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Abstract

Background: Several prognostic factors for primary cutaneous melanoma (PCM) have

been identified, and these predict metastasis and survival, to a certain extent. We

sought to determine the frequency of angiotropism (AT) and lymphovascular invasion

(LVI) in PCM and the relationship between AT, LVI, and other clinicopathological

parameters and patient's prognosis.

Methods: This study included 538 cases of PCM diagnosed between 2003 and 2016.

It comprised 246 females and 292 males whose clinicopathological variables were

evaluated with respect to LVI and AT using univariate and multivariate analyses.

Overall survival (OS) was assessed by Kaplan–Meier (KM) analysis and Cox regression

multivariate analysis.

Results: AT occurred more frequently than LVI. Ulceration, mitotic rate, and Breslow

thickness were found to be highly associated with both LVI and AT (p < 0.01). All LVI

+ cases had AT, with a significant positive correlation (p < 0.01). Both AT and LVI

predicted lymph node (LN) metastasis (odds ratio [OR] = 1.47, 1.12, respectively).

Multivariate analysis showed LN metastasis, Breslow thickness, LVI, and AT as pre-

dictors of OS. LVI and AT independently predicted adverse OS by Cox regression

analysis (hazard ratio [HR] = 1.66, 1.49, respectively) and with KM survival analysis.

Conclusion: AT is a marker for angiotropic extravascular migratory tumor spread

(angiotropic EVMM), and LVI is a marker for intra-lymphovascular tumor spread. Both

predict poor prognosis. Given its ease of detection, AT could be adopted as a histo-

logpathological feature in the routine assessment of primary cutaneous malignant

melanoma cases.

K E YWORD S
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1 | INTRODUCTION

Malignant melanoma is known to metastasize aggressively at an early

stage and to virtually any tissue.1 Various mechanisms encourage

metastasis, such as intravascular spread of tumor cells in lymphatic

and blood vessels leading to lymph node (LN) and distant organ

metastasis. In addition, extravascular migratory tumor spread (angio-

tropic extravascular migratory metastasis [angiotropic EVMM]) is now
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accepted as an additional mechanism of cancer spread and metastasis,

for example, in melanoma, pancreatic cancer, glioblastoma, and other

solid tumors.2 Angiotropic cellular migration has a basis in embryologi-

cal development and thus represents an advantageous means of

metastasis.3 In contrast, intravascular circulation is not necessarily an

advantageous route for metastasis, as the vast majority of circulating

tumor cells are destroyed.4 Both types of metastasis are important

prognostic markers.1,5,6 Indeed, distant organ metastasis is the main

cause of death in patients with malignant melanoma.1 Lymphovascular

spread can be due to lymphangiogenesis or angiogenesis, where new

vessels grow within the tumor or within the tumor microenviron-

ment.7,8 However, angiogenesis or lymphangiogenesis is not a requi-

site for cancer growth and metastasis since the recognition of

vascular co-option (the absence of angiogenesis) and angiotropic

EVMM as legitimate mechanisms of tumor growth and tumor spread.9

Revising the current prognostic factors and staging of cutaneous

melanoma to reflect the best current knowledge of malignant mela-

noma biology is crucial for better risk stratification of patients. It is

also important in the development of surveillance strategies to reduce

the hazard of subsequent metastasis. Several prognostic factors for

primary cutaneous melanoma (PCM) have been identified, and these

predict metastasis and survival, to a certain extent.10 Breslow thick-

ness and ulceration are considered the only histopathological parame-

ters that determine tumor stage in the eighth edition of the American

Joint Committee on Cancer (AJCC) melanoma staging system.11 Lym-

phovascular invasion (LVI) is defined histopathologically as the pres-

ence of tumor cells within the lymphatic and blood vessels8,9 and is

believed to be a mechanism by which melanoma cells can disseminate

to regional LNs and to distant sites.12 Despite the difficulty that can

sometimes affect the frequency of detection of LVI on routine histol-

ogy slides, such as retraction artifacts and obliteration of the whole

vascular lumen by tumor13 as well as infolding and simple folding of

the vascular or lymphatic wall in the presence of angiotropism (AT),3

there is a wealth of evidence showing the link between true LVI and

adverse prognosis.14–16 However, it is important to note that because

of this ambiguity, LVI may in fact be AT in some percentage of cases,

as apparent “intravascular” tumor may not be intravascular but rather

abluminal. Strategies such as the use of histochemical or immunohis-

tochemical markers to show vascular structures has improved the rate

of detection in equivocal cases in melanoma and other cancers.17

Additional meticulous studies of “LVI” are needed in order to better

sort out the exact location of tumor cells in relation to lymphatic and

microvascular lumina (intravascular vs. extravascular) and the various

types of artifacts confounding the recognition of true versus false LVI.

In addition, malignant melanocytes have the ability to migrate

along the external surfaces of vessels, forming what is known as the

angio-tumoral complex (ATC).18 In this complex, melanocytes become

attached to an amorphous matrix containing laminin.19 This phenome-

non is known as angiotropic extravascular migratory metastasis

(EVMM).18 AT is the histopathological marker of EVMM and is

defined as cuffing of the vascular channels at the advancing front of

the tumor by melanoma cells in a pericyte-like fashion, also known as

pericytic mimicry.20 There is still relatively limited data regarding the

frequency of AT in cutaneous melanoma, its relation to other histo-

pathological parameters including LVI, and its association with

patients' prognosis. Studies have revealed overlapping genes

expressed in both migrating cancer cells and embryonic stem cells

during neural crest migration.21 The clinical relevance of lymphatic

invasion and AT in melanoma prognosis is still controversial and they

are not included as part of the tumor staging system; however,

increasing evidence has indicated that AT has important prognostic

value in melanoma.3,22–25 Therefore, it is imperative to study these

parameters in large cohorts of patients with primary melanoma to

determine the prognostic significance of LVI and AT.

The aims of this study were (i) to determine the frequency of AT

and LVI in routine histopathological slides of 538 primary melanoma

cases; (ii) to investigate the relationship between AT and LVI and

known histopathological prognostic parameters; and (iii) to establish

the independent prognostic significance of AT and LVI.

2 | MATERIALS AND METHODS

2.1 | Patient characteristics and data

Five-hundred and thirty-eight cases of PCM diagnosed between 2003

and 2016 were used as a random study cohort. Archived routine Hae-

matoxylin and Eosin (H&E) sections of each case (average of four sec-

tions/case) were retrieved. The melanoma cohort used was linked to

annotated clinicopathological data such as age, sex, tumor site, Bre-

slow thickness (mm), ulceration, mitotic number (per mm2). Clark level,

lymph node (LN) metastasis, growth phase (vertical/radial), and histo-

pathological subtypes in addition to patient survival (Table 1).

Melanoma-specific survival (MSS) was defined as the duration

between the date of initial diagnosis to the date of melanoma-related

death or the census date (if still alive) in months. Tumor staging was

done according to the eighth edition of the AJCC staging.4 Ethical

approval of the study was given by the Nottingham Health Science

Biobank Access Committee.

2.2 | Immunohistochemistry

Immunohistochemistry (IHC) was used to detect AT and LVI in equivocal

cases using lymphatic endothelial cell markers D2-40 and CD34. IHC

was performed on formalin-fixed, paraffin-embedded sections using

commercially available Roche Ventana Ultraview detection kits (Cat

05269806001), which use an indirect biotin-free system for mouse

monoclonal anti-human CD34 (IgG1, Ventana CONFIRM, CAT

7902927) and mouse monoclonal anti-human D2-40 (IgG,

CAT 7804305), and OptiView HQ linker according to manufacturer's

recommended standard operating procedures. Detection was achieved

with horseradish peroxidase Multimer and 3,30 diaminobenzidine tetra-

hydrochloride (DAB) with hematoxylin counterstaining. Positive and

negative controls were included for validation. Full details of the IHC

techniques are described in previous publications.5,6

2 NAMUBIRU ET AL.

 16000560, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/cup.14561 by T

est, W
iley O

nline L
ibrary on [16/01/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



2.3 | Detection of LVI and AT

Routine H&E sections were evaluated independently by two patholo-

gists. Each case had a minimum of two slides (average of four slides

per case). LVI was defined as tumor emboli present within the vessel

lumen, and this was applied to both blood and lymphatic vessels. The

cases were grouped into positive, negative, and equivocal. IHC was

performed on 12 equivocal cases using CD34 and D2-40 monoclonal

antibodies for further discrimination. Scenarios of equivocal cases

include presence of tumor emboli partially obliterating the majority of

the lymphatic vessel lumen, the presence of stromal retraction artifact

adjacent to tumor nests, and tumor carryover into lymphatic spaces

that can mimic LVI.

AT was defined as melanoma cells cuffing the external sur-

faces of vessels in a pericytic location without intravascular

invasion.7–9 These vessels are exclusively identified at the invasive

front margin of the tumor. Cases were divided into positive and

negative. There were 12 equivocal cases that needed IHC staining.

Histopathological assessment of AT and LVI was done using an

ordinary microscope. IHC-stained sections were scanned using a

NanoZoomer C9600-01 scanner (Hamamatsu Photonics, Welwyn

Garden City, UK) and images were edited/annotated using the

NDP view 2 software version 2.6.13. IHC slides were interpreted

as positive or negative based on the presence or absence of LVI

and AT.

2.4 | Statistical analysis

IBM SPSS software version 24 (Chicago, IL, USA) was used to ana-

lyze the relation between AT and LVI in relation to clinicopathologi-

cal parameters and survival. Kappa (κ) coefficient was used to

measure inter-observer agreement. Any cases where the two

pathologists disagreed were reviewed at a double-headed micro-

scope and a consensus decision was made. The association of AT

and LVI with clinicopathological parameters was assessed using the

chi-squared test or Fisher's exact test. Metastasis-free survival and

melanoma-specific survival were assessed using the Kaplan–Meier

(KM) log-rank test. Cox hazard regression analysis was performed

to quantify the risk of clinicopathological parameters including AT

and LVI on survival, and 95% confidence interval (CI) was esti-

mated. Where the 95% CI did not include the null value 1, the haz-

ard ratio (HR) was considered significant at the p < 0.05 level. A p-

value of <0.05 (two-tailed) was considered to denote statistical

significance.

TABLE 1 Summary of the clinicopathological data for melanoma
patients.

Factor Frequency n (%)

Gender

Male 292 (54)

Female 246 (46)

Age at primary diagnosis (years)

<66 262 (49)

>66 276 (51)

Histological subtypea

Unknown 37 (6.8)

SSMM 327 (60.7)

NM 95 (17.6)

ALM 27 (5)

LMM 52 (9.6)

Breslow thickness (mm)

T2 > 1–2 133 (24.7)

T3 > 2–4 156 (28.9)

T4 > 4 148 (27.5)

Site of tumor

Head and neck 111 (20.6)

Trunk 88 (16.4)

Upper limb 107 (19.9)

Lower limb 135 (25.1)

Pelvic region 18 (3.3)

Back 79 (14.7)

Ulceration

Absent 388 (72.1)

Present 150 (28.4)

Growth phase

Vertical 493 (91.6)

Radial 43 (7.9)

Equivocal 2 (0.4)

Mitosis

Absent 110 (20.4)

Non-brisk (<4/mm2) 281 (52.2)

Brisk (>4/mm2) 147 (27.3)

Clark levels

1 3 (0.6)

2 52 (9.7)

3 68 (12.6)

4 364 (67.6)

5 51 (9.5)

Lymph node metastasis

Absent 457 (84.9)

Present 81 (15.1)

Mortality

Alive 300 (55.8)

Death due to melanoma 108 (20)

(Continues)

TABLE 1 (Continued)

Factor Frequency n (%)

Death due to other causes 130 (24.2)

aMain histological subtypes are SSMM (superficial spreading malignant

melanoma), NM (nodular melanoma), ALM (acral lentiginous melanoma),

and LMM (lentigo maligna melanoma).
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3 | RESULTS

3.1 | Frequency of AT and LVI

Routine H&E slides for 538 cases of PCM were examined to deter-

mine the frequency of LVI and AT. The analysis was carried out on a

thick melanoma cohort with deeper invasion. Overall, AT was more

common in PCM than LVI. The frequency of AT was 283 (53%) posi-

tive, 255 (47%) negative, and 12 (2%) equivocal. The frequency of LVI

was 91 (17%) positive, 477 (83%) negative, and 12 (2%) equivocal.

Figure 1 shows representative photomicrographs of positive LVI and

AT cases.

3.2 | LVI is associated with poor prognostic
parameters

The association between LVI and other clinicopathological factors is

summarized in Table 2. There was significant association between LVI

and Breslow thickness, Clark level, ulceration and mitotic rate, LN

metastasis, and growth phase (p < 0.05). Cases with LVI were twice as

likely to have a Breslow thickness >4 (45/91, 50%) or ulceration

(45/91, 49%) than those without LVI (Breslow thickness >4: 103/447,

23%; ulceration: 105/447, 23%). Age and tumor site did not have any

significant association with LVI. The majority of the LVI+ cases had a

vertical growth phase (89/91, 98%). The four cases confirmed with

D2-40 IHC had a mean thickness of 4.3 mm. Three of them had ulcer-

ation and mitosis with a Clark level of 4. Two had LN metastasis.

3.3 | AT is associated with poor prognostic
parameters

There was significant association between AT and ulceration, mitotic

rate, Clark level, Breslow thickness, and LN metastasis (p > 0.05).

Cases with AT were 10% more likely to have a Clark level of

4 (205/283, 72%) and a Breslow thickness >4.00 (93/283, 33%) than

those without AT (Clark level of 4,159/255, 62%; Breslow thickness

>4.00, 55/255, 22%). Most AT+ cases had a vertical phase growth

(266/283, 94%) as seen with LVI+ cases. Age and tumor site did not

have any significant association with AT as well. The AT cases con-

firmed with IHC had the same characteristics as the LVI IHC-

confirmed cases. A summary of this association is shown in Table 3.

3.4 | AT and LVI are predictors of LN metastasis

LN metastasis was more frequent with cases positive for AT (53/283,

19%) and LVI (21/91, 23%) than with the negative ones (AT 28/255,

11%, LVI 66/447, 13%) (Tables 2 and 3). There was a significant asso-

ciation between LVI, AT, and LN metastasis (p < 0.05). Logistic regres-

sion analysis showed that patients with LVI and AT had an increased

risk of LN metastasis with an odds ratio (OR) of 1.12 and 1.47,

respectively. Ulceration had the highest OR (1.69), with increased Bre-

slow thickness (p < 0.05) being associated with an increased likeli-

hood of getting LN metastasis (Table 3). LN metastasis significantly

predicted poor survival with HR = 2.46 (p < 0.05) compared to other

variables (Tables 4 and 5).

F IGURE 1 Legend on next page.

4 NAMUBIRU ET AL.
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3.5 | LVI and AT have a negative effect on
melanoma-specific survival

The mean survival for the cohort was 49.8 months (283 at risk). There

was a significant difference between the KM curves for those with

and without LVI (Figure 2A, Table 5). Positive cases had a mean sur-

vival of 43.4 months (95% CI: 38.9–47.9 months) as compared to

those with negative LVI tumors (51.3 months; 95% CI: 49.6–

52.9 months) (p > 0.05).

The presence of AP was significantly associated with reduced

overall survival (p < 0.05) on univariate KM analysis (Figure 2B,

Table 5). Cases with AT had a mean survival of 48.3 months (95% CI:

46–50.7 months) as compared to patients without AT, with a mean of

51.5 months (95% CI: 49.3–53.8 months).

On multivariate Cox regression, LVI was a significant predictor of

worse survival with HR = 1.57 (95% CI: 1.09–2.50) as compared to

AT with HR = 0.92 (95% CI: 0.59–1.42; Table 6). LN metastasis, age,

and Breslow thickness were also significant predictive factors for

adverse survival outcome. Sex and Clark level were eliminated

because there was no evidence that these factors significantly modi-

fied the predictive effect of LVI.

4 | DISCUSSION

This study showed that AT and LVI can predict adverse prognosis and

poor survival. Their association with known negative clinicopathologi-

cal parameters supports the validity of our findings. AT was found to

occur more frequently with a positive correlation to LVI in PCM in this

study. The importance of IHC as an ancillary test in equivocal cases of

LVI was shown in 4 out of 12 cases.

Although LVI is not a part of the AJCC staging system, we show

that detecting LVI in routine histology tests predicts poor prognosis.

LVI showed a significant association with known poor prognostic

markers such as Breslow thickness, mitotic rate, ulceration, and LN

metastasis. A retrospective study on 2183 melanoma cases by Egger

et al. found an association between increasing Breslow thickness and

ulceration with LVI.26 Hypoxia due to ulceration releases vascular

endothelial growth factor, increasing lymphangiogenesis. These new

vessels may be pathways for disseminating tumor cells.27 In addition,

AT has also been associated with ulceration in other studies as ours,

and this may be based on the inflammatory neutrophil-rich infiltrates

in ulceration that may stimulate AT.22,28 Prognostic factors were also

significantly associated with AT in our univariate analysis. Mitotic rate

and Breslow thickness were reported to be associated with AT in a

previous study on 20 primary melanomas.29 AT was also significantly

associated with LN metastatic cases in this study. Barnhill et al.

reported definite AT in 40% primary metastasizing melanomas.30

Increased Breslow thickness, mitotic rate, and presence of ulceration

were also significantly associated with AT in another study.31 AT and

LVI had similar associations with the same poor prognostic factors in

this study. Considering that LVI cases were angiotropic in our study,

there is a plausible pathological mechanism linking AT to LVI. This

suggests that AT (HR = 0.92) could possibly be a precursor to inva-

sion (HR = 1.57). However, because of the difficulty of identifying LVI

using routine histology tests, some LVI cases may be “false positive”
when in fact they are angiotropic tumor aggregates that are in reality

external to the vascular lumina appearing to be intraluminal as a result

of sectioning, folding, or infolding or disruption of vascular walls,

which strengthens the need for IHC for confirmation in such

instances.

AT occurs more frequently than LVI on routine histology tests, as

supported by a number of studies. For example, Barnhill et al.

reported only one case with LVI among 21 positive angiotropic metas-

tasizing melanoma cases.30 Our study detected 3 times more AT+

(53%) cases than LVI+ (17%) cases, with 4 of 17 confirmed by D2-40

immunostaining. A retrospective study by Hung et al. established AT

in 70% of the primary lesions.29 This study confirmed that AT is more

frequent than LVI in PCM. This is because tumor cells attach to vascu-

lar surfaces following a chemotaxis attraction toward vessels as the

tumor advances.32 A histopathological search of melanomas for AT is

a highly pertinent in its own right and not simply as screening for LVI

per se because AT is now recognized as an independent marker of

extravascular migratory tumor spread and metastasis and as a prog-

nostic factor.3 Further, with application of specific criteria, AT is easy

to identify in H&E-stained slides. Likewise, AT was found in most of

our cases. We believe this is for two reasons. First, our cohort con-

sisted of thick melanomas, thus representing an advanced stage of

melanoma. Second, angiotropic EVMM can be conceived as a multi-

step process whereby tumor cells (i) approach vascular channels,

(ii) adhere to the abluminal surface in a pericytic location along micro-

vascular channels or an adventitial cell location in larger vessels,

(iii) progressively migrate along these vascular channels without intra-

vasation, and (iv) arrest migration in order to form local, regional, or

distant metastases. Documenting these stages would require exten-

sive tissue sampling/leveling, which would have made the clinical

translation of this morphological biomarker unfeasible. In this study,

our goal was to utilize a simple, previously described method for scor-

ing AT that pathologists can implement into routine practice.2,12 Spe-

cific molecular biomarkers are currently being sought to more

precisely understand and detect angiotropic EVMM and thus increase

its specificity as a prognostic biomarker.3 AT was significantly

F IGURE 1 (A) Angiotropism showing the intact endothelial lining
(arrow) cuffed by melanoma cells (star). Hematoxylin and eosin stain
(H&E) �200 magnification. (B) CD34 staining highlighting the
endothelial lining of the blood vessel (arrow), which is cuffed by the
melanoma cells (star). Immunohistochemistry staining �200
magnification. (C) Lymphovascular invasion (LVI) showing melanoma
cells (star) within the vascular lumen (arrow) detected by routine

histology. H&E stain �200 magnification. This figure may be
interpreted as LVI. However, in addition, in the upper part of the
figure, extravascular tumor (outside the lymphatic wall) is seen,
suggesting disruption or sheering of the lymphatic endothelial lining
and displacement of tumor. Possible angiotropism thus may be
present as well, and possibly could be the principal finding. This
illustrates the difficulty of interpreting some specimens.

NAMUBIRU ET AL. 5
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TABLE 2 Association between clinicopathological variables and LVI in primary cutaneous melanoma detected using routine histology, 538
cases.

LVI with clinicalpathological factors (total = 538 cases)

p-valueLVI+ (n = 91) LVI� (n = 447)

Sex

Male (n = 292) 58 (58) 239 (53) 0.535

Female (n = 246) 38 (42) 208 (47)

Site

Head and neck (n = 111) 25 (27) 86 (20) 0.798

Trunk (n = 88) 9 (10) 79 (18)

Upper limb (n = 107) 17 (19) 90 (20)

Lower limb (n = 135) 19 (21) 116 (26)

Pelvic region (n = 18) 3 (3) 15 (3)

Back (n = 79) 18 (20) 61 (14)

Histological subtype

SSM (n = 327) 46 (50) 281 (63) 0.169

NM (n = 95) 23 (25) 72 (16)

LMM (n = 52) 7 (8) 45 (10)

ALM (n = 27) 6 (7) 21 (5)

Others (n = 37) 9 (10) 28 (6)

Growth phase

Vertical (n = 490) 89 (98) 404 (90.4) <0.05

Radial (n = 43) 2 (2) 41 (9.2)

Equivocal (n = 2) - 2 (0.4)

Ulceration <0.05

Absent (n = 388) 46 (51) 342 (77)

Present (n = 150) 45 (4) 105 (23)

Mitotic rate

Absent (n = 110) 5 (6) 105 (23) <0.05

Brisk (n = 147) 41 (45) 106 (24)

Non-brisk (n = 281) 45 (49) 236 (53)

Clark level

1 (n = 3) 1 (1) 2 (1) <0.05

2 (n = 52 2 (2) 51 (11)

3 (n = 68) 8 (9) 60 (13)

4 (n = 364) 70 (77) 294 (66)

5 (n = 51) 11 (12) 40 (9)

Breslow thickness

≤1.00 (n = 101) 4 (4) 98 (22) <0.05

1.01–2.00 (n = 133) 12 (13) 121 (27)

2.01–4.00 (n = 156) 30 (33) 125 (28)

>4.00 (n = 148) 45 (50) 103 (23)

Age at diagnosis

Median: 66 years, range: 74 years

<66 years (n = 262) 42 (46) 220 (49) 0.736

≥66 years (276) 49 (54) 227 (51)

LN metastasis

Present (n = 81) 21 (23) 60 (13) <0.05

Absent (n = 457) 70 (77) 387 (87)

Abbreviations: ALM, acral lentiginous melanoma; LMM, lentigo maligna melanoma; LN, lymph node; LVI, lymphovascular invasion; NM, nodular melanoma;
SSM, spreading malignant melanoma.
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TABLE 3 Association between clinicopathological variables and angiotropism in primary cutaneous melanoma detected using routine
histology, 538 cases.

Angiotropism with clinicopathological factors (total = 538 cases)

p-valueAngiotropism positive (n = 283) Angiotropism negative (n = 255)

Sex <0.05

Male (n = 292) 169 (60) 123 (48)

Female (n = 246) 114 (40) 132 (52)

Site 0.559

Head and neck (n = 111) 64 (23) 47 (18)

Trunk (n = 88) 40 (14) 48 (18)

Upper limb (n = 107) 56 (20) 51 (20)

Lower limb (n = 135) 62 (22) 73 (28)

Pelvic region (n = 18) 5 (2) 13 (5)

Back (n = 79) 48 (17) 31 (12)

Histological subtype 0.285

SSM (n = 327) 162 (57) 165 (65)

NM (n = 95) 60 (21) 35 (13)

LMM (n = 52) 27 (10) 25 (10)

ALM (n = 27) 13 (5) 14 (5)

Others (n = 37) 21 (7) 16 (6)

Growth phase 0.092

Vertical (n = 493) 266 (94) 227 (89)

Radial (n = 43) 15 (5.3) 28 (11)

Equivocal (n = 2) 2 (0.7)

Ulceration <0.01

Absent (n = 388) 186 (66) 202 (79)

Present (n = 150) 97 (34) 53 (21)

Mitotic rate <0.01

Absent (n = 110) 38 (14) 72 (28)

Brisk (n = 147) 95 (34) 52 (20)

Non-brisk (n = 281 150 (53) 131 (52)

Clark levels <0.05

1 (n = 3) 2 (1) 1 (0.3)

2 (n = 52 19 (7) 33 (13)

3 (n = 68) 29 (10) 39 (15)

4 (n = 364) 205 (72) 159 (62)

5 (n = 51) 28 (10) 23 (9)

Breslow thickness <0.05

≤1.00 (n = 101) 38 (13) 63 (25)

1.01–2.00 (n = 133) 61 (22) 72 (28)

2.01–4.00 (n = 155) 91 (32) 64 (25)

>4.00 (n = 148) 93 (33) 55 (22)

Age at diagnosis

Median: 66 years, range: 74 years 0.459

<66 years (n = 262) 133 (47) 129 (51)

≥66 years (276) 150 (53) 126 (49)

LN metastasis <0.05

Present (n = 81) 53 (19) 28 (11)

Absent (n = 457) 230 (81) 227 (89)

Abbreviations: ALM, acral lentiginous melanoma; LMM, lentigo maligna melanoma; LN, lymph node; LVI, lymphovascular invasion; NM, nodular melanoma;
SSM, spreading malignant melanoma.
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associated with LVI+ cases because some percentage of LVI repre-

sents true AT, misclassified because of various tissue alterations

falsely suggesting LVI (false LVI), as mentioned above. Nonetheless,

true LVI may occasionally be present.32 More definitive study is

needed to establish the relationship between AT, EVMM, and

true LVI.

LVI is difficult to detect using routine histopathology because

melanoma cells obscure the endothelial lining; hence its low fre-

quency.13 Our study suggests that it is not worthwhile to histopatho-

logically search for LVI in the absence of AT, but this requires further

study. Importantly, as mentioned above, apparent LVI may be a mor-

phologically altered presentation of AT or artifact in some cases. We

detected more LVI+ cases (17%) compared to 7.8% in a study by

Egger et al.26 This could be because the majority of our cases were

thick melanomas >2.0 mm, with 82% of the LVI+ cases being thick.

Increased Breslow thickness has been shown to be correlated with

the presence of LVI.26 Blood vessel invasion was reported to be

uncommon (1%–3%) in some studies33 but because there was no dis-

tinction between blood vessels and lymphatics in our study, the per-

centage was high.

In a multivariate model, LVI and AT strongly predicted LN metas-

tasis besides mitotic rate and ulceration. Egger et al. established that

LVI predicted a greater risk of LN metastasis.26 However, Breslow

thickness had the highest significance in this study (p < 0.05) and is

considered the most important factor in PCM. Ulceration was a

stronger predictor of LN metastasis (OR = 1.69), and literature shows

the importance of ulceration when selecting patients for sentinel LN

biopsy, especially in thin melanoma.34 Correlation between LN metas-

tasis and LVI has consensus in some studies confirming the

relationship,35 while other studies have found no supportive evi-

dence.36,37 In this study, we found some evidence for a significant

positive correlation between LN metastasis and LVI (OR = 1.12)

detected by routine histology tests. Fohn et al. reported four cases

with LVI on histology and D2-40 IHC as positive for LN metastasis

(p < 0.0001).38 Our study showed that two cases detected by D2-40

IHC had LN metastasis. A study with 52.5% angiotropic positive

metastasizing melanomas30 supports that AT strongly predicts LN

metastasis. Despite the lack of significant association between AT in

primary melanomas and corresponding brain metastatic lesions, Hung

et al. reported a trend that suggested AT as a cause for these metasta-

ses.29 This implies that the spread of tumor cells through and along-

side lymphatics or blood vessels leads to tumor in LN and other

organs.

LVI and AT have adverse effects in PCM. Our study found a sig-

nificant association between AT and LVI detected by routine histology

and reduced survival. LVI and AT independently predicted survival in

our Cox regression multivariate model when compared with other

covariates. Despite a small cohort showing no survival difference with

KM analysis, Hung et al. reported that there was a tendency for signif-

icance between the angiotropic and non-angiotropic group.29 How-

ever, one study did not observe any effect of AT on survival but had

few cases.30 Egger at al. showed LVI to be associated with reduced

survival (p = 0.0009) as well as age and thickness.26 LVI and AT are

negative prognostic variables and should be considered as indicators

of disease progression and patient outcomes.

This study was retrospectively designed without bias to any

parameters involved. Examination of routine diagnostic H&E stained

histology sections was used to detect AT and LVI with clear and dis-

tinct definitions by two pathologists. This is a strength of our study:

we were able to demonstrate these findings in routinely stained slides,

and therefore our results should be valid in clinical histological assess-

ment of AT and LVI in PCM. In addition, our findings are supported by

those of other published studies. However, some results lacked signif-

icance when interrogated with interaction terms with other covariates

TABLE 4 Multivariate logistic regression analysis of
clinicopathological variables predictive of lymph node metastasis.

OR for LN

LVI 1.12 (95% CI: 0.58–2.17) p < 0.1

Angiotropism 1.47 (95% CI: 0.81–2.66) p < 0.1

Ulceration 1.69 (95% CI: 0.98–2.95) p < 0.1

Breslow thickness 1.11* (95% CI: 1.03–1.19)

Mitosis 1.36 (95% CI: 0.88–2.08) p < 0.1

Age 0.99 (95% CI: 0.98–1.01) p < 0.1

Abbreviations: CI, confidence interval; LN, lymph node; LVI,

lymphovascular invasion; OR, odds ratio.

*p < 0.05.

TABLE 5 Survival statistics for LVI, angiotropism and LN metastasis.

LVI absent At risk censored events 447 LVI present At risk censored events 91

362 57

85 34

Angiotropism absent At risk censored events 255 Angiotropism present At risk censored events 283

210 209

45 74

LN metastasis absent At risk censored events 457 LN metastasis present At risk censored events 81

378 41

79 40

Abbreviations: LN, lymph node; LVI, lymphovascular invasion.
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in the multivariate analyses. Investigation of these effects in a larger

cohort would be helpful to ascertain the validity of the effects and

eliminate the possibility of a type 2 statistical error. The use of

archived material, which may have faded staining, could affect inter-

pretation of the slides and clarity of the histological biomarkers. In

cases of poor section quality, re-cuts were performed as would be

requested in routine practice. In addition, in any equivocal cases, IHC

was performed to aid in discrimination. Finally, we found no evidence

that the distribution of the biomarker incidence varied with the date

of original diagnosis. In summary, this study provides compelling evi-

dence for the prognostic value of AT and LVI by routine histology

tests.

In conclusion, we show that AT and LVI both have significant

associations with poor prognostic factors and adverse survival out-

comes. It is of interest that AT significantly correlates with LVI, and

this relationship merits further analysis. Our results provide additional

proof that, as shown in previous studies, AT is much easier to detect

on routine histology than LVI and serves as an important marker of

angiotropic EVMM. Morphological biomarkers such as LVI and AT are

of increasing interest, as the advent of digital pathology and artificial

intelligence could aid pathologists in identifying these features in large

tissue sections. Independently of its relationship with LVI, AT can be

F IGURE 2 (A) Positive, N = 91, mean
overall survival (OS) = 43.4 months (95%
confidence interval [CI]: 38.9–
47.9 months). Negative, N = 447, mean
OS = 51.3 months (95% CI: 49.6–
52.9 months) KM survival curves for
lymphovascular invasion (LVI), (black,
negative; blue, positive). Solid lines with
ticks represent mean survival, dotted lines

represent 95% CIs. (B) Positive, N = 283,
mean OS = 48.3 months (95% CI: 46–
50.7 months). Negative, N = 255, Mean
OS = 51.5 months (95% CI: 49.3–
53.8 months). KM survival curves for
angiotropism (black, negative; red,
positive). Solid lines with ticks represent
mean survival, dotted lines represent
95% CIs.

TABLE 6 Cox regression for survival analysis showing hazard ratios
(HR) of LVI and angiotropism among selected clinicopathological
variables.

HR

Lymphovascular invasion 1.57* (95% CI: 0.98–2.50)

Angiotropism 0.92 (95% CI: 0.59–1.42)

Age of diagnosis 1.04* (95% CI: 1.02–1.05)

Breslow thickness (mm) 1.11* (95% CI: 1.05–1.16)

Ulceration 1.36 (95% CI: 0.91–2.02)

Mitosis 0.99 (95% CI: 0.70–1.41)

LN metastasis 2.46* (95% CI: 1.66–3.66)

Abbreviations: CI, confidence interval; LN, lymph node; LVI, lymphovascular

invasion.

*p < 0.05.
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considered as part of the prognostic factors for PCM, as we have

demonstrated in its predictive value for an adverse overall and

melanoma-specific survival outcome. Therefore, the value of AT

and LVI as prognostic biomarkers is validated in this histological

review study of PCM. In further studies, it would be worthwhile inves-

tigating the prognostic relevance of identifying AT and LVI in thin mel-

anomas with routine histology in large cohorts. With further

investigation, AT and LVI could represent important staging parame-

ters for inclusion in AJCC malignant melanoma staging recommenda-

tions. In addition, understanding the biological mechanisms of AT in

the overall pathogenesis of malignant melanoma may lead to thera-

peutic discoveries.

ACKNOWLEDGMENTS

Special thanks go to the Histopathology Department at Queens Medi-

cal Centre for the support rendered during the course of the project.

FUNDING INFORMATION

The University of Nottingham sponsored the study.

CONFLICT OF INTEREST STATEMENT

The authors declare no conflicts of interest.

DATA AVAILABILITY STATEMENT

Research data are not shared.

ETHICS STATEMENT

Ethical approval for the study was given by the Nottingham Health

Science Biobank Access Committee, University of Nottingham.

ORCID

Shaimaa Lashin https://orcid.org/0000-0003-3541-5858

Somaia Elsheikh https://orcid.org/0000-0001-5538-9306

REFERENCES

1. Balch CM, Soong SJ, Gershenwald JE, et al. Prognostic factors analy-

sis of 17,600 melanoma patients: validation of the American Joint

Committee on Cancer melanoma staging system. J Clin Oncol. 2001;

19(16):3622-3634. doi:10.1200/JCO.2001.19.16.3622

2. Barnhill RL, Ye M, Batistella A, et al. The biological and prognostic sig-

nificance of angiotropism in uveal melanoma. Lab Invest. 2017;97(6):

746-759. doi:10.1038/labinvest.2017.16

3. Lugassy C, Kleinman HK, Vermeulen PB, Barnhill RL. Angiotropism,

pericytic mimicry and extravascular migratory metastasis: an

embryogenesis-derived program of tumor spread. Angiogenesis. 2020;

23(1):27-41. doi:10.1007/s10456-019-09695-9

4. Talmadge J, Fidler I. AACR centennial series: the biology of cancer

metastasis: historical perspective. Cancer Res. 2010;14:5649-5669.

doi:10.1158/0008-5472.CAN-10-1040

5. Morton DL, Thompson JF, Cochran AJ, et al. Sentinel node biopsy or

nodal observation in melanoma. N Engl J Med. 2006;355(13):1307-

1317. doi:10.1056/NEJMoa060992

6. Balch CM, Cascinelli N. Sentinel-node biopsy in melanoma. N Engl J

Med. 2006;355(13):1370-1371. doi:10.1056/NEJMe068147

7. Kyzas PA, Geleff S, Batistatou A, Agnantis NJ, Stefanou D. Evidence

for lymphangiogenesis and its prognostic implications in head and

neck squamous cell carcinoma. J Pathol. 2005;206(2):170-177. doi:10.

1002/path.1776

8. Franchi A, Gallo O, Massi D, Baroni G, Santucci M. Tumor lymphan-

giogenesis in head and neck squamous cell carcinoma: a morphomet-

ric study with clinical correlations. Cancer. 2004;101(5):973-978. doi:

10.1002/cncr.20454

9. Lugassy C, Vermeulen PB, Ribatti D, Pezzella F, Barnhill RL. Vessel

co-option and angiotropic extravascular migratory metastasis: a con-

tinuum of tumour growth and spread? Br J Cancer. 2022;126(7):973-

980. doi:10.1038/s41416-021-01686-2

10. Zettersten E, Shaikh L, Ramirez R, Kashani-Sabet M. Prognostic fac-

tors in primary cutaneous melanoma. Surg Clin North Am. 2003;83(1):

61-75. doi:10.1016/s0039-6109(02)00094-4

11. Keung EZ, Gershenwald JE. The eighth edition American Joint Com-

mittee on Cancer (AJCC) melanoma staging system: implications for

melanoma treatment and care. Expert Rev Anticancer Ther. 2018;

18(8):775-784. doi:10.1080/14737140.2018.1489246

12. Busam KJ, Berwick M, Blessing K, et al. Tumor vascularity is not a

prognostic factor for malignant melanoma of the skin. Am J Pathol.

1995;147(4):1049-1056.

13. Moy AP, Duncan LM, Kraft S. Lymphatic invasion and angiotropism in

primary cutaneous melanoma. Lab Invest. 2017;97:118-129. doi:10.

1038/labinvest.2016.131

14. Mirnezami R, Rohatgi A, Sutcliffe R, et al. Multivariate analysis of clin-

icopathological factors influencing survival following esophagectomy

for cancer. Int J Surg. 2010;8(1):58-63. doi:10.1016/j.ijsu.2009.

11.001

15. Mohammed RA, Martin SG, Gill MS, Green AR, Paish EC, Ellis IO.

Improved methods of detection of lymphovascular invasion demon-

strate that it is the predominant method of vascular invasion in breast

cancer and has important clinical consequences. Am J Surg Pathol.

2007;31(12):1825-1833. doi:10.1097/PAS.0b013e31806841f6

16. Longatto FA, Oliveira TG, Pinheiro C, et al. How useful is the assess-

ment of lymphatic vascular density in oral carcinoma prognosis?

World J Surg Oncol. 2007;11(5):140. doi:10.1186/1477-7819-5-140

17. Compton LA, Murphy GF, Lian CG. Diagnostic immunohistochemistry

in cutaneous neoplasia: an update. Dermatopathology (Basel). 2015;

2(1):15-42. doi:10.1159/000377698

18. Barnhill RL, Lugassy C. Angiotropic malignant melanoma and extra-

vascular migratory metastasis: description of 36 with emphasis on a

new mechanism of tumour spread. Pathology. 2004;36(5):485-490.

doi:10.1080/00313020412331282708

19. Lugassy C, Eyden BP, Christensen L, Escande JP. Angio-tumoral com-

plex in human malignant melanoma characterised by free laminin:

ultrastructural and immunohistochemical observations. J Submicrosc

Cytol Pathol. 1997;29(1):19-28.

20. Wilmott J, Haydu L, Bagot M, et al. Angiotropism is an independent

predictor of microscopic satellites in primary cutaneous melanoma.

Histopathology. 2012;61(5):889-898. doi:10.1111/j.1365-2559.2012.

04279.x

21. Lugassy C, Lazar V, Dessen P, et al. Gene expression profiling of

human angiotropic primary melanoma: selection of 15 differentially

expressed genes potentially involved in extravascular migratory

metastasis. Eur J Cancer. 2011;47(8):1267-1275. doi:10.1016/j.ejca.

2011.01.009

22. Bald T, Quast T, Landsberg J, et al. Ultraviolet-radiation-induced

inflammation promotes angiotropism and metastasis in melanoma.

Nature. 2014;507(7490):109-113. doi:10.1038/nature13111

23. Barnhill R, Vermeulen P, Daelemans S, et al. Replacement and desmo-

plastic histopathological growth patterns: a pilot study of prediction

of outcome in patients with uveal melanoma liver metastases.

J Pathol Clin Res. 2018;4(4):227-240. doi:10.1002/cjp2.105

24. Barnhill R, van Laere S, Vermeulen P, et al. L1CAM and laminin

vascular network: association with the high-risk replacement

10 NAMUBIRU ET AL.

 16000560, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/cup.14561 by T

est, W
iley O

nline L
ibrary on [16/01/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0003-3541-5858
https://orcid.org/0000-0003-3541-5858
https://orcid.org/0000-0001-5538-9306
https://orcid.org/0000-0001-5538-9306
info:doi/10.1200/JCO.2001.19.16.3622
info:doi/10.1038/labinvest.2017.16
info:doi/10.1007/s10456-019-09695-9
info:doi/10.1158/0008-5472.CAN-10-1040
info:doi/10.1056/NEJMoa060992
info:doi/10.1056/NEJMe068147
info:doi/10.1002/path.1776
info:doi/10.1002/path.1776
info:doi/10.1002/cncr.20454
info:doi/10.1038/s41416-021-01686-2
info:doi/10.1016/s0039-6109(02)00094-4
info:doi/10.1080/14737140.2018.1489246
info:doi/10.1038/labinvest.2016.131
info:doi/10.1038/labinvest.2016.131
info:doi/10.1016/j.ijsu.2009.11.001
info:doi/10.1016/j.ijsu.2009.11.001
info:doi/10.1097/PAS.0b013e31806841f6
info:doi/10.1186/1477-7819-5-140
info:doi/10.1159/000377698
info:doi/10.1080/00313020412331282708
info:doi/10.1111/j.1365-2559.2012.04279.x
info:doi/10.1111/j.1365-2559.2012.04279.x
info:doi/10.1016/j.ejca.2011.01.009
info:doi/10.1016/j.ejca.2011.01.009
info:doi/10.1038/nature13111
info:doi/10.1002/cjp2.105


histopathologic growth pattern in uveal melanoma liver metastases.

Lab Invest. 2022;102(11):1214-1224. doi:10.1038/s41374-022-

00803-w

25. Barnhill R, van Dam PJ, Vermeulen P, et al. Replacement and desmo-

plastic histopathological growth patterns in cutaneous melanoma liver

metastases: frequency, characteristics, and robust prognostic value.

J Pathol Clin Res. 2020;6(3):195-206. doi:10.1002/cjp2.161

26. Egger ME, Gilbert JE, Burton AL, et al. Lymphovascular invasion as a

prognostic factor in melanoma. Am Surg. 2011;77(8):992-997.

27. Rose AE, Christos PJ, Lackaye D, et al. Clinical relevance of detection

of lymphovascular invasion in primary melanoma using endothelial

markers D2-40 and CD34. Am J Surg Pathol. 2011;35(10):1441-1449.

doi:10.1097/PAS.0b013e31822573f5

28. Landsberg J, Tüting T, Barnhill RL, Lugassy C. The role of neutrophilic

inflammation, angiotropism, and pericytic mimicry in melanoma pro-

gression and metastasis. J Invest Dermatol. 2016;136(2):372-377. doi:

10.1016/j.jid.2015.11.013

29. Hung T, Morin J, Munday WR, Mackenzie IR, Lugassy C, Barnhill RL.

Angiotropism in primary cutaneous melanoma with brain metastasis:

a study of 20 cases. Am J Dermatopathol. 2013;35(6):650-654. doi:10.

1097/DAD.0b013e31827e8315AD

30. Barnhill R, Dy K, Lugassy C. Angiotropism in cutaneous melanoma: a

prognostic factor strongly predicting risk for metastasis. J Invest Derma-

tol. 2002;119(3):705-706. doi:10.1046/j.1523-1747.2002.01871.x

31. Van Es SL, Colman M, Thompson JF, McCarthy SW, Scolyer RA.

Angiotropism is an independent predictor of local recurrence and in-

transit metastasis in primary cutaneous melanoma. Am J Surg Pathol.

2008;32(9):1396-1403. doi:10.1097/PAS.0b013e3181753a8e

32. Wiley HE, Gonzalez EB, Maki W, Wu MT, Hwang ST. Expression of

CC chemokine receptor-7 and regional lymph node metastasis of B16

murine melanoma. J Natl Cancer Inst. 2001;93(21):1638-1643. doi:10.

1093/jnci/93.21.1638

33. Valencak J, Heere-Ress E, Kopp T, Schoppmann SF, Kittler H,

Pehamberger H. Selective immunohistochemical staining shows

significant prognostic influence of lymphatic and blood vessels in

patients with malignant melanoma. Eur J Cancer. 2004;40(3):358-364.

doi:10.1016/j.ejca.2003.09.009

34. Lowe JB, Hurst E, Moley JF, Cornelius LA. Sentinel lymph node

biopsy in patients with thin melanoma. Arch Dermatol. 2003;139(5):

617-621. doi:10.1001/archderm.139.5.617

35. Petersson F, Diwan AH, Ivan D, et al. Immunohistochemical detection

of lymphovascular invasion with D2-40 in melanoma correlates with

sentinel lymph node status, metastasis and survival. J Cutan Pathol.

2009;36(11):1157-1163. doi:10.1111/j.1600-0560.2008.01242.x

36. Petitt M, Allison A, Shimoni T, Uchida T, Raimer S, Kelly B. Lym-

phatic invasion detected by D2-40/S-100 dual immunohistochem-

istry does not predict sentinel lymph node status in melanoma.

J Am Acad Dermatol. 2009;61(5):819-828. doi:10.1016/j.jaad.2009.

04.026

37. Sahni D, Robson A, Orchard G, Szydlo R, Evans AV, Russell-

Jones R. The use of LYVE-1 antibody for detecting lymphatic

involvement in patients with malignant melanoma or known senti-

nel node status. J Clin Pathol. 2005;58(7):715-721. doi:10.1136/

jcp.2004.020123

38. Fohn LE, Rodriguez A, Kelley MC, et al. D2-40 lymphatic marker for

detecting lymphatic invasion in thin to intermediate thickness mela-

nomas: association with sentinel lymph node status and prognostic

value—a retrospective case study. J Am Acad Dermatol. 2011;64(2):

336-345. doi:10.1016/j.jaad.2010.03.005

How to cite this article: Namubiru P, Dalleywater W, Lashin S,

Elsheikh S. Can angiotropism and lymphovascular invasion

refine the current cutaneous melanoma staging system?

J Cutan Pathol. 2023;1‐11. doi:10.1111/cup.14561

NAMUBIRU ET AL. 11

 16000560, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/cup.14561 by T

est, W
iley O

nline L
ibrary on [16/01/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

info:doi/10.1038/s41374-022-00803-w
info:doi/10.1038/s41374-022-00803-w
info:doi/10.1002/cjp2.161
info:doi/10.1097/PAS.0b013e31822573f5
info:doi/10.1016/j.jid.2015.11.013
info:doi/10.1097/DAD.0b013e31827e8315AD
info:doi/10.1097/DAD.0b013e31827e8315AD
info:doi/10.1046/j.1523-1747.2002.01871.x
info:doi/10.1097/PAS.0b013e3181753a8e
info:doi/10.1093/jnci/93.21.1638
info:doi/10.1093/jnci/93.21.1638
info:doi/10.1016/j.ejca.2003.09.009
info:doi/10.1001/archderm.139.5.617
info:doi/10.1111/j.1600-0560.2008.01242.x
info:doi/10.1016/j.jaad.2009.04.026
info:doi/10.1016/j.jaad.2009.04.026
info:doi/10.1136/jcp.2004.020123
info:doi/10.1136/jcp.2004.020123
info:doi/10.1016/j.jaad.2010.03.005
info:doi/10.1111/cup.14561

	Can angiotropism and lymphovascular invasion refine the current cutaneous melanoma staging system?
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Patient characteristics and data
	2.2  Immunohistochemistry
	2.3  Detection of LVI and AT
	2.4  Statistical analysis

	3  RESULTS
	3.1  Frequency of AT and LVI
	3.2  LVI is associated with poor prognostic parameters
	3.3  AT is associated with poor prognostic parameters
	3.4  AT and LVI are predictors of LN metastasis
	3.5  LVI and AT have a negative effect on melanoma-specific survival

	4  DISCUSSION
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ETHICS STATEMENT
	REFERENCES


