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Abstract

Artificial intelligence (Al), a major frontier in the field of medical research, can potentially lead to a paradigm shift in clinical practice. A type
of artificial intelligence system known as convolutional neural network points to the possible utility of deep learning in dermatopathology.
Though pathology has been traditionally restricted to microscopes and glass slides, recent advancement in digital pathological imaging has
led to a transition making it a potential branch for the implementation of artificial intelligence. The current application of artificial intelligence
in dermatopathology is to complement the diagnosis and requires a well-trained dermatopathologist's guidance for better designing and
development of deep learning algorithms. Here we review the recent advances of artificial intelligence in dermatopathology, its applications
in disease diagnosis and in research, along with its limitations and future potential.
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Introduction

Artificial intelligence/machine intelligence, a major area of
research, is likely to have a tremendous impact on various
aspects of healthcare. The advent of artificial intelligence
could lead to a paradigm shift in our clinical approach and
make it essential for dermatologists to have knowledge of
artificial Intelligence.! With a large clinical, dermoscopic and
pathological image database, dermatology has also taken
a prime position in artificial intelligence implementation.?
Pathology has been traditionally restricted to microscopes and
glass slides, but with recent advancements, it has transitioned
into a digitally oriented branch.> Whole slide imaging in
surgical pathology and dermatopathology has proven to
be on par with traditional microscopes for most diagnostic
classes except melanocytic lesions.* In addition to whole slide
imaging, free-hand smartphone photography has facilitated
digital image capturing® and archiving of large numbers of
tissue slides.® Whole slide imaging is expensive and not readily
available in all laboratories, hence artificial intelligence using
free-hand smartphone photography may be a feasible option.
However, the accuracy of artificial intelligence in whole slide
imaging may outweigh the use of Al for the interpretation of
smartphone images, as whole slide imaging utilises a high-

resolution trinocular microscope with robotic control of the
intensity of illumination and unlike smartphone images,
whole slide imaging scanners capture sequential images to
get an exact replica of the glass slide. However when whole
slide imaging is not feasible, artificial intelligence using
smartphone photography can facilitate digital image capturing
and aid in diagnostic dermatopathology. Compilation of digital
pathological images is a source not only for education but also
for machine learning research. A study by Schaumberg’ et al.
on artificial intelligence in dermatopathology demonstrated the
first machine learning based pan-disease and pan-tissue image
database for disease diagnosis and immunostaining. In this
review, we provide an overview of the applications of artificial
intelligence in dermatopathology, its challenges and limitations.

Artificial intelligence and deep learning

Al is defined as a field of computer science that aims to mimic
human intelligence with a computer system.® Machine learning
is a subset of artificial intelligence that aims to teach machines
to learn tasks automatically by inferring from data patterns.
This type of learning can be supervised, semi-supervised and
unsupervised.>® Neural networks are flexible mathematical
models that use multiple algorithms comprising input, hidden
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and output layers to identify complex relationships within a
large database.!® Neural networks are currently the most popular
technique of machine learning, especially the two subtypes
called deep learning and convolutional neural networks. Data
fed through the input layer is processed in the hidden multiple
layers of algorithmic processes and the processed data is
displayed in the output layer. In a simple neural network, there
are only one or few layers of nodes between the input and the
output layers. However, with growing computational power, it
is possible to infinitely increase the number of hidden layers
making the machine more sensitive and specific. This process
of outcome estimation with multiple numbers of hidden layers,
where each layer can recognise specific information from the
database, is called deep learning.® Deep learning utilises this
cascade of numerous layers with nonlinear processing units for
data extraction and analysis. A combination of deep learning,
powerful graphic processing and increased application of digital
images has helped to explore the effects of deep learning. !

Convolutional neural networks are a subclass of neural
networks in which the inputs are passed through infinite
hidden layers, which analyse the image. The image is broken
down into a collection of pixels and each node or ‘neuron’ is
assigned a characteristic feature like colour, size and shape
and finally the output is generated.'” A type of convolutional
neural network known as the region-based convolutional
neural network or R-convolutional neural network can
identify a particular object within an image; for example,
in dermatology it can determine the location of cutaneous
lesions using various algorithms." Based on their capability
to extract a complex image and make analyses or predictions
without any help from humans, convolutional neural networks
may be considered an ideal tool in dermatopathology.

Artificial intelligence in dermatopathology

The concept of artificial intelligence in dermatopathology
dates back to 1987, when a text-based system TEGUMENT!*
was used on a personal computer. It was designed to identify
986 histopathological diagnoses using light microscopic images
and had a diagnostic accuracy of 91.8% compared to a qualified
dermatopathologist."* Significant discordant and non-classifiable
diagnoses were recorded, respectively in 4.8% and 3.4% of cases
only. However, it required traditional medical information to be
re-organised in the system, making it more of a computer-aided
human diagnosis than primarily a machine-based analysis. During
that period, due to the lack of equipment/technologies needed to
capture whole slide imaging, the concept of human-independent
image analysis was presumed to be non-feasible. However in
recent times, it is a reality for machine-based accurate classification
of routine diagnosis.'

Artificial intelligence in diagnostic dermatopathology
In a study model,"! deep learning algorithms were designed to
recognise the whole slide imaging of dermal nevus, seborrheic
keratoses and nodular basal cell carcinoma. The images were
disintegrated into pixels and data was analysed. In comparison
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to the diagnostic accuracy of light microscopy by a pathologist,
the accuracy of deep learning algorithms was 99.3% for dermal
nevus, 99.5% for nodular basal cell carcinoma and 100% for
seborrheic keratoses. Ianni'® et al. designed a deep learning
algorithm in pathology taking into account haematoxylin and
eosin stained whole slide imaging and classified them into four
diagnostic classes: basaloid, squamoid, melanocytic and other.
This system incorporated three convolutional neural networks
that work sequentially to arrive at the most probable diagnosis.
These convolutional neural networks assist in image adaption and
then identify the region of interest so that eventually the third or
the final convolutional neural networks can process or diagnose
the image based on histological characteristics. Though it could
only classify them into these four categories, it was successful
in the diagnosis of routine images even with an artefact, poor
staining or varying pathological evidence. A limitation was the
requirement of digital computational resources. However, it can
be overcome by the use of smartphones. This highlights the
potential use of artificial intelligence in resource-limited areas
with high incidence or prevalence of skin cancers. Artificial
intelligence implementation in tumour pathology is mainly
involved in tumour diagnosis, grading, staging and prognostic
prediction as well as in identifying genetic (gene mutations or
HLA associations) or pathological features.!’

Artificial intelligence in melanoma diagnosis

It is most important for dermatopathologists to distinguish
malignant from benign lesions as there is a significant difference
in therapeutic decisions thereafter. In order to differentiate
melanoma from nevus, Hekler ez al.,'® used 695 melanocytic
neoplasms and classified them into nevus or melanoma. All
the stages of melanoma and all types of nevi like compound,
junctional and congenital nevi were represented. All the
haematoxylin and eosin stained sections were scanned and
a convolutional neural network was trained using this image
database. In this study, the convolutional neural network
significantly (P - 0.016) outperformed the pathologists in
accurate of histopathological diagnosis of nevi and melanoma.
The diagnostic discordance between a dermatopathologist and
artificial intelligence was 20% for nevi, 18% for melanoma
and 19% overall. This was similar to the discordance of 25—
26% described among dermatopathologists.'® Inter-observer
variability can result in a false positive diagnosis of melanoma,
especially in cases of Spitz nevus. However, this can be
overcome by the ability of the dermatopathologist in selecting
representative images, which has a profound effect on the
accuracy and efficacy of validation and adequate training of
convolutional neural networks. In other words, deep learning
algorithms are capable of overcoming the misdiagnosis of
Spitz nevi when efficiently trained by dermatopathologists'.
These neural networks can also predict the recurrence rate of
distant metastases and evaluate the survival rate in the early
stages of melanoma.? A study by Logu et al.,*' developed an
artificial intelligence to recognize histopathological images of
cutaneous melanoma. Here, biopsies of 791 patches of normal
skin and 1122 patches of pathological tissue were used for
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testing the diagnostic accuracy, sensitivity and specificity of
convolutional neural networks and comparing it with expert
dermatopathologists as reference. The results showed a high
diagnostic accuracy of 96.5%, sensitivity of 95.7%, specificity
of 97% and concluded that a deep learning system trained to
recognise melanoma achieves higher accuracy compared to
experts (91.4% accuracy).

Artificial intelligence in non-melanoma skin cancers diagnosis

A study by Olsen et al.,"! to determine the accuracy of a deep
learning algorithm in the diagnosis of three dermatopathological
conditions using whole slide imaging concluded that Al could
accurately classify 99.5% of nodular BCC (n = 200), 99.4% of
dermal nevi (n = 125) and 100% of seborrheic keratoses (n =
125). In contrast to diagnosing of melanoma and differentiating
it from pigmented nevi, which is a simple binary classification,
diagnosis of non-melanoma skin cancers (squamous cell
carcinomas, basal cell carcinomas) is a more difficult task due
to their complex classification and as the differential diagnoses
include various benign and malignant diseases as well as
inflammatory dermatoses. Tschandl?? et al. conducted a study
to demonstrate the accuracy of convolutional neural networks
in identifying and accurately diagnosing non-pigmented
lesions using clinical and dermoscopic images and compare
it with the diagnoses done by 95 clinicians with 62 qualified
dermatologists. Convolutional neural networks did not achieve
a higher percentage of accurate diagnosis (37.3%) compared
to the experts (40%) and it was more accurate in the diagnosis
of common skin cancers like basal cell carcinoma, actinic
keratoses, squamous cell carcinoma and keratoacanthoma but
it was less accurate than the clinicians in the diagnosis of rare
non-pigmented malignancies like amelanotic melanoma. This
study emphasised the importance of data input in determining
accurate results and also concluded that artificial intelligence, at
present, needs more extensive training and data inputs, for it to
be more accurate in the diagnosis of non melanoma skin cancers.

Artificial intelligence in other dermatological diseases

A deep learning algorithm has been used in the diagnosis
of various dermatological diseases like psoriasis, atopic
dermatitis, onychomycosis and rosacea.'**® However,
compared to skin neoplasms, there is still a paucity of research
on the use of artificial intelligence in these inflammatory
dermatoses based on clinical and pathological images. In
dermatopathology education, artificial intelligence has great
potential in being used for visual diagnosis and for diagnostic
reporting. Artificial intelligence is able to diagnose psoriasis
and differentiate it from atopic dermatitis and other dermatoses
based on clinical images; however, there is a paucity of
literature as well as a lack of artificial intelligence training
in histopathological differentiation of common inflammatory
dermatoses like psoriasis or psoriasiform dermatoses.

Publicly available datasets for skin cancers include
DERMOFIT IMAGE LIBRARY, DERMNET-NZ, CANCER
GENOMA ATLAS.

Artificial Intelligence in dermatopathology

Attitude of dermatopathologists towards artificial intelligence
Polesie et al. conducted an anonymous voluntary online
survey among dermatopathologists and found that they were
optimistic about implementation of artificial intelligence and
concluded that there is a strong need for artificial intelligence
education and its application in dermatopathology.’ Artificial
intelligence is ideally beneficial in assisting difficult tasks like
the evaluation of human epidermal growth factor receptor-2
expression by immunohistochemistry, that are prone to human
error. Convolutional neural networks are trained to differentiate
seborrheic keratoses from keratinocytic tumours, and nevi from
melanomasbothclinico-dermoscopicallyandhistopathologically
with sensitivity and specificity equal to those of well-trained
dermatologists and dermatopathologists. Hence, artificial
intelligence playsanintegral role in diagnostic dermatopathology
and provide pathologists with new tools to accelerate workflow
(by reducing the burden on pathologists by increasing the
speed of screening the slides and improving the efficiency
of dermatopathologists by accurately diagnosing benign and
malignant skin lesions), enhance diagnostic accuracy and
reduce errors.

Limitations

Although artificial intelligence has promise in the field of
dermatopathology, there is still a narrow classification system
in diagnosis which limits the use of artificial intelligence in
the accurate diagnosis of various dermatological conditions,
as artificial intelligence is not used extensively in clinico-
pathological diagnosis of various dermatoses.*

Dermatopathologists are well trained to recognise as well
as exclude a wide variety of differential diagnoses, but most
convolutional neural networks can only indicate if the image
is positive or negative for a specific disease.

There is also a wide inter-observer variability among
pathologists, which makes it a challenge to efficiently train the
artificial intelligence. Further, the current image database is
insufficient and image sharing among sources is limited, which
again affects the efficient functioning of artificial intelligence.

Artificial intelligence has a major technical component and
requires interdisciplinary participation to build effective
algorithms in order to improve workflow efficiency.

At present, artificial intelligence can recognise only a very
few specific conditions but the patients can present with
varied clinical manifestations and pathological presentations;
hence diagnosis can be a challenge. Dermatological artificial
intelligence is trained at identifying only one or group of
specific dermatoses and sometimes, patients can present
with multiple dermatoses and unusual manifestations of a
typical dermatoses, which the artificial intelligence is not yet
trained to identify. Hence, image data and patient information
need to be integrated so that artificial intelligence can
comprehensively analyse the data, thereby playing a greater
role in diagnosis, decision making and prognosis of a disease.
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A lot of legal, ethical and data privacy issues (in terms of
maintaining anonymity of the slides) need to be effectively
tackled.

Finally, artificial intelligence is not a substitute for
communication between doctors and patients and it cannot
provide holistic patient care.

Challenges for artificial intelligence in
dermatopathology

Digital pathological images consist of millions of pixels with
higher magnification. This can lead to technical challenges like
incorrect labelling, and need for high quality training to avoid
errors due to inter-class similarities and intra-class dissimilarities.”

In comparison to a clinician who has access to appropriate
medical history and clinical information, a histopathological
image-based deep learning algorithm may not perform on
par. A multimodal approach would be needed for accurate
diagnostic predictions, with clinical and imaging data
combined to develop fusion algorithms.

Conclusion

With the advent of digital pathology and advanced computational
resources, artificial intelligence in dermatopathology has
made encouraging progress and gained attention in recent
years. Artificial intelligence is well-trained in simple binary
classification in dermatopathology like in melanoma diagnosis,
however diagn osis of non-melanoma skin cancers with
complex classification and significant inter-class similarities
and intra-class dissimilarities, is a more difficult task. With
advances in research, data augmentation and a multi-disciplinary
approach, artificial intelligence has the potential to outperform
dermatologists and pathologists not only in the diagnosis of
skin cancers but also for various other dermatoses.

In conclusion, it is essential to embrace artificial intelligence,
but it is developed and trained by human experts ; it is
dependent on clinicians and cannot replace humans in providing
humanistic care.
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