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Skin neoplasms can be evaluated using portable smartphone-
compatible instruments and artificial intelligence (AI) algorithms. 
Such systems are a real time-saver for both the physician and 
the patient. They are also a good aid in monitoring melanocytic 
nevi (MN). To this day, progression of benign MN to malignant 
melanoma (MM) remains understudied; therefore, with most 
MN health professionals should be watchful for any worrying 
signs. Statistically, in 2018 skin cancer was the most incident 
type of malignancy in the Russian population, amounting to 
12.6 or 14.4% of cancers depending on whether malignant 
melanoma was excluded or included in the analysis. In Russia, 

MM-associated mortality increased by 11.19% between 2008 
and 2018 [1]. At the same time, according to the American 
Cancer Society, the number of deaths from MM in the USA 
was decreasing by 6.1% in men and 6.3% in women every 
year from 2013 to 2017, whereas the annual incidence of 
MM was growing by 2.2% in men and 1.9% in women [2]. 
Life expectancy of patients with MM largely depends on how 
advanced the disease is at the time of treatment initiation; 
grim figures suggest that early detection strategies existing in 
Russia need improving: in 2017, only one in 3 MM diagnoses 
was the result of active screening. In 2016–2017, stage IV 
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Ранняя диагностика злокачественной трансформации меланоцитарных невусов в меланому кожи (МК) является актуальной проблемой современной 

медицины. Общепризнанная тактика ведения пациентов с множественными меланоцитарными невусами кожи (ММНК) представляет собой динамическое 

наблюдение с проведением эксцизионной биопсии отдельных онкологически подозрительных или меланомоопасных меланоцитарных невусов 

кожи (МНК). Данная тактика требует дорогостоящего оборудования и огромных временных затрат врача и пациента. Целью работы было оценить 

эффективность использования оптической системы смартфона для определения злокачественности меланоцитарных невусов. Семь пациентов в 

возрасте 43–65 лет с ММНК на коже туловища и конечностей находились под наблюдением в течение четырех лет. Получение дерматоскопических 

микроснимков и оценку злокачественности МНК проводили при помощи оптического устройства Handyscope с 20-кратным увеличением, сопряженного 

со смартфоном под управлением мобильного приложения Handyscope3. За период наблюдения пациентам было удалено 74 МНК, МК не было 

обнаружено ни в одном случае. Оценка злокачественности всех удаленных 74 МНК, проведенная сверточной нейронной сетью, совпала с результатами 

гистологических исследований. Оптический адаптер к смартфону показал эффективность в диагностике злокачественности МНК. Для скрининговой 

первичной диагностики дерматоскопических изображений ММНК возможно использовать искусственный интеллект (ИИ), однако необходимо 

гистологическое исследование для верификации диагноза.
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EFFICACY OF SMARTPHONE-COMPATIBLE OPTICAL INSTRUMENT FOR ASSESSING MELANOCYTIC 
NEVI FOR MALIGNANCY

Early detection of melanocytic nevus progression to malignant melanoma is a pressing concern. Traditionally, patients with multiple melanocytic nevi (MMN) 

are monitored for extended periods of time and excisional biopsies are performed on individual suspicious melanocytic nevi (MN). This approach is costly and 

tremendously time-consuming for both doctors and patients. The aim of this study was to evaluate the efficacy of a smartphone-compatible optical instrument 

in the assessment of MN for malignancy. Seven patients aged 43 to 65 years with MMN on the trunk and upper/lower extremities were followed-up for 4 

years. Dermoscopy images of MN were taken and analyzed using a Handyscope smartphone-compatible optical system operated at 20x magnification and a 

Handyscope3 application. A total of 74 MN were surgically removed during the follow-up period. None of the patients had melanoma. The results of dermoscopy 

image analysis generated by the convolutional neural network coincided with histopathology findings in all cases. The optical Handyscope system demonstrated 

its efficacy in assessing MN for malignancy. AI can be used for primary screening of MMN dermoscopy images. However, histopathological verification of the 

diagnosis is still needed. 
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MM was initially diagnosed in 19.0% of melanoma patients. 
This is a disturbing figure given that such tumors are visible 
to the naked eye [3]. Early detection of skin neoplasms (SN) 
can be significantly improved by optical instruments that are 
compatible with a smartphone and can be operated using a 
mobile application.

Risk factors for MM include excessive exposure to UV 
radiation, sunburns during childhood, Fitzpatrick skin types I 
and II, DKN2A gene mutations, the presence of 10 or more 
dysplastic nevi or over 100 multiple melanocytic nevi (MMN), 
a past history of skin cancer, and familial melanoma [4–6]. 
A combination of these factors increases the risk for MM. 
Patients with increased risk for MM are advised to undergo 
total body photography and digital dermoscopy once every 
3–6 months; the obtained MN images should be analyzed with 
AI, and excisional biopsies should be performed on suspicious 
lesions [7–9]. Patients with MNS (one of risk factors for MM) are 
recommended to have regular skin checkups once or twice; 
examination should be performed using noninvasive diagnostic 
techniques. With digital dermoscopy, a dermatologist can 
track changes occurring in MN over time and analyze them 
using AI, thereby improving the quality of diagnosis [10–12]. All 
noninvasive methods for early MM detection can be arbitrarily 
classified into the following groups:

Group 1, total body photography for preliminary diagnosis 
that can be performed at a non-specialist clinic;

Group 2, evaluation of suspicious MN that can potentially 
progress to melanoma;

Group 3, evaluation of suspicious MN that can potentially 
progress to melanoma at a specialist clinic, including the extent 
of surgery for their removal [13].

Smartphone-compatible optical systems for dermoscopy 
imaging are a novel promising method of noninvasive MN 
diagnostics. Total body photography requires costly space-
consuming equipment, whereas smartphone optical adapters 
are portable and convenient. Smartphones are affordable 
gadgets that can be used for taking, storing and sharing 
dermoscopy images or other medical data in case a second 
opinion is needed [14].

Patients with MMN should be carefully examined for 
possible changes in the existing nevi and closely monitored 
for the development of de novo lesions. However, it may 
still be difficult to spot the first signs of malignization even 
when more than one noninvasive diagnostic technique is 
applied. Unexperienced dermatologists are not always able 
to accurately interpret dermoscopy findings. This might result 
in overdiagnosis and unnecessary surgical interventions, 
on the one hand, and delayed melanoma diagnosis, on the 
other. Telediagnostics can help with difficult cases and save 
time for both patients and doctors. The rapid evolution of high 
technology and the digitalization of the medical field create 
a new, efficient environment for public health workers and 
improve the quality of medical care. The vigorous development 
of portable diagnostic devices makes it possible to monitor the 
broad range of clinically significant parameters of the human 
body. The aim of this study was to evaluate the efficacy of a 
smartphone-compatible optical system in diagnosing malignant 
melanocytic nevi.

METHODS

We followed up 4 male and 3 female patients aged 43–65 years 
(mean age being 51.14 years) over the course of 4 years. The 
following inclusion criteria were applied: male/female sex; age 
of 18 years or older; MMN on the trunk and/or extremities. 

Exclusion criteria: age under 18 years; decompensated chronic 
conditions. MN were defined as multiple if a patient had over 
100 MN. A total of 875 MN were detected and examined during 
the entire follow-up period. Of them, 74 MN were surgically 
removed. To take dermoscopy images and evaluate MN for 
malignancy, a smartphone-compatible Handyscope optical 
instrument with 20x magnification (FotoFinder; Germany) and a 
mobile Handyscope3 application were used. Handyscope3 is 
essentially a convolutional neuronal network trained on a large 
dataset of images of histologically confirmed malignancies. 

Conveniently, high-quality dermoscopy images can be 
obtained with a digital smartphone camera, which is a great aid 
in practical clinical work. However, without an additional lens 
and adequate lighting, a smartphone camera cannot ensure 
the uniformity of shooting conditions and the sufficient amount 
of detail at high resolution. From a large selection of optical 
systems available on the market, we chose a Handyscope. 
The manufacturer has developed an AI-based application for 
evaluating and storing dermoscopy images. In difficult cases, 
the image can be uploaded to a second opinion service, where 
it can be evaluated by experienced dermoscopy experts.

RESULTS

In all patients, MMN were localized predominantly to the trunk 
(n = 699; 79.89%), upper (n = 117; 13.37%) and lower (n = 59; 
6.74%) extremities. The highest number of MN (n = 183, 
including 3 dysplastic nevi) was observed in a 65-year-old 
female patient; this woman received the maximum number of 
surgical excisions for her MN (n = 25) over the course of 4 
years. The smallest number of MN (n = 126) was observed 
in a 45-year-old man; in total, he had 5 MN removed. The 
highest number of suspicious nevi was detected during primary 
examinations in the first year of observation (47 MN; 63.5%). 
In the follow-up period, the patients visited a dermatologist 
twice a year; during each visit, the patients underwent digital 
dermoscopy with a smartphone and an optical attachment. 
The obtained images were analyzed by AI in the Handyscope3 
application; AI assessed the photographed moles for 
malignancy on the scale from 0 to 1. Values from 0.5 and 
1 were interpreted as suspicious for malignancy, whereas 
values from 0 to 0.2 suggested a benign lesion. The risk of 
developing MM was explained to the patients; they were also 
strongly advised to have a checkup with a dermatologist twice 
a year. All patients were recommended to avoid direct sunlight, 
always use a maximum protection sunscreen and to give up 
on tanning at tanning salons. Patients with suspicious lesions 
were referred to an oncologist for deciding on the treatment 
strategy and evaluating the need for biopsy. According to the 
protocol proposed by the International Agency for Research on 
Cancer (IARS), the following clinical features of dysplastic nevi 
suggest the risk of melanoma: diameter over 5 mm, irregular 
pigmentation patterns, asymmetry, irregular borders, peripheral 
hyperemia. According to the classic ABCD criteria, none of 
our patients had MM. However, 5 patients had dysplastic nevi 
(totaling to 10), and in another 2 patients an equivocal diagnosis 
could not be established based on dermoscopy findings. All 
MN were analyzed by the mobile application, and all patients 
were referred to an oncologist. 

Surgical excision of MN was performed by an oncologist 
at a specialist facility. In some cases, it was the patients 
who insisted on surgery because their nevi caused esthetic 
problems or were constantly subjected to mechanical irritation. 
Prior to surgery, the patients underwent dermoscopy, and the 
nevi were photographed. Either excisional or shave biopsies 
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Fig. 1. AI in the assessment of MN for malignancy. A. A plain image of a melanocytic 
nevus. B. A malignancy score calculated by AI. C. A dermoscopy image at ×20 
magnification: a reticular dysplastic nevus with hyperpigmentation at the center. 
D. A histological slide (hematoxilin-eosin stainin, ×100 magnification) showing 
the stratified squamous keratinized epithelium with areas of mild acanthosis. 
Multiple nevus cells adjacent to the epithelium are organized in a nesting pattern. 
Impression: D22. Borderline melanocytic nevus. ICD-O code: 8740/0. No nevoid 
cells are found at the margin of excision. D. Formation of a normotrophic scar. Е. 
A dermoscopy image of the normotrophic scar (at ×20 magnification)
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were performed under infiltration anesthesia; the biopsied 
specimens were subjected to a histopathological examination. 
Fig. 1 shows stages of the diagnostic procedure and the AI-
based assessment for malignancy. 

In total, 74 MN were removed. None of the patients 
was found to have MM. Results of the AI-based malignancy 
assessment coincided with histopathology findings in all cases. 
Ten (13.5%) nevi excised from 5 patients were histologically 
confirmed to be dysplastic. In 35 cases (47.3%) histopathology 
findings were suggestive of intradermal melanocytic nevi. Nine 
(12.2%) melanocytic nevi were found to be of combined type. 
Two lesions (2.7%) were Sutton’s nevi. One lesion (1.6%) was 
a simple lentigo. In 17 cases (22.97%) of benign nevi, patients 
insisted on their surgical removal. Most of the excised nevi 
were localized to the trunk (60 MN; 81.1%), followed by upper 
(8 MN; 10.8%) and lower (6 MN; 8.1%) extremities (Fig. 2).

Postoperatively, the patients complained of occasional 
itching and tenderness in the area of hypertrophic scar 
formation and some found scarring esthetically distressing. 
Such patients were prescribed topical medications for scar 
management. 

DISCUSSION

There are no robust data on the epidemiology of MN. The 
terminology used to define MN is conflicting, and only malignant 
SN are covered by statistical analysis. Retrospective studies 
of digitized biopsies can improve our understanding of MN 
prevalence but so far this type of analysis is limited to a few 
regions [15]. There are a lot of different terms to describe MN at 
risk for progressing to melanoma [16]. In 1978, Clark described 
2 families with MMN and high frequency of MN malignization. 
This condition was referred to as the B-K mole syndrome, 
where B and K are the initials of the affected families.

According to some estimates, MN progress to melanoma 
in 4 to 54.2% cases [17, 18]. There are MN with unknown 
potential for malignancy [19]. Patients with MMN are at risk for 
melanoma; the risk is the higher, the more lesions the patient 
has. It increases 7-fold for patients who have 100 or more 
borderline nevi, as compared to those who have only 15 simple 
nevi [4]. The risk of melanoma also increases in patients with 
MMN and dysplastic nevi [5]. Nevertheless, some authors argue 
that preventive MN excision is not rational [4, 16] and propose 
that noninvasive screening should be actively promoted instead, 
including manual dermoscopy, sequential digital dermoscopy, 
computer -aided diagnosis, total body photography, high-
frequency ultrasonography, reflectance confocal microscopy, 
multiphoton tomography, electrical impedance spectroscopy, 
Raman spectroscopy, and quantitative dynamic infrared 
imaging [13].

Zink et. al compared the results of the analysis of 
dermoscopy images with clinical data and histopathology 
findings. Dermoscopy images were taken in 26 patients 
using a mobile phone and a Handyscope optical instrument. 
Physical examinations and dermoscopy were performed 
by 5 dermatologists who worked independently of each 
other. The results were compared in terms of diagnostic 
accuracy, differential diagnosis and management strategies. 
The concordance of diagnoses was 92.3%, whereas the 
concordance of recommended management strategies was 
76.9%. Of 6 histologically confirmed diagnoses, 66.7% were 
established based on dermoscopy images and a clinical 
examination. The authors concluded that digital dermoscopy 
microimages of individual lesions, including MN, combined 
with macrophotographs could be assessed qualitatively and 

that mobile digital dermoscopy could be a good alternative 
to a traditional dermatologic examination [20]. In our study, 
the results of AI-based analysis of dermoscopy images 
coincided with histopathology findings in 74 (100%) cases. 
An optical adapter for a smartphone and an accompanying 
mobile application are very practical. AI can assess the mole for 
malignancy in a matter of seconds. Importantly, the system can be 
used in telediagnostics, saving time for patients and doctors [21]. 

The existing noninvasive techniques for skin diagnostics 
cannot replace a histopathological examination. It takes a 
doctor two years to be properly trained and build up sufficient 
experience. In difficult cases, there is a risk of misinterpretation. 
AI is a good aid in the primary screening of SN and establishing 
an accurate diagnosis [22].
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Fig. 2. A preoperative photo of MMN on the abdomen. B. Postoperative scars
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In Russia, MN screening strategies, including telescreening, 
are currently in development [23].

CONCLUSION

Patients with MMN must be closely monitored for possible 
malignization, which dictates the need for novel accurate 

noninvasive diagnostic techniques. In this study, malignant MN 
were reliably detected using a smartphone-compatible optical 
instrument with 20x magnification and an AI-based mobile 
application for the analysis of dermoscopy images. Digitalization 
of the medical field and development of portable diagnostic 
instruments opens up new opportunities for providing medical 
care at a new hi-tech level. 
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