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Rozdzial 1.

Curriculum Vitae

Doswiadczenie zawodowe i wyksztatcenie

2023-obecnie

2020-2023

2018-2019

2012-2018

2009-2012

Uniwersytecki Szpital Kliniczny im. Fryderyka Chopina
w Rzeszowie,

Klinika Dermatologii i Dermatologii Onkologicznej
Stanowisko: lekarz rezydent w trakcie specjalizacji

z dermatologii i wenerologii

Wojewodzki Szpital Podkarpacki im. Jana Pawta Il w Krosnie
Stanowisko: lekarz rezydent w trakcie specjalizacji
z dermatologii i wenerologii

Kliniczny Szpital Wojewodzki Nr 1 w Rzeszowie
Stanowisko: lekarz stazysta

Uniwersytet Jagielloriski w Krakowie, Collegium Medicum
Kierunek: lekarski
Ukonczenie studiow z wyrdznieniem. Uzyskanie tytutu

zawodowego lekarza z wynikiem bardzo dobrym.

IV Liceum Ogdlnoksztatcgce im. Mikotaja Kopernika
w Rzeszowie
Profil: biologiczno-chemiczny

Uzyskanie swiadectwa maturalnego z wyrdznieniem.



Publikacje:

(z wylaczeniem prac bedacych czescia rozprawy doktorskiej)

1.

2.

Wojtowicz 1., Krawczyk-Woloszyn K., Ostanska E., Reich A., Zychowska M.
Choose your biopsy site wisely — the utility of dermoscopy in the diagnosis of

Bowen’s disease of the face. Forum Dermatologicum, 2024, 10(2), 50-53.

Wojtowicz I., Reich A. Hidradenitis suppurativa — co dotychczas wiadomo?
Wiadomosci Dermatologiczne, 2024; 22. Dostepne na:
https://www.wiadomoscidermatologiczne.pl/artykul/hidradenitis-suppurativa-

co-dotychczas-wiadomo [dostep: 31.05.2025].

3. Wojtowicz 1., Zychowska M. Dermoskopia w $wietle ultrafioletowym w

dermatoonkologii. W: Diagnostyka obrazowa zto$liwych nowotworow skory. Pod
redakcjg: Kaminska-Winciorek G. Warszawa: Polskie Towarzystwo Chirurgii

Onkologicznej, Biblioteka Chirurga Onkologa — w trakcie procesu publikacji

Doniesienia zjazdowe:

1.

Wojtowicz 1., Reich A., Zychowska M. Ultraviolet-induced fluorescence
dermoscopy features of basal cell carcinomas in the H- and non-H-zones of the
head and neck area. Spring Symposium of the European Academy of Dermatology
and Venereology, Praga, 2224 maja 2025.

Wojtowicz 1. Zastosowanie dermatoskopii i dermatoskopii wzmocnione]
ultrafioletem w ocenie raka podstawnokomodrkowego. Zjazd Sekcji Forum
Mtodych Polskiego Towarzystwa Dermatologicznego, £.6dz, 24-25 pazdziernika
2024.

Wojtowicz I. Xanthogranuloma necrobioticum. Konferencja naukowa ,, Cyklowki
dermatologiczne” pod egidg Oddziatu Podkarpackiego Polskiego Towarzystwa

Dermatologicznego, Rzeszow, 6 grudnia 2024.



Dzialalnos¢ dydaktyczna i organizacyjna:
1. Wspotprowadzenie warsztatow pt. ,,Dermatoskopia chordéb wieku dziecigcego” —
prezentacja tematu ,,Melanonychia u dzieci” podczas konferencji ,,Podkarpackie

Dni Dermatologii”, ktéra odbyta si¢ w dniach 27-29 marca 2025 r. w Rzeszowie.

Nagrody i wyroznienia

1. Wyroéznienie Specjalne w kategorii "Praca Kliniczna" za prace pt.
"Zastosowanie dermatoskopii i dermatoskopii wzmocnionej ultrafioletem w
ocenie raka podstawnokomorkowego", podczas Zjazdu Sekcji Forum Mtodych

Polskiego Towarzystwa Dermatologicznego, £.6dz, 24-25 pazdziernika 2024 r.

2. Stypendium Mentorship Award przyznane przez International Society of
Dermatology (ISD) na realizacj¢ 2-miesi¢cznego stazu klinicznego w Australii,
obejmujacego szkolenie w wiodacych osrodkach dermatologicznych: w
Melbourne pod kierunkiem prof. Rosemary Nixon oraz w Sydney pod kierunkiem

prof. Dedee Murrell.



Rozdzial 2.
Wykaz skrotow

Al — sztuczna inteligencja (ang artificial intelligence)
BCC — rak podstawnokomoérkowy (ang. basal cell carcinoma)

BSC — rak podstawnokomorkowy o cechach ptaskonabtonkowych (ang. basosquamous
carcinoma)

EVD — dermoskopia ex vivo (ang. ex vivo dermoscopy)

MAY globules — liczne, zgrupowane, z6tto-biate globule (ang. multiple aggregated
vellow-white globules)

NPD — dermoskopia niespolaryzowana (ang. non-polarized dermoscopy)
OCT - optyczna koherentna tomografia (ang. optical coherence tomography)

OSHMD - optyczna dermoskopia duzych powiekszen (ang. optical super-high
magnification dermoscopy)

PD — dermoskopia spolaryzowana (ang. polarized dermoscopy)

PDT - terapia fotodynamiczna (ang. photodynamic therapy)

PPV — dodatnia warto$¢ predykcyjna (ang. positive predictive value)

RCM - refleksyjna mikroskopia konfokalna (ang. reflectance confocal microscopy)
SCC - rak kolczystokomorkowy (ang. squamous cell carcinoma)

SD — odchylenie standardowe (ang. standard deviation)

UV — $wiatlo ultrafioletowe (ang. ultraviolet light)

UVFD — dermoskopia wzmocniona ultrafioletem (ang. ultraviolet-enhanced
fluorescence dermoscopy)

WADD - dermoskopia z zastosowaniem szerokiego pola widzenia (ang. wide-area
digital dermoscopy)



Rozdzial 3

Wykaz publikacji stanowiacych rozprawe doktorska

1. Praca przegladowa

Tytul: Dermoscopy of Basal Cell Carcinoma Part 1: Dermoscopic Findings and
Diagnostic Accuracy — A Systematic Literature Review

Autorzy: Irena Wojtowicz, Magdalena Zychowska

Cancers, 2025; 17(3):493. doi: 10.3390/cancers17030493

IF = 4.5 | MNiSW = 140 points | Q1

2. Praca przegladowa
Tytul: Dermoscopy of Basal Cell Carcinoma Part 2: Dermoscopic Findings by Lesion
Subtype, Location, Age of Onset, Size and Patient Phototype
Autorzy: Irena Wojtowicz, Magdalena Zychowska
Cancers, 2025; 17(2):176. doi: 10.3390/cancers17020176
IF =4.5 | MNiSW = 140 points | Q1
3. Praca przegladowa
Tytul: Dermoscopy of Basal Cell Carcinoma Part 3: Differential Diagnosis,
Treatment Monitoring and Novel Technologies
Autorzy: Irena Wojtowicz, Magdalena Zychowska

Cancers, 2025; 17(6):1025. doi: 10.3390/cancers17061025

IF =4.5 | MNiSW = 140 points | Q1



4. Praca oryginalna

Tytul: Application of Ultraviolet-Enhanced Fluorescence Dermoscopy in Basal Cell
Carcinoma

Autorzy: Irena Wojtowicz, Magdalena Zychowska
Cancers, 2024; 16(15):2685. doi: 10.3390/cancers16152685

IF =4.5 | MNiSW = 140 points | Q1

5. Praca oryginalna

Tytul: Polarized Dermoscopy and Ultraviolet-Induced Fluorescence Dermoscopy of
Basal Cell Carcinomas in the H- and Non-H-Zones of the Head and Neck

Autorzy: Irena M. Wojtowicz, Adam A. Reich, Magdalena Zychowska
Dermatology and Therapy (Heidelb), 2025. https://doi.org/10.1007/s13555-025-01432-z

IF = 3.5 | MNiSW = 100 points | Q2

Podsumowanie bibliometryczne
Y.aczny Impact Factor (IF): 21,5

Laczna punktacja MNiSW: 660 punktow


https://doi.org/10.1007/s13555-025-01432-z

Rozdzial 4.

Wstep

Rak podstawnokomoérkowy (ang. basal cell carcinoma, BCC) jest najczesciej
wystepujacym ztosliwym nowotworem skory 1 nowotworem ogoédtem [1]. Cho¢ rzadko
prowadzi do zgonu, jego miejscowo agresywny wzrost moze powodowac istotne
uszkodzenia tkanek, prowadzac do deformacji anatomicznych i powaznych konsekwencji
funkcjonalnych oraz estetycznych. Aktualne dane wskazuja, ze ryzyko zachorowania na
BCC w ciagu zycia wynosi okoto 20%, co oznacza, ze problem ten dotyczy co piatej
osoby [2]. Co wigcej, czestos¢ wystepowania BCC jest szacowana jako 18-20 razy
wyzsza niz czerniaka, co dodatkowo podkresla skalg tego zagadnienia w populacji

ogo6lnej [3].

We wezesnym rozpoznaniu BCC w codziennej praktyce klinicznej szczegdlnie przydatna
jest dermoskopia — nieinwazyjna technika umozliwiajaca wizualizacj¢ struktur skornych
od naskorka az po warstwe brodawkowatg skory wtasciwej, niewidocznych golym okiem
[4]. Dermoskopia znacznie zwigksza czuto§¢ wykrywania zmian nowotworowych w
porownaniu do badania klinicznego, osiagajac czutos¢ na poziomie od 67,6% do 98,6%
oraz dodatnig warto$¢ predykcyjna (ang. positive predictive value, PPV) rzedu 85,9%—
97% [5,6,7]. Pomimo wysokiej skutecznosci, nadal istnieje ryzyko blednej interpretaciji,

zwlaszcza w przypadku zmian o nietypowym obrazie dermoskopowym.

W codziennej praktyce trudnosci moga sprawia¢ zmiany takie jak podraznione lub
zmienione zapalnie brodawki tojotokowe, wldkniaki twarde z obrazem imitujacym BCC
czy BCC zlokalizowane na konczynach dolnych [8,9,10,11]. Ponadto, rzadko
wystepujace zmiany, takie jak m.in. nerwiakowldkniak §luzowy, skérny mig$niak
gladkokomorkowy czy nowotwory przydatkowe skory pozostaja czgsto nierozroznialne
za pomocag klasycznej dermoskopii [12,13,14]. W takich przypadkach niezbedna
pozostaje weryfikacja histopatologiczna — ztoty standard w diagnostyce i podstawowe
narzg¢dzie decydujace o dalszym postepowaniu terapeutycznym [14]. Co istotne, zdarzaja
si¢ sytuacje, w ktorych zmiany rozpoznawane wstepnie jako BCC, w rzeczywisto$ci
okazujg si¢ innymi jednostkami chorobowymi np. chioniakami skéry z komorek B,

przerzutami raka nerki czy skorng postacia histoplazmozy [15,16,17].
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Powyzsze trudnosci diagnostyczne oraz ograniczenia obecnych technik obrazowania
sktaniaja do poszukiwania nowych metod wspomagajacych nieinwazyjne wczesne
rozpoznawanie BCC. Jednym z kierunkéw rozwoju dermoskopii jest integracja
dodatkowych technologii, takich jak wykorzystanie $wiatta ultrafioletowego (ang.

ultraviolet light, UV).

Dermoskopia fluorescencyjna wzmocniona ultrafioletem (ang. wultraviolet-enhanced
fluorescence dermoscopy, UVFD) to metoda, ktora wykorzystuje promieniowanie UV o
dlugosci fali 365 nm, znane dotychczas z zastosowania w lampie Wooda, w celu
wzbudzenia fluorescencji endogennych chromoforéw skory, takich jak melanina i
hemoglobina. W wyniku zjawiska przesuni¢cia Stokesa pochtonigta energia $wietlna
powoduje wzbudzenie elektrondéw, ktore powracajac do stanu podstawowego emitujg
$wiatto o dluzszej fali, mieszczace si¢ w zakresie widzialnym. Uzyskana fluorescencja
pozwala na uwidocznienie réznic w strukturze i sktadzie chemicznym tkanek, co moze
zwigksza¢ kontrast obrazu i poprawia¢ doktadno$¢ diagnostyczng w ocenie zmian

skérnych [18].
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Rozdzial 5.

Cele

Celem pracy byla analiza wykorzystania UVFD w ocenie BCC, z uwzglednieniem
obecnych struktur dermoskopowych i ich wystepowania w zaleznosci od lokalizacji,

wielkosci i1 podtypu klinicznego nowotworu.

Szczegotowe cele pracy:

1. Analiza stanu wiedzy na temat wykorzystania klasycznej dermoskopii w ocenie

BCC (Publikacje 1, 2, 3)

2. Identyfikacja i zdefiniowanie struktur dermoskopowych widocznych w BCC w

UVFD (Publikacja 4)

3. Analiza czgsto$ci wystgpowania poszczegdlnych cech UVFD w BCC i ich

korelacji ze strukturami obecnymi w PD (Publikacja 4)

4. Poréwnanie obrazu BCC w UVFD w zaleznosci od lokalizacji, wielko$ci

nowotworu oraz podtypu klinicznego (Publikacja 4)

5. Analiza obrazu BCC w UVFD i PD w poszczegdlnych rejonach glowy i szyi ze
szczeg6lnym uwzglednieniem strefy H (Publikacja 5)
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Rozdzial 6.

Materialy i metody

Niniejsza rozprawa doktorska sklada si¢ z pigciu prac. W trzech pracach
przegladowych (publikacja nr 1, 2, 3) podsumowano dotychczasowy stan wiedzy na
temat tzw. klasycznej dermoskopii, obejmujacej PD oraz dermoskopi¢ niespolaryzowang
(ang. non-polarized dermoscopy, NPD) w ocenie BCC. Dwa badania oryginalne
koncentrowaly si¢ na ocenie cech dermoskopowych BCC widocznych w PD oraz w
UVFD. Analiza uwzgledniata lokalizacj¢ zmian zarowno na twarzy, jak i poza nig, ich
rozmiar oraz kliniczny podtyp BCC (publikacja nr 4), a takze szczegdtowe rejony

anatomiczne w obrebie glowy i szyi (publikacja nr 5).

Publikacja I: Dermoscopy of Basal Cell Carcinoma Part 1: Dermoscopic Findings

and Diagnostic Accuracy — A Systematic Literature Review

Publikacja 2: Dermoscopy of Basal Cell Carcinoma Part 2: Dermoscopic Findings

by Lesion Subtype, Location, Age of Onset, Size and Patient Phototype

Publikacja 3: Dermoscopy of Basal Cell Carcinoma Part 3: Differential Diagnosis,

Treatment Monitoring and Novel Technologies

Powyzsze przeglady systematyczne zostaly przeprowadzone zgodnie z wytycznymi
PRISMA [19]. Przeszukano baz¢ danych PubMed od jej powstania do wrzes$nia 2024

roku, stosujac kombinacje stéw kluczowych odnoszacych si¢ do BCC oraz dermoskopii.

Wiaczono wylacznie artykuty oryginalne w jezyku angielskim zawierajace dane na temat
cech dermoskopowych oraz doktadno$ci diagnostycznej dermoskopii (publikacja nr 1),
obrazu dermoskopowego w zaleznosci od podtypu BCC, jego lokalizacji, wielkosci,
wieku zachorowania i fototypu skory pacjenta (publikacja nr 2), roli dermoskopii w
diagnostyce réznicowej, monitorowaniu terapii oraz opisujagce nowoczesne metody
diagnostyczne bedace modyfikacja tzw. klasycznej dermoskopii (publikacja nr 3).
Dodatkowo przeszukano listy bibliograficzne wybranych publikacji w celu identyfikacji

potencjalnie istotnych badan nieujgtych w poczatkowym wyszukiwaniu. Wykluczono
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prace pogladowe, komentarze redakcyjne, opinie eksperckie, publikacje bez dostepu do

petnego tekstu oraz napisane w jezyku innym niz angielski.

Publikacja 4

Praca oryginalna: Application of Ultraviolet-Enhanced Fluorescence Dermoscopy in

Basal Cell Carcinoma

Badanie przeprowadzono w Klinice Dermatologii w Rzeszowie. Do analizy wlaczono
pacjentéw zglaszajacych si¢ do Kliniki z podejrzeniem BCC, wysunigtym w oparciu o
ocen¢ kliniczng i dermoskopowa. Ostateczne rozpoznanie kazdorazowo potwierdzano
histopatologicznie. W badaniu uzyto dermatoskop Dermlite DL5, umozliwiajacy
obrazowanie w trybie PD oraz UVFD (UV o dtugosci fali 365 nm). Zdjecia wykonywano

za pomocg telefonu iPhone 7 Plus, a nast¢pnie zapisywano i analizowano.

Obserwacje dermoskopowe w trybie PD oceniano zgodnie ze standardowymi kryteriami
stosowanymi w dermatoonkologii, uwzgledniajac obecno$¢ struktur naczyniowych (np.
naczynia rozgal¢ziajace si¢ drzewkowato, drobne, krotkie teleangiektazje), struktur
barwnikowych (np. obszary przypominajace liScie klonu, duze szaro-niebieskie gniazda
owalne, obszary w ksztalcie kot ze szprychami) oraz innych cech, takich jak owrzodzenia,

homogenne obszary czerwono-biale czy wyrazne granice guza.

Obraz BCC w UVFD nie byt dotychczas analizowany i opisywany w literaturze. Na

podstawie wiasnych obserwacji wyr6zniono nastepujace struktury:

o Ciemng sylwetke guza (ang. dark silhouettes)

o Zaburzony wzorzec uj$¢ mieszkow wlosowych (ang. interrupted follicle pattern)

o Brak niebiesko-zielonej fluorescencji w obrebie guza (ang. lack of blue-green
fluorescence)

o Brak rézowo-pomaranczowej fluorescencji w obrgbie guza (ang. lack of pink-

range fluorescence)

o Obecnos¢ rozowo-pomaranczowej fluorescencji (ang. pink-range fluorescence)
o Obecnos¢ btekitnych widkien fluorescencyjnych (ang. blue fluorescent fibers)
o Nadzerki i owrzodzenia (ang. erosions and ulcerations)

o Biato-niebieska tuske (ang. white-blue scales)
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. Naczynia rozgalgziajace si¢ drzewkowato (ang. arborizing vessels)
. Czarne globule (ang. black globules)

. Ogniska bialej depigmentacji (ang. white depigmentation)

. Biale grudki/globule (ang. white clods)

. Dobrze widoczne granice guza (ang. well-demarcated borders)

Wiekszo$¢ z wymienionych struktur zaprezentowano na Rycinie 1.

Ryec. 1. Struktury obserwowane w raku podstawnokomorkowym (ang. basal cell carcinoma, BCC) w
dermoskopii wzmocnionej ultrafioletem (ang. ultraviolet-enhanced fluorescence dermoscopy, UVFD). (a)
Ciemna sylwetka guza, r6zowo-pomaranczowa (czarne groty strzatek) i niebiesko-zielona (biate groty
strzalek) fluorescencja w skorze otaczajacej i ich brak w obrebie guza. (b) Ciemna sylwetka guza z
ogniskami bialej depigmentacji (czarne gwiazdki) i rozowo-pomaranczowsg fluorescencja (z6tty okrag). (c)
Biate grudki (czerwone groty strzatek), czarne globule (zielone groty strzatek), zachowany wzorzec uj$¢
mieszkowych w otoczeniu (z6lte strzalki) i jego zaburzenie w obrg¢bie zmiany. (d) Biato-niebieska tuska
(czarne gwiazdki), bigkitne wldkna fluorescencyjne (czerwone groty strzatek), naczynia rozgateziajace si¢
drzewkowato (zielone strzatki). (¢) Ciemna sylwetka guza, r6zowo-pomaranczowa fluorescencja (czarne
groty strzalek) w skorze otaczajacej i jej brak w obrebie guza, biato-niebieska tuska (czarna gwiazdka),
zachowany wzorzec uj$¢ mieszkowych w otoczeniu i jego zaburzenie w obrgbie guza (niebieskie strzatki).
(f) Blgkitne widkna fluorescencyjne (zo6tta strzatka), rézowo-pomaranczowa fluorescencja (czarne groty

strzalek) w skorze otaczajacej i jej brak w obrgbie guza. Ta rycina jest czeScig publikacji nr 4.
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,Ciemna sylwetka” odnosita si¢ do obszaru zmiany nowotworowej, ktory wykazywat
wyraznie ciemniejsze zabarwienie w poréwnaniu do otaczajacej skory. ,,Zaburzony
wzorzec uj$¢ mieszkow wlosowych” identyfikowano na podstawie obecnosci regularnie
rozmieszczonych, ciemnych, okraglych lub owalnych struktur odpowiadajacych ujsciom
mieszkow wlosowych w skorze zdrowej, ktorych brak stwierdzano w obrebie guza. ,,Brak
fluorescencji mieszkowej niebiesko-zielonej czy rézowo-pomaranczowej” definiowano
jako obecno$¢ tych wzorcoéw fluorescencji w skorze otaczajacej zmiang z jednoczesnym
ich catkowitym brakiem w obrebie nowotworu. Z kolei ,biata depigmentacja” byla
rozumiana jako intensywnie jasna, jednorodna strefa o biatym zabarwieniu, wyraznie

odrézniajaca si¢ zarowno od reszty guza, jak i od skory sasiadujace;.

W badaniu analizowano obraz PD oraz UVFD z uwzglednieniem lokalizacji BCC
(poréwnujac zmiany umiejscowione na twarzy i poza jej obszarem), rozmiaru (mate <5
mm S$rednicy, $srednie 5-10 mm, duze >10 mm) oraz podtypu klinicznego (guzkowy i

powierzchowny). Dodatkowo oceniano korelacje struktur widocznych w PD oraz UVFD.

Analize statystyczng wykonano przy uzyciu programu SPSS. Zmienne kategoryczne
przedstawiono jako liczby bezwzgledne i procenty, natomiast zmienne ciagle jako $rednie
+ odchylenie standardowe (ang. standard deviation, SD). Do poréwnan
migdzygrupowych zastosowano test Fishera. Za istotny statystycznie przyj¢to poziom p

<0,05.

Publikacja 5

Praca oryginalna: Polarized Dermoscopy and Ultraviolet-Induced Fluorescence
Dermoscopy of Basal Cell Carcinomas in the H- and Non-H-Zones of the Head and

Neck

Badanie przeprowadzono w Klinice Dermatologii w Rzeszowie w okresie od stycznia
2024 roku do stycznia 2025 roku. Podobnie jak w publikacji nr 4, analizie poddano
pacjentow zglaszajacych sie¢ z podejrzeniem BCC, wysunigtym na podstawie oceny

klinicznej i dermoskopowej, a nastgpnie potwierdzonym histopatologicznie.
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W badaniu oceniano BCC zlokalizowane w najczgstszym obszarze ich wystgpowania —
w rejonie glowy i szyi. Obraz dermoskopowy analizowano zaréwno w odniesieniu do
konkretnych, szczegotowych lokalizacji anatomicznych, jak i z uwzglednieniem tzw.
strefy H. Stefe H wyrdzniono ze uwagi na szczegolne znaczenie kliniczne zwigzane z
wyzszym  ryzykiem  agresywnego  wzrostu nowotworu oraz  wickszym
prawdopodobienstwem nawrotu. Obejmuje ona okolicg nosa, uszu, oczu, ust, skroni oraz

brody.

Do obrazowania uzyto tego samego sprzetu co w poprzedniej pracy oryginalnej:
dermatoskopu Dermlite DL5 umozliwiajacego pracg w trybie PD oraz w trybie UVFD.
Zdjecia wykonywano telefonem iPhone 7 Plus, a nastepnie archiwizowano i analizowano.
Obecnos¢ poszczegdlnych struktur w trybie PD oceniano wedlug uznanych kryteriow
dermatoonkologicznych. W trybie UVFD oceniano obecnos¢ struktur zdefiniowanych w
Publikacji nr 4. Analizg statystyczng przeprowadzono analogicznie jak w Publikacji nr 4,
z wykorzystaniem oprogramowania SPSS. Zastosowano test doktadny Fishera (p <0,05),
a dane przedstawiono jako liczby i1 procenty (zmienne kategorialne) oraz $rednie £ SD

(zmienne ciagle).

Badania zostaly objete zgoda Komisji Bioetycznej Okregowej Izby Lekarskiej w
Rzeszowie (Uchwata nr 50/2024/B).
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Rozdzial 7.

Wyniki

W ramach przegladu systematycznego zidentyfikowano 848 publikacji w bazie PubMed.
Po wstepnej selekcji do analizy wiaczono 292 artykuly. Sposrod nich:

. 56 prac uwzgledniono w czesci pierwszej, obejmujacej oceng doktadnosci
diagnostycznej dermoskopii oraz opis cech dermoskopowych BCC,

. 107 publikacji uwzgledniono w czesci drugiej, koncentrujacej si¢ na obrazie
dermoskopowym BCC w zaleznosci od podtypu zmiany, jej lokalizacji, wielko$ci, wieku
wystapienia i fototypu pacjenta,

. 129 artykulow wiaczono do cze¢sci trzeciej, obejmujacej zagadnienia zwigzane z
diagnostyka réznicowa, monitorowaniem leczenia oraz wykorzystaniem nowoczesnych

technologii obrazowania w ocenie BCC.

Publikacja I: Dermoscopy of Basal Cell Carcinoma Part 1: Dermoscopic Findings

and Diagnostic Accuracy — A Systematic Literature Review
Doktadnos¢ diagnostyczna

Analiza dostgpnych publikacji wykazata, Zze dermoskopia cechuje si¢ wysoka
doktadnos$cia diagnostyczng w rozpoznawaniu BCC, szczegdlnie w przypadku podtypow
barwnikowych. W wigkszo$ci badan uzyskano wysokie warto$ci czulosci i PPV,
siegajace odpowiednio 95,4% 1 97% [5,7]. Nizsza swoisto$¢ notowano w analizach
obejmujacych wylacznie zmiany amelanotyczne lub stabopigmentowane (np. 51,7%—

69,5%), co thumaczono wigkszym ryzykiem btednego rozpoznania [20].

Zaobserwowano, ze czuto$¢ diagnostyczna wzrasta wraz z nabywaniem doswiadczenia,
osiggajac stabilny poziom po okoto siedmiu miesigcach praktyki, co niestety moze
korelowa¢ ze spadkiem swoistosci. Najczesciej BCC mylono z brodawka tojotokowa lub

znamieniem barwnikowym.
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Niektére prace sugerowaly mozliwos¢ prognozowania wariantu histopatologicznego
BCC z doktadnoscia do 93,3%, szczeg6lnie w przypadkach podtypu guzkowego i
powierzchownego [21]. Jednak wyniki te nie zostaly jednoznacznie potwierdzone dla

postaci agresywnych.

Dane wskazuja rowniez na wplyw lokalizacji zmiany — nizsza czuto$¢ notowana byta dla
zmian zlokalizowanych na tutowiu i konczynach, co ttumaczono mniejsza czgstoscia

wystepowania barwnika i przewaga postaci powierzchownych.

Struktury dermoskopowe

W  pracy przegladowej podsumowano ponad 20 struktur dermoskopowych
obserwowanych w BCC z uwzglgdnieniem ich definicji, mechanizmu powstania,
korelacji z obrazem histopatologicznym oraz znaczenia w rozpoznawaniu BCC.
Odnotowano, ze istotng cecha ztosliwych zmian skérnych — w tym BCC — sa potyskujace
biate linie widoczne w PD. Dodatkowo, niektére struktury, jak liczne, zgrupowane, zotto-
biate globule (ang. multiple aggregated yellow-white globules, MAY globules), wykazuja
zwigzek z bardziej agresywnymi podtypami BCC, wspierajac oceng ryzyka nawrotu i

progres;ji.

Publikacja 2: Dermoscopy of Basal Cell Carcinoma Part 2: Dermoscopic Findings

by Lesion Subtype, Location, Age of Onset, Size and Patient Phototype

Podtyp

W dostegpne;j literaturze znaleziono dane na temat opisoéw dermoskopowych 17 podtypow
BCC, jednak Zaden pojedynczy wzorzec dermoskopowy nie pozwala na jednoznaczng
identyfikacj¢ konkretnego wariantu histologicznego. Pewne kombinacje struktur moga
jednak sugerowac przynalezno$¢ do okreslonego podtypu. Na przyktad obecno$¢ naczyn
rozgaleziajacych si¢ drzewkowato, przejrzystosci i owalnych niebiesko-szarych gniazd
przemawia za podtypem guzkowym, natomiast krotkie teleangiektazje, liczne nadzerki,
struktury przypominajace liscie klonu, kota ze szprychami oraz I$nigce czerwono-biale

obszary czg$ciej obserwowane sg w podtypie powierzchownym.
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Z praktycznego punktu widzenia wazniejsze od identyfikacji konkretnego podtypu jest
rozroznienie BCC niskiego 1 wysokiego ryzyka. Do podtypow wysokiego ryzyka —
cechujacych si¢ wicksza ztosliwoscig miejscowa i sktonnoscig do nawrotow — zaliczamy
BCC twardzinopodobny, mikroguzkowy, naciekajacy oraz BCC o cechach
ptaskonablonkowych (ang. basosquamous carcinoma, BSC). Wysokie ryzyko nalezy
podejrzewa¢ w przypadku zmian niepigmentowanych, klinicznie biatych, wykazujacych
naczynia rozgaleziajace si¢ drzewkowato lub kiebuszkowe, rozlegle owrzodzenia
(obejmujace >90% powierzchni zmiany), liczne niebiesko-szare globule, struktury

koncentryczne oraz brak obszaréw réozowych lub owalnych niebiesko-szarych gniazd.

Lokalizacja

BCC najczesciej rozwija si¢ w okolicy twarzy i szyi. W tych lokalizacjach typowy jest
guzkowy podtyp choroby z obecno$cig naczyn rozgaleziajacyh si¢ drzewkowato w
obrazie dermoskopowym. Na twarzy dominujg zmiany niepigmentowane, ktore czesciej
wigza si¢ z naciekajagcym wzrostem i potencjalnie bardziej agresywnym podtypem

histologicznym.

Na szczegolng uwage kliniczng zastuguje tzw. strefa H. W tej lokalizacji BCC ma
wiekszg sktonno$¢ do gtebokiego naciekania i owrzodzen. W strefie H czesciej rowniez
wystepuja bardziej agresywne warianty nowotworu, co przektada si¢ na podwyzszone
ryzyko nawrotoéw. W innych rejonach gtowy 1 szyi, nienalezacych do strefy H, cz¢sciej
wystepuja w dermoskopii naczynia przecinkowate i kigbuszkowe niz klasyczne naczynia

rozgaleziajace si¢ drzewkowato.

Okoto jedna pigta zmian BCC zlokalizowanych w obrgbie glowy i szyi rozwija si¢ na
powiekach. Utrata rzes (madaroza) w tej okolicy moze by¢ istotnym sygnalem

sugerujacym zlosliwy proces nowotworowy.

Na tutowiu najczesciej spotykane sa powierzchowne postacie BCC, ktére dermoskopowo
wykazuja struktury przypominajace kota ze szprychami, drobne teleangiektazje oraz

niewielkie nadzerki.

Rozpoznanie BCC na konczynach dolnych moze by¢ utrudnione — zmiany czesto cechuja

si¢ polimorficznym wzorcem naczyniowym, obecnos$cig 1$nigcych biatych struktur oraz
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owrzodzen, natomiast naczynia rozgal¢ziajace si¢ drzewkowato sa w tych rejonach

obserwowane rzadko.

BCC moze takze wystgpowa¢ w lokalizacjach nieeksponowanych na stonce, np. w

okolicy sromu, gdzie obraz dermoskopowy jest zblizony do klasycznego.

Wiek

U os6b ponizej 50. roku zycia BCC czgéciej byly niepigmentowane, a typowym
znaleziskiem byly niebiesko-szare globule przy braku widocznych naczyn. U pacjentow
starszych dominowaty natomiast klasyczne cechy BCC, takie jak naczynia rozgal¢ziajace

si¢ drzewkowato, owalne niebiesko-szare gniazda oraz owrzodzenia.

Wielkosc¢

W przegladzie systematycznym literatury wykazano, ze wraz ze wzrostem Srednicy
nowotworu rosnie liczba widocznych struktur dermoskopowych typowych dla BCC,
jednak nie pojawiaja si¢ nowe cechy, charakterystyczne wytacznie dla wiekszych zmian.
Mate guzy czesciej wykazywaty obecno$¢ licznych niebiesko-szarych kropek i owalnych
niebiesko-szarych gniazd. Z kolei wigksze zmiany cze$ciej prezentowaly naczynia
rozgaleziajace si¢ drzewkowato, owrzodzenia oraz I$nigce biale struktury, przy czym
naczynia rozgateziajace si¢ drzewkowato zwykle pojawiaty si¢ w guzach powyzej 6 mm.
Roéznice w definicjach matych i duzych BCC pomiedzy badaniami utrudniaty
bezposrednie poréwnania, jednak niektore cechy, takie jak obecno$¢ niebiesko-szarych

struktur, moga wspiera¢ wczesne rozpoznanie nowotworu.

Fototyp skory

W populacjach o ciemniejszych fototypach skory (III-VI) BCC wystepuje rzadziej, co
zwigzane jest z ochronnymi wlasciwosciami melaniny. Wraz ze wzrostem fototypu ro$nie
jednak czesto$¢ wystepowania barwnikowego wariantu BCC, siegajac 100% wsrod oséb
czarnoskorych. U tych pacjentéw najczesciej obserwowano dermoskopowo: niebiesko-

szare kropki, owalne niebiesko-szare gniazda, struktury przypominajace liScie klonu,
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niebiesko-biaty welon, owrzodzenia, naczynia rozgaleziajace si¢ drzewkowato 1 krotkie
teleangiektazje. Podtyp guzkowy dominowal i byl silnie zwigzany z obecnosciag
owrzodzen, niebiesko-bialego welonu i naczyn rozgateziajacych si¢ drzewkowato. W
BCC powierzchownym czgéciej obserwowano struktury przypominajace liscie klonu,
obszary czerwono-biale, male nadzerki, a zwlaszcza kola ze szprychami. U osob
czarnoskorych wystepowaly réwniez takie cechy dermoskopowe jak uwydatniona siatka
barwnikowa oraz centralna hipopigmentacja, co moze imitowa¢ wtokniaka twardego. U
osob z albinizmem BCC wystgpowat ponad dwukrotnie czgéciej niz rak
kolczystokomérkowy (ang. squamous cell carcinoma, SCC), z typowymi cechami
dermoskopowymi jak naczynia rozgate¢ziajace si¢ drzewkowato, owalne niebiesko-szare

gniazda i struktury przypominajace kota ze szprychami.

Publikacja 3: Dermoscopy of Basal Cell Carcinoma Part 3: Differential Diagnosis,

Treatment Monitoring and Novel Technologies

Diagnostyka roznicowa

Przeprowadzona analiza wykazala, Zze dermoskopia jest cennym narzedziem w
réznicowaniu BCC, zwlaszcza w przypadku wezesnych zmian i guzow w lokalizacjach
o duzym znaczeniu estetycznym, jak twarz. Cho¢ wiele schorzen skory ma
charakterystyczny obraz dermoskopowy, niektore — jak podrazniona brodawka
tojotkowa czy atypowy wtokniak twardy — moga imitowaé¢ BCC i sprawia¢ trudnos$ci

diagnostyczne.

W przypadku rzadkich guzow (np. neurothekeoma, retikulohistiocytoma, nerwiaki,
nowotwory przydatkowe) rozpoznanie opiera si¢ na badaniu histopatologicznym,
poprzedzonym podejrzeniem dermoskopowym. Bywa, Zze zmiana przypomina BCC w
badaniu dermoskopowym, a po weryfikacji histopatologicznej rozpoznawana jest inna

jednostka, np. chtoniak skoéry czy przerzut raka piersi.

Dla zwigkszenia trafno$ci diagnostycznej zaleca si¢ laczenie dermoskopii z innymi

nieinwazyjnymi technikami obrazowania, takimi jak refleksyjna mikroskopia konfokalna
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(ang. reflectance confocal microscopy, RCM) czy optyczna koherentna tomografia (ang.

optical coherence tomography, OCT), co pozwala ograniczy¢ niepotrzebne biopsje.

Wyznaczanie granic BCC

Dermoskopia odgrywa istotng role w wyznaczaniu granic BCC przed leczeniem
chirurgicznym, w tym przed zabiegiem Mohsa oraz klasyczng chirurgia. Pomaga
ograniczy¢ ryzyko dodatnich margineséw bocznych i zmniejsza liczbg etapow chirurgii
Mohsa, co prowadzi do mniejszych ubytkow. Ulatwia takze wybor miejsca biopsji oraz
planowanie radioterapii. W przypadku zmian zlokalizowanych na twarzy nie zaleca si¢
opiera¢ oceny marginesu jedynie na obecnos$ci naczyn rozgaleziajacych si¢ drzewkowato,
ktore moga wystepowacé w tej lokalizacji fizjologicznie. Pomocna moze si¢ okazaé tzw.
dermoskopia z nacigganiem skory (stretching dermoscopy). Technika ta poprawia
widoczno$¢ opalizujagcego zabarwienia zwigzanego ze zmianami stromalnymi
charakterystycznymi dla BCC. Napigcie skory powoduje zmniejszenie przeptywu krwi w
drobnych naczyniach otaczajacych guz, nie wplywajac na wigksze naczynia
rozgateziajace si¢ drzewkowato bedace czgscia guza, dzigki czemu struktury te stajg si¢

tatwiejsze do rozréznienia i umozliwiaja doktadniejsza oceng granic zmiany.

Monitorowanie leczenia

Dermoskopia jest cennym narz¢dziem w monitorowaniu leczenia BCC — pozwala oceni¢
skuteczno$¢ terapii, wykrywac resztkowe zmiany i wczesne nawroty. Jej zastosowanie
udokumentowano w przypadku terapii imikwimodem, mebutynianem ingenolu,
vismodegibem, w leczeniu skojarzonym fluorouracylem i kwasem salicylowym a takze
w terapii fotodynamicznej (ang. photodynamic therapy), radioterapii i brachyterapii.
Niektore cechy dermoskopowe majg warto$¢ prognostyczng — np. nadzerki i owrzodzenia
rokuja dobrg odpowiedZ na imikwimod, a struktury koncentryczne, przypominajace liscie
klonu i kota ze szprychami wiazg si¢ z gorsza odpowiedzia na PDT. Obserwacja zmian
w obrazie dermoskopowym w trakcie leczenia pomaga oceni¢ skuteczno$¢ terapii i

zidentyfikowa¢ zmiany wymagajace dalszej kontroli.
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Nowe technologie

W  ostatnich latach obserwuje si¢ dynamiczny rozwd] nowych technologii
uzupehniajacych klasyczng dermoskopi¢ w ocenie BCC. Optyczna dermoskopia duzych
powickszen (ang. optical super-high magnification dermoscopy, OSHMD) pozwala
dostrzec nowe, wczesniej nieopisywane cechy charakterystyczne dla powierzchownych

BCC, szczegdlnie w przypadkach o skapej pigmentacji lub catkowitym braku barwnika.

W histopatologii coraz wigksza role odgrywa dermoskopia ex vivo (ang. ex vivo
dermoscopy, EVD), umozliwiajaca precyzyjne oznaczenie obszarow podejrzanych i
skrocenie czasu analizy mikroskopowej. Z kolei technika dermoskopii z zastosowaniem
szerokiego pola widzenia (ang. wide-area digital dermoscopy, WADD) ulatwia ocene

wigkszych guzéw, cho¢ jej zastosowanie wymaga dodatkowego sprzetu i wigcej czasu.

Nowe technologie obrazowania, takie jak dermatofluoroskopia, multispektralna
dermoskopia czy autofluorescencyjna dermoskopia multispektralna, wykazuja potencjat

w wykrywaniu i mapowaniu BCC, jednak ich kliniczna uzyteczno$§¢ wymaga dalszych

badan.

Coraz wigksze znaczenie zyskuje sztuczna inteligencja (ang artificial intelligence, Al),
ktora moze wspiera¢ oceng obrazow dermoskopowych. Pelne wdrozenie tej technologii
wymaga jednak rozwigzania problemow z jakoscig danych, standaryzacja oraz ochrong

prywatnosci pacjentow.

W kregu nowych, nieinwazyjnych metod diagnostycznych znajduje si¢ rowniez UVFD,
jednak jak dotad ta modyfikacja dermoskopii nie byta wykorzystywana w ocenie BCC.
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Publikacja 4

Praca oryginalna: Application of Ultraviolet-Enhanced Fluorescence Dermoscopy in

Basal Cell Carcinoma

W badaniu przeanalizowano 163 przypadki BCC, potwierdzone histopatologicznie, u 52
pacjentow, z czego 55,8% stanowity kobiety. Wigkszos¢ badanych charakteryzowata sig¢
jasnym fototypem skory (I-1I wedtug Fitzpatricka). Najczestsza lokalizacja zmian byta
twarz (50,9%), a nastepnie plecy (27,6%). Nie odnotowano przypadkow BCC
zlokalizowanych na konczynach dolnych. W badanej populacji dominowat podtyp
powierzchowny (55,8%) oraz bezbarwnikowy (55,2%). Srednia srednica guza w

momencie rozpoznania wynosita 8,1 £ 5 mm, a 38,6% zmian mialo mniej niz 5 mm.

W ocenie dermoskopowej w trybie PD najcze$ciej obserwowano homogenne czerwono-
biate obszary (51,5%), krotkie drobne teleangiektazje (48,5%), naczynia rozgaleziajace
si¢ drzewkowato (30,7%), owrzodzenia (34,4%), biate bezstrukturalne obszary (31,3%),
tuske (28,8%) oraz niebiesko-szare globule (21,5%).

Natomiast w UVFD dominujacymi cechami byly: ciemna sylwetka guza (82,2%),
zaburzenie wzorca uj$¢ mieszkow wlosowych (31,9%), brak niebiesko-zielonej
fluorescencji w obrebie guza (33,1%), obecno$¢ czarnych globul (29,4%), biato-
niebieska luska (28,8%), brak r6zowo-pomaranczowej fluorescencji w obrgbie guza

26,4%) oraz wyraznie granice zmiany (23,9%).
y g

Analizujac zalezno$ci pomiedzy cechami obserwowanymi w PD i UVFD wykazano
m.in., ze ciemna sylwetka guza w UVFD czesciej wspotwystepowata z czerwono-biatymi
obszarami homogennymi oraz krdtkimi teleangiektazjami widocznymi w PD. Obecno$¢
biekitnych wtokien fluorescencyjnych w UVFD zawsze towarzyszyta owrzodzeniom
zidentyfikowanym w PD, co moze sugerowac¢ ich uzytecznos¢ jako wskaznika obecnos$ci
ubytku naskorka. Czarne globule obserwowane w UVFD silnie korelowaly z
pigmentowymi strukturami w PD. Ponadto, utrata fluorescencji mieszkowej oraz
zaburzenie wzorca uj$¢ mieszkow wlosowych w UVFD czgséciej wystepowaty w guzach,
ktéore w PD wykazywaly naczynia rozgal¢ziajace si¢ drzewkowato oraz dobrze

odgraniczone brzegi.
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Obraz UVFD analizowano réwniez w zalezno$ci od lokalizacji, wielkosci i podtypu
klinicznego BCC wykazujac istotne statystycznie rdznice.

W przypadku malych guzéw (<5 mm) cze¢sciej obserwowano zaburzony wzorzec uj$¢
mieszkéw wlosowych, brak ré6zowo-pomaranczowej fluorescencji w obrebie guza oraz
wyraznie zaznaczone granice zmiany. Wigksze guzy czegsciej wykazywaly obecnosé
biato-niebieskiej tuski oraz nadzerek i owrzodzen.

Odmiana guzkowa BCC cze$ciej cechowata si¢ brakiem fluorescencji mieszkowej,
zarowno niebiesko-zielonej, jak 1 rézowo-pomaranczowej. Wigkszo§¢ zmian, ktore
prezentowaly nadzerki lub owrzodzenia, naczynia rozgat¢ziajace si¢ drzewkowato i
zaburzony wzorzec uj$¢ mieszkow wlosowych mieszkéw, byta podtypem guzkowym
BCC. Powierzchowne BCC istotnie czg$ciej prezentowaly ogniska bialej depigmentac;ji.
Barwnikowy wariant BCC charakteryzowal si¢ obecnos$cig czarnych globul w UVFD,
natomiast bezbarwnikowe guzy cze$ciej wykazywaty utrate fluorescencji mieszkowej,
zaburzony wzorzec uj$¢ mieszkow wlosowych i1 obecno$¢ naczyn rozgateziajacych sie
drzewkowato.

Guzy zlokalizowane na twarzy cze$ciej wykazywaly wyrazne granice, zaburzony
wzorzec uj$¢ mieszkow wilosowych, utrate rozowo-pomaranczowej fluorescencji oraz

obecno$¢ nadzerek 1 owrzodzen.

Szczegdtowe wyniki pracy zaprezentowane sg na stronach 103 - 112 niniejszej rozprawy

doktorskie;j.

Publikacja 5

Praca oryginalna: Polarized Dermoscopy and Ultraviolet-Induced Fluorescence
Dermoscopy of Basal Cell Carcinomas in the H- and Non-H-Zones of the Head and

Neck

Analizie poddano 151 przypadkéw BCC, potwierdzonych histopatologicznie,
zlokalizowanych wylacznie w obrebie glowy i1 szyi. Najczestszym umiejscowieniem
zmian byla tzw. strefa H (61,6%), a zwlaszcza okolica nosa. Sredni wiek pacjentow
wynosit 69 + 12 lat, a 65% badanych stanowili m¢zczyZzni. Dominowaty osoby z jasnymi

fototypami skory (I-II wg Fitzpatricka). Najczes$ciej rozpoznawanym podtypem
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klinicznym byt guzkowy BCC (59,6%), a az 78,8% zmian miato charakter

bezbarwnikowy. Srednica guza wynosita $rednio 8,1 + 5 mm.

Wsrod najezgsciej obserwowanych w PD cech byly: naczynia rozgaleziajace sie¢
drzewkowato (55,6%), krotkie teleangiektazje (52,3%), czerwono-biate obszary

homogenne (50,3%) oraz owrzodzenia (33,8%).

W trybie UVFD dominowaty: ciemna sylwetka guza (78,8%), zaburzony wzorzec uj$¢
mieszkéw wlosowych (53%), brak niebiesko-zielonej (45%) i r6zowo-pomaranczowe;j
fluorescencji w obrebie guza (39,1%), obecno$¢ biato-niebieskiej tuski (30,5%) oraz
nadzerki i owrzodzenia (23,2%). Wyrazne granice guza byty lepiej widoczne w UVFD w
porownaniu do PD.

Zauwazono roéznice w czgstosci wystepowania ciemnej sylwetki guza, zaburzen wzorca
ujs¢ mieszkow wlosowych oraz braku fluorescencji mieszkowej w zalezno$ci od
lokalizacji. Przyktadowo, zaburzenie wzorca uj$¢ mieszkoOw byto najczestsze w okolicy
ust (75%) oraz nosa i okolicy nosowej (71,4%), co moze wynika¢ z wigkszej aktywnos$ci
gruczotow tojowych i szerokich uj§¢ mieszkow w tych rejonach. Brak fluorescencji
niebiesko-zielonej 1 r6zowo-pomaranczowej w obrgbie guza réwniez dominowalty w
wymienionych powyzej lokalizacjach oraz na szyi. Obecnos¢ nadzerek i owrzodzen w

UVEFD byta najczesciej widoczna na szyi, uszach i nosie.
W przypadku BCC zlokalizowanych w strefie H, w UVFD zaobserwowano istotnie
statystycznie czgstsze wystepowanie owrzodzen, bigkitnych widkien fluorescencyjnych

oraz brak niebiesko-zielonej fluorescencji w obrebie guza.

Szczegbdtowe rezultaty badania zostaty przedstawione na stronach 118 - 123 niniejszej

rozprawy doktorskie;j.
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Rozdzial 8.

Dyskusja

Wyniki uzyskane w ramach niniejszej rozprawy potwierdzaja rosnacag rol¢ dermoskopii
w diagnostyce BCC. Przeprowadzony przeglad systematyczny literatury stanowit
podstawe do przeprowadzenia badan nad nowoczesng modyfikacja klasycznej
dermoskopii, czyli UVFD, oraz pozwolil umiesci¢ wyniki prac wlasnych w szerszym

konteks$cie naukowym i praktycznym.

Obie oryginalne publikacje, stanowigce trzon rozprawy, dostarczaja nowych danych

dotyczacych obserowanych struktur w UVFD w przypadku BCC.

W analizach wilasnych obserwowano czestsze wystgpowanie podtypu guzkowego i
bezbarwnikowego BCC na twarzy, zwlaszcza w strefie H. Jest to zgodne z
wczesniejszymi doniesieniami literaturowymi, réwniez sugerujacymi bardziej agresywny
charakter zmian w tej lokalizacji oraz wyzsze ryzyko wznowy. W celu ograniczenia
liczby niepotrzebnych biopsji w tym estetycznie wrazliwym rejonie, a takze ulatwienia
postawienia wstepnej diagnozy na mozliwie wczesnym etapie, kiedy istnieje szansa na
radykalne wycigcie zmiany z zachowaniem odpowiedniego marginesu tkanek zdrowych,
niezbedne jest dalsze udoskonalanie nieinwazyjnych metod diagnostycznych. Wydaje
si¢, ze coraz wigcej nowych, jeszcze nie w pelni zbadanych, mozliwo$ci moze dawac

szczeg6lna modyfikacja klasycznej dermoskopii — UVFD.

W przeprowadzonych badaniach wykazano, ze wigkszo$¢ zmian BCC w UVFD
prezentowala tzw. ciemng sylwetke oraz zaburzenie wzorca uj$¢ mieszkoéw wlosowych.
Zaburzenie prawidlowej architektury uj$¢ mieszkow bylo szczeg6lnie widoczne w
przypadku zmian zlokalizowanych w obrgbie glowy i szyi, co najprawdopodobniej
wynika z wigkszej aktywnosci gruczotow tojowych, a tym samym lepszej wizualizacji
uj$¢ mieszkow w dermoskopii. W tych rejonach czg$ciej obserwowano takze brak
fluorescencji mieszkowej, zar6wno niebiesko-zielonej, jak i réZowo-pomaranczowej, w
obrebie obszaru guza. Jednocze$nie, UVFD prawdopodobnie pozwala na uwidocznienie
granic obszaru zaj¢tego przez guz lepiej niz PD, zwlaszcza w obrebie glowy 1 szyi.
Obserwacja ta wymaga jednak dalszej weryfikacji w kolejnych badaniach. Ponadto,

wyniki prac wlasnych wykazaty, Ze niektore struktury widoczne w UVFD — jak bigkitne
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witokna fluorescencyjne czy czarne globule — koreluja z dobrze znanymi cechami
obserowanymi w PD, co moze mie¢ praktyczne znaczenie diagnostyczne. Wykazano
réwniez, ze obecnos¢ bigkitnych wtokien w UVFD, niewidocznych ,,golym okiem” oraz
w klasycznej dermoskopii, koreluje z wystepowaniem owrzodzen / nadzerek w PD, co

potwierdza ich warto§¢ pomocnicza w lokalizacji ubytkow naskorka.

Z praktycznego punktu widzenia, laczenie PD z nowa technika jaka jest UVFD
potencjalnie moze zwigkszy¢ trafnos¢ diagnostyczng, ograniczy¢ konieczno$¢ biopsji
oraz usprawni¢ planowanie leczenia chirurgicznego oraz radioterapii. Komplementarne
stosowanie obu metod moze stanowi¢ nowy standard w ocenie BCC, szczeg6lnie w

lokalizacjach trudnych chirurgicznie lub estetycznie wrazliwych.

Mimo istotnych zalet, nalezy rowniez mie¢ na uwadze ograniczenia UVFD. W
prowdzonych badaniach zanotowowano, ze struktury naczyniowe (naczynia linijne
rozgatezione, cienkie teleangiektazje), ktore stanowiag wazng cech¢ dermoskopowa BCC,
byly istotnie rzadziej widoczne w UVFD niz w PD. Rowniez wykrywalno$¢ nadzerek i
owrzodzen byla nizsza w UVFD w poréwnaniu z PD. To wskazuje na konieczno$¢
traktowania UVFD jako techniki wspomagajacej, uzupetiajacej standardowe badanie

dermoskopowe, a nie zastepujacej je.

Pewnym ograniczeniem rozprawy jest fakt, ze badania byly prowadzone w pojedynczym
os$rodku z dominujaca populacja pacjentow o fototypie I 1 II. Uniemozliwia to uogélnienie

wynikow na inne populacje, zwlaszcza o wyzszym fototypie skory.

Zastosowanie nowatorskiej nieinwazyjnej techniki obrazowania BCC w projekcie —
szczeg6lnie w konteks$cie proby klasyfikacji obserwowanych zjawisk — stanowi istotny

wklad do dalszego rozwoju tej techniki w praktyce kliniczne;j.
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Rozdzial 9.

Publikacje stanowigce rozprawe¢ doktorskag
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Simple Summary: Basal cell carcinoma (BCC) is the most common malignant skin tu-
mor, which can cause significant tissue damage. BCC may present with a wide range of
dermoscopic findings, including white, yellow, blue and pigmented structures, vascular
structures (predominantly arborizing vessels or short fine teleangiectasias), multiple small
erosions /ulcerations and /or features of regression. Dermoscopy improves the diagnostic
accuracy of early BCC detection when compared with clinical examination alone. Diagnos-
tic accuracy also increases with training and experience, which constitutes the premise for
the need to expand dermoscopic knowledge.

Abstract: Introduction: Basal cell carcinoma (BCC) is the most common malignant skin
tumor. While rarely fatal, it can cause local tissue damage. Part I of the review summa-
rizes the dermoscopic features of BCC and the diagnostic accuracy of dermoscopy in the
diagnosis of BCC. Methods: A search of the PubMed database was performed for studies
reporting on the diagnostic accuracy of dermoscopy or dermoscopic findings in BCC,
either pigmented or non-pigmented, located anywhere on the body, of any histopatho-
logic subtype, size and at any age of onset. Results: BCC was found to present with a
wide range of dermoscopic features, including white structures (shiny white lines, shiny
white areas, rosettes), yellow structures (milia-like cysts, yellow lobular-like structures),
multiple aggregated yellow-white globules (MAY globules), blue structures (blue ovoid
nests), vascular structures (arborizing vessels, short fine telangiectasias), multiple small
erosions /ulcerations, features of regression (pepper-like structures, white scar-like areas)
and pigmented structures (spoke-wheel areas, maple leaf-like areas (MLLAs), blue/gray
dots). Dermoscopy showed a sensitivity of 67.6-98.6% and a positive predictive value
(PPV) of 85.9-97% in identifying BCC. The physician’s experience and training improve the
accuracy, however, BCCs on the trunk and extremities, particularly of superficial subtypes,
may still constitute a challenge. Conclusions: Dermoscopy, especially when performed by
a trained physician, increases the accuracy of early BCC detection.

Keywords: dermoscopy; dermatoscopy; basal cell carcinoma; polarized; non-polarized

1. Introduction

Basal cell carcinoma (BCC) is the most common malignant skin tumor, accounting for
75-90% of skin cancers and occurring 18-20 times more often than melanoma. It is also the
most prevalent malignant disease overall [1-3]. About one in five people will develop BCC
at some point in life, with a higher incidence in men [4,5].
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BCC grows slowly, usually less than 1 mm? per month, and while rarely fatal or
metastatic, it can cause significant local tissue damage [6—8]. Dermoscopy is a noninvasive
method that visualizes skin features from the surface to the papillary dermis and facilitates
appropriate lesion management [1,9].

Part I of the systematic review summarizes the dermoscopic features of BCC and the
diagnostic accuracy of dermoscopy in the diagnosis of BCC.

2. Methods

A search of the PubMed database was performed using the terms “(BCC OR basal
cell carcinoma OR basalioma) AND (dermoscopy OR dermatoscopy)”. All records from
the establishment of the PubMed database through September 2024 were analyzed. Only
English-language publications were included. Additionally, the reference lists of all the
reports were checked for relevant articles. Two reviewers (LW. and M.Z.) initially checked
the titles and abstracts of all of the records. If a title or abstract suggested the study
might be relevant, the full article was reviewed. The criteria for including studies were:
(1) Patients with histopathologically confirmed BCC who underwent a dermoscopic exami-
nation; (2) The studies reported on the diagnostic accuracy of dermoscopy, dermoscopic
findings of BCC, both pigmented or non-pigmented, located anywhere on the body, of
any histopathologic subtype, size and at any age of onset. Figure 1 shows the process of
selecting articles based on the PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines.

Articles identified
in PubMed
database
n=848

f
E Articles screened
! n- 848
| Excluded articles, n= 556
- not English
tww| - notrelevant
- not full text
; not original
g reviews, metaanalyses

v
Articles eligible for analysis
n=292
Original studies, Case series/reports

(N
v v i
Part1 Part 2 Part3
: (diagnostic accuracy, | (BCC subtype, location, age (differentia diagnosis,
= dermoscopic of onset, size, patient’s treatment, monitoring,
findings) phototype new technologies)
Total, n=56 Total, n=107 Total, n=129

Figure 1. PRISMA flow chart showing the screening process (available also: Wojtowicz I et al. [10]).
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3. Results

The literature search initially identified 848 studies. After screening abstracts,
292 articles were selected for further review. Of these, 56 articles reported on the diagnostic
accuracy of dermoscopy or characterized dermoscopic features of BCC and were included
in Part 1 of the review.

3.1. Diagnostic Accuracy of Dermoscopy

Several studies assessed the diagnostic accuracy of dermoscopy in BCC, with most
being retrospective and conducted in Western countries. A large Swedish study analyzing
1180 histologically confirmed BCCs found that diagnosis with dermoscopic evaluation had
a sensitivity of 95.4% and a positive predictive value (PPV) of 85.9% [11]. Similar results
were reported by Altamura et al., with an even higher PPV of up to 96% [12]. Nelson et al.
reported a sensitivity of 67.6% and a PPV of 97.0%, although the lower sensitivity was
explained by the study’s design, which assessed the decision to refer patients directly for
definitive treatment without an incisional biopsy [13]. Dermoscopy was shown to have a
specificity of 100%, sensitivity of 80%, PPV of 100% and a negative predictive value (NPV)
of 94.12% for identifying malignant lesions [14].

Dermoscopic accuracy for BCC diagnosis was reported to be higher in case of pig-
mented lesions [1,6]. An analysis of 934 BCCs in a Japanese population, of which 96.4%
were pigmented, showed that the diagnostic sensitivity and specificity were 92.2% and
96.0%, respectively [6]. Rosendahl et al. demonstrated a sensitivity of 98.6% for pigmented
BCCs. The authors also found that adding dermoscopy to clinical examination improved di-
agnostic accuracy for pigmented lesions, but this improvement was statistically significant
only for nonmelanocytic lesions [15].

In a multicenter prospective study on 740 BCCs, the sensitivity and specificity of
dermoscopy were 93.2% and 51.7%, with a PPV of 84.4% and an NPV of 73.3%. The lower
specificity was explained by the high number (87%) of hypopigmented /amelanotic lesions
in the study group [1]. Low specificity (51.8% and 69.5% for two observers) was also shown
by Guitera et al., who recruited to their study only amelanotic and light-colored lesions [16].
The study of ‘pink’ cutaneous lesions resulted in an overall BCC sensitivity of 85.1% and
specificity of 92.4%, with a PPV of 89.8% [17].

Yuki et al. found that sensitivity was significantly lower for BCCs located on the
trunk and extremities, attributing this to alower frequency of pigmentation and a higher
proportion of superficial BCCs in those areas [6].

Another factor influencing diagnostic accuracy by dermoscopy was the doctor’s
experience. Nelson et al. showed that gaining expertise resulted in higher sensitivity at the
cost of specificity in direct referral to surgery [12]. Yuki et al. also observed that sensitivity
increased with experience, reaching a plateau after seven months [6]. The most common
misdiagnosis for BCC was seborrheic keratosis, followed by melanocytic nevus [6].

Some studies suggested that dermoscopy can predict histopathologic subtypes with
up to 93.3% accuracy, with the highest value for superficial and nodular variants [18-21].
However, others did not confirm these results, especially in cases of aggressive variants
of BCC [13,22,23]. Popadi¢ and Brasanac concluded that dermoscopy does not accurately
reflect histopathologic findings in aggressive BCCs [19].

3.2. Dermoscopy Findings

A wide range of dermoscopic findings in BCC have been reported in the literature and,
taking into account common features, they were divided into the following groups: white
structures (shiny white lines, shiny white areas, rosettes), yellow structures (milia-like cysts,
yellow lobular-like structures), MAY globules, blue structures (blue ovoid nests), vascular
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structures (predominantly arborizing vessels or short fine teleangiectasias), multiple small
erosions/ulcerations, features of regression (“blue areas”, “blue hue”, “pepper-like struc-

"o

tures”,

"o ”"oai

white scar-like areas”, “white areas”, “milky way areas”) and pigmented structures
(spoke-wheel areas, maple leaf-like areas—-MLLAs, large blue-gray ovoid nests and less
frequently multiple blue/gray globules, multiple in-focus blue/gray dots, blue-whitish
veils, brown dots or globules, concentric structures, pigment networks). Several novel
findings, such as negative maple leaf-like areas (NMLLAs), brown homogenous blotches,
large blue-gray structureless areas, interrupted radial streaking, rainbow patterns and
semitranslucent areas, are also discussed below.

3.2.1. White Structures

White structures observed in the dermoscopy of BCC include shiny white lines, shiny
white areas (blotches) and rosettes. A key feature is that these structures are visible
only under polarized light (contact or non-contact) and are not seen with non-polarized
dermoscopy [24-28].

Shiny white lines, described as bright whitish lines, were initially referred to as
‘chrysalis structures’, though this term was considered a misnomer. The preferred term
now is ‘crystalline structures’ or ‘crystalline lines’. They include both short lines and
longer strands [28]. Apart from BCCs, they can be observed in various malignant and
benign lesions, including melanoma, squamous cell carcinoma (SCC), lichen planus-like
keratosis (LPLK), Spitz nevi, scars, dermatofibromas, porokeratosis and even on extensively
sun-damaged skin of the bald scalp [25-29].

In a prospective observational study analyzing 11,225 lesions, Balagula et al. found
that only 1.8% of lesions presented shiny white lines. These lines were primarily seen
in dermatofibromas (75.2%) and scars (90.5%), but also in BCC (47.6%) and invasive
melanomas (84.6%), and rarely in nevi. The study demonstrated that these structures were
2.5 times more likely to be observed in malignant tumors compared to benign lesions [29].
In another study Shitara et al. concluded that the presence of shiny white lines is associated
with a ten times higher risk of malignancy [25].

Navarrete-Dechent et al. found that shiny white strands and /or blotches (white clods
or larger structureless areas) had a diagnostic specificity of 91% and should be considered a
reliable criterion for detecting BCC, although the study’s limitation was that it included
only non-pigmented neoplasms [26]. Liebman et al. confirmed that the presence of these
structures is suggestive of a BCC [28]. To date, no statistically significant difference in
the prevalence of these structures across different histopathological subtypes of BCC has
been reported [24-26]. However, shiny white strands are considered to be more frequently
present in BCCs with ulceration [25].

According to Liebman et al., in BCC, larger whitish strands were observed more often
than short lines (41% vs. 12%), and they were typically arranged in parallel or disorganized
rather than orthogonally oriented (35.8% vs. 44.4% vs. 19.8%, respectively). In contrast,
in melanomas, short shiny white lines were more frequently present and were typically
arranged orthogonally, without accompanying shiny white areas [28].

Examples of BCCs displaying shiny white lines are shown in Figure 2, while those
with shiny white blotches are illustrated in Figure 3.
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Figure 3. Dermoscopy images of BCCs with shiny white blotches (yellow arrows).

Rosettes, defined as four bright white points clustered together, are significantly more
likely to be seen in actinic tumors than in other lesions [28]. Liebman et al. reported that
46.3% of actinic keratoses and 27% of SCCs showed rosettes [28]. Navarrete-Dechent et al.
concluded that rosettes were not associated with a diagnosis of BCC [26].

A study from 1998 identified an additional whitish dermoscopic feature: a milky-red
peripheral ring with intersecting blood vessels, referred to as “corona”. This feature was
found in nodular and infiltrative BCC, but rarely in the superficial subtype [9]. However,
this finding has not been reported in more recent studies.

3.2.2. Yellow Structures

Yellowish structures observed in the dermoscopy of BCC include milia-like cysts
(MLGCs) and yellow lobular-like structures.

According to Bellucci et al., MLCs show starry and cloudy formations, which may
also appear white in color. The starry formations are bright at the center with variably
sharp borders, while the cloudy ones are larger, have fluffy borders and are approximately
oval in shape. In an analysis of 400 BCCs, MLCs were present in 7.75% of cases [30]. MLCs
are typically found in seborrheic keratoses (more often as cloudy MLCs) and congenital
melanocytic nevi and were identified as useful features for differentiating benign lesions
from melanoma [30]. They are more clearly visible under non-polarized dermoscopy [24].
Figure 4 shows examples of BCCs with MLCs.
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Figure 4. Dermoscopy images of BCCs with milia-like cysts (MLCs) (green arrows).

Yellow lobular-like structures are round or oval in shape, vary in size and may be
either isolated or clustered together. In the aforementioned study, they were noted in 4.2%
of BCCs. Moreover, they have been thought to be characteristic for sebaceous hyperplasia,
sebaceous adenoma and nevus sebaceous of Jadassohn [30]. Figure 5 illustrates BCCs with
yellow lobular-like structures.

Figure 5. Dermoscopy images of BCCs with yellow lobular-like structures (red arrows and red circle).

Notably, the study found that both types of yellow structures were more frequently
seen in BCCs located on the face and in nodular subtypes. The authors concluded that their
presence should not rule out a BCC diagnosis when other specific dermoscopic criteria are
present [30].

In 2021, Roda and Oliveira reported a case of a “half-yellow BCC”. On histopathol-
ogy, the yellow color corresponded to cholesterol clefts, which might have resulted from
microtrauma or long-lasting disease [31].

3.2.3. MAY Globules

MAY globules, defined as clustered white-yellow structures (multiple aggregated
yellow-white globules), are primarily associated with BCC. Some examples are present in
Figure 6. These globules are visible under both polarized and non-polarized light [32,33].
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In a case-control study on 656 non-pigmented lesions, MAY globules were found in 21.0%
of BCCs, but were rare in other diagnoses (only 0.8% of cases), including SCC and desmo-
plastic trichoepithelioma. Among BCCs located on the head and neck, 38.7% exhibited
MAY globules, compared to just 4.2% of lesions other than BCC. Their presence can be
helpful in distinguishing BCC from intradermal nevi, effectively excluding the latter [34].

Figure 6. Dermoscopy images of BCCs with multiple aggregated yellow-white globules (MAY
globules) (yellow circles).

In the aforementioned study, MAY globules were significantly associated with high-
risk histologic subtypes of BCC, such as infiltrative and morpheaform types, where they
were 6.5 times more likely to occur. Notably, they were not observed in any case of
superficial BCC [32].

In several cases, MAY globules were linked with calcifications observed in histopathol-
ogy, supporting earlier findings that calcifications are more common in high-risk sub-
types [32]. Pagnoni et al. reported a case of calcifying micronodular BCC with MAY glob-
ules and concluded that calcifications, as well as micronodular histopathologic changes,
were associated with aggressive subtypes of BCC [33].

3.2.4. Blue Structures

Under dermoscopy, a blue color has been a known indicator of malignancy. In 2017,
Papadic¢ et al. reported that nearly two-thirds of lesions with blue structures were likely to
be malignant. In their analysis, BCCs constituted 21% of 144 pigmented lesions displaying
a blue color under dermoscopy. The authors found the distribution of color to be crucial.
Structureless peripheral or patchy blue color were most frequently observed in melanoma,
while blue clods were more indicative of BCC. Among 28 lesions with blue clods, 17 (60.7%)
were confirmed to be BCCs. These blue clods, metaphorically referred to as blue ovoid nests,
were also observed in nevi (14.3%), seborrheic keratoses (7.14%) and angiomas (3.57%) [35].
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3.2.5. Vascular Structures

Vascular structures are crucial in the diagnosis of BCC, particularly in non-pigmented
lesions, where the lack of characteristic pigmented features makes diagnosis more chal-
lenging. According to Micantonio et al., nearly all BCCs (91.5%, 461 out of 504) presented
with at least one vascular pattern [36]. Sakakibara et al. reported a slightly lower but still
significant incidence of 87% in the BCCs diagnosed in Japanese population [34]. Vessels are
more clearly visible in non-contact dermoscopy due to the absence of pressure applied to
the surface, which occurs in contact dermoscopy [24].

The two most common vascular patterns in BCC are arborizing vessels and short fine
telangiectasias [24,37—40]. Arborizing vessels, defined as large stem vessels (>0.2 mm) that
branch irregularly in a tree-like pattern, were the most frequently observed in nodular and
pigmented subtypes [36,40]. Giirsel et al. noted arborizing vessels as the most common BCC
feature [38], with a sensitivity of 72% and specificity of 100% in the Japanese population [37].
Figure 7 presents dermoscopy images of these structures.

Figure 7. Dermoscopy images of BCCs with arborizing vessels (yellow arrows).

Short fine telangiectasias are defined as fine, kinked vessels of small caliber and length
with few branches [36]. They are observed in 10% of BCCs and are considered an early
form of arborizing vessels [12]. These vessels are typical of superficial BCC, particularly
observed in the non-pigmented subtype [34,36]. Figure 8 shows some BCCs with short
fine telangiectasias.

Figure 8. Dermoscopy images of BCCs with short fine telangiectasias (green arrows and circles).

Arpaia et al. analyzed the type and prevalence of vascular patterns in ulcerated and
non-ulcerated portions of BCC. They found that dotted, linear-irregular, hairpin, comma
and polymorphous patterns were highly represented in the ulcerated areas, while the
arborizing vessels were prevalent in the non-ulcerated portion. Moreover, the correct
diagnosis of BCC was statistically more likely when the ulcerated portion showed an
arborizing pattern or when glomerular or hairpin patterns were absent. Additionally, the
absence of dotted vessels in the non-ulcerated areas also increased the likelihood of an
accurate diagnosis [34].
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Additional vascular structures appear in less than 10% of BCCs and are almost always
associated with arborizing vessels or short fine telangiectasias. These additional structures
can include hairpin, glomerular, dotted, comma or polymorphous vessels, with decreasing
incidence respectively. When a lesion contains two or more vascular patterns, it is referred
to as polymorphous and needs further investigation to exclude amelanotic/hypomelanotic
melanoma and SCC [36].

3.2.6. Multiple Small Erosions/Ulcerations

By definition, erosions are characterized by superficial tissue loss, whereas ulcerations
involve deeper, full-thickness loss of the entire epidermis and superficial dermis [41,42].
The occurrence of multiple small erosions was reported to be the key dermoscopic feature
that distinguished superficial BCC from other histopathological subtypes [43]. Figure 9
illustrates several BCCs with multiple small erosions/ulcerations.

4

Figure 9. Dermoscopy images of BCCs with multiple small erosions /ulcerations (red arrowheads).

3.2.7. Features of Regression

In dermoscopy, features of regression may appear as bluish areas (due to the accumu-
lation of melanin) or as white/reddish areas (indicating fibroplasia with the formation of
blood vessels). The former, shown in Figure 10, are often referred to as “blue areas”, “blue
hue” or “pepper-like structures”, while the latter, presented in Figure 11, are commonly
called “white scar-like areas”, “white areas” or “milky way areas”. These features disrupt
the overall dermoscopic presentation of the lesion, making the diagnosis more challenging.
Features of regression are primarily considered to be a sign of melanoma. However, they
may also be seen in many other lesions, including BCC, SCC, Bowen's disease, pigmented
actinic keratoses and seborrheic keratoses. Therefore, regression should not be considered
an independent indicator of melanoma but rather assessed in combination with other

dermoscopic features [44].

Figure 10. Dermoscopy images of BCCs with bluish features of regression called “blue areas” or
“blue hue” (yellow circles) and “pepper-like structures” (green circles).
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Figure 11. Dermoscopy images of BCCs with white /reddish features of regression called “white
scar-like areas”, “white areas” or “milky way areas” (red circles).

3.2.8. Pigmented Structures

Diagnostic criteria for pigmented BCC were presented by Menzies et al. in 2000. They
included an absence of pigment network and the presence of one or more of the following
six features: spoke-wheel areas, MLLAs, large gray-blue ovoid nests, multiple gray-blue
globules, ulceration and arborizing vessels [3,7,12,45]. The method was demonstrated to
have a sensitivity of 97% for diagnosing pigmented BCCs, and a specificity of 93% for
invasive melanoma and 92% for benign pigmented skin lesions [45].

Peris et al. assessed the interobserver agreement, with five observers with varying
levels of dermoscopy experience, of each dermoscopic feature proposed by Menzies. Full
agreement was reached for the absence of a pigment network. Spoke-wheel areas and
arborizing vessels showed very good agreement, while ulceration and multiple blue-gray
globules had good agreement. However, there was no agreement on the definitions of
MLLAs and large blue-gray ovoid nests, as these structures were often confused with each
other; ovoid nests may be misinterpreted as globules or MLLAs and the latter as ovoid
nests or localized pigmentation [46].

The pigment network is the most characteristic feature of melanocytic lesions and
generally should not be found in BCC. However, in a study analyzing 412 BCCs, pigment
network or network-like structures were observed in 3.4% of BCCs. In 64.3% of these
cases, the presence of the pigment network was due to the collision of BCC with another
skin neoplasm, such as solar lentigo, nevus or actinic keratosis. Such findings may result
from the lesion’s location on photodamaged skin and, most importantly, should always be
carefully distinguished from atypical or malignant melanocytic lesions [7,47,48].

Spoke-wheel areas are well-circumscribed radial projections, typically brown but
occasionally blue or gray, converging at a central axis that is often darker in color (e.g.,
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dark brown, black or blue), as illustrated in Figure 12 [45]. They are considered to be
highly specific indicator of pigmented BCC, with specificity reaching 100% in some stud-
ies [42,46,49,50]. Longo et al. demonstrated that the presence of spoke-wheel or concentric
structures was the most significant factor in predicting a BCC diagnosis [1]. In a study
analyzing BCC thickness, spoke-wheel areas were more limited in thicker tumors, while
they covered wider areas in thinner tumors [4].

Figure 12. Dermoscopy images of BCCs with spoke-wheel areas (yellow arrows).

MLLAs are brown to gray-blue bulbous extensions that create a leaf-like pattern. Some
examples are shown in Figure 13. Unlike pseudopods, these areas are distinct pigmented
nests (islands) that do not arise from a pigment network and generally do not arise from an
adjacent confluent pigmented area [45]. MLLAs were more frequently observed in younger
individuals compared to other BCC features and were more commonly found in lesions
with smaller diameters, suggesting that they may be an early sign of pigmented BCC [51].

Figure 13. Dermoscopy images of BCCs with maple leaf-like areas—MLLAs (blue arrowheads).

Large blue-gray ovoid nests are well-defined pigmented areas (either ovoid or elon-
gated) larger than globules that are confluent or nearly confluent and not directly connected
to the main pigmented tumor body [45]. Figure 14 illustrates some of them. The pres-
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ence of blue ovoid nests has been reported to be associated with increased BCC thickness,
confirmed both by ultrasound and histopathology [4].

Figure 14. Dermoscopy images of BCCs with blue-gray ovoid nests (blue arrows).

In a study conducted by Tabanhoglu et al., 57.5% of pigmented BCCs presented
with a blue-whitish veil, suggesting that this feature might play a more significant role
in identifying pigmented BCC than previously thought, as this finding has traditionally
been associated with melanoma [51,52]. A blue-whitish veil is better seen in non-polarized
dermoscopy [11].

Brown dots or globules may occasionally be observed in BCC; however, they are
typically seen in melanocytic lesions [53].

Concentric structures and multiple in-focus blue/gray dots were first reported by
Altamura et al. and observed in 7.6% and 5.1% of the BCCs, respectively. The authors
concluded that concentric structures represent the early stage of a spoke-wheel area, while
multiple in-focus blue/gray dots indicate the early phase of multiple blue/gray glob-
ules [12]. Examples of BCCs with concentric structures, multiple blue-gray globules, and
multiple in-focus blue-gray dots are presented in Figures 15, 16 and 17, respectively.

Figure 15. Dermoscopy images of BCCs with concentric structures (yellow circles).

42



Cancers 2025, 17, 493 13 0f 21

Figure 17. Dermoscopy images of BCCs with multiple in-focus blue/gray dots (green circles).

It is worth mentioning that the classic dermoscopic features of pigmented BCC (large
blue/gray ovoid nests, multiple blue/gray globules and ulceration) can be disrupted by
previous treatments with ablative lasers, which makes the diagnosis more challenging.
Interestingly, arborizing vessels and certain nonclassical dermoscopic patterns (short fine
superficial telangiectasia, multiple small erosions, concentric structures, multiple in-focus
blue/gray dots) were found to be predominantly preserved after such procedures [54].

3.2.9. Novel Findings
Negative Maple Leaf-like Areas

NMLLAs, described in 2024 by Palmisano et al., are a non-pigmented version of the
MLLAs initially characterized by Menzies et al. in 2000 [2,45]. They are characterized by
round, non-pigmented bulbous structures with a homogeneous whitish background and
well-defined borders. This newly described feature is associated with superficial BCC and
reflects non-pigmented tumor nests at the dermal-epidermal junction [2].

Brown Homogeneous Blotches (BHB)

In 2023 Manca et al. reported presence of patches of uniform brown pigmentation
without any other dermoscopic structures, except for occasionally present arborizing
vessels or globules/dots, in 61 of 90 cases of pigmented BCC. Based on this, the authors
introduced “brown homogeneous blotches” as a new dermoscopic finding in pigmented
BCC. They demonstrated a sensitivity of 67.8% and a specificity of 93.3%. These values were
comparable with those of well-known dermoscopic criteria of pigmented BCC. BHB showed
an even higher sensitivity than some already established features, such as concentric
structures (21.1%), spoke-wheel areas (6.7%) and MLLAs (32.2%) [3]. Figure 18 presents
BCC with BHB.
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Figure 18. Dermoscopy image of BCC with brown homogeneous blotches (BHB) (yellow circles).

Large Blue-Gray Structureless Areas

In a study from 2021 evaluating the relationship between BCC size and dermoscopic
features, a high incidence (56%) of diffuse blue-gray patches was noted in large BCCs. The
authors suggested that this finding results from the integration of large blue-gray ovoid
nests and may serve as an important clue for identification of large BCCs [55]. An example
of BCC with large blue-gray structureless areas is presented in Figure 19.

Figure 19. Dermoscopy image of BCC with large blue-gray structureless areas (yellow arrowhead).

Rainbow Pattern

In polarized dermoscopy, as mentioned by Garcia-Garcia and Perez-Oliva in 2010,
BCC may present with various colors of the rainbow spectrum (ranging from red to violet).
However, this multicolored pattern has been predominantly observed in Kaposi sarcoma,
melanoma, stasis dermatitis and lichen planus [56].

Semitranslucent Areas

In 2009 Stoecker et al. observed multiple colors in BCC, ranging from reddish pink in
thicker regions, dull orange at the periphery, to occasionally gray areas, which the authors
termed semitranslucent areas. This phenomenon is best seen under non-contact polarized
dermoscopy. While contact polarized imaging may reduce the typical color, it preserves
the contrast in smoothness with the surrounding areas, which is key to this “jelly-like”
phenomenon. This feature was found to correlate in histopathology with basaloid tumor
nodules located near the surface, as well as with reduced epidermal thickness and a thinner
collagen layer [57]. The BCC presenting this feature is shown in Figure 20.
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Figure 20. Dermoscopy image of BCC with semitranslucent areas (red circle).

Interrupted Radial Streaking

In a single case reported by Bakos et al. in 2007, a patient with phototype IV presented
with superficial pigmented BCC that exhibited numerous long and short pigmented streaks,
ranging from brown to black. These streaks were arranged in an interrupted radial and
centrifugal pattern, occasionally fusing together, creating an interrupted pigment network,
which could easily be misdiagnosed as melanoma [47].

The summary of dermoscopic findings seen in BCC is presented in Table 1.

Table 1. A summary of dermoscopic findings in basal cell carcinoma (BCC).

Mechanism of Formation and

Dermoscopy Finding Definition Corresponding Pathological Findings Remarks
Bright whitish lines visible
only under polarized light; < ; ’ .
include short lines and Interaction of polarized light with 181 risk of malignancy;
Shiny white lines longer strands; longer collagen orientation in the stromal detecting BCC: other
(“crystalline structures’ or strands are typically tissue of tumor characterized by lesions inclide m'elanoma
‘crystalline lines’) arranged in parallel or elevated amount of dermal SCC, dermatofibromas {
disorganized; more collagen [25] ’su _da 4 k"
frequently present in BCCs PR SRIFRAIRE IR
with ulceration
Interaction of polarized light with
. . Large structureless white collagen orientation in the stromal . —_—
arzl;;n({)]‘:t}:jl::s) areas seen only under tissue of tumor characterized by Rel;l::iedci;ne; gg fox
polarized light; elevated amount of dermal 8
collagen [25]
Four bright white points Optical phenomenon caused by the Not typically associated
Rosettes seen only under interaction of polarized light with with BCC, more common
polarized light keratin-filled adnexal openings [26] in AK and SCC
Starry (bright center, ( N(;i:upecii:i:etsoﬂ;g‘ik
vatably sigup bonders) ov kg'r:tosis};nd congenital
cloudy (larger, fluffy No correlation with pathology was el nevi% their
Milia-like cysts (MLCs) borders, oval in shape) found in the literature analyzed in resencecys'houl d n(')t ke
yellow or white formations; the study oit 2 BCC diagnosis when
more clearly visible under th ifi gn 3
non-polarized dermoscopy e e CERR
criteria are present;
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Table 1. Cont.
. " Mechanism of Formation and
Dermoscopy Finding Definition Corresponding Pathologiel Findiigs Remarks
More common in BCCs on
Yellow No correlation with pathology was i a.nq nofular BCC;
ellow Round or oval DY I characteristic of sebaceous
lobular-like structures yellow structures th Y hyperplasia, sebaceous
e study ad )
enoma, nevus
sebaceous of Jadassohn
High-risk histologic
subtypes of BCC
(infiltrative, morpheaform,
Clustered white-yellow  Localized, circular regions of abnormal  micronodular); helpful in
MAY globules structures; visible under calcification within or surrounding distinguishing BCC from
polarized and tumor masses, accompanied by intradermal nevi,
non-polarized light calcified keratocysts [32] excluding the latter;
present also in SCC or
desmoplastic
trichoepithelioma
The most common BCC
feature; associated with
nodular, pigmented and
Large vessels branching in a Main vessels measuring >0.2 mm in non-ulcerated BCC; In
tree-like pattern; more diameter with irregular, tree-like non-BCC, the number of
Arborizing vessels clearly viqible; in branching [30]; Arborizing ramifications was lower
SO, dbermoscopy microvessels indicate telangiectasia than in BCC, and the
smaller than 0.2 mm in diameter [42] diameter of vessels
decreased more acutely
from the stem vessel to the
first branch
Small kinked vessels of
small caliber; an early form  Thin, twisted vessels of small diameter Associated with
Short fine telangiectasias  of arborizing vessels; more and short length, with minimal superficial and
clearly visible in non-contact branching [36] non-pigmented BCC
dermoscopy
Multiple small E;: luol:e_r::gre\ Tf:;ls t:)s;smui Erosion—superficial tissue loss; Multiple small erosions
e e énﬁre epidermis and ulceration—loss of the entire epidermis are characteristic for
superficial dermis and superficial dermis [41] superficial BCC
“Blue areas”, “blue hue” and Regression features
Regression features (“blue  Bluish or white/reddish "?epper-like struc‘tu e cqr.resprond o disrupt‘the overall .
rcas® “his e areas indicating melanin mcrgased n}elanm deposlt.mn in thg dermoscoplc pmsgntahon
o % ! ; ; dermis. “White areas”, “white scar-like  of the lesion, making the
pepper-like structures, accumulation (bluish) or - o " 7 :
“white scar-like areas”, fibroplasia with the fnVon ar)d the rpxlky ok s dm.gnosls g
“white areas”, “milky formation of blood vessels indicate fibroplasia .assocmte.d with chal]engmg; should not be
way areas”) (white/reddish) blood vessel formation, leading to a considered an
whitish appearance with varying independent indicator of
reddish shades [42] melanoma
Proves against the
diagnosis of BCC; mostly
associated with the
Intersecting brown lines Melanin present within keratinocytes collision of BCC with
Pigment network creating a reticular pattern  and/or melanocytes along the junction  another skin neoplasm

with hypopigmented holes of the epidermis and dermis [42] (e.g., solar lentigo, nevus
or actinic keratosis) or
lesion’s location on

photodamaged skin
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Table 1. Cont.

Mechanism of Formation and

Piésivoscapy Flding Pefinition Corresponding Pathological Findings Resiarks
Radial brown, blue or gray ~ Clusters of pigmented basaloid cells ’l';e nrle(:it:t’ilngmf 1icante;atcet(;>r
Spoke-wheel areas projections converging at a extending from the follicular BgC- mosti(‘)) gmo ;
central axis darker in color epithelium [42] g rmor i
thinner tumors
Brown to gray-blue bulbous
Maple leaf-like areas extensions; do not arise Extensive, complex masses of May indicate early stage
P (MLLAS) from a pigment network  pigmented basaloid cells located in the Y SN BgC 8
and an adjacent confluent upper dermis [42] pigm
pigmented area
Associated with increased
thickness of pigmented
q Large ovoid pigmented : . BCC; higher risk of
barge g2y ol areas not directly connected Pron"nment ‘1“:“‘6.‘5 of plgmer)ted malignancy; rarely
ovoid nests ; basaloid cells within the dermis [42] 3 A
to the main tumor body observed also in nevi,
seborrheic keratoses
or angiomas
Multiple Multiple globules blue or Compact clusters of pigmented Class;c n;l:rmosfcoplc
blue/gray globules gray in color basaloid cells found in the dermis [42] ; IRRODE S
pigmented BCC
ot g Foci of multiple blue/gray Smaller than in globules clusters of indicste ' b farly pisase of
Multiple in-focus & ) R multiple blue/gray
dots that appear “in focus”  melanocytes or melanin granules in the o
bilye/ ey dofs at dermoscopic examination papillary dermis [42] giobidesin
i pigmented BCC

Brown pigment deposition in the

dermis consisting of melanin-laden Traditionally associated

Blue structureless zone; ;
A ; j melanocytes and/or melanophages, ~ with melanoma, however
Blue-whitish veil better seen in ; A : ;
non-polarized dermoscopy with orthokeratosis, hypergranulosis also frequently seen in
and occasional parakeratosis above the pigmented BCC
pigment [51]
Smaller clusters (dots) or larger clusters y
Dots or globules brown (globules) of melanocytes or melanin Frovesagaies the
Brown dots/globules : : diagnosis of BCC (typical
in color granules at the dermoepidermal e
CAES for melanocytic lesions)
junction [42]
Irregularly shaped
globular-like structures with ~ No correlation with pathology was Represent the early stage
Concentric structures different colors (blue, gray, found in the literature analyzed in of a spoke-wheel area in
brown, black) and darker the study pigmented BCC
central area
Negative maple leaf-like ~ Non-pigmented versionof ~ Non-pigmented tumor clusters at the Superficial BCC
areas (NMLLAs) the MLLAs dermal-epidermal junction [2] pe

Brown homogeneous

Patches of uniform brown

The study reporting on BHB did not

provide any correlation with Pigmented BCC

blotches pigmentation pathology [3]
The authors who first reported on this
feature suggested that it results from
Large blue-gray 3 : > x Important clue for
iruchurelans wraas Diffuse blue-gray patches  the integration of large blue-gray oyond identification of large BCC
nests; however, no correlation with
pathology was assessed [35]
Brown or black streaks

Interrupted radial
streaking

arranged in an interrupted
radial and centrifugal
pattern

Pigmented multicentric superficial BCC
with melanophages present in the
fibrotic upper dermis [47]

Can be confused with
melanoma

47



Cancers 2025, 17, 493 18 of 21

Table 1. Cont.

e o Mechanism of Formation and
Dermpacopy Finding Detindtion Corresponding Pathological Findings Remarks

Rare in BCC, more
Multicolored patternseen  The study reporting on rainbow pattern ~ common in other entitites

Rainbow pattern under polarized did not provide any correlation with (e.g., Kaposi’s sarcoma,
dermoscopy pathology [56] melanoma, stasis
dermatitis, lichen planus)
In BCC correlates with
Jelly-like phenomenon with  Basaloid tumor nodules located near basaloid tumor nodules
P reddish pink or gray color, the surface, reduced epidermal located near the surface,
itranslucent areas . 5 7
seen under non-contact thickness and a thinner collagen layer reduced epidermal
polarized dermoscopy [57] thickness and a thinner
collagen layer

4, Discussion

The current review highlights the high diagnostic accuracy of dermoscopy in iden-
tifying BCC when compared with clinical examination alone. Dermoscopy has proven
especially valuable in distinguishing pigmented and non-pigmented variants of BCC. The
studies show high sensitivity (ranging from 67.6% to 98.6%) and PPV (ranging from 85.9%
to 97%) in the detection of BCC. The high specificity (up to 100% for malignant skin lesions
in general) underscores dermoscopy’s reliability as a diagnostic tool for skin malignancies.

However, some challenges remain. Diagnostic sensitivity appears to be lower for
lesions located on the trunk and extremities, particularly those of a superficial subtype,
which are often hypopigmented or amelanotic. This highlights the importance of consid-
ering lesion-specific characteristics in dermoscopic analysis. Studies also show that the
experience and training of the physician significantly improve diagnostic accuracy.

In terms of dermoscopic features, BCC presents a wide range of patterns. Pigmented
BCCs often show features like large gray-blue ovoid nests, multiple gray-blue globules
and arborizing vessels, while non-pigmented BCCs typically display vascular patterns like
arborizing vessels and fine telangiectasias. The presence of shiny white lines, seen with
polarized light, is an important sign of malignant lesions, including BCC and melanoma.
Additionally, structures like MAY globules have been linked to more aggressive BCC
subtypes, helping with risk assessment.

The limitation of the current review is that the search was restricted to the PubMed
database. Additionally, a limitation in the literature is the need for histopathological con-
firmation to accurately predict aggressive BCC subtypes. While some studies suggest
dermoscopy can predict these subtypes with over 93% accuracy, particularly for superficial
and nodular variants, aggressive BCC subtypes are harder to diagnose dermoscopically,
perhaps because they invade deeper. Further research is needed to identify specific dermo-
scopic features that can reliably indicate these more challenging cases.

Some recently identified dermoscopic features, like NMLLAs, brown homogeneous
blotches and large blue-gray structureless areas, show promise but need more validation.
Although these features may improve diagnostic accuracy, their role in routine practice has
yet to be clearly defined.

5. Conclusions

In summary, dermoscopy is a noninvasive, highly accurate method for diagnosing
BCC, with distinct dermoscopic features that are associated with both pigmented and
non-pigmented subtypes. While the accuracy of dermoscopy is particularly high for
pigmented BCC, there are ongoing challenges with non-pigmented lesions. Future research
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should focus on standardizing dermoscopic criteria for aggressive BCC variants and further
exploring newer dermoscopic features. These efforts will enhance the effectiveness of
dermoscopy in diagnosing BCC.
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Simple Summary: Basal cell carcinoma (BCC) is the most common form of skin cancer
with different levels of aggressiveness depending on the subtype. High-risk BCCs can be
suspected when the correlation of certain vascular and structural features occurs, especially
in areas like the nose, eyes and ears. On the other hand, pigmented features have been
found to be more common in less aggressive subtypes. Dermoscopy, a non-invasive
diagnostic tool, improves early detection of BCC and helps in determining the subtype.
Nevertheless, dermoscopic challenges remain, particularly in the case of lesions located on

the lower limbs.

Abstract: Introduction: Basal cell carcinoma (BCC) is the most prevalent type of skin
cancer worldwide. Despite its low metastatic potential, certain subtypes present an ag-
gressive clinical course. Part II focuses on the different dermoscopic patterns observed
in BCC, depending on the lesion subtype, its location on the body, the patient’s age, the
size of the tumor, and skin phototype. Methods: A search of the PubMed database was
conducted for studies reporting dermoscopic findings in BCC across all body locations,
histopathologic subtypes, tumor sizes, ages of onset and skin phototypes. Results: There
are no dermoscopic features indicative of a particular BCC subtype. However, arborizing,
truncated or glomerular vessels, shiny white lines, ulceration, white areas, absence of
pink zones and large blue-gray ovoid nests suggest high-risk BCCs (morpheaform, mi-
cronodular, infiltrative, basosquamous). Pigmented features can occur in all BCC types,
though increased pigmentation indicates less aggressive subtypes (nodular, superficial,
fibroepithelioma of Pinkus, adenoid). BCCs most commonly develop on the head, typically
presenting as nodular and non-pigmented tumors. Those on the nose, eyes and ears may
be more aggressive and prone to recurrence. On the trunk, BCCs are usually superficial
and pigmented. Lower limb lesions often show polymorphous vessels rather than arboriz-
ing ones, which makes the dermoscopic diagnosis challenging. Dermoscopy aids early
detection, with larger tumors exhibiting more established features but no size-specific
patterns. Aggressive subtypes display similar dermoscopic findings regardless of size.
Conclusions: Dermoscopy is a valuable tool for the early detection of BCC, though no
specific dermoscopic features can definitively identify subtypes. High-risk BCCs can be
suspected when distinct vascular and structural patterns are present, particularly in lesions
located on the face, especially around the nose, eyes and ears, while pigmented features
may indicate less aggressive subtypes.

Keywords: dermoscopy; dermatoscopy; basal cell carcinoma; BCC subtypes; nodular BCC;

superficial BCC; high-risk BCC
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1. Introduction

Basal cell carcinoma (BCC) is the most common skin cancer, with incidence rising
globally [1-3]. Although typically slow-growing and rarely metastatic, certain subtypes
are more aggressive, increasing the risk of recurrence and morbidity [4]. Early and precise
diagnosis is crucial for effective management. Dermoscopy, a non-invasive tool, helps
clinicians identify specific patterns and has been proven to play crucial role in the initial
detection of BCC [1,4-6]. Part 2 of the review summarizes the prevalence of the dermoscopic
findings in BCC with particular emphasis on variations depending on lesion subtype,
location, age of onset, size and patient phototype.

2. Methods

A search of PubMed was performed for English-language publications using the
following search term: “(BCC OR basal cell carcinoma OR basalioma) AND (dermoscopy
OR dermatoscopy)”. Records available from the inception of the PubMed database until
September 2024 were screened. The references of the initially identified papers were also
checked. Two reviewers (I.W. and M.Z.) performed the screening of the abstracts and,
if considered relevant, the full texts were subsequently reviewed. Only original studies
or cases reporting dermoscopic features in histopathologically confirmed BCCs (located
anywhere on the body, of any histopathologic subtype, size and at any age of onset) were
included. Figure 1 illustrates the selection process of the articles according to the PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) standard.

Articles identified
in PubMed
database
n=848

Articles screened
n= 848

Excluded articles, n= 556
not English
not relevant
not full text
not original
reviews, metaanalyses

r_A

|

Articles eligible for analysis
n=292
Original studies, Case series/reports

l I

Part 1 Part 2 Part3
(diagnostic accuracy, | (BCC subtype, location, age (differentia diagnosis,
dermoscopic of onset, size, patient’s treatment, monitoring,
findings) phototype new technologies)
Total, n=56 Total, n=107 Total, n=129

Figure 1. PRISMA flow chart illustrating the screening procedure.
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3. Results

Out of 848 studies initially identified in the literature search, 292 were selected for
further review. Of these, 107 articles discussed dermoscopic findings in BCCs depending
on the lesion subtype, location, age of onset, size or patient phototype and are included in
Part 2 of the review.

3.1. Dermoscopic Findings by BCC Subtype

The literature search revealed 52 studies that focused on the dermoscopic features of
various BCC subtypes.

More than 26 different variants of BCC have been distinguished in the literature [7].
Some subtypes exhibit more aggressive behavior, with increased morbidity and recurrence
risk. These “high-risk” or “aggressive” subtypes, comprising nearly 5% of all BCCs, include
sclerodermiform (also known as morpheaform, morphoeic or sclerosing), micronodular,
infiltrative, and basosquamous BCCs. In contrast, “low-risk” or “non-aggressive” subtypes
include nodular, superficial, fibroepithelioma of Pinkus and adenoid BCCs [8-19].

No specific dermoscopic structures have been found to be indicative of a particular
BCC subtype [9,11]. Furthermore, studies show that dermoscopic findings are rather
correlated with tumor thickness than with subtype [9,13,20]. Negrutiu et al. reported that
the depth of invasion index was directly related to the presence of arborizing vessels and
ulceration, but negatively correlated with short, fine telangiectasias, maple-leaf-like areas
and spoke-wheel areas [20].

Verduzco-Martinez et al. identified arborizing and truncated (short, linear path, diame-
ter of 0.01-0.02 mm, abrupt interruption) vessels as highly specific for diagnosing high-risk
BCCs. The authors also noted that ulceration should raise suspicion of an aggressive sub-
type [17]. Other studies confirmed that arborizing vessels should be considered the most
significant feature indicative of aggressive BCCs [13,21]. Pyne et al. found that aggressive
BCCs often lack pink areas or they constitute less than half of the tumor area [16]. Kim
et al. created a “dermatoscopic index of BCC aggressiveness”, assigning “+1” for multiple
blue-gray globules, arborizing telangiectasia and concentric structures and “—1” for large
blue-gray ovoid nests. A score over “+2” indicated aggressive BCCs [14].

3.1.1. Sclerodermiform BCC

Dermoscopic features of sclerodermiform BCC include arborizing vessels or microves-
sels ona milky red, pink-white or porcelain-white background, along with multiple erosions
or ulcerations [9,10,15,18,22]. Arborizing vessels and ulcerations were found to be more
common in the head and neck than on the body [22]. Diagnosis is often delayed due to the
deep invasive nature of this variant. Typically, the tumor needs to reach a larger size before
the arborizing microvessels can be seen under dermoscopy [23]. Ulcerations can form a
ring, as noted by Inamura [24]. Sclerodermiform BCC typically has poorly defined margins
and is non-pigmented [10,22].

3.1.2. Micronodular BCC

Under dermoscopy, the micronodular subtype of BCC was frequently pigmented with
brown globules and blue globules/nests. Common dermoscopic findings also included
short fine telangiectasias, arborizing vessels, milky red structureless areas, ulceration and
white clods or milia-like cysts [10,11]. The micronodular subtype of BCC is presented in
Figure 2.
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Figure 2. Dermoscopy image of micronodular BCC showing arborizing vessels (red arrows), erosions
(green arrowheads), milia-like cyst (yellow arrowheads).

3.1.3. Infiltrative BCC

Infiltrative BCC (iBCC) is typically non-pigmented and presents under dermoscopy
with arborizing telangiectasia, superficial fine telangiectasia, ulceration/multiple erosions,
shiny white-red structureless background and white structureless areas [9-11,17,25,26].
Popadic¢ et al. observed that dermoscopic features of iBCC correlated with tumor thickness;
thicker areas showed multiple erosions and pigmentation, while thinner areas displayed
white structureless zones [15]. Pyne et al. described a dermoscopic “stellate pattern” in
iBCC, characterized by geometrical extensions from the tumor margin formed by vessels,
surface folds or white linear structures. This feature showed a sensitivity of 31.7% and
specificity of 94.1% [27]. “Halo phenomenon” was also reported in a single case of iBCC [28].

3.1.4. Basosquamous BCC

Basosquamous BCC (BSC) shows overlapping dermoscopic features of BCC and
invasive SCC. Giacomel et al. suggested that BSC should be considered in the differential
diagnosis when at least one dermoscopic finding of both BCC and SCC was present [29].
BCC-related features typically include polymorphous or monomorphous vasculature,
while SCC-related findings are linked to keratinization [30]. Polymorphous vascular
patterns in BSC consisted of combinations of branched, serpentine, straight, coiled or
looped vessels, while monomorphous patterns showed unfocused arborizing vessels [29,30].
Keratinization signs included keratin masses, blood spots on keratin, superficial scales
and white clods. Other common features were white structureless areas, shiny white-red
background, ulceration and blue-grey blotches [29,30]. Akay et al. introduced two new
dermoscopic criteria: “four dots in a square” (rosettes) to differentiate BSC from BCC, and
“adherent fibers” (a sign of ulceration) to differentiate BSC from actinic keratosis [30].

3.1.5. Nodular BCC

Arborizing vessels are reported to be characteristic of nodular BCCs (nBCCs), though
other vascular patterns like short fine telangiectasias, dots, coils and loops have also been
observed [9,11,16,21,31-36]. However, one study contradicted these findings and reported
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no differences in vascular patterns between sBCCs and nBCCs [32]. Translucency is the
second most common feature of nBCCs [9,34,36]. Blue-gray ovoid nests are frequently
present and, in the study by Popadi¢ et al., were found to have the highest diagnostic accu-
racy for nBCCs [9,11,13,17,26,36,37]. Other pigmented structures such as blue-gray dots,
blue-gray globules and structureless hyperpigmentation are also common [9,21,26,32,36].
Maple-leaf-like structures and spoke-wheel-like areas were identified by Enache et al. as
some of the most common dermoscopic findings in pigmented nBCCs [36]. In addition,
nBCCs often present with a shiny white-red structureless background or milky red back-
ground, though Popadic¢ et al. stated that this finding lacked statistical significance for
the nodular variant [9,11]. Among whitish structures, shiny white areas were frequently
noted [11,32,36]. Whitish globules may indicate amyloid deposition, as suggested by Park
et al. [38]. Interestingly, blue-white veil-like structures and the rainbow pattern were
reported more frequently in nBCC than in sBCC [32]. Figure 3 shows examples of nBCCs.

Figure 3. Dermoscopy images of nodular BCCs (nBCCs). The nBCC on the left shows arborizing
vessels (red arrowhead), blue clod /ovoid nest (green arrowhead), milky way areas (blue asterisks).
The nBCC on the right presents arborizing vessels (red arrowhead), multiple gray-blue globules (blue
arrowheads), erosions (yellow asterisks), milia-like cyst (yellow circle).

3.1.6. Superficial BCC

Studies are in agreement that short fine teleangiectasias and multiple erosions are
significantly associated with superficial BCC (sBCC) [9,11,13,20,25,26,32,33,39-45].

Some authors have also identified truncated vessels [17] and arborizing microvessels
(diameter < 0.2 mm) as typical for this subtype, underlining that arborizing vessels have not
been observed [16,21,34,45]. Shiny white to red areas [9,11,16,33-35,40,43-45], maple-leaf-
like areas [9,20,21,25,26,32,37,40,45] and spoke-wheel areas [17,20,32,37,40,46] have also
been found as highly specific for sBCC. Other dermoscopic findings frequently observed in
sBCC included concentric structures [32], multiple blue-gray globules or dots and ovoid
nests [21,26].

Lallas et al. found that the presence of maple-leaf-like areas and short fine superficial
telangiectasias, in association with the absence of arborizing vessels, blue-gray ovoid nests
and ulceration, was predictive of sBCC with a sensitivity of 81.9% and a specificity of
81.8% [45]. Some examples of sBCCs are shown in Figure 4.
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Figure 4. Dermoscopy images of superficial basal cell carcinomas (sBCCs). The sBCC on the left
shows arborizing vessels (red arrowheads), shiny white areas /blotches (orange asterisks), concentric
structures (blue arrows), short fine teleangiectasias (green circle), shiny white lines (yellow arrow-
heads), multiple in-focus blue/gray dots (yellow circles). The sBCC on the right presents short fine
teleangiectasias (yellow circles), erosions (red arrowheads), milky way areas (black asterisks).

3.1.7. Fibroepithelioma of Pinkus

Seven articles reported the dermoscopic features of fibroepithelioma of Pinkus (FEP)
and were included in the analysis [19,47-50]. In 2006, Zalaudek et al. analyzed 10 FEPs. All
were clinically misdiagnosed as benign lesions but were correctly identified on dermoscopy
in 90% of the cases. Key features included fine arborizing vessels, dotted vessels, white
streaks and, additionally, gray-brown areas with gray-blue dots in pigmented FEPs (40% of
cases). In 2020, Nanda et al. analyzed 48 FEPs, and, apart from serpentine, dotted, or poly-
morphous vessels and shiny white lines, identified a novel FEP feature—hypopigmented
to pink lines intersecting at acute angles (HPLA). This structure has also been reported in
hypopigmented melanoma and Spitz nevi [51]. In single case reports, negative network,
comedo-like openings and novel findings, including negative maple-leaf-like areas and
negative spoke-wheel areas, were reported [47,48,50].

3.1.8. Infundibulocystic BCC

Few cases of infundibulocystic BCC have been reported in the literature, most involv-
ing multiple lesions associated with genetic syndromes, with only one case documenting
dermoscopic findings. The BCC presented with short fine telangiectasias, maple-leaf-like
areas, multiple scattered blue-gray dots and globules, as well as white shiny streaks [52].

3.1.9. Cystic BCC

Cystic BCC is another rare variant of BCC, with only a few reports in the literature,
out of which only two included descriptions of dermoscopic findings. Both cases showed
arborizing telangiectasia, with one also displaying a homogeneous blue-black area. The
blue-black area was suggested to correspond to the cystic regions of the tumor resulting
from massive cell necrosis [53].

3.1.10. Blue-White BCC

In one study, the clinically blue-white variant of BCC (n = 32) was analyzed. The
authors concluded that the blue color in dermoscopy may result from blue-gray globules,
multiple blue-gray dots and/or blue-gray ovoid nests, along with a new dermoscopic
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finding—homogeneous blue pigmentation, observed in 59% of cases. The homogenous
blue pigmentation was suggested to correspond to a large ovoid nest. On the other hand,
clinically present white color was linked to dermoscopic structureless white areas, shiny
white structures and another novel feature—whitish septa, observed in 44% of BCCs. The
blue-white BCCs also frequently presented with ulcerations and fine arborizing vessels [54].

3.1.11. Polypoid BCC

There have been few cases of polypoid BCC reported in the literature, with only three
documenting dermoscopic findings. All cases showed arborizing vessels and two also
revealed multiple blue-gray globules and ovoid nests [55-57].

3.1.12. Large Pore BCC

Losch et al. described a case of BCC with a central dilated pore, surrounded by a
poorly defined whitish-pink area and noticeable branched vessels on dermoscopy. Gray
pigmentation and yellowish-white scales were also present around the pore [58].

3.1.13. Linear BCC

The three cases of linear BCCs reported by Alcantara-Reifs et al. were pigmented and
showed maple-leaf-like areas and spoke-wheel structures on dermoscopy [59].

3.1.14. Keloidal BCC

A keloid-like portion of BCC displayed arborizing vessels on a pinkish-white back-
ground without pigmented components, as reported in one study [60].

3.1.15. BCC with Myoepithelial Differentiation

In BCC with myoepithelial differentiation, dermoscopy revealed irregular linear ves-
sels and arborizing vessels on a whitish background with several dark brown areas [61].

3.1.16. Radiation-Induced BCC

BCCs developing in areas previously treated with radiotherapy showed a predomi-
nance of ovoid nests and arborizing vessels on a pink background [62].

3.1.17. Pigmented BCC

Pigmented BCC (pBCC) accounts for less than 10% of BCCs in fair-skinned populations,
whereas it represents more than 50%, and even up to 90%, in individuals with skin of
color [8,37,63-66]. However, not all cases of pBCC are clinically evident. Dermoscopy can
reveal features of pigmentation in about 30% of clinically non-pigmented BCCs [37,67].
Pigmentation in BCCs results not only from increased melanin but also from a higher
number of melanocytes [63,66]. Lallas et al. found that pigmentation is significantly more
common in nodular lesions and those located on the trunk [37]. On the other hand, Wolner
et al. reported significantly higher incidence of pBCCs on the upper extremities compared
with the head and neck region [68].

Park et al. found that increased pigmentation under dermoscopy was associated with
a lower likelihood of infiltration and may predict a non-aggressive BCC subtype [63]. This
could be linked to the anticarcinogenic properties of melanin, which reduces ultraviolet
radiation (UVR) penetration through the epidermis and prevents malignant transformation
and tumor cell infiltration. pBCCs were demonstrated to require smaller surgical margins
for complete excision, and as a result, they are more often excised with adequate margins.
When dermoscopy shows pigmentation within BCC on a level of 11% to 15%, clinicians
should anticipate the need for more aggressive surgical treatment [63].
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Nevertheless, pBCC is not classified as a separate subtype, as pigmented features
can occur in all BCC types [37]. Xavier-Junior et al. distinguished pBCC subtypes with
higher-risk morphologies, such as sclerosing or micronodular, and demonstrated that the
prognosis is rather related to morphological findings than to the presence of pigmented
structures [69]. Examples of pBCCs are shown in Figure 5, whereas non-pigmented variants
are illustrated in Figure 6.

Figure 5. Dermoscopy images of pigmented BCCs (pBCCs). The pBCC on the left shows multiple
gray-blue globules (green arrowheads), arborizing vessel (red arrowhead), blue clods/ovoid nests
(blue arrows), multiple in-focus blue/gray dots (yellow circles), milia-like cyst (yellow arrowhead).
The pBCC on the right presents erosion (blue arrow), maple-leaf-like areas (red circle), multiple
gray-blue globules (red arrowheads), multiple in-focus blue/gray dots (yellow circles), milia-like
cyst (green arrowhead), spoke-wheel areas (yellow arrowheads).

&

Figure 6. Dermoscopy images of non-pigmented BCCs. The BCC on the left shows MAY globules
(yellow circle), milia-like cysts (blue arrows), arborizing vessel (red arrowhead). The BCC on the
right presents arborizing vessels (red arrowheads).

3.1.18. Recurrent BCC

BCCs extremely rarely metastasize, and therefore, classical cancer staging systems do
not apply to them. Instead, they have been divided based on the risk of local recurrence
into two categories—low and high risk.

In the study by Sgouros et al., prognostic features associated with high-risk BCC
included clinically apparent white color, the presence of shiny white lines on dermoscopy,
nodular morphology and prominent clinico-dermatoscopic ulceration (covering more than
90% of the lesion’s surface). High-risk BCCs more frequently exhibited glomerular vessels
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and were non-pigmented. Dermatoscopic evidence of pigmentation, on the other hand,
was indicative of a low-risk BCC [70].

In another study, a statistically significant correlation was found between arborizing
telangiectasia and blue-gray globules with BCC recurrence [55]. Cuellar et al. noted that
the first sign of early relapse was the appearance of brown-gray pigmented foci, even when
the original tumors were not pigmented [71].

3.1.19. Summary of Dermoscopic Findings by BCC Subtype

In summary, no single dermoscopic finding definitively indicates a specific BCC
subtype; however, certain combinations of features may suggest particular subtypes. For
instance, the presence of arborizing vessels, translucency and blue-gray ovoid nests may
point to nBCC, while short fine telangiectasias, multiple erosions, maple-leaf-like areas,
spoke-wheel areas and shiny white-to-red areas are more commonly observed in sBCC.
BSC often exhibits a “stellate pattern” and halo phenomenon and sclerodermiform BCC is
characterized by arborizing or microvessels on a milky-red, pink-white or porcelain-white
background. Table 1 summarizes the dermoscopic characteristics of different BCC subtypes.

Table 1. Key dermoscopic features of different basal cell carcinoma (BCC) subtypes.

Subtype Key Dermoscopic Features

Spoke-wheel areas, maple-leaf-like areas, multiple erosions, shiny
white to red areas, short fine telangiectasias + absence of arborizing
vessels, blue-gray ovoid nests and ulceration

Superficial BCC (sBCC)

Arborizing vessels, blue-gray ovoid nests, translucent background,

Nodular BCC (nBCC) shiny white areas

Basosquamous BCC (BSC)  “Four dots in a square”, adherent fibers, keratin masses

Arborizing vessels on a porcelain-white background, along with
multiple erosions or ulcerations (often forming a ring), poorly
defined margins

Sclerodermiform BCC

Infiltrative BCC (iBCC)

Stellate pattern, halo phenomenon

Brown and blue globules, white clods, milia-like cysts, arborizing

Micronodular BCC vessels or short fine telenagiectasias, milky red structureless areas,
ulceration

Infundibulocystic BCC Short fine te'langlec.tasms, maple-leaf-like areas, blue-gray dots and
globules, shiny white streaks

Cystic BCC Homogeneous blue-black areas, arborizing telangiectasia

Blue-white BCC

Homogeneous blue pigmentation, whitish septa, blue-gray
dots/globules /nests

Polypoid BCC Arborizing vessels, blue-gray globules, ovoid nests

Large Pors BCE Central dilated pore surround_ed by a p.oorly defm.ed whx.tlsh-pmk
: area, branched vessels, gray pigmentation, yellowish-white scales

Linear BCC Maple-leaf-like areas, spoke-wheel structures

Keloidal BCC Arborizing vessels on a pinkish-white background

Fibroepithelioma of
Pinkus

Hypopigmented to pink lines intersecting at acute angles (HPLA),
fine arborizing, dotted or serpentine vessels, shiny white lines,
gray-brown areas, gray-blue dots

BCC with Myoepithelial
Differentiation

Irregular linear vessels, arborizing vessels, whitish background,
dark brown areas

Radiation-induced BCC

Ovoid nests, arborizing vessels, pink background

Recurrent BCC

Arborizing telangiectasia, blue-gray globules, brown-gray
pigmented foci
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Nevertheless, from a clinical perspective, differentiating between “high-risk” and
“low-risk” subtypes is more critical than recognizing specific subtypes. High-risk subtypes,
including sclerodermiform, micronodular, infiltrative and basosquamous carcinoma, dis-
play more aggressive behavior, with greater morbidity and recurrence risk. High-risk BCCs
should be suspected in non-pigmented, clinically white lesions that exhibit arborizing,
truncated or glomerular vessels; extensive ulceration, especially when covering more than
90% of the lesion’s surface; multiple blue-gray globules; concentric structures and a lack of
pink areas or large blue-gray ovoid nests.

3.2. Dermoscopic Findings by BCC Location
3.2.1. Face and Scalp

BCC most commonly (up to 80%) develops on the head, particularly on the
face and neck, where it typically presents as a nodule with arborizing vessels on
dermoscopy [32,33,68,72,73]. In in-depth analysis, Fagotti et al. found that the frontonasal
area is the most prevalent location for the nodular subtype, while sclerodermiform BCC is
more commonly found in the periauricular area [33]. Facial BCCs, especially in the H-zone
(nose, eyes, ears), are more likely to ulcerate and have a higher risk of deeper invasion,
indicating more aggressive histological subtypes and a higher risk of recurrence [33,72].
Pogorzelska-Dyrbus et al. reported a lower prevalence of brown globules in the H-zone and
a higher prevalence of glomerular and comma vessels in non-H-zone areas [72,74]. BCCs
on the face, particularly in fair and extensively sun-damaged skin, may also appear more
subtle, presenting as a white macule or papule. Interestingly, Liopyris et al. observed that
28.9% of these lesions lacked any classic BCC criteria and 13.3% presented with milia-like
cysts, making diagnosis particularly challenging. The authors suggested that the white
color of the lesion may be attributed to the presence of abundant dermal collagen. Pig-
mented BCCs are less common on the face [31]. In contrast, scalp BCCs more often display
pigmented structures and, surprisingly, also melanocytic patterns, while showing vascular
patterns less frequently than BCCs in other locations [32].

3.2.2. Eyelid

In the United States and Western countries, BCC constitutes the most common eyelid
malignancy, accounting for up to 90.8% of non-melanoma skin cancers [73,75]. About 20%
of BCCs in the head and neck region occur on the eyelids, predominantly on the lower
eyelid, especially on the margin, likely due to higher UV exposure [73,75-78]. Vaccari et al.
found that the lateral half of the eyelid margin is most often affected, usually without local
symptoms [75]. Pigmented eyelid margin BCCs (EMBCCs) account for 10% of cases, similar
to the prevalence in the head region [76]. Madarosis (eyelash loss) is a key sign of EMBCCs
and other malignant eyelid tumors [75-77].

In dermoscopy, EMBCCs show arborizing, thin linear and polymorphous vessels, as
well as linear vessels running perpendicular to the eyelid margin, a feature unique for
this location [75-78]. However, arborizing vessels, while typical for BCC, are not specific
to the eyelid [77]. Jaworska et al. highlighted that linear perpendicular vessels are not
pathognomonic for EMBCC, as they also occur in normal eyelid margins and other lesions.
The authors observed structureless pink areas and starry milia-like cysts in EMBCCs [78].
Williams et al. also reported pink or skin-colored background [77], while Cinotti et al. noted
intense pink, yellow and white colors, with yellow possibly due to crusts on erosions [76].

3.2.3. Trunk

In 2022, Jaworska et al. reported that truncal BCCs develop more frequently in younger
men. These lesions tend to grow larger and are frequently multiple, likely due to genetic
susceptibility and UV-induced oxidative damage to the skin [78]. BCCs on the trunk
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are mostly superficial and, on dermoscopy, are associated with short fine telangiectasias,
spoke-wheel areas and small erosions [32,68].

3.2.4. Areola

BCCs developing on the areola are very uncommon and have been referred to as
“BCC of the nipple-areola complex (BCC-NAC)”. Suggested causal factors include UV
radiation and radiation therapy, with the latter increasing the risk of multiple BCC-NAC
cases, especially when exposure occurs early in life [79]. Kitamura et al. reported a unique
dermoscopic finding in BCC-NAC, which they called “large black web”. This feature was
characterized by a black network with a mesh thicker than the typical pigment network.
Noteworthy is that the pigment network is naturally observed on the areola since it is one
of the few naturally pigmented areas of the body [80].

3.2.5. Umbilicus

In 2011, Ramirez et al. reported a case of umbilical BCC in a 21-year-old patient. The
small papule was first detected during a full-body mole mapping. Dermoscopy revealed
an unpigmented lesion with superficial ulcerations and polymorphic vessels, including
arborizing vessels, all suggestive of BCC. The authors underscored that the umbilicus, due
to its proximity to various anatomical structures, may facilitate tumor spread. Although
only a few cases of umbilical BCC have been documented to date, the case mentioned
above is the only one that reported the dermoscopic findings [81].

3.2.6. Limbs

Four studies on BCCs developing on the limbs were included in our analysis. Wolner
et al. evaluated 392 BCCs, of which 54 (13.8%) were located on the lower extremities
(LE) and 40 (10.2%) on the upper extremities (UE). BCCs on the LE were more common
in women, were diagnosed at a younger age and often showed a superficial subtype.
Arborizing vessels were significantly less common on the LE, while ulceration/erosions,
polymorphous vessels and shiny white structures were more frequently observed [68]. The
BCC located on the LE (shank) is presented in Figure 7.

Figure 7. Dermoscopy image of BCC located on the shank showing erosion (yellow asterisk), dotted
vessels (yellow circle), looped vessels (red circle), glomerular vessels (green circles), milky way areas
(black asterisks), brown homogenous blotch (blue arrowhead).
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Two of these studies focused on acral BCCs, which are extremely rare on glabrous
skin since BCCs usually develop in hair-bearing areas due to follicular germinative cell
differentiation [82]. Factors such as repeated trauma, burns, chronic ulceration, ionizing
radiation and arsenic exposure may contribute to their development. Acral BCCs are more
common in patients with genetic syndromes such as nevoid basal cell carcinoma syndrome,
Bazex syndrome and xeroderma pigmentosum [82,83]. Another explanation is the spread
via eccrine ducts [83]. Acral BCCs primarily affect women, though the role of sex hormones
is unconfirmed [82]. In dermoscopy, BCCs on glabrous skin present with ulcers, dotted
vessels, blue-gray ovoid nests and the absence of arborizing vessels, although one case of
periungual BCC did show typical arborizing vessels [82-84].

3.2.7. Genitals

UV radiation is considered to be the primary contributing factor of BCC, but it may
also develop in non-sun-exposed areas. Advanced age, local trauma, chronic inflammation
and radiotherapy may be causative factors in such cases [85]. Studies indicate that vulvar
BCC accounts for less than 1-2% of all BCCs and only 2-5% of all vulvar cancers [85-87].
Dobrosavljevic Vukojevic et al. reported an even higher prevalence of vulvar BCC, ranging
from 2% to 4.9% of all vulvar cancers in Europe, and up to 8% in China [88].

Genital BCCs typically develop on the labium majus and minus of postmenopausal
women, with an average age of 70 [85,87-89]. Pigmentation in vulvar BCCs is rare in
Caucasians (3%) but common in China (81%) [47,86,88]. These cancers are often diagnosed
late, usually when the tumor is larger than 1 cm and symptoms like itching, a palpable
mass and pain are often misdiagnosed as inflammatory conditions [86,87]. Dermoscopy
reveals similar features to cutaneous BCCs, including blue ovoid nests, blue globules,
fine telangiectasias, arborizing telangiectasia and white shiny structures, with ulcerations
occurring in 28% of cases; however, brown dots have also been described [86,88,89]. In
the reviewed literature, no reports of dermoscopic findings for BCC on male genitalia
were identified.

3.2.8. Summary of Dermoscopic Findings by BCC Location

In conclusion, BCC most commonly occurs on the head, particularly on the face and
neck, where it typically presents as a nodule with arborizing vessels. Non-pigmented
BCCs predominate on the face, suggesting a higher likelihood of infiltration and potentially
indicating a more aggressive subtype. In the H-zone (nose, eyes, and ears), BCCs are more
prone to ulceration, deeper invasion and association with aggressive histological subtypes,
leading to an increased risk of recurrence. BCCs in non-H-zone areas more frequently
display glomerular and comma vessels rather than arborizing vessels. Approximately 20%
of head and neck BCCs occur on the eyelids, with madarosis (eyelash loss) serving as a
key sign of EMBCC or other malignant eyelid tumors. On the trunk, BCCs are typically
superficial, exhibiting features such as SFT, spoke-wheel areas and small erosions. BCC-
NAC should be suspected when a unique dermoscopic feature, described as a “large black
web”, is observed. On the lower extremities, diagnosis of BCC is particularly challenging.
Lesions in this region more often present with ulceration, polymorphous vessels and SWS,
while arborizing vessels are rarely observed. BCC can also occur in non-sun-exposed
areas, such as the genital region (vulva) in postmenopausal women, where its dermoscopic
features are similar to those seen in cutaneous BCC.

3.3. Dermoscopic Features by Age on BCC Onset

A study of 448 BCCs found that early-onset cases (in patients under 50 years of age)
were less pigmented and often showed blue-gray globules with no visible vessels. In
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contrast, arborizing telangiectasia, large blue-gray ovoid nests and ulceration were more
common in older patients [20].

3.4. Dermoscopic Features by BCC Size

Twelve studies reporting the dermoscopic findings in BCC by tumor size were included
in the analysis [21,91-101]. The values used to differentiate between small and large BCCs
varied across studies; one study set the cutoff at 15 mm, three at 10 mm, two at 6 mm,
two at 5 mm, one at 4 mm, and one at 3 mm [21,91,92,95-101]. Very small BCCs (vsBCCs)
were defined as those measuring 2-3 mm, while micro-BCCs referred to tumors of 2 mm or
smaller [21,93].

The included studies demonstrated that the number of established dermoscopic fea-
tures of BCC increased with tumor size, but no additional size-specific features were ob-
served. However, some dermoscopic findings may be observed with different frequencies,
facilitating diagnosis at various stages [91,95,98,100]. Particularly, Ishizaki underscored
that dermoscopy contributes to recognizing BCCs in their early stages [96].

Predictors of small BCCs included SFT, small erosions, multiple blue-gray dots and
large blue-gray ovoid nests [91,97,98]. On the other hand, some studies led to opposite
conclusions. Two of them reported SFT and small erosions to be more frequent in large
BCCs [97,99]. Moreover, Wang et al. reported that pigmented structures started to appear
at 2 mm, with no difference in frequencies across pBCC sizes [91].

vsBCCs were statistically more likely to present with pigmented structures, particu-
larly blue-gray dots and ovoid nests, but less frequently showed SFT, shiny white structures,
ulceration, micro-erosions and scales [21]. The three cases reported thus far of pigmented
micro-BCCs demonstrated high dermoscopic variability [93].

In larger BCCs, arborizing vessels, ulceration and SWS are significantly more com-
mon [91,94,101]. Arborizing vessels typically appeared when tumors exceeded 6 mm [91].
Kinzel-Maluje et al. concluded that arborizing vessels are the only statistically significant
predictor against small BCCs [92].

Arias-Rodriguez et al. demonstrated that aggressive BCC subtypes had similar fre-
quencies of dermoscopic findings regardless of tumor size [21]. Examples of small (3.5 mm
diameter) and large (18 mm diameter) BCCs are shown in Figure 8.

Direct comparisons were challenging due to the varying definitions of small and large
BCCs used across the publications. Table 2 summarizes findings from the studies included.

3.5. Dermoscopic Features by Patient Phototype

We included five studies on dermoscopy in BCC among patients with darker photo-
types (III-VI) [66,102-105] and one study on individuals with albinism [106]. Due to the
protective properties of melanin, the incidence of BCC is lower in darker skin tones. The
incidence rate of pBCC increases with darker phototypes, from 91.8% in phototypes II-IV
to 100% in Black individuals [102,104].

Frequent dermoscopic features included blue-grey dots, ovoid nests, maple-leaf-like
areas, blue-white veil, ulceration, arborizing vessels and SFT. Nodular BCC was the most
common subtype significantly associated with ulceration, blue-white veil and arborizing
vessels [102,103,105]. Maple-leaf-like areas, red-white structureless areas, multiple small
erosions and spoke wheel areas were commonly found in sBCC, with the strongest corre-
lation seen for the latter [102,105]. Micronodular BCC showed predominantly arborizing
and dotted vessels and blue-white veil [103]. A dermoscopic rainbow pattern was seen in
a third of Indian patients [103]. In Black individuals, 55.6% of BCCs had an accentuated
reticular network, and 33.3% showed central hypopigmentation, which could be mistaken
for a dermatofibroma [104].
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In Africans with albinism, BCC was 2.3 times more frequent than SCC, similar to
Caucasians, and the most frequent dermoscopic findings included arborizing telangiectasia,

ovoid nests and spoke-wheel-like structures [106].

Table 2. Summary of dermoscopic features associated with basal cell carcinoma (BCC) sizes across

different studies.

Primary Author,
Year, Country

Definitions of
BCC Sizes

Dermoscopic Features Predominantly Observed in
Specific Sizes

Wang et al., 2024,
Taiwan [91]

Small: <6 mm;
Large: >6 mm

Small: Short fine telangiectasias, small erosions.

Large: Arborizing vessels (appeared in tumors larger
than 6 mm), ulcerations, shiny white structures.
Pigment patterns appeared at 2 mm and were consistent
regardless of size.

Kinzel-Maluje
etal., 2024,
Brazil [92]

Small: <4 mm;
Large: >4 mm

Small: Short fine telangiectasia in nodular BCC,
concentric structures in micronodular BCC.
Large: Arborizing vessels.

Micro-BCC: Dermoscopic variability. The findings

Foltz et al., 2023, Micro-BCC: . .
United States [93] <2 thim include blue-gray dots, blue-gray ov.01d nests,
spoke-wheel structures, maple-leaf-like structures.
Very Small: More pigmented structures, including
Very Small: blue-gray dots, globules and ovoid nests, fewer vessels
Arias-Rodriguez & e : (primarily short fine telangiectasias (SFT)), reduced
etal., 2023, Small: ’ presence of shiny white structures (SWSs), scales,
Colombia [21] 310 mm ulcerations and micro-erosions.
Small: Increased number of vessels, more SWS, scales,
ulcerations and micro-erosions.
Small:
Sykes et al., 2020, <419 cm? Large sBCC: Gain SWS, small blue clods and brown
New Zealand [94] Large: clods over time.
>41.9 cm?

Persechino et al.,
2020, Italy [95]

Small: <3 mm

Small pBCCs show typical dermoscopic features of BCC.

Xu et al., 2021,
China [101]

Small: <1 cm;
Large: =1 cm

Large: Blue-gray dots, arborizing vessels, SWS,
ulcerations and large blue-gray structureless areas.
Large BCCs in heavily pigmented lesions (>70%
pigmentation) more frequently exhibited large blue-gray
structureless areas, SWS and ulceration.

Ishizaki et al., 2016,
Japan [96]

Small: <15 mm;
Large: =15 mm

Increased detection of smaller BCCs due to dermoscopy;
however, no specific dermoscopic findings were
evaluated.

Small: Multiple blue-gray dots, large blue-gray ovoid

Longo et al., 2017, Small: <5 mm;
Italy [97] Large: >5mm "%

y ’ Large: Ulceration, multiple small erosions.
Takahuatiatal,, \<1ery Sn?all: Verz Small: Fewer positive dermo§cop1c fgatures. ‘
2016, Japan [98] <3 mm; Both groups: Large blue-gray ovoid nests and multiple

f Small: 4-6 mm  blue-gray globules.
i Small: oo ; : :
Popadi¢ et al., 2015, <10 mm: Large: Arborizing vessels, short fine telangiectasias,

Serbia [99]

Large: >10 mm

multiple small erosions.

Sanchez-Martin
etal., 2012,
Spain [100]

Small: <5 mm

Small BCCs show typical dermoscopic features of BCC.
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Figure 8. Dermoscopy images of BCCs in different sizes. The small BCC on the left shows blue
clod /ovoid nest (blue arrow), multiple gray-blue globules (yellow arrowheads), concentric structures
(green circle), shiny white line (red arrowheads). The large BCC on the right presents multiple
gray-blue globules (green arrowheads), maple-leaf-like areas (red circle), white areas (yellow circle),
multiple erosions (blue arrows).

4. Discussion

In the current review, we analyzed the variations of dermoscopic features in BCC
based on tumor subtype, location, age of onset, size and skin phototype. Data from the
literature indicate that there is no single feature that is pathognomonic for a certain BCC
subtype or specific to a particular location. This underscores the fact that a combination of
dermoscopic features is more relevant for an accurate diagnosis of BCC.

In patients with darker skin phototypes, the incidence of BCC is lower than in lighter
skin tones; however, the percentage of pBCCs increases in this group, with blue-grey dots,
ovoid nests, maple-leaf-like areas and blue-white veil being frequent findings.

There is also a variety of studies in the English literature on the dermoscopic findings
in BCC depending on the tumor size. However, comparing the results between these
studies is difficult due to the different ranges of diameter adopted by individual authors.
The main attention has been drawn to pigmented structures, which were detected even
in 2 mm tumors. Pigmented structures were suggested to be more common in smaller
BCCs; however, we presume that their presence rather allows for faster detection of
suspicious lesion.

Several factors, beyond the inconsistent definitions of tumor size, may further com-
plicate the interpretation and comparison of results. For example, variability in sample
representativeness—such as differences in ethnicity, gender and age distributions—can
influence findings. Additionally, the accuracy and reproducibility of dermoscopic assess-
ments, as well as differences in equipment and techniques used in various studies, present
further challenges. Addressing these variables is crucial for improving the reliability and
generalizability of research on BCC dermoscopy. On the other hand, a limitation of the cur-
rent review is that only the PubMed database was searched. Another limitation is the lack
of consistency in the literature in the division of BCC into clinical and histological subtypes,
which causes confusion and makes it difficult to standardize dermoscopic findings.
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To address these limitations, future studies should focus on standardizing the defini-
tions of tumor size, improving the diversity and representativeness of samples and estab-
lishing protocols for consistent dermoscopic evaluations across populations. Efforts should
also aim to develop guidelines for the harmonization of equipment and techniques. Com-
parative analyses with similar studies could help identify the unique contributions of each
work, while also explaining differences or consistencies in findings. This would not only
strengthen the understanding of BCC dermoscopy but also enhance its clinical application.

5. Conclusions

There is a wide variety of data in the literature on the dermoscopic presentation of
BCC depending on the tumor subtype, location, age of onset, size and skin phototype.
Despite the evidence confirming the differences in the dermoscopic presentations of BCC,
it was not possible to find any pathognomonic feature for any subtype or location.
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Simple Summary: Basal cell carcinoma (BCC) is the most common skin cancer, but its
diagnosis can be challenging due to overlapping features with other skin conditions.
Dermoscopy is a key tool for preliminary diagnosis. It helps to differentiate BCC from other
lesions, plan treatment, monitor the efficacy of therapies and identify recurrences. New
technologies, such as ultraviolet-induced fluorescence dermoscopy (UVFD) and optical
super-high magnification dermoscopy (OSHMD), show promise in improving diagnostic
accuracy. However, some BCCs remain indistinguishable with dermoscopy, emphasizing
that histopathology remains the gold standard for confirming the diagnosis.

Abstract: Introduction: Basal cell carcinoma (BCC) is the most frequently diagnosed skin
cancer globally. Despite the well-established dermoscopic features of BCC, overlapping
characteristics with other benign and malignant skin conditions cause challenges in dif-
ferential diagnosis. Part III of this review highlights the role of dermoscopy in differential
diagnosis, treatment planning, therapy monitoring and the integration of novel technolo-
gies including ultraviolet-induced fluorescence dermoscopy (UVFD) and optical super-high
magnification dermoscopy (OSHMD). Methods: A search of the PubMed database was con-
ducted for studies reporting on advances in the dermoscopic assessment of BCC, including
differential diagnosis, treatment, monitoring and novel diagnostic technologies. Results:
Even entities with well-defined dermoscopic features distinguishing them from BCC can
sometimes mimic BCC. Additionally, rare lesions such as neurothekeoma, reticulohisti-
ocytoma, solitary circumscribed neuroma, dermal leiomyosarcoma and various adnexal
tumors often remain dermoscopically indistinguishable from BCC, which underscores the
importance of histopathology as the diagnostic gold standard. Dermoscopy aids in delin-
eating the tumor margins, optimizing Mohs micrographic surgery (MMS) and traditional
excision. It may also help to monitor therapeutic effects by detecting the disappearance of
BCC patterns, the presence of residual tumor or recurrences. Dermoscopy may aid in the
prediction of therapeutic responses to imiquimod, photodynamic therapy or vismodegib.
UVFD and OSHMD appear to be valuable complementary diagnostic techniques for detect-
ing BCC. UVFD seems to be particularly valuable for the detection of small tumors (<5 mm),
facial lesions and nodular or non-pigmented BCC subtypes, while OSHMD is useful for
the assessment of superficial and non-pigmented BCCs. Three-dimensional total-body
photography enhances diagnostic precision but, so far, only when used in combination
with traditional dermoscopy. Conclusions: Dermoscopy is valuable for margin delineation,
therapy monitoring and differential diagnosis but can be inconclusive, which highlights
the role of histopathology as the gold standard. Modifications in dermoscopy technique
may further enhance its accuracy.

Cancers 2025, 17, 1025
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1. Introduction

Basal cell carcinoma (BCC) remains the most common skin cancer worldwide, ac-
counting for 80-90% of all such tumors [1]. Currently, approximately 20% of individuals
will develop BCC in their lifetime, with the risk increasing with age [2]. Additionally,
men are more prone to developing BCC than women [1]. Its diagnosis and manage-
ment continue to evolve due to advances in dermoscopy and imaging technologies [1,3].
While the dermoscopic features of BCC are well-established, challenges in differential
diagnosis arise due to overlapping characteristics with other benign and malignant skin
conditions [4,5]. Furthermore, the accurate delineation of tumor margins and monitoring
of therapeutic outcomes are critical for optimizing patient care. Recent developments,
including ultraviolet-induced fluorescence dermoscopy (UVED) and optical super-high
magnification dermoscopy (OSHMD), have introduced new opportunities for enhancing
diagnostic and treatment precision. Part III of this review focuses on the dermoscopic
findings relevant to the differential diagnosis of BCC, the role of dermoscopy in treatment
planning and therapy monitoring, and the potential of novel diagnostic techniques as
modifications of traditional dermoscopy.

2. Methods

In September 2024, PubMed database was searched for English publications avail-
able since the database onset using the search terms: (BCC OR basal cell carcinoma OR
basalioma) AND (dermoscopy OR dermatoscopy). The exclusion criteria included: not
relevant papers, reviews and meta-analyses, no full text available, no English-language
version available. The authors (.LW. and M.Z.) performed the screening of the abstracts
first, and, if the article was considered relevant, the full texts and the references of the
articles were reviewed. The literature search and selection of included papers was per-
formed according to the PRISMA (preferred reporting items for systematic reviews and
meta-analyses) guidelines. Details are presented in Figure 1.
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Figure 1. PRISMA flow chart of the literature search and article selection (available also: Wojtowicz 1;
Zychowska M. [4,6]).

3. Results

Of the 848 studies initially identified through the literature search, 292 were selected
for further review. Among these, 129 articles focused on advances in the dermoscopic
assessment of BCC, including differential diagnosis, treatment, monitoring of therapeutic
efficacy and novel diagnostic technologies, and were included in Part 3 of the Review.

3.1. Differential Diagnosis

We included 129 studies on entities that may be challenging to differentiate from BCC.
While the dermoscopic features of BCC are well-established and extensively studied, the
dermoscopic diagnosis of BCC is not always straightforward [4]. Even arborizing vessels,
one of the most characteristic findings, can appear in other lesions. Jin et al. demonstrated
that arborizing vessels may also be present in various tumors, mainly epidermal cysts,
hypertrophic scars/keloids, intradermal nevi and actinic keratoses, as well as in conditions
like necrobiosis lipoidica, morphea and porokeratosis. The authors found that arborizing
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vessels in BCC are focused (bright red and passing over the central parts of the lesion), while
in non-BCC lesions they are unfocused (blurred in color and distributed at the periphery of
the lesion), have fewer branches, and show a sharper decrease in vessel diameter from the
stem to the first branch [5].

Dermoscopy, while not always conclusive, significantly narrows the differential di-
agnosis. Often, the clinical-dermoscopic correlation can lead to the diagnosis of a specific
condition [7,8]. When uncertainty persists, histopathology remains the gold standard for
establishing a definitive diagnosis.

3.1.1. Intradermal Nevi

A study analyzing 77 intradermal nevi (IDN) and 118 BCCs found that IDN most
frequently exhibited hair (83.3%), brown pigment (79.5%), comma-shaped vessels (66.7%)
and brown globules (66.7%). Hairpin vessels were observed in 25.6% of IDN. In con-
trast, BCCs commonly displayed large arborizing vessels (94.1%), microvessels (89%) and
structureless hypopigmented areas. Focused vessels were identified as a key feature for
diagnosing BCC [9]. On the eyelid margin, nearly half of BCCs caused eyelash disruption,
while IDN did not. Additionally, 25% of IDN showed arborizing vessels. Lesions with a
pink background or eyelash disruption suggested BCC, whereas a brown background or
globules indicated IDN [10].

3.1.2. Melanocytic Nevi

In a study in Chinese patients on 3503 lesions, which were clinically diagnosed as
melanocytic nevi (MN), 2.5% of them were histopathologically found to be malignant, with
the predominant diagnosis of BCC (84.9% of malignant diagnoses) [11]. Key differences
between BCCs and MN include vascular features, pigmentation and ulceration. BCC
typically shows prominent arborizing vessels, while MN exhibit more regular vascular
structures or may lack visible vasculature. In terms of pigmentation, BCC displays rather
aggregated structures like blue-gray ovoid nests or maple leaf-like areas, whereas MN are
characterized by organized reticular pigmentation or homogeneous coloration. Ulceration
is common in BCC, particularly in aggressive subtypes, but is rare in MN [12].

3.1.3. Actinic Keratosis

Exposure to ultraviolet (UV) rays is a key etiopathogenetic factor for both actinic
keratosis (AK) and BCC, with over 30% of patients having both types of lesions simulta-
neously [13]. Di Carlo et al. identified the strawberry pattern, red pseudonetwork and
keratotic hair follicles as the main dermoscopic criteria for AK. However, dermoscopy
failed to differentiate between AK and BCC in 22% of cases [13]. Tschandl et al. noted that
the most valuable dermoscopic clues for differentiating pigmented AK from other lesions
were the presence of scales, white circles and a sharply demarcated border [14].

3.1.4. Bowen's Disease

Dermoscopy aids in the differentiation of the two nonpigmented skin cancers, SCC
in situ (Bowen'’s disease, BD) and superficial BCC (sBCC), which can clinically look very
similar. BD typically presents with dotted or glomerular vessels, while sBCC is charac-
terized by leaf-like areas, spoke-wheel areas, concentric structures and arborizing vessels.
However, when sBCC occurs on the lower extremities, it may also display dotted vessels,
making differentiation more challenging. In such cases, clinicians should consider short
fine telangiectasias (SFT) and white shiny blotches or strands as additional indicators of

sBCC [15,16].
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3.1.5. Squamous Cell Carcinoma

Squamous cell carcinoma (SCC) is more frequently misdiagnosed as BCC than the
other way round. Factors such as pigmentation and an elevated border contribute to SCC
being mistaken for BCC, while the presence of scaling may lead to BCC being misidentified
as SCC [17]. SCC can exhibit dermoscopic features resembling BCC, including multiple
linear-branching vessels over a pinkish-reddish background, blue-gray ovoid nests and
short white streaks, creating a clinical, dermoscopic and even confocal appearance similar
to BCC [18]. A cystic-variant keratoacanthoma (KA)-type SCC was reported to present
with a central pinpoint white crust, mimicking nodular BCC or an acneiform lesion. In
such cases, optical coherence tomography (OCT) enabled the preliminary diagnosis of
SCC [19]. Additionally, erosions are more commonly associated with BCC, whereas scales
and keratin masses are indicative of SCC [20].

3.1.6. Seborrheic Keratosis

Seborrheic keratosis (SK) typically shows dermoscopic features such as thick lines
(fissures and ridges), black-to-brown clods (comedo-like openings), white clods (milia-like
cysts) and hairpin vessels with white halos [21]. Takenouchi reported that approximately
85% of SK lesions in a study involving Japanese patients showed at least one of the
first three features mentioned above [22]. However, certain SK variants, including irri-
tated/inflamed SK [21,23], pigmented clonal SK [24] and adenoid SK [25], may mimic
pigmented BCC (pBCC). Irritated or inflamed SK can present with chaotic multi-colored
plaques, erosions/ulcerations, pinkish-white areas, brown-gray dots, blue-gray globules
or arborizing telangiectasia [21,23]. In one case, pigmented clonal SK clinically resembled
pBCC but was easily diagnosed dermoscopically by the presence of multiple milia-like
cysts, potentially preventing unnecessary surgery [24]. Adenoid SK, in contrast, closely
mimicked pBCC even in dermoscopy, displaying blue-gray globules, leaf-like areas and
hairpin vessels without white halos, with histopathology required for confirmation [25]. In
the large study conducted by Zhang et al. in 2024, 1089 samples clinically diagnosed as SK
were analyzed, and notably, 5.7% were identified as malignant tumors, with half of them
being BCCs [11]. A rare keratotic BCC variant, described in one case by Yanagihara et al.,
mimicked SK dermoscopically, showing dark violaceous to black botryoid structures with
a partial gray-white veil and hyperkeratotic areas [26].

3.1.7. Lichenoid Keratosis

A study of 51 histopathologically confirmed lichenoid keratosis (LK) cases revealed
that 52.9% were misdiagnosed preoperatively as BCC, with only 1.9% correctly identified.
LK was categorized into six dermoscopic subtypes. The flat pigmented type displayed
dotted and linear vessels with coarse bluish-grey granules, while the flat erythematous
type showed dotted and linear vessels, milky red-white areas, and structures with a
cerebriform appearance. Plaque-like LK featured short, pigmented lines, comedo-like
openings, spoke-wheel areas, and coarse brown granules. Morpheaform LK presented with
telangiectasias and short pigmented lines, while papulo-keratotic LK showed brownish
globules, cerebriform patterns, eccentric or central hyperpigmentation and short pigmented
lines. Nodular LK exhibited white scar-like areas, comedo-like openings and blue ovoid
nests. Telangiectasias in LK were fewer, non-arborizing, and less focused than in BCC. Blue
ovoid nests appeared only in nodular LK, while grey-blue granules in LK were coarser and
more regularly distributed. The authors concluded that differentiating BCC from LK might
be challenging when dermoscopic features specific for BCC, such as maple leaf-like areas,
ovoid nests and spoke-wheel structures, are lacking [27].
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3.1.8. Melanoma

sBCC misdiagnosed as malignant melanoma (MM) often displays atypical network
(55.9%) and regression structures (35.5%), while non-sBCCs typically show atypical vascular
pattern (58.8%) and irregular blotches (58.8%) [28]. Pigmented fibroepithelioma of Pinkus
can mimic MM due to dermoscopic features such as circumferential radial lines, eccentric
black areas, gray-black dots and clods, white lines, bluish-gray structureless areas and
pigmented fenestrated structures resembling an atypical, pigmented network [29,30].

BCCs on the lower extremities may present overlapping features with MM, including
shiny white streaks, linear vessels, or blue-black granular pigmentation. Shiny white
streaks are seen in both conditions, while linear vessels could be interpreted as the dilated
vessels of BCC or the irregular vessels of MM. Blue-black granular pigmentation, commonly
associated with regression in melanocytic lesions, can also be misleading [31]. Similarly,
MM can mimic BCC. For example, nodular MM on the upper eyelid was reported to
display blue-gray ovoid nests, ulceration, arborizing vessels, comedo-like openings, and
“moth-eaten” borders. Asahara et al. emphasized that typical dermoscopic features of
pBCCs can also appear in melanomas [32].

A prospective study on 240 flat pigmented facial lesions found that circles were
predictive of lentigo maligna, while clods were linked to BCC and gray coloration strongly
indicated malignancy on the face. In the aforementioned study, dermoscopic clues that
were almost exclusive to BCC included branched or serpentine vessels, and ulceration [14].

Vascular patterns require careful analysis. Non-/hypopigmented nodular melanoma
typically exhibits densely packed vessels of small diameter, while non-/hypopigmented
nodular BCC is characterized by arborizing vessels of larger caliber with lower density [33].
Di Matteo et al. developed a scoring system for distinguishing MM from BCC, based on
12 dermoscopic features. Features suggestive of MM received positive scores: regression
structures (+3), irregular dots or globules (+3), irregular blotches (+2), irregular streaks
(+2), white-red structureless areas (+1), and white streaks (+1). Features indicative of BCC
received negative scores: spoke-wheel areas (—1), in-focus dots (—1), multiple blue-gray
globules (—1), arborizing vessels (—2), concentric structures (—3), and maple leaf-like areas
(—3). A total score greater than 2 was suggestive of MM, while a score of 2 or less indicated
BCC. The model achieved a sensitivity of 94.08% and specificity of 79.45% [34].

3.1.9. Adnexal Tumors
Trichoblastoma

No single dermoscopic feature is pathognomonic for trichoblastoma (TB); however, the
presence of fine, short, poorly branching telangiectasia can help differentiate it from nodular
BCC, which typically exhibits more prominent arborizing vessels [35]. In a study comparing
502 BCC cases with 61 trichoblastic tumors (TT), including TB, trichoepithelioma (TE) and
desmoplastic trichoepithelioma (DTE), ulceration was found to be less frequently present
in TT under dermoscopy. Pigmented structures, particularly brown dots and globules,
were significantly more common in TT. Additionally, TT more frequently displayed cloudy
or starry milia-like cysts and yellow globules. Nevertheless, histopathological examination
remains the gold standard for differentiating between BCC and TT [36]. Histologically, TB
should also be distinguished from trichoblastic BCC (tBCC) [37]. Ghigliotti et al. found
that blue-gray ovoid nests and blue-gray globules were much more frequently observed in
tBCC than in TB [38].

Trichoepithelioma

TE, a histopathological variant of TB, is classified into three subtypes: solitary, multiple
and DTE [35,39,40]. TE can mimic BCC both clinically and dermoscopically [39-41] and,
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reversely, BCC can mimic TE [42]. Both tumors may display arborizing vessels; however,
in DTE, these vessels are typically sparsely branched, contrary to the more prominent
arborizing vessels often seen in BCC [42]. TE is characterized by a pearl-white background
within the lesion, particularly in the desmoplastic variant. Additional features may include
multiple milia-like cysts or keratin cysts, and an absence of BCC-specific structures such as
leaf-like areas and ovoid nests [39,40]. Dermoscopic findings should always be evaluated
alongside clinical information, including the patient’s age and the lesion’s growth pattern.
TE commonly appears in young adults and exhibits a very slow growth rate, while BCC
generally arises in individuals over 50 and shows a more significant and gradual increase
in size [39,41].

Trichoadenoma

Trichoadenoma was reported to dermoscopically resemble BCC. The dermoscopic
findings in trichoadenoma included shiny white lines, a blue-gray ovoid area, diffuse,
in-focus linear vessels and small whitish circles with a diffuse distribution. The latter has
been previously described in adnexal tumors but is considered to be absent in BCCs [43].

Trichilemmoma

Trichilemmomas typically develop over long-standing nevus sebaceous and are typ-
ically non-pigmented. However, pigmented desmoplastic trichilemmoma may mimic
dermoscopically pBCC. In a single case report of pigmented desmoplastic tricholemmoma,
multiple pigmented dots, a gray-blue globule, a pink structureless area, shiny white lines
and rosettes were observed [44].

Basaloid Follicular Hamartoma

Linear and unilateral basaloid follicular hamartoma (BFH) is a rare condition present-
ing as papules and plaques along Blaschko’s lines. Although benign, it carries a long-term
risk of BCC arising within the lesion [45,46]. Dermoscopy of BFH may reveal rounded struc-
tures containing brown-gray linear and arciform elements, globules, dots, spoke wheel-like
structures without a central dark point, keratotic plugs, irregular crown vessels, short fine
telangiectasias and structureless areas with telangiectasias. These features alone cannot
reliably differentiate BFH from BCC. However, the presence of arborizing vessels, blue-gray
ovoid nests, ulcerations, erosions, spoke wheel areas with central dark points, concentric
structures and white streaks can aid in distinguishing BCC from BFH [45].

Inverted Follicular Keratosis

Cases featuring a yellowish-white amorphous central area surrounded by a radial ar-
rangement of polymorphic vascular patterns, including arborizing vessels, linear irregular
vessels and corkscrew vessels, could be misdiagnosed as BCC [47].

Poroma

Poromas typically appear as non-pigmented nodules, although 17% may exhibit
pigmentation, mimicking pBCC by presenting arborizing vessels and large blue-gray ovoid
nests [48-52]. While histopathology remains the gold standard for diagnosis, dermoscopy
can provide valuable clues. Unlike pBCC, poromas lack maple leaf-like structures and
spoke-wheel areas and their arborizing vessels are less prominent with fewer branches.
Additionally, pigmented poromas often exhibit regular shapes, sharply demarcated nodules
and smooth-edged blue-gray ovoid nests, whereas pBCCs are more likely to display
irregularities, such as unclear boundaries and rough-edged blue-gray ovoid nests [48,51,52].
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Spiradenoma

Spiradenoma, a painful skin tumor, shows arborizing vessels and blue clods on a pink-
to-red background under dermoscopy. Distinguishing features between spiradenomas and
pBCCs include telangiectasias with minimal branching in spiradenomas and pure blue
clods, compared to the blue-gray in pBCC [53,54].

Tubular Apocrine Adenoma

Ito et al. described a case of tubular apocrine adenoma (TAA) presenting on der-
moscopy with short fine telangiectasias (SFTs) and large blue-gray ovoid nests arranged in
a floriform pattern. The authors emphasized that the combination of such findings is rarely
seen in BCC. They proposed that the coexistence of SFTs and mature large blue-gray ovoid
nests in a floriform arrangement may be a distinguishing dermoscopic feature of TAA [55].

Pilomatricoma

Pilomatricomas can occasionally mimic BCC on dermoscopy, especially in elderly
patients. The most common dermoscopic pattern in pilomatricomas includes irregular
white structures, white streaks, polymorphous or atypical vessels, ulceration, structureless
gray-blue areas and absence of specific dermoscopic criteria for other skin tumors [56].

Sebaceoma

Sebaceoma is characterized dermoscopically by yellow structures, such as a yellow-
pinkish or yellow-white background and yellow homogeneous areas, accompanied by
less bright red crown vessels. In contrast, BCC typically presents with bright red, sharply
focused arborizing vessels, blue-gray dots, globules or nests and lacks the yellowish
background seen in sebaceoma [57].

Sebaceous Carcinoma

Dermoscopy of sebaceous carcinoma reveals a polymorphic vessel pattern along with
whitish-pink areas, yellowish structures and yellowish structureless areas. The presence
of yellowish structures is a key dermoscopic feature that helps differentiate sebaceous
carcinoma from BCC [58].

Apocrine Hidrocystoma

According to Hidalgo et al., dermoscopy can help differentiate BCC from apocrine
hidrocystoma (AH) on the eyelid. BCC typically shows eyelash destruction and in-focus
arborizing telangiectasias. In contrast, although AH is clinically similar, dermoscopy reveals
translucent homogeneous areas, linear whitish structures and no eyelash involvement [59].

Microcystic Adnexal Carcinoma

This malignant adnexal carcinoma presents on dermoscopy with a central pinkish-
white structureless area, overlying scale-crusts and hemorrhage, sharply in-focus arborizing
vessels, yellow-white clods and gray-brown dots, features that mimic BCC. Notably, the
presence of “whitish clods”, which are absent in BCC, may aid in preliminary identification
of microcystic adnexal carcinoma [60].

3.1.10. Dermatofibroma

A study analyzing dermatofibromas (DF) found that 3.8% exhibited a “BCC-like” pat-
tern, characterized by arborizing vessels, blue-gray ovoid nest-like structures or peripheral
brown-black leaf-like structures [61].
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3.1.11. Linear Lesions—Scars, Scratches/Erosions and Tattoos

Linear BCC (LBCC) is a rare morphologic variant of BCC, defined by a length-to-width
ratio of at least 3:1, as noted by Navarrete-Dechent et al. Clinically, LBCC can mimic scars,
scratches, erosions, or even tattoos, leading to potential misdiagnosis. While no unique
dermoscopic features have been identified for this subtype, dermoscopy frequently reveals
pigmentation (83.3%) with blue-grey globules being the most common finding, helping in
accurate diagnosis [8].

3.1.12. Acne Vulgaris

BCC can occasionally mimic acneiform lesions, especially in fair-skinned older adults.
Dermoscopically, acne papules typically display a neutral yellow background, central
punctum and arborizing-like vessels. However, in excoriated lesions, the neutral yellow
background may resemble the yellow ulceration of BCC, and the presence of arborizing-like
vessels may further lead to misdiagnosis [19].

3.1.13. Psoriasis

Patients with psoriasis often undergo phototherapy or immunosuppressive treatments,
which can increase the risk of developing skin malignancies. Additionally, BCC can be
easily overlooked among inflammatory psoriatic lesions. Dermoscopy proved to be highly
valuable in these cases. Psoriatic lesions typically display a homogeneous vascular pattern
consisting of red dots on a light-red background. The diagnostic accuracy can reach 99%
when these features are present. In contrast, BCC exhibits characteristic dermoscopic
features, including arborizing vessels, short fine telangiectasias, erosions, blue-gray dots
and /or milky-pink background [62-65].

3.1.14. Acrochordons

Acrochordons, also known as skin tags, are benign, pedunculated neoplasms com-
monly found on the neck, axillae, or groin and are generally simple to diagnose clinically.
However, atypical presentations can pose a diagnostic challenge. A solitary erythematous
lesion with firm consistency located in the lumbar region may resemble fibroepithelioma of
Pinkus, a rare variant of BCC that often occurs in the lumbosacral area. Dermoscopy of
such ischemic acrochordons was reported to show regularly arranged dotted vessels on a
violaceous background with bullae filled with serous fluid. In contrast, fibroepithelioma of
Pinkus is more likely to exhibit fine arborizing vessels, sometimes accompanied by dotted
vessels and white streaks [66].

3.1.15. Scarring Alopecia

Tomasini et al. reported on a case of progressive hair loss over five years, initially
misdiagnosed as female androgenetic alopecia and treated with minoxidil. However,
dermoscopy revealed a large (15 x 15 ecm) BCC, characterized by multiple arborizing
vessels, structureless hypopigmentation, and complete loss of follicular openings, leading
to the correct diagnosis [67].

3.1.16. Granuloma Faciale

Flat-type granuloma faciale (GF) can present dermoscopically as diffuse orange struc-
tureless areas with elongated linear vessels resembling branching vessels, mimicking BCC.
Unlike flat GF, raised GF may display follicular features [68]. Lallas et al. observed that
GF vessels tend to be larger, more numerous, and arranged in parallel, with less extensive
branching compared to BCC [69]. Savoia et al. reported cases of GF plaques, showing both
wide and thin linear vessels with evident branching, further complicating differentiation.
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Due to these similarities in arborizing vessels, histology remains essential for accurate
diagnosis [68].

3.1.17. Vulvar Hidradenoma Papilliferum

Vulvar hidradenoma papilliferum was reported to exhibit dermoscopic features closely
resembling non-pigmented BCC. In a single case, the lesion displayed a prominent vascular
pattern, including well-focused arborizing vessels over a pinkish background and whitish
areas. This similarity highlights the importance of histopathological confirmation to make
an accurate diagnosis [70].

3.1.18. Trigeminal Trophic Syndrome

Ulceration on the face, characterized by a flat, well-demarcated, polygonal, erythe-
matous outline with scattered short linear vessels and a base appearing irregularly raised,
homogeneously reddish, with peripheral homogenous whitish areas and scarce chrysalis
structures and vessels on dermoscopy, may initially suggest BCC. However, loss of pain
and temperature sensation around the lesion and absence of typical BCC dermoscopic
features should suggest trigeminal trophic syndrome, caused by damage to the sensory
branches of the trigeminal nerve [71].

3.1.19. Cutaneous Metastasis

Kuraitis and Pei reported a case of cutaneous metastasis of renal cancer, showing a
translucent papule with tortuous arborizing vessels and centrally located lacunae under
dermoscopy. This vascular pattern closely mimicked BCC, making the diagnosis based on
dermoscopy alone very difficult [72].

3.1.20. Mammary Carcinoma

Horikawa et al. described a case of pigmented invasive ductal carcinoma of the areola,
mimicking BCC on dermoscopy. The lesion displayed blue-gray areas with white scales con-
taining brown areas and brown to bluish-white globules surrounded by a hyperpigmented
border on the periphery. The definite diagnosis was made using histopathology [73].

3.1.21. Cutaneous Histoplasmosis

Immunosuppressed patients can develop rare conditions with unusual presentations.
One such case involved a patient treated with anti-TNF drugs for psoriasis for approxi-
mately three years. After discontinuing the treatment, a tumor appeared on the eyebrow.
Dermoscopy suggested BCC due to the presence of arborizing telangiectasias at the lesion’s
periphery and superficial scaling. However, biopsy revealed structures characteristic of
Histoplasma capsulatum [74].

3.1.22. Dermal Leiomyosarcoma

Lozano Salazar et al. reported a case of a tumor presenting as a raised, indurated,
erythematous lesion with the destruction of eyebrow follicles and a surrounding firm, ede-
matous border. Dermoscopy showed a homogeneous brown pattern. Although BCC was
initially suspected, histopathology was consistent with the diagnosis of dermal leiomyosar-
coma (derived from the hair erector muscle). The dermoscopic features of this entity have
not been established to date [75].

3.1.23. Neuroma

Solitary circumscribed neuroma, also known as palisaded encapsulated neuroma
(PEN), is a benign cutaneous tumor often misdiagnosed as BCC. Fernandez-Crehuet et al.
reported two cases—one of a BCC and one of a PEN—both exhibiting arborizing vessels
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on a pink background under dermoscopy, with the definitive diagnosis confirmed by
histopathology. The authors concluded that the presence of arborizing telangiectasia on a
pink-white background should prompt the consideration of diagnoses other than BCC [76].

3.1.24. Reticulohistiocytoma

Reticulohistiocytoma, also referred to as solitary cutaneous reticulohistiocytosis, is a
type of non-Langerhans cell histiocytosis that can mimic BCC in dermoscopy. Reticulohisti-
ocytoma was reported to display arborizing vessels on a yellowish-pink background. This
underscores the importance of histopathologic examination in confirming the diagnosis of
BCC [77].

3.1.25. Targetoid Hemosiderotic Hemangioma

Targetoid hemosiderotic hemangiomas (THH) exhibit a characteristic dermoscopic
pattern in 52% of cases, typically showing central lagoons surrounded by a yellowish
circular intermediate area and a purple or ecchymotic peripheral ring, or central lagoons
with a homogeneous peripheral area. However, Enei et al. reported a THH case initially
misdiagnosed as BCC due to the presence of arborizing vessels and a bluish-gray ovoid
structure [78].

3.1.26. Angiokeratoma

Angiokeratomas and pBCCs may be confused clinically and dermoscopically. Angiok-
eratomas typically display dark lacunae—multiple, well-defined, round or oval structures
that are dark blue, violaceous or black—with no vascular structures inside. The features
demonstrate high diagnostic accuracy (sensitivity: 93.8%; specificity: 99.1%). In contrast,
pBCC may present with multiple, round or oval, poorly defined grayish-blue structures,
distinct from typical large, blue-gray ovoid nests and mimicking lacunae. However, Za-
ballos Diego highlighted that the presence of arborizing vessels within the grayish-blue
structures should prompt the diagnosis of pBCC [79].

3.1.27. Adult Xanthogranuloma

Juvenile xanthogranuloma in adulthood is a rare non-Langerhans cell histiocytosis
that can clinically and dermoscopically resemble BCC, particularly due to the presence
of arborizing vessels. However, the distinctive yellowish-orange hue, indicative of a
xanthomatized tumor, serves as a crucial clue for dermoscopic diagnosis [80].

3.1.28. Neurothekeoma

Aydingoz et al. reported a case of neurothekeoma, a slow-growing benign tumor
of nerve sheath origin, in an immunosuppressed patient undergoing treatment for non-
Hodgkin lymphoma. Dermoscopically, the lesion mimicked BCC, displaying only thick,
arborizing vessels on the surface of the nodule. The definitive diagnosis was made upon
histopathology [81].

3.1.29. Primary Cutaneous B-Cell Lymphoma

A study analyzing the dermoscopic features of primary cutaneous B-cell lymphomas
(PCBCL) revealed that 17.4% of cases were misdiagnosed as BCC by two blinded der-
moscopy experts, with primary cutaneous follicle center lymphoma being particularly
prone to misdiagnosis (30.2%). In 58 PCBCL cases, the authors identified salmon-colored
background and prominent blood vessels, most commonly serpentine vessels, as the pre-
dominant dermoscopic features. These findings may also be seen in superficial BCC [82].

Table 1 summarizes the differential diagnosis of BCC, highlighting key dermoscopic
features.
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Table 1. Summary of the differential diagnoses of basal cell carcinoma (BCC).

Disease Key Dermoscopic Features
Intradermal Nevi (IDN) Hair, comma-shaped vessels, brown pigment, brown globules, hairpin vessels
[9,10] [9]
Melanocytic Nevi (MN) Organized reticular pigmentation, regular vascular structures or lack of visible
[11,12] vasculature [12]
Actinic Keratosis (AK) Strawberry pattern, red pseudonetwork, keratotic hair follicles, scales, white
[13,14] circles [13,14]
Byt fllzlfz;se (BD) Dotted/glomerular vessels, regularly distributed on a pink background [15,16]
Squamious Cﬁlﬁ;ﬁmoma (5CS) Scales without both pigmentation and rolled border, keratin masses [17,20]
Seborrheic Keratosis (SK) Thick lines (fissures and ridges), black-to-brown clods (comedo-like openings),
[11,21,23-26] white clods (milia-like cysts), hairpin vessels with white halos [21]
Lichenoid Keratosis (LK) Dotted and linear vessels, coarse bluish-gray granules, comedo-like openings,
[27] cerebriform patterns, short, pigmented lines [27]
Melanoma (MM) Atypical network, regression structures, atypical vascular pattern, shiny white
[14,28-34] streaks, irregular blotches/streaks, blue-black granular pigmentation [28,31]
Trichoblastoma (TB) Fine, short, poorly branching telangiectasias, pigmented structures (brown
[35-38] dots, globules), milia-like cysts, yellow globules [35,36]
Trichoepithelioma (TE) Pearl-white background, multiple milia-like cysts, sparsely branched
35,39-42] arborizing vessels [39,40,42]
Trichoadenoma Shiny white lines, blue-gray ovoid nests, in-focus linear vessels, small whitish
[43] circles [43]
53 Typically—non-pigmented;
Trichilemmoma iz s ; :
[44] in pigmented cases: multiple pigmented dots, gray-blue globules, pink

structureless areas, shiny white lines, rosettes [44]
Basaloid Follicular Hamartoma ~ Brown-gray linear (along Blaschko's lines) /arciform elements, globules, dots,

(BFH) spoke-wheel-like structures without a central dark point, keratotic plugs,
[45,46] irregular crown vessels, short fine telangiectasias, structureless areas [45,46]
Inverted Follicular Keratosis (IFK)  Yellowish-white amorphous central area, radial polymorphic vascular patterns
[47] (arborizing, linear, corkscrew vessels) [47]
Poroma Typically non-pigmented, sharply demarcated nodules.
[48-52] In pigmented cases: arborizing vessels, large blue-gray ovoid nests [45-52]
Spl{igi’;(])ma Arborizing vessels, blue clods on pink-to-red background [53,54]
Tubular Apocrine Adenoma (TAA)  Short fine telangiectasias (SFTs), large blue-gray ovoid nests in a floriform
[55] pattern [55]
Pﬂom{;:;coma Irregular white structures, white streaks, polymorphous or atypical vessels [56]
Sebaceoma Yellowish-pink or yellow-white background, yellow homogeneous areas,
[57] crown vessels [57]
Sebaceous Carcinoma Polymorphic vessels, whitish-pink areas, yellowish structures, yellowish
[58] structureless areas [58]

Apocrine Hidrocystoma (AH) ~ AH on the eyelid: translucent homogeneous areas, linear whitish structures, no
[59] eyelash involvement [59]
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Table 1. Cont.
Disease Key Dermoscopic Features
Microcgstic ?&n‘: é;] Cardinoia Central pinkish-white structureless area, scale-crusts, hemorrhage, sharply
[60] in-focus arborizing vessels, yellow-white clods, gray-brown dots [60]
Typical pattern: peripheral pigment network + central white patch
Dermatoffi:lioma (DF) “BCC-like” pattern: blue-gray ovoid nests, peripheral brown-black leaf-like

structures [61]

Linear Lesions (Scars,
Scratches/Erosions, Tattoos)
(8]

Depending on type of lesion, linear arrangement [8]

Acne Vulgaris Yellow background, central punctum, radial crowning vessels (arborizing-like
[19] vessels) [19]
Psoriasis Homogeneous vascular pattern, red dots distributed regularly on a light-red
[62-65] background [62-65]
Acrochordons (Skin Tags) In ischemic acrochordons: regularly arranged dotted vessels, violaceous
[66] background, bullae with serous fluid [66]
Scarring Alopecia . . ; .
557] P Complete loss of follicular openings, structureless hypopigmentation [67]
Granulo?;); I;;?ale (Gh Diffuse orange structureless areas, elongated linear vessels [68]
Vulvar Hidradenoma Papilliferum ~ Prominent vascular pattern—arborizing vessels, pink background, whitish
[70] areas [70]
Trigeminal Trophic Syndrome Ulceration on the face with polygonal, well-demarcated, erythematous borders,
[71] linear vessels, irregularly raised base [71]
Cutaneous Metastasis Various presentations, including translucent papule, tortuous arborizing
[72] vessels, lacunae [72]
Mammary Carcinoma Blue-gray areas, white scale, brown areas, brown to bluish-white globules,
[73] hyperpigmented border [73]
Cutaneous {;l:]mp aampats Scaling, arborizing telangiectasias at lesion periphery [74]
Dermal Leiomyosarcoma Erythematous nodule, homogeneous brown pattern, destruction of follicles,
[75] surrounding halo [75]
Ne;;rgima Arborizing vessels, pink background [76]
Retlmlol[\;s;]loc)'toma Arborizing vessels on a yellowish-pink background [77]
Ta:{getoxd Hemomderotnc Central lagoons, yellowish circular intermediate area, purple or ecchymotic
emangioma (THH) R . g
78] peripheral ring or homogeneous peripheral area [78]
Angio[l:egr]atoma Dark lacunae [79]
At Xan;:gg]granuloma Yellowish-orange hue, arborizing vessels [80]
Neuro[tg ]e ]k £ thick, arborizing vessels on the surface of the nodule [81]
Primary cutaneous
B-cell lymphomas (PCBCL) salmon-colored background, serpentine vessels [82]
[82]
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3.2. Treatment and Monitoring
3.2.1. Detecting Tumor Margins

After reviewing the literature, we identified 11 studies [83-93] highlighting the benefits
of dermoscopy for delineating tumor margins and five studies [94-98] suggesting limited
utility.

The studies favoring dermoscopy reported reduced positive lateral margins (19% vs.
53%), fewer stages and smaller defects in Mohs micrographic surgery (MMS), especially
for pigmented tumors [83-85,91]. Dermoscopic mapping during MMS, referred to as “Der-
Mohscopy”, enabled immediate correlation between dermoscopic and histopathologic
findings [93]. Adding videodermoscopy (40x magnification) reduced the number of re-
quired stages to one in most patients compared to curettage [84]. Jawed et al. highlighted
dermoscopy’s role in accurately identifying biopsy sites, describing scars as homogeneous
pink patches with clusters of small-caliber vessels under dermoscopy [87]. When using der-
moscopy before MMS, the mean margin increase was 1.26 £ 0.4 mm (range 1-2mm) [83].
A study analyzing 295 MMS procedures with prior dermoscopic margin delineation sug-
gested a 1 mm initial margin for well-defined, non-aggressive BCCs smaller than 6 mm in
cosmetically sensitive areas. For larger or more aggressive BCCs, wider margins are neces-
sary: 3 mm—for nodular tumors under 6 mm, 4 mm—for well-defined tumors between
6 and 19 mm, 5 mm—for ill-defined, non-aggressive tumors, and 7 mm—for ill-defined
aggressive ones [99].

Presurgical dermoscopic analysis of BCC margins has proven valuable even before
traditional surgical excision for nodular, infiltrative and morpheaform subtypes [88,39]. It
reduces suboptimal margins from 22% (with clinical evaluation alone) to 7% [88]. Mun et al.
cautioned against relying on arborizing vessels to define margins, especially on the face, as
they may represent normal vessels and lead to unnecessary excision [100]. In such cases,
“stretching dermoscopy” can enhance margin assessment by improving the visualization
of the opalescent color associated with stromal changes in BCC. Stretching the skin reduces
the blood flow in smaller vessels surrounding the tumor without affecting larger arborizing
vessels, thereby improving their distinction. Contact dermoscopy can compress both
normal and tumoral vessels [101]. A study of 200 BCCs showed that 2 mm dermoscopically
detected margins achieved complete histological excision in 98.5% of cases, with tumor
extensions rarely exceeding 1 mm [90]. In a Japanese study, dermoscopic margins closely
matched histopathological findings, with no tumors spreading beyond 1 mm. A 2-3 mm
margin achieved a 99% complete removal rate for well-defined, primary pBCCs [102].
Another study reported a mean margin extension of 0.59 mm after dermoscopy, concluding
that dermoscopy aids in determining both lateral and deep tumor margins, especially when
using high magnification (120 <) to achieve a three-dimensional view [92].

Dermoscopic identification of BCC peripheral borders is a quick and effective method
for planning radiotherapy and evaluating tumor persistence or recurrence at the treatment
margins [86].

Imbernén-Moya et al. highlighted that negative maple leaf-like areas may predict
residual disease or recurrence after surgical or non-surgical treatment. This new dermo-
scopic criterion could aid in identifying tumor borders and defining adequate surgical
margins, particularly in non-pigmented superficial BCCs [103].

Several studies have questioned the effectiveness of dermoscopy in improving surgical
outcomes for BCC. A study involving 317 cases found no reduction in MMS stages or
improvement in margin identification, regardless of clinician experience or the clinical and
histopathological tumor subtype [94]. Similarly, smaller studies reported no advantage
in using dermoscopy for margin delineation or stage reduction during MMS [95-98].
Cerci et al. observed that dermoscopy had limited accuracy in assessing lateral margins
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in superficial, micronodular, infiltrative, morpheaform and mixed BCCs. However, the
lack of a control group in this study meant it could not establish whether dermoscopy
outperformed clinical evaluation. The study identified predictors of histologically positive
margins, including superficial fine telangiectasias, shiny white-red structureless areas and
white streaks [104].

3.2.2. Monitoring Effectiveness of Therapies
Imiquimod Cream 5%

Dermoscopy has proven to be an effective non-invasive tool for assessing and moni-
toring the outcomes of 5% imiquimod treatment, including the detection of residual tumor
or recurrence. It enables the evaluation of lesion clearance without the need for biopsies;
however, persistent dermoscopic features indicate the need for a biopsy [105-110].

Dermoscopic features such as leaf-like areas and spoke-wheel areas showed early
regression by week 4 of therapy. Similarly, arborizing vessels in sBCCs disappeared early,
likely due to their smaller size. In contrast, larger structures like blue-gray ovoid nests
required a longer treatment period to resolve [109]. Another study found that ulceration
and neovascularization were the first dermoscopic features to fully clear, typically by week
4. Among pigmented features, blue-gray globules showed the fastest clearance (50% by
week 4), followed by leaf-like areas and large blue-gray ovoid nests [110].

In a study of 134 BCCs, multiple small erosions (common in sBCCs) increased the
likelihood of complete response to imiquimod by 38 times, while large ulcerations and
solitary small erosions were associated with eight- and seven-fold higher odds, respec-
tively [106]. Dermoscopy also identified eruptive epidermoid cysts, a local immune reaction
to imiquimod treatment, showing particularly in mid-facial areas (nose, chin, and lips).
These cysts appeared as yellow-whitish plaques resembling “popcorn”, with minimal
vascularization, typically observed at the endpoint of therapy [108].

Photodynamic Therapy

Spoke-wheel patterns, concentric structures and leaf-like areas were linked to poor
response to PDT, likely due to limited light penetration through these features. Deeper
pigmented structures, such as globules, commonly seen in nBCCs, were associated with
higher recurrence rates [111].

Apalla et al. analyzed 98 sBCCs treated with imiquimod or PDT and introduced
“residual disease-associated dermoscopic criteria” (RDADC), including pigmented struc-
tures, ulcerations or arborizing vessels as indicators of residual disease. RDADC accurately
predicted sBCC presence in histopathology, while their disappearance correlated with
complete clearance. The reappearance of RDADC during follow-up suggests recurrence.
Post-treatment white /red structureless areas or superficial fine telangiectasias may reflect
treatment-related changes (upper dermal fibrosis and atrophy of the overlying epidermis)
rather than neoplasia but require close monitoring for early recurrence [112].

Ingenol Mebutate

A study on four sBCCs demonstrated a rapid disappearance of dermoscopic features
one month after treatment with ingenol mebutate gel 0.015% (for the face/scalp) and 0.05%
(for the trunk/extremities). The authors suggested that in the future, lesion follow-up after
this treatment could be performed without the need for punch biopsies [113].

Treatment with 0.5% 5-Fluorouracil and 10% Salicylic Acid

Diluvio et al. treated pBCCs with a combination of 0.5% 5-fluorouracil and 10%
salicylic acid applied once daily for six weeks. Dermoscopy proved valuable in detecting
the rapid disappearance of characteristic patterns (maple leaf-like areas, in-focus blue-gray
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dots, concentric structures and spoke-wheel areas) one month after starting treatment.
Additionally, six-month follow-up dermoscopic evaluations revealed no sBCC-specific
features, confirming the absence of residual tumor or recurrence [114].

Vismodegib

In a study on long-term intermittent vismodegib treatment for multiple BCCs, lesions
exhibiting in-focus dots at baseline, arborizing vessels after 12 weeks of treatment and
concentric structures after 24 consecutive weeks were indicative of the histological persis-
tence of BCC at the end of therapy (week 72). Moreover, pigmented structures observed at
week 56 were significantly associated with a positive final histological examination, further
suggesting treatment resistance [115].

High-Intensity Focused Ultrasound (HIFU)

Calik et al. introduced a novel non-invasive method for treating BCC using high-
intensity focused ultrasound (HIFU). Dermoscopy played a crucial role in accurately delin-
eating the treatment area and offered valuable insights into the healing process following
HIFU treatment [116].

Radiotherapy and Brachytherapy

Two studies highlighted the utility of dermoscopy as an effective monitoring tool
for patients with BCCs undergoing high-dose-rate (HDR) brachytherapy [114,115]. The
authors observed a significantly faster reduction in dermoscopic features compared to
topical therapies, followed by the development of ulceration, which may be attributed to
the deeper tissue penetration of HDR. This effect was particularly pronounced in older
patients. Additionally, dermoscopy proved to be highly sensitive in detecting recurrence or
residual BCC [117,118].

Navarrete-Dechent et al. evaluated BCCs treated with high-dose ionizing radiation
therapy and observed that only arborizing vessels became less prominent during follow-
up. They also noted that short fine telangiectasias and shiny white blotches and strands
lose diagnostic specificity in biopsied lesions, as these features may also appear in scars.
Additionally, they reported a gradual increase in “white color”, likely due to fibrosis, and
“orange color”, attributed to inflammatory cell accumulation. However, the study was
limited by its small sample size and lack of a control group [119,120].

3.3. New Technologies
3.3.1. Ultraviolet-Induced Fluorescence Dermoscopy (UVFD)

The integration of ultraviolet light (365 nm) into dermatoscopes was demonstrated
to improve the evaluation of BCC biopsy sites prior to dermatologic surgery. Navarrete-
Dechent et al. observed that biopsy sites appear darker than surrounding skin under
UVFD, likely due to inflammation and hypervascularity in scar tissue caused by the
procedure [121]. However, Gil-Pallares et al. noted that even non-biopsied BCCs exhibit a
darker appearance. This was attributed to the “umbrella effect”, where skin tumors block
UV light penetration, reducing fluorescence from underlying collagen and elastin. Recent
scars appeared slightly less dark than tumors, while older hypopigmented scars were seen
as brighter areas [122].

In a study of 163 BCCs, the UVFD features were reported for the first time. Common
findings included dark silhouettes (82.2%), interrupted follicle patterns (31.9%), absence
of blue-green fluorescence (33.1%), black globules (29.4%), white-blue scales (28.8%), lack
of pink-orange fluorescence (26.4%) and well-demarcated borders (23.9%). UVFD was
suggested as a valuable complementary tool to polarized dermoscopy (PD), particularly for
small tumors, facial lesions and nodular or non-pigmented subtypes. BCCs of a diameter
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less than 5 mm more often showed interrupted follicle patterns, the absence of pink-orange
fluorescence and well-demarcated borders. Facial lesions frequently displayed clearly
defined borders and interrupted follicle patterns, while nodular BCCs were associated
with interrupted follicle patterns and absence of pink-orange fluorescence. Non-pigmented
BCCs commonly exhibited the absence of blue-green fluorescence and interrupted follicle
patterns. The study also found that erosions, ulcerations and vascular structures were less
visible under UVFD compared to PD [123]. Figure 2 illustrates various characteristics of
BCC observed under UVFD.

Figure 2. Polarized light dermoscopy (PD) presentation of basal cell carcinoma (BCC) on the face
(a—c). Corresponding images in ultraviolet-induced fluorescence dermoscopy (UVFD) (d—f). (d) Dark
silhouette, pink-orange follicular fluorescence at the periphery of the tumor (yellow arrowheads),
absence of pink-orange fluorescence within the BCC. (e) Dark silhouette, erosion (orange arrow),
arborizing vessel (green arrow), blue-green follicular fluorescence at the periphery of the BCC (red
arrowhead), pink-orange follicular fluorescence at the periphery of the tumor (yellow arrowheads),
absence of both types of fluorescence within the BCC, follicle pattern in the surrounding skin (pink
arrowhead), interrupted follicle pattern within the lesion. (f) Dark silhouette, blue-green follicular
fluorescence at the periphery of the BCC (red arrowheads), absence of blue-green fluorescence within
the BCC, arborizing vessel (green arrow).

3.3.2. Optical Super-High Magnification Dermoscopy (OSHMD)

OSHMD, offering up to 400 x magnification, improves the visualization of BCC. Ina
study involving 400 BCCs, a novel feature termed light brown nests was identified, which
may aid in the early recognition of superficial BCCs, particularly in non-pigmented or
slightly pigmented lesions that lack classic dermoscopic patterns. Light brown nests were
observed in 30.3% of superficial BCCs and 14.3% of non-pigmented BCCs, being more
distinctly visible at 50-70 x magnification. These nests can appear either homogeneous or
structured, often containing gray-blue structures or aggregated dots and commas [124].
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Additionally, OSHMD revealed looped vessels as the most common vascular pattern
in BCCs (63.4%). This feature can rarely be seen with conventional dermoscopy. A new
vascular pattern, consisting of thin linear vessels circumferential to pigmented structures,
was also identified in 53.7% of the BCCs analyzed [125].

In two BCC cases, an unusual vascular pattern, named “oak-leaf-like” vessels due to
their resemblance to an oak leaf, was identified. Notably, the presence of “oak-leaf-like”
vessels seems to be independent of lesion thickness as they were observed both in nodular
and superficial BCCs [126].

OSHMD may also enhance the differentiation between IDN and BCC by revealing fea-
tures invisible with standard dermoscopy. These include circular cells, likely corresponding
to typical melanocytes in IDN, and fine pigmented structures resembling dots or globules,
suggestive of BCC [127]. Figure 3 presents some characteristics of BCC observed under
OSHMD.

il

(a) (b)

Figure 3. Optical super-high magnification dermoscopy (OSHMD) presentation of basal cell carci-
noma (BCC) (a-d). (a) Light brown nest containing aggregated dots (yellow circle), blue-gray ovoid
nest (red arrowhead), looped vessels (green arrows). (b) Light brown nest containing gray-blue
structures (yellow circle), looped vessel (green arrow), “oak-leaf-like” vessel (pink arrow). (¢) Light
brown nest containing gray-blue structures and aggregated dots inside surrounded by linear ves-
sels circumferential to pigmented structures (yellow arrows). (d) Linear vessels circamferential to
pigmented structures—multiple in-focus blue/gray dots (blue arrowheads).
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3.3.3. Ex Vivo Dermoscopy

Ex vivo dermoscopy (EVD) allows dermatopathologists to quickly identify areas of
interest, reducing the risk of missing malignant lesions and improving diagnostic specificity
by 3.0% in malignant nonmelanocytic lesions [128]. Most structures are well preserved
in EVD images, though they appear darker, with new blue areas observed in 41.1% of
BCC cases, white areas in 33.1% and a loss of red in 87.9%. Additionally, new crystalline
structures were noted in 16.1% of BCC cases. Blood vessels were lost in 66.1% of observa-
tions. Scales and crusts also often disappeared, likely due to detachment during specimen
fixation and handling [129].

Combining EVD with dermoscopy-guided cutting (DD) enhances the detection of
positive margins in BCC, increasing from 8.3% to 11.1%, with a notable improvement in
superficial BCC [130]. This approach also reduces the turnaround time (time from tissue
cutting to pathological protocol) for BCC diagnosis from 2 days to 1 day, improving the
efficiency of histopathologic evaluations [130].

3.3.4. Total Body Photography

Three-dimensional total body photography (3D-TBP) creates a 3D body model using
images from multiple angles, enabling precise lesion mapping. Hobelsberger et al. found
that 3D-TBP has slightly lower sensitivity (73% vs. 79%) and specificity (77% vs. 82%)
compared to dermoscopy for BCC, though these differences were not statistically signif-
icant. Diagnostic accuracy for 3D-TBP was lower than dermoscopy (75% vs. 80%) but
improved significantly to 85% when only high-confidence lesions, previously assessed with
dermoscopy, were included. Additionally, 12 out of 182 lesions were not visible on 3D-TBP
due to their location under hair or on the nasal septum [131].

3.3.5. Wide Area Digital Dermoscopy and Acrylic Globe Magnifier Dermoscopy

The wide area digital dermoscopy (WADD) method captures overlapping dermoscopic
images of large lesions using a standard dermoscope and combines them with image editing
software into a single, wide-field view. This technique seems to be useful for assessing large
lesions, such as BCC, as described by Dellatorre and Gadens, that cannot be fully visualized
under a dermoscope due to the limited diameter of its lenses. Additionally, WADD may be
beneficial for evaluating extensive congenital melanocytic nevi and diseases affecting hairy
areas. However, the method has limitations, requires 30% photo overlap (essential for the
software to accurately align and merge the images) and professional software for image
composition [132].

An older method for the dermoscopic assessment of large lesions, described in 2008,
is acrylic globe magnifier dermoscopy. This technique involves using a camera with an
acrylic globe magnifier and macro lens to photograph lesions, with immersion oil applied
to reduce artifacts. Reflections are minimized by angling the light source and images are
evaluated by dermatologists in a randomized order. The method demonstrated a 94%
agreement with classical dermoscopy, with a sensitivity of 85% and specificity of 100% for
BCC, providing diagnostic accuracy comparable to epiluminescence microscopy [133].

3.3.6. Dermatofluoroscopy

Dermatofluoroscopy is a diagnostic method that uses two-photon excitation to mea-
sure melanin fluorescence in skin lesions. It has proven effective in diagnosing melanomas,
characterized by a fluorescence shift to the red spectrum. However, the technique also
demonstrates high sensitivity for detecting pBCCs, with 88.9% of pBCCs identified as
melanin-bearing malignant tumors. The spectral profiles of BCCs and melanomas appear
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very similar, and the results of the fluorescence analysis should lead to recommendations
for surgical excision [134].

3.3.7. Multispectral Skin Dermoscopy

Multispectral skin dermoscopy uses polarized light at various wavelengths to capture
the optical absorption spectra of skin chromophores, such as melanin and hemoglobin,
generating a “pigment contrast map” and a “blood contrast map”. These maps enhance
the visualization of vascular and pigment structures, aiding in the diagnosis of pBCC. In
flat erythematous lesions, the blood contrast map helps differentiate between sBCC, which
shows fine linear vessels, and BD, characterized by glomerular vessels [135].

3.3.8. Multispectral Autofluorescence Dermoscopy

Multispectral autofluorescence dermoscopy uses fluorescence lifetime imaging mi-
croscopy (FLIM) to analyze the natural autofluorescence of skin tissues, focusing on
molecules like NADH, FAD and collagen. A laser excites the tissue and the emitted
light is measured to capture both the intensity and timing of the fluorescence. This helps
to detect changes in tissue structure and metabolism, enabling the distinction between
cancerous and healthy skin. The method has been reported to be effective in identifying and
mapping nBCC margins, potentially improving precision during surgical removal [136].

4. Discussion

In Part 3 of the review, we analyzed the dermoscopic features of BCC and its mimick-
ers. While some conditions such as acne vulgaris, acrochordons or psoriasis typically can
be easily distinguished, challenging cases can arise, particularly in early-stage or isolated
lesions. Dermoscopy proves valuable in these situations, especially for early lesions or
those located on the face, where the aesthetic outcome of a biopsy is always an issue.
Other well-known conditions like SK, IDN, MN, melanoma, AK, SCC, BD and DF have
well-defined dermoscopic features that distinguish them from BCC. However, lesions such
as an irritated /inflamed SK, DF with a “BCC-like” pattern or BCC on the legs can pose
diagnostic challenges. Moreover, rare lesions, including neurothekeoma, reticulohistio-
cytoma, solitary circumscribed neuroma, dermal leiomyosarcoma and various adnexal
tumors, remain largely indistinguishable with dermoscopy. In such cases, a definitive
diagnosis depends on histopathological analysis, typically initiated by dermoscopic suspi-
cion of BCC. Interestingly, histopathological findings can occasionally reveal surprising
diagnoses in lesions initially resembling BCC on dermoscopy, such as primary cutaneous
B-cell lymphomas, mammary carcinomas or cutaneous histoplasmosis. This underscores
the critical role of histopathology as the gold standard in confirming diagnoses and guiding
appropriate management. To improve diagnostic accuracy, integrating dermoscopy with
other non-invasive imaging techniques such as reflectance confocal microscopy (RCM)
and optical coherence tomography (OCT) can be highly beneficial. RCM allows real-time,
high-resolution imaging of the skin, providing additional insights into cellular structures
that can distinguish BCC from benign lesions or other skin cancers. Similarly, OCT offers
cross-sectional imaging that can aid in assessing tumor depth and structure. Combining
these modalities with dermoscopy enhances diagnostic precision, minimizes unnecessary
biopsies, and helps identify cases where histopathological confirmation is essential [137].

Although some studies reported conflicting findings, the majority demonstrated that
dermoscopy effectively aids in delineating tumor margins before MMS and traditional
surgical excision. It helps to reduce positive lateral margins and decrease the number of
MMS stages required, which in turn results in smaller defects, particularly for pBCCs.
For facial lesions, however, relying on arborizing vessels for margin delineation is not
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advised, as these may represent normal vessels in this location. In such cases, dermoscopy
performed on stretched skin can improve the visualization of BCC margins. For MMS, a
1 mm initial margin is suggested for well-defined, non-aggressive BCCs smaller than 6 mm
in cosmetically sensitive areas, while a 2-3 mm margin appears sufficient for traditional
surgery. Additionally, dermoscopy is valuable in identifying biopsy sites in healed lesions
when total excision is necessary. Dermoscopy has also proven useful in planning BCC
radiotherapy by aiding in defining the treatment area and evaluating tumor persistence or
recurrence.

Dermoscopy has also been demonstrated to be a valuable tool for treatment moni-
toring, including the detection of the disappearance of characteristic patterns, as well as
identifying residual tumors or recurrences. This has been shown for various treatment
methods, including 5% imiquimod cream, PDT, ingenol mebutate gel, a combination of
0.5% 5-fluorouracil and 10% salicylic acid, radiotherapy, brachytherapy and vismodegib.
Before treatment, certain dermoscopic features can help predict therapeutic outcomes.
For example, multiple small erosions, large ulcerations and solitary small erosions are
associated with a better response to 5% imiquimod cream, while the presence of spoke-
wheel patterns, concentric structures and leaf-like areas predicts a poor response to PDT.
Additionally, some dermoscopic findings may indicate a higher risk of recurrence after
specific therapies. These include deeper pigmented structures, such as globules, often
observed in nodular BCCs, which have been linked to increased recurrence rates following
PDT. During treatment, changes in dermoscopic features can help assess treatment efficacy.
For instance, the presence of in-focus dots at baseline, arborizing vessels after 12 weeks,
concentric structures after 24 weeks, and pigmented structures at week 56 in vismodegib-
treated lesions have been associated with histological persistence of BCC. Post-treatment,
dermoscopy assists in detecting residual disease or early recurrence.

Recent years have also brought the development of various modifications in classi-
cal dermoscopy. UVFD appears to be a valuable complementary diagnostic tool to PD,
particularly for small tumors (<5 mm), facial lesions and nodular or non-pigmented BCC
subtypes. OSHMD may assist in recognizing BCC by identifying newly described features
not typically observed in traditional dermoscopy. This method seems particularly useful
for diagnosing superficial BCCs, especially in non-pigmented or slightly pigmented lesions
that lack classic dermoscopic patterns. Additionally, OSHMD can aid in distinguishing
between IDN and BCC. In EVD, most structures are well-preserved, enabling pathologists
to precisely select areas for further histopathological assessment. Combining EVD with
dermoscopy-guided cutting has proven particularly effective, enhancing the detection of
positive margins and reducing the time from tissue cutting to pathological evaluation.
Although 3D-TBP alone does not significantly improve diagnostic accuracy and cannot
yet replace traditional dermoscopy, its combination with dermoscopy has been shown to
enhance diagnostic precision. Modifications to traditional dermoscopy, such as WADD and
acrylic globe magnifier dermoscopy, allow the visualization of larger BCCs that exceed the
dermoscope lens size, creating a wide-field view. However, creating such a view requires
additional devices, is time-consuming, and is better suited for evaluating individual lesions
rather than for quick clinical assessments. A single study highlighted dermatofluoroscopy
as valuable in detecting pBCCs, multispectral skin dermoscopy as effective for identify-
ing pBCC and differentiating between sBCC and BD, and multispectral autofluorescence
dermoscopy as useful for identifying and mapping nBCC margins. Further studies are
necessary to fully evaluate the potential of these emerging diagnostic technologies for BCC
assessment.

Moreover, artificial intelligence (Al) is rapidly advancing dermatological diagnostics,
including BCC assessment. Maron et al. compared a state-of-the-art convolutional neural
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network (CNN) model with 112 dermatologists in diagnosing skin lesions, including BCC.
While sensitivity was similar (73.8%), the Al model outperformed dermatologists in speci-
ficity (99.5% vs. 97.8%), highlighting its potential in non-invasive imaging [138]. However,
challenges such as inconsistent data, lack of standardization, and privacy concerns limit
its clinical application. Despite these challenges, Al is expected to enhance dermoscopy,
improving diagnostic accuracy and efficiency [139].

5. Conclusions

Dermoscopy is a valuable tool for the differential diagnosis of BCC, assisting in tumor
margin delineation before MMS and traditional excision, treatment planning for radiother-
apy and monitoring therapy effectiveness. However, in some rare or ambiguous cases, it
remains inconclusive. Recent advancements, including RCM, OCT, UVFD, OSHMD and
Al-assisted analysis have shown promise in improving diagnostic accuracy, but challenges
such as standardization and data variability persist, underscoring the role of histopathology
as the diagnostic gold standard. Future research should focus on optimizing multimodal
imaging approaches to enhance diagnostic precision and treatment outcomes.
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Simple Summary: Basal cell carcinoma (BCC) is the most prevalent type of skin cancer, accounting
for a significant number of cases globally each year. Most BCCs develop on the face, and, therefore,
the cosmetic outcome of excision is particularly important. Early diagnosis allows for easier removal
of smaller lesions, while precise excision reduces the likelihood of recurrence. This study aimed to
assess the utility of a novel non-invasive imaging approach, the ultraviolet-enhanced fluorescence
dermoscopy (UVFD), for imaging of BCCs. Based on the analysis of a group of 163 BCCs, we found
that UVFD may provide additional valuable clues, especially in the case of tumors located on the
face, small BCCs (<5 mm), non-pigmented variants and nodular subtypes.

Abstract: Introduction: Basal cell carcinoma (BCC) is the most common non-melanoma skin cancer.
The aim of the current study was to analyze the ultraviolet-enhanced fluorescence dermoscopy
(UVFD) characteristics of BCCs. Methods: BCCs were evaluated under polarized dermoscopy
(PD) and UVFD. The findings in PD were described using predefined parameters for dermoscopic
evaluation in dermato-oncology. UVFD characteristics were determined based on personal observa-
tions, and included interrupted follicle pattern, absence of pink-orange or blue-green fluorescence,
well-demarcated borders, and dark silhouettes. Results: In total, 163 BCCs were analyzed. Under
UVFD, the interrupted follicle pattern (p < 0.001), absence of pink-orange fluorescence (p = 0.005)
and well-demarcated borders (p = 0.031) were more frequently noted in BCCs < 5 mm than in bigger
tumors. Lesions on the face showed clearly defined borders (p = 0.031) and interrupted follicle pattern
(p <0.001) more frequently than tumors located beyond the face. Nodular BCCs displayed interrupted
follicle pattern (p = 0.001) and absence of pink-orange fluorescence (p < 0.001) more commonly than
superficial subtypes. Non-pigmented BCCs more frequently showed lack of blue-green fluorescence
(p = 0.007) and interrupted follicle pattern (p = 0.018) compared to pigmented variants. Conclusions:
UVFD may be a valuable, complementary to PD, tool in the diagnosis of BCC, particularly in small
tumors, lesions located on the face and nodular or non-pigmented subtypes.

Keywords: basal cell carcinoma; dermoscopy; dermatoscopy; ultraviolet; UVFD

1. Introduction

Basal cell carcinoma (BCC) is the most frequent form of non-melanoma skin cancer,
predominantly affecting fair-skinned individuals. The lifetime risk is estimated to be
33% to 39% in white men and 23% to 28% in white women [1]. Diagnosis is based on
clinico-dermoscopic features, although histopathological examination remains the gold
standard [2]. According to the systematic review of studies on BCC diagnosis, naked eye
examination had a sensitivity of 66.9% and specificity of 97.2%, which increased to 85.0%
and 98.2%, respectively, with the addition of dermatoscopy [3].

Additionally, a novel diagnostic approach, the integration of ultraviolet light into der-
matoscopes (ultraviolet-enhanced fluorescence dermoscopy—UVED), has shown promise
in facilitating more precise evaluations of many skin lesions. This technique may be useful
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for assessing neoplastic conditions, such as melanoma, BCC, glomus tumor and apocrine
hidrocystoma [4-8]. It also proves effective for evaluating non-neoplastic dermatoses,
including alopecia, vitiligo, melasma, porokeratosis, psoriasis and various fungal, bacterial,
viral and parasitic infections [4,9-21].

Ultraviolet (UV) light functions through a process known as the Stokes shift. The UVA
spectrum ranges from 320 to 400 nm, with the DL5 dermatoscope specifically emitting at
365 nm. Chromophores in the skin, such as melanin and hemoglobin, absorb the UV light,
exciting their electrons to higher energy levels. As the electrons return to their ground
state, they emit photons at longer wavelengths within the visible spectrum, producing
fluorescence. This fluorescence increases the visibility of skin structures by highlighting
differences in absorption and reflection among various chromophores, leading to improved
diagnostic imaging in dermatology [4].

So far, UVFD has been reported to be helpful in identifying biopsy sites for BCC prior
to Mohs micrographic surgery. The surgical site tended to be more apparent (darker than
the surrounding skin) under UVFD compared to the images obtained with traditional
polarized dermoscopy (PD) [4,22]. Moreover, UVFD was suggested to help in detecting
fresh erosions (one of the dermoscopic phenomena in BCC) in skin lesions due to the
presence of bilirubin in dried-out crust [4,23]. However, to the best of our knowledge, the
UVEFD features of BCCs have not been analyzed, yet.

The aim of the current study was to comprehensively analyze the UVFD characteristics
of BCCs in patients with Fitzpatrick skin phototype I-III, with particular emphasis on lesion
location, diameter and clinical subtype.

2. Methods

The research was carried out at the Department of Dermatology in Rzeszow, located
in southeastern Poland. Patients with a clinical and dermoscopic suspicion of BCC, who
presented to the department between May and December 2023 were recruited for the study.
The preliminary diagnosis was histopathologically confirmed in each patient.

Clinical data collected in each case included patient’s sex, Fitzpatrick skin phototype,
location of the tumor, diameter and clinical subtype. Dermoscopic examinations, both PD
and UVFD, were performed with a Dermlite DL5 dermatoscope. For each lesion at least
one image was captured under PD, and one using UV light (365 nm). The images were
obtained using an iPhone 7 Plus and were stored until analysis. Cases were excluded if
the diagnosis was unverified or the quality of dermoscopic photos was poor. The images
were analyzed by two dermatologists with experience in dermoscopy (IW and MZ). All
discrepancies were discussed until consensus was reached.

Predefined dermoscopic criteria in dermato-oncology were applied to characterize the
findings seen in PD [24]. The phenomena included vascular patterns (arborizing vessels,
short fine telangiectasia, hairpin vessels), pigmented structures (maple leaf-like areas, gray
ovoid nests, spoke wheel areas, blue-gray globules, blue-white veil, blue-gray peppering,
concentric structures, peripheral striations) and other (hemorrhage, multiple erosions, red-
white homogenous area, white structureless areas, milia-like cysts, comedo-like openings,
scale, follicular plugging, a peri-follicular white ring, keratin masses, shiny white lines and
well-demarcated borders).

UVFD features have not been defined in the literature, yet. Based on personal
observations of the authors, the following findings were distinguished: dark silhou-
ettes, interrupted follicle pattern, erosions/ulcerations, white-blue scales, arborizing ves-
sels, lack of blue-green fluorescence, pink-orange fluorescence, lack of pink-orange flu-
orescence, blue-fluorescent fibers, black globules, white depigmentation, white clods,
well-demarcated borders.

A BCC was defined to have a “dark silhouette” if the tumor area was darker than the
surrounding skin. “Interrupted follicle pattern” meant that regular dark round or oval
structures corresponding to follicular ostia were present in the surrounding skin, but not
in the tumor area. Similarly, “lack of blue-green fluorescence” and “lack of pink-orange
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fluorescence” were defined as presence of follicular fluorescence, either blue-green or
pink-orange, in the surrounding skin, but not in the tumor area. “White depigmentation”
referred to whitish structureless area that was brighter than the rest of the tumor area
and the surrounding skin. In turn, “well-demarcated borders” referred to sharply defined
borders separating the tumor from the surrounding skin.

This study was conducted according to the guidelines of the Declaration of Helsinki.
Informed written consent was obtained from all subjects for participation in the study and
the publication of images.

Statistical Analysis

Statistical analysis was conducted using SPSS. Categorical data were represented as
absolute numbers and percentages, while continuous data were shown as mean =+ standard
deviation (SD) and median (range). Fisher’s exact test was used to assess differences in the
frequencies of dermoscopic features. A p-value of less than 0.05 was deemed statistically
significant.

3. Results
3.1. Clinical Characteristics

A total of 52 patients (29 women and 23 men), with a total number of 163 BCCs, were
included in the study. All patients had Fitzpatrick skin phototypes I-III. The most frequent
tumor locations were the face (1 = 83; 50.9%) and back (1 = 45; 27.6%), with a smaller
number of BCCs located on the upper limbs (n = 7; 4.3%). None of the patients had BCCs
located on the lower limbs. The BCCs were divided into two clinical subtypes: nodular
(n = 72; 44.2%) and superficial (n = 91; 55.8%). Among these, 73 (44.8%) tumors were
identified as pigmented BCCs. The mean diameter of the BCCs was 8.1 == 5 mm. Table 1
displays the demographic and clinical data of the study participants.

Table 1. Clinical characteristics (BCC—basal cell carcinoma; n—number of cases; SD—standard deviation).

Clinical Characteristics

Patients n=>52
Gender, n (%)
Male 23 (44.2)
female 29 (55.8)
Fitzpatrick skin phototype, 1 (%)
1 29 (55.8)
II 22 (42.3)
111 1(1.9)
Total number of BCC n =163
Location of BCC, n BCC (% BCCQC)
face 83 (50.9)
scalp 9 (5.5)
nape 1(0.6)
upper limbs 7 (4.3)
back 45 (27.6)
chest 6(3.7)
abdomen 12 (7.4)
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Table 1. Cont.

Clinical Characteristics

Clinical subtype, n BCC (% BCC)

nodular 72 (44.2)
superficial 91 (55.8)
pigmented 73 (44.8)

non-pigmented 90 (55.2)
Diameter of BCC (mm), n BCC (% BCC)

Mean + SD 81%5

Diameter 0—4 mm 63 (38.6)

Diameter 5-10 mm 64 (39.3)

Diameter > 10 mm 36 (22.1)

3.2. UVFD Findings and Association with PD Features

Dermoscopic examination, including both PD and UVFD, identified the most frequent

features. Table 2 lists these features along with their occurrence frequencies.

Table 2. Findings in BCC observed with polarized dermoscopy and ultraviolet-induced fluorescent

dermoscopy (n—number of BCCs).

Total n =163 %o
Polarized Dermoscopy (PD)

ulcerations/micro-ulcerations 56 34.4
maple leaf-like areas 31 19.0
gray ovoid nests 10 6.1
spoke wheel areas 21 129
blue-gray globules 35 21.5
arborizing vessels 50 30.7
multiple erosions 27 16.6
short fine teleangiectasias 79 48.5
concentric structures 8 4.9
red-white homogenous areas 51.5
blue-white veil 1 0.6
blue-gray peppering 31 19.0
milia-like cysts 10 6.1
comedo-like openings 2 1.2
scales 47 28.8

peripheral striations 10 6.1
follicular pluggings 1.2
peri-follicular white rings 25
keratin masses 3.1
hairpin vessels 0.6
hemorrhages 22 13.5
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Table 2. Cont.

Total n = 163 Yo
Polarized Dermoscopy (PD)
white structureless areas 51 313
shiny white lines 9 5.5
well-demarcated borders 27 16.6
Ultraviolet-Induced Fluorescent Dermoscopy (UVFD)
dark silhouettes 134 82.2
interrupted follicle pattern 52 319
erosions/ulcerations 12 74
white-blue scales 47 28.8
arborizing vessels 28 17.2
lack of blue-green fluorescence 54 33.1
pink-orange fluorescence 3 1.8
lack of pink-orange fluorescence 43 26.4
blue-fluorescent fibers 4 2.5
black globules 48 294
white depigmentation 15 9.2
white clods 8 4.9
well-demarcated borders 39 239

3.2:1.PD

Under PD, the common findings included homogeneous red-white areas (51.5%),
ulcerations/micro-ulcerations (34.4%), structureless white areas (31.3%), scales (28.8%) and
vascular morphologies such as short fine telangiectasias (48.5%) and arborizing vessels
(30.7%).

3.2.2. UVFD

UVED revealed dark silhouettes (82.2%) with interrupted follicle pattern (31.9%), ab-
sence of blue-green fluorescence (33.1%) within the tumor compared to the surrounding
healthy skin, black globules (29.4%), white-blue scales (28.8%), lack of pink-orange fluo-
rescence (26.4%), well-demarcated borders (23.9%) and arborizing vessels (17.2%). Less
frequently observed findings included white depigmentation (9.2%), erosion/ulceration
(7.4%), white clods (4.9%), presence of blue-fluorescent fibers (2.5%) and pink-orange flu-
orescence (1.8%). Sample UVFD images showing all described features are presented in
Figure 1.

Moreover, statistical analysis was performed to evaluate the association between
UVEFED findings and PD features.

Dark Silhouette

Dark silhouettes were more commonly observed under UVFD, if BCC showed short
fine telangiectasias (92.1% vs. 73.6%, p = 0.002) or red-white homogeneous areas (90.5% vs.
73.4%; p = 0.007) in PD. However, they were significantly less frequent in BCCs displaying
white structureless areas (59.6% vs. 92.8%; p < 0.001) in PD.

Interrupted Follicle Pattern

The interrupted follicle pattern was less common under UVFD in BCCs with peripheral
striations (0% vs. 34.2% without peripheral striations, p = 0.031), maple leaf-like areas (9.7%
vs. 37.1%, p = 0.003), ulcerations /micro-ulcerations (17.9% vs. 39.3%, p = 0.008), red-white
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homogenous areas (23.8% vs. 40.5%; p = 0.029) and scales (18.8% vs. 37.4%; p = 0.026) in
PD. On the other hand, the interrupted follicle pattern was more frequent in tumors with
arborizing vessels (51.0% vs. 23.2%; p < 0.001). It was also significantly more commonly
noted in BCCs showing well-demarcated borders under PD (55.6% vs. 27.2%; p = 0.006).

Figure 1. Structures present in basal cell carcinoma (BCC) in ultraviolet-enhanced fluorescence
dermoscopy (UVFD). (a) Dark silhouette of the lesion, pink-orange follicular fluorescence (black
arrowheads) and blue-green follicular fluorescence (white arrowheads) present in the surrounding
normal skin but absent in the tumor area. (b) Dark silhouette of the lesion, white depigmentation
(black asterisks), pink-orange fluorescence (yellow circle). (¢) Dark silhouette of the BCC, white
clods (red arrowheads), black globules (green arrowheads), normal follicle pattern (yellow arrows) in
the surrounding skin and interruption of the follicle pattern within the lesion. (d) White-blue scale
(black asterisks), blue-fluorescent fibers (red arrowheads), arborizing vessels (green arrows). (e) Dark
silhouette of the lesion, pink-orange follicular fluorescence (black arrowheads) in the surrounding
skin and absent in the tumor area, white-blue scale (black asterisk), regular follicle pattern in the
surrounding skin and interrupted follicle pattern within the lesion (blue arrows). (f) Blue-fluorescent
fibers (yellow arrow), pink-orange follicular fluorescence (black arrowheads).

Erosions/Ulcerations

Erosions or ulcerations were visualized with UVFD in only 12 out of 56 (21.4%) BCCs
showing this feature in PD (p < 0.001). In addition, they were significantly more frequently
observed in tumors with hemorrhages under PD (30.4% vs. 3.6%; p < 0.001).

White-Blue Scales

White-blue scales was present under UVFD significantly more frequently in BCCs
showing ulcerations /microulcerations (67.9% vs. 9.3%; p < 0.001), multiple erosions (76.9%
vs. 20.4%; p < 0.001), short fine teleangiectasia (40.8% vs. 19.5%; p = 0.003), red-white
homogenous areas (45.2% vs. 12.7%; p < 0.001) or hemorrhages (69.6% vs. 22.9%; p < 0.001)
under PD. Interestingly, this UVFD finding was significantly less common in tumors with
white structureless areas in PD (13.5% vs. 36.9%; p = 0.003).
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White-blue fluorescent scales were observed in the majority of BCCs (77.1%) showing
presence of scales under classical PD. However, this feature was also noted under UVFD in
11 out of 115 (9.6%) cases lacking scales in PD—p < 0.001.

Arborizing Vessels

Under UVFD, arborizing vessels were noted only in 25 out of 51 (49.0%) tumors
showing this feature in PD (p < 0.001).

Absence of Blue-Green Fluorescence

The absence of blue-green fluorescence in UVFD was observed less frequently in BCCs
with peripheral striations (0% vs. 35.5%; p = 0.032), spoke wheel areas (9.5% vs. 36.6%;
p = 0.013) or maple leaf-like areas (12.9% vs. 37.9%; p = 0.01) in PD. Conversely, this UVFD
finding was significantly more frequent in BCCs showing presence of arborizing vessels
(60.8% vs. 20.5%; p < 0.001) or well-demarcated borders (51.9% vs. 29.4%; p = 0.042) in PD.

Absence of Pink-Orange Fluorescence

The absence of pink-orange fluorescence was significantly less common in BCCs
with maple leaf-like areas (9.7% vs. 30.3%, p = 0.022) or spoke wheel areas (4.8% vs. 29.6%
p = 0.016) in PD. However, it was significantly more frequently observed in tumors showing
arborizing vessels (49.0% vs. 16.1%; p < 0.001) and well-demarcated borders (44.4% vs.
22.8%; p = 0.03) in PD.

Blue-Fluorescent Fibers

All BCCs with blue-fluorescent fibers in UVFD also exhibited ulcerations/micro-
ulcerations in PD. This strongly indicates that the presence of blue-fluorescent fibers under
UV light should prompt a search for ulcerations in the lesion.

Black Globules

Under UVFD, black globules are observed significantly more frequently in BCCs
with spoke wheel areas (81% vs. 21.8%; p < 0.001), blue-gray globules (70.6% vs. 18.6%;
p < 0.001), peripheral striations (70.0% vs. 27.0%; p = 0.008), maple leaf-like areas (64.5% vs.
21.2%; p < 0.001) and blue-gray peppering (63.3% vs. 21.8%; p < 0.001) in PD.

White Depigmentation

White depigmentation under UVFD was more commonly observed in tumors showing
white structureless areas (21.2% vs. 4.5%; p = 0.002) in PD.

White Clods

White clods (globules) were more frequently observed in BCCs showing milia-like
cysts in PD (50% vs. 2.0%; p < 0.001).

Well-Demarcated Borders

Well-demarcated borders were present under UVFD less frequently in BCCs with
white structureless areas (7.7% vs. 31.5%; p < 0.001) in PD. On the other hand, they were
significantly more frequent in tumors, which were also well-defined under PD (62.7% vs.
16.2%; p < 0.001). However, it should be emphasized, that over half of BCCs (22 out of 39;
56.4%) with well-demarcated borders under UVFD did not show this feature under PD.

3.3. UVFD Findings by Tumor Location

Taking into consideration anatomical differences, two groups were distinguished—
BCCs located on the face (11 = 83; 50.9%) and BCCs located beyond the face (n = 80; 49.1%).
The demarcation of BCC borders was more distinct in UVFD than in PD (23.9% vs. 16.6%),
particularly on the face (38.6% vs. 26.5%). The areas where UVFD markedly enhanced
margin visibility compared with PD were the nose (60% vs. 35%) and the forehead (41.7%
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vs. 16.7%). Overall, UVFD showed clearly defined borders in 38.6% of BCCs on the face
and in only 8.8% of BCCs located beyond the face (p = 0.031).

The interrupted follicle pattern was more prominently observed in UVFD on the face
compared to other body regions (53% vs. 10%, p < 0.001), with the highest frequency on the
nose (75%). Similarly, lack of pink-orange fluorescence was more common in BCCs located
on the face (43.4% vs. 8.8%, p = 0.005). Erosions/ulcerations were also more frequently
noted on the face (12% vs. 2.5%, p-value = 0.008). On the other hand, UVFD more frequently
revealed white scales in BCCs located on areas beyond the face than on the face (35% vs.
22.9%, p < 0.001).

Table 3 and Figure 2 summarize the UVFD findings according to the location of
the lesion.

Table 3. UVFD findings according to the location of the BCCs (n—number of BCCs).

Location of BCC, n (%) Facen=83 % Beyond Face n = 80 % p-Value
dark silhouettes 69 83.1 65 81.3 0.819
interrupted follicle pattern 4 53.0 8 10.0 <0.001
erosions/ ulcerations 10 120 2 25 0.008
white-blue scales 19 29 28 35.0 <0.001
arborizing vessels 25 30.1 3 3.8 0.166
lack of blue-green fluorescence 43 518 11 13.8 0.073
pink-orange fluorescence 3 3.6 0 0,0 0.635
lack of pink-orange fluorescence 36 434 7 8.8 0.005
blue-fluorescent fibers 1 12 3 3.8 0311
black globules 17 205 31 38.8 0.084
white depigmentation 3 3.6 12 15.0 0.105
white clods 4 4.8 4 5.0 0.115
well-demarcated borders 32 38.6 7 8.8 0.031

3.4. UVFD Findings by Tumor Diameter

BCCs were categorized based on their diameter into small (<5 mm; n = 63; 38.6%),
medium (5-10 mm; n = 64; 39.3%) and large (>10 mm; n = 36; 22.1%).

In smaller BCCs, UVFD showed an interrupted follicle pattern (41.3% vs. 29.7% vs.
19.4%, p < 0.01), lack of pink-orange fluorescence (38.1% vs. 21.9% vs. 13.9%, p = 0.005)
and well-demarcated borders (33.3% vs. 20.3% vs. 13.9%, p = 0.031) significantly more
frequently. Conversely, UVFD displayed white-blue scales (58.3% vs. 31.3% vs. 9.5%,
p <0.001) and erosions/ulcerations (19.4% vs. 6.3% vs. 1.6%, p = 0.008) more frequently in
BCCs with larger diameters.

Table 4 and Figure 3 present the UVFD characteristics categorized by the size of
the BCCs.

3.5. UVFD Findings by Clinical Subtype

Based on clinical features, all BCCs were divided into nodular (1 = 72; 44.2%) or
superficial types (11 = 91; 55.8%) and pigmented (17 = 73; 44.8%) or non-pigmented (1 = 90;
55.2%) variants.

Notably, UVFD demonstrated a significantly more frequent absence of follicular fluo-
rescence, either blue-green or pink-orange in nodular BCCs than in superficial ones, with
respective frequencies of 55.1% vs. 17.6% for blue-green (p < 0.001) and 44.9% vs. 13.2%
for pink-orange (p < 0.001). Moreover, the majority of BCCs showing erosions/ulcerations
(83.3%), arborizing vessels (65.5%), interrupted follicle pattern (63.5%) and well-demarcated
borders (61.5%) in UVFD were nodular. White depigmentation was predominantly ob-
served in superficial BCCs (87.5%). Pigmented BCCs displayed black globules under UV
light with significantly higher frequency than non-pigmented BCCs (52.1% vs. 11.1%,
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p < 0.001). In contrast, non-pigmented lesions exhibited a higher incidence of several
specific features in UVFD compared to pigmented ones: lack of blue-green fluorescence
(42.2% vs. 21.9%, p = 0.007), an interrupted follicle pattern (40% vs. 21.9%, p = 0.018), lack
of pink-orange fluorescence (35.5% vs. 15.1%, p = 0.004) and presence of arborizing vessels
(24.4% vs. 9.6%, p = 0.014).

Tables 5 and 6 and Figures 4 and 5 present UVFD characteristics according to the
clinical type of BCCs.

Figure 2. Polarized light dermoscopy (PD) presentation of basal cell carcinoma (BCC) on the (a) face
and (b) beyond the face (back). (c¢,d) Corresponding images in ultraviolet-enhanced fluorescence
dermoscopy (UVED). (¢) Dark silhouette, erosion (white asterisk), pink-orange follicular fluorescence
at the periphery of the tumor (black arrowheads), blue-green follicular fluorescence at the periphery
of the BCC (white arrowheads), absence of both types of fluorescence within the BCC, follicle pattern
in the surrounding skin (yellow arrows), interrupted follicle pattern within the lesion. (d) Dark
silhouette, white-blue scale (red arrow), white depigmentation (white asterisk).
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Table 4. Ultraviolet-enhanced fluorescence dermoscopy (UVFD) characteristics categorized by the

size of the basal cell carcinomas (BCCs); (n—number of BCCs).

Diameter of BCC, n (%) <5mm n =63 % 5-10mmn = 64 % >10 mm # = 36 o p-Value
dark silhouettes 51 810 53 52.8 30 83.3 0.819
interrupted follicle pattern 26 413 19 297 7 194 <0.001
erosions/ulcerations 1 16 4 63 7 194 0.008
white-blue scales 6 95 20 313 21 58.3 <0.001
arborizing vessels 13 206 8 125 8 22 0.166
lack of blue-green fluorescence 24 38.1 23 359 7 194 0.073
pink-orange fluorescence 2 32 1 L6 0 0.0 0.635
lack of pink-orange fluorescence 24 38.1 14 219 5 139 0.005
blue-fluorescent fibers 1 16 1 16 2 5.6 0.311
black globules 20 317 20 313 8 22 0.084
white depigmentation 4 63 4 63 7 194 0.105
white clods 4 6.3 4 63 0 0.0 0.115
well-demarcated borders 21 333 13 203 5 139 0.031

Figure 3. Polarized light dermoscopy (PD) presentation of (a) small (diameter < 5 mm) and
(b) medium (diameter 5-10 mm) basal cell carcinoma (BCC). (¢,d) Corresponding images in ultraviolet-
enhanced fluorescence dermoscopy (UVFD). (c) Dark silhouette, pink-orange follicular fluorescence
in the surrounding skin (white arrowheads), lack of this fluorescence within the BCC, regular follicle
pattern at the periphery of the tumor (yellow arrows), interrupted follicle pattern within the lesion.

(d) Ulceration (red circle}, blue-fluorescent fibers (green arrows), scale (black asterisks).
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Figure 4. Polarized light dermoscopy (PD) presentation of (a) nodular and (b) superficial basal cell car-
cinoma (BCC). (¢,d) Corresponding images in ultraviolet-enhanced fluorescence dermoscopy (UVFD).
(c) Erosion (yellow asterisk), arborizing vessel (red arrowhead), pink-orange fluorescence in the
surrounding skin (black arrows), lack of this fluorescence within the BCC. (d) White depigmentation
(yellow asterisk) and follicle pattern (white arrows) are also present within the lesion.

Table 5. Ultraviolet-enhanced fluorescence dermoscopy (UVFD) characteristics of nodular and
superficial basal cell carcinomas (BCCs); (r—number of BCCs).

Clinical Type of BCC, n (%) Nodularn =72 % Superficial n =91 % p-Value
dark silhouettes 62 89.9 72 79.1 0.304
interrupted follicle pattern 33 47.8 19 20.9 0.001
erosions /ulcerations 10 145 2 22 0.006
white-blue scales 18 26.1 29 319 0.302
arborizing vessels 19 275 10 11.0 0.013
lack of blue-green fluorescence 38 55.1 16 17.6 <0.001
pink-orange fluorescence 1 14 2 22 1.000
lack of pink-orange fluorescence 31 4.9 12 132 <0.001
blue-fluorescent fibers 2 29 2 22 1.000
black globules 19 275 29 319 0492
white depigmentation 2 29 13 143 0.007
white clods 5 72 3 33 0.304
well-demarcated borders 24 348 15 16.5 0.016
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Table 6. Ultraviolet-enhanced fluorescence dermoscopy (UVFD) characteristics of pigmented and
non-pigmented basal cell carcinomas (BCCs); (i—number of BCCs).

Clinical Type of BCC, n (%) Pigmented n =73 % Non-Pigmented n = 90 % p-Value
dark silhouettes 64 87.7 70 77.8 0.149
interrupted follicle pattern 16 21.9 36 40.0 0.018
erosions /ulcerations 2 27 10 111 0.067
white-blue scales 19 26.0 29 322 0.490
arborizing vessels 7 9.6 2 244 0.014
lack of blue-green fluorescence 16 219 38 4.2 0.007
pink-orange fluorescence 0 0.0 3 33 0.254
lack of pink-orange fluorescence 11 15.1 2 35.6 0.004
blue-fluorescent fibers 2 27 2 22 1.000
black globules 38 52.1 10 1.1 <0.001
white depigmentation 8 11.0 8§ 89 0.793
white clods 5 6.8 3 33 0.469
well-demarcated borders 17 233 22 244 1.000

(a)

Figure 5. Polarized light dermoscopy (PD) presentation of (a) pigmented and (b) non-pigmented basal
cell carcinoma (BCC). (c,d) Corresponding images in ultraviolet-enhanced fluorescence dermoscopy
(UVED). (c) Black globules (yellow arrowheads). (d) Arborizing vessels (red circles), follicle pattern
(white arrows), interrupted follicle pattern within the lesion, pink-orange follicular fluorescence in
the surrounding skin (yellow arrowheads), blue-green fluorescence in the surrounding skin (black
arrowheads), lack of both types of fluorescence within the BCC.
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4. Discussion

PD has become a key method for preliminary identification of BCCs. Its utility con-
tinues to expand. It has proven to be helpful in detecting small (<5 mm) lesions, which
exhibit characteristic dermoscopic features from their onset [25]. PD aids in recognizing
various histologic subtypes of BCC [26-29]. However, UVFD appears to be a new valuable
supplementary method for detecting BCCs. So far, UVFD has been reported to help to
identify biopsy site prior to Mohs micrographic surgery [22]. In a recent study by Navarrete-
Dechent et al. [22], the authors showed that the area affected by the BCC appears darker
than the surrounding skin under UVFD, which makes it easier to precisely determine
the surgical area. However, to the best of our knowledge, there are no other studies that
characterize in depth the UVFD features in BCCs. In our analysis, a dark silhouette was the
most common finding, observed in the vast majority of lesions. However, BCCs showing
white structureless areas in PD were also more likely to display white depigmentation
rather than a dark silhouette under UVED.

Combining UVFD with PD could enhance both the sensitivity and specificity of
dermoscopy in identifying BCCs. Furthermore, clinical experience shows that defining
the borders of a lesion prior to excision is often more challenging than the diagnosis
itself. PD helps to identify the borders of BCCs [30,31], but UVFD offers extra details,
often highlighting the edges more clearly than PD. The interrupted follicle pattern and
lack of follicular fluorescence that is observed in the surrounding skin further increases
tumor visibility.

UVFD has, undoubtedly, several limitations. Its sensitivity in visualization of erosions
or ulcerations was much lower compared to classical PD, 78.6% of erosions present in PD
were not observed under UVFD. It was similar in the case of vascular structures. Although
UVED enabled visualization of thicker arborizing vessels as black branching lines, most of
the vascular structures present in PD were not visible under UVFD.

The usefulness of UVFD also seems to depend on the location of the tumor, its size and
clinical subtype. This method primarily provides additional diagnostic clues in the case of
lesions located on the face, where interrupted follicle pattern, lack of pink-orange follicle
fluorescence and well-demarcated borders were more frequently noted. This may, of course,
result from a certain anatomical difference of the face, a larger number of dilated follicle
openings and increased activity of the sebaceous glands. The pink-orange fluorescence
of the follicle openings within healthy skin is most probably linked to colonization with
Cutibacterium acnes, which is more commonly observed on the face and in seborrheic loca-
tions. Therefore, it should not be surprising that disruption of the normal skin architecture
by the growing tumor mass leads to interruption of the follicle pattern and, subsequently,
lack of follicle fluorescence.

In the presented population, the usefulness of UVFD was greater for BCCs with a
diameter of less than 10 mm, or even less than 5 mm. In smaller tumors, UVFD findings
such as interrupted follicle pattern, lack of pink-orange fluorescence and well-demarcated
borders were more frequently noted and provided additional clues to the classical PD. In
bigger BCCs, UVFD showed presence of scales or ulcerations more frequently, but these
features were also clearly visible in PD, so it seems that in this respect the benefit of using
UVFD is limited.

When it comes to clinical subtype, UVFD seems to have an advantage in nodular
BCCs, in which the method frequently shows well-defined borders, interrupted follicle
pattern and lack of follicle fluorescence. This may also indirectly result from the location
of the tumors—superficial subtypes were more commonly found on the trunk and upper
extremities, where the fluorescence within the hair follicles is less frequently observed
under normal conditions.

Similarly, UVFD showed advantages in non-pigmented BCCs, in which interrupted
follicle pattern and lack of follicle fluorescence were more frequently noted.
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5. Conclusions

UVFD is a novel non-invasive diagnostic method providing additional features of
BCCs—dark silhouettes, interrupted follicle pattern, absence of blue-green fluorescence
within the tumor compared to the surrounding healthy skin, presence of black globules,
white-blue scales, lack of pink-orange fluorescence, presence of well-demarcated borders,
arborizing vessels, white depigmentation, erosions /ulcerations, white clods, presence of
blue-fluorescent fibers and pink-orange fluorescence. Despite its limitations, UVFD may
be a valuable complementary method to classical PD in the preliminary diagnosis of BCC.
This method seems to be more beneficial for the evaluation of lesions located on the face,
small tumors and nodular or non-pigmented subtypes.
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ABSTRACT

Introduction: Basal cell carcinoma (BCC) is the
most common skin cancer, primarily affecting
the head and neck region. This study aimed to
evaluate the characteristics of BCCs in different
facial areas using polarized dermoscopy (PD) and
ultraviolet-induced fluorescence dermoscopy
(UVED).

Methods: BCCs were examined using a
Dermlite DLS dermatoscope in polarized and
UVFD modes. The tumors were categorized
based on their location within the high-risk
H-zone (ear and periauricular region, temple,
eyes and periorbital area, nose and paranasal
region, oral region, chin) and non-H-zone (fore-
head, cheek, rest of the face, scalp, neck). PD fea-
tures were characterized according to standard
dermoscopic criteria for skin cancer assessment.
UVFD characteristics included dark silhou-
ettes, interrupted follicle patterns, ulcerations/
erosions, white-blue scales, arborizing vessels,
absence of pink-orange or blue-green fluores-
cence, blue-fluorescent fibers, pink-orange fluo-
rescence, black globules, white depigmentation,
white clods, and well-defined margins.
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Results: A total of 151 BCCs were analyzed,
with 61.6% located in the H-zone, where the
nose and paranasal region were the most
affected area (37.6%). Nodular (65.6%) and non-
pigmented (86%) subtypes predominated in the
H-zone. PD most commonly revealed arboriz-
ing vessels (52.7%), short fine telangiectasias
(46.2%), red-white homogeneous areas (40.9%),
and ulcerations/micro-ulcerations (40.9%).
Under UVFD, BCCs in the H-zone frequently
exhibited dark silhouettes (77.4%), interrupted
follicle patterns (51.6%), absence of blue-green
(51.6%) or pink-orange fluorescence (44%), and
well-defined lesion borders (43%). Compared to
non-H-zone tumors, BCCs in the H-zone were
significantly more likely to display ulcerations/
micro-ulcerations under PD (p=0.021), and ero-
sions/ulcerations (p=0.019), blue-fluorescent fib-
ers (p=0.009), and absence of blue-green fluores-
cence (p=0.019) under UVFD.

Conclusion: BCCs in the head and neck exhibit
distinct characteristics under UVFD, with certain
findings more commonly observed in H-zone
tumors. The addition of UVED to PD serves as
a valuable, noninvasive diagnostic tool that
enhances early detection of BCCs in this anatomi-
cally and cosmetically significant region.

Keywords: Dermoscopy; Dermatoscopy; Basal cell
carcinoma; UV-dermoscopy; Ultraviolet-induced
fluorescence dermoscopy; Head; Skin cancer
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Key Summary Points

Accurate diagnosis of basal cell carcinoma
(BCC) is essential for effective treatment,
especially in the high-risk facial region—H-
zone,

This study examined the findings in ultravio-
let-induced fluorescence dermoscopy (UVFD)
alongside polarized dermoscopy (PD) in

BCCs in different areas of the head and neck.

UVED revealed erosions or ulcerations, the
presence of blue fluorescent fibers, and the
absence of blue-green fluorescence signifi-
cantly more frequently in tumors located in
the H-zone than in the non-H-zone.

UVED provides additional clues, such as the
presence of interrupted follicle patterns or
absence of follicular fluorescence within the
tumor, especially for lesions located within
the nose and paranasal area, oral region, or
on the neck.

This study underscores the complementary
role of UVFD alongside PD in the evaluation
of BCCs of the head and neck area.

INTRODUCTION

Basal cell carcinoma (BCC) is the most common
type of skin cancer and the most frequently diag-
nosed cancer overall [1, 2]. According to global
statistics, one in five individuals will develop
BCC in their lifetime, with incidence increasing
with age [3]. Although its prognosis is generally
favorable owing to its rare metastatic potential
(the reason why the classical TNM cancer clas-
sification is not typically applied), BCC remains
locally aggressive [4]. As it grows, it progressively
invades and destroys surrounding tissues, with
a high recurrence rate, particularly in non-pig-
mented subtypes [5].

BCC predominantly develops in sun-exposed
areas, particularly on the head and neck, where
cosmetic outcomes are of significant concern [6].
Therefore, early detection methods that improve

treatment outcomes and aesthetics are highly
desirable. The advancement of dermoscopy has
been a major breakthrough in this field. Its role
in the diagnosis, treatment planning, and moni-
toring of BCC has been extensively studied and
well established [5, 7, 8]. However, despite its
proven utility, there is still a need for improved
diagnostic accuracy, as certain benign and malig-
nant tumors may remain difficult to differenti-
ate using conventional dermoscopy alone [8].

In recent years, ultraviolet-induced fluores-
cence dermoscopy (UVFD) has emerged as a
novel approach, integrating UV light (365 nm)
into dermoscopic imaging. The present study
aimed to analyze the PD and UVFD charac-
teristics of BCCs located in the head and neck
region, with a particular focus on the H-zone—
a high-risk area known for its aggressive fumor
behavior and increased recurrence rates [9, 10].
Understanding UVFD patterns in these loca-
tions could enhance early detection strategies
and improve treatment outcomes.

METHODS

The study was conducted at the Department of
Dermatology in Rzesz6w, southeastern Poland.
Patients who visited the department with clini-
cal and dermoscopic features suggestive BCC
were enrolled.

For each patient, clinical data were collected,
including sex, Fitzpatrick skin phototype, tumor
location, lesion diameter, and clinical subtype.
The tumor locations were categorized using the
surface anatomy terminology described by Bel-
trami et al. in 2024 [11]. Subsequently, these
regions were further classified into H-zone and
non-H-zone categories following the scheme
presented by Blechman et al. [12]. The H-zone
consisted of the ear and periauricular region,
temple, eyes and periorbital region, nose and
paranasal region, as well as the oral region and
chin. The non-H-zone included the forehead,
cheeks, remaining facial areas (including malar
eminence, mandibular region, angle of jaw),
scalp and neck.

Dermoscopic imaging was performed using a
Dermlite DLS dermatoscope, employing both PD
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and UVED. Each lesion was photographed under
PD and UV light (365 nm) using an iPhone 7
Plus, and the images were stored for subsequent
analysis.

Histopathological examination was per-
formed in all cases to confirm the preliminary
diagnosis of BCC. Cases with other histopatho-
logical diagnoses or with poor-quality dermo-
scopic images were excluded. Two experienced
dermatologists (W and MZ) analyzed the images
independently and resolved any disagreements
through discussion.

The dermoscopic evaluation was based on
established criteria in dermato-oncology for
categorizing the features seen in PD [13]. The
analysis included vascular patterns, pigmented
structures, and other notable findings. Vascu-
lar patterns included arborizing vessels, short
fine telangiectasia, and hairpin vessels. Pig-
mented structures encompassed gray ovoid
nests, maple leaf-like areas, spoke wheel areas,
concentric structures, blue-gray globules, blue-
gray peppering, blue-white veil, and peripheral
striations. Additionally, various other findings
were assessed, such as the presence of multiple
erosions, hemorrhage, red-white homogene-
ous areas, shiny white lines, white structureless
zones, milia-like cysts, comedo-like openings,
scaling, follicular plugging, perifollicular white
rings, keratin masses, and well-defined lesion
borders.

The UVFD features of BCC were previously
described by the authors in the scientific litera-
ture [14]. That study, based on clinical observa-
tions, identified a spectrum of diagnostic fea-
tures including arborizing vessels, white clods,
blue-fluorescent fibers, white-blue scales, and
black globules. Alterations in fluorescence pat-
terns were also noted, such as the presence or
absence of pink-orange follicular fluorescence
and the loss of the typical blue-green back-
ground signal. Additional hallmarks included
dark silhouettes, interrupted follicular patterns,
erosions or ulcerations, white depigmented
areas, and well-demarcated lesion borders. All
of these previously described features were sys-
tematically re-evaluated and analyzed in the
present study.

A “dark silhouette” was identified when the
tumor area exhibited a noticeably darker shade
than the surrounding skin. The “interrupted fol-
licle pattern” was described as the presence of
evenly spaced, round or oval dark structures—
corresponding to follicular ostia—in the unaf-
fected skin, while being absent within the tumor
itself. The “lack of blue-green fluorescence” and
“lack of pink-orange fluorescence” referred
to the presence of these fluorescence patterns
in the surrounding skin but their complete
absence within the tumor. Additionally, “white
depigmentation” was characterized by a bright,
structureless whitish zone that stood out against
both the tumor and the adjacent skin. The term
“well-demarcated borders” was used to describe
tumors with sharply outlined edges that dis-
tinctly separated them from surrounding tissue.

This research was carried out in compliance
with the ethical principles outlined in the Dec-
laration of Helsinki. Prior to participation, all
individuals provided written informed consent,
which also covered the use of clinical images for
publication purposes.

Statistical Analysis

Data analysis was performed using SPSS. Cat-
egorical variables were expressed as absolute
counts and percentages, while continuous vari-
ables were reported as means+standard devia-
tions (SD) and medians with ranges. Fisher’s
exact test was applied to compare the distribu-
tion of dermoscopic features, with statistical sig-
nificance set at p<0.05.

RESULTS

Clinical Characteristics

In total, 80 patients (52 women and 28 men)
with histopathologically confirmed 151 BCCs,
all located on the head and neck region, were
included in the study. Twelve patients with 18
lesions, clinically suspected to be BCC, were

A\ Adis

118



Dermatol Ther (Heidelb)

excluded because of different histopathologi-
cal diagnoses (mainly adnexal tumors or squa-
mous cell carcinoma). One patient was excluded
because of poor quality of dermoscopic images.
All participants had Fitzpatrick skin photo-
types I-1II. The BCCs were categorized into two
clinical subtypes: nodular (n=90; 59.6%) and
superficial (n=61; 40.4%). The majority of the
tumors were nonpigmented (n=119; 78.8%).
The average tumor size measured 8.3+6 mm.
Detailed demographic and clinical characteris-
tics of the patients are summarized in Table 1.

PD Findings

Head and neck BCCs under PD most frequently
showed vascular structures, including arboriz-
ing vessels (52.3%) and short fine telangiectasias
(45.7%), occurring on red-white homogeneous
areas (40.4%) with ulcerations or micro-ulcer-
ations (33.8%). The occurrence frequencies of
these and other dermoscopic features are pre-
sented in detail in Table 2.

Table 1 Clinical characteristics

Clinical characteristics

Patients, # 80
Gender, 2 (%)
Male 28(35.0)
Female 52(65.0)

Fitzparrick skin phortotype, 7 (%)

I 68 (45.0)

1 79 (52.3)

I 4(26)
Total number of BCC, 2 151
Location of BCC, # (%)

Face 141 (93.4)

Scalp 6(4.0)

Neck 4(2.6)

BCC basal cell carcinoma, 7 number of cases, SD standard
deviation

UVFD Findings

Under UVFD, BCCs appeared as dark silhou-
ettes (78.8%) with an interrupted follicle pattern
(53.0%), lacking follicular fluorescence observed
in the area surrounding the tumor—either
blue-green (44.4%) or pink-orange (39.7%). A
considerable number of lesions showed well-
demarcated borders (43%). Table 2 presents the
occurrence frequencies of these findings.

H-Zone and Non-H-Zone

A total of 61.6% (93/151) of the analyzed BCCs
on the head and neck were located within the
H-zone. Among these, 65.6% (61/93) were clas-
sified as nodular, while 34.4% (32/93) were
superficial. The majority of tumors in this region
(86%, 80/93) were non-pigmented, whereas
14% (13/93) exhibited pigmentation. Regard-
ing tumor size, 24.7% (23/93) measured between
0-4 mm in diameter, 53.8% (50/93) were within
the 5-10 mm range, and 21.5% (20/93) exceeded
10 mm. One large BCC extended across both the
H-zone and non-H-zone.

No statistically significant difference was
found in the size or clinical subtype between
tumors located in the H-zone and non-H-zone.
However, the non-pigmented subtype was signif-
icantly more frequent in the H-zone (p=0.008).

Under PD, ulcerations/micro-ulcerations
(40.9% vs. 23.7%, p=0.021) and hemorrhages
(24.7% vs. 11.9%, p=0.033) were observed more
frequently in the H-zone compared to the non-
H-zone. Similarly, under UVFD, a higher preva-
lence of erosions/ulcerations (30.1% vs. 15.3%,
p=0.019) and blue-fluorescent fibers (14% vs.
3.4%, p=0.009) was noted in the H-zone. More-
over, lack of blue-green fluorescence (51.6% vs.
32.2%, p=0.019) within the tumor was observed
more frequently in the H-zone.

Table 2 and Figs. 1 and 2 present the clinical
and dermoscopic characteristics of BCCs by loca-
tion in the H-zone or non-H-zone.

Specific Locations

The frequency of pigmented BCCs varied sig-
nificantly (p<0.001) according to anatomical
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Table 2 Comparison of the clinical characteristics, polarized dermoscopy findings, and ultraviolet-induced fluorescence der-
moscopy features of BCCs located in the H-zone and non-H-zone

Totaln=151 %  H-zone(n=93) %  Non- %  pvalue
H-zone
(n=59)

Clinical subtype

Nodular 90 59.6 6l 656 30 50.8 0.227

Superficial 61 404 32 344 29 492

Pigmented 32 212 13 140 19 322 <0001

Non-pigmented 119 788 80 86.0 40 67.8
Size

Mean +SD 83+6 8216 8316 0.550

Diameter 0-4 mm 38 252 23 247 15 254 0.331

Diameter 5-10 mm 86 569 50 538 36 61.0

Diameter > 10 mm 27 179 20 215 8 13.6
PD findings

Vascular structures
Arborizing vessels 79 523 49 527 3l 52.5 1.000
Short fine telangiectasias 69 457 43 462 26 44.1 0.868
Hairpin vessels 2 13 1 L1 1 8¢ 1.000
Linear irregular vessels 51 338 34 366 17 28.8 0.387
Pigmented structures
Maple leaf-like areas 13 86 7 75 6 10.2 0.570
Gray ovoid nests 11 73 5 54 6 10.2 0.341
Spoke wheel areas 6 40 2 22 4 68 0210
Blue-gray globules 17 113 7 75 10 169 0.069
Concentric structures 7 46 6 65 1 1.7 0.483
Blue-gray peppering 23 152: 13 140 10 169 0.649
Peripheral striations 2 13 1 Ll 1 17 0.561
Blue-white veils 2 13 2 22 0 0.0 0.521

Other findings
Ulcerations/micro-ulcerations 51 338 38 409 14 237 0.021
Multiple crosions 19 126 14 151 5 8.5 0.463
Hemorrhages 29 192 23 247 7 119 0.033
Red-white homogenous areas 61 404 38 409 25 424 1.000
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Table 2 continued

Totalz=151 % H-zone (#=93) % Non- % p value
H-zone
(n=59)
Milia-like cysts 11 73 5 54 6 102 0.341
Comedo-like openings 1 07 1 L1 0 0.0 1.000
Follicular pluggings 7 46 6 65 1 1.7 0.405
Perifollicular white rings 5 33 4 43 1 1.7 0.649
Keratin masscs 6 40 5 54 1 1.7 0.405
Scales 4 291 29 312 15 254 0.467
White structureless arcas 37 245 24 258 14 23.7 0.699
Shiny white lines 8 53 6 65 2 34 0.483
Well-demarcated borders 54 358 34 366 21 35.6 0.731
UVED findings
Dark silhouertes 119 788 72 774 48 81.4 0.685
Interrupted follicle pattern 80 530 48 516 32 54.2 0.741
Erosions/ulcerations 36 238 28 300 9 15.3 0.019
White-blue scales 50 331 3 376 15 254 0.115
Arborizing vessels 49 325 29 312 21 35.6 0.859
Lack of blue-green fluorescence 67 444 48 5L6 19 322 0.019
Pink-orange fluorescence 7 46 4 43 3 5.1 1.000
Lack of pink-orange fluorescence 60 397 41 441 19 322 0.173
Blue-fluorescent fibers 14 93 13 140 2 3.4 0.009
Black globules 36 238 20 215 16 27.1 0.339
White depigmentation 9 60 5 54 4 6.8 0.712
White clods 17 113 8 86 9 153 0.291
Well-demarcated borders 65 430 40 43.0 26 44.1 1.000

PD polarized dermoscopy, UVFD ultraviolet-induced fluorescence dermoscopy, # number of BCCs

site. All of the scalp BCCs were pigmented fol-
lowed by tumors located in the forehead region
(42.1%), eyes and periorbital region (22.2%), rest
of the face (18.2%), cheeks (15.8%), oral region
(12.5%), nose and paranasal region (11.4%).
Lower frequencies were noted in the temple or
ears and periauricular region (each 9%) while
no pigmented BCCs were detected on the neck.

PD and UVFD revealed several significant
differences in the dermoscopic presentations
of BCCs across specific anatomical sites. Under
PD, red-white homogeneous areas (p=0.045)
were most frequently observed on the tem-
ple (90.9%), followed by the neck (50.0%),
nose and paranasal region (45.7%), rest of the
face (45.5%), cheek (42.1%), and oral region
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Fig. 1 Polarized light dermoscopy (PD) presentation
of basal cell carcinoma (BCC) in the H-zone of the face
including BCC (a, ¢) on the nose and (b) in the oral
region. d—f Corresponding images in ultraviolet-induced
fuorescence dermoscopy (UVED). d Dark silhouette,
ulceration (red arrow), pink-orange follicular fluorescence
at the periphery of the tumor (yellow arrowheads), blue-
green follicular fluorescence at the periphery of the tumor
(pink arrowheads), absence of both types of fluorescence
within the BCC, follicle pattern in the surrounding skin
(green arrowheads), interrupted follicle partern within the

(31.3%). Blue-gray globules showed the high-
est occurrence (p=0.004) on the scalp (66.7%),
with lower frequencies on the forehead (21.0%),
ears and periauricular region (18.2%), and tem-
ple (18.2%). Moreover, the blue-white veil
(p=0.004)—a feature often associated with mel-
anoma—was exclusively seen in the ears and
periauricular region with an 18.2% occurrence
at these sites.

Under UVFD, an interrupted follicle pat-
tern (p=0.012) was most frequently observed
in the oral region (75.0%), followed by the
nose and paranasal region (71.4%), forehead
(57.9%), and cheeks (52.6%). Erosions or
ulcerations (p=0.04) were most common on
the neck (50.0%), followed by the ears and

lesion, follicular plugging (orange arrow). ¢ Dark silhou-
ette, ulceration (red arrow), blue fuorescent fibers (yellow
arrowheads), follicle pattern in the surrounding skin (green
arrowheads), interrupted follicle pattern within the lesion.
f Dark silhouette, erosion (red arrow), arborizing vessels
(yellow arrow), follicle pattern in the surrounding skin
(green arrowheads), interrupted follicle pattern within the
lesion, blue-green follicular fluorescence at the periphery of
the tumor (pink arrowheads), absence of this type of fluo-
rescence within the BCC

periauricular region (45.5%), nose and para-
nasal region (40.0%), scalp (33.3%), and oral
region (31.3%). A lack of blue-green fluores-
cence (p<0.001) showed the highest occur-
rence in the neck (75%), nose and paranasal
region (74.3%), and oral region (62.5%). Simi-
larly, the absence of pink-orange fluorescence
(p=0.001) was most frequent in the nose and
paranasal region (65.7%) and oral region
(56.3%).

Tables 3 presents the frequencies of PD fea-
tures across various anatomical locations, while
Table 4 summarizes the distribution of UVFD
findings. Examples of BCCs in the nose and
paranasal region are presented in Fig. 3, while
those in the oral region are shown in Fig. 4.
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Fig.2 PD presentation of BCC in the a-¢ non-H-zone
of the face including BCC (a) on the neck and (b, c) on
the cheek. d-f Corresponding images in UVED. d Dark
silhouette, arborizing vessel (yellow arrow), blue-green
follicular fluorescence at the periphery of the tumor (pink
arrowheads), absence of this type of fluorescence within
the BCC. e Dark silhouette, follicle pattern in the sur-
rounding skin (green arrowheads), interrupted follicle pat-

DISCUSSION

The available data on the application of UVED
in BCCs has been limited [14-16]. In a recent
study by Navarrete-Dechent et al. [16], the
authors underscored the role of UVFD in detect-
ing the white-bluish fluorescence of the multiple
aggregated yellow-white (MAY) globules. In the
aforementioned study, UVFD contributed to the
better visualization of MAY globules (95% under
UVED vs. 81% under PD). In another study,
UVFD was demonstrated to facilitate biopsy site
identification prior to BCC surgery [15]. How-
ever, the biggest comprehensive study to date
on the UVFD findings in BCCs was conducted

tern within the lesion, blue-green follicular luorescence at
the periphery of the tumor (pink arrowheads), absence of
this type of fluorescence within the BCC. f Dark silhou-
ctte, pink-orange follicular fluorescence at the periphery
of the tumor (yellow arrowheads), absence of this type of
fluorescence within the BCC, follicle pattern in the sur-
rounding skin (green arrowheads), interrupted follicle pat-
tern within the lesion

by the authors in 2024 [14]. UVFD has been rec-
ognized as a valuable complementary tool to PD,
particularly for detecting small lesions (<5 mm),
facial tumors, and nodular or non-pigmented
BCC subtypes [14].

To better understand the features of BCC, it is
necessary to know what normal skin looks like
under UVED. In most cases, regularly distributed
gray round/oval structures corresponding to
the follicular openings are present. Within the
openings of hair follicles, more or less regular
fluorescence may be visible—either pink-orange
or green-blue. In sebum-rich areas, the follicles
often display pink-orange fluorescence associ-
ated with porphyrins produced by Cutibacterium
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Table 3 continued
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p value

Neck
=4)

(n

Scalp
=&}

(n

of face
(z=11)

Rest

Chin

periauricu- (2=1)
lar region
(n=11)

1(9.1)

Ears and

Temple
(n=11)

Eyecsand  Oral
periorbital region

(2=16)
(72=18)

region
0 (0.0)

Checks
(2=19)

Forchead
(n=19)

35)

2(5.7)

paranasal

Nosec and
region

(7

of BCC, »

Location
(%)

0 (0.0) 0 (0.0) 1(25.0) 0.426

0(0.0)

2 (18.2)

1(6.3)

0 (0.0)

1(5.3)

Shiny

white

lines

Well-

0.563

2 (50.0)

2(18.2) 0(0.0) 5(45.5) 0(0.0)

4(36.4)

.5)

5(26.3) 9 (47.4) 8 (44.4) 6 (37

13 (37.1)

demar-

cated

borders

» number of BCCs

acnes. This phenomenon is most prominent
in younger individuals with higher sebaceous
activity [17-19]. On the other hand, green-blue
follicular fluorescence has been identified as a
probable marker of Malassezia colonization, par-
ticularly in seborrheic areas [20-22].

In the current study, the most frequently
observed UVFD feature of BCCs was the pres-
ence of dark silhouettes (78.8%), consistent with
the authors’ previous research and the findings
of Navarrete-Dechent et al. [14, 15]. These stud-
ies demonstrated that BCC-affected areas appear
darker than the surrounding skin under UVFD,
aiding in precise surgical margin delineation.
This characteristic is particularly useful for dis-
tinguishing BCCs from healthy tissue, especially
in non-pigmented facial lesions, where conven-
tional PD may be less effective. UVFD enhance
the visualization of lesion margins, which were
determined to be well demarcated in 43.0% of
tumors examined under UVFD, compared to
35.8% of cases visualized under PD. This may
offer practical advantages in preoperative plan-
ning, particularly in the high-risk H-zone of the
face, where complete tumor removal is critical
to reducing recurrence rates. In addition to its
oncologic significance, precise excision is also
essential for aesthetic outcomes, particularly
important in cosmetically sensitive areas, which
is undoubtedly the face region.

Additionally, UVFD showed interrupted fol-
licle pattern and the absence of blue-green or
pink-orange follicular fluorescence within the
tumor compared to the surrounding unaffected
skin. These features were significantly more fre-
quently noted in the nose, paranasal, and oral
regions. This likely corresponds to the increased
number of dilated follicular openings and higher
sebaceous gland activity in these areas.

The absence of fluorescence patterns in BCC-
affected areas may suggest that tumor growth
disrupts follicular structures and alters the local
microenvironment. We postulate that this fea-
ture, observed only under UV light, may consti-
tute another premise for the preliminary diag-
nosis of BCC. However, as highlighted before,
one of the main assumptions of this clue is that
the fluorescence is present in the surrounding
healthy skin. In our analysis, the phenomenon
was particularly common (>50% of cases) in
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Fig.3 PD presentation of BCC in the a, b nosc and ¢
paranasal region. d—f Corresponding images in UVFD. d
Dark silhouette, arborizing vessel (yellow arrow), pink-
orange follicular fluorescence at the periphery of the tumor
(red arrowheads), blue-green follicular fluorescence at the
periphery of the tumor (pink arrowheads), absence of both
types of fluorescence within the BCC, follicle pattern in
the surrounding skin (green arrowheads), interrupted fol-
licle pattern within the lesion. e Dark silhouette, arborizing

specific areas of the head and neck, namely the
nose and paranasal area, the oral region, and
the neck. Presumably, it is in the assessment of
tumors in these locations that the UVFD may be
particularly useful.

Despite its advantages, UVFD has certain
drawbacks. The technique enables detection of
erosions or ulcerations at a lower rate than PD
(23.8% vs. 33.8%). Similarly, in the current study
vascular structures were less frequently noted
under UVFD than under classical PD examina-
tion (32.5% vs. 52.3%). It should be underscored
at this point that both erosions/ulcerations and
arborizing vessels constitute important dermo-
scopic clues for BCC. These observations are in

vessel (yellow arrow), follicle pattern in the surrounding
skin (green arrowheads), interrupted follicle pattern within
the lesion. f Dark silhouette, arborizing vessel (yellow
arrow), pink-orange follicular fluorescence at the periphery
of the tumor (red arrowheads), absence of this type of fluo-
rescence within the BCC, follicle pattern in the surround-
ing skin (green arrowheads), interrupted follicle pattern
within the lesion

line with those reported in our previous study
[2], highlighting the need to consider UVFD as
a complementary rather than a standalone diag-
nostic tool. This strengthens the importance of
an integrative approach in BCC assessment.

There are some limitations to this study that
should be acknowledged. The relatively small
number of BCCs in certain anatomical regions,
such as the chin, scalp, and neck, may have
affected statistical power and the generalizability
of our findings. Future studies should focus on
expanding sample sizes. Additionally, investigat-
ing the potential of UVFD in distinguishing BCC
from other non-melanoma skin cancers could
further refine its clinical utility.
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Fig.4 a,bPD presentation of BCC in the oral regjon. ¢, d
Corresponding images in UVED. ¢ Dark silhouette, black
globules (red arrows), pink-orange follicular fluorescence
at the periphery of the tumor (yellow arrowheads), absence
of this type of fluorescence within the BCC. e Dark sil-

CONCLUSIONS

This study underscores the complementary
role of UVFD alongside PD in the evaluation
of BCCs of the head and neck area. UVFD
revealed erosions or ulcerations, the presence
of blue fluorescent fibers, and the absence of
blue-green fluorescence significantly more fre-
quently in tumors located in the H-zone than
in the non-H-zone. UVFD provides additional
clues, such as presence of interrupted follicle
patterns or absence of follicular fluorescence
within the tumor, especially for lesions located

houette, arborizing vessel (yellow arrow), pink-orange fol-
licular fluorescence at the periphery of the tumor (pink
arrowheads), absence of this type of fluorescence within
the BCC, follicle pattern in the surrounding skin (green
arrowheads), interrupted follicle pattern within the lesion

in the nose and paranasal area, oral region, or
on the neck.
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Rozdzial 10.

Whioski

1. Klasyczna dermoskopia jest cennym narzedziem we wczesnym wykrywaniu
BCC, wyznaczaniu granic przed zabiegiem chirurgicznym i w monitorowaniu
skuteczno$ci leczenia. Jednak polaczenie z innymi nieinwazyjnymi metodami

obrazowania moze zwigkszy¢ czuto$¢ i swoisto$¢ diagnostyczng.

2. W UVFD, BCC wykazuja szereg charakterystycznych cech, a na szczegdlng
uwage zashuguja te, ktore nie sa widoczne w klasycznej dermoskopii — ciemna
sylwetka nowotworu, zaburzenie wzorca uj$¢ mieszkow wlosowych, brak
niebiesko-zielonej lub rézowo-pomaranczowej fluorescencji mieszkowej lub

obecno$¢ biekitnych widkien fluorescencyjnych.

3. Liczne korelacje pomiedzy strukturami obserwowanymi w UVFD oraz PD
wskazuja na komplementarno$¢ obu technik. Przyktadowo obecno$¢ niebieskich
fluorescencyjnych widkien w UVFD wskazuje na obecno$¢ nadzerki/
owrzodzenia. Dlatego tez UVFD moze stanowi¢ cenne uzupehienie klasycznego

badania dermoskopowego.

4. Obecno$¢ poszczegodlnych struktur w UVFD jest zalezna od lokalizacji BCC,
wielko$ci guza i podtypu klinicznego. Stad tez metoda ta moze by¢ szczegodlnie
przydatna w przypadku matych, bezbarwnikowych guzoéw, zlokalizowanych na

twarzy.

5. BCC zlokalizowane w tzw. strefie H cechujg si¢ pewnymi odmienno$ciami

dermoskopowymi nie tylko w PD, ale rowniez w UVFD.
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Rozdzial 11.
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Rozdzial 12.

Streszczenie w jezyku polskim

Rak podstawnokomorkowy (ang. basal cell carcinoma, BCC) to najczgstszy nowotwor
ztodliwy skory, a w jego wczesnej diagnostyce pomocna jest dermoskopia. Mimo
wysokiej czulosci tej metody, wcigz istnieja przypadki o nietypowym obrazie
dermoskopowym, w ktérych rozpoznanie moze sprawiaé trudnosci. Jednym z kierunkow
doskonalenia nieinwazyjnej diagnostyki nowotwordw skoéry jest zastosowanie
nowatorskiej metody - dermoskopii wzmocnionej ultrafioletem (ang. ultraviolet-

enhanced fluorescence dermoscopy, UVFD).

Celem niniejszej pracy byla analiza dotychczasowej wiedzy na temat wykorzystania
dermoskopii w diagnostyce BCC oraz ocena zastosowania w tym wskazaniu UVFD, w

tym identyfikacja struktur widocznych w tej technice.

Badania przeprowadzono w Klinice Dermatologii w Rzeszowie. Rozpoznanie BCC
kazdorazowo potwierdzano histopatologicznie. Do obrazowania zmian uzyto
dermatoskop Dermlite DLS, umozliwiajacy wizualizacj¢ w trybie dermoskopii

spolaryzowanej (ang. polarized dermoscopy, PD) oraz UVFD.

Na podstawie wlasnych obserwacji wyrdzniono nastgpujace cechy BCC w UVFD:
ciemng sylwetke nowotworu, zaburzony wzorzec uj$¢ mieszkow wilosowych, utrate
niebiesko-zielonej 1 rdzowo-pomaranczowej fluorescencji, obecnos¢ rdézowo-
pomaranczowej fluorescencji, bigkitne widkna fluorescencyjne, nadzerki i owrzodzenia,
naczynia rozgateziajace si¢ drzewkowato, ogniska bialej depigmentacji, biate

grudki/globule, czarne globule, biato-niebieska tuske oraz dobrze widoczne granice guza.

Najczgsciej wystepujacymi cechami byly: ciemna sylwetka, zaburzony wzorzec ujsé¢

mieszkéw wlosowych i utrata niebiesko-zielonej fluorescencji mieszkowe;.

BCC zlokalizowane na twarzy czgsciej prezentowaty w UVFD cechy takie jak wyrazne
granice, zaburzenie wzorca uj$¢ mieszkdw wlosowych, utrate rézowo-pomaranczowej
fluorescencji oraz obecno$¢ nadzerek i owrzodzen. Guzy zlokalizowane w strefie H na
twarzy czgsciej wykazywaly owrzodzenia, obecno§¢  blekitnych  wildkien

fluorescencyjnych i brak niebiesko-zielonej fluorescencji. BCC o $rednicy ponizej 5 mm
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czg¢Sciej cechowaly si¢ wyraznymi granicami, utrata3 rdéZowo-pomaranczowe;j
fluorescencji i zaburzonym wzorcem ujs$¢ mieszkoéw wlosowych, natomiast wigksze guzy
cz¢$cie] wykazywaty obecno$¢ nadzerek i owrzodzen oraz biato-niebieskiej tuski. BCC
guzkowe charakteryzowaly si¢ zaburzong architekturg uj$¢ mieszkéw wlosowych,
brakiem fluorescencji mieszkowej, obecnos$cia naczyn rozgateziajacych si¢ drzewkowato
oraz nadzerek i owrzodzen, natomiast powierzchowne — ogniskami biatej depigmentac;ji.
Barwnikowe guzy wykazywaty obecno$¢ czarnych globul, a bezbarwnikowe — zaburzong
architektur¢ uj$¢ mieszkow wlosowych, obecnos¢ naczyn rozgaleziajacych sie

drzewkowato oraz utrate fluorescencji mieszkowe;.

Zastosowanie UVFD umozliwia potencjalnie lepsze uwidocznienie granic BCC,
zwlaszcza w zmianach zlokalizowanych na glowie i szyi, co moze mie¢ istotne znaczenie
w planowaniu leczenia chirurgicznego. Jednoczesnie, UVFD okazalo si¢ mniej czute w

wykrywaniu niektorych struktur, takich jak naczynia czy nadzerki, w poréwnaniu do PD.

Wnhioski te potwierdzaja, ze UVFD stanowi cenne narzedzie uzupetniajace w diagnostyce

BCC, wzbogacajace mozliwosci klasycznej dermoskopii.
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Rozdzial 13.

Abstract (streszczenie w jezyku angielskim)

Basal cell carcinoma (BCC) is the most common malignant skin tumor and dermoscopy
is a helpful tool in its early diagnosis. Despite the high sensitivity of this method, there
are still cases with atypical dermoscopic features, in which establishing the diagnosis may
be challenging. One of the directions in improving non-invasive skin cancer diagnostics
is the implementation of an innovative technique—ultraviolet-enhanced fluorescence

dermoscopy (UVFD).

The aim of this study was to review the current knowledge on the use of dermoscopy in
the diagnosis of BCC and to assess the utility of UVFD in this indication, including the

identification of structures observable with this technique.

The study was conducted at the Department of Dermatology in Rzeszé6w. The diagnosis
of BCC was confirmed histopathologically in all cases. A Dermlite DL5 dermatoscope
was used for imaging, enabling visualization in polarized dermoscopy (PD) and UVFD

modes.

Based on the authors' observations, the following UVFD features of BCC were identified:
dark silhouette, interrupted follicular pattern, lack of blue-green and pink-orange
fluorescence, presence of pink-orange fluorescence, blue fluorescent fibers, erosions and
ulcerations, arborizing vessels, white depigmentation, white clods, black globules, white-

blue scales and well-demarcated borders.

The most frequent features were: dark silhouette, interrupted follicular pattern and lack

of blue-green fluorescence.

BCCs located on the face more often exhibited features such as well-defined borders,
interrupted follicular pattern, lack of pink-orange fluorescence and presence of erosions
and ulcerations. Tumors situated within the H-zone of the face more frequently showed
ulcerations, blue fluorescent fibers and lack of blue-green fluorescence. Tumors smaller
than 5 mm in diameter more commonly demonstrated well-demarcated borders, lack of
pink-orange fluorescence and interrupted follicular pattern, while larger tumors more

often showed erosions, ulcerations and white-blue scales. Nodular BCCs were
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characterized by interrupted follicular pattern, lack of follicular fluorescence, arborizing
vessels and the presence of erosions and ulcerations, whereas superficial BCCs showed
white depigmentation. Pigmented tumors exhibited black globules, while non-pigmented
tumors were marked by interrupted follicular pattern, arborizing vessels and lack of

follicular fluorescence.

The use of UVFD potentially allows for improved visualization of BCC margins,
particularly in lesions located on the head and neck, which may be of clinical importance
when planning surgical treatment. At the same time, UVFD was found to be less sensitive

than PD in detecting certain structures, such as vessels and erosions.

These findings confirm that UVFD is a valuable complementary tool in BCC diagnostics,

enhancing the capabilities of conventional dermoscopy.
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Rozdzial 15..
Zalaczniki

Zgoda Komisji Bioetycznej

Komisja Bioetyczna
orzy Okregowe] Izble Lekarskiej
15-030 Rzeszéw, ul. Dekerta 2

ol 1771777 17
UCHWALA Nr 50/2024/B
Komisji Bioetycznej Okreggowej Izby Lekarskiej
zdnia 21 paZdziernika 2024 r.

Komisja Bioetyczna Okregowej Izby Lekarskiej w Rzeszowie dzialajgc na podstawie art. 29
ust. 3 pkt. 2 ustawy z dnia 5.12.1996 r. o zawodzie lekarza (Dz. U. z dnia 26.03.1997 r. Nr 28,
poz. 152), dzialajge zgodnie z Rozporzgdzeniem Ministra Zdrowia

i Opieki Spolecznej z dnia 11 maja 1999 r. (Dz. U. Nr 47 poz. 480 z 1999 r.) w sprawie
szczegolowych zasad powolywania i finansowania , oraz trybu dzialania Komisji Bioetycznych,
Kodeksu Etyki Lekarskiej, z wwzglednieniem zasad Deklaracji Helsiviskiej (Declaration of
Helsinki) oraz zasad prawidlowego prowadzenia badan klinicznych (Good Clinical Practice) i
Migdzynarodowej Konferencji na rzecz harmonizacji wymogdéw technicznych dla rejestracji
Srodkow  farmaceutycznych ( International Conference on Harmonisation of Technical
Requirements for Registration of Pharmaceutical for Human Use (ICH), po zapoznaniu si¢ z
dokumentami przedlozonymi wraz ze ,, Zgloszeniem badan™ oraz po wystuchaniu dodatkowych
informacji zlozonych przez wnioskodawcee :

postanawia

w wyniku przeprowadzonej dyskusji i glosowania, Komisja pozytywnie zaopiniowala projekt
badania pt. :

» Zastosowanie dermatoskopii i dermatoskopii wzmocnionej ultrafioletem
w ocenie raka podstawnokomorkowego”.

Badacz : lek. Irena Wojtowicz

Osrodek :

Klinika Dermatologii Uniwersyteckiego Szpitala Klinicznego
35-005 Rzeszow, ul. Szopena 2

Przewodniczacy
Komisji Bioetycznej
w

drhab.:l nE. med. m;zpw:
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Imig i nazwisko

OSWIADCZENIE

Ja, nizej podpisana Irena Wojtowicz o$wiadczam, ze przygotowana dysertacja pt.
»Zastosowanie dermatoskopii i dermatoskopii wzmocnionej ultrafioletem w ocenie raka
podstawnokomérkowego”, ktora przedkladam w przewodzie doktorskim procedowanym na
Uniwersytecie Rzeszowskim zostata przygotowana i w petni odpowiada zatozeniom projektu
badawczego o tym samym tytule, ktory uzyskat pozytywna opini¢ Komisji Bioetycznej
Okregowej Izby Lekarskiej w Rzeszowie (uchwata nr 50/2024/B wydana w dniu 21
pazdziernika 2024r.).

............................................................................................

(promotor) (. (sktadajacy osw1adczen1e)
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