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ABSTRACT 
 

Introduction 
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Since the field of dermatopathology is not an exact science, it is prone to personal 

subjectivity, which sometimes causes disagreements on the diagnosis and assessment 

of some histological features. In the case of melanoma, some variables such as 

regression are associated with low interobserver agreement. On the contrary, other 

variables such as the measurement of Breslow thickness show high reproducibility. 

Objective 

The main objective of our study was to investigate multiple features of 60 consecutive 

cases of melanoma to establish interobserver reproducibility. 

Methods and main results 

We conducted an observational and descriptive study at Hospital de Manises, 

Valencia, Spain, IVO Foundation, Valencia, Spain, and Hospital 12 de Octubre, Madrid, 

Spain.  

The mean level of agreement of all study variables was moderate (Cohen's kappa 

coefficient statistic = 0.5). The highest agreement corresponded to polypoid 

morphology, pigmentation, ulceration, and solar elastosis. On the other hand, the 

lowest level agreement was reached for the presence of cellular pleomorphism and 

tumor necrosis. 

Conclusions 

Our mean level of agreement was moderate, which reflects that some of the measured 

characteristics such as cellular pleomorphism or the presence of necrosis cannot be 

used for future studies or must be redefined and their reproducibility, reestablished. 

When conducting a research study, it is necessary to analyze the study variables to 

demonstrate their validity to measure or classify a certain feature. It is also advisable 

to warrant that that the variables are reproducible to be able to use them for other 

studies or in the routine clinical practice. 

KEYWORDS 
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INTRODUCTION 
 

Multiple morphological features are often used in the histopathological diagnosis of 

cutaneous melanoma. These can be categorized into 2 major types such as 

architectural (pagetoid infiltration and solar elastosis) and cytological features 

(melanocytic atypia and rate of mitoses, among others).  

Several features have prognostic implications, the most important being the presence 

of ulceration and Breslow thickness. 

Molecular biology is changing the way we see and classify melanocytic lesions, and 

there have been interesting advances in this field over the past few years.1 

Moreover, it is remarkable how heterogeneous melanoma can get in terms of its 

histopathological appearance. Although this is probably due to multiple factors, 

mutational status is gaining interest as it might determine some clinical and 

histopathological features such as the degree of pagetoid spread or the shape and size 

of melanoma cells. In a previous study, Virós et al.  2 defined some histopathological 
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features associated with the presence of BRAF mutations. BRAF mutated melanomas 

displayed an increased upward migration and nest formation of intraepidermal 

melanocytes, a sharper demarcation towards the surrounding skin, thickening of the 

involved epidermis, rounder, larger and more pigmented melanoma cells, and 

thickening of the involved epidermis. 

 

Histopathological reports of tumor characteristics are subject to interobserver 

variability, so diagnosis and description of melanoma can often be problematic. In 

melanocytic lesions, several studies have reported a low level of agreement for some 

semi-quantitative features, such as lymphocytic infiltration or regression. 3–6 In 

addition, the differential diagnosis between dysplastic nevi and early-stage invasive 

melanoma can sometimes be challenging too. 7,8 

On the other hand, some prognostic features generally have high interobserver 

reproducibility, such as Breslow thickness and the presence of ulceration. 4,6,9 

 

The main outcome was the concordance between the 2 groups for each pathologic 

feature assessed.  

MATERIAL AND METHODS 
 

Clinician panel and review procedure 

Our study was conducted by 2 groups of researchers, the first one included 2 

dermatopathologists from the same institution (IVO) and the second, 1 pathologist 

(HUDO) and 1 dermatologist (HM). 

The dermatologist performed the histological assessment always under supervision 

and accompanied by the pathologist and had experience in dermatopathology (held a 

4-month internship in the dermatopathology unit at Hospital Universitario 12 de 

Octubre, Madrid, Spain and a 15-day short internship in Ackerman Academy, New York 

City, NY, United States). 

The study was conducted in 2 stages. Stage #1 was the pre-selection of the histologic 

features to be studied, as well as their definitions. This was done considering previous 

literature, specifically Viros et al. research work,2 and preliminary meetings of the 

research group in which a subset of 40 samples with different mutational status was 

examined. We decided to include some extra features based on their prevalence. This 

stage also included an assessment of the level of agreement in a training set of 10 

samples to identify and resolve discrepancies in the assessment of the definitive 

variables. This assessment was performed separately by each of the 2 groups. 

Finally, the last stage was performed the same way but with the final sample set on 

which the present study was conducted. 

 

Cases studied 

The histological sections were obtained consecutively from IVO pathology files from 

January 2004 through December 2004. 

Demographic data including age, sex, location, type of melanoma, Breslow thickness 

and Clark level were retrieved from the IVO Melanoma Database.  

Tissue fragments were fixed in formalin, routinely processed and stained with 

haematoxylin and eosin. All cases that were not optimal for review were excluded. 
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Histopathological features 

Specific features analyzed by Virós et al. 2 were included in our analysis:  

Upward spread of intraepidermal melanocytes or Pagetoid spread (100% melanocytes 

at the dermoepidermal junction, 75% up to 100% melanocytes at the dermoepidermal 

junction, 50% pagetoid spread, > 50% pagetoid spread), nest formation of 

intraepidermal melanocytes  (no nests, < 25% melanocytes in nests, 25% up to 50% 

melanocytes in nests, > 50% melanocytes in nests), pigmentation of melanocytes 

(absence, slight, moderate, high, very high), epidermal contour  

(atrophic, thinned, normal, thickened, hypertrophic), lateral circumscription 

(discontinuous, gradual but continuous, abrupt).  

We also included some additional features given their potential interest: 

Pattern of growth (expansive vs infiltrative), solar elastosis (2 modalities: 1- absence, 

minimum, moderate, high and 2- low vs high), presence of ulceration (absence vs 

presence), type of ulceration (expansive vs Infiltrative), polypoid shape (absence vs 

presence), regression (absence, ≤ 50%, > 50%), presence of necrosis (absence vs 

presence), and presence of pleomorphism (absence vs presence).   

Their definitions are described in detail in the supplementary data. 

 

 

Statistical analysis 

 

Results were exported to an Excel table. When a feature or an entire case could not be 

evaluated for whatever reasons, it was considered as non-applicable. 

Agreement among the 2 groups was assessed using Cohen's kappa coefficient statistic 

(κ), which is a known index for measuring chance corrected agreement on a nominal or 

ordinal scale. According to Landis and Koch 10, values > 0.75 represent excellent 

agreement beyond chance, values between 0.75 and 0.40 represent fair to good 

agreement beyond chance, and values < 0.40 represent poor agreement beyond 

chance. A k value close to 1 means almost perfect agreement. 10 

In the case of ordinal variables, we used Cohen´s weighted kappa–a modification of 

the original kappa statistic–proposed for nominal variables in the presence of 2 

observers.11 

For each characteristic considered, a 2 x 2 diagnostic table was built using 

dichotomous categories, and specific k values were calculated. 

RESULTS 
 

The first 60 consecutive cases diagnosed in the IVO Dermatology service from January 

2004 through December 2004 were selected. 

Five cases were excluded, 4 of them because they could not be interpreted due to 

their small size and 1 because of duplication (2 sections of the same case).  So, 

eventually 55 valid cases were considered to stablish kappa values.  

The study population included 55 patients, 28 (50.9%) men and 27 (49.1%) women, 

with a mean age at diagnosis of 58.9 years (range, 23-82 years). Data on the location of 

the primary tumor, the histological type and the tumor stage are shown in Table 1 of 

the supplementary data.  
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General concordance was moderate (median Kappa value, 0.5). Maximum values were 

for presence of polypoid shape (0.8), pigmentation (0.7), presence of ulceration (0.7) 

elastosis (high CSD/low CSD) 0.7, and degree of elastosis (0.7).  

The most discordant values were the presence of pleomorphism (0.2) and necrosis 

(0.3).  

Table 1 shows the kappa values from different studies, specifically our results and 

those from the studies conducted by Viros et al. 2 and Broekaert et al. 12.  

Finally, we conducted an adjustment of the variables pagetoid spread and formation of 

intraepidermal nests and assessed the interobserver agreement. Specifically, we 

reduced the number of categories from 4 down to 2. 

The K value for pagetoid spread was 0.7, and the K value for nest formation, 0.4 

 

DISCUSSION 
 

In this study, we examined the reproducibility or interobserver agreement of some 

characteristics of 60 cases of malignant melanoma, some of them with prognostic 

implications. The overall concordance was moderate. The highest kappa values were 

for polypoid shape and solar elastosis (high CSD/low CSD). On the other hand, the 

lowest values reported were for necrosis and pleomorphism. 

 

Melanoma is a heterogeneous tumor as it shows different clinical and 

histopathological characteristics, sometimes making diagnosis challenging. 

Former studies have evaluated the interobserver reproducibility of diagnostic criteria 

in melanoma and other melanocytic lesions with heterogeneous results. 2,4,8,9,13–16 

These studies often perform the circulation of pathological sections of cutaneous 

melanomas or melanocytic lesions to different combinations of pathologists and 

dermatopathologists to categorize multiple histopathological variables.  

The highest concordance rates were achieved for the most important variable in terms 

of prognostic value for Breslow thickness. This is something predictable as it is a 

quantitative variable. 4,6,9,14,17–20 

On the contrary, some other variables with prognostic importance show low or 

moderate reproducibility as Clark level assessment. 9,14,19,20 

Our study is based on several variables that were defined in the study by Virós et al.2. 

This study showed better kappa values for most of the variables tested compared to 

our results. 2 (See table 1). 

Another study undertaken by the same group (Broekaert et al.) 12 presented similar 

Kappa values, except for nesting, epidermal contour and circumscription that were 

lower than the values obtained in the study conducted by Virós et al. 2 (table 1). 

 

An explanation for some of the discordances reported may be that melanoma can be a 

very large lesion and show overt heterogenicity per se. Therefore, when considering 

nest formation or pagetoid spread, an area with high number of nests or 

intraepidermal spread can exist followed by another with total absence, which 

complicates providing a result to quantify this finding. Additionally, some features can 

be detected only in some glass sections.  
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Regarding lateral circumscription and epidermal contour, we have detected that often, 

melanoma can show different transitions from the intraepidermal growth portion of 

the tumor to normal skin from one to the other side of the glass section.  

It is remarkable that solar elastosis was more reproducible than other variables when 

assessed in 2 categories (high CSD/low CSD), a simpler but valid way of classifying 

elastosis, first defined by Landi et al.  21 and considered by the World Health 

Organization (WHO) as a major characteristic that categorizes different types of 

melanoma. 22 

Kappa concordance for ulceration was substantial as former studies have stated. 
6,9,17,19,20 Assessment of ulceration may be only possible in some histological sections of 

melanoma; for instance, ulceration may only touch a small portion of melanoma and 

go unnoticed in some glass sections.  

When there is a focal loss of epidermis, it may be problematic to establish ulceration, 

as it can be an actual ulceration or a sectioning artifact. Unless there is evidence of a 

dermal scar or a previous biopsy, it can be troublesome to distinguish between 

traumatic and non-traumatic ulceration. 9 

Polypoid shape was highly reproducible in our experience as it is easy to assess.  

In terms of regression, in our research, its evaluation showed moderate concordance, 

with heterogeneous rates being reported in former studies. Most studies that assess 

several features showed low reproducibility  6,19,20 while others showed higher rates. 23 

Kang et al. showed better reproducibility for regression in their study, yet we should 

mention that this study was only focused on regression. It should be expected that a 

study associated with only 1 feature should reach higher concordance than studies 

assessing several variables, especially if there is previous training. Categorization of 

regression and criteria have changed over time, which can be a cause of variable 

concordance. In fact, some studies consider early, intermediate or late regression, 23 

while others only consider 2 grades (presence or slight/absence). 19,20 

Literature is scarce on the interobserver reproducibility regarding necrosis and 

pleomorphism.  

The variable pleomorphism is very subjective, and melanoma cells from malignant 

tumors are pleomorphic in general, particularly in some areas of the tumor. This 

feature can be problematic as it can be difficult to stablish due to its subjectivity.   

Regarding assessment of necrosis, in Urso et al. study, 13 interobserver concordance 

was stablished for 55 cases of melanoma and necrosis was found in 1 case only. 

Therefore, since it is a less prevalent feature, it can be a finding only made in a small 

area and go unnoticed.  

Finally, there is a really important fact we should mention which is subjectivity, as it 

has been confirmed that even in some observations there is intraobserver 

discordance. 

Consistent with this, Elmore Jg et al. showed intraobserver discordance (and logically 

lower interobserver discordance) for categorizing atypia in melanocytic lesions, 

especially when categorizing those with values different than the extreme values. 8 

We propose that, if possible, variables should be redefined and regrouped with fewer 

categories. For example, pagetoid spread could be categorized into 2 rather than 4 

groups considering 0: absence or minor pagetoid spread (< 25% of the cells) and 1: 

overt pagetoid spread (> 25% of the cells). Similarly, nest formation could be redefined 

as having 2 categories only; 0: non or minimal nest formation (< 25% of cells in 
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intraepidermal nests) vs 1: marked nest formation (> 25% of cells in of intraepidermal 

nests). Shape of cells, epidermal contour and pigmentation could be also simplified in 

fewer categories.  

On the contrary, there are some variables with low concordance that cannot be 

adjusted, such as lateral circumscription. Therefore, we will probably not use this 

variable for this definition in the future.  

Any adjustment of the categories of the variable like their regrouping, if possible, 

should be tested for reproducibility again.  

In our experience, after regrouping and studying interobserver concordance of 

pagetoid spread and nest formation only in pagetoid spread improved. It is an example 

that the regrouping of categories of variables can sometimes improve their 

reproducibility or, at least, maintain it, while making sure its relevance remains 

untouched. 

Perhaps it is still early, but new technologies and A.I. could be a before and after in the 

histological categorization of melanocytic lesions. For this purpose, it is necessary to 

generate useful algorithms that should be trained until their diagnostic sensitivity 

approaches that of an experienced pathologist. 24 

As a matter of fact, a 3-dimensional histology computer model of malignant melanoma 

has been tested with promising results. It evaluated different tissue levels while 

avoiding the problem of some features being present in a limited subset of slides. 

Although these are promising technologies in the field of histopathology 

diagnosis there are still some limitations that should be addressed. 25 

In conclusion, our study showed median moderate reproducibility of several 

histopathological features of melanoma, meaning that, if possible, some variables 

should be redefined and evaluated for interobserver agreement for future research.  

  



Page 8 of 11

Jo
ur

na
l P

re
-p

ro
of

References 
1.Fernandez-Flores A. Modern Concepts in Melanocytic Tumors. Actas Dermosifiliogr. 

114 (2023), pp. 402–412.   

https://doi.org/10.1016/j.ad.2023.01.001 

2. Viros A, Fridlyand J, Bauer J, Lasithiotakis K, Garbe C, Pinkel D, et al. Improving 

Melanoma Classification by Integrating Genetic and Morphologic Features. PLoS Med. 

5 (2008), pp. e120.  

https://doi.org/10.1371/journal.pmed.0050120 

3. Duncan LM, Berwick M, Bruijn JA, Byers HR, Mihm MC, Barnhill RL. Histopathologic 

recognition and grading of dysplastic melanocytic nevi: an interobserver agreement 

study. J Invest Dermatol, 100 (1993), pp. 318S-321S. 

https://doi.org/10.1111/1523-1747.ep12470215 

4. Murali R, Hughes MT, Fitzgerald P. Interobserver Variation in the Histopathologic 

Reporting of Key Prognostic Parameters, Particularly Clark Level, Affects Pathologic 

Staging of Primary Cutaneous Melanoma. 249 (2009), pp. 641–647. 

https://doi.org/10.1097/SLA.0b013e31819ed973 

5. Duray PH, DerSimonian R, Barnhill R, Stenn K, Ernstoff MS, Fine J, et al. An analysis 

of interobserver recognition of the histopathologic features of dysplastic nevi from a 

mixed group of nevomelanocytic lesions. J Am Acad Dermatol. 27 (1992), pp. 741–749. 

https://doi.org/10.1016/0190-9622(92)70248-e 

6. Corona R, Mele A, Amini M, De Rosa G, Coppola G, Piccardi P, et al. Interobserver 

variability on the histopathologic diagnosis of cutaneous melanoma and other 

pigmented skin lesions. J Clin Oncol. 14 (1996) pp. 1218–1223. 

https://doi.org/10.1200/JCO.1996.14.4.1218 

7. Gerami P, Busam K, Cochran A, Cook MG, Duncan LM, Elder DE, et al. 

Histomorphologic Assessment and Interobserver Diagnostic Reproducibility of Atypical 

Spitzoid melanocytic neoplasms with long-term follow-up. American Journal of Surgical 

Pathology. 38 (2014), pp.934–940. 

https://doi.org/10.1097/PAS.0000000000000198 

8. Elmore JG, Barnhill RL, Elder DE, Longton GM, Pepe MS, Reisch LM, et al. 

Pathologists’ diagnosis of invasive melanoma and melanocytic proliferations: Observer 
accuracy and reproducibility study. BMJ (Online). 357 (2017), pp. j2813. 

https://doi.org/10.1136/bmj.j2813 

9. Scolyer RA, Bs MB, Shaw HM, Thompson JF, Li LL, Colman MH, et al. Interobserver 

Reproducibility of Histopathologic Prognostic Variables in Primary Cutaneous 

Melanomas. 27 (2003), pp.1571–1576. 

https://doi.org/10.1097/00000478-200312000-00011 

10. Landis JR, Koch GG. The Measurement of Observer Agreement for Categorical 

Data. Biometrics. 33 (1977), pp.159.  

https://doi.org/10.2307/2529310 

11. Cohen J. Weighted kappa: Nominal scale agreement provision for scaled 

disagreement or partial credit. Psychol Bull. 70 (1968), pp. 213–220. 

https://doi.org/10.1037/h0026256 

12. Broekaert SMC, Roy R, Okamoto I, Oord J Van Den, Bauer J, Garbe C, et al. Genetic 

and morphologic features for melanoma classification. Pigment Cell Mel Res. 23 

(2010), pp. 763–770.  

https://doi.org/10.1111/j.1755-148X.2010.00778.x 



Page 9 of 11

Jo
ur

na
l P

re
-p

ro
of

13. Urso C, Rongioletti F, Innocenzi D, Saieva C, Batolo D, Chimenti S, et al. 

Interobserver reproducibility of histological features in cutaneous malignant 

melanoma. J Clin Pathol. 58 (2005), pp. 1194–1198.  

https://doi.org/10.1136/jcp.2005.026765 

14. Eriksson H, Hedblad MFM, Hellborg H, J LK, Krawiec K, Lundh B, Eva R, et al. 

Interobserver Variability of Histopathological Prognostic Parameters in Cutaneous 

Malignant Melanoma : Impact on Patient Management. Acta dermato-veneorologica. 

93 (2013), pp. 411–416. 

https://doi.org/10.2340/00015555-1517 

15. Monshizadeh L, Hanikeri M, Beer TW, Heenan PJ. A critical review of melanoma 

pathology reports for patients referred to the Western Australian Melanoma Advisory 

Service. Pathology. 44 (2012), pp.  441–447. 

https://doi.org/10.1097/PAT.0b013e328355767e 

16. Niebling MG, Haydu LE, Karim RZ, Thompson JF, Scolyer RA. Reproducibility of AJCC 

staging parameters in primary cutaneous melanoma: An analysis of 4,924 cases. Ann 

Surg Oncol. 20 (2013), pp. 3969–3975.  

https://doi.org/10.1245/s10434-013-3092-5 

17. Colloby PS, West KP, Fletcher A. Observer variation in the measurement of Breslow 

depth and Clark’s level in thin  cutaneous malignant melanoma. J Pathol. 163 (1991), 
pp. 245–250.  

https://doi.org/10.1002/path.1711630310 

18. Prade M, Sancho-Garnier H, Cesarini JP, Cochran A. Difficulties encountered in the 

application of Clark classification and the Breslow thickness measurement in 

cutaneous malignant melanoma. Int J Cancer. 26 (1980), pp. 159–163. 

https://doi.org/10.1002/ijc.2910260206 

19. Heenan PJ, Matz LR, Blackwell JB, Kelsall GR, Singh A, ten Seldam RE, et al. Inter-

observer variation between pathologists in the classification of cutaneous malignant 

melanoma in western Australia. Histopathology. 8 (1984), pp. 717–729. 

https://doi.org/10.1111/j.1365-2559.1984.tb02388.x 

20. Lock-Andersen J, Hou-Jensen K, Hansen JP, Jensen NK, Sogaard H, Andersen PK. 

Observer variation in histological classification of cutaneous malignant melanoma.  

Scand J Plast Reconstr Surg Hand Surg. 29 (1995), pp. 141–148. 

https://doi.org/10.3109/02844319509034330 

21. Landi MT, Bauer J, Pfeiffer RM, Elder DE, Hulley B, Minghetti P, et al. MC1R 

germline variants confer risk for BRAF-mutant melanoma. Science 313 (2006), pp. 521–
522. 

 https://doi.org/10.1126/science.1127515 

22. Elder DE, Bastian BC, Cree IA, Massi D, Scolyer RA. The 2018 World Health 

Organization Classification of Cutaneous, Mucosal, and  Uveal Melanoma: Detailed 

Analysis of 9 Distinct Subtypes Defined by Their Evolutionary Pathway. Arch Pathol Lab 

Med. 144 (2020), pp. 500–522.  

https://doi.org/10.5858/arpa.2019-0561-RA 

23. Kang S, Barnhill RL, Mihm MCJ, Sober AJ. Histologic regression in malignant 

melanoma: an interobserver concordance study. J Cutan Pathol. 20 (1993), pp. 126–
129. 

https://doi.org/10.1111/j.1600-0560.1993.tb00228.x 



Page 10 of 11

Jo
ur

na
l P

re
-p

ro
of

24. Brinker TJ, Schmitt M, Krieghoff-Henning EI, Barnhill R, Beltraminelli H, Braun SA, et 

al. Diagnostic performance of artificial intelligence for histologic melanoma recognition 

compared to 18 international expert pathologists. J Am Acad Dermatol. 86 (2022), pp. 

640-642.  

https://doi.org/10.1016/j.jaad.2021.02.009.  

25. Kurz A, Krahl D, Kutzner H, Barnhill R, Perasole A, et al. A 3-dimensional histology 

computer model of malignant melanoma and its implications for digital pathology. Eur 

J Cancer. 193 (2023), pp. 113294.  

https://doi:10.1016/j.ejca.2023.113294 

 

  



Page 11 of 11

Jo
ur

na
l P

re
-p

ro
of

TABLE 1. Kappa values of the present and former studies 
 

 Virós et al. 1 Broekaert et al. 16  Our study 

 

Spread  0.7 0.7 0.5 

Nesting 0.6 0.4 0.5 

Pigmentation 0.7 0.7 0.7 

Lateral circumscription 0.4 0.4 0.3 

Epidermal contour 0.5 0.4 0.4 

Solar elastosis (4 grades) 0.8 0.6 0.7 

Pattern of growth N/A N/A 0.4 

Elastosis (high CSD/low CSD) N/A N/A 0.7 

Ulceration N/A N/A 0.7 

Type of ulceration  N/A N/A 0.4 

Polypoid shape N/A N/A 0.8 

Regression N/A N/A 0.5 

Necrosis N/A N/A 0.3 

Pleomorphism N/A N/A 0.2 

 


