
5

Mold J Health Sci. 2026;13(1):5-9

R E S E A R C H  A R T I C L E 

Invasive potential of cutaneous malignant melanoma
Alexandrina Cenușa1, Ecaterina Foca1, Ecaterina Carpenco1, Dumitru Brinza2, 

Valeriu David1,3, Lilian Șaptefrați1,3, Veaceslav Fulga1*

1Department of Histology, Cytology and Embryology, Nicolae Testemițanu State University of Medicine and Pharmacy, Chișinău, Republic of Moldova
2Department of Pathology, Institute of Oncology, Chișinău, Republic of Moldova
3Laboratory of Morphology, Nicolae Testemițanu State University of Medicine and Pharmacy, Chișinău, Republic of Moldova

A B S T R A C T

UDC: 616.5-006.81.04

https://doi.org/10.52645/MJHS.2026.1.02

Cite this article: Cenușa A, Foca E, Carpenco E, Brinza D, David V, Șaptefrați L, Fulga V. Invasive potential of cutaneous malignant melanoma. Mold J Health Sci. 
2026;13(1):5-9. https://doi.org/10.52645/MJHS.2026.1.02.

Introduction. Cutaneous malignant melanoma is the most aggressive skin cancer, with a high mortality rate despite advances 
in therapy. This study aimed to evaluate the relationship between lymphovascular and perineural invasion and key clinico-
pathological parameters in superficial spreading melanoma, in order to assess their potential prognostic significance.

Materials and methods. A retrospective analysis was conducted on 47 cases of superficial spreading melanoma obtained 
from the Oncology Institute in Chisinau. All cases were histologically confirmed and reviewed for tumor thickness, Clark 
level, ulceration, mitotic activity, microsatellitosis, pigmentation, and lymph node involvement. Lymphovascular and peri-
neural invasion were assessed using hematoxylin–eosin staining and, where available, immunohistochemistry. Correla-
tions between invasion patterns and clinicopathologic features were analyzed using Pearson correlation coefficients, with 
statistical significance set at p < 0.05.

Results. Lymphovascular invasion was positive and significantly correlated with tumor thickness (r = 0.54, p< 0.001), Clark 
level (r = 0.46, p < 0.001), microsatellitosis (r = 0.50, p < 0.001), tumor stage (r = 0.33, p = 0.01), and lymph node involvement 
(r = 0.29, p = 0.02). A negative correlation was observed with pigmentation (r = –0.26, p = 0.04). Perineural invasion was less 
frequent, but correlated positively with lymphovascular invasion (r = 0.28, p = 0.03) and showed a trend toward association 
with amelanotic tumors (r = –0.24, p = 0.05). No significant relationships were found with ulceration or mitotic activity.

Conclusions. Lymphovascular invasion represents a significant indicator of aggressive biological behavior in superficial 
spreading melanoma, closely associated with established prognostic factors. Perineural invasion occurs less frequently, 
but may further reflect invasive potential, particularly in amelanotic variants. Routine histopathologic assessment of both 
invasion patterns is recommended to improve prognostic evaluation.
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K e y  m e s s a g e s

What is not yet known on the issue addressed in the submit-
ted manuscript 
The prognostic significance of lymphovascular invasion (LVI) and 
perineural invasion (PNI) in superficial spreading melanoma re-
mains insufficiently defined, with inconsistent findings across 
studies. The relationship between these invasive patterns and key 
histopathologic indicators, particularly pigmentation status, is 
also not well established.
The research hypothesis 
Lymphovascular and perineural invasion correlate with the tu-
mor’s clinicopathological parameters and may serve as meaningful 
prognostic markers in superficial spreading melanoma. 
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Introduction
Cutaneous melanoma, with a continuously rising inci-

dence worldwide, represents one of the most aggressive 
forms of skin cancer. Although it accounts for only about 4% 
of all cutaneous malignancies, melanoma is responsible for 
approximately 80% of skin cancer-related deaths, reflecting 
its high metastatic potential and resistance to treatment 
[1]. The global burden of melanoma has increased signifi-
cantly over recent decades, with current estimates suggest-
ing over 331,722 new cases annually worldwide [1]. In the 
United States, the American Cancer Society projects that 
in 2025, nearly 105,000 new cases of invasive melanoma 
and over 107,000 cases of melanoma in situ will be diag-
nosed, resulting in approximately 8,400 deaths [2]. Among 
white populations, the overall lifetime risk of developing 
invasive melanoma is estimated at 1 in 29 for males and 1 
in 40 for females. Despite significant advancements in un-
derstanding melanoma biology and the development of 
immunotherapeutic and targeted treatment strategies, a 
substantial proportion of patients continue to succumb to 
the disease due to therapeutic resistance and metastatic 
spread [3]. Hence, identification of histopathologic param-
eters associated with aggressive behavior remains a crucial 
component of melanoma research and patient management 
[4]. Among the histopathologic features that may influence 
tumor aggressiveness, lymphovascular invasion (LVI) and 
perineural invasion (PNI) have attracted increasing atten-
tion. While the prognostic role of LVI remains controversial, 
several studies have associated it with tumor-positive senti-
nel node metastasis and poorer survival, particularly in tu-
mors showing regression [5]. Perineural invasion, although 
rare, is increasingly recognized as a potential route of local 
spread and recurrence, especially in desmoplastic melano-
ma, which displays neurotropic characteristics [6].

Materials and methods
A total of 47 tumor specimens (from 24 women and 23 

men with a mean age of 65.6 ± 12.2 years, median age 68, 
range 31-88 years) with confirmed diagnoses of superfi-
cial spreading melanoma were selected from the archival 
database (2020-2024) of the Oncology Institute, Chisinau, 
Republic of Moldova, along with corresponding morphol-
ogy reports. Each case was reviewed by two pathologists 
for tumor thickness, Clark level, ulceration, mitotic activi-
ty, microsatellitosis, lymphocytic infiltration, pigmentation 
status, and lymph node involvement. The presence of lym-
phovascular and perineural invasion was assessed using 
routine hematoxylin and eosin (HE) staining (ST Infinity 
H&E Staining System, 3801698, Leica), as well as immuno-

histochemically (Leica autostainer XL ST5010) following 
the S100 (BSB5918/ clone 4C4.9/ RTU/ 45 minutes room 
temperature/ BioSB) and CD31 (PA0414/ clone JC70A/ 
RTU/ 25 minutes room temperature/ Leica) protocols (En-
vision FLEX Target retrieval solution high pH/ DM828/ 20 
minutes/ Agilent Dako; Mouse/Rabbit PolyDetector Plus 
DAB HRP Brown, BSB 0261, 60 minutes/ BioSB) (Figure 1, 
2). Statistical correlations were calculated using Pearson or 
Spearman coefficients, depending on the variable type, with 
significance level set at p ≤ 0.05.

Results
Lymphovascular invasion (LVI) was significantly cor-

related with several indicators of tumor aggressiveness (Ta-
ble 1). 

Table 1. Correlation coefficients of lymphovascular and perineural 
invasion with clinicopathologic variables

Variable Lymphovascular invasion Perineural invasion
r p r p

Age 0.01 0.48 0.20 0.09
Gender 0.22 0.07 –0.14 0.17
Tumor thickness 0.54 0.001* –0.03 0.41
Clark level 0.46 0.001* 0.11 0.22
Ulceration 0.14 0.17 0.08 0.30
Mitotic activity –0.09 0.27 –0.13 0.19
Lymphocytic 
invasion

–0.21 0.07 0.04 0.38

Microsatellitosis 0.50 0.001* –0.04 0.40

Tumor 
regression

–0.26 0.04* –0.24 0.05*

Tumor stage 0.33 0.01* 0.12 0.20
Lymph node 
involvement 0.29 0.02* –0.04 0.40

Pigmentation –0.26 0.04* –0.24 0.05*

Note: r – correlation coefficient. The asterisk (*) indicates statistically 
significant results (p < 0.05).

A significant positive correlation was identified between 
LVI and tumor thickness (r = 0.54, p < 0.001) as well as Clark 
level (r = 0.46, p < 0.001). LVI also demonstrated significant 
associations with microsatellitosis (r = 0.50, p < 0.001), tu-
mor stage (r = 0.33, p = 0.01), and lymph node involvement 
(r = 0.29, p = 0.02). A moderate, inverse correlation was ob-
served between LVI and pigmented melanomas (r = –0.26, 
p = 0.04), suggesting that lymphovascular infiltration tends 
to occur less frequently in melanotic (pigmented) lesions, 
and is more often associated with amelanotic tumors. No 
significant correlation was found between LVI invasion and 
age, gender, or mitotic activity (p > 0.05). Overall, the pres-

The novelty added by manuscript to the already published scientific literature 
This study identifies a significant link between both invasion patterns and multiple markers of melanoma aggressiveness, in-
cluding a noteworthy inverse association with pigmentation, suggesting enhanced invasive potential in amelanotic tumors. The 
manuscript also highlights a positive correlation between LVI and PNI, supporting shared invasive pathways and reinforcing the 
need for their combined assessment in routine histopathology.
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ence of lymphovascular invasion was associated with deep-
er, more advanced melanomas and with histopathological 
parameters reflecting poor prognosis.

Perineural invasion (PNI) was also associated with ad-
verse prognostic features. Its presence correlated positively 
with lymphovascular invasion (r = 0.28, p = 0.03), indicating 
a tendency for co-occurrence of vascular and neural infil-
tration. Weak, non-significant correlations were found be-
tween perineural invasion and tumor thickness (r = –0.03, 
p = 0.41) and Clark level (r = 0.11, p = 0.22). No significant 

associations were observed between PNI and ulceration, 
mitotic activity, or lymphocytic infiltration (p > 0.05). A neg-
ative correlation with pigmented melanomas (r = –0.24, p 
= 0.05) approached statistical significance, suggesting that 
perineural invasion tends to occur less frequently in mel-
anotic lesions and more commonly in amelanotic variants.

Discussion
This study examines the prognostic relevance of lym-

phovascular and perineural invasion in cutaneous malig-
nant melanoma, emphasizing their association with ad-

a

с
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d

Fig. 1 Perineural and perivascular invasion of cutaneous malignant melanoma. 
Note: (A) Clusters of atypical melanocytic tumor cells infiltrating the perineurium, consistent with perineural invasion (HE, ×200). (B) Tumor cells surrounding 
and infiltrating the wall of a small dermal vessel, demonstrating perivascular/vascular-associated invasion (HE, ×400) 

Fig. 2 Vascular invasion of cutaneous malignant melanoma. 
Note: (C–D) Angiotropic spread and intravascular invasion with hyperchromatic melanoma cells. CD31 immunohistochemistry confirms vascular invasion: 
endothelial cells stain brown (HRP/DAB), while infiltrating melanoma cells distort or penetrate the vascular wall (Mayer’s hematoxylin counterstain, ×400). 
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vanced disease features and markers of aggressive tumor 
behavior. Our findings show that especially lymphovascular 
invasion correlate strongly with histopathologic indicators 
of progression, including increased tumor thickness, high-
er Clark level, the presence of microsatellitosis, and lymph 
node involvement. 

Taken together, these relationships underscore the im-
portance of lymphovascular and perineural invasion as 
meaningful markers of invasive potential in cutaneous 
malignant melanoma. The current findings are consistent 
with evidence in the literature suggesting that lymphovas-
cular invasion represents a strong predictor of tumor ag-
gressiveness and poor prognosis [5]. Previous studies have 
demonstrated that lymphovascular invasion correlates with 
increased tumor thickness, ulceration, and sentinel lymph 
node positivity, all of which are established prognostic 
factors in melanoma [5]. The observed correlations in our 
cohort between lymphovascular invasion and parameters 
such as Breslow thickness, Clark level, microsatellitosis, 
and lymph node involvement reinforce its prognostic sig-
nificance. This aligns with the results reported by Egger et 
al. (2011), who found lymphovascular invasion to be an in-
dependent factor associated with shorter disease-free and 
overall survival [5].

Interestingly, we observed a negative correlation be-
tween lymphovascular invasion and tumor pigmentation, 
suggesting that amelanotic melanomas may represent a 
more aggressive biological subtype with enhanced invasive 
potential. This observation is in accordance with prior re-
search showing that amelanotic or hypopigmented mela-
nomas are often diagnosed at a more advanced stage due 
to delayed clinical recognition and tend to have worse out-
comes [7]. The association between lack of pigmentation 
and the presence of lymphovascular invasion may there-
fore reflect a distinct biological phenotype with enhanced 
invasive potential [7]. Loss of pigmentation in melanoma is 
often associated with cellular dedifferentiation and the ep-
ithelial –mesenchymal transition, processes that increase 
cell movement and invasiveness [8, 9]. This dedifferentia-
tion is accompanied by reduced expression of melanocytic 
antigens, such as microphthalmia-associated transcription 
factor and tyrosinase, and by increased secretion of mole-
cules that promote the formation of new blood vessels, in-
cluding vascular endothelial growth factor A and vascular 
endothelial growth factor C [8, 9]. These molecular alter-
ations create a microenvironment that supports invasion 
into blood vessels and the spread of cancer to distant sites.

Perineural invasion, although less common, showed a 
positive correlation with lymphovascular invasion, suggest-
ing that both processes may share similar mechanisms of 
invasiveness. Infiltration of nerve tissue is known to involve 
neurotropic signaling pathways mediated by nerve growth 
factor and its receptor tropomyosin receptor kinase A, also 
known as neurotrophic receptor tyrosine kinase 1, as well 
as glial cell line-derived neurotrophic factor [10]. These 
signaling molecules promote the migration of tumor cells 
along nerve sheaths and enhance their survival.

The observation that perineural invasion occurs more 
frequently in non-pigmented, or amelanotic, melanoma 
variants supports the hypothesis that dedifferentiated mel-
anomas acquire neurotropic characteristics, which facilitate 
local recurrence and spread along nerves [11].

Beyond these morphological findings, recent molecular 
research provides mechanistic explanations for these inva-
sive behaviors [10]. Tumors that display lymphovascular in-
vasion or perineural invasion often show reduced numbers 
of tumor-infiltrating lymphocytes and increased expression 
of programmed death-ligand 1, creating an immunosup-
pressive environment that allows tumor cells to evade im-
mune detection. The resulting “immune-cold” phenotype 
promotes the formation of new blood vessels and remodel-
ing of nerve tissue while diminishing the cytotoxic activity 
of cluster of differentiation 8-positive T cells.

This interaction between immune evasion and stromal 
invasion has been confirmed by recent immunogenomic 
studies of melanoma, which demonstrate that overexpres-
sion of programmed death-ligand 1 and low tumor-infiltrat-
ing lymphocyte counts are associated with increased vascu-
lar invasion and poorer survival outcomes [3, 4].

From a pathological standpoint, the identification of 
lymphovascular and perineural invasion in melanoma spec-
imens should prompt careful staging and follow-up, as both 
features may indicate a higher risk of regional or distant 
metastasis. Including these variables in histopathologi-
cal reports could therefore improve risk stratification and 
guide treatment decisions, particularly regarding sentinel 
lymph node biopsy and adjuvant therapy considerations.

Our study may have some limitations. The retrospective 
design introduces potential selection bias, and the relative-
ly small number of cases may limit the generalizability of 
our findings. Additionally, the lack of follow-up and surviv-
al data precludes the assessment of the prognostic impact 
of lymphovascular and perineural invasion on patient out-
comes. Another limitation is the restriction of our analysis 
to superficial spreading melanoma, which limits the extrap-
olation of results to other histological subtypes such as nod-
ular or acral lentiginous melanoma.

Despite these limitations, our study adds to the grow-
ing body of evidence emphasizing the prognostic value of 
lymphovascular and perineural invasion in cutaneous ma-
lignant melanoma. The integration of these histopathologic 
features into routine diagnostic evaluation could enhance 
prognostic accuracy and ultimately contribute to more indi-
vidualized management strategies for melanoma patients. 
Future research incorporating molecular profiling and long-
term clinical follow-up is warranted to clarify the biological 
pathways underlying these invasive patterns and their po-
tential therapeutic implications.

Conclusions
Lymphovascular invasion emerges as a robust histo-

pathologic marker of aggressive biological behavior in su-
perficial spreading melanoma. Its significant associations 
with tumor thickness, Clark level, microsatellitosis, and 
lymph node involvement underscore its prognostic impor-
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tance and support its routine inclusion in pathology re-
ports. The inverse relationship with pigmentation further 
suggests that amelanotic melanomas may possess greater 
invasive potential, likely reflecting tumor dedifferentiation 
and the activation of angiogenic pathways that promote vas-
cular dissemination.

Perineural invasion, although less common, showed a 
positive correlation with lymphovascular invasion, imply-
ing partially overlapping mechanisms of tumor spread in-
volving both vascular and neural structures. This observa-
tion aligns with the hypothesis that neurotropic signaling 
and microenvironmental remodeling contribute to melano-
ma progression, particularly in amelanotic variants.

Collectively, these findings position lymphovascular and 
perineural invasion as complementary indicators of tumor 
aggressiveness in melanoma. Their combined assessment 
–ideally integrated with molecular parameters such as tu-
mor-infiltrating lymphocyte density and PD-L1 expression 
– has the potential to enhance prognostic precision and in-
form more individualized therapeutic strategies.
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