggest a tumor-promoting effect of nuclear 
maspin and potential prognostic utility in melanoma based on its subcellular site of expression.

PHIP Copy Number
Pleckstrin homology domain interacting protein (PHIP) has previously shown utility as a marker and mediator of 
melanoma metastasis. Bezrookove et al found that high PHIP copy number (determined by fluorescence in situ 
hybridization) was significantly associated with ulceration status by univariate logistic regression analysis (n = 238, 
p = 0.004). The combined impact of increased PHIP copy number and tumor vascularity on ulceration status was highly 
significant. A 2018 study by this group confirmed the role of PHIP copy number in melanoma progression and the 
association between copy number and ulceration status.60 Correlation between PHIP levels and ulceration suggests a role 
for the IGF1R pathway in ulceration, given the known involvement of PHIP in this signal transduction pathway.61

CDKN2A
CDKN2A, also known as cyclin dependent kinase inhibitor 2A, is a tumor suppressor that functions as a regulator of the cell 
cycle. CDKN2A mutations are associated with an increased risk for cutaneous melanoma and other cancers. One study showed 
that patients with wild-type CDKN2A have a greater prevalence of ulceration in superficial spreading melanomas than carriers of 
CDKN2A germline mutations (p = 0.036). This association was not maintained for all invasive cutaneous melanomas or nodular 
melanomas.62 A separate study investigated survival rates in multiple primary melanoma cases from a Swedish population based 
on family history (familial vs sporadic) and CDKN2A status (mutated vs wild type – wt). The three cohorts were familial mutated 
(fam-CDKN2Amut), familial wild-type (fam-CDKN2Awt), and sporadic wild-type (spor-CDKN2Awt). When adjusting for age at 
diagnosis of second melanoma, sex and T classification of the thicker of the first 2 melanomas, the fam-CDKN2Amut cohort had 
significantly worse overall survival from melanoma compared to the fam-CDKN2Awt and the spor-CDKN2Awt cohorts.63 These 
disparate results indicate that further investigation is needed to ascertain the importance of CDKN2A in mediating the ulcerated 
state in melanoma.

Skp2
S-phase kinase protein 2, an F-box protein, targets cell cycle regulators via ubiquitin-mediated degradation. Chen et al 
found that increased cytoplasmic Skp2 expression was correlated with the presence of ulceration status in melanoma (p =  
0.005).64 However, cytoplasmic Skp2 expression was not found to be an independent prognostic marker for melanoma 
patient survival by multivariate Cox proportional hazard analysis.
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Beclin 1 and LC3
Beclin 1 and LC3 are mammalian autophagic genes typically altered in other cancer types, with Beclin 1 acting as 
a tumor suppressor. Melanoma ulceration has been shown to correlate with Beclin 1 non-cytoplasmic expression and 
inversely correlate with cytoplasmic LC3 protein expression.65 While the contribution of autophagy to the development 
and progression of melanoma is complex, altered expression patterns of autophagy-associated genes such as Beclin 1 and 
LC3 suggest that this pathway helps to promote the ulcerated state.

EGFR
Epidermal growth factor receptor (EGFR) is a transmembrane receptor tyrosine kinase that is overexpressed in several types of 
cancer, and its downstream signaling has been shown to facilitate cancer cell proliferation and migration.66,67 However, in 
melanoma, there is conflicting evidence regarding the connection between EGFR expression and ulceration status. In primary 
ulcerated melanoma, EGFR expression was found to be downregulated compared to non-ulcerated tumors.13 Consistent with 
this finding, Lee et al found that in distant metastatic melanoma, the lack of EGFR expression was significantly correlated with 
ulceration.66 Of the 12 patients with ulcerated tumors, only one patient had an EGFR positive tumor.66 However, in a study by 
Katunaríc et al, the presence of ulceration was correlated with an increase in membrane EGFR in nodular melanoma.63 This 
discrepancy may be due to the fact that Katunaríc et al focused exclusively on nodular melanomas and suggests that 
histological type needs to be considered when trying to understand the role of EGFR in melanoma.67

Next-Generation Sequencing
Advanced molecular diagnostic therapies, such as next-generation sequencing (NGS), have been used to identify de novo 
somatic cancer cell mutations.68,69 To date, there has been relatively little research on ulcerated melanoma tumors using NGS. 
de Unamuno Bustos et al conducted a study of mutations in cutaneous melanoma samples using a custom melanoma-specific 
sequencing panel that covered the coding regions of 35 melanoma-related genes. NF1 mutations were more frequent in 
ulcerated tumors compared to non-ulcerated tumors (p = 0.003). Tert promoter mutations were significantly associated with 
melanoma ulceration (p = 0.010), but they were not independently associated in multivariate analysis. A 2015 study using 
NGS found no statistical significance between mutations in 275 specific epigenetic genes and the presence/absence of 
ulceration among 6 patient samples with ulcerated melanoma tumors.70 Additional efforts in the personalized medicine of 
cutaneous melanoma may reveal new therapeutic targets.69

microRNAs
microRNAs are a group of small noncoding RNA molecules (~ 22 bp in length) that negatively regulate expression of 
specific target genes and have been identified as contributors to cancer progression via dysregulated gene expression. 
Altered expression of specific microRNAs is associated with melanoma progression and metastasis, but there has been 
a limited examination of microRNAs in the context of tumor ulceration.71–73 In particular, significantly lower expression 
of microRNA-145-5p and microRNA-203-3p was found by RT-PCR in cases with Breslow thickness >1 mm, ulceration 
and mitotic rate ≥1/mm2 (all p values <0.02).71 In a separate study using next-generation sequencing, decreased let-7b 
microRNA precursor expression significantly correlated with invasive depth, Clark’s level, ulceration, and AJCC stage.72 

A study by Lin et al used RT-PCR to show that high microRNA-106b expression was correlated with Breslow thickness, 
tumor ulceration, and advanced clinical stage (p = 0.002, p = 0.002, p < 0.001, respectively).73 Multivariate regression 
analysis of the clinicopathological patient prognosis factors showed that the status of microRNA-106b expression was an 
independent prognostic factor for overall survival (HR 2.09, 95% CI 1.11–10.26, p = 0.02). Therefore, overexpression of 
microRNA-106b might play a role in melanoma progression.73

While these studies highlight a subset of microRNAs of potential interest for their role in ulcerated melanoma, these 
findings each demonstrate correlation of expression patterns with other tumor features concurrently, and therefore may 
not be specific to ulceration alone. Additionally, each study identified a unique microRNA or subset of microRNAs 
associated with ulceration relative to the others. This is in part due to the limited number of microRNAs evaluated in two 
of the three studies using qPCR. Furthermore, although microRNAs exert their functions through regulation of target 
gene expression, no studies thus far have examined correlations between microRNA expression and expression of their 

Clinical, Cosmetic and Investigational Dermatology 2022:15                                                                  https://doi.org/10.2147/CCID.S372287                                                                                                                                                                                                                       

DovePress                                                                                                                       
1749

Dovepress                                                                                                                                                     Barricklow et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


target genes in ulcerated melanoma. Thus, further efforts to characterize the expression of microRNAs and their target 
genes together are needed to elucidate the role of this group of molecules in the development and progression of 
melanoma in patients with ulcerated tumors and is an active area of investigation by our group. Dr. DiVincenzo from our 
group used NanoString human microRNA assay platform to determine microRNA expression profiles. Nine microRNAs 
(including hsa-microRNA-4286, hsa-microRNA-4488, and hsa-microRNA-1469) demonstrated at least a 2-fold change 
up or down in expression between ulcerated and non-ulcerated melanoma tumors. Additionally, restoring microRNA- 
1469 expression resulted in a significant reduction in melanoma cell migration compared to untransfected and 
microRNA-scramble transfected controls in CHL1, MEL39 and A375 cell lines.74 Transfection of a microRNA-1469 
mimic resulted in a significant reduction in the migratory and invasive capacity of the CHL1 and MEL39 melanoma cell 
lines (p < 0.0332), as well as the invasive capacity of the A375 melanoma cell line (p < 0.0021). These findings suggest 
that loss of microRNA-1469 expression may aid in migration and invasion of adjacent tissues in the context of 
ulceration.75

Tumor Microenvironment and Immunogenicity
The inflammatory and immune microenvironment associated with ulcerated melanomas has unique features when 
compared to non-ulcerated tumors. As an ulcerated region of the skin is inherently associated with these tumors, 
a high degree of tumor inflammation is not unexpected.12,15 Elements identified as features specific to ulcerated tumors 
include a higher density of macrophages and microvessels. In addition, ulcerated melanomas exhibit enhanced expression 
of genes encoding cytokines, such as IL-6, as well as other inflammatory and wound-healing factors.12,15 In addition to 
altered influx of inflammatory cell populations into the tumor and cytokine expression, multiple immune cellular 
populations have been identified as being present at increased numbers in ulcerated melanomas.

Tumor Infiltrating Lymphocytes
While the presence and quantity of tumor infiltrating lymphocytes (TILs) has not been found to significantly differ 
between ulcerated and non-ulcerated melanomas, TILs have been found to be predictive of different clinical outcomes.76 

Specifically, the level of TILs based on quantification of CD2 expression within the tumor using immunofluorescence has 
been shown to correlate with clinical outcome when ulceration is present in melanoma but is not prognostic in non- 
ulcerated tumors.72 In patients with TIL-rich ulcerated melanoma, there was significantly improved recurrence-free 
survival and overall survival compared to patients with TIL-deficient ulcerated melanomas. In those patients with non- 
ulcerated tumors, mitotic index of cancer cells was found to be the most predictive variable for overall survival.76 

Falkenius et al also found statistically significant higher presence of TILs in ulcerated tumors without recurrence 
compared to ulcerated tumors with recurrence. However, a better predictor of outcome was found to be the combination 
of the presence of TILs, wildtype BRAF/low proportion of mutated alleles and low Ki67 expression.50 These findings 
provide further evidence that the tumor microenvironment is altered when ulceration is present.

Dendritic Cells
Dendritic cells (DCs) have been examined for their role in mediating the clinical outcomes associated with tumor ulceration in 
melanoma. DC populations in the sentinel lymph nodes of patients with ulcerated primaries were severely immunosuppressed 
relative to those from patients with non-ulcerated primaries. Lower density of LAMP+ mature DCs were associated with 
ulceration presence (p = 0.0005).77 This association was also observed in tumor-free sentinel nodes associated with ulcerated 
primaries.11,77 In another study evaluating the prognostic and predictive value of DCs in the progression of cutaneous malignant 
melanoma, it was suggested that a higher number of CD207/langerin+ DCs at the border of the tumor favored disease 
progression. There was a significantly higher number of peritumoral CD207/langerin+ cells in ulcerated invasive melanoma 
samples in comparison with tumors without ulceration.78

Cytokine Profile
Cytokines are small proteins involved in the regulation of immune cell function. Chemokines are a family of cytokines 
involved in the chemotaxis and homing of leukocytes. IL-8 (CXCL8) is a chemokine expressed by melanoma. In one study of 
patients with malignant melanoma (n = 125), circulating levels of IL-8 were significantly increased in melanoma patients 
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compared with healthy controls. Elevated serum concentrations of IL-8 were associated with advanced disease stages and 
tumor burden.79 Vihinen et al suggested that the chemokine profile of an ulcerated tumor would aid in the prediction of 
melanoma metastases.80 The relationship between IL-8 (CXCL8) and ulceration in the setting of melanoma has not been 
investigated. As mentioned above, Winnepenninckx et al found gene expression profiles for primary cutaneous ulcerated 
melanomas expressed enhanced IL6, a gene encoding cytokines. Genes were chosen if their expression was associated with 
4-year distant metastasis-free survival. IL6 was the only gene that encoded for a cytokine in the study.12

Response to Therapy
The value of primary tumor ulceration as a predictive marker of therapeutic response has been evaluated in several different 
contexts. In those clinical studies in which ulceration status has been examined relative to therapeutic response, significant 
differences in outcome have been identified that are highlighted below. With the introduction of new therapeutic strategies 
such as immune checkpoint inhibition and targeted therapies with known benefits, inclusion of primary tumor ulceration status 
as a feature for examination relative to outcome measures may prove valuable for treatment planning.

Interferons
The interferons (IFN) are a group of cytokines that can directly impact tumor cell growth or indirectly induce the immune 
system to eliminate tumor cells. The efficacy of IFN adjuvant therapy for melanoma has been debated due to inconsistent 
results between studies, but overall, randomized control trials have shown modest efficacy.80,81 Multiple studies have 
demonstrated that patients with ulcerated primary tumors benefit significantly from adjuvant IFN therapy.11,80,82 In 
a meta-analysis performed by Eggermont et al, two Phase III adjuvant trials, EORTC 18952 and 18991, compared IFN/ 
PEG-IFN to observation alone. The impact of treatment was greater in the ulcerated group (n = 849) compared with the 
non-ulcerated group (n = 1336) for recurrence-free survival (RFS, p = 0.02), distant metastasis-free survival (DMFS, p < 
0.001) and overall survival (OS, p < 0.001). The greatest risk reductions were observed in patients with ulceration and 
stage IIb/III-N1 tumors, with an estimated hazard ratio (HR) for RFS, DMFS, and OS of 0.69 (p = 0.003), 0.59 (p < 
0.0001) and 0.58 (p < 0.0001), respectively.83 Ulceration was the most important determinant for PEG-IFN treatment 
utility. In patients with non-ulcerated primary melanomas, efficacy of adjuvant interferon therapy was uniformly absent. 
In the long-term follow-up analysis of EORTC 18991, the impact on the ulcerated patient population was preserved. In 
sentinel node positive patients with an ulcerated primary tumor, hazard ratio reductions of 30–40% at 7.6 years median 
follow-up were observed.83

Post-hoc analysis of the Sunbelt trial results regarding the impact of ulceration of the primary tumor on adjuvant IFN- 
treatment efficacy in sentinel node positive patients demonstrated that a significant improvement of disease-free survival was 
observed only in IFN-treated patients with an ulcerated primary.78,84 While IFN therapy use in melanoma has declined since the 
completion of these trials, the results indicate a clear difference in the tumor immune response when ulceration is present in the 
primary tumor. The impact of ulceration should therefore be considered in the evaluation of any melanoma immune-based 
treatment.11

Tumor Vaccines
Ulceration of melanoma tumors has been associated with clinical benefit from adjuvant vaccination with tumor-specific 
antigenic peptides in primary melanoma.85 In a study of 41 patients receiving a series of injections consisting of 4 
antigenic peptides derived from MAGE-A3, NA17, gp100 and tyrosinase. Multivariate analysis assessing prognostic 
factors suggested that the ulceration of the primary tumor was associated with a clinical benefit following vaccination 
(HR 0.295, 95% CI 0.09–0.97), but the specific measures for improved clinical outcomes were not defined.85 In a 2021 
study of Seviprotimut-L, a polyvalent melanoma vaccine, recurrence-free survival was greatest in patients <60 years old 
(HR 0.324, 95% CI 0.121–0.864) and those with ulcerated primary melanomas (HR 0.493, 95% CI 0.255–0.952).86 Thus, 
further trials examining efficacy of novel tumor vaccines for treatment of melanoma may benefit from stratification of 
patient groups by ulceration status or use of ulceration as an inclusion criterion.
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Immune Checkpoint Inhibitors
Immune checkpoint inhibitors (ICI), such as ipilimumab (targets CTLA-4), nivolumab and pembrolizumab (target PD-1) are 
novel therapeutic antibodies that boost T cell immune responses and have been demonstrated to improve overall survival in 
patients with advanced melanoma.87 Few studies have examined ulceration status of the primary tumor for correlation with 
outcome or disease progression. A study of 385 patients treated with ipilimumab for stage IV melanoma found that ulceration 
status of the primary tumor was not predictive of patients’ response to ipilimumab. However, in this study cohort, ulceration 
was associated with an increased risk of death (adjusted HR 1.47, 95% CI 0.95-2.26).87 A Phase 3 trial evaluating adjuvant 
ipilimumab at a dose of 10 mg per kilogram in patients who had undergone complete resection of stage III melanoma found the 
survival benefit of ipilimumab over placebo was generally consistent between patients with ulcerated and non-ulcerated 
primary tumors.88 In contrast, a meta-analysis investigating pembrolizumab and ipilimumab usage found higher RFS in 
ulcerated malignant melanoma (MM) compared to non-ulcerated MM (pembrolizumab: HR 0.52, 95% CI 0.35–0.79 vs 0.68; 
95% CI 0.45–1.05, ipilimumab: HR 0.64, 95% CI 0.44–0.94, vs 0.80, 95% CI 0.54–1.20).51

Conclusions
Among the studies examining the features of ulcerated melanoma, many show promise as potential prognostic tools, 
markers of differential immunogenicity and indicators of oncogenic drivers of invasion and metastasis for future 
research. Several notable associations in relation to ulcerated melanoma tumors have been identified (Figure 1, 
Table 1). The incidence of ulcerated melanoma is greater in males, in patients 50 years or older, and in individuals 
that are non-white. Risk factors such as diabetes, smoking, low vitamin D, and elevated body mass index have also been 
associated with an increased occurrence of ulcerated melanoma. Histologically, spindle cell morphology has been shown 
to correlate significantly with tumor ulceration, along with vascular density, vasculogenic mimicry, and angiotropism. 
Molecular data have shown that ulceration status is correlated with proteins involved in epithelial-mesenchymal 
transition, including high N-cadherin, low E-cadherin and low PTEN. Ulceration status is also correlated with proteins 
associated with antigen presentation (increased MHC I and MX1), autophagy (increased non-cytoplasmic Beclin 1 and 
decreased cytoplasmic LC3), and cell cycle (increased cytoplasmic Skp2). Differential microRNA expression holds 
promise as a potential prognostic biomarker of malignancy and disease spread within the setting of ulceration. 
Specifically, microRNA-106-5b has been shown to be increased in ulcerated melanoma and microRNA-145-5p, 
microRNA-203-3p, microRNA-let-7b and microRNA-1469 has been shown to be decreased. Additionally, adjuvant 
IFN therapy has shown increased efficacy with respect to survival outcomes in patients with ulcerated melanomas, which 
is likely the consequence of an altered tumor microenvironment. When ulceration is present, there is a higher density of 

Figure 1 Features correlated with ulcerated cutaneous melanoma. 
Note: Created with BioRender.com.
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Table 1 Features Correlated with Ulcerated Cutaneous Melanoma

Impact of Sex, Age and Race on Ulcerated Melanoma References

Men, age > 50, and non-white [16,17,21]

Associated conditions

Systemic inflammatory diseases (diabetes, smoking, low vitamin D, high BMI) [10,22]

Histological features

Spindle cell morphology [28]

↑ microvessel density (CD34+) and macrophages (CD68+) [14]

↑ vasculogenic mimicry (CD31+, CD34+) [33,34]

↑ angiotropism and lymphovascular invasion [38,41]

Patterns of gene expression, associated mutations, and molecular signatures

Cell adhesion

↑ N-cadherin [29]

↓ E-cadherin, PTEN [29,39]

Antigen presentation

↑ MHC I, MX1 [57]

Autophagy

↑ non-cytoplasmic Beclin 1 [65]

↓ cytoplasmic LC3 [65]

Cell cycle

↑ cytoplasmic Skp2 [64]

Other

↑ BRAF, nuclear maspin, ↑ PHIP copy number [49,51,59–61]

MicroRNAs

↑ microRNA-106b [73]

↓ microRNA-145-5p, microRNA-203-3p, microRNA-let-7b, microRNA-1469 [71,72,74,75]

Tumor microenvironment and immunogenicity

Dendritic cells

More immunosuppressed dendritic cells [77]

↑ peritumoral CD207/langerin+ dendritic cells [78]

↓ LAMP+ dendritic cells [77]

Cytokine profile

↑ IL6 gene expression [12]

Response to therapy

↑ response to adjuvant IFN [11,80–84]
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macrophages and dendritic cells and enhanced expression of pro-inflammatory cytokines, such as IL-6. However, the 
molecular and cellular differences associated with the ulcerated state and their clinical implications in melanoma patients 
are complex. Further study of this unique clinical and histologic presentation will aid in determining how these 
differences can be harnessed to improve care for patients with melanoma.
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