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Abstract

Background: Skin cancer, especially melanoma, is one of the most common cancers in humans. According to the WHO, it
causes a significant burden on modern health services. Currently, diagnostics are painful and invasive for patients and
healthcare providers, heralding novel techniques. In the age of mobile health, computer-aided applications could be an ideal
solution. However, their relevance in clinical practice remains to be determined. This systematic review assessed detection
rates and clinical implementation of computer-aided applications in patients with suspicious skin lesions.
Methods and Results: We systematically searched the following databases: PubMed, Medline, Embase (OVID), Web
of Science, and the Cochrane Library for articles. Of 819 identified articles, eight remained for primary outcome analysis.
Diagnostic sensitivity was reported in three out of eight studies, while accuracy and concordance were reported in three and
four, respectively. The quality of the included studies was primarily moderate.
Conclusion: Although promising, computer-aided applications remain below standard detection rates of the current
standard of care. Further improvement in accuracy and detection rates should be achieved while primary care providers and
patients alike should be aware of the current limitations of these new diagnostic tools.

Introduction

Skin cancer, most prominently melanoma, is one of
the most common types of cancer, affecting around
325,000 patients in 2020 worldwide, thus posing a sig-
nificant burden for healthcare systems (WHO, 2022).
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Diagnostics for skin lesions classically consist of a
visual clinical examination, a so-called face-to-face
examination (FTF), with the help of a dermatoscopy.
A specimen of the suspicious lesion must be collected
via biopsy for a definitive diagnosis. As this is a
rather lengthy and, for patients, often painful process,
technological advances in medicine are sought to aid
as additional diagnostic tools.

One of those current advances in technology-based
platforms is smartphone applications and mobile
Health (mHealth), mainly focusing on diagnostics
and prevention in dermatology (WHO, 2022). How-
ever, their clinical relevance regarding implications
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in clinical practice needs to be clarified.
Currently, only one extensive review of AI-based

mHealth applications exists. Still, further informa-
tion has yet to emerge to inform healthcare providers
and patients on the ideal use of those applications,
which, given the rapid evolution thereof, is essential
(Freeman et al., 2020). Therefore, the purpose of the
present work of conducting this study was to sys-
tematically review the current knowledge available
regarding the use of technology-based applications,
especially artificial intelligence and smartphone ap-
plications, to increase the detection of melanoma in
high-risk populations.

Materials and Methods

This review was per the Preferred Reporting Items in
Systematic Reviews and Meta-Analysis (PRISMA)
guidelines. Search strings were translated using
SR-Accelerator (Clark et al., 2020). The quality of
the included studies was assessed using the Risk
of Bias Tool 2 (RoB2) and the Risk of Bias in Non-
Randomized Studies (ROBINS) tool (J. A. Sterne et
al., 2016; J. A. C. Sterne et al., 2019).

The primary outcome of this study was to evaluate
whether the use of technology-based applications
increases the detection of melanoma in high-risk
populations. Secondary outcomes include adverse
events, safety data, and clinical implementation.

Search strategy

We searched PubMed, Medline (OVID) and
Embase (OVID), Web of Science, and the Cochrane
Library for articles published between January 1st,
2000, and July 16th, 2023, including the keywords
“melanoma,” “UV,” “application,” “artificial in-
telligence” (Complete search string can be found
in the appendix). The time frame was limited
to January 1st due to the limited availability of
smartphones and apps in mHealth before this time.
Duplicates were removed, titles and abstracts were
reviewed independently, and full-text screening of
all remaining articles was performed. In case of
disagreement, a third researcher made the final
decision. Reference lists of included articles were
screened for further eligible articles, and a snowball
search was conducted using ConnectedPapers
(Ammar et al., 2018; Eitan, Smolyansky, Harpaz,
& Perets). The entire screening process, including
deduplication, was performed using the rayyan.ai
software (Ouzzani, Hammady, Fedorowicz, &
Elmagarmid, 2016).

Eligibility criteria

We included publications with the following criteria:
• Studies include computer-aided technologies (e.g.,
applications of artificial intelligence, smartphone
applications, etc.) used to diagnose melanoma.
• Phase I, II III clinical trials, systematic reviews
with meta-analysis, observational studies, technical
notes with case description.
• Fitzgerald Skin Type I or II.
• Articles written in English, Spanish, Portuguese,
German, French.
• Articles evaluating the following outcomes: safety,
diagnosis, adverse events, and clinical implementa-
tion.

We excluded articles with the following criteria:
• Preclinical studies, conference abstracts, animal
studies, ongoing trials with unpublished results,
case reports, editorials, letters to the editor, technical
notes without case descriptions, and narrative
reviews.
• Pediatric patients (<18 years of age).
• Publications earlier than January 1st, 2000.
• Other interventions than computer-aided technolo-
gies.
• Adults with a history of premalignant or malignant
skin lesions.
• Studies without information about population,
intervention, comparator, and intervention.

Data extraction

Data regarding author, year of publication, number
of patients included, safety outcomes, diagnostic out-
comes, adverse events, detection rates, accuracy, and
notions of clinical implementation were extracted
and compiled for outcome analysis.

Results

Study Selection

We identified 819 articles, of which 472 remained
after duplicate removal (Figure 1). After the
screening, seven articles with 2694 patients remained
in the outcome analysis (Börve et al., 2015; Börve,
Terstappen, Sandberg, & Paoli, 2013; Hue et al.,
2016; Lamel et al., 2012; Maier et al., 2015; Marek,
Chu, Ming, Khan, & Kovarik, 2018; Massone et al.,
2007). While reviewing our work, Philips et al. were
identified as a further eligible study (Phillips et al.,
2019). This article was previously excluded during
title and abstract screening.

Study Characteristics

All articles covered the use of apps, with Maier
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Figure 1: PRISMA flow diagram of the literature review process.

et al., Marek et al., and both studies of Börve et
al. reporting apps free of charge. No AI, machine
learning, or other computer-aided technologies
were discovered in the primary search, yet Phillips
et al. were added during the review (Phillips et
al., 2019). We identified one RCT, one Pilot study,
and five prospective cohorts. Diagnostics was the
focus in all studies except for Marek et al., who
focused on patient adherence. Melanoma was
the exclusive disease under investigation in Maier
et al. and Massone et al., while the remaining
studies investigated multiple skin lesions alongside
melanoma. Only Maier et al., Marek et al. and
Börve et al. used different intervention and control
groups while the remaining studies tested various
interventions in the same population (Table 1) (Börve
et al., 2015; Börve et al., 2013; Hue et al., 2016; Lamel
et al., 2012; Maier et al., 2015; Marek et al., 2018;
Massone et al., 2007). Philipps et al. analyzed an
AI intervention trained to detect melanoma images
taken by the smartphone of 541 patients in the UK
(Phillips et al., 2019).

Primary outcome

Detection rates of melanoma in populations at risk
were reported by Lamel et al. (100%) and Maier et
al. (73%)(Lamel et al., 2012; Maier et al., 2015). The
overall accuracy of the app was reported by Maier et
al. (81%), Börve et al. (50.7%) and Börve et al. (42%)
(Börve et al., 2015; Börve et al., 2013; Maier et al.,
2015). If compared to dermatologists assessing the
lesions as the standard of care, concordance rates
were reported by Lamel et al. (62%), Massone et

al. (89%), and Börve et al. (57%) (Börve et al., 2015;
Lamel et al., 2012; Massone et al., 2007). Phillips et al.
reported that their algorithm achieved an area under
the receiving operator curve of 90.1% for all biopsied
lesions, but results varied depending on the camera
used (Phillips et al., 2019). No further comparison
between different diagnostic tools was possible due
to the limited number of studies reporting such
outcomes.

Secondary outcomes

All articles report application in routine clinical
practice; however, Lamel et al., Maier et al., and,
post-hoc, Phillips et al. reported at least some
limitation to the use of the application, while one
study did not, and four did not mention potential
limitations (Börve et al., 2015; Lamel et al., 2012;
Phillips et al., 2019). There was no safety reporting,
and consequently, no adverse events were reported.

Assessment of risk of bias in individual studies

Risk of bias in the RCT was found to be of some con-
cern (Figure 2) while Risk of bias in the observational
studies was found to be low in three studies (Hue
et al., 2016; Lamel et al., 2012; Massone et al., 2007;
Phillips et al., 2019) and moderate in the remaining
studies (Börve et al., 2015; Börve et al., 2013; Maier et
al., 2015).
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Discussion

One of these is climate change, specifically the al-
teration in the temperature and ultraviolet radiation
(Dzwierzynski, 2021; Parker, 2021). Exposure to UVR
can be carcinogenic and is implicated as the primary
cause of skin cancer due to DNA damage that pro-
motes and initiates tumor formation. The interaction
of UVR with increasing temperatures may amplify
cutaneous photocarcinogenesis (Parker, 2021). Malig-
nant melanoma is relatively uncommon in compari-
son with other types of skin cancer, but its incidence
has increased as well. If one has sufficient indica-
tors to suspect skin cancer, a cascade of examinations
follows. Further diagnostic tools are warranted to
facilitate diagnostics and reduce time loss while pre-
venting unnecessary visits due to regular lesions. Dif-
ferent tools have been proposed, including vascular
dermoscopy, reflectance confocal microscopy, teleder-
matology, computer-aided diagnostic techniques, and
smartphone application (Phillips et al., 2019). Based
on this premise, we conducted the present review
and identified eight articles discussing some form
of computer-aided technology directly compared to
the current standard treatment. Although the qual-
ity of most studies was moderate, two RCTs, one
pilot study, and five observational studies could be
identified. As far as it was assessable, the detection
rate was 86.5±19.1 %; accuracy was 57.9±20.5%, and
concordance to standard care was 69.3±17.2%, respec-
tively. No safety events were reported. However,
three studies reported limitations in clinical use.

The definite advantage of computer-aided tech-
nology is the relative fastness of diagnosis, ideally
markedly earlier than with the current standard of
care, and the potential widespread use of such tools
among family physicians (Freeman et al., 2020). Since
most apps provide various mechanisms to assess skin
lesions, ranging from simple image transmission to
dermatologists to advanced algorithms assessing risk
scores of specific lesions, many patients but also pri-
mary care providers are inclined to use it (Freeman et
al., 2020). With the widespread distribution of smart-
phones and the increasing image resolution quality
of modern mobile phone cameras, these tools have
a massive potential to shorten the time to primary
diagnosis while simultaneously preventing unnec-
essary visits to primary care providers (Kassianos,
Emery, Murchie, & Walter, 2015). Also, handling
such tools becomes more straightforward in a pro-
gressively more “digital” society. Hue et al. could
show that FTF examinations can be reduced to up
to 53% (Hue et al., 2016). The more efficient man-
agement of those patients was especially beautifully
shown by Börve et al. (Börve et al., 2015). How-
ever, several limitations, most prominently claims

of lacking validity, erroneous referrals, and overesti-
mated accuracy rates, surrounding these tools still ex-
ist (Buechi et al., 2017; Freeman et al., 2020; Kassianos
et al., 2015). A review recently found that most ap-
plications are soon retracted from the market due to
significant variances in diagnostic accuracy. However,
some, namely SkinVision, also improved over time
(Freeman et al., 2020). Another notable limitation is
the target population, below the average age for skin
cancer development; therefore, computer-aided tools
might target the wrong population (Freeman et al.,
2020). Interestingly, although the camera resolution
of smartphones has increased over the years, their
use in suboptimal conditions counters these advances
and leads to poorer image quality, given by the often-
complicated instructions of present computer-aided
applications (Freeman et al., 2020). Such limitations
were confirmed by Maier et al., who reported dif-
ficulties with incomplete, i.e., images without sur-
rounding skin were not recognized, erosive lesions
were falsely interpreted, and difficulty in mottled or
darker skin tones was observed (Maier et al., 2015).
Contrary to that, however, Börve reported excluding
0.4% (4/902) patients due to poor image quality, yet
examinations were performed by the general practi-
tioner (Börve et al., 2015). Unfortunately, erroneous
transmission problems can occur in particular, but
not all, computer-aided diagnostic tools (Lamel et al.,
2012).

The main question of this work was to identify
whether the sensitivity, specificity, and/or accuracy
of diagnosis of computer-aided applications was
superior to the current standard of care. Maier et al.,
who used the SkinVision application, reported high
sensitivity and specificity rates of the application
with 73% and 83%, respectively, which was, however,
markedly worse than the clinical diagnosis by the
dermatologist (sensitivity of 88% and specificity of
97%) (Maier et al., 2015). This agrees with the most
recent literature, which found a sensitivity of 88%
with a specificity of 79%; however, it is limited to
one application, SkinVision (Freeman et al., 2020).
Lamel et al. found that applying the computer-aided
program was relatively simple and that agreement
between FTF and teledermatologist was excellent
with Cohen’s Kappa of 82% (Lamel et al., 2012).
Likewise, Börve et al. report higher accuracy in
diagnosis in FTF visits, albeit computer-aided
technologies are more accessible in primary triage
Fields(Börve et al., 2015).

Limitations

Although this review was performed according to
the PRISMA guidelines, several limitations must be
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Table 1: Study characteristics of the included studies.

mentioned. First, the quality of the included studies
was moderate, leaving room for improvement and
heralding care in interpreting the outcomes proposed
in this work. A literature search was only conducted
within a limited number of databases and languages
included, potentially causing relevant manuscripts
to be missed. Second, no proper outcome analy-
sis in the sense of a structured meta-analysis with
pooled outcome measures was possible given the few
studies identified and the sparsity of reporting the
primary outcome of this systematic review, making
these results only partly recommendable for clini-
cal application. Most of the included studies were
non-randomized trials, making selection bias and
confounding a reality to keep in mind when inter-
preting the results of the current work.

Furthermore, the significant heterogeneity and lim-
ited number of included studies strongly indicate
publication bias in the field of interest. Also, studies
reporting AI were not found, limiting recommenda-
tions and conclusions for this subsection of mHealth.
Two authors that have contributed significantly to the
present understanding of skin cancer detection using
mHealth were Maier et al. and Freeman et al., both
currently serving as consultants to the respective ap-
plication employed, heralding care in interpreting
the results of their studies. Lastly, since we included
language and time restrictions in our selection crite-
ria, this study risks not including a complete account
of all available literature on the topic.

Conclusion

Although current studies show a promising future
exclusively for health apps to detect melanoma in
high-risk populations with excellent detection, ac-
curacy, and agreement rates, albeit below the stan-
dard of care ranges, further studies should focus

on improving the factors above with more extended
follow-up periods and more diverse populations for
adequate implementation in clinical practice. In con-
trast, patients and healthcare providers must know
these applications’ limitations. Randomized multi-
center placebo-controlled trials with a larger sample
size are required to measure the effectiveness and
compare it with the SOC.
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