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SIGNIFICANCE
A dermoscope is a loupe equipped with a light that assists 
dermatologists in diagnosis of skin cancer. Several dermos-
copic features have been described, suggestive of different 
skin tumours. However, in publications regarding agre-
ement about specific features, researchers often include 
only a small number of example images. This systematic 
review investigated what proportion of dermoscopy ima-
ges is shared in these publications. Following a literature 
review, 61 studies were included. Of these studies, images 
of only 373 out of 14,124 (3%) skin tumours were shared. 
This result should be wake-up call for the promotion of data 
sharing in dermoscopy research.

Research interest in dermoscopy is increasing, but the 
complete dermoscopic image sets used in inter-obser-
ver studies of skin tumours are not often shared in re-
search publications. The aim of this systematic review 
was to analyse what proportion of images depicting 
skin tumours are published in studies investigating in-
ter-observer variations in the assessment of dermos-
copic features and/or patterns. Embase, MEDLINE and 
Scopus databases were screened for eligible studies 
published from inception to 2 July 2020. For included 
studies the proportion of lesion images presented in 
the papers and/or supplements was extracted. A total 
of 61 studies (53 original studies and 8 shorter reports 
(i.e. research letters or concise reports)). published in 
the period 1997 to 2020 were included. These studies 
combined included 14,124 skin tumours, of which 373 
(3%) images were published. This systematic review 
highlights that the vast majority of images included in 
dermoscopy research are not published. Data sharing 
should be a requirement for future studies, and must 
be enabled and standardized by the dermatology re-
search community and editorial offices.

Key words: data sharing; dermoscopy; inter-observer varia-
tion; photography; skin diseases/diagnostic imaging; systema-
tic review as topic.
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Research interest in dermoscopy has accelerated and 
dermoscopes are now pivotal tools, particularly in 

the evaluation of skin tumours (1, 2). Despite their use-
fulness, there is only moderate agreement among experts 
about many of the described dermoscopic features and 
patterns (3). In order to address clinical transferability 
and reliability, dermoscopy studies relating to specific 
features or patterns of skin tumours often include data 
on inter-observer agreement between different image 
readers. Authors often publish example images to high-
light their findings, which prove particularly useful for 
clinical dermatologists. The images may be even more 
important than tabulated data and running text for under-
standing the message. Moreover, images are irreplaceable 
for continuous medical education and teaching, and are 

central to how dermatologists teach, learn and remem-
ber. While research studies frequently include example 
images, the complete data-sets analysed are not often 
published, which raises concern about reproducibility 
and scientific transparency. To increase transparency in 
research, data sharing in prospective trials has become 
the norm, and several journals now require a data shar
ing statement upon publication (4). The aim of this 
systematic review was to determine what proportion of 
skin tumours analysed is made available to the reader in 
publications on inter-observer studies of dermoscopic 
features and/or patterns.

MATERIALS AND METHODS
A systematic review was conducted, adhering to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines (5). The review was not registered and a 
formal study protocol was not prepared. The PRISMA checklist 
is available in Table SI1.

Eligibility criteria

•	 Population: no geographical restriction was imposed, but the 
studies had to be in English.

•	 Lesion type: skin tumours (both benign and malignant).
•	 Study design: all study designs were allowed, except for con-

ference papers.
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Exclusion criteria

The review was limited to inter-observer studies that included 
the level of agreement between ≥ 2 independent readers assessing 
dermoscopy features and/or patterns of skin tumours.

Information sources and search strategy

Embase (Ovid), MEDLINE (PubMed) and Scopus databases were 
searched for eligible studies published from inception to 2 July 
2020. The search strings used were constructed in collaboration 
with 3 medical librarians (Appendix S11). 

A standard method was used to remove duplicates when merging 
the data-sets obtained from the 3 databases (6).

Selection and data collection process

Two reviewers (SP and OZ) screened the titles and abstracts of 
all studies. Any record with an eligible title but missing abstract 
was included for full-text review. Records with an abstract indi-
cating that ≥ 2 readers analysed dermoscopic images of the skin 
tumours were included for full-text review. All full texts were 
reviewed independently by both authors. Only studies including 
the level of inter-observer agreement regarding dermoscopic 
features and/or patterns were included. Any disagreement regard
ing eligibility was resolved by consensus. Occasionally, when 
other diagnostic modalities, such as optic coherence tomography, 
reflectance confocal microscopy and histopathology, were asses-
sed, the studies were included only if dermoscopic images were 
also reviewed. Whenever a subset of lesions was included for 
inter-observer agreement the number of lesions in that subset 
was extracted. The data collected from the included studies was 
verified by both authors.

Data items

The following items were extracted from included studies: first 
author; year of publication; country/countries from which patients 
were included (if available); publication type; journal; digital 
object identifier (DOI)-number (if available); number of analysed 
lesions; number of available images in the manuscript (including 
supplementary material); and number of annotated images. All 
included studies were also accessed online by both authors to 
verify whether there was any supplementary material available. 
Data extraction was performed by both authors in collaboration. 
Several sequential or magnified images of a single lesion were 
considered as 1 image. A figure consisting of a panel depicting 
4 tumours was considered as 4 images. The final data-set was 
verified by both authors.

Study risk of bias assessment 

Due to the nature of this systematic review (i.e. dichotomous 
outcome), no quality assessments tools were used or tested for 
publication bias.

Effect measures and statistical analysis

The measure for this review was binary (i.e. presence or absence 
of images). The proportions of shared images in each included 
investigation and for the complete data-set were determined. Two 
software packages; EndNote (Clarivate Analytics, Philadelphia, 
PA, USA) and Rayyan (Rayyan Systems Inc., Cambridge, MA, 
USA) were used throughout to compile and sort the records. All 
publications were handled manually and no automation tools were 
used. The EndNote libraries used for the review are available on 
request from the first author. Microsoft Excel (Microsoft, Redmond 
WA, USA) was used for data tabulation. Fisher’s exact test was 

used to analyse whether more recent publications and original 
publications were more predisposed to data sharing.

RESULTS

Of the 1,225 records first identified, 686 studies were re-
viewed in full text. After exclusions, 61 studies published 
in the period 1997 to 2020 were included in the analysis 
(3, 7–66) (Fig. 1). Overall, 53 were original studies, 
whereas 8 were published in a more concise format.

Several studies, including those by Argenziano et 
al. (67), Moscarella et al. (68), Haenssle et al. (69) and 
Zalaudek et al. (70), reported on specific features of skin 
tumours, but were excluded, since they did not include 
any data on inter-observer agreement between the readers 
who analysed the dermoscopic images. In many instances 
disagreement between 2 independent readers were resol-
ved by consultation with a third reader; however, if no 
data on the level of agreement of specific features and/or 
patterns were provided, the investigation was excluded. 

When combining the 61 studies mentioned above, 
14,124 lesions were analysed. In total, 373 images were 
published; an overall sharing rate of 3% (Table I). One 
investigation shared the complete data-set (47). Of the 
included images 104 (28%) were annotated. The propor-
tion of images shared in 2015 (2.4%, 184 out of 7,486) 
did not differ significantly from the proportion shared 
from 2016 to the end of the study period (i.e. 2 July 2020) 
(2.8%, 189 out of 6,638, p = 0.16) (Fig. 2). Publications 
in shorter format (i.e. research letters or concise reports) 
shared a higher proportion of images (6.1%, 76 out of 
1,229) compared with more lengthy research articles 
(2.3%, 297 out of 12,895; p < 0.0001).

Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) diagram (5).

https://doi.org/10.2340/actadv.v101.865
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Table I. All included studies

First author, ref., year Countries

Publi
cation 
type Journal Link to online version (DOI) 

Lesions 
analysed
n

Shared 
images
n

Annotated 
images
n

Altamura et al. (7), 2010 Italy, Australia OA J Am Acad Dermatol https://doi.org/10.1016/j.jaad.2009.05.035 300 10 10
Argenziano et al. (3), 2003 Italy, Austria, 

Australia
OA J Am Acad Dermatol https://doi.org/10.1067/mjd.2003.281 108 0 0

Armengot-Carbo et al. (8), 
2018

Spain OA J Am Acad Dermatol https://doi.org/10.1016/j.jaad.2017.12.064 93 0 0

Aviles-Izquierdo et al. (9), 
2019

Spain OA J Dermatol https://doi.org/10.1111/1346-8138.14926 150 16 0

Bassoli et al. (10), 2018 Italy RL Br J Dermatol https://doi.org/10.1111/bjd.16030 247 4 0
Carli et al. (11), 1998 Italy OA Eur J Cancer Prev https://doi.org/10.1097/00008469-199810000-00005 40 0 0

Carlioz et al. (12), 2021 France OA Clin Exp Dermatol https://doi.org/10.1111/ced.14345 53 20 11
Carrera et al. (13), 2016 Australia, Austria, 

Germany, 
Italy, Spain, 
Switzerland, USA

OI JAMA Dermatol https://doi.org/10.1001/jamadermatol.2016.0624 477 0 0

Carrera et al. (14), 2017 Spain OI JAMA Dermatol https://doi.org/10.1001/jamadermatol.2017.0129 134 8 8
Chae et al. (15), 2017 South Korea CC J Dermatol https://doi.org/10.1111/1346-8138.13892 23 8 4
Chan & Ho. (16), 2008 Hong Kong OA Hong Kong J of Derm Venereol N/A 33 2 1
Costa et al. (17), 2013 Spain OA Br J Dermatol https://doi.org/10.1111/bjd.12314 146 17 0
de Giorgi et al. (18), 2006 Brazil OA Br J Dermatol https://doi.org/10.1111/j.1365-2133.2006.07415.x 100 5 0
di Meo et al. (19), 2016 Italy CC J Dermatol https://doi.org/10.1111/1346-8138.13426 100 3 3
Dolianitis et al. (20), 2005 Australia OA Arch Dermatol https://doi.org/10.1001/archderm.141.8.1008 40 2 0
Fabbrocini et al. (21), 2008 Italy OA J Eur Acad Dermatol Venereol https://doi.org/10.1111/j.1468-3083.2007.02400.x 44 2 0

Ferrara et al. (22), 2002 Italy OA Cancer https://doi.org/10.1002/cncr.10768 107 0 0
Gonzalez-Alvarez et al. (23), 
2015

Spain OA Br J Dermatol https://doi.org/10.1111/bjd.13552 123 4 0

Gonzalez-Ramirez et al. (24), 
2018

Mexico OI An Bras Dermatol https://doi.org/10.1590/abd1806-4841.20186695 502 0 0

Guitera et al. (25), 2014 Spain, Australia OA Br J Dermatol https://doi.org/10.1111/bjd.12839 31 2 1
Haspeslagh et al. (26), 2016 Belgium OI JAMA Dermatol https://doi.org/10.1001/jamadermatol.2015.4766 101 6 0
Imbernon-Moya et al. (27), 
2016

Spain RL Br J Dermatol https://doi.org/10.1111/bjd.14620 100 3 0

Ingordo et al. (28), 2008 Italy OA Dermatology https://doi.org/10.1159/000148249 52 0 0
Ku et al. (29), 2015 South Korea RL Clin Exp Dermatol https://doi.org/10.1111/ced.12444 258 5 0
Lallas et al. (30), 2015 Austria, France, 

Greece, Japan, 
Italy

OA Br J Dermatol https://doi.org/10.1111/bjd.14045 603 8 1

Lallas et al. (31), 2018 Greece, Italy OI JAMA Dermatol https://doi.org/10.1001/jamadermatol.2017.6447 1285 6 5
Lallas et al. (32), 2016 Australia, Austria, 

France, Germany, 
USA

OA Br J Dermatol https://doi.org/10.1111/bjd.14355 70 6 5

Lipoff et al. (33), 2008 USA CC Br J Dermatol https://doi.org/10.1111/j.1365-2133.2007.08404.x 337 4 0
Lorentzen et al. (34), 1999 Denmark OA Acta Derm Venereol https://doi.org/10.1080/000155599750009942 232 0 0
Lukoviek et alV. (35), 2020 Spain OA Acta Derm Venereol https://doi.org/10.2340/00015555-3436 165 7 7
Malvehy et al. (36), 2013 Spain OI JAMA Dermatol https://doi.org/10.1001/jamadermatol.2013.4724 43 1 0
McWhirter et al. (37), 2017 Australia OA PLoS One https://doi.org/10.1371/journal.pone.0186647 554 16 0
Menzies et al. (38), 2008 N/A OA Arch Dermatol https://doi.org/10.1001/archderm.144.9.1120 497 3 3
Nascimento et al. (39), 2014 Brazil OA J Am Acad Dermatol https://doi.org/10.1016/j.jaad.2014.05.025 79 6 6
Papageorgiou et al. (40), 2018 Greece OA J Eur Acad Dermatol Venereol https://doi.org/10.1111/jdv.14995 283 6 2
Papageorgiou et al. (41), 2020 Greece OA J Am Acad Dermatol https://doi.org/10.1016/j.jaad.2020.02.019 165 8 2
Peris et al. (42), 2002 Italy OA Dermatol Surg https://doi.org/10.1046/j.1524-4725.2002.01302.x 56 3 3
Piccolo et al. (43), 2004 N/A OA J Telemed Telecare https://doi.org/10.1258/1357633042602017 77 4 0
Pizzichetta et al. (44), 2013 Italy, Australia, 

USA
OA J Am Acad Dermatol https://doi.org/10.1016/j.jaad.2012.08.012 679 6 6

Pizzichetta et al. (45), 2002 Italy OA Tumori N/A 129 0 0
Pizzichetta et al. (46), 2014 Italy OA Pediatr Dermatol https://doi.org/10.1111/pde.12259 19 7 0
Polesie et al. (47), 2019 Sweden SC Acta Derm Venereol https://doi.org/10.2340/00015555-3264 49 49 0
Pozzobon et al. (48), 2014 Spain OA Br J Dermatol https://doi.org/10.1111/bjd.13069 72 2 2
Provost et al. (49), 1998 USA OA Dermatology https://doi.org/10.1159/000017925 31 0 0
Pyne et al. (50), 2015 Australia OA Dermatol Pract Concept https://doi.org/10.5826/dpc.0502a02 741 3 0
Rosendahl et al. (51), 2012 Australia OA Arch Dermatol https://doi.org/10.1001/archdermatol.2012.2974 206 4 0
Rubegni et al. (52), 2016 Italy OA J Dermatol Sci https://doi.org/10.1016/j.jdermsci.2016.04.012 95 2 0
Savk et al. (53), 2004 Turkey RL Journal of Dermatology N/A 115 0 0
Seidenari et al. (54), 2014 Italy OA Acta Derm Venereol https://doi.org/10.2340/00015555-1808 400 13 13
Seidenari et al. (55), 2012 Italy OA Melanoma Res https://doi.org/10.1097/CMR.0b013e328350fa28 270 12 0
Soyer et al. (56), 2004 Italy OA Dermatology https://doi.org/10.1159/000075042 231 3 1
Tognetti et al. (57), 2020 N/A OA J Eur Acad Dermatol Venereol https://doi.org/10.1111/jdv.15923 980 0 0
Tognetti et al. (58), 2018 Italy, France, 

Spain
OA J Eur Acad Dermatol Venereol https://doi.org/10.1111/jdv.15106 435 4 0

Tognetti et al. (59), 2018 Italy OA Dermatol Pract Concept https://doi.org/10.5826/dpc.0804a16 450 4 0
Vano-Galvan et al. (60), 2011 Spain OA Arch Dermatol https://doi.org/10.1001/archdermatol.2011.190 127 8 0
Yelamos et al. (61), 2019 Austria, Chile, 

France, Greece, 
Italy, Spain, U.S.A

OA J Am Acad Dermatol https://doi.org/10.1016/j.jaad.2018.09.014 127 13 1

Zaballos et al. (62), 2010 Austria, Italy, 
Spain, Turkey

OA Br J Dermatol https://doi.org/10.1111/j.1365-2133.2010.10040.x 262 14 0

Zaballos et al. (63), 2007 Argentina, Austria, 
Italy, Spain, USA

OA Arch Dermatol https://doi.org/10.1001/archderm.143.3.318 256 9 4

Zaballos et al. (64), 2008 Spain OA Arch Dermatol https://doi.org/10.1001/archdermatol.2007.8 412 20 5
Zalaudek et al. (65), 2006 Italy OA Br J Dermatol https://doi.org/10.1111/j.1365-2133.2005.06983.x 165 1 0
Zalaudek et al. (66), 2013 Austria, Germany, 

Italy, Spain
OA J Am Acad Dermatol https://doi.org/10.1016/j.jaad.2012.12.974 65 4 0

14,124 373 104

Countries refer to the region of origin of patients.
OA: Original article; RL: Research letter; OI: Original investigation; CC: Concise communication; SC: Short communication; DOI: Digital Object Identifier; N/A: not available.
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DISCUSSION

Of the studies included in this systematic review, 97% 
of the dermoscopic images analysed were not published. 
In the author instructions, editorial offices often restrict 
the number of images and or tables that can be included 
in the main manuscript, but allow researchers to include 
supplementary material, either available online at the 
journal website or in a digital repository. Needless to say, 
sharing of data-sets of dermoscopic images expands the 
available image gallery for dermatologists. Other than 
for educational purposes, image data is instrumental 
in terms of external validation and critical appraisal 
of the finding by other researchers. Since it is also not 
certain that the readership will agree with the results and 
image interpretation, data sharing would enable a much- 
welcomed debate and nurture a healthy scientific com-
munity. Furthermore, sharing of data-sets of dermoscopic 
images is important when new features and/or patterns 
are discovered. Whenever new features and/or patterns 
are presented, older available data-sets could be re-used 
to critically review the reproducibility of the suggested 
findings. Moreover, since most of the lesions depicted in 
scientific publications have received a histopathological 
diagnosis and are also peer reviewed and quality checked, 
these data-sets could be of fundamental value for the 
development of machine learning algorithms, which 
are expected to have a bright future in our field (71, 72). 
Finally, sharing data-sets of dermoscopic images would 
diminish the risk of data duplication. Considering the 
arguments above, we are confident that sharing a greater 
proportion of dermoscopic images would increase the 
validity of the presented results and have an important 

auxiliary effect on the quality of inter-observer research 
in dermoscopy. 

We acknowledge that sharing image data was imprac-
tical in the early 2000s, but today it is easy to include 
images as a supplement or, even better, to share them in 
an online repository, such as the Human Against Machine 
data-set, which has 10,000 training images (HAM10000) 
(73). In the current study, there was no difference in 
the proportion of images shared before or after 2015. 
However, shorter articles shared a greater proportion of 
dermoscopic image data compared with original studies. 
This was somewhat surprising, since supplements are not 
always allowed in these types of studies. 

A limitation of this review is that the search was res-
tricted to include only studies assessing inter-observer 
agreement. The main purpose of an inter-observer in-
vestigation is to evaluate the variation between results 
obtained by observers examining the same material. 
Consequently, the results of an inter-observer investiga-
tion should be reproducible among the population studied 
by the cohort of observers. While including only these 
types of studies may appear to be arbitrary, we found 
these studies particularly suitable, since agreement per 
se is more useful when the reader is given information 
regarding what content the observers in the study agreed 
or disagreed upon. Moreover, for practical reasons the 
current study search was limited to include only skin 
tumours, precluding inflammatory skin disorders. It is 
possible that broadening the inclusion criteria would 
yield different results. Finally, the current review was 
limited to English publications. 

This review does not address the reasons why only 
a minority of images were shared. The obstacles to 

Fig. 2. Proportion of shared images among the 61 included studies. The studies are placed on the timeline when they were first accepted or 
made available online.
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data sharing should be investigated in future studies. 
While clinical images may be difficult to anonymize, it is 
widely accepted that a patient cannot be recognized by 
simply viewing a dermoscopic image. Nonetheless, the 
theoretical risk of identifying a patient must, of course, 
be weighed against improving research transparency and 
the substantial educational benefit it entails. Regardless 
of the underlying reasons, this systematic review should 
be considered as a wake-up call for the dermatology 
community and for editorial offices of dermatology 
journals to focus on improving sharing of data-sets of 
dermoscopic images in dermoscopy research. As such, 
this review is an invitation to the dermoscopy research 
community to focus on standardizing the format in which 
dermoscopy studies should share data-sets. A consensus 
concerning the reporting of data, along with a checklist, 
could help future researchers. To enhance sharing of data-
sets of dermoscopic images, we suggest including both 
annotated and unannotated images in a supplement. By 
placing these images side by side the reader will have a 
better opportunity to critically review the features and/
or patterns. This would increase the educational value of 
the studies. Furthermore, along with the original images, 
it would be valuable to publish the annotated worksheets 
that the study readers used when deciding on the presence 
of specific features or patterns. 

This systematic review highlights that the vast majo-
rity of dermoscopy research images are not shared. In 
our opinion the publication of such images should be a 
requirement for future studies. 
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