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Desmoplastic melanoma is a subtype of melanoma characterised by amelanotic fusiform 

melanocytes dispersed in a collagenous stroma. Cell-poor and fibrous stroma-rich ‘pure’ variants 

have been distinguished from ‘mixed’ variants with areas of higher cell density and/or less 

desmoplastic stroma. This distinction is relevant because patients whose tumours display a pure 

phenotype have a lower risk for regional lymph node metastasis and distant recurrence. However, 

little is known about interobserver agreement among pathologists in the subclassification 

of desmoplastic melanoma. To address this issue, we conducted a study in which eleven 

dermatopathologists independently evaluated whole slide scanned images of excisions from 30 

desmoplastic melanomas. The participating pathologists were asked to classify the tumours as 

pure or mixed. They were also asked to record the presence or absence of neurotropism and 

angiotropism. We found substantial interobserver agreement between the 11 dermatopathologists 

in the classification of tumours as pure versus mixed desmoplastic melanoma (kappa=0.64; 

p<0.0001). There was fair agreement between the 11 dermatopathologists in the evaluation 

of presence versus absence of neurotropism (kappa=0.26; p<0.0001), and slight agreement 

in the assessment of angiotropism (kappa=0.13; p<0.0001). The level of concordance in the 

subclassification of desmoplastic melanomas is encouraging for the acceptance of this prognostic 

parameter in the real-world practice of melanoma pathology.
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INTRODUCTION

Desmoplastic melanoma (DM) is a rare subtype of melanoma that typically affects 

chronically sun-damaged skin of elderly individuals and is histopathologically characterised 

by the association of usually amelanotic spindle tumour cells with an abundant fibrous 

matrix,1-6

DM has been further subclassified into a stroma-rich and cell-poor ‘pure’ variant, in which 

the entire tumour, or the overwhelming majority of it (typically ≥90%), is characterised by 

isolated tumour cells at low cell density dispersed in abundant fibrous stroma, and a ‘mixed’ 

variant in which there are other areas of higher cell density with less or no significant 

desmoplasia.1,3,7 This subclassification has clinical relevance. Previous studies found shorter 

time to recurrence and disease-free survival as well as higher incidence of nodal and distant 

metastasis for mixed desmoplastic melanomas when compared against pure desmoplastic 

melanomas.2,4,8-10

Given that the assessment of histological features in desmoplastic melanomas may have 

implications for patient care and prognosis, we sought to evaluate the level of interobserver 

agreement amongst dermatopathologists who reviewed a set of 30 desmoplastic melanomas.
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MATERIALS AND METHODS

Cases and participants

The study was conducted under the IRB-approved protocol 17-70. Digital links to whole 

slide scanned images (WSI) of a representative H&E section of 30 anonymised cases of 

DM were sent to 12 different dermatopathologists using the PathPresenter platform. Of a 

total of 12 dermatopathologists invited to participate, 11 completed their assignment (CL, 

RB, LMD, PG, LL, JLM, RAS, BW, IY, AZ, and KJB). Each pathologist independently 

evaluated the study cases. There were no time limits for review of each case and/or each of 

the features to be assessed.

Case classification criteria

Upon acceptance of participation, each pathologist was provided with written criteria for 

tumour classification as pure versus mixed desmoplastic melanoma, presence or absence of 

neurotropism, and presence or absence of angiotropism, as detailed below.

Pure versus mixed desmoplastic melanoma—A desmoplastic melanoma was 

defined as ‘pure’ if the melanoma was characterised by isolated tumour cells dispersed at 

low tumour cell density in a fibrous matrix throughout the tumour, with absence of compact 

fascicles, nests or sheets of solid tumour cell aggregates lacking intervening collagenous 

stroma. A desmoplastic melanoma was classified as ‘mixed’ if the tumour cell density was 

not uniformly low, but some areas within the tumour contained compact fascicles or nodules 

or tumour cells were present in close proximity to each other with minimal or no intervening 

fibrous stroma.

Neurotropism—Neurotropism was defined according to the American Joint Committee 

on Cancer (AJCC) Cancer Staging Manual (8th ed) and College of American Pathologists 

(CAP) reporting guidelines as the presence of melanoma cells abutting nerve sheaths usually 

circumferentially (perineural invasion) or within nerves (intraneural invasion). Occasionally, 

the tumour itself may form neuroid structures (termed ‘neural transformation’) and this 

is also regarded as neurotropism. Neurotropism is best identified at the periphery of the 

tumour; the presence of melanoma cells around nerves in the main tumour mass caused by 

‘entrapment’ of nerves in the expanding tumour does not represent neurotropism.11,12

Angiotropism—Angiotropism was defined as melanoma cells cuffing the external surfaces 

of either capillary or venular blood vessels or lymphatic channels without the presence of 

tumour within the vascular lumina.13,14

Statistical analysis

Fleiss’ kappa statistic was calculated to measure agreement for more than two observers on 

binary ratings. Data were analysed using the Magree macro in SAS software (version 9.4; 

SAS, USA). The Landis and Koch scale was used to qualify degrees of agreement.
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RESULTS

There was substantial interobserver agreement between all 11 participants in the 

classification of the set of 30 tumours as pure versus mixed desmoplastic melanoma 

(kappa=0.64; p<0.0001). A subgroup of five dermatopathologists had excellent agreement 

with each other on subtype (kappa=0.84; p<0.0001). There was fair agreement between the 

11 pathologists in the evaluation of presence versus absence of neurotropism (kappa=0.26; 

p<0.0001), and slight agreement in the assessment of angiotropism (kappa=0.13; p<0.0001).

For 13 of the total 30 cases (43.3%) there was perfect agreement among all 11 observers 

on tumour subtype; of these, seven were categorised as mixed and six as pure desmoplastic 

melanomas. Perfect agreement regarding neurotropism was achieved in five cases (16.7%) 

in which all observers reported presence of this feature. In five cases (16.7%) there was 

perfect agreement on the evaluation of angiotropism, with three cases on which this 

feature was observed. In three of the 30 cases (10%) there was perfect agreement for 

all features evaluated: one of them corresponding to a pure desmoplastic melanoma with 

presence of both neurotropism and angiotropism, and the other two cases corresponding to 

mixed desmoplastic melanomas with neurotropism, one of them with and the other without 

angiotropism. Figure 1 illustrates examples of each variable obtained from cases in which 

perfect agreement among observers was achieved for the depicted feature.

DISCUSSION

Several studies have confirmed that when desmoplastic melanomas are subdivided into 

‘pure’ versus ‘mixed’ variants, there are associated significant differences in rates of 

local recurrence, time to recurrence, positive sentinel lymph node, distant metastasis, and 

melanoma-specific survival. 1,2,4,8-10,15 Accordingly, the current guidelines of CAP for the 

reporting of cutaneous melanoma recommend the distinction between these subtypes of 

desmoplastic melanoma.11,16-18

While reports of similar results from different groups suggest that the distinction of pure 

from mixed desmoplastic melanoma is reproducible, there are limited data on measured 

interobserver agreement between different pathologists. A prior small study published as a 

meeting abstract in 2012 reported only moderate concordance (kappa=0.47).19 The limited 

agreement was probably in part due to the fact that criteria were not discussed or shared with 

the study participants. Now that the concept of pure versus mixed desmoplastic melanoma 

has been accepted at many centres, we decided to revisit the issue of interobserver 

agreement and conduct a study on a larger number of cases involving more pathologists. 

Interobserver agreement was analysed on 30 cases between 11 dermatopathologists. This 

time, definitions of parameters were shared in writing with each participant prior to scoring. 

The main interest was in the assessment of pure versus mixed desmoplastic melanomas, but 

we also tested interobserver variability on the presence versus absence of neurotropism and 

angiotropism.

We found substantial agreement (kappa=0.64) in the classification of the 30 tumours as pure 

versus mixed desmoplastic melanomas. This result is encouraging, considering the relatively 
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high number of observers (11) practising at 10 different institutions. It is of interest that 

among the 11 participating dermatopathologists five had excellent interobserver agreement 

(kappa=0.84), indicating that improvement of agreement beyond substantial is possible.

As desmoplastic melanomas may be associated with neurotropism and occasionally also 

angiotropism, both of which have been suggested to be relevant for risk of recurrence, 

we decided to also assess interobserver agreement for these parameters. Assessment for 

angiotropism or neurotropism showed only slight (kappa=0.13) and fair (kappa=0.26) 

interobserver concordance, respectively, with only five of 30 evaluated cases (16.7%) 

in which all observers agreed on the presence or absence of either feature. While our 

findings on interobserver agreement on neurotropism and angiotropism in the context 

of desmoplastic melanomas should not be extrapolated to other melanoma types, they 

warrant some caution regarding the reliability of pathology reports commenting on the 

presence or absence of these parameters. The definition of neurotropism in melanoma 

according to the AJCC Cancer Staging Manual and the CAP reporting guidelines states 

that this feature is best identified at the periphery of tumours and should be distinguished 

from nerve ‘entrapment’, however it does not specifically address bona fide perineural 

and intraneural invasion that are occasionally found within the bulk of the tumour. It is 

possible that this could contribute to variable interpretations of what constitutes sufficient 

evidence of neurotropism and in turn impact agreement among observers. It is of interest 

that a similarly low level of interobserver concordance was previously found for perineural 

invasion in desmoplastic melanoma.19 On the other hand, a prior report on interobserver 

concordance for angiotropism found good agreement amongst the three study participants.20 

More work is needed to determine the best definition of these terms and how to make 

their application more reliable. It also needs to be said that the assessment of angiotropism 

and neurotropism is particularly challenging in desmoplastic melanomas because of the 

difficulty in distinguishing tumour cells from non-neoplastic perineural, perivascular, and 

stromal spindle cells without immunohistochemical stains, which were not made available to 

observers in this study.

Lastly, a significant limitation of our study was the use of whole slide scanned images 

(WSI). While equivalency between WSI and glass slides diagnoses has been well 

documented for pathologists experienced in reading high quality digital scans,21 it is 

possible that some pathologists were less comfortable reading digital scans, which may 

have contributed to discordant assessments of neurotropism or angiotropism.

CONCLUSION

In summary, our study documents substantial agreement amongst 11 pathologists for 

the distinction between ‘pure’ versus ‘mixed’ desmoplastic melanomas on WSI of 30 

different tumours. We found limited agreement in the assessment of neurotropism or 

angiotropism. Good interobserver reproducibility is an important factor in the value that 

a given histopathological feature can provide as a tool for reliable clinical prediction. 

Our results document that the level of interobserver agreement in the evaluation of 

desmoplastic melanoma subtypes is strong enough to support recommending the use of 

this subclassification in pathology reports for its clinical relevance for prognosis.
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Fig. 1. 
(A,C) Pure desmoplastic melanoma showing low cellularity and abundant fibrotic stroma 

with uniform low-grade cytomorphology. (B,D) Mixed desmoplastic melanoma with high 

cellularity present in the superficial aspect of the tumour where an epithelioid cell 

component is present showing frequent mitotic figures. (E) Neurotropism: perineural and 

intraneural invasion. (F) Angiotropism: tumour cells in close association to vascular wall 

without frank invasion into the vessel lumen.
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