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ABSTRACT

Relevance: Skin melanoma is the most dangerous malignant neoplasm of the skin; it ranks ninth in the structure of oncological
diseases worldwide. Despite the simplicity of preventive measures and the fact that melanoma is one of the most visually detectable
tumors, its incidence continues to rise globally each year. As a result, enhancing early detection and prevention strategies remains
a critical public health priority. Dermatoscopy remains the gold standard for early diagnosis, serving as the foundation for all
modern diagnostic equipment. Additionally, specialized genetic testing methods are available to identify familial melanoma cases in
high-incidence regions.

The study aimed to describe the capacity of modern early skin melanoma detection methods.

Methods: We used specialized scientific search engines such as Scopus and PubMed to examine current methods for early melanoma
skin cancer detection described in publications from 2014 to 2024.

Results: Dermatoscopy and confocal microscopy remain the first choices for specialized physicians due to their simplicity and
accessibility. Although Nevisense electrical impedance spectroscopy has a high diagnostic value, it is inaccessible to patients and
physicians. AI-based mobile dermatoscopic applications are promising because they are accessible to both parties. CDKN2A genetic
testing is used in regions with a high population incidence of melanoma to detect familial malignant melanoma syndrome.

Conclusion: Further technological progress shall promote modern methods of diagnosing skin melanoma based on efficiency,

cost-effectiveness, simplicity, and accessibility.

Keywords: malignant skin melanoma, early detection, noninvasive methods, familial melanoma.

Introduction: Malignant skin melanoma (MSM) is a
serious type of skin cancer that develops from melano-
cyte cells. Although squamous cell carcinoma is less com-
mon than basal cell carcinoma and squamous cell carcino-
ma, which originate from epithelial tissue, it is considered
dangerous due to its ability to rapidly metastasize to oth-
er organs [1]. Melanocytes are skin cells located in the
upper layer of the skin. They produce the pigment mel-
anin, which gives the skin its color. There are two types
of melanin: eumelanin and pheomelanin. When the skin
is exposed to ultraviolet radiation from the sun or artifi-
cial tanning, it causes damage to the skin. As a result, mel-
anocytes produce more melanin, which protects the eu-
melanin pigment from the skin, causing it to darken or
tan. Modern oncology views MSM proliferation as a com-
plex multifactorial process with a combination of genet-
ic, epigenetic, and environmental factors that contribute
to its occurrence and can be prevented [2]. MSM occurs
when DNA damage by UV radiation caused by sunburn or
oxidation induces mutations in melanocytes, which trig-
gers a complex mechanism of uncontrolled cell growth.
International Agency for Research on Cancer has classi-
fied solar ultraviolet radiation and tanning devices that
emit artificial ultraviolet radiation as carcinogens, placing
them in the highest risk category for colon cancer, along-
side other carcinogens such as radon, tobacco, and as-
bestos. Solarium-induced melanoma affects more peo-
ple than lung cancer caused by smoking [3]. According

to the International Agency for Research on Cancer (Lyon,
France), 325,000 cases of melanoma (174,000 cases in
men, 151,000 cases in women) were reported worldwide
in 2020, and 57,000 people (32,000 men and 25,000 wom-
en) died from it [4]. One important factor in the incidence
of MSM is geographical location. The incidence of MSM is
highest in equatorial regions and decreases as one moves
north or south of the equator, which is related to the num-
ber of hours of sunlight in these regions compared to re-
gions of greater or lesser longitude [5]. The incidence of
colorectal cancer has increased worldwide, not only in
the last decade but also in the past, and this increase is
faster than other cancers [6]. The most alarming element
of these statistics is the relatively young age of patients
suffering from MSM. Unlike colorectal (68 years), lung (70
years), and prostate (71 years) cancers, the median age of
diagnostics in patients with MSM is only 57 years.

The study aimed to describe the capacity of modern
early skin melanoma detection methods.

Materials and methods: Data were collected from
peer-reviewed sources indexed in the scientific search sys-
tems Scopus and PubMed between 2014 and 2024. A to-
tal of 48 sources were retrieved based on the keywords of
the study. We also analyzed open-access articles from the
European Consensus Interdisciplinary Guidelines for Mela-
noma Research. Of these, 15 sources were included in the
analysis, providing an overview of current STI prevention
methods.
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Results:

Dermatoscopy and confocal microscopy. Dermatosco-
py is the most common, simple, and accessible method of
early diagnostics. Dermatoscopy has been shown to have
a diagnostic accuracy of up to 89% compared with clin-
ical diagnostics of skin lesions [7]. Dermatoscopy should
be used for all malignant skin neoplasms, not just for clin-
ical suspicion. This is because dermatoscopy allows the
detection of morphologic asymmetry of MSM before it
is clinically recognized. Dermatoscopic photodocumen-
tation of the lesion before surgical removal is primarily
recommended [8]. Dermatoscopic features of MSM are
distinguished using the CASH algorithm (C-color, A-archi-
tecture, S-symmetry vs. asymmetry, H-homogeneity vs.
heterogeneity), an improved version of the ABCD algo-
rithm. These include color polychromy, irregular arrange-
ment of structures in the dermatoscopic image, sym-
metry and asymmetry of patterns, and the presence of
the following dermatoscopic appendages: atypical pig-
mented mesh, irregular brown-black dots/balls, irregu-
lar stripes and lines, white shiny stripes, “blue-white veil”
feature, and polymorphic veins. Figure 1 shows the der-
matoscopic image of MSM according to the clinical pres-
entation: A - MSM on the face resembling a brown flat

pigmented lesion, and dermatoscopy shows a brown
pseudo grid with irregular pigmentation of follicular
openings; B - Dermatoscopic image of superficially dis-
tributed MSM with brown asymmetry on the body skin
shows color asymmetry, atypical globules, and pigment-
ed mesh; C - Nodular melanoma of the body skin with
a bluish hue, whose dermatoscopic image shows bluish
pink color and asymmetry of structures, globules and
polymorphic vessels, and white streaks. Confocal micros-
copy provides images of the epidermis and superficial
layer of the dermis. Like dermatoscopy, it allows the eval-
uation of pathologic changes in skin tissue by obtaining
images in the horizontal plane. In confocal microscopy,
the contrast image is obtained due to differences in the
refractive index of the laser beam of organelles and other
cellular microstructures, which appear lighter against the
background of underlying structures. Confocal microsco-
py is a promising practical tool for diagnosing and mon-
itoring pigmented and non-pigmented skin neoplasms.
It shows horizontal skin layers with a maximum depth of
350 um. When examining the skin, the resolution provid-
ed by confocal microscopy is very important compared
to histologic examination since lateral resolution is less
than 1 um, and vertical resolution is 3 to 5 um.

Figure 1 - Clinical and dermatoscopic picture of malignant skin melanoma

Electrical Impedance Spectroscopy. This method ana-
lyzes the electrical resistance or conductivity of mate-
rials and systems at various frequencies. The Nevisense
system, which analyzes with this method, determines
the degree of conductivity of skin neoplasms by pass-
ing electrical currents of different frequencies through
a device similar to an ultrasound probe. Since MSM cells
conduct electric current more actively and faster than
healthy skin cells, this effect can be registered using
spectroscopy based on electrical resistance measure-
ments [9, 10]. Thanks to pre-established control meas-
urements, the system allows for comparing CT scan re-
sults with measurements from the lesion area on the

skin of the intended patient. In an international multi-
center prospective study conducted at 5 U.S. and 17 Eu-
ropean research centers, 256 of 265 cases of histologi-
cally confirmed squamous cell cancer were preliminarily
identified by the Nevisense system using electrical im-
pedance spectroscopy with an accuracy of 96.6% and
an accuracy of 100% for non-melanoma skin cancer.
Thus, the Nevisense system can be a noninvasive meth-
od for screening colorectal cancer in high-incidence
countries [11, 12].

Artificial intelligence (Al) technology based on derma-
toscopic applications for mobile phones. Al-based mobile
applications are a simple, practical, and accurate diag-
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nostics method for suspected skin cancer and squamous
cell carcinoma in patients visiting oncological dermatol-
ogists. However, its use requires careful refinement of the
decision-making mechanisms within the program [13].
Most retrospective studies in oncodermatology show
a clear advantage of Al over humans [14]. The Interna-
tional Skin Imaging Collaboration 2018 Challenge study
compared 10,015 computer algorithms across 7 diagno-
ses (MSM, nevus, dermatofibroma, pigmented basal cell
carcinoma, non-pigmented basal cell carcinoma, kerato-
sis, and benign vascular tumors). The ISIC 2018 Al algo-
rithms were more accurate than the diagnoses of young
specialists. However, the study, like almost all studies of
this type, was not conducted in realistic everyday clini-
cal settings; Instead, physicians were forced to evaluate
images on a computer screen without contextual infor-

mation. Thus, it remains unclear whether the benefits of
IA obtained in this study will be implemented in clinical
practice. The results of the ACTRN12620000695909 mul-
ticenter prospective diagnostic clinical trial conducted in
Australia and New Zealand, which allowed real-time val-
idation of the ISIC 2018 study, are described as a “new
wave” of artificial intelligence in oncodermatology when
compared to the ISIC 2018 Al, the Al diagnoses in cate-
gory 7 in the study were equivalent to those of the lead-
ing specialists. The absolute difference in accuracy com-
pared to the decisions of the leading specialists was 1.2%,
and in contrast, it exceeded those of the young special-
ists by 21.5%. The balanced multi-class accuracy (average
completeness score) of the above 7 diagnoses was 65.9%
for category 7, 52.2% for ISIC 2018, 73.8% for leading spe-
cialists, and 35.5% for young specialists [15].
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Figure 2 — Involvement of the CDKN2A gene in the pathogenesis of malignant skin melanoma

Genetic testing for the CDKN2A gene. The CDKN2A gene,
acyclin-dependentkinase 2ainhibitor, is located on chro-
mosome 9. It encodes several proteins, the most studied
of which are p16ink4a and p14arf, which slow cell division
and act as a TSC suppressor. Normally, the CDKN2A gene
is involved in the prevention of MSM, but when mutat-
ed, it increases the risk of developing MSM. Mutations in
CDKN2A, along with multiple dysplastic nevus syndrome,
cause FAMMM syndrome, i.e., familial atypical multiple

myeloma inherited in first-degree relatives in the autoso-
mal dominant type [16, 17]. Environmental factors (ultra-
violet light) and genetic heredity (CDKN2A, CDK4, MC1R,
BRAF, p16/ARF genes) lead to the accumulation of ge-
netic mutations in melanocytes. As a result, oncogenes
are activated, tumor suppressor genes are suppressed,
and DNA repair processes are impaired [18]. This, in turn,
leads to proliferation, pathologic angiogenesis, pene-
tration of MSM into tissues, and evasion of immune re-
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sponse (Figure 2). Genetic testing for MSM susceptibili-
ty genes is recommended in families with MSM after a
suitable candidate has been selected and appropriate
counseling has been provided to the patient. Currently,
access to genetic testing depends on the geographic dis-
tribution of the disease, with 5-12% of cases being “famil-
ial” [19], and the proposed criteria for genetic evaluation
are used in countries with very high incidence, such as
Australia. Genetic testing of the CDKN2A gene has been
available for over 20 years. However, the use of multigene
panels to test for hereditary MSM is increasingly being
implemented in clinical practice, increasing the ability to
identify pathogenetic variants [20]. Multigene testing is
particularly important if there is a family history of oth-
er cancers, as some genes predisposing to MSM may be
associated with other hereditary cancers (e.g., pancreat-
ic cancer). This facilitates a personalized approach to test-
ing [21].

Discussion: Early detection of MSM is a challenging
task that requires a multidisciplinary approach. The der-
matoscopy and confocal microscopy methods presented
in this article are more widely used, easier to apply, and
relatively affordable than the electro-impedance spec-
troscopy method. Although the Nevisense electroimped-
ance spectroscopy method has demonstrated its supe-
riority in detecting various types of skin neoplasms, it is
not available to Onco-dermatologists and patients. The
ACTRN126200000000695909 study on Al-based mobile
dermatoscopic applications is the first prospective study
to validate the potential of artificial intelligence-based
MSM diagnostics using dermatoscopic imaging in a clin-
ical setting for all clinically relevant classes of pigment-
ed lesions. The importance of the study is underscored
by the fact that the results were obtained using simple
cell phone technology with no available hardware, un-
like previous, more expensive, stand-alone devices. It is
important to inform people with mutations in the “fa-
milial” MSM and CDKN2a genes about preventive meas-
ures. They should be instructed in photoprotection tech-
niques and monthly self-examination, and for high-risk
individuals, the frequency of examinations by an Oncolo-
gist or Dermatologist should be increased to once every
3-12 months.

Conclusion: Effective methods and technologies
for early detection of MSM are now becoming availa-
ble. However, one of the main challenges is implement-
ing these methods in clinical practice for rational use in
relation to the patient. The requirements for diagnostic
methods include high diagnostic accuracy of methods,
ease of use, digital registration of results and binary re-
sponses of diagnostic systems, and economic accessi-
bility. This considers the need for training of health care
providers, minimal time commitment for the patient and
physician, and convenience for the patient. Unfortunate-
ly, a modern noninvasive diagnostic method that meets
all these requirements has not yet been found. This situa-
tion means that the physician chooses an available meth-
od rather than an effective one for the patient. Thus, the
human factor can be considered one of the obstacles to
early detection of MSM.
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AHJATIIA

KATEPJII TEPI MEJIAHOMACBIH EPTE CATBIJIA AHBIKTAY IbIH
3AMAHAYU SAICTEPI:
9/IEBH IOJ1Y

A.E. Ooinoea', I M.Ycamaesa', M.2K. Cazvinovikoe*

1«dn-Dapabu atbiHaarbl Kasak YnTrbik YHuepcuterti» KEAK, Anmarbl, Kazakcran Pecny6aukacb;
ZaNe 5 Kananbik Knunukanbik Aypyxaxa» LIXKK KMK, Anmar, Kasakcran Pecny6nmkacol

Oszexminizi: Kamepai mepi menanomace mepiniy kamepni my3inicmepiniy iwinoeei ey Kayinmici 60avin maoduvliaosl x#coHe OyHue
oHcy3i OOUbIHULA OHKONOZUANBIK AYPYIAD KYDULIIMbIHOA MObI3bIHUbL OPLIHOA. ANObIH ANy WAapaiapbiibly KapanaiblMOblLIblebl MeH
oHKon02UAOA2bl U3YAN0bl Mypoe KOICemimOl NOKATU3AYUAAd JHCAMAMBIHbIHA KAPAMACAN, mepiniy Kamepni MeianomacbimeH
COIPKAMMAaHYWbLIbIK OYHUE HCy3iHOe bl cativii ocy yeminde. CoOHObIKmMan oa, aypyovly epme camuvloa AHbIKMAY MeH al0blH ALy
adicmepin dicemindipy Oyzinei mayoa Ko2amovlK OeHCAYIbIK CAKMAY CanlacblHOaabl Maybl30bl MiHOem 60.16in mabwiiadvl. Epme camvloa
aHvIKmay o0icmepiniy apacvlHOa «aimvlH CIAHOapmy peminoe 0epmamockonus 00avin Kaaia 6epmex Heone 3amManayi iadovikmapobiy
bapnvievl 0a ocvl vdicke nezizoencen. ConbIMEH Kamap, CulpKAMMAHYUbLIbIK HCO2apbl AlMaKmapoa «0modacwliblK MenaHoOMaHbLy
AHLIKMAMbIH APHAlbl 2eHeMUKANBIK, mecminey odicmepi 0e KapacmulpbliadH.

3epmmeyoin maKcamuol — mepi MEIAHOMACHIH epme Camvloa AHbIKMAYObll 3aMAHAYU d0iCMePIiHiy MyMKIHOIKmepin cunammay.

Aoicmepi: Scopus, PubMed apnaiivl evinvivu iz30ey scytienepi apkwinet 2014-2024 scvinoap apanvieeindazsl 0epekkozoepoer mepi
MeNaHoMAacsli epme camvlod aHbIKMAyobly 3aManayu s0icmepi zepmmenoi.

Homucenepi: Maxanada cunammanzan 0epmamockonus MeH KOH@OKanbObl MUKPOCKONUA d0icmepi KapanablMOblLiblebl MeH
KONcemiMOiNieiHiy apKacvinoa, Oellindi Oopicepaepdiy OipiHwi kesekmeei manoay 90ici bonvin Kanvin omulp. Hegucenc ocyiieci
APKLLILL  HCYpRI3iemin  2NeKMPOUMNEOAHCIbL  CHEKMPOCKONUA  9O0ICIHIY OUAZHOCIMUKATBIK KYHObLIbIEbL JHo2apbl  OON2aHbIMEH,
HayKkac nen 0opicepee Kondcemimcis. ¥anvl meneghonoazvl 0epmamockonuanbly KOCbIMuAiaped ne2iz0encet JHcacanobl UHmeieKm
MeXHONO2UACBIHLIY Oonauazel 30p, cebebi exi dHcakka 0a KoaxcemimOi ysanvl meiedon neeisinoe ocacanzan. Ilonyrayusoazvl
CLIPKAMMAHYWLLIbIK, KopcemKiumepi dicoeapbl OYHUe DJICY3iHiH auMakmapulHoa OmOACHIIbIK MYKbIM Kyalaumeln Kamepai mepi
menanomacvin anvikmayea CDKN2A ecenine eenemuranvix mecminey scypeizineoi.

Kopvimuinovt: Texnono2usnbls npoepeccmiy Jcan2acyblmMen mepi MenanoMacull OUAeHOCMUKANAy0d 3amanayu odicmepoin
KOLOAHBLILY bl MUIMOLTIK, YHEMOLIIK, KapanatblMObLIbIK, KOIHCEMIMOLIIK CUAKMbI NPUHYUNMepee He2i30enyi Kepex.

Tyuiinoi co30ep: kamepii mepi MeIaHOMACHL, epme camuvlod AHbIKMAY, UHEA3USMI eMec ddicmep, OmOACLLIbIK MEAHOMA.

AHHOTAD UL

COBPEMEHHBIE METO/JbI BBISABJIEHU A SJJIOKA‘IECTBEHHOI\/'I MEJIAHOMBI KOKH
HA PAHHEU CTA/IUU:
OB30P JIMTEPATYPbBI

A.E. Aounoea', I'M. Ycamaesa', M.JK. Cazbt1ovikoe*

THAO «Ka3axckuit HaumoHanbHbiii YHuBepcutet umenn anb-Oapabuy, Anmatbl, Pecny6nuka Kasaxcran;
2KI'M Ha NMXB «fopoackan KnuHnyeckan 6onbHuLa N25», Anmatbl, Pecnybnuka Kasaxcran

Axmyanvnocms: Menanoma Koxicu SGNSAEMC CAMbIM ONACHBIM 310KAYECMBEHHbIM HOB00OPA308AHUEM KOJICU U 3AHUMAEM
oessimoe Mecmo 8 CMpYKmype OHKOLO2UYECKUX 3a001e6anull 60 ecem mupe. Hecmomps na npocmomy npoguiakmuueckux mep u
mom axkm, Wmo MeiaHOMA KOJHCU OMHOCUMCSL K ONYXOJAM U3VATbHO OOCMYNHOU IOKAAU3AYUU, 3A001€6AeMOCTb 310KAUeCMEEHHOU
MENAHOMOU KOJCU edce200H0 pacmem 80 gcem mupe. [1oamomy cosepuiencmeosanue memooos GblaeieHus U npoOUIAKmuKy Ha
PanHell cmaouu A6Asemcs ce200Hs gaxcheliwell 3aoayeli ooujecmeenno2o 30pasooxpanerus. Cpeou memooos o0OHapydlcenus: Ha

Oncology and Radiology of Kazakhstan, Nel (75) 2025 99



@) KazIOR

KAZAKH INSTITUTE OF ONCOLOGY AND RADIOLOGY

LITERATURE REVIEWS

PAHHUX CMAOUsix 0epMamoCKONUs OCMAemcs «3010MblM CMAHOAPMOM», U 8Ce COBPEMEHHOe 000pPYO08aHUe OCHOBAHO HA SMOM
memooe. Kpome moeo, 6 pecuonax ¢ 6biCoKoll 3a001€60aeMOCmblo Makice npedyCMOmpeHsl CneyudibHble Memoosbl 2eHemu4ecKo2o
Mecmuposans, KOmopuvle N0360AI0ON BbIABUNb KCEMEUHYIO MENAHOMY).

Llens uccnedosanus — onucanue 803MOHCHOCMEN COBPEMEHHBIX MEMOO08 BbIABNCHUS MELAHOMbL KOXCU HA PAHHEU CIAOUU.

Memoowi: C nomowbio cneyuanbublx HAyyHblx nouckosvix cucmem Scopus, PubMed usyuenvi cospemeninvie memoovl panHeo
BbIABICHUSL METAHOMbL KONHCU NO UCMOYHUKAM 3a nepuod 2014-2024 ze.

Pesynomamer: Memoowvl depmamockonuu u KOH@POKANbHOU MUKPOCKORUU, ONUCAHHbIE 8 cmambe, 01az2o0apsi ceoell npocmome
U QOCMYnHOCMU OCMAIOMC MemoOOM NPUOPUMEMHO20 6blO0pa NPOGUIbHBIX épaueli. Xoms Mmemood 31eKmpouMneoanHcHol
CHEKMPOCKONUU, NPOBOOUMBLI Yepes cucmemy Hesucenc, umeem 6bicOKYI0 OUAZHOCIMUYECKYIO YeHHOCHb, OH HEOOCMYNeH Ol NayUeHma
u epaua. TexnHono2us UCKyCcCmeeHHO20 UHMENNeKMd, OCHOBAHHASA HA 0ePMAMOCKONUYECKUX NPULONCEHUAX 8 MOOUTIbHBIX menehoHax,
A81Aemes MHo2oobewaoujell, NOCKOIbKY OHA OCHO8AHA HA MOOUIbHOM meiegone, 00CMynHoM 015 0beux cmopoH. B peeuonax c
BbLICOKUMU NOKAZAMENAMU 3a001€6AeMOCIU HACENEHUS MEAAHOMOU KOJHCU NPO8OOUmMcs 2enemudeckoe mecmuposanue eena CDKN2A
Ha 8bIAGNEHUE CEMEUHOU HACIEOCMBEHHOU 310KAYECMEEHHOU MENAHOMbI KOJICU.

3aknwouenue: Ilo mepe npooondtcenus MexHON02UHECKO20 Npopeccd NpUMEHEHUEe COBPEMEHHbIX Memooos 6 OUACHOCUKE
MeNAHOMbL KOJICU OONICHO OCHOBBIBAMbCS HA MAKUX NPUHYUNAX, KAK IDPEKMUSHOCIb, SKOHOMUYHOCHb, NPOCMOMA, OOCHYNHOCb.

Kniwouesvle cnosa: 310Kkauecmeennas MeiaHOMA KOMXCU, GbIAGIEHUE HA PAHHEN Cmaodui, HEeUHBA3USHble Memoobl, CeMelHds
Menanoma.
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