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Abstract

Melanoma is a life-threatening tumor that
significantly impacts individuals’ health and society
worldwide. Therefore, its diagnostic tools must be
revolutionized, representing the most remarkable
human efforts toward successful management. This
retrospective study includes the multidimensional
analysis of five melanomas in a man in our clinic
including whole-body photography, dermatoscopy,
artificial intelligence system, genetic test, and the
final histopathological conclusion. The correlation
between findings in each diagnostic step is
discussed. The value of the melanoma grading
system will be the application in high-risk lesions to
make the right management decision.

Keywords: artificial intelligence, dermatoscopy, grading
system, melanoma, Melanoscan®, tracking, photography,
whole-body

Introduction

High-risk melanoma screening aims for accurate
results while minimizing false positives and
negatives. Our goal was to establish an efficient
screening pathway that enhances diagnostic
precision, reduces time and cost, and minimizes
unnecessary biopsies. Although there is no perfect
tool for melanoma detection, evolving techniques,

as demonstrated in this case, hold the potential to
detect future melanomas at the earliest stage as part
of a grading system.

Case Synopsis

In this longitudinal study, we employed a phased,
multimodal methodology. The patient, assessed as
an optimal candidate for digital monitoring based on
International Dermatoscopy  Society  (IDS)
recommendations [1], is a 68-year-old man
displaying high compliance with annual whole-body
photography examinations over two decades. Phase
1 (2002) methods were based on a standardized
survey of skin cancer risk assessment. A baseline scan
was obtained and exhibited a deeply invasive
melanoma without recording dermatoscopy. In
phase 2 (2002-2008), the patient received time-lapse
(TL) whole body photography (WBP) annually. Six
benign pigmented lesion biopsies were obtained in
this era. The most productive examinations in Phase
3 (2008-2018) involved TL WBP and TL
dermatoscopy. Eleven melanocytic lesions were
biopsied, with four melanomas captured in 2013;
spots had been present since the initial WBP in 2002.
The fifth melanoma, a new in situ lesion, was found
in 2014 (Figures 1-3). Phase 4 (2019-2021) and Phase
5 (2022-2023) presented additional artificial
intelligence (Al) camera arrays and genomic tape
stripping, respectively. No new melanomas were
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Right Earlobe, Melanoma in Situ, 2 mm, new lesion, atypical pigmented network, irregular dlods, pseudopods, iregular blotches.

Figure 1. Right earlobe, new pigmented lesion. Melanoscan
images 2009-2014.

Figure 2. Dermatoscopy of the melanoma in situ lesion (right
earlobe, 2014): 2mm, atypical pigmented network, irregular clods,
pseudopods, irregular blotches.
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Figure 3. H&E histopathology. A) Discohesive nests and solitary
melanocytes present at all epidermis levels and extend down
follicular structures, 100x. B) Discohesive nests that vary in size
and shape and solitary epithelioid melanocytes present at all
levels of the epidermis, 200x. C) Perifollicular extension, 200x. D)
High-power photomicrograph depicting severe cytologic atypia,
630x.

detected in these periods. Specifically, of six excised
lesions, two were Preferentially Expressed Antigen in

Melanoma (PRAME) positive lesions, severely
dysplastic nevi by pathology, three were PRAME
negative and long intergenic non-coding RNA 518
(LINCO0518) negative, and one specimen had
insufficient quantity to determine.

Case Discussion

Melanoma has the highest mortality rate of all skin
cancers, with about 220,000 cases and 37,000 deaths
reported annually in the USA and Europe combined
[2]. Early recognition of cutaneous melanoma is
crucial to avoid human, ethical, and legal
consequences.

The field of dermatology has emerged as a forefront
domain in integrating and utilizing Al. Convolutional
neural networks (CNN) have shown unprecedented
accuracy in melanoma recognition [3]. Otherwise,
experts can only make correct decisions if they are
influenced by a faulty Al [4]. In 2021, we first applied
a 7-class CNN for 1,000,212 dermatoscopy images
obtained from 2008 as a component of the
Melanoscan® system. The dermatoscopy of 251
hotspots identified over two decades in this patient
underwent a classifier trained on 10,015 skin lesion
images from the public ISIC2018 skin lesion
classification dataset, employing both DenseNet and
the newer EfficientNet architecture in versions vO
and v0.5, respectively [5,6]. The CNN scores for
melanoma are demonstrated in Table 1. In this high-
risk patient, different Al-pathology correlations
(compatible through high scores or incompatible
through false high scores) did not introduce
superiority compared to the two-step approach
(Phase 2). In four melanocytic lesions, we missed Al
scores. Al scores were above 0.8 in four melanomas,
corresponding to dermatoscopic features. Artificial
intelligence demonstrated low scores in three
lesions, and in two lesions, Al demonstrated high
scores. Similarly, a retrospective study concluded
that Al systems could not replace sequential digital
dermatoscopy based on sensitivity and specificity
evaluation [7].

Ideally, dermatologists aim to use all melanoma
screening methods to minimize the number needed
to excise lesions (NNEs) and to maximize specificity,
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Table 1. The excised lesions that were suspected of melanoma over two decades.

Al melanoma score

Date Position Histopathology diagnosis /genomic (year)
ggggember Lower back | Malignant melanoma (3.00 mm) -
. Left
April 2003 abdomen Compound nevus =
January Left . " _ )
2006 abdomen Compound melanocytic nevus, Clark (“dysplastic”) type
August 2007 | Lower back | Compound congenital melanocytic nevus, superficial type. -
January Right Halo compound lentiginous melanocytic nevus 0.650 (2013)
2013 upper arm b 9 y )
January :;f;r:rd Malignant melanoma in situ - lentigo maligna (arising in conjunction with 8:;2 gg??;’
2013 back a small congenital melanocytic nevus) 0.836 (2013)
Left 0.481 (2009),
January . .
2013 popliteal Malignant melanoma (0.46mm) 0.597 (2011),
fossa 0.892 (2013)
February Higlis Malignant melanoma in situ (lentigo maligna) 0.921 (2013)
2013 medial leg 9 9 9 )
August 2014 :zlgzt ear Malignant melanoma in situ 0.923 (2014)
January Right Lentiginous and nested compound melanocytic proliferation with
o S 0.40 (2016)
2016 upper arm | moderate to severe atypia with early regression-like immune response
0.84 (2019)
Ubper LINC00518:
May 2022 b:crl)< Compound melanocytic nevus with moderate to severe atypia negative. PRAME:
positive. TERT:
negative
Right
May 2022 medial Junctional lentiginous melanocytic nevus with moderate to severe atypia | 0.15 (2022)
thigh
May 2023 Left helix Compound melanocytic nevus with moderate atypia 0.079 (2023)
October Right Compound melanocytic nevus with moderate atypia arising in a 0.85 (2019)
2019 lower back | background of pigmented seborrheic keratosis ’

LINC00518, long intergenic non-coding RNA 518; PRAME, preferentially expressed antigen in melanoma; TERT, telomerase reverse transcriptase.

all while shortening the time of melanoma detection.
The number needed to exercise for melanoma
diagnosis refers to the number of benign skin lesions
that must be removed and evaluated to diagnose
one case of melanoma. Various studies have
reported multiple NNEs. Kibbie et al. found that the
NNEs for melanoma was 6.16 [8]. This is less specific
than our result, in which NNEs were 5/14 or 2.8 for
melanoma. It is important to note that these
numbers may vary depending on the population
being screened and other factors. Additionally, the
NNE is not a fixed number, and the accuracy of the
method used to detect melanoma can be improved
over time.

The use of Melanoscan®, a serial, automated, digital
whole-body photographic imaging instrument, has
shown efficiency in thin melanoma detection [9]. A
systematic review concluded that the two-step
approach (WBP plus digital monitoring) showed a
trend towards a lower Breslow thickness, a higher
proportion of in situ melanomas compared to those
without WBP, an early detection of melanoma in
high-risk populations, and the possibility to integrate
Alinto 3D WBP systems [10].

State-of-the-art diagnosis of malignant melanocytic
lesions relies on histopathologic examination for
cases suspicious for melanoma. An innovative non-
invasive genomic test that detects genomic
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melanoma-associated biomarkers was employed as
an additional assay in two lesions before excision in
our patient. Only two lesions were PRAME positive
but not melanoma histopathologically. Epidermal
genetic information retrieval (EGIR) obtains RNA
from tape-stripped pigmented lesions discerning
melanomas from nevi with 100% sensitivity and 88%
specificity [11]. In a recent consensus statement, 86%
of respondents were not currently using epidermal
tape stripping routinely in their practice, and some
panelists believed that clinical use was limited by low
specificity. In a hypothetical situation in which
epidermal tape stripping had been used to evaluate
a suspicious lesion, the panelists agreed that PRAME-
positive and LINC-positive (or PRAME-positive only)
lesions should be biopsied [12]. The genomic tape
stripping can be used to detect melanoma
accurately, but further investigations are needed to
justify the involvement of this practice in the routine
evaluation of melanocytic lesions.
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