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1. ¿Piensa que la IA puede mejorar su prác8ca profesional?

a. Sí puede mejorarla
b. No la cambiará de forma significa8va
c.  La empeorará
d. No tengo ni idea

IA en dermatología



2. ¿Piensa que la IA cambiará su relación con el paciente?

a. sí puede mejorarla
b. no la cambiará de forma significa8va
c. la puede empeorar
d. no tengo ni idea

IA en dermatología



3. ¿Piensa que la IA debe incorporarse en la formación continuada 
del dermatólogo?

a. Sí
b. No
c. Sólo para los más jóvenes (a mi ya no me pilla...)
d. La IA me importa un comino

IA en dermatología















18https://www.youtube.com/watch?v=2HMPRXstSvQ
https://medium.com/unauthorized-storytelling/the-radiologist-is-here-to-stay-24da650621b5

Geoffrey Hinton
2016

“Stop training 
Radiologists now”

https://www.youtube.com/watch?v=2HMPRXstSvQ
https://medium.com/unauthorized-storytelling/the-radiologist-is-here-to-stay-24da650621b5
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Canfield, Casio, DermaMedical, Dermlite, Heine, Fotofinder 



• Illumination: temperature of colour, 
number of LEDs (6-24) 
• Field of view
• Magnification: 10x,20x
• Modalities: parallel, cross polarization/ 

contact / clinical mode
• Lighting (UV, “White”, orange,..)
• Capability to attach a photographic 

device (off-trade camera, cellular, 
digital device)
• Battery (rechargeable or not)
• Lighting Brightness (High, Low) 
• Adjustable Spacer 

Differences in Hand-held Dermatoscopes



D200 EOS
Canfield

Dermlite Foto . Olympus 
Mark II

Molemax
Derma MedicalFotofinder





MyVeos | AK Imaging
Light source angle variation coupled with polarization allows for better visualization and sub-surface 
information gathering

Equivalent to the non-polarized 
image captured by a typical 

dermatoscope

Removes skin surface reflectance 
and allows deepest possible 

visualization

Enhances skin surface reflectance 
which is best for skin surface 

texture/topography

37.5 Degree Cross-Polarized Parallel-Polarized



Sano T, Minagawa A, Suzuki R, Koga H, Okuyama R. Dermoscopy with near-ultraviolet light highlights the demarcaCon of melanin distribuCon in cutaneous melanoma. J Am 
Acad Dermatol. 2020;23:S0190-9622(20)32281-7. 

A digital camera integrated dermoscope with a built-in near- UV wavelength (405-nm) light source (DZ-D100 device (Casio 
Computer Co, Ltd, Tokyo, Japan). It is also more easily accessible than Wood’s lamps because eye protecUon and a 
darkroom are not required to obtain images. 

Dermoscopy with near-ultraviolet light
highlights the demarcation of melanin
distribution in cutaneous melanoma

Tasuku Sano, MD, Akane Minagawa, MD, PhD, Rika Suzuki, MD, Hiroshi Koga, MD, PhD, and
Ryuhei Okuyama, MD, PhD

Matsumoto, Japan

Key words: dermoscopy; melanoma; melanin; pigmentation; UV; Wood’s lamp.

TECHNOLOGY CHALLENGE
Clearly identifying the demarcation of cutaneous melanoma is indispensable for successful complete

excision. However, this can be challenging because of ambiguous pigmentation and/or concealed depigmen-
tation even with the use of dermoscopy.

Fig 1. Cutaneous melanoma on the cheek (16 3 9 mm) of a 74-year-old woman. The
demarcation of melanin distribution (arrows) in the lesion is more clearly visualized in a
dermoscopy image obtained (A) under 405-nm near-ultraviolet light than (B) under white LED
light. Both images were taken with a commercially available DZ-D100 dermoscope (Casio
Computer Co, Ltd, Tokyo, Japan). LED, Light-emitting diode.

From the Department of Dermatology, Shinshu University School
of Medicine, Matsumoto.
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Dermoscopy with ultraviolet light utilizes 
the fluorescence emitted by skin lesions: 

• Superficial micosis
• nail diseases

• Demodex mites
• scabies, and pigmented diseases

• Melanoma demmarcation for 
complete excision 

UV light dermoscopy



MyVeos | AK Imaging
Additional image processing can assist in further visualization for vascular features, erythema, 
pigmentation, skin flakes, and fluorescence

Hemoglobin Distribution

RBX-Red UV-Fluorescence 





Dusi D, Rossi R, Simonacci M, Ferrara G. Image Gallery: the new age of dermoscopy: opUcal super-high magnificaUon. 
Br J Dermatol. 2018 May;178(5):e330. 

Super-high magnification dermoscopy at 400x 
magnification (D400)



Cinotti E, Tognetti L, Campoli M, Liso F, Cicigoi A, Cartocci A, Rossi R, Rubegni P, Perrot JL. Super-high magnification 
dermoscopy can add information for the differential diagnosis between melanoma and atypical nevi. Clin Exp 
Dermatol. 2021 Jan 23. 

Super-high magnification dermoscopy at 400x 
magnification (D400)

This study showed that 
D400 can reveal many 
elements not otherwise 
visible in traditional 20x 
dermoscopy, such as 
pigmented cells and 
their morphology, that 
could be useful for the 
diagnosis of MM. 



FLUORESCENCE-ADVANCED VIDEODERMATOSCOPY 

• FAV is an opBcal electronic system consisBng of a 
handheld probe and a monochromaBc light- 
emiDng source with a λ of 405 nm (±5 nm) and a 
fixed angle of incidence.

• OpBcal penetraBon depth varying from 200 μm to 
400 μm

• VisualizaBon of subcutaneous structures to the 
point below the papillary dermis.

• To prevent light diffusion on the corneum stratus, 
glycerol is applied to the skin surface. 

• The working mechanism underlying FAV exists in 
the ability of endogenous molecules to emit 
fluorescence aSer absorbing specific wavelengths. 

 Sanlorenzo M, Vujic I, De Giorgi V, et al. Fluorescence-advanced videodermatoscopy: a new method for in vivo skin evaluaCon. Br J Dermatol. 2017;177:e209-e10. 

Scarfi F, Gori A, Silvestri F, et al. Fluorescence-advanced videoder- matoscopy: a promising and potenCal technique for the in vivo evaluaCon of viCligo. Dermatol Ther. 
2019;32:e12863. 

Research letter

Fluorescence-advanced videodermatoscopy:
a new method for in vivo skin evaluation

DOI: 10.1111/bjd.15594

DEAR EDITOR, Dermatoscopy is a noninvasive technique that
allows a rapid and magnified in vivo observation of the skin.1–3

Manual dermatoscopy uses optical systems that work by modi-
fying the cutaneous air–tissue optical interface.1 Videoder-
matoscopy, on the other hand, is supported by digital systems
that allow for image acquisition at higher magnification. We
present a new method of videodermatoscopy called fluores-
cence-advanced videodermatoscopy (FAV). FAV is an optical
electronic system that uses a handheld Horus 1000VMF probe

(a) (b) (c)

(d) (e) (f)

(g) (h) (i) (j)

Fig 1. Fluorescence-advanced videodermatoscopy (FAV) in vivo visualization of healthy skin and parasitosis. (a) FAV image of the superficial layer of
the skin with contact liquid; a cohesive and flat layer of cells with bright cytoplasm and dark nuclei (blue arrows) reassembling the honeycomb pattern
of stratum spinosum. (b) FAV image of dermal papillae hilltops projecting in the overlying epidermis covered by round cells with light cytoplasm; the
white box highlights a single papilla. (c) FAV image of densely packed basal keratinocytes circumferentially arranged around the bright,
homogeneous, acellular papillae; red arrows indicate the capillary loops in the dermal papillae. (d) FAV image of capillary loops with homogeneous
size and shape arranged transversely across the cuticle at the nail fold; red arrows indicate the vascular structures. (e) FAV image of an angioma, dilated
dark and tortuous blood vessels are separated by bright lines, which correspond to collagen bundles. (f) FAV image of a hair follicle. A round structure
demarcated by bright limits, filled with dark material and the bright hair shaft; yellow arrow indicates the hair shaft. (g) FAV image of Demodex mites
occupying a hair follicle; green arrows indicate mite bodies, yellow arrow indicates the hair shaft. (h) FAV image of the ventral portion of an adult
scabies mite visualizes an ovoid body with four pairs of short legs. (i) FAV image of the dorsal portion of an adult scabies mite showing multiple
cuticular spines. (j) FAV image of the burrow caused by larva migrans, where the larva is detected as an ovular structure with a bright edge.

© 2017 British Association of Dermatologists British Journal of Dermatology (2017) 177, ppe209–e210 e209



Scarfi F, Gori A, Topa A, et al. Image Gallery: In vivo fluorescence-advanced videodermatoscopy for the characterizaCon of skin melanocyCc pigmented lesions. Pediatr 
Dermatol. 2019;180:e104. 
Cino_ E, Cortonesi G, Rubegni P. High magnificaCon and fluorescence advanced videodermoscopy for hypomelanoCc melanoma. Skin Res Technol. 2020;26:766–768. 

Image Correspondence

Image Gallery: In vivo fluorescence-advanced
videodermatoscopy for the characterization of
skin melanocytic pigmented lesions

DOI: 10.1111/bjd.17457

DEAR EDITOR, Fluorescence-advanced videodermatoscopy (FAV)
is a new noninvasive method for in vivo skin examination.1 In
a series of six flat melanocytic pigmented lesions (three mela-
nomas and three melanocytic naevi), FAV allowed correct
characterization between benign and malignant lesions, show-
ing that certain types of cell clusters were more frequently
represented in different kinds of lesions. In a benign lesion
(a, b) the FAV image displays the presence of hyperpigmented
cells arranged in a flat layer with their own regular shapes as
usually reckoned in the honeycomb pattern of the stratum spi-
nosum (c). Adjusting the focus depth, we could visualize up
to the dermoepidermal junction. We observed dermal papillae
with capillary loops in the middle, surrounded by basal-layer
cells (d). In melanoma (e, f) FAV shows pleomorphic cells
with relevant atypia in number, shape and dimension with no
structural order (g). For this reason we could not distinguish
the stratum spinosum from the stratum basale (h). Despite the
small number of cases, these observations suggest that FAV
may represent a new noninvasive investigative method to
study melanocytic pigmented lesions at cellular resolution.
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“Two steps method of digital follow-up”

Total Body
Photography

Photography

J Malvehy, S Puig, R Martí, et al. Follow-up of melanocytic skin lesions with digital total-body photography and digital dermoscopy: a 
two steps method. Clinics in Dermatol 2002

Digital 
Dermoscopy

24 Photos per paHent (15-56) 18.44 lesions /paHent (15-25) 



master
ATBM

Total Body
Dermoscopy
La revolución en la detección precoz 
del cáncer de piel
El flujo de trabajo de Total Body Dermoscopy, basado 
en la Inteligencia Artificial de FotoFinder, eleva el Mapeo 
Corporal Total a un nivel de calidad totalmente nuevo. 
Dado que más del 70% de todos los melanomas surgen 
de novo, gracias a sus funciones de vanguardia, el ATBM 
master contribuye al reconocimiento rápido y preciso de 
lesiones sospechosas.

La exlusiva vista en Mosaico filtra las lesiones de TODAS 
las imágines polarizadas del cuerpo1 y las ordena de 
acuerdo a su relevancia en UNA pantalla: con una calidad 
de imagen tan espectacular, que uno cree, tener frente a 
sí, imágenes dermatoscópicas. 

El video-dermatoscopio medicam 1000s le permite un 
viaje visual en las estructuras de la piel, aumentadas hasta 
400 veces. ¡De cuerpo completo a cuerpo celular! 

Flujo de trabajo efectivo
El ATBM master posibilita una documentación 
estandarizada y excelente de la superficie de la piel
con el proceso más rápido de adquisición de imágenes 
que hemos desarrollado hasta ahora. 

El flujo de trabajo de Total Body Dermoscopy contribuye 
a encontrar lunares nuevos sospechosos y alterados 
mucho más rápida y efectivamente que antes. Reduce a un 
mínimo el tiempo del examen de pacientes con múltiples 
nevos. Dado el status de imágenes de alta resolución 
tomadas en el cuerpo2 y el apoyo del so! ware para 
capturar cambios, se reduce visiblemente la necesidad de 
tomar imágenes microscópicas. 

1 Las funciones de Bodyscan y de Mosaico no reemplazan los exámenes
 completos del paciente realizados por un médico.

2 El Mapeo Corporal Total cubre fotográficamente alrededor del 85%
 de la superficie de la piel, y depende de la postura, ropa, cabello y
 estatura del paciente. El Mapeo Corporal Total no reemplaza el
 examen completo de la piel realizado por un médico.  

4 ATBM master | Total Body Dermoscopy
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Made in Germany

Análisis cutáneo
Con el apoyo de la Inteligencia Artificial (IA)
El ATBM master utiliza la exclusiva FotoFinder IA para filtrar las lesiones 
del conjunto total de las imágenes de un paciente y las organiza y 
visualiza de forma inteligente en vista de mosaico. En dermatoscopía, 
el Moleanalyzer pro le apoya en el análisis y evaluación de lesiones 
melanocíticas y no melanocíticas de la piel con uno de los algoritmos 
de aprendizaje profundo más potentes que se hayan evaluado en 
pruebas clínicas3 hasta la fecha. En general, la combinación de Total 
Body Dermoscopy y la Inteligencia Artificial mejorará la precisión del 
diagnostico.

3 “Man against machine” y “Man against machine reloaded” (Universidad de Heidelberg)

ATBM master
El futuro es Total Body Dermoscopy

PolFlash XE
Imágenes clínicas con una resolución 
extremadamente alta
El ATBM master captura fotos de muy alta resolución, polarizadas y 
procesadas en RAW. El flash de xenón PolFlash XE computarizado, 
permite tanto imágenes médicas con polarización cruzada sin reflejos, 
así como también fotografías estéticas con iluminación de estudio.
La nueva tecnología del procesamiento y de memoria de imágenes 
fue optimizada especialmente para las fotos de la superficie de la piel: 
Simplemente haga zoom en las fotos de cuerpo entero y evalúe la 
estructura de lunares más rápidamente que nunca. Utilice el
video-dermatoscopio integrado medicam 1000s, para las lesiones 
que requieran evaluación microscópica.

Inteligencia Artificial 
Para optimizar los resultados de

Total Body Dermoscopy y evaluar las lesiones
con el Moleanalyzer pro AI Score.

El nuevo flujo de trabajo de
Total Body Dermoscopy

Permite la detección rápida y precisa de
lesiones nuevas o modificadas y reduce 

significativamente el tiempo de examen.

Video-dermatoscopía genuina con
la medicam 1000s

Cámara de vídeo de alta resolución
con CrystalView perfectamente integrada y

con zoom óptico en vivo.

Opcional: El módulo para estética
con fotografía guiada

Proceso automático y reproducible de imágenes 
para tratamientos faciales y corporales.

De gran utilidad para asesoría, planificación
de tratamiento, análisis de la piel y fotografía

“antes y después” estandarizada.

Bodyscan master con vista de mosaico 
Identifica las lesiones cutáneas nuevas y alteradas;
extrae las imágenes macroscópicas de los nevos 
de la imagen corporal completa y las ordena según 
su relevancia1.

Imágenes de resolución extrema
con el PolFlash XE
Sistema de cámara de altísima resolución con flash de 
xenón. Imágenes de cuerpo completo procesadas en 
RAW con polarización cruzada y sin polarización.

Plataforma inteligente y multifuncional
con nuevo diseño
Versátil, con módulos opcionales para el diagnóstico 
capilar, la estética y la documentación de la psoriasis 
con el exclusivo PASIscan.

Ágil y móvil
Torre ATBM instalada, ¡lista para usar! Con posiciónamiento 
automático de la cámara para un mapeo del cuerpo 
completo aun más rápido y con hardware de alto 
rendimiento FotoFinder. Apta para instalaciones
mono y multiusuarias.

Procesador potente Q
¡El corazón del ATBM master! Es el amplificador 
para todas las funciones y garantiza el máximo 
rendimiento.

5Total Body Dermoscopy | ATBM master

Automatic identification of lesions; detection of changes; lesion 
risk assessment; faster examination

NEW TBP DEVICES













Deviskan: autonomous scanner

• Minimal human interven.on for TBP and TBD
• High quality of imaging
• The pa.ent follows the instruc.ons of the robot
• Detec.on of body posi.on
• TBP (n=36) with polarised light
• SoEware for the detec.on of lesions (Computer visión)
• Dermoscopic photos of the lesions

• Preliminary results in 50 volunteers
• Time of imaging = 10 min (6-12 min)
• Number of lesions = 40

Comparative analysis of dermoscopic image quality obtained using a new automatised device
and current manual dermoscope. N. Ricart, E. Campmol, N. Lobos, J. Gimenez, S. Andreani, 
L. Serra, J.Malvehy . EADO 2022
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ARTIFICIAL INTELLIGENCE IN DERMATOLOGY

Applica<ons for ML in dermatology

1. Tumour/disease classifica<on using clinical/ 
dermoscopy images

2. Classifica<on using dermatopathology images
3. Assessment of skin diseases using mobile 

applica<ons and personal monitoring devices
4. Facilita<ng large-scale epidemiology research 
5. Educa<on-Gaming
6. Quality assurance
7. Precision medicine

among which 70 articles were deemed relevant
to this review.

This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.

OVERVIEW OF ARTIFICIAL
INTELLIGENCE AND MACHINE
LEARNING

What is the Difference Between Artificial
Intelligence and Machine Learning?

Artificial intelligence is a branch of computer
science that uses machines and programs to
simulate intelligent human behavior. Artificial
intelligence dates back to the 1950s to Alan
Turing’s question ‘‘Can machines think?’’ [6]. By
the 1970s, software engineers had created
algorithms with explicit rules for computers on

how to process data. However, the heuristics of
human decision making in medicine were not
easy to program into explicit rules.

ML is a tool comprising a subset of artificial
intelligence that enables the goals of artificial
intelligence to be achieved (Fig. 1). Recently,
ML has piqued attention for its broad range of
uses in daily life from personalized online rec-
ommendations for videos and news to self-
driving cars.

ML covers a variety of algorithms and sta-
tistical methods, including logistic regression,
random forest, and deep learning. Although ML
can seem enigmatic at first, it can be deeply
related to traditional statistical models recog-
nizable to most dermatologists.

Machine Learning Approaches

Machine learning approaches can be divided
into three broad categories: supervised learning,
unsupervised learning, and reinforcement
learning [7]. Supervised learning requires a
dataset to be presented as inputs (called fea-
tures) and outputs (called labels) [7]. For exam-
ple, in an algorithm that classifies a pigmented
lesion as a melanoma or benign, images of
pigmented lesions are ‘‘features’’ and the cate-
gorical data of whether it is malignant or benign
are ‘‘labels.’’ The algorithm is first trained with
labeled images of melanoma and benign pig-
mented lesions and then the computer gener-
alizes this information to a new, unseen set of
images of skin. Supervised learning is the most
common type of learning used in dermatology.
In contrast, unsupervised learning only requires
inputs (unlabeled data), and this approach can
identify unknown clusters or anomalies in data
[7]. Reinforcement learning is a hybrid of both
supervised and unsupervised learning which
learns by trial and error and input from the
environment [7]. An example of reinforcement
learning is the algorithm in AlphaGo [8]. Rein-
forcement learning has yet to be explored in
dermatology.

Fig. 1 Artificial intelligence and machine learning.
Machine learning is a type of artificial intelligence. Some
common types of machine learning approaches used in
dermatology include convolutional neural network
(CNN), natural language processing (NLP), support vector
machine, and random forest. Notably, there are many
other possible machine learning approaches that are not
listed and out of the scope of this review

Dermatol Ther (Heidelb) (2020) 10:365–386 367

Chan S, Reddy V, Myers B, et al. Machine Learning in Dermatology: Current ApplicaUons, OpportuniUes, and LimitaUons. 
Dermatol Ther (Heidelb). 2020 Jun;10(3):365-386.
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ORIGINAL ARTICLE

Man against machine: diagnostic performance of a
deep learning convolutional neural network for
dermoscopic melanoma recognition in comparison
to 58 dermatologists

H. A. Haenssle1*,†, C. Fink1†, R. Schneiderbauer1, F. Toberer1, T. Buhl2, A. Blum3, A. Kalloo4,
A. Ben Hadj Hassen5, L. Thomas6, A. Enk1 & L. Uhlmann7

1Department of Dermatology, University of Heidelberg, Heidelberg; 2Department of Dermatology, University of Göttingen, Göttingen; 3Office Based Clinic of
Dermatology, Konstanz, Germany; 4Dermatology Service, Department of Medicine, Memorial Sloan Kettering Cancer Center, New York, USA; 5Faculty of Computer
Science and Mathematics, University of Passau, Passau, Germany; 6Department of Dermatology, Lyons Cancer Research Center, Lyon 1 University, Lyon, France;
7Institute of Medical Biometry and Informatics, University of Heidelberg, Heidelberg, Germany

*Correspondence to: Prof. Dr med. Holger A. Haenssle, Department of Dermatology, University of Heidelberg, Im Neuenheimer Feld 440, 69120 Heidelberg, Germany.
Tel: þ49-6221-56-39555; Fax: þ49-6221-56-4996; E-mail: Holger.Haenssle@med.uni-heidelberg.de
†Both authors contributed equally as co-first authors.

Background: Deep learning convolutional neural networks (CNN) may facilitate melanoma detection, but data comparing a
CNN’s diagnostic performance to larger groups of dermatologists are lacking.

Methods: Google’s Inception v4 CNN architecture was trained and validated using dermoscopic images and corresponding
diagnoses. In a comparative cross-sectional reader study a 100-image test-set was used (level-I: dermoscopy only; level-II:
dermoscopy plus clinical information and images). Main outcome measures were sensitivity, specificity and area under the
curve (AUC) of receiver operating characteristics (ROC) for diagnostic classification (dichotomous) of lesions by the CNN versus
an international group of 58 dermatologists during level-I or -II of the reader study. Secondary end points included the
dermatologists’ diagnostic performance in their management decisions and differences in the diagnostic performance of
dermatologists during level-I and -II of the reader study. Additionally, the CNN’s performance was compared with the top-five
algorithms of the 2016 International Symposium on Biomedical Imaging (ISBI) challenge.

Results: In level-I dermatologists achieved a mean (6standard deviation) sensitivity and specificity for lesion classification of
86.6% (69.3%) and 71.3% (611.2%), respectively. More clinical information (level-II) improved the sensitivity to 88.9% (69.6%,
P¼ 0.19) and specificity to 75.7% (611.7%, P< 0.05). The CNN ROC curve revealed a higher specificity of 82.5% when compared
with dermatologists in level-I (71.3%, P< 0.01) and level-II (75.7%, P< 0.01) at their sensitivities of 86.6% and 88.9%, respectively.
The CNN ROC AUC was greater than the mean ROC area of dermatologists (0.86 versus 0.79, P< 0.01). The CNN scored results
close to the top three algorithms of the ISBI 2016 challenge.

Conclusions: For the first time we compared a CNN’s diagnostic performance with a large international group of 58
dermatologists, including 30 experts. Most dermatologists were outperformed by the CNN. Irrespective of any physicians’
experience, they may benefit from assistance by a CNN’s image classification.

Clinical trial number: This study was registered at the German Clinical Trial Register (DRKS-Study-ID: DRKS00013570; https://
www.drks.de/drks_web/).

Key words: melanoma, melanocytic nevi, dermoscopy, deep learning convolutional neural network, computer algorithm,
automated melanoma detection

VC The Author(s) 2018. Published by Oxford University Press on behalf of the European Society for Medical Oncology.
All rights reserved. For permissions, please email: journals.permissions@oup.com.

Annals of Oncology 29: 1836–1842, 2018
doi:10.1093/annonc/mdy166
Published online 28 May 2018

D
ow

nloaded from
 https://academ

ic.oup.com
/annonc/article-abstract/29/8/1836/5004443 by guest on 04 N

ovem
ber 2018

938 www.thelancet.com/oncology   Vol 20   July 2019

Articles

Comparison of the accuracy of human readers versus 
machine-learning algorithms for pigmented skin lesion 
classification: an open, web-based, international, diagnostic 
study
Philipp Tschandl, Noel Codella, Bengü Nisa Akay, Giuseppe Argenziano, Ralph P Braun, Horacio Cabo, David Gutman, Allan Halpern, Brian Helba, 
Rainer Hofmann-Wellenhof, Aimilios Lallas, Jan Lapins, Caterina Longo, Josep Malvehy, Michael A Marchetti, Ashfaq Marghoob, Scott Menzies, 
Amanda Oakley, John Paoli, Susana Puig, Christoph Rinner, Cliff Rosendahl, Alon Scope, Christoph Sinz, H Peter Soyer, Luc Thomas, Iris Zalaudek, 
Harald Kittler

Summary
Background Whether machine-learning algorithms can diagnose all pigmented skin lesions as accurately as human 
experts is unclear. The aim of this study was to compare the diagnostic accuracy of state-of-the-art machine-learning 
algorithms with human readers for all clinically relevant types of benign and malignant pigmented skin lesions.

Methods For this open, web-based, international, diagnostic study, human readers were asked to diagnose 
dermatoscopic images selected randomly in 30-image batches from a test set of 1511 images. The diagnoses from 
human readers were compared with those of 139 algorithms created by 77 machine-learning labs, who participated in 
the International Skin Imaging Collaboration 2018 challenge and received a training set of 10 015 images in advance. 
The ground truth of each lesion fell into one of seven predefined disease categories: intraepithelial carcinoma 
including actinic keratoses and Bowen’s disease; basal cell carcinoma; benign keratinocytic lesions including solar 
lentigo, seborrheic keratosis and lichen planus-like keratosis; dermatofibroma; melanoma; melanocytic nevus; and 
vascular lesions. The two main outcomes were the differences in the number of correct specific diagnoses per batch 
between all human readers and the top three algorithms, and between human experts and the top three algorithms.

Findings Between Aug 4, 2018, and Sept 30, 2018, 511 human readers from 63 countries had at least one attempt in the 
reader study. 283 (55·4%) of 511 human readers were board-certified dermatologists, 118 (23·1%) were dermatology 
residents, and 83 (16·2%) were general practitioners. When comparing all human readers with all machine-learning 
algorithms, the algorithms achieved a mean of 2·01 (95% CI 1·97 to 2·04; p<0·0001) more correct diagnoses 
(17·91 [SD 3·42] vs 19·92 [4·27]). 27 human experts with more than 10 years of experience achieved a mean of 
18·78 (SD 3·15) correct answers, compared with 25·43 (1·95) correct answers for the top three machine algorithms 
(mean difference 6·65, 95% CI 6·06–7·25; p<0·0001). The difference between human experts and the top 
three algorithms was significantly lower for images in the test set that were collected from sources not included in the 
training set (human underperformance of 11·4%, 95% CI 9·9–12·9 vs 3·6%, 0·8–6·3; p<0·0001).

Interpretation State-of-the-art machine-learning classifiers outperformed human experts in the diagnosis of pigmented 
skin lesions and should have a more important role in clinical practice. However, a possible limitation of these 
algorithms is their decreased performance for out-of-distribution images, which should be addressed in future research.

Funding None.

Copyright © 2019 Elsevier Ltd. All rights reserved.

Introduction
Diagnosis of skin cancer needs specific expertise that 
might not be available in many clinical settings. Accurate 
diagnosis of early melanoma in particular demands 
experience in dermatoscopy, a non-invasive examination 
technique1 that improves diagnosis compared with 
examination with the naked eye.2 Dermatoscopy, which 
requires proper training and experience, is used widely 
by dermatologists,3 but also by general practitioners4 and 
other health-care professionals in areas where specialist 
dermatological services are not readily available.

The paucity of experts and the rising incidence of skin 
cancer in an aging population5 have increased the 
demand for point-of-care decision support systems that 
can diagnose skin lesions without the need of human 
expertise. There has been a long tradition of translational 
research involving machine learning for melanoma 
diagnosis based on dermatoscopic images.6–8 Although 
some automated diagnostic devices have been approved 
by the US Food and Drug Administration,9,10 such devices 
are not widely adopted in clinical practice for various 
reasons—for example, the devices are approved for 
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The area under the curve for the prediction of malignancy 
via vote frequency was 0·958 (95% CI 0·948–0·967) for 
human readers, and 0·963 (0·953–0·973; p=0·46; 
MetaOptima Technology Inc), 0·971 (0·961–0·982; 
p=0·05; DAISYLab), and 0·958 (0·945–0·972; p=0·91; 
Medical Image Analysis Group, Sun Yat-Sen University) 
for the top three algorithms (no significant difference for 
all three comparisons).

Discussion
We provide a state-of-the-art comparison of machine-
learning algorithms with human readers for the 
diagnosis of all clinically relevant types of pigmented 
skin lesions using dermatoscopic images. Machine-
learning algorithms outperformed human readers with 
respect to most outcome measures. In sets of 30 randomly 
selected lesions, the best machine-learning algorithms 
achieved a mean of 7·94 more correct diagnoses than the 
average human reader, and a mean of 6·65 more correct 
diagnoses than expert readers.

A common problem in human reader studies is 
the definition of experts. In a screening test, we com-
pared the self-reported domain-specific experience of 
participants with their actual performance and found 
that self-reported years of experience reliably predicted 
domain-specific expertise (appendix p 2). Unlike in 
similar studies,15,22,23 our test set included not only 
melanoma and nevi, but also non-melanocytic lesions. 
The primary task in our study was a multiclass problem 
with seven disease categories, and not just the simple 
binary problem of melanoma versus nevi. Therefore, 
our diagnostic study could be considered closer to a real-
life situation than other studies in this field. Our test set 
is unique because of the large number of benign lesions 
that were not biopsied or excised. Inclusion of typical 
benign lesions avoids verification bias, which is a 
common limitation of diagnostic studies. Most benign 
lesions were nevi that we monitored for more than 
18 months without any changes, which is as reliable a 
ground truth as pathological verification. The lesions 
were collected in two different settings—a tertiary 
referral centre in Europe and a skin cancer clinic in 
Australia. European patients are typified by a high 
number of nevi and a personal history of melanoma, 
and Australian patients by severe chronic sun damage. 
Human readers, including experts, achieved the lowest 
accuracy in the Australian dataset, which is not 
surprising since this dataset was more challenging and 
contained many equivocal lesions on chronic sun 
damaged skin that were biopsied to rule out malignancy. 
This set also contained difficult to diagnose melanomas 
and many pigmented intraepithelial carcinomas, which 
were often misdiagnosed by human readers. However, 
the top three algorithms performed equally well across 
all datasets, including the Australian set, and across 
all diagnoses, including pigmented intraepithelial 
carcinomas.

Overfitting to the distribution of images in the train-
ing set might explain the superior performance of 
algorithms. However, overfitting would lead to lack of 
generalisability. We anticipated overfitting and tried to 
quantify it by including a set of images from sources that 
did not provide images for the training set. As we 
expected, the accuracy of the top three machine-learning 
algorithms was lower in the set of new lesions, but still 
higher than the accuracy of human experts, which was 
also shown previously by Han and colleagues.14 This 
result indicates a potential limitation of algorithms for 
out-of-distribution images, which should be addressed in 
future research.

The low sensitivity of human experts for melanoma is 
striking and might be explained by the difficult test set, 
especially with regard to the Australian set, and by 
the framing of the task and presentation of images. 
A limitation of our study is that we did not provide 
additional data, for example, anatomical site, age, and 
sex, beyond dermatoscopic images, although these data 
were also lacking in the development of the algorithm. In 
a real-world situation, human readers would consider 
the variability of lesions within a given patient. This 
approach, which is a variant of the so-called ugly duckling 
rule,24 increases sensitivity and specificity, but requires 

Figure 4: Receiver operating characteristic curves of the diagnostic performance for discrimination of 
malignant from benign pigmented skin lesions
Blue dots indicate single human sensitivities and specificities, the purple box indicates the mean, and the error bars 
around the mean indicate 95% CI.
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Informe de puntuación de
Inteligencia Artificial.

Nombre del
paciente:

JOSE MARIA
COLOMER
ROCAMORA

ID: 109929 Fecha de
nacimiento:

1950-06-25

Fecha de
captura:

2021-11-03T16:59:36.
613

Localización:

Amplificación:

Original Bordes Estructura

Torso, posterior superior

20x

Fecha de impresión: 12.11.2021 Página 1/1

Los resultados se basan en estadísticas. ¡El diagnóstico es responsabilidad del médico!

Comentario:

Área 10,57 mm²

Perímetro

Diámetro

19,95 mm

2,7 x 4,8 mm

Puntuación calculada automáticamente:

0.0 - 0.2 0.21 - 0.49 0.50 - 1.0

0,89

Informe de puntuación de
Inteligencia Artificial.

Nombre del
paciente:

JOSE MARIA
COLOMER
ROCAMORA

ID: 109929 Fecha de
nacimiento:

1950-06-25

Fecha de
captura:

2021-11-03T16:58:44.
54

Localización:

Amplificación:

Original Bordes Estructura

Brazo, derecho lateral

20x

Fecha de impresión: 12.11.2021 Página 1/1

Los resultados se basan en estadísticas. ¡El diagnóstico es responsabilidad del médico!

Comentario:

Área 30,04 mm²

Perímetro

Diámetro

45,49 mm

5 x 7,6 mm

Puntuación calculada automáticamente:

0.0 - 0.2 0.21 - 0.49 0.50 - 1.0

0,85
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Current Deficiencies of AI for Skin Cancer Diagnosis: Validation of prediction models for skin cancer 
detection on dermoscopy images in the 2019 International Skin Imaging Collaboration (ISIC) Grand 
Challenge. Digital Lancet Oncology 2022 (in press)
Marc Combalia MS, Noel Codella PhD, Veronica Rotemberg MD, Cristina Carrera MD, Stephen Dusza PhD, David Gutman MD, Brian 
Helba, Harald Kittler MD, Nicholas R. Kurtansky BS, Konstantinos Liopyris MD, Michael A. Marchetti MD, Sebastian Podlipnik MD, Susana 
Puig MD, Christoph Rinner PhD, Philipp Tschandl MD, Jochen Weber, Allan Halpern MD, and Josep Malvehy MD

Methods: A large dermoscopic image classification challenge
was designed to quantify impacts to diagnostic accuracy from
shifts in statistical distributions of data, disease categories not
represented in training datasets, and imaging or lesion artifacts.

Factors that may be beneficial to performance, such as clinical
metadata and external training data, were also evaluated.
25,331 training images across 8 diseases were provided to
challenge participants.

Conclusions: We have identified specific deficiencies and safety
issues in AI dermatologic diagnostic systems which should be
addressed in future diagnostic evaluation protocols to improve
safety and reliability in clinical practice.



Logo entitat

Single human raters (top) achieve the lowest mean accuracy (64.8%, 95% CI 62.4%to 67.3%; n = 600 images).The highest 
accuracy is achieved by combining AI-based multi-class probabilities and human collectives (bottom), which is 

significantly higher than for collectives alone (81.0%, 95% CI 78.2% to 83.9%;P = 8.6 Å~ 10−9; n = 600 images).

Augmented Intelligence - Human Machine Collaboration - Nature 2020



iTOBOs: Intelligent Total Body Scanner 
for Early Detec8on of Melanoma 
(EU H2020)

• New diagnos>c tool for the early 
detec<on of melanoma, exploi<ng all the 
available informa>on of the pa<ent. 
• This holis>c assessment tool should 

understand the specific characteris<cs of 
every pa<ent in order to enable a 
personalised, early detec>on of 
melanoma. 



Clinical information
• 45 years old woman
• No medications
• Previous MM (n=2 ; stage 1A; trunk; 

2011,2014)
• Familial MM (3 members; Lung Ca, Breast 

Ca)

Phenotype
• Skin color 3
• Photodamage= 3
• 235 skin pigmented lesions
Reticular 70%; homogeneous 25%; 
Combination patterns 5%; Brown light and dark
Others: seb ker =3; angiomas= 11; Other: 12
Trunk=70%; lower extrem=20%; upper 
extre=7%;Other=3% ; special sites=0%

Genetics
CDKN2A G101w 
MITF wt, POT-1 wt, TERT wt
MC1R wt
Polygenic risk score= 2,45
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Age, sex, ethnicity, geography
Skin UV damage
Skin type (spectrophotometry)

CLINICAL
Clinical background 
Previous MM
Familial MM
MedicaEons

GENETIC
CDKN2A G101w 
MITF wt, POT-1 wt, TERT wt
MC1R wt
Polygenic risk score 

DEEP IMAGING
Full body Dermoscopy
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MELANOMA RISK SCORE: DEEP PHENOTYPING



Apps and AI in skin cancer









Accuracy of commercially available smartphone applications for the 
detection of melanoma. 
British Journal of Dermatology (2022) 186, pp721–750 
M.D. Sun, J.Kentley, P. Mehta, S.Dusza, A.C. Halpern, V. Rotemberg

15 consecutive histologically proven invasive melanoma cases (pT1a–pT2b) and 15 histologically proven benign 
naevi, all in patients with lighter skin phototypes. Median age was 56 years (range 23–87), and 21 patients (60%) 
were female. Images were cropped to the lesion and are available at the International Skin Imaging Collaboration 
Archive (https://doi.org/10. 34970/401946). Local institutional review board approval was obtained. 
Of 43 apps identified, 25 claimed to identify melanoma and were functional. 

Fifteen of 25 apps returned diagnoses, 12 of 25 risk categories and two of 25 risk scores (Figure 1). Three apps gave 
>1 output type. Mean accuracy was 0,56, 0,60 and 0,64



Checklist for image-based AI algorithm development in Dermatology 

Data 
1. Describe imaging modali2es, confounding ar2facts, and pre/post data processing
2. Describe the metadata on images used for AI development. Comment on poten2al biases
3. Carefully define image datasets (independent training, valida2on, test) used for AI algorithm development 
4. Clearly describe how the test dataset relates to the proposed clinical seFng, with special aGen2on to 
sta2s2cal distribu2ons, especially out-of-distribu2on (OOD) images and data  



Checklist for image-based AI algorithm development in Dermatology 

Application 10. Describe intended use cases and target conditions (inside distribution)
11. Discuss potential impacts on the healthcare team and patients

User
Lay-person self exam
Patient
Nurse
GP
General Dermatol
Expert dermatol

Intended use
Education, diagnostics, monitoring, 
……



Logo entitat

Apps in Dermatology 
using AI: Position 
statement of the EADV 
Artificial Intelligence 
Task Force

EADV 2023

Risks
Potential risks due to 

inaccuracy, limited reliability, 

especially when analyzing 

suspicious skin lesions for 

features of skin cancer.

Education
Lack of education and proper 

information for users on how 

to correctly select lesions that 

are suspicious of skin cancer.

Regulation
Lack of proper regulation is 

another significant concern 

related to dermatology 

smartphone apps.

Opportunity
Have the potential to become 

reliable screening tools. . 

These apps may provide 

increased access to 

dermatological care.



AI for educa,on  and triage and Dx assistance

Dermato Oncologist



Courtesy of P.Tschanldt



Conclusions
• New dermatoscopes
• New Digital Dermoscopy and 2D and 3D TBP
• AI will be incorporated as a support tool





Me encanta mi 
dermatoscopio !




