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EFFICACY OF SMARTPHONE-COMPATIBLE OPTICAL INSTRUMENT FOR ASSESSING MELANOCYTIC
NEVI FOR MALIGNANCY

Gaydina TA &, Dvornikova EG
Pirogov Russian National Research Medical University, Moscow, Russia

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. Al can be used for primary screening of MMN dermoscopy images. However, histopathological verification of the
diagnosis is still needed.
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9PPEKTUBHOCTb MCMONIb30BAHNSA ONTUYECKON CUCTEMbI CMAPT®OHA [1/151 OLIEHKU
3NTIOKAHECTBEHHOCTU MEJTAHOLIUTAPHBIX HEBYCOB

T. A lanpgmHa B3, E. . [1BopHrKoBa
Poccuiickunii HaumoHanbHbI MCCNegoBaTENbCKNA MEANLUMHCKUI YHBepcuTeT nvenn H. W. Muporosa, Mockea, Poccus

PaHHss gvarHocTka 3noka4ecTBeHHOM TpaHchopmMaL MenaHoLUUTapHbIX HEBYCOB B MenaHoMy Koxkn (MK) aBnsieTcst akTyanbHoM NpobnemMoin CoBpeMeHHOM
MeavumHbl. O6LLEeNpr3HaHHasA TaKTUKa BEAEHVS MaLMEHTOB C MHOXXECTBEHHbIMI MeNaHOLMTapHbIMI HeBycamm koxkin (MMHK) npeactasnset cobor AnHamm4eckoe
HabnoaeHe C MPOBEOEHVNEM 3KCLM3NOHHOM OMONCUM OTAEMbHBIX OHKOMOMMHYECKN MOMO3PUTENBHBIX UM MENaHOMOOMACHbBIX MEeNaHOUMTapHbIX HEBYCOB
koxn (MHK). JaHHas TakTka TpebyeT AopOorocTosiLLero 06opyaoBaHNs U OrPOMHbIX BPEMEHHbIX 3aTpaT Bpada 1 nauveHTa. Liensto paboTbl 6610 OLEeHUTb
3 PEKTUBHOCTb MCMOB30BaHNA OMTUHECKOW CUCTEMbI CMapTdoHa AN ONpPefeneHns 3MoKa4eCTBEHHOCTU MenaHoUMTapHbIx HeBycoB. CeMb MaLveHToB B
BogpacTte 43-65 net ¢ MMHK Ha koxke TynoBuLLa U KOHEYHOCTEN HaXOAUNMCh NOA HAONIOAEHVEM B TEHEHME HYeTbipex NeT. MonyyeHne 0epMaToCKOMMHECKNX
MUKPOCHVMKOB 1 OLIEHKY 310Ka4ecTBeHHOCTI MHK NpoBOAMAN NPK MOMOLLM OMTUHECKOro yeTponcTea Handyscope ¢ 20-KpaTHbIM YBENNHEHEM, COMPSIKEHHOMO
CO cMapToHOM Mof, ynpaseHneM MobuibHoro npunoxxeHrs Handyscope3. 3a nepuop HabniofeHus nauneHtam 6bino yaaneHo 74 MHK, MK He 6bino
0BHapy>keHOo HY B 0gHOM cny4yae. OLeHKa 3n1okaqeCTBEHHOCTY BCex yaaneHHbix 74 MHK, npoBegeHHast CBepTOYHOM HEMPOHHOM CETbIO, CoBMNana ¢ peaynsratamn
rMCTONOrMYECKNX UceneaoBaHnid, ONTudeckmin aganTep K cMapTdoHy nokasan aheKTMBHOCTb B AnarHoCTNKe 3nokadectBeHHoCTV MHK. [N CKpUHUHIOBOW
NEPBUYHON ANArHOCTUKM AepMaTOCKONMYecknx naobpaxeHnin MMHK BO3MOXHO MCMoNb30BaTb WCKYCCTBEHHbIN WHTennekT (M), omHako Heobxogvmo
MMCTONOMMYECKOE UCCNenoBaHVe Ans BepUVKaLMM avarHosa.

KnioyeBble CnoBa: MenaHoLUTapHbIA HEBYC KOXU, UCKYCCTBEHHbI MHTENNEKT, MOOWIIbHbIE MPUNOXKEHUS, BUOMCHS KOXW, PaHHSIS A1arHOCTKa MenaHoMbI
Bkniap aBTOPOB: aBTOPbI BHEC/V PaBHO3HaYHbIN BKa, B padoTy.
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Skin neoplasms can be evaluated using portable smartphone-
compatible instruments and artificial intelligence (Al) 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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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 |
and Il, 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
Al, 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 Al, 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.
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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 Al-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 Al in the Handyscope3
application; Al assessed the photographed moles for
malignancy on the scale from O to 1. Values from 0.5 and
1 were interpreted as suspicious for malignancy, whereas
values from O 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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were performed under infiltration anesthesia; the biopsied
specimens were subjected to a histopathological examination.
Fig. 1 shows stages of the diagnostic procedure and the Al-
based assessment for malignancy.

In total, 74 MN were removed. None of the patients
was found to have MM. Results of the Al-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 Al-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. Al 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.
Al is a good aid in the primary screening of SN and establishing
an accurate diagnosis [22].

Al score:

Fig. 1. Alin the assessment of MN for malignancy. A. A plainimage of a melanocytic
nevus. B. A malignancy score calculated by Al. C. A dermoscopy image at x20
magnification: a reticular dysplastic nevus with hyperpigmentation at the center.
D. A histological slide (hematoxilin-eosin stainin, x100 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. E.
A dermoscopy image of the normotrophic scar (at x20 magnification)

BULLETIN OF RSMU | 5, 2020 | VESTNIKRGMU.RU



OPUTMHAJIbHOE NCCJIEOOBAHVE | JEPMATO A

Fig. 2. A preoperative photo of MMN on the abdomen. B. Postoperative scars

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
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