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• Angiotropism is the presence of tumor cells arrayed 
along the external surfaces of vascular channels at 
the advancing front without intravasation

• Histopathologists utilizing standardized histological
criteria can reliably and reproducibly identify
angiotropism in human melanoma

Angiotropism in Melanoma



Angiotropism in Cutaneous Melanoma:
Histopathological image

➢ Advancing front

➢ Melanoma cells disposed 
along microvessels

➢ Without intravascular 
invasion
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Angiotropism in primary cutaneous melanoma. 



Immunohistochemistry 

with Melan-A



Double Immunohistochemistry 

Melan-A and CD31



Barnhill RL, Benson PJ, Lugassy C. 
Am J Dermatopathol. 2009:31:205-208. 

Angiotropism of Metastatic Melanoma 
Involving the Brain



Pericytic Mimicry

• Angiotropic tumor cells compete with pericytes 
for spatial localization along abluminal vascular 
surfaces*

• Tumor cells spread and migrate along the external 
surfaces of vessels in a pericytic location*

• Without intravasation

• Lugassy et al. J Submicrosc Cytol Pathol. 1997 Jan;29(1):19-28.
• Barnhill RL, Lugassy C. Pathology. 2004 Oct;36(5):485-90.
• Lugassy et al.Pigment Cell Melanoma Res. 2013 Sep;26(5):746-54.

Pericytic 
mimicry

*



= Pericytic Mimicry



Since the end of the 19th century, 
intravascular spread of cancer was the 

only recognized mode of metastasis



For more than 25 years, we have questioned this
statement and have developed the field of 

Angiotropic Extravascular Migratory Metastasis
(Angiotropic EVMM)



Angiotropic EVMM

EVMM
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Extravascular Migratory Metastasis (EVMM)
 Melanoma cells spread to nearby and more distant sites 

Lugassy C, Kleinman HK, VermeulenPB, 

Barnhill RL.  Angiogenesis. 2020



Angiotropism is a prognostic factor in 
Melanoma 

2002
Angiotropism in Cutaneous Melanoma: A Prognostic Factor Strongly Predicting Risk for 
Metastasis. Barnhill R, Dy K, Lugassy C  J Invest Dermatol;119:703-703.

…..

2024
Can angiotropism and lymphovascular invasion refine the current cutaneous melanoma staging
system? J Cutan Pathol. Apr;51(4):288-298.

From 2024 

Ongoing Study: Review of a cohort of 1000 cases
InterMel Group



Angiotropism : a microscopic marker 

of pericytic mimicry / EVMM



In vitro model of PM 
Co-culture of endothelial tubules 

and GFP tumor cells

Lugassy C, Kleinman HK, Fernandez PM, Patierno SR, Webber MM, Ghanem G, 
Spatz A, Barnhill RL. Human melanoma cell migration along capillary-like 
structures in vitro: a new dynamic model for studying extravascular migratory 
metastasis. J Invest Dermatol. 2002 Sep;119(3):703-4. 

Zadran S, McMickle R, Shackelford D, Kleinman H, Barnhill R, Lugassy C. 
Monitoring extra-vascular migratory metastasis (EVMM) of migrating cancer 
cells using an in vitro co-culture system. Protoc exch. 2013;22:2013.











Scientific Reports volume 8, 10448 (2018)

Zebrafish Model



Molecular Studies using Microarray analysis in our
co-Culture Model of Pericytic Mimicry 



➢ Cell migration       CCL2 , ICAM1, IL6, RGNEF, RANBP9, PDGFB

➢ Cancer progression          CCL2 , ICAM1, SELE, TRAF1, IL6, SERPINB2 

                    CXCL6, BLID, MALT1, UPF1, PLAA, RGNEF, ZXDC

➢  EMT     CCL2 , IL6, ICAM1, PDGFB

➢ Embryonic/(cancer) stem cell properties CCL2, PDGFB, EVX1, CFDP1, RANBP9

➢ Pericytic recruitment   PDGFB

➢ Inflammation CCL2,  IL6, TRAF1, CXCL6, SELE, ICAM1, 

SERPINB2, SLC7A2, C2CD4B, PDGFB

28 significantly differentially expressed genes
Linked to tumor progression and embryogenesis 





Serpin B2 expressed by 
angiotropic melanoma cells 
spreading along vessels in 
our murine model of brain 
melanoma

Bentolila LA, Prakash R, Mihic-Probst D, Wadehra M, Kleinman HK, Carmichael TS, Péault B, 
Barnhill RL, Lugassy C.
Imaging of Angiotropism/Vascular Co-Option in a Murine Model of Brain Melanoma: 
Implications for Melanoma Progression along Extravascular Pathways. Sci Rep. 2016 Apr
6;6:23834.



28 significantly differentially expressed genes
Linked to tumor progression and embryogenesis 



Nature. 2014 Mar 6;507(7490):109-13.



Macroscopically visible melanoma  

cell expansion along dermal blood 

vessels (arrows)

Corresponding haematoxylin and 

eosin (H&E)-stained section and 
immuno-fluorescence analysis.

Angiotropic growth in a 
human melanoma. 

Nature. 2014 Mar 6;507(7490):109-13.



Endoscopic ultrasound detection of extravascular migratory
metastasis from a remotely located pancreatic cancer  

Apparently without metastases

1. Endoscopic ultrasound fine-needle aspiration detection of extravascular migratory metastasis from a remotely located pancreatic cancer. Clin Gastroenterol Hepatol. 2009
2. Diagnostic Accuracy, and Effects of Endoscopic Ultrasound Fine-Needle Aspiration on Detection of Extravascular Migratory Metastases. Clin Gastroenterol Hepatol. 2019

Confirmed by fine-
needle aspiration EVMM = 

Negative Prognostic Factor



APRIL 2019 APRIL 2024



Distances travelled by Melanoma Cells
26 to 525 cm per year

ANALYZE OF SPEED OF TUMOR CELLS IN VIVO 
INTRAVITAL IMAGING  



• Such speeds are compatible with the 
time intervals between the 
recognition of the primary cancer and 
the formation of metastases (months, 
years)

• Pericytic Mimicry/EVMM (slow 
processess) may be an alternative to 
dormancy

Tumor cells may spread to nearby 
and distant sites via EVMM 
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Lazy (dormant) 
pericytic mimicry



Angiotropic EVMM is probably an 

embryogenesis-derived program

Neural Crest Migration

EVMM



EVMM and Neural Crest 
Stem Cell Migration 

• Melanocytes are derived from the neural crest

• Neural crest stem cells migrate along vascular 
channels during a part of their journey

Schwarz Q. et.al. PNAS 
2009;106:6164-6169





2020 Feb;23(1):27-41.





Br J Cancer. 2022 Mar 29.



Confering Therapeutic Resistance

New Targets for Melanoma Treatment

Angiotropic EVMM is characterized by

cancer cells migrating in vascular niches

Future Perspectives
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