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1.Wykaz stosowanych skrotow:

AJCC - (ang. American Joint Committee on Cancer), Amerykanski Wspo6lny Komitet ds. Raka;
ARD - (ang. acute radiodermatitis), ostre popromienne zapalenie skory;

CB - (ang. contominant boost), jednoczasowy boost;

CHT - (ang. chemotherapy), chemioterapia;

CI - (ang. confidence interval), przedziat ufnosci;

CRD - (ang. chronic radiodermatitis), przewlekle popromienne zapalenie skory;

CTCAE - (ang. Common Terminology Criteria for Adverse Events), Wspolne Kryteria
Terminologiczne dotyczace Zdarzen Niepozadanych;

CTV1 - (ang. clinical target volume 1), pierwsza kliniczna obj¢tos$¢ tarczowa;

CTV2 - (ang. clinical target volume 2), druga kliniczna objeto$¢ tarczowa;

D - (ang. day), dzien;

G - (ang. grade), stopien nasilenia toksyczno$ci zgodnie z kryteriami toksyczno$ci Grupy
Radioterapii Onkologicznej i Europejskiej Organizacji Badan i Leczenia Raka;

GLOBOCAN - (ang. Global Cancer Statistics), Globalne Statystyki dotyczace Raka;

HNC - (ang. head and neck cancer), nowotwory glowy i szyi;

HNSCC - (ang. head and neck squamous cell carcinoma), rak ptaskonablonkowy gltowy i szyi;
IDS - (ang. International Dermoscopy Society), Migdzynarodowe Towarzystwo Dermoskopowe;
IMRT - (ang. intensity modulated radiation therapy), modulacja intensywno$ci wiazki
napromieniania;

LENT SOMA - (ang. Late Effects Normal Tissue Task Force-Subjective scale, and the
Objective, Management, Analytic scale), Efekty P6Zne — Subiektywna Skala Grupy Zadaniowe;j
ds. Tkanek oraz Skala Analityczna, Celu i Postgpowania;

OR - (ang. odds ratio), iloraz szans;

RT - (ang. radioteraphy), radioterapia;



RTOG/EORTC - (ang. Radiation Therapy Oncology Group and the European Organization for
Research and Treatment of Cancer), Grupa Radioterapii Onkologicznej i Europejskiej

Organizacji Badan i Leczenia Raka.



2. Wykaz publikacji stanowiacych rozprawe doktorska:

Rozprawa doktorska powstata w oparciu o cykl dwoch prospektywnych prac oryginalnych
1 dwoch prac pogladowych, opublikowanych w recenzowanych czasopismach naukowych
o sumarycznym wskazniku IF 7,8 oraz sumie punktow MEIN 410. Ponadto wyniki badan
zostaly zaprezentowane na IX Zjezdzie Polskiego Towarzystwa Radioterapii Onkologicznej
(Polska, todz, 18-19.10.2019), XVIII Kongresie European Association of Dermato-Oncology
(Hiszpania, Sewilla, 21-23.04.2022) oraz XXXII Zjezdzie Polskiego Towarzystwa

Dermatologicznego (Polska, Lublin, 31.05-01.06.2023).

Prace oryginalne:

PUBLIKACJA A:

Pilsniak A, Szlauer-Stefanska A, Tukiendorf A, Rutkowski T, Skladowski K,
Kaminska-Winciorek G. Dermoscopy of acute radiation-induced dermatitis in patients with head
and neck cancers treated with radiotherapy. Sci Rep. 2023;13(1):15711.

DOI: 10.1038/s41598-023-42507-1

IF: 4,6

MEIN: 140 pkt

PUBLIKACJA B:

Pilsniak A, Szlauer-Stefanska A, Tukiendorf A, Rutkowski T, Skladowski K,
Kaminska-Winciorek G. Dermoscopy of Chronic Radiation-Induced Dermatitis in Patients with
Head and Neck Cancers Treated with Radiotherapy. Life. 2024; 14 (3): 399.

DOI: 10.3390/1ife14030399

IF: 3,2

MEIN: 70 pkt



Prace pogladowe:

PUBLIKACJA C:

Dudek A, Rutkowski T, Kaminska-Winciorek G, Skladowski K. What is new when it comes to
acute and chronic radiation-induced dermatitis in head andneck cancer patients?
NOWOTWORY J Oncol 2020; 70, 1: 9—15.

DOI: 10.5603/NJO.2020.0002

MEIN: 100 pkt

PUBLIKACJA D

Kaminska-Winciorek G, Pilsniak A. The role of dermoscopy in dermato-oncological diagnostics
—new trends and perspectives. NOWOTWORY J Oncol 2021; 71: 103—-110.

DOI: 10.5603/NJO.a2021.0013

MEIN: 100 pkt


https://doi.org/10.5603/NJO.2020.0002

3. Wykaz rycin:

Rycina 1. Obrazy makroskopowe (A,C,E,G) ARD w stopniach (G) od G1 do G4, oceniane
klinicznie zgodnie z kryteriami RTOG [12] i obrazy dermoskopowe (B,D,F,H) opisane zgodnie
z konsensusem IDS [19] u wybranego chorego w trakcie leczenia RT. (A) Staby rumien (G1);
(B) obraz dermoskopowy (G1) ARD przestawia naczynia linijne z rozgatgzieniami i linijne,
zakrzywione naczynia o skupionym rozmieszczeniu i biate obszary bezstrukturalne; (C) obraz
makroskopowy przedstawia jasny rumien, utrat¢ wiosow, wilgotne zluszczanie i1 umiarkowany
obrzek (G2); (D) obraz dermoskopowy ARD (G2) przedstawia naczynia linijne
z rozgalezieniami i linijne, zakrzywione naczynia o siateczkowym rozmieszczeniu oraz czopy
mieszkowe o uktadzie rozet; (E) obraz makroskopowy przedstawia jasny rumien, utrat¢ wtosow,
zlewajace si¢ wilgotne zluszczanie 1 obrzgk wzerowy (G3); (F) obraz dermoskopowy
przedstawia (G3) naczynia linijne z rozgalezieniami o rozmieszczeniu siateczkowym,
pigmentacja okotomieszkowa i czopy mieszkowe o uktadzie rozet; (G) owrzodzenie w ARD
(G4); (H) obraz dermoskopowy (G4) uwidacznia naczynia linijne z rozgalezieniami
0 rozmieszczeniu siateczkowym oraz bialg 1 z6ttg tuske o niejednolitym rozmieszczeniu.

Rycina 2. Obrazy dermoskopowe ARD opisane zgodnie z konsensusem IDS [19] (A) Obraz
dermoskopowy ARD przedstawia naczynia linijne z rozgatezieniami, linijne, zakrzywione
naczynia o rozmieszczeniu siateczkowym oraz biale okolomieszkowe koloru; (B) obraz
dermoskopowy ARD ujawnia biato-z6tta tuske o niejednolitym rozmieszczeniu (C) obraz
dermoskopowy ukazuje naczynia linijne z rozgalezieniami 1 linijne, zakrzywione
0 rozmieszczeniu skupionym, oraz bragzowa tuske o niejednolitym rozmieszczeniu; (D) obraz
dermoskopowy ukazuje naczynia linijne 2z rozgalezieniami 1 linijne, zakrzywione
0 nieswoistym rozmieszczeniu oraz pigmentacje okotomieszkowa; (E) naczynia linijne
z rozgatgzieniami 1 linijne, zakrzywione o rozmieszczeniem siateczkowym oraz czopy

mieszkowe o ukladzie rozet.



Rycina 3. Obrazy makroskopowe (A, C) CRD w stopniach (G) od G1 do G2, oceniane klinicznie
wedtug kryteriow RTOG [12] oraz obrazy dermoskopowe (B, D) opisane wedlug IDS [19] u
wybranego chorego. (A) — niewielki zanik, zmiana pigmentacji (Gl); (B) — obraz
dermoskopowy (Gl) CRD ujawnia naczynia linijne (pomaranczowe  strzatki)
o niespecyficznym rozmieszczeniu, brgzowe kropki i cialka (czerwone strzatki) i biate linie
(biale strzatki); (C) — plamisty =zanik, catkowita utrata wltosow (G2); (D) — obraz
dermoskopowy CRD (G2) przedstawia naczynia kropkowane (czarne strzalki) o nieswoistym
rozmieszczeniu, brgzowe kropki i ciatka (czerwone strzatki) 1 biale linie (biate strzatki).

Rycina 4. Obrazy dermoskopowe CRD opisane zgodnie z konsensusem IDS [20].
(A) — w obrazie dermoskopowym CRD widoczne sg naczynia kropkowane (czarne strzatki)
1 linijne (pomaranczowe strzalki) o nieswoistym rozmieszczeniu oraz pigmentacja
okotomieszkowa (fioletowe strzalki); (B) — obraz dermoskopowy CRD ujawnia naczynia
kropkowane (czarne strzatki) i linijne z rozgatezieniami (niebieskie strzatki) o rozmieszczeniu
skupionym; (C) — obraz dermoskopowy CRD ujawnia biata tuske¢ o niejednolitym
rozmieszczeniu (zoOlte strzatki) oraz brazowe kropki i ciatka (czerwone strzatki); (D) — obraz
dermoskopowy CRD wujawnia naczynia linijne z rozgalezieniami, (niebieskie strzatki)
o rozmieszczeniu siateczkowym, okotomieszkowe biate zabarwienie (zielone strzatki), biatg
luske o niejednolitym rozmieszczeniu (zotte strzatki), biale linie (biate strzatki); (E) — obraz
dermoskopowy CRD ujawnia naczynia z rozgat¢zieniami (niebieskie strzatki) i kropkowane
naczynia (czarne strzatki) o rozmieszczeniu skupionym oraz biale obszary bezstrukturalne
(r6zowe strzaltki); (F) — obraz dermoskopowy CRD ujawnia naczynia linijne (pomaranczowe
strzatki) o nieswoistym rozmieszczeniu, bragzowe kropki i ciatka (czerwone strzalki) oraz biate
linie (biale strzatki); (G) — obraz dermoskopowy CRD ujawnia bialg tuske

o niejednolitym rozmieszczeniu (zOtte strzatki) 1 biate linie (biate strzatki); (H) — obraz
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dermoskopowy CRD ujawnia kropkowane naczynia (czarne strzatki) o rozmieszczeniu

skupionym 1 biate obszary bezstrukturalne (rozowe strzatki).
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4. Wstep:

Nowotwory glowy 1 szyi (ang. head and neck - HNC) to grupa, do ktorej zgodnie
z definicja Amerykanskiego Wspolnego Komitetu ds. Raka z 2017 r. (ang. American Joint
Committee on Cancer - AJCC) zalicza si¢ nowotwory ztosliwe wywodzace si¢ z blony §luzowe;j
jamy ustnej, gardta, krtani, zatok przynosowych oraz duzych i matych gruczotéw §linowych [1].
Najczestszym typem histologicznym nowotworu w tym obszarze jest rak ptaskonabtonkowy [2].
Wedlug najnowszych szacunkéw globalnych statystyk dotyczacych raka (ang. Global Cancer
Statistics - GLOBOCAN), rak ptaskonablonkowy gltowy 1 szyi (ang. head and neck squamous
cell carcinoma - HNSCC) jest siodmym pod wzgledem czgstosci wystepowania nowotworem na
swiecie 1 odpowiada za okoto 890 000 nowych przypadkow i 450 000 zgonow rocznie [3]. Na
podstawie Krajowego Rejestru Nowotworéw w Polsce odnotowujemy ok. 5500 do 6000 nowych
zachorowan na HNC rocznie, a ich odsetkowy udziat wsrod wszystkich nowotworow ztosliwych
waha si¢ od 5,5 do 6,2% [4].

Diagnoza zwykle jest stawiana na etapie choroby o zaawansowaniu miejscowym
1 wymaga wielokierunkowego leczenia. Obecne metody terapii taczg chirurgie, chemioterapie
(ang. chemotherapy, CHT), radioterapi¢ (ang. radiotherapy, RT), immunoterapi¢ i terapie
celowane [5]. Na dzien dzisiejszy stosuje si¢ liczne zaawansowane techniki RT, takie jak
modulacja intensywno$ci wigzki napromieniania (ang.intensity modulated radiation therapy,
IMRT), w ktorej wykorzystuje si¢ sterowane komputerowo akceleratory liniowe w celu
dostarczania precyzyjnych dawek promieniowania do nowotworu zlosliwego, minimalizujac
dawke podawang zdrowym sgsiadujgcym tkankom. Technika ta poprawia w ten sposob wskaznik
terapeutyczny i rOwnoczesnie zmniejsza ryzyko ostrej 1 przewleklej toksycznosci [6].

Pomimo tego RT moze powodowaé uszkodzenie zdrowych tkanek znajdujacych sie
w obszarze napromieniania. Zmiany pojawiajace si¢ po RT mozemy podzieli¢ na toksyczno$¢

ostrg, gdy pojawia si¢ w ciggu 90 dni od rozpoczecia leczenia lub toksyczno$¢ pdzng, gdy
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pojawia si¢ po 90 dniach napromieniania [7]. Do ostrych zmian mogacych wystapi¢ u chorych
po radioterapii nowotworu glowy 1 szyi zaliczamy: zapalenie blony S$luzowej jamy ustnej
1 gardta, odynofagie, dysfagi¢, chrypke, kserostomig, bol w obrebie jamy ustnej i twarzy,
popromienng martwice Kkrtani, zapalenie skory, wypadanie wloséw, nudnosci, wymioty,
niewlasciwe odzywianie i nawodnienie oraz utrat¢ masy ciata [8]. Z kolei toksyczno$¢ pdzna
obejmuje: trwalg utrate $liny, martwice popromienng ko$ci, zapalenie migsni wywotane
promieniowaniem, zwezenie gardla 1 przetyku, prochnice zgbdw, martwice jamy ustnej,
zwloknienie, zaburzenia gojenia si¢ ran, zapalenie skory i nowotwory skory, obrzgk limfatyczny,
niedoczynno$¢ tarczycy, nadczynno$¢ przytarczyc, zawroty i bole glowy, wtdérne nowotwory
oraz uszkodzenia gatki ocznej, uszu, struktur neurologicznych i szyi [9].

Ostre popromienne zapalenie skory (ang. acute radiation-induced dermatitis, ARD) moze
wystgpi¢ w ciggu pierwszych 24 godzin od rozpoczgcia RT, ale zwykle pojawia si¢ w ciggu kilku
dni lub nawet tygodni od rozpoczecia RT [10]. Z kolei przewlekle popromienne zapalenie skory
(ang. chronic radiation-induced dermatitis, CRD) pojawia si¢ zwykle kilka miesigcy po RT [11].

Ocena kliniczna popromiennego zapalenia skory nie jest wystandaryzowana i opisano
wiele skal klinicznych. Do najczesciej stosowanych zaliczamy: Kryteria Toksycznosci Grupy
Radioterapii Onkologicznej 1 Europejskiej Organizacji Badan 1 Leczenia Raka (ang. Radiation
Therapy Oncology Group and the European Organization for Research and Treatment of Cancer,
RTOG/EORTC) [12], Wspolne Kryteria Terminologiczne dotyczace zdarzen niepozadanych
(ang. Common Terminology Criteria for Adverse Events, CTCAE v. 5.0) [13], Efekty pdzne —
subiektywna skala Grupy Zadaniowej ds. Tkanek oraz skala Analityczna, Celu 1 Postgpowania
(ang. the Late Effects Normal Tissue Task Force-Subjective scale, and the Objective,
Management, Analytic scale, LENT SOMA) [14,15]. Wedtug klasyfikacji RTOG/EORTC [12],
w ARD mozemy obserwowac¢ rumien, utrat¢ wiosow, suche lub wilgotne zluszczanie, obrzek,

zmniejszong potliwos¢ oraz owrzodzenia 1 martwice krwotoczng [12]. Typowymi objawami
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skérnymi CRD sg teleangiektazje, przebarwienia, zanik skory, zgrubienie, a takze zwioknienie
skory [16].

Dermoskopia jest uznang metoda diagnostyczng stanowigca pomost miedzy badaniem
klinicznym 1 histopatologicznym [17]. W aktualnym pi$miennictwie znaleziono tylko jedno
opublikowane badanie dotyczace dermoskopowego obrazowania rumienia w przebiegu ARD
[18]. Do czasu opublikowania wynikow moich prac nie opisywano w literaturze danych
dotyczacych analizy cech dermoskopowych w ARD i1 CRD. Innowacyjne zastosowanie
dermoskopii w ARD 1 CRD moze pozwoli¢ na standaryzacj¢ oceny klinicznej popromiennego
zapalenia skory. Charakterystyka dermoskopowa z archiwizacjg uzyskanych obrazow (fotografii)
poszerzyla dotychczasowg wiedz¢ na temat biologii ostrego i przewlekltego popromiennego
zapalenia skory. Do tej pory nie bylo innego obiektywnego narzgdzia do analizy ARD i CRD.
Wykazane w moich badaniach cechy dermoskopowe odzwierciedlajg biologiczng reakcje skory
na promieniowanie i mogg w przysztosci zosta¢ wykorzystane do parametryzacji ARD i CRD

pod katem intensywnosci 1 innych konsekwencji klinicznych.
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5. Cele pracy:

1)

2)

3)

4)

5)

6)

Analiza aktualnego stanu wiedzy na temat ostrego i popromiennego zapalenia skory
wywotanego leczeniem metodg radioterapii.

Analiza przydatnosci dermoskopii jako metody badawczej w onkologii.

Okreslenie czy istniejg charakterystyczne cechy dermoskopowe w  ostrym
1 przewleklym popromiennym zapaleniu skory u chorych poddawanych radioterapii?
Ocena, czy istnieje zaleznos¢ miedzy cechami dermoskopowymi w ostrym
1 przewleklym popromiennym zapaleniu skory a cechami makroskopowymi
charakterystycznymi dla tych toksycznosci.

Ustalenie przydatnosci badania dermoskopowego w diagnostyce ostrego i1 przewleklego
popromiennego zapalenia skory.

Ustalenie zwigzku pomigdzy cechami makroskopowymi i dermoskopowymi w ostrym
1 przewleklym popromiennym zapaleniu skory, a demograficznymi i klinicznymi

czynnikami ryzyka.
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6. Material i metody:

A) Material i metody w pracach oryginalnych (A, B)

6.1 Grupa badana

W badaniu o charakterze prospektywnym, nierandomizowanym przeprowadzono ocen¢
dermoskopowa wraz z oceng kliniczng, u 26 chorych obserwowanych w kierunku ARD, ktorzy
zostali poddani RT z powodu HNC w I Klinice Radioterapii i Chemioterapii w Narodowym
Instytucie Onkologii im. Marii Sktodowskiej-Curie, Panstwowego Instytutu Badawczego
w Oddziale w Gliwicach w okresie od wrze$nia 2020 r. do marca 2021 r.

W drugim badaniu prospektywnym, nierandomizowanym, przeprowadzono oceng
kliniczng 1 dermoskopowa u 32 chorych obserwowanych w kierunku CRD, ktorzy zostali
poddani RT z powodu HNC w I Klinice Radioterapii i Chemioterapii w Narodowym Instytucie
Onkologii im. Marii Sklodowskiej-Curie, Panstwowego Instytutu Badawczego w Oddziale
w Gliwicach, a nastepnie pozostawali pod opieka Przyklinicznej Poradni Onkologicznej
w okresie od wrzes$nia 2020 r. do marca 2021 r.

Zarowno w pierwszym jak i drugim badaniu kryteriami wiaczenia byty wiek > 18 lat,
intencja radykalnego leczenie 1 podpisana $§wiadoma zgoda na udzial w badaniu. Z badania
wytaczono chorych leczonych lekami biologicznymi (bio radiodermitis) oraz z aktywnymi

dermatozami moggcymi wplywac na obraz kliniczny i dermoskopowy badanego obszaru skory.

6.2 Leczenie

Mediana catkowitej dawki RT wynosita 70 Gy (50-72 Gy) i1 byta podawana w 25-40
frakcjach. Radioterapi¢ prowadzono przez 7 tygodni, wlaczajac pig¢ frakcji na tydzien
w polaczeniu z CHT (cisplatyna, 100 mg/m? dni (d) 1, 22, 43) lub jako jednoczasowy boost (ang.

contominant boost, CB) z siedmioma frakcjami na tydzien bez CHT. Pierwsza kliniczna objetos¢

16



tarczowa (ang. clinical target volume, CTV1) obejmowala guz pierwotny 1 zajete grupy weztow
chlonnych z marginesem. Druga kliniczna obj¢tos¢ tarczowa (ang. clinical target volume, CTV?2)
obejmowata CTV1 i obszary narazone na ryzyko mikroskopowego rozprzestrzeniania si¢ guza
pierwotnego 1 grup wybranych weziéw chtonnych. Wszyscy chorzy byli leczeni dawkami 70 Gy
w 35 frakcjach (2,0 Gy/frakcje) przez 7 tygodni lub 70,2 Gy w 39 frakcjach (1,8 Gy/frakcje)
przez pie¢ i poél tygodnia, az do osiggnigcia pierwotnego celu. Obszary napromieniano
elektywnie, objeto dawke 50 Gy w 25 frakcjach (2,0 Gy/frakcje) lub 54 Gy w 30 frakcjach (1,8
Gy/frakcje). Chemioterapia indukcyjna sktadata si¢ z dwoch do trzech cykli TPF (docetaksel 75
mg/m?, cisplatyna 75 mg/m?, dl1 i 5-fluorouracyl 750 mg/m* d1-5) lub PF (cisplatyna 100

mg/m?, d1 i 5-fluorouracyl 1000 mg/m? d1-5) podawanych co 21 dni.

6.3 Ocena kliniczna i dermoskopowa:

W badaniu dotyczacym ARD chorzy byli oceniani klinicznie i dermoskopowo $rednio
w 15 punktach czasowych — na poczatku badania (przed RT), nast¢pnie co drugi dzien az do
konca hospitalizacji: w 1, 2, 4, 6, 8, 10 itd. W calym okresie u wszystkich chorych wykonano
374 obserwacje. Podczas kazdej obserwacji wykonano cztery zdjecia dermoskopowe obszaru
napromienianego oraz dwa zdjgcia obszaru kontrolnego. W sumie zarchiwizowano 2244
obrazow (fotografii) dermoskopowych i 374 obrazéw (fotografii) klinicznych. Sposrdd nich
1496 obrazéw (fotografii) przedstawialo badane obszary narazone na napromienianie.

Chorzy wlaczeni do badania CRD byli oceniani w trakcie kontrolnych wizyt
w Przyszpitalnej Poradni Onkologicznej w 3, 6 lub 12 miesigcu po RT. Zarchiwizowano tacznie
216 obrazow (fotografii) dermoskopowych 1 36 obrazéw (fotografii) klinicznych. Sposréd nich
144 obrazy (fotografie) przedstawiaty obszary poddane dziataniu RT. Przewlekte zapalenie skory
wywotane promieniowaniem oceniano w jednym punkcie czasowym i w dwodch punktach

czasowych odpowiednio u 28 1 4 chorych. Lacznie wykonano 36 obserwacji u 32 chorych. W 3
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miesigcu po RT obserwowano 16 chorych (96 obrazéw dermoskopowych), 10 chorych (60
obrazow dermoskopowych) obserwowano w 6 miesigcu po RT i 10 chorych (60 obrazow
dermoskopowych) obserwowano w 12 miesigcu po RT.

W kazdym badaniu chorzy byli obserwowani i oceniani w tych samych symetrycznych
czterech obszarach (prawa i1 lewa okolica szyjna, prawa i1 lewa okolica podzuchwowa)
narazonych na promieniowanie jonizujace oraz w dwoch obszarach kontrolnych (prawa i lewa
dolna czeg$¢ okolicy zausznej).

Wyniki badania dermoskopowego opisano zgodnie z konsensusem Migdzynarodowego
Towarzystwa Dermoskopowego (ang. International Dermoscopy Society, IDS) [19].

Dermoskopowa ocene oraz archiwizacj¢ obrazow przeprowadzatam osobiscie przy uzyciu
dermoskopu DermLiteFoto (3Gen, LLC, San Juan Capistrano, Kalifornia, Stany Zjednoczone)
w S$wietle spolaryzowanym, w dziesi¢ciokrotnym powigkszeniu. Zarchiwizowane obrazy
(fotografie) dermoskopowe 1 kliniczne zostaty nastepnie niezaleznie przeanalizowane i opisane
przez dwoch dermoskopistow (A.P. i A.S.-S.), nie znajacych zadnych danych chorych.
W przypadku rozbiezno$ci pomigdzy nimi ostateczng decyzj¢ co do opisu podejmowat trzeci
dermoskopista (G.K.-W.).

Oceng kliniczng przeprowadzono wedlug skali RTOG/EORTC [12]. W ocenie kliniczne]
okreslano obecno$¢ rumienia, utraty wtosow, suchego i1 wilgotnego ztuszczania, obrzeku,
owrzodzen, krwotokéw, martwicy, teleangiektazji, zmiany pigmentacji, zaniku skory oraz
zgrubienia 1 zwtoknienie skory.

W  ocenie dermoskopowej sprawdzano obecno$¢ 1 opisywano morfologi¢
1 rozmieszczenie naczyn, kolor 1 rozmieszczenie tuski, zmiany mieszkowe (czopy mieszkowe,
czerwone  kropki  mieszkowe, biale zabarwienie  okotomieszkowe, pigmentacja
okotomieszkowa), kolor i morfologi¢ innych struktur oraz sprawdzano czy istniejg okreslone

wskazdwki sugerujace konkretne rozpoznanie.

18



6.4 Analiza statystyczna:

W koncowej ocenie statystycznej przeanalizowano baze danych sporzadzong na podstawie
zarchiwizowanych oraz opisanych 2244 obrazow dermoskopowych i 374 obrazoéw klinicznych
dotyczacych ARD 1216 obrazow dermoskopowych i 36 obrazow klinicznych dotyczacych CRD.

Stopien zgodnosci pomigedzy dwoma niezaleznymi badaczami oraz stopien zgodnosci
pomiedzy cechami klinicznymi a cechami dermoskopowymi oceniano za pomocg wspotczynnika
rzetelnosci Kappa Cohena (k).

Ponadto do oceny wptywu frakcji RT na binarne wyniki diagnostyki skéry zastosowano
jednoczynnikowg i wieloczynnikowg regresje logistyczng binarng.

Do oszacowania wplywu zebranych czynnikow ryzyka na obserwowane cechy
dermoskopowe wykorzystano wieloczynnikowg regresj¢ logistyczng porzadkows. Wyniki
statystyczne wyrazono za pomocg klasycznego ilorazu szans (ang. odds ratio, OR) z 95%
przedziatem ufnosci (ang. confidence interval, CI); Warto$¢ testowa p < 0,05 uznano za
przestanke zalezno$ci istotnej statystycznie. Ze wzgledu na powtarzane pomiary z kolejnymi
frakcjami RT dla kazdego chorego, w zastosowanych regresjach uwzgledniono tzw. efekty

losowe.

6.5 Zgoda Komisji Bioetycznej

Badania zostaly zaaprobowane przez Komisj¢ Bioetyczng Narodowego Instytutu
Onkologii im. Marii Sktodowskiej-Curie Panstwowego Instytutu Badawczego w Gliwicach
w dniu 02.04.2019 (sygn. KB/430-44/19). Badania przeprowadzono zgodnie z Deklaracja
Helsinskg z 1964 r. 1 jej pozniejszymi zmianami. Wszyscy chorzy wyrazili §wiadomag pisemna

zgode na udziat w badaniu i publikacjeg.
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B) Metodyka w pracach pogladowych (C,D)
Publikacje pogladowe oparto na informacjach opublikowanych w artykutach polskojezycznych
1 anglojezycznych uzyskanych z elektronicznej bazy PubMed i Google Scholar opublikowanych

w latach 1982 - 2020.
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7. Wyniki:
PUBLIKACJA A

U wszystkich chorych (26) obserwowanych w trakcie RT rozwinelo si¢ ARD. U 14
chorych pod koniec leczenia RT stwierdzono ARD w 2 stopniu toksycznosci, u 10 chorych
w 3 stopniu, a u dwoch chorych rozwingta si¢ ARD w stopniu 4 wg RTOG/EORTC [12]. Stopien
1 obserwowano w pierwszym tygodniu (4,69 dniu) (Ryc.1A), stopien 2 w trzecim tygodniu
obserwacji (20,69 dzien) (Ryc.1C), stopien 3 w 6. tygodniu obserwacji (37,81 dzien) (Ryc.1E)

1 stopien 4 w 5. tygodniu obserwacji (34,66 dzien) (Ryc.1G).

Rycina 1. Obrazy makroskopowe (A,C,E,G) ARD w stopniach (G) od G1 do G4, oceniane klinicznie zgodnie
z kryteriami RTOG [12] i obrazy dermoskopowe (B,D,F,H) opisane zgodnie z konsensusem IDS [19] u wybranego
chorego w trakcie leczenia RT. (A) Staby rumien (G1); (B) obraz dermoskopowy (G1) ARD przestawia naczynia
linijne z rozgalgzieniami i linijne, zakrzywione naczynia o skupionym rozmieszczeniu i biale obszary
bezstrukturalne; (C) obraz makroskopowy przedstawia jasny rumien, utrate wlosow, wilgotne zluszczanie
i umiarkowany obrzgk (G2); (D) obraz dermoskopowy ARD (G2) przedstawia naczynia linijne z rozgal¢zieniami
i linijne, zakrzywione naczynia o siateczkowym rozmieszczeniu oraz czopy mieszkowe o uktadzie rozet; (E) obraz
makroskopowy przedstawia jasny rumien, utrate wlosow, zlewajace si¢ wilgotne ztuszczanie i obrzek wzerowy
(G3); (F) obraz dermoskopowy przedstawia (G3) naczynia linijne z rozgalezieniami o rozmieszczeniu
siateczkowym, pigmentacja okotomieszkowa i czopy mieszkowe o uktadzie rozet; (G) owrzodzenie w ARD (G4);
(H) obraz dermoskopowy (G4) uwidacznia naczynia linijne z rozgalgzieniami o rozmieszczeniu siateczkowym oraz
bialg i z6ltg tuske o niejednolitym rozmieszczeniu.

W kazdym stopniu ARD obserwowano polimorficzne naczynia. Rozmieszczenie naczyn
byto niejednorodne i nie byto typowego uktadu dla konkretnego stopnia ARD. W zdrowe;j skorze
nie stwierdzilam naczyn o rozmieszczeniu siateczkowym, ale ich obecno$¢ wykryto

w kazdym stopniu ARD. Nieswoiste rozmieszczenie wystgpowato czesciej w zdrowej skorze niz
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w ARD. W kazdym stopniu ARD zaobserwowano niejednolicie rozmieszczong tuske,
a czestotliwo$¢ jej wystepowania wzrastata wraz ze stopniem rozwoju wedtug RTOG [12].

Ponadto cecha wystepujaca we wszystkich stopniach, ale nie obserwowang w zdrowej skorze,

byly czopy mieszkowe o ukladzie rozet.

Rycina 2. Obrazy dermoskopowe ARD opisane zgodnie z konsensusem IDS [19] (A) Obraz dermoskopowy ARD
przedstawia naczynia linijne z rozgalezieniami, linijne, zakrzywione naczynia o rozmieszczeniu siateczkowym oraz
biale okolomieszkowe koloru; (B) obraz dermoskopowy ARD wujawnia biato-zotta tuske o niejednolitym
rozmieszczeniu (C) obraz dermoskopowy ukazuje naczynia linijne z rozgal¢zieniami i linijne, zakrzywione
o rozmieszczeniu skupionym, oraz bragzowg tuske o niejednolitym rozmieszczeniu; (D) obraz dermoskopowy
ukazuje naczynia linijne z rozgal¢zieniami i linijne, zakrzywione o nieswoistym rozmieszczeniu oraz pigmentacjg
okotomieszkowa; (E) naczynia linijne z rozgalezieniami i linijne, zakrzywione o rozmieszczeniem siateczkowym
oraz czopy mieszkowe o uktadzie rozet.

Zgodnos$¢ cech dermoskopowych z klinicznymi wynosita zgodnie z wspdlczynnikiem
Kappa Cohena () 0,03-0,54.

W  kolejnym etapie pracy analizowano zwigzek cech dermoskopowych
1 makroskopowych oraz wptywu czasu, wieku, plci, chemioterapii indukcyjnej, chemioterapii
towarzyszacej, catkowitej dawki promieniowania, dawki frakcyjnej, lokalizacji guza, a takze
rozpoznania histopatologicznego nowotworu ztosliwego.

Kazdy dzien obserwacji podczas leczenia RT generuje statystycznie wigksze
prawdopodobienstwo wystgpienia naczyn o rozmieszczeniu siateczkowym (p<0,0001)
(Ryc.1D,F,H;2A,E), biatej (p<0,0001) (Ryc.1H;2B), z6itej (p<0,0001) (Ryc.1H;2B) i brazowej
tuski  (p<0,0001) (Ryc.2C) o niejednolitym rozmieszczeniu (p<0,0001) (Ryc.1H;2B,C),
pigmentacji okotomieszkowej (p<0,0001) (Ryc.1F;2D), czopdéw mieszkowych o uktadzie rozet
(p<0,0001) (Ryc.1D,F;2E), przy jednoczesnym zmniejszeniu prawdopodobienstwa na nieswoiste
rozmieszczenie naczyn (p<0,0001) (Ryc.2E). W konteks$cie odpowiedzi makroskopowej, kazdy

dzien obserwacji podczas RT determinuje statystycznie wigksze ryzyko wystapienia jasnego
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rumienia (p<0,0001) (Ryc.1C,E), utraty wloséw (p<0,0001) (Ryc.1C,E), suchego (p=0,0001)
1 wilgotnego ztuszczania (p<<0,0001) (Ryc.1C,E), umiarkowanego (p<0,0001) (Ryc.1C) i obrzgku
wzerowego (p<0,0001) (Ryc.1E) oraz owrzodzenia (p=0,0012) (Ryc.1G), przy jednoczesnym
zmniejszeniu ryzyka wystgpienia rumienia mieszkowego (p=0,0158) i stabo nasilonego rumienia
(p<0,0001) (Ryc.1A). Wyniki dotyczace wplywu zebranych czynnikow ryzyka na reakcje skorng
u w modelu wieloczynnikowym byty poréwnywalne.

W analizie jednoczynnikowej wiek byt istotnym czynnikiem ryzyka wystepowania naczyn
o rozmieszczeniu siateczkowym (p=0,0031), naczyn o rozmieszczeniu nieswoistym (p=0,0157),
czopow mieszkowych o ukladzie rozet (p=0,0053), pigmentacji okotomieszkowej (p=0,0194),
a w grupie cech makroskopowych rumienia mieszkowego (p=0,0104). Analiza wieloczynnikowa
nie wykazata jednak tej zaleznosci w przypadku nieswoistego rozmieszczenia naczyn, cZopow
mieszkowych o uktadzie rozet. czy pigmentacji okotomieszkowe;.

Ple¢ ma znaczenie dla wystepowania naczyn o rozmieszczeniu siateczkowym (p=0,0001),
naczyn o nieswoistym rozmieszczeniu (p=0,0110), biatej (p<0,0001) i zo6ttej tuski (p=0,0001)
o niejednolitym rozmieszczeniu (p<0,0001), czopow mieszkowych o uktadzie rozet (p=0,0293),
a w przypadku cech makroskopowych w przypadku nieznacznego (p=0,0212) i jasnego rumienia
(p=0,0012) oraz suchego zluszczania (p=0,0084). Analiza wieloczynnikowa wykazata, ze
w kazdym przypadku efekt ptci byt silniejszy.

Chemioterapia indukcyjna zwieksza ryzyko wystgpienia zottej tuski (p=0,0095)
1 zmniejsza ryzyko wystgpowania naczyn o rozmieszczeniu siateczkowym (p<0,0001).
W modelu wieloczynnikowym zalezno$ci te rosna.

Jednoczasowa chemioterapia jest istotna dla wystepowania naczyn o rozmieszczeniu
siateczkowym (p=0,0149), czopoéw mieszkowych o uktadzie rozet (p=0,0207), pigmentacji
okotomieszkowej (p=0,0029) 1 cech makroskopowych, takich jak rumien mieszkowy

(p=0,0290), delikatny rumien (p=0,0295) 1 wilgotne ztuszczanie (p=0,0497). Z kolei analiza
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wieloczynnikowa nie wykazata tej zaleznosci w przypadku czopdéw mieszkowych o uktadzie
rozet, rumienia mieszkowego 1 wilgotnego zhluszczania. Brak jednoczesnej chemioterapii
zmniejsza ryzyko naczyn w rozmieszczeniu siateczkowym (p=0,0149) i pigmentacji

okotomieszkowej (p=0,0029).

PUBLIKACJA B

U wszystkich chorych (32) obserwowanych po zakonczeniu radioterapii rozwingt si¢ CRD.
U 21 chorych stwierdzono 2 stopien toksycznosci, u pozostatych chorych rozwineta si¢ CRD
w stopniu 1 wg RTOG/EORTC. W trzecim miesigcu obserwacji u dziesi¢ciu chorych rozwingt
si¢ CRD w stopniu 2, a u pozostatych szesciu CRD w stopniu 1. W 6. miesigcu obserwacji
u pigciu chorych wystagpit CRD w stopniu 2, a u pozostatych dwoch — w stopniu 1. W 12.
miesigcu obserwacji u szesciu chorych pojawit si¢ CRD w stopniu 2., a u pozostatych trzech —
w stopniu 1. U dwoch chorych wystgpita zmiana stopnia reakcji, u jednego chorego z 1 do 2,
a u drugiego z 2 do 1, odpowiednio po 3 i 6 miesigcach obserwacji. Typowe cechy kliniczne
1 dermoskopowe CRD przedstawiono na rycinie 3 ABCD.

Naczynia w kazdym stopniu CRD byty polimorficzne, podobnie jak w zdrowej skorze. Na
uwage zastuguje znacznie zwiekszony udziat naczyn kropkowanych (Ryc.3D;4A,B,E,H), ktore —
w skorze zdrowej — stwierdzono w 18,75% obserwacji, natomiast w obszarach poddanych RT
czestos¢ wystepowania wzrosta do 82,6-84,6 %. Rozmieszczenie naczyn byto niejednorodne.
W skorze zdrowej nie zaobserwowatam tuski w kolorze zo6ttym 1 bragzowym, jednak jej obecnos¢
stwierdzitam w kazdym stopniu CRD. Ponadto odsetek biatej tuski (Ryc.4C,D,G) w poréwnaniu
ze skorg zdrowa (15,63%) wzrost do 53,9% w stopniu 1 CRD 1 do 52,2% w stopniu 2. Wraz ze
wzrostem stopnia CRD wzrasta czesto$¢ wystepowania biatych obszaréw bezstrukturalnych

(Ryc.4E,H), brazowych kropek 1 globuli (Ryc.3B,D;4C,F) oraz biatych linii (Ryc.3B,D;4D,F,G).
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Zgodnos¢ cech dermoskopowych z klinicznymi zgodnie z wspotczynnikiem Kappa
Cohena (k) wynosita 0,226-0,423.

W  kolejnym etapie pracy analizowatam zwigzek cech dermoskopowych
1 makroskopowych oraz wplywu czasu, wieku, ptci, chemioterapii w tym indukcyjnej, caltkowitej
dawki promieniowania, dawki frakcyjnej, lokalizacji, a takze rozpoznania histopatologicznego
guza.

W analizie jednoczynnikowej wiek byl istotnym czynnikiem wptywajacym na obecnos¢
tuski o niejednolitym rozmieszczeniu (p=0,0264) (Ryc.4C,D,G), pigmentacji okolomieszkowe;j
(P=0,0243) (Ryc.4A) i biatych obszaréw bezstrukturalnych (P=0,0105) (Ryc.4E,H).

Ple¢ ma znaczenie dla wystgpowania naczyn linijnych (p=0,0400) (Ryc.3B;4A,F)
1 zmiany pigmentacji (p=0,0098) (Ryc.3A).

Operacja w wywiadzie zwigksza ryzyko wystgpienia +tuski biatej (p=0,0402)
(Ryc. 4C,D,G).

Zwickszanie liczby frakcji 1 dawki catkowitej zwigksza ryzyko wystgpienia bialych
obszaréw bezstrukturalnych (Ryc.4E,H), brazowych kropek i globuli (Ryc.3B,D;4C,F), zmiany
pigmentacji (Ryc.3A), a takze czesciowej 1 catkowitej utraty wtosow (Ryc.3C). Liczba frakcji
1 dawka calkowita sg rowniez powigzane ze stopniem rozwoju wedtug RTOG/EORTC.

W zwigzku z tym, ze chorych obserwowano w trzech r6znych punktach czasowych,

sprawdzono wplyw czasu na wystepowanie cech klinicznych i dermoskopowych.
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Rycina 3 Obrazy makroskopowe (A, C) CRD w stopniach (G) od G1 do G2, oceniane klinicznie wedlug kryteriow
RTOG [12] oraz obrazy dermoskopowe (B, D) opisane wedtug IDS [19] u wybranego chorego. (A) — niewielki
zanik, zmiana pigmentacji (G1); (B) — obraz dermoskopowy (G1) CRD ujawnia naczynia linijne (pomaranczowe
strzatki) o niespecyficznym rozmieszczeniu, brazowe kropki i ciatka (czerwone strzatki) i biate linie (biate strzatki);
(C) — plamisty zanik, catkowita utrata wlosow (G2); (D) — obraz dermoskopowy CRD (G2) przedstawia naczynia
kropkowane (czarne strzalki) o nieswoistym rozmieszczeniu, brazowe kropki i ciatka (czerwone strzatki) i biate
linie (biate strzatki).

Rycina 4. Obrazy dermoskopowe CRD opisane zgodnie z konsensusem IDS [20]. (A) — w obrazie
dermoskopowym CRD widoczne s3 naczynia kropkowane (czarne strzalki) i linijne (pomaranczowe strzatki)
0 nieswoistym rozmieszczeniu oraz pigmentacja okotomieszkowa (fioletowe strzatki); (B) — obraz dermoskopowy
CRD wujawnia naczynia kropkowane (czarne strzatki) i linijne z rozgalgzieniami (niebieskie strzatki)
o rozmieszczeniu skupionym; (C) — obraz dermoskopowy CRD wujawnia biala lusk¢ o niejednolitym
rozmieszczeniu (z6lte strzalki) oraz brazowe kropki i ciatka (czerwone strzatki); (D) — obraz dermoskopowy CRD
ujawnia naczynia linijne z rozgat¢zieniami, (niebieskie strzatki) o rozmieszczeniu siateczkowym, okotomieszkowe
biate zabarwienie (zielone strzatki), bialg tuske o niejednolitym rozmieszczeniu (zo6tte strzatki), biate linie (biate
strzalki); (E) — obraz dermoskopowy CRD ujawnia naczynia z rozgalezieniami (niebieskie strzatki) i kropkowane
naczynia (czarne strzatki) o rozmieszczeniu skupionym oraz biale obszary bezstrukturalne (rozowe strzatki);
(F) — obraz dermoskopowy CRD ujawnia naczynia linijne (pomaranczowe strzatki) o nieswoistym rozmieszczeniu,
brazowe kropki i ciatka (czerwone strzatki) oraz biale linie (biate strzatki); (G) — obraz dermoskopowy CRD
ujawnia bialg luske o niejednolitym rozmieszczeniu (zOtte strzatki) i biate linie (biate strzatki); (H) — obraz
dermoskopowy CRD ujawnia kropkowane naczynia (czarne strzatki) o rozmieszczeniu skupionym i biale obszary
bezstrukturalne (rézowe strzatki).

26



Czas w miesigcach generuje statystycznie wicksze prawdopodobienstwo wystagpienia naczyn
kropkowanych (p=0,0002) (Ryc.3A;4A,B,E,H), biatej tuski (p=0,0068) (Ryc.4C,D,G), tuski
o niejednolitym rozmieszczeniu (p=0,0011) (Ryc.4C,D,G), okotomieszkowego biatego koloru
(p=0,0047) (Ryc.4D), biatych obszarow bezstrukturalnych (p<0,0001) (Ryc.4E,H), brazowych

kropek i globuli (p <0,0001) (Ryc.3B,D;4C,F) i biatych linii (p=0,0008) (Ryc.3B,D;4D,F,G).

PUBLIKACJA C

W pracy przeanalizowano aktualng wiedze dotyczaca ARD i CRD. Mimo optymalnego leczenia
w wyniku radioterapii nadal u prawie 90% chorych pojawiaja si¢ objawy skorne. Patogeneza nie
jest do konca poznana i wcigz pozostaje wiele do wyjasnienia. W chwili obecnej ARD 1 CRD

rozpoznaje si¢ zwykle na podstawie kryteriow klinicznych. Ocen¢ nasilenia toksycznosci

zarowno w przebiegu ARD 1 CRD umozliwia skala RTOG/EORTC.

PUBLIKACJA D

Dermoskopia jest nieinwazyjng metoda diagnostyczng stanowigcg pomost pomigdzy badaniem
klinicznym a histopatologicznym. Znajduje zastosowanie w przedoperacyjnej i pooperacyjnej
diagnostyce réznicowej zmian skornych oraz w monitorowaniu chorych w trakcie i po
zakonczeniu leczenia onkologicznego, w zwigzku z tym jest jest multidyscyplinarng metoda

diagnostyczng z uwzglednieniem onkologii kliniczne;.
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8. Whnioski:

1)

2)

3)

Na podstawie analizy aktualnego stanu wiedzy na temat ostrego i1 przewlektego
popromiennego zapalenia skory wywotanego radioterapig stwierdzono, ze mimo istnienia
wielu doniesien na temat czynnikéw, ktore mogg by¢ zaangazowane
W patogenezg ostrego i przewleklego popromiennego zapalenia skory nadal potrzebne sa
dalsze badania, aby potwierdzi¢ i pozna¢ rzeczywista natur¢ tego procesu. Mimo, ze
ocena kliniczna przeprowadzana jest w oparciu o uzyciu rézne skale kliniczne, brak
jednak jednolitego systemu oceny. Ponadto tylko w jednym badaniu stworzono system
punktacji obejmujacy czynniki dozymetryczne 1 kliniczne, aby oceni¢ ryzyko
wystgpienia ci¢zkich, ostrych reakcji skornych u pacjentéw poddawanych radioterapii
o modulowanej intensywnosci (IMRT) w leczeniu HNC.
Dermoskopia jest multidyscyplinarng metoda diagnostyczng z uwzglednieniem onkologii
klinicznej. Znajdujac zastosowanie w przedoperacyjnej i pooperacyjnej diagnostyce
roznicowej zmian skornych oraz w monitorowaniu chorych w trakcie i po zakonczeniu
leczenia onkologicznego.
Wyodrgbniono charakterystyczne cechy dermoskopowe dla ostrego 1 przewlektego
popromiennego zapalenia skory u chorych poddanych radioterapii.
a) Do cech dermoskopowych w ostrym popromiennym zapaleniu skoéry zaliczono
naczynia o rozmieszczeniu siateczkowym, biata, zo6tta 1 brazowa tuske
o niejednolitym rozmieszczeniu, przebarwienia okotomieszkowe i czopy
mieszkowe o ukladzie rozet.
b) Do cech dermoskopowych w przewlektym popromiennym zapaleniu skory
zaliczono: naczynia kropkowane, rozmieszczone w skupiskach, biatg tuske
o niejednolitym rozmieszczeniu, biatag barwe okolomieszkowsg, biate obszary

bezstrukturalne, brazowe kropki i ciatka oraz biate linie.
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4)

5)

6)

Istnieja zaleznosci migdzy cechami dermoskopowymi w ostrym 1 przewlektym
popromiennym zapaleniu skory z cechami makroskopowymi charakterystycznymi dla
tych toksycznosci.
Badanie dermoskopowe jest nowatorska metodg diagnostyczng w ocenie ostrego
1 przewleklego popromiennego zapalenia skory. Do tej pory nie wykorzystywano jej jako
obiektywnego narzedzia do analizy ARD i CRD.
Ustalono zwigzek pomiedzy cechami dermoskopowymi a demograficznymi
1 klinicznymi czynnikami ryzyka, do ktorych nalezy:

a) ple¢ oraz jednoczasowa chemioterapia w ostrym popromiennym zapaleniu skory,

b) wiek, pte¢, operacja przed RT w przewlektym popromiennym zapaleniu skory.
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10. Streszczenie w jezyku angielskim:

Introduction: We conducted two prospective studies, one on acute radiation dermatitis (ARD)
and chronic radiation dermatitis (CRD), along with two review papers.

Aim of the study: The original studies examined whether there are characteristic dermoscopic
features in ARD and CRD, and the relationship between dermoscopic and macroscopic features
in ARD and CRD was evaluated. Additionally, the aim was to explore the association between
macroscopic and dermoscopic features in ARD and CRD and demographic and clinical risk
factors. The reviews analyzed the current knowledge about ARD and CRD and the usefulness of
dermoscopy as a research method in oncology.

Materials and Methods: In the first prospective, non-randomized study, we conducted
dermoscopic and clinical evaluations in 26 patients observed for ARD at an average of 15 time
points, at the Inpatient Department of Radiation and Clinical Oncology, Maria Sklodowska Curie
National Research Institute of Oncology (MSCNRIO), in Gliwice from September 2020 to
March 2021. A total of 2244 dermoscopic images and 374 clinical images were archived. In the
second prospective, non-randomized study, clinical and dermoscopic evaluations were performed
on 32 patients observed for CRD at 3, 6, or 12 months following radiotherapy treatment at the
MSCNRIO. A total of 216 dermoscopic images and 36 clinical images were archived. In both
studies, the control area consisted of skin areas from the same patient not exposed to
radiotherapy, and the dermoscopic images were assessed by two independent dermoscopists.
Dermoscopic assessment of ARD and CRD was based on the diagnostic criteria in the current
literature. Clinical assessment of ARD and CRD was graded according to RTOG/EORTC.

The review publications were based on information published in Polish and English-language
articles from the PubMed electronic database and Google Scholar.

Results: Dermoscopic features of ARD included: vessels in reticular distribution, white, yellow,

or brown scale in a patchy distribution, perifollicular pigmentation, and follicular plugs arranged
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in rosettes. Two independent risk factors for acute toxicity were identified: gender and
concurrent chemotherapy.

Dermoscopic features in CRD included: dotted vessels, clustered vessel distribution, white
patchy scale, perifollicular white color, white structureless areas, brown dots and globules, and
white lines. Three independent risk factors of chronic toxicity, such as age, gender, and surgery
before radiotherapy were identified.

The current literature contains only one published study on dermoscopic imaging of erythema in
ARD. Dermoscopy is a useful diagnostic method with a well-established position in oncology
diagnosis.

Conclusions: These are the first studies showing the potential role of dermoscopy in the
assessment of ARD and CRD. Until now there was no other objective tool for qualitative
analyses of ARD and CRD. The dermoscopic features that had been shown in our study reflect
the biological reaction of the skin toward radiation and may be used for the parametrization of

ARD and CRD regarding its intensity and any other clinical consequences in the future.
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11. Stowa kluczowe w jezyku angielskim: head and neck cancers, acute radiation-induced
dermatitis, chronic radiation-induced dermatitis, dermoscopy, dermatoscopy, RTOG/EORTC,

side effects.
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Head and neck cancer (HNC) was the seventh most common cancer in the world in 2018. Treatment of
a patient may include surgery, radiotherapy (RT), chemotherapy, targeted therapy, immunotherapy,
or a combination of these methods. lonizing radiation used during RT covers relatively large volumes
of healthy tissue surrounding the tumor. The acute form of radiation-induced dermatitis (ARD) are
skin lesions that appear usually within 90 days of the start of RT. This is a prospective study which
compares 2244 dermoscopy images and 374 clinical photographs of irradiated skin and healthy skin
of 26 patients at on average 15 time points. Dermoscopy pictures were evaluated independently

by 2 blinded physicians. Vessels in reticular distribution, white, yellow or brown scale in a patchy
distribution, perifollicular pigmentation and follicular plugs arranged in rosettes were most often
observed. For these dermoscopic features, agreement with macroscopic features was observed. Two
independent predictors of severe acute toxicity were identified: gender and concurrent chemotherapy.
Knowledge of dermoscopic features could help in the early assessment of acute toxicity and the
immediate implementation of appropriate therapeutic strategies. This may increase the tolerance of
RT in these groups of patients.
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HNC Head and neck cancer
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ARD Acute radiation-induced dermatitis
AJCC American Joint Committee on Cancer
CTV1 Clinical target volume 1
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RTOG/EORTC Radiation Therapy Oncology Group and the European Organization for Research and
Treatment of Cancer

CTCAE Common Terminology Criteria for Adverse Events

LENT SOMA Late Effects Normal Tissue Task Force-Subjective scale, and the Objective, Management,
Analytic scale

indCHT Induction chemotherapy

CHRT Radiochemotherapy

IDS International Dermoscopy Society
OR Odds ratio

CI Confidence interval

PBMT Photobiomodulation therapy
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Head and neck cancer (HNC) is one of the most common cancers and continues to be a significant challenge
in clinical practice’. Each year, around 800 thousand patients worldwide develop HNC, and approximately half
of them die from the disease'. Head and neck cancers are more than twice as common in men than in women?.
According to the definition of the American Joint Committee on Cancer (AJCC), this group of neoplasms
includes those originating from the mucosa of the oral cavity, pharynx, larynx, paranasal sinuses, or major and
minor salivary glands®. The most common histological type of neoplasm in this area is squamous cell carcinoma?.
Treatment is multimodal and depends on many tumor and patient-related factors and usually includes surgery,
radiotherapy (RT), and chemotherapy which are often combined °. The prognosis depends mainly on the stage of
the disease. Despite aggressive multimodal treatment strategies, poor results are still observed. The 5-year survival
is only 40-50%?°. Ionizing radiation used during RT covers relatively large volumes of healthy tissue surrounding
the tumor because irradiated volume extends beyond gross tumor volume to clinical tumor volume 1 (CTV1)
covering the potential microscopic spread of the tumor and to planned target volume 1 (PTV1) that cover margin
dedicated to technical aspects of radiotherapy. A typical therapeutic dose is usually from the range of 66-74 Gy in
fractions of 2.0 Gy or even higher doses (e.g. 81.6 Gy in fractions of 1.2 Gy)’. To improve local control and reduce
the toxic effect, fractionation approaches can be divided into hyperfractionation and accelerated fractionation®.
Early skin reactions to RT can occur within the first 24 h of starting RT but usually begin within a few days or
even weeks from the beginning of RT. The acute form of radiation-induced dermatitis is skin lesions that appear
within 90 days of RT begining®. Acute radiation-dermatitis (ARD) is responsible for discomfort, pain, aesthetic
changes, and may reduce patient’s quality of life. Intense ARD may even cause the need to reduce the RT dose
or stop RT for some time to heal the mucosal or skin reaction. Both situations increase the risk of treatment
failure'®-'2, Clinical evaluation of radiation-induced dermatitis is not standardized, and multiple clinical scales
have been described. The most frequently used are the scale of the Radiation Therapy Oncology Group and the
European Organization for Research and Treatment of Cancer (RTOG/EORTC)", Common Terminology Cri-
teria for Adverse Events (CTCAE) v. 5.0', the Late Effects Normal Tissue Task Force-Subjective scale, and the
Objective, Management, Analytic scale (LENT SOMA)'>'. According to the RTOG/EORTC classification'?, in
grade I, we can observe follicular, faint, or dull erythema, epilation, dry desquamation, and decreased sweating.
Grade IT occurs when the following features are observed: tender or bright erythema, patchy moist desquama-
tion, and moderate edema. In grade III of ARD, there is confluent, moist desquamation other than skin fold and
pitting edema may occur. In grade IV, the presence of ulceration, and hemorrhage necrosis is stigmatized. Grade
V is known as death!". Dermoscopy is a recognized diagnostic method combining clinical and pathological
examination. There is no data concerning the evaluation of dermoscopic features of ARD in current literature.
The innovative application of dermoscopy in the assessment of ARD may allow the standardization of its clini-
cal evaluation. Consequently, a proper assessment of the severity of ARD skin damage will make it possible to
decide how to manage the patients who undergo RT due to HNC.

Materials and methods

This study aimed to assess dermoscopic features of ARD among patients with HNC qualified for RT, with a
subsequent analysis of clinical and dermoscopic patterns of the treated and control areas, based on obtained
macroscopic and dermoscopic photographs of ARD for further comparison.

Patients

The study group consisted of 26 patients who underwent RT due to HNC (24 squamous cell carcinomas, one
lymphoepithelial carcinoma, and one undifferentiated nasopharyngeal carcinoma) at the Maria Sklodowska-
Curie National Research Institute of Oncology, Gliwice Branch, between September 2020 and March 2021.The
inclusion criteria were age > 18 years, radical treatment signed consent. Patients treated with biological drugs
(bio radiodermatitis), and with active dermatoses that could affect the clinical and dermoscopic picture of the
examined skin area under observation were excluded from the study. Details of the patients’ clinical and histo-
pathological characteristics, the location of the tumor, are shown in Table 1. The control group consisted of skin
regions not exposed to ionizing irradiation from the same patients (748 images).

Treatment

In seven cases, induction chemotherapy (indCHT) prior to radiochemotherapy (CHRT) was given; CHRT and
RT alone was applied in 12 and four patients, respectively. The median total RT dose was 70 Gy (50-72 Gy) given
in 25-40 daily fractions. Radiotherapy was delivered for over 7 weeks by incorporating five fractions per week
combined with chemotherapy (CHT) (cisplatin, 100 mg/m? days (d) 1, 22, 43) or as a concomitant boost (CB)
with seven fractions per week without CHT. Clinical target volume 1 (CTV1) included a primary tumor and
involved lymph node groups with a margin. Clinical target volume 2 (CTV2) included CTV1 and areas at risk of
harboring microscopic spread of primary tumor and elective lymph node groups. All patients were treated with

Median age (range) Gender (M/F) | Location of tumor Histopathological type (WHO) classification
Lower (3), middle (7), and upper (2) pharynx; epiglottis (1), glottis (1); larynx (8); Carcinoma planoephiteliale (24)

61 (34-74) 21/5 palatine tonsil (2), an alveolar triangle of palatine tonsil (1); metastasis to the lymphatic | Lymphoepitelial carcinoma (1)
system of the neck from an unknown primary site (1) Undifferentiated nasopharyngeal carcinoma (1)

Table 1. Clinical characteristics, location of the tumor, and histopathological type of the group of observed
patients.
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doses of 70 Gy in 35 fractions (2.0 Gy/fraction) for over 7 weeks or 70.2 Gy in 39 fractions (1.8 Gy/fraction) for
over five and a half weeks to the primary target. Doses to the elective target were 50 Gy in 25 fractions (2.0 Gy/
fraction) or 54 Gy in 30 fractions (1.8 Gy/ fraction). Induction chemotherapy consisted of two to three cycles of
TPF (docetaxel 75 mg/m?, cisplatin 75 mg/m?, d1 and 5-fluorouracil 750 mg/m? d1-5) or PF (cisplatin 100 mg/
m?, d1 and 5-fluorouracil 1000 mg/m? d1-5).

Clinical and dermoscopic evaluation

Patients were evaluated clinically and dermoscopically on average at 15-time points—at the beginning of the
study (prior to RT), then every other day until the end of the hospitalization: in 1, 2, 4, 6, 8, 10, etc. Each patient
was assessed in the same symmetric four areas (right and left cervical areas, right and left submandibular areas)
exposed to ionizing irradiation and in two control areas (right and left retroauricular regions). During the entire
period, 374 observations were made in all patients; during each, four dermoscopic photos of the irradiated area
and two photos of the non-treated area were taken. A total of 2244 dermoscopic photographs and 374 clinical
photographs were recorded. Out of them, 1496 photographs represented the investigated areas exposed to irra-
diation. Clinical evaluation was performed in line with the RTOG/EORTC radiation-induced dermatitis scale
(I-V). The presence of erythema, epilation, dry desquamation, moist desquamation, moderate edema, pitting
edema, ulceration, hemorrhages, and necrosis was assessed. Dermoscopic findings were described in line with
the consensus of experts in non-neoplastic dermatoses on behalf of the International Dermoscopy Society (IDS)
by Errichetti et al.'”. The presence or absence of 31 clinical features was described, including vessels (morphol-
ogy and distribution); scale (color and distribution); follicular findings (follicular plugs, follicular red dots,
perifollicular white color, follicular pigmentation); other structures (color and morphology); and specific clues.
Dermoscopic assessment of skin lesions was performed using the DermLiteFoto dermoscope (3Gen, LLC, San
Juan Capistrano, CA, USA) at tenfold magnification. Dermoscopy was performed by a medical doctor experi-
enced in dermoscopy (A. P.). Dermoscopic images were then independently analyzed by two dermoscopists (A.
P. and A. S.-S.), blinded to any patient/protocol data. When there was a discrepancy between them, the third
dermoscopist (G. K.-W.) made the final decision regarding the description.

Statistical analysis

A photographic database of 2244 dermoscopic photographs and 374 clinical photographs was analyzed in the
final statistical assessment. Concordance based on Cohen’s k coefficient in the assessment of dermoscopic and
macroscopic photographs between two independent observers in 89% of the results was greater than or equal to
0.9. In particular, the value of k ranges between — 1 and + 1 (k equal to + 1 implies a perfect agreement between
the two ratings, while that of — 1 implies perfect disagreement; if k assumes the value 0, then this implies that
there is no relationship between the two ratings, and any agreement or disagreement is random). Univariate
and multivariate binary logistic regression was applied to evaluate the impact of the RT fractions on binary skin
diagnostic outcomes. In turn, to estimate the influence of the collected risk factors on the observed dermoscopic
features, a multivariate ordinal logistic model was used. The statistical outcomes were expressed by a classical
odds ratio (OR) with a 95% confidence interval (CI); a p value of < 0.05 was considered statistically significant.
Due to repeated measures with consecutive RT fractions for each patient, the regressions were extended for
random effects. The statistical outcomes were expressed by a classical odds ratio (OR) together with a 95%
confidence interval (CI 95%) and a p value.

Ethical approval

The authors have received approval from the local ethics committee of the National Research Institute of Oncol-
ogy (reference number KB/430-44/19). The study was conducted in accordance with the Helsinki Declaration
of 1964, and its later amendments. All subjects provided informed consent to participate in the study as well as
for publication.

Results

There were oral cavity carcinoma, oropharyngeal carcinoma, hypopharyngeal carcinoma, laryngeal carcinoma
nasopharyngeal carcinoma and neck lymph nodes tumor as a metastatic cancer from unknown primary in 1, 8,
3, 10, 3 and 1 patients, respectively. There were five women and 21 men with the mean age of 60.5 years (range
34-74) in this group.

All patients (26) observed during the course of RT developed ARD. The highest noted grade according to
RTOG/EORTG, at the end of the RT treatment, was grade II in 14 patients, grade III in 10 patients, and the
remaining two developed grade IV ARD. Grade I was observed in the first week (on average on Day 4.69)
(Fig. 1A), grade IT in the third week of the follow-up (Day 20.69) (Fig. 1C), grade III in the 6th week of the follow-
up (Day 37.81) (Fig. 1E), and grade IV in the 5th week of the follow-up (Day 34.66) (Fig. 1G). The percentage
occurrence of dermoscopic features depending on the grade of radiation-induced dermatitis per RTOG/EORTC
13 is presented in Table 2 and Fig. 1B,D,EH (Table 2).

Summary of dermoscopic findings: vessels in each grade of ARD were polymorphic. The arrangement of the
vessels was also heterogeneous, and there was no typical arrangement for a particular grade of ARD. In healthy
skin, we did not observe vessels in reticular distribution, but their presence was detected in every degree of
ARD. Unspecific distribution was more common in healthy skin than in ARD. In each grade of ARD, a patchy
scale was observed and the frequency of scale occurrence increased with the grade of development according
to RTOG without characteristic color was observed. However, the incidence of scale increases with the degree
of development in RTOG (Fig. 1H). Moreover, a feature present in all grades but not observed in healthy skin
was follicular plugs arranged in rosettes.
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Figure 1. Macroscopic images (A,C,E,G) of ARD in grades (G) from G1 to G4, clinically assessed in line with
RTOG criteria'® and dermoscopic findings (B,D,F,H) described in line with the consensus of experts in non-
neoplastic dermatoses on behalf of the International Dermoscopy Society in one of the patients observed during
the course of the RT treatment. (A) Faint erythema (G1); (B) dermoscopic image (G1) of ARD reveals linear
branched and linear curved vessels in clustered distribution and white structureless areas; (C) bright erythema,
epilation, moist desquamation and moderate edema (G2); (D) dermoscopic image of ARD (G2) shows linear
branched and linear curved vessels in reticular distribution of vessels, and follicular plugs arranged in rosettes;
(E) bright erythema, epilation, confluent moist desquamation and pitting edema (G3); (F) dermoscopic image
(G3) with linear branched vessels in reticular distribution, perifollicular pigmentation and follicular plugs
arranged in rosettes; (G) ulceration in ARD (G4); (H) dermoscopic image (G4) reveals linear branched vessels
in reticular distribution, white, yellow, patchy scale.

Statistically significant results are underlined in bold in Table 3. A relationship between the observed dermo-
scopic and clinical features was checked using k coefficient (Table 3).

The agreement between dermoscopic and clinical features was 0.03-0.54 and bright erythema, epilation, dry
and moist desquamation, moderate edema, and dermoscopic features such as vessels in reticular distribution,
white, yellow, brown scale and patchy scale distribution, follicular plugs arranged in rosettes and perifollicular
pigmentation. Negative results mean incompatibility: when a given macroscopic feature is present, the dermo-
scopic feature is not present. In the next step, dermoscopic and clinical features were analyzed in terms of the
influence of time, age, gender, induction chemotherapy, concurrent chemotherapy, total radiation dose, fractional
dose, tumor location, as well as the histopathological diagnosis during the whole RT treatment on the skin diag-
nostic outcomes using logistic regression. The statistically significant relationships between clinical features and
possible ARD risk factors—time, age, gender, ind CHT, concurrent CHT, and fractional dose—are expressed by
odds ratios reported in Table 4 whereas OR is a measure of association between radiation exposure and a clinical
outcome; OR > 1 indicates the increased occurrence of any event, while OR <1 a protective exposure) (Table 3).

Based on the results in Table 4, we observed the relationship between the presence of vessels in reticular
distribution and time, age, gender, induction chemotherapy, and concurrent CHT (Table 4). The statistical inter-
pretation of the OR (univariate regression) may be as follows: 1 day of observation generates an increased risk
of vessels in reticular distribution by 8%, and 5 days of observation (1.08°=1.47), so by almost one and a half.
A 10-year difference in the age of patients generates a (1-0.97'%) x 100% =26% reduction in the occurrence of
vessels in reticular distribution. The risk of vessels in reticular distribution is 64% lower in men than in women.
Induction chemotherapy reduces the risk of vessels in reticular distribution almost three times (OR =2.94).
Concurrent CHT reduces the risk of vessels in reticular distribution by 1.83 (OR=1.83). The results regarding
the effect of collected risk factors on skin reaction in a multivariate model showed that the effect of gender and
induction chemotherapy increased. Moreover, in the multivariate model, the lack of concurrent CHT reduces the
risk of vessels in reticular distribution by 53% (see the right panel of Table 4). Other results in the table should
be interpreted analogously. Considering individual factors affecting clinical response, each day of observation
during RT treatment statistically generates a higher chance of occurrence of vessels in reticular distribution
(Figs. 1D,EH, 2A,E), white scale and yellow scale (Fig. 2B), and brown scale (Fig. 2C) with patchy distribution
(Figs. 1B,H, 2C), perifollicular pigmentation (Fig. 2D), follicular plugs arranged in rosettes (Fig. 2E), while the
chance of unspecific distribution of vessels decreases (Fig. 2D). In the context of a macroscopic response, each
day of observation during RT treatment statistically generates a higher chance of occurrence of bright erythema
(Fig. 1C,E), epilation (Fig. 1C,E), dry and moist desquamation (Fig. 1C,E), moderate (Fig. 1C) and pitting edema
(Fig. 1E), and ulceration (Fig. 1G) while the chance of follicular and faint erythema decreases (Fig. 1A). The
results regarding the effect of collected risk factors on skin reaction in a multivariate model were comparable. In a
univariate analysis, age was a significant factor for vessels in reticular distribution, vessels in unspecific distribu-
tion, follicular plugs arranged in rosettes, and perifollicular pigmentation as well as in the group of macroscopic
features for follicular erythema. However, multivariate analysis did not show this relationship for the unspecific
distribution of vessels, follicular plugs arranged in rosettes, or perifollicular pigmentation (the association is on
the border of statistical significance, i.e., p<0.1). Gender is important for the occurrence of vessels in reticular
distribution, vessels in unspecific distribution, white, yellow, patchy scale, follicular plugs arranged in rosettes,
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Dermoscopic features Prior RT (%) | RTOGI (%) |RTOGII (%) | RTOGIII (%) | RTOG IV (%)
Vessels morphology

Dotted 61.5 62.0 71.7 59.3 100
Linear (without bends or branches) 2.6 0.7 0.6 0 0
Linear with branches 87.2 95.6 97.0 100.0 100
Linear curved 92.3 97.8 98.8 100.0 100
Vessels distribution

Uniform 0 0 0 0 0
Clustered 359 79.6 59.6 70.4 33.33
Peripheral 0 0 0 0 0
Reticular 0 30.7 62.7 70.4 66.67
Unspecific 97.4 52.6 355 18.5 33.33
Scale color

White 0 21.9 48.2 70.4 100
Yellow 0 8.8 33.7 63.0 100.0
Brown 0 4.4 349 63.0 66.7
Scale distribution

Diffuse 0 0 0 0 0
Central 0 0 0 0 0
Peripheral 0 0 0 0 0
Patchy 0 24.8 74.1 92.6 100.0
Follicular findings

Follicular plugs arranged in rosettes | 0 8.0 54.2 44.4 100.0
Follicular red dots 0 0 0 0 0
Perifollicular white color 385 21.9 41.0 185 33.3
Perifollicular pigmentation 12.8 27.0 61.5 44.4 66.7
Other structures

White structureless 46.2 59.1 47.0 63.0 66.7
Brown structureless 0 0 0 0 0
Yellow structureless 0 0 0 0 0
White dots or globules 0 0 0 0 0
Brown dots or globules 20.5 26.3 19.3 3.7 0
Yellow dots or globules 0 0 0 0 0
White lines 35.9 54.0 44.0 14.8 0
Brown lines 25.6 37.2 25.3 14.8 0
Yellow lines 7.7 1.5 1.8 0 0

Table 2. Percentage share (%) of dermoscopic non-neoplastic features'” depending on the grade of
radiodermatitis in line with RTOG/EORTC".

and for macroscopic features for faint and bright erythema and dry desquamation. Multivariate analysis showed
that the gender effect was stronger in each case. The risk of vessels in reticular distribution, white scale, yellow
scale, patchy scale, and follicular plugs arranged in rosettes is 85%, 89%, 80%, 95%, and 69% lower in men than
in women, respectively. The risk of faint erythema is 118% higher for men than women, while the chance of
bright erythema and dry desquamation is 88% and 74% lower in men than in women, respectively. Induction
chemotherapy increases the risk of yellow scale and reduces the risk of vessels in reticular distribution. In the
multivariate model, these dependencies increase, and we observe that induction chemotherapy increases the
risk of yellow scale occurrence by two-thirds (OR =0.34) and reduces the risk of vessels in reticular distribution
almost six times (OR=5.90). Concurrent chemotherapy is important for the occurrence of vessels in reticular
distribution, follicular plugs arranged in rosettes, perifollicular pigmentation and macroscopic features such as
follicular erythema, tender erythema, and moist desquamation. In turn, multivariate analysis did not show this
relationship for follicular plugs arranged in rosettes, follicular erythema and moist desquamation (the association
is on the border of the statistical significance, i.e., p <0.1). Non-concurrent chemotherapy reduces the risk of ves-
sels in reticular distribution, perifollicular pigmentation and tender erythema by 53%, 51% and 94%, respectively.

Discussion

Graham et al. emphasized the importance of archiving photographs, which are a useful source of documents for
auditing and monitoring radiotherapy-induced skin toxicity'®. In turn, the study by Ni et al. used deep learning-
based method for the automatic assessment of radiation-induced dermatitis in patients with nasopharyngeal
carcinoma'®. In our study, 2244 dermoscopic photographs and 374 clinical photographs were archived, creating
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Clinical features
Dermoscopic features Faint erythema | Bright erythema | Epilation | Dry desq tion | Moist desq tion | Moderate edema | Pitting edema | Ulceration
Dotted vessels —-0.04 0.07 —-0.02 0.03 0.00 0.02 0.00 —-0.02
Linear vessels 0.00 -0.01 -0.01 —-0.02 0.01 0.00 -0.01 -0.01
‘];é‘;:;rs witch branches 0.00 0.03 0.04 0.01 0.00 0.00 0.01 0.00
Linear curved vessels 0.00 0.02 0.02 0.00 0.01 0.01 0.00 0.00
Clustered vessels 0.18 -0.09 -0.16 0.05 -0.15 -0.15 0.00 0.01
Reticular vessels -0.21 0.42 0.35 0.02 0.30 0.22 0.09 -0.02
Unspecific vessels 0.06 -0.29 -0.21 0.05 -0.21 -0.18 -0.09 -0.03
White scale -0.19 0.34 0.29 0.23 0.19 0.17 0.15 0.08
Yellow scale -0.23 0.32 0.32 0.42 0.23 0.23 0.24 0.13
Brown scale -0.26 0.34 0.34 0.14 0.42 0.45 0.23 0.07
Patchy scale -0.31 0.54 0.53 0.23 0.35 0.41 0.14 0.04
frflrlécs‘e‘itaersplugs arranged | _ 35 0.47 0.46 0.15 0.44 0.52 0.09 0.01
Perifollicular white color -0.16 0.11 0.06 0.11 —-0.08 0.07 -0.05 -0.03
Perifollicular pigmentation | — 0.20 0.32 0.45 0.16 0.12 0.20 0.02 -0.02
White structureless 0.10 -0.07 0.00 —-0.04 0.03 -0.02 0.03 0.03
Brown dots or globules 0.12 -0.09 -0.09 -0.07 -0.14 —-0.02 -0.11 -0.04
White lines 0.15 -0.13 -0.13 0.10 -0.24 -0.13 -0.11 -0.04
Brown lines 0.12 -0.13 -0.06 -0.03 -0.11 -0.14 -0.07 -0.04
Yellow lines -0.01 -0.03 0.01 -0.04 —-0.04 0.02 -0.03 -0.02

Table 3. Level of agreement between the presence of selected dermoscopic features!” and clinical features'? in
ARD assessed with values of k statistics.

a database that in the future could be used as a database to automate clinical assessment. In the current literature,
only one study used dermoscopy, but only for the presence of erythema in ARD?. So far, only clinical features
have been described, and there are no data on the analysis of dermoscopic features in ARD. One of the previous
studies reported dermoscopic changes in the surrounding tissue of basal cell carcinoma in patients who under-
went brachytherapy?'. Radiation-induced dermatitis occurs in about 90-95% of patients exposed to ionizing
radiation??~?*. Published reports on the share of individual grades per RTOG are ambiguous. This is probably due
to many variables affecting the development of this type of skin toxicity. Elliot et al. showed in their observation
that 1% of patients did not develop any grade of ARD, 20% developed grade I, 57% grade II, and 23% grade III
or IV®. Kang et al. observed radiation-induced dermatitis of the maximum grade I-IV in 46.6%, 18.0%, 5.5%,
and 0.9% of the patients, respectively®®. In turn, in the report from Franco et al., the toxicity profile at the end of
RT was Grade 0 in 3.5% of patients, Grade I in 32%, Grade II in 61%, Grade III in 3.5%%. Mild erythema may
appear as early as a few hours after exposure to ionizing radiation?, but usually develops about 7-10 days after
starting therapy”. Dry desquamation (RTOG/EORTC grade I) usually occurs after 3-4 weeks from the start of
treatment. More intense erythema, hair loss, and hyperpigmentation are usually observed between 2 and 4 weeks
of therapy™. Moist desquamation (RTOG/EORTC grade II) usually occurs after 4 weeks when the total RT dose
to the skin is 40 Gy or higher®*2. In the study of Franco et al., grade II appeared between treatment weeks 4-5;
for those having grade III acute skin toxicity, this event mainly began during weeks 5 and 6%. Data variability
is also likely to be influenced by treatment and clinical risk factors. ARD can lead to pain, discomfort, reduced
quality of life, and premature discontinuation of treatment. Therefore, it is important to make a rapid diagnosis
when the first symptoms appear and to implement appropriate prevention and treatment. Dermoscopy can be
a complementary tool to support macroscopic ARD evaluation. Our study is the first in the published papers to
attempt to identify the correlations between the clinical and dermoscopic features of ARD with its dermoscopic
follow-up. The importance of the total dose during RT is well known?**%. Moreover, in our study, we selected
patients scheduled for RT at comparable total doses to minimize the risk of a dose effect. A statistical dependence
of the influence of days of observation during RT was observed for the features correlating in the test of compat-
ibility of clinical and dermoscopic features. Predicting the risk of radiation-induced dermatitis is essential for
proper prevention and treatment. Kawamura et al. in their study created a scoring system taking into account
V60Gy, concurrent chemotherapy status, age, and body mass index®*. Age > 67 years was significant in their
study for the development of ARD.

Meyer et al. showed that gender is important in the context of the development of radiation-induced
dermatitis**. Kawamura et al. showed that concurrent chemotherapy with platinum and cetuximab (cetuxi-
mab > platinum) had significant importance in the development of radiation-induced dermatitis. Gold standards
of management have not yet been established, and treatment, as well as prevention, are common and empirical,
based on personal experience supported by weak scientific evidence®?. Based on the study by Robijn et al., there
could be a strong recommendation to use photobiomodulation therapy (PBMT) in the prevention and manage-
ment of ARD in cancer patients®”. The identified dermoscopic features may facilitate the selection of topical
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Univariate analysis Multivariate analysis
Dermoscopic features
Reticular vessels
Time 1.08 (1.06-1.10) <0.0001 | 1.10 (1.08-1.12) <0.0001
Age 0.97 (0.94-0.99) 0.0031 | 0.95 (0.92-0.98) 0.0009
Gender 0.34 (0.18-0.60) 0.0001 | 0.15 (0.07-0.33) <0.0001
Induction chemotherapy | 2.94 (1.85-4.74) <0.0001 | 5.90 (3.10-11.7) <0.0001
Radiochemotherapy 1.83 (1.12-3.03) 0.0149 | 0.47 (0.23-0.96) 0.0379
Unspecific vessels
Time 0.95 (0.93-0.96) | <0.0001 | 0.94(0.93-0.96) | <0.0001
Age 1.03 (1.01-1.06) 0.0157 | 1.03 (1.00-1.05) 0.0505
Gender 1.97 (1.17-3.38) 0.0110 | 2.15 (1.21-3.86) 0.0085
White scale
Time 1.06 (1.04-1.08) <0.0001 | 1.07 (1.05-1.09) <0.0001
Gender 0.14 (0.06-0.31) <0.0001 | 0.11 (0.04-0.25) <0.0001
Yellow scale
Time 1.07 (1.05-1.09) | <0.0001 | 1.08 (1.05-1.10) | <0.0001
Gender 0.23 (0.08-0.51) 0.0001 | 0.20 (0.07-0.48) 0.0001
Induction chemotherapy 0.47 (0.25-0.84) 0.0095 | 0.34 (0.17-0.66) 0.0011
Brown scale
Time 1,09 (1.07-1.12) [ <0.0001 |
Patchy scale
Time 1.11 (1.09-1.14) <0.0001 | 1.13 (1.10-1.16) <0.0001
Gender 0.27 (0.15-0.47) | <0.0001 | 0.12 (0.05-0.25) | <0.0001

Follicular plugs arranged in rosettes

Time 112 (1.09-1.15) | <0.0001 | 1.13 (1.10-1.16) | <0.0001
Age 0.97 (0.94-0.99) 0.0053 | 0.97 (0.94-1.01) 0.1226
Gender 0.51 (0.27-0.94) 0.0293 | 0.31 (0.14-0.66) 0.0020
Radiochemotherapy 1.89 (1.10-3.37) 0.0207 | 1.12 (0.54-2.34) 0.7650

Perifollicular pigmentation

Time 1.06 (1.04-1.08) <0.0001 | 1.07 (1.05-1.09) <0.0001
Age 1.03 (1.00-1.06) 0.0194 | 1.02 (0.99-1.05) 0.1250
Radiochemotherapy 0.48 (0.30-0.78) 0.0029 | 0.49 (0.26-0.95) 0.0334
Fraction dose 0.02 (0.00-0.18) 0.0005 | 0.04 (0.00-0.54) 0.0143
Clinical features
Follicular erythema
Time 0.89 (0.74-0.98) 0.0158 | 0.89 (0.73-0.99) 0.0276
Age 1.30 (1.05-1.69) 0.0104 | 1.31 (1.01-1.82) 0.0417
Radiochemotherapy 0.13 (0.01-0.81) 0.0290 | 0.42 (0.04-2.71) 0.3654
Faint erythema
Time 0.94 (0.92-0.95) | <0.0001 | 0.93 (0.92-0.95) | <0.0001
Gender 1.85 (1.10-3.14) 0.0212 | 2.18 (1.23-3.92) 0.0081
Tender erythema
Radiochemotherapy 0.06 (0.00-0.77) ‘ 0.0295 ‘
Bright erythema
Time 1.19 (1.15-1.23) <0.0001 | 1.21 (1.17-1.26) <0.0001
Gender 0.41 (0.23-0.71) 0.0012 | 0.12 (005-0.27) <0.0001
Epilation
Time 1.30 (1.24-1.38) <0.0001
Dry desquamation
Time 1.04 (1.02-1.07) 0.0001 | 1.04 (1.02-1.07) 0.0001
Gender 0.28 (0.07-0.74) 0.0084 | 0.26 (007-0.71) 0.0064
Moist desquamation
Time 1.31 (1.24-1.41) <0.0001 | 1.32(1.24-1.42) <0.0001
Radiochemotherapy 1.82 (1.00-3.50) 0.0497 | 0.51 (0.19-1.33) 0.1701
Moderate edema
Time 113 (1.10-117) [ <0.0001 |

Continued
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Pitting edema

Time [119(113-1.27) [ <0.0001 | \
Ulceration

Time (109 (103-1.18) [ 0.0012 | ‘

Table 4. Statistically significant ORs (p < 0.05) of the influence of clinical data on the occurrence of
dermoscopic and macroscopic features in ARD (univariate and multivariate logistic regression). Significant
values are in [bold].

Figure 2. Dermoscopic images of ARD described in line with the consensus of experts in non-neoplastic
dermatoses on behalf of the International Dermoscopy Society by Errichetti et al.””. (A) Dermoscopic image
of ARD reveals linear branched, linear curved vessels with reticular distribution and perifollicular white color;
(B) dermoscopic image of acute radiodermatitis reveals white and yellow, patchy scale; (C) dermoscopic
image reveals linear branched and linear curved vessels with clustered distribution, brown, patchy scale;

(D) dermoscopic image reveals linear branched and linear curved vessels with unspecific distribution, and
perifollicular pigmentation; (E) linear branched and linear curved vessels with reticular distribution and
follicular plugs arranged in rosettes.

preparations in further studies, which will consider dermoscopic image in the skin and facilitate non-invasive
adjustment of prophylaxis and treatment of ARD. Because very frequent observations of patients showed the
appearance of the first features on average on 4.69 days from the first dose of ARD, appropriate prevention should
be implemented rapidly, especially in males, who in a recent study were found to develop a higher degree of ARD.

Conclusions (PURE)
Knowledge of dermoscopic features and predictors could help in rapid early assessment and new therapeutic
strategies, that can help reduce toxicities among patients treated with RT for HNC.

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.
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Abstract: Radiotherapy (RT) is an integral part of many cancer treatment protocols. Chronic radiation-
induced dermatitis (CRD) is a cutaneous toxicity that occurs in one-third of all patients treated with
this method. CRD is usually observed several months after completion of treatment. Typical
symptoms of CRD are telangiectasia, skin discoloration, atrophy, thickening, and cutaneous fibrosis.
There are currently no data in the literature on the evaluation of the dermoscopic features of CRD. The
aim of this prospective study was the identification of clinical and dermoscopic features in a group of
32 patients with head and neck cancer (HNC) in whom CRD developed after RT. CRD was assessed
at 3, 6, and 12 months after RT in 16, 10, and 10 patients, respectively. CRD was assessed at one time
point and two time points in 28 and 4 patients, respectively. The control included skin areas of the
same patient not exposed to RT. The dataset consisted of 36 clinical and 216 dermoscopic photos.
Clinical evaluation was performed according to the RTOG/EORTC radiation-induced dermatitis
scale. The highest score was grade 2 observed in 21 patients. Clinical observations revealed the
presence of slight and patchy atrophy, pigmentation change, moderate telangiectasias, and some and
total hair loss. Dotted vessels, clustered vessel distribution, white patchy scale, perifollicular white
color, white structureless areas, brown dots and globules, and white lines were the most frequently
noted features in dermoscopy. Three independent risk factors for chronic toxicity, such as age, gender,
and surgery before RT, were identified. The dermoscopic features that had been shown in our study
reflect the biological reaction of the skin towards radiation and may be used for the parametrization
of CRD regarding its intensity and any other clinical consequences in the future.

Keywords: chronic radiation-induced dermatitis; radiotherapy; head and neck cancers; dermoscopy;
side effects

1. Introduction

According to estimates by the American Cancer Society, more than 2 million new
cases of cancer will be diagnosed in the USA in 2024. This estimated number of new cases
of cancers excludes squamous and basal cell carcinoma of the skin, and cancer in situ
(non-invasive cancer) [1].
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Surgery, radiotherapy (RT), chemotherapy (CHT), and combinations of these methods
in patients with head and neck cancer (HNC) depend on both patient- and tumor-related
factors [2,3].

While RT is a crucial part of many cancer treatment protocols [4], preventing side
effects, long-term disability, and discomfort from this therapy is important. The side effects
mentioned above can affect the patient’s quality of life to such an extent that treatment is
interrupted, which impairs the effect of RT. This problem particularly concerns patients in
whom the skin is involved in irradiated areas as in HNC [5,6]. Chronic radiation-induced
dermatitis (CRD) is an important and increasingly common problem because it occurs in
one-third of patients after RT [7]. CRD is a cutaneous toxicity that appears several months
after RT [8,9].

Typical cutaneous symptoms of CRD include telangiectasia, discoloration, skin atro-
phy, thickening, and cutaneous fibrosis [10-12]. In the course of CRD, there is histologic
evidence of reduced microvascular network density and changes in blood vessel morphol-
ogy [13]. Ionizing radiation activates cytokine cascades and fibrous inflammatory pathways
at the molecular level, which can progress over many years and lead to significant fibro-
sis [14].

Dermoscopic examination combines clinical and pathological examination [15]. There
are currently no data in the literature on the evaluation of the dermoscopic features of CRD.
The use of dermoscopy in the assessment of CRD is an innovative approach. In the future,
it may facilitate clinical assessment and thus make appropriate decisions about the further
management of a patient with developed chronic skin toxicity. The evaluation of clinical
and dermoscopic features in the course of CRD was the main assumption of this study.

2. Materials and Methods

The clinical and dermoscopic evaluation in the CRD study is a continuation of our
earlier published cutaneous toxicity study in patients with HNC who are eligible for RT [16].
The first study focused on acute radiation dermatitis (ARD). However, this study looks
at CRD, and although the study group is different, it is a continuum of the assessment
of skin toxicity following RT. The location of the study, the methodology, the treatment
protocols for the included patients, the inclusion and exclusion criteria, the clinical and
dermoscopic assessment, and the statistical methods used are consistent with the first study
on ARD [16].

2.1. Patients

The study was conducted at the Maria Sklodowska-Curie National Institute of Oncol-
ogy, Gliwice Branch (MSCNRIO), from September 2020 to March 2021. The study group
consisted of 32 patients who underwent RT treatment at the MSCNRIO and were under
the care of the hospital oncology clinic. The observational group consisted of patients with
oral cavity cancer, oropharyngeal cancer, hypopharyngeal cancer, laryngeal cancer, and
nasopharyngeal cancer in 11, 7, 3, 7, and 2 cases, respectively. There was also 1 patient
with sphenoid sinus cancer and 1 patient with a primary unknown tumor involved in
this group. The study included 32 patients (inclusion criteria: signed informed consent,
age > 18 years, radical RT) with a mean age of 60 years (range: 30-75 years). There were
10 women and 22 men in this group. Patients with active dermatoses or patients being
treated with biological drugs were excluded from the study.

2.2. Treatment

The treatment protocol for the patients included in this study was consistent with a
previously published ARD study [16]. Induction chemotherapy (indCHT) was carried out
in 7 cases. Radiochemotherapy (CHRT) was performed simultaneously in 18 patients, and
only RT was performed in 14 patients. Clinical target volume 1 (CTV1) included a primary
tumor and involved lymph node groups. Clinical target volume 2 (CTV2) included areas at
risk of harboring microscopic disease and elective lymph node groups. All patients were
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treated with a dose of 70 Gy, divided into 35 fractions (2.0 Gy/fraction), over 7 weeks or
70.2 Gy, divided into 39 fractions (1.8 Gy/fraction), over 5.5 weeks towards the primary
target. The dose for the elective target was 50 Gy in 25 fractions (2.0 Gy/fraction) or 54 Gy
in 30 fractions (1.8 Gy/ fraction). IndCHT was given as 2 to 3 cycles of TPF (docetaxel
75mg/ m2, cisplatin 75 mg/ m?2, d1, and 5-fluorouracil 750 mg/ m? d1-5) or PF (cisplatin
100 mg/m?, d1 and 5-fluorouracil 1000 mg/m? d1-5). CHRT included RT with 2-3 cycles
of concomitant cisplatin given at a dose of 100 mg/m? each 21 days.

2.3. Clinical and Dermoscopic Evaluation

During each observation of the study, 4 dermoscopic images of the irradiated area
(right cervical area, left cervical area, right submandibular area, left submandibular area)
and 2 images of the control non-irradiated area (right and left lower part of retroauricular
area) were obtained. The control areas (not exposed to RT) were within the same patients.
The areas selected as controls were the most similar in thickness and texture to the skin
on the neck and mandible. The lower part of the retroauricular area (specifically, the area
behind the earlobe) is the area of the skin closest to the neck but not exposed to RT, with
very similar UV exposure.

The collection consisted of 36 clinical and 216 dermoscopic photos. Of this set, 144 pho-
tos showed areas treated with RT. CRD was assessed at one time point and two time points
in 28 and 4 patients, respectively. In total, 36 observations in 32 patients were collected.

Criteria for regular follow-ups in a structured form were checked at 3, 6, and 12 months
after the end of RT. In total, 16 patients (96 dermoscopic images) were evaluated 3 months
after RT, 10 patients (60 dermoscopic images) were evaluated 6 months after RT, and
10 patients (60 dermoscopic images) 12 months after RT. Radiation-induced dermatitis was
clinically evaluated from grades 1 to 5 according to the RTOG/EORTC scale [17].

The first author performed a dermoscopic assessment each time using a DermLite-
Foto dermatoscope (3Gen, LLC, San Juan Capistrano, CA, USA) at tenfold magnification.
In the next step, the archived dermoscopic images were described by 2 independent
dermoscopists (A.P. and A.S.-S.) blinded to patient/protocol data. Analysis of 31 dermo-
scopic features, according to the International Dermoscopic Society (IDS) consensus of
non-neoplastic diseases, was performed [18]. Our description includes morphology and
distribution of vessels, color and distribution of scale, follicular findings such as follicular
plugs, follicular red dots, perifollicular white color, follicular pigmentation, as well as color
and morphology of other structures, and specific clues [16,18]. In the event of disagreement
between the dermoscopists, the final decision on the description was made by a third
dermoscopist (G.K.-W.).

2.4. Statistical Analysis

In the final statistical evaluation, a database based on archived and described 216 der-
moscopic images and 36 clinical images was analyzed. The degree of agreement between
2 independent researchers and the degree of agreement between the clinical and dermo-
scopic features was assessed using Cohen’s kappa coefficient. Univariate binary logistic
regression was applied to assess the influence of RT fractions on the binary outcomes of
skin diagnosis. A multivariate ordinal logistic model was used to estimate the influence of
the collected risk factors on the dermoscopic images and clinical features, consistent with
the methodology of the study. Due to repeated measures with consecutive RT fractions for
each patient, the regressions were extended for random effects (we fitted our data using
Generalized Linear Mixed Models via Penalized Quasi-Likelihood for binomial families).
The statistical results were expressed by a classical odds ratio (OR) together with a 95%
confidence interval (CI 95%) and a p-value. The computation was performed using the R
statistical platform [19] with the MASS package [20].
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3. Results

In 82% of the dermoscopic and macroscopic image evaluations, the agreement be-
tween two independent observers based on Cohen’s k coefficient was equal to 1.0. All
32 patients observed during the follow-up after RT developed CRD. The highest score per
RTOG/EORTC [17] was grade 2 observed in 21 patients. The remaining patients developed
grade 1 CRD. In the 3rd month of observation, 10 patients developed grade 2 CRD, and
the remaining 6 developed grade 1 CRD. In the 6th month of observation, five patients
developed grade 2 CRD, and the remaining two developed grade 1. In the 12th month of
observation, six patients developed grade 2 CRD, and the remaining three developed grade
1. Two patients had a change in reaction grade, i.e., from 1 to 2 for one patient and from 2
to 1 for the other patient, at 3 and 6 months of follow-up, respectively.

Table 1 shows the percentage of dermoscopic features in the respective clinical grade
of CRD.

Table 1. The proportion of dermoscopic features, based on the consensus of the experts for non-
neoplastic dermatoses on behalf of the IDS [18], to the grade of CRD according to the RTOG/EORTC
scale [17]. The proportion was based on the analysis of 216 dermoscopy images in 6 areas (4 irradiated
areas and 2 control areas) in 32 patients (in 28 patients with one time point and 4 patients with two
time point observations).

CRD
RTOG/EORTC 0 Grade 1 Grade 2

Vessel morphology

Dotted 18.75% 84.6% 82.6%

Linear (without bends or branches) 3.13% 7.7% 4.4%

Linear with branches 65.63% 61.5% 69.6%

Linear curved 46.88% 76.9% 47.8%
Vessel distribution

Uniform 0.0% 0.0% 0.0%

Clustered 18.75% 53.9% 43.5%

Peripheral 0.0% 0.0% 0.0%

Reticular 0.0% 0.0% 4.4%

Unspecific 75.0% 84.6% 91.3%
Scale color

White 15.63% 53.9% 52.2%

Yellow 0.0% 7.7% 13.0%

Brown 0.0% 15.4% 17.4%
Scale distribution

Diffuse 0.0% 0.0% 0.0%

Central 0.0% 0.0% 0.0%

Peripheral 0.0% 7.7% 0.0%

Patchy 15.63% 46.2% 56.5%
Follicular findings

Follicular plugs 0.0% 0.0% 0.0%

Follicular red dots 0.0% 0.0% 0.0%

Perifollicular white color 3.13% 15.4% 43.5%

Perifollicular pigmentation 9.38% 23.1% 0.0%
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Table 1. Cont.
CRD
RTOG/EORTC 0 Grade 1 Grade 2
Other structures

White structureless 3.13% 92.3% 100.0%
Brown structureless 0.0% 0.0% 0.0%
Yellow structureless 0.0% 0.0% 0.0%
White dots or globules 0.0% 0.0% 0.0%
Brown dots or globules 31.25% 69.2% 95.7%
Yellow dots or globules 0.0% 0.0% 0.0%
White lines 21.88% 84.6% 78.3%
Brown lines 0.0% 0.0% 0.0%
Yellow lines 0.0% 0.0% 0.0%

The typical clinical and dermoscopic features are presented in Figure 1A-D.

Figure 1. CRD on macroscopic images (A,C) across grades (G) G1 to G2, assessed according to RTOG
criteria [17]. Dermoscopic images (B,D) are described according to the International Dermoscopy
Society (IDS) by Errichetti et al. [18]. (A)—slight atrophy, pigmentation change (G1); (B)—linear
vessels (orange arrows) in unspecific distribution, brown dots or globules (red arrows), and white
lines (white arrows); (C)—patchy atrophy, total hair loss (G2); (D)—dotted vessels (black arrows)
with unspecific distribution, brown dots or globules (red arrows), and white lines (white arrows).

The vascular polymorphisms observed in healthy skin were also found in all degrees
of CRD. Of note is the significantly increased proportion of dotted vessels (Figure 2A,B,E,H),
which—in healthy skin—was revealed in 18.75% of observations, while in areas subjected
to RT, the incidence increased to 82.6-84.6%. The arrangement of vessels was also hetero-
geneous. In healthy skin, clustered distribution (Figure 2B,E,H) was evident in 18.75% of
observations, in 53.9% of observations in grade 1 CRD, and 43.5% of grade 2 observations.
In all degrees of CRD, yellow and brown scales were present, which was not observed
in healthy skin. Moreover, the proportion of white scales (Figure 2C,D,G) compared to
healthy skin (15.63%) increased to 53.9% in grade 1 CRD and to 52.2% in grade 2. Regarding
follicular findings, an increase in the incidence of perifollicular white color (Figure 2D) was
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observed. In healthy skin, this feature was found only in 3.13% of observations, whereas
in grades 1 and 2, it was noted in 15.4%, and 42.5%, respectively. With the increase in
the grade of CRD, an increase in the incidence of white structureless areas (Figure 2E,H),
brown dots and globules (Figure 1B,D and Figure 2C,F), and white lines (Figure 1B,D
and Figure 2D,F,G) was observed. Such features were found in grade 1 in 92.3%, 69.2%,
and 84.6% of patients, respectively, and in grade 2 in 100%, 95.7%, and 78.3% of patients,
respectively. In healthy skin, white structureless areas (Figure 2E,H), brown dots and
globules (Figure 1B,D and Figure 2C,F), and white lines (Figure 1B,D and Figure 2D,EG)
appeared in 3.13%, 31.25%, and 21.88% of patients, respectively.

Figure 2. The description of the dermoscopic images of CRD based on the consensus of the experts
for non-neoplastic dermatoses on behalf of the IDS [18]. (A)—dotted vessels (black arrows) and linear
vessels (orange arrows) with unspecific distribution, and perifollicular pigmentation (purple arrows);
(B)—dotted (black arrows) and linear with branch vessels (blue arrows) with clustered distribution;
(C)—white patchy scale (yellow arrows), and brown dots and globules (red arrows); (D)—linear with
branch vessels (blue arrows) with reticular distribution, perifollicular white color (green arrows),
white patchy scale (yellow arrows), white lines (white arrows); (E)—linear with branches (blue
arrows) and dotted vessels (black arrows) with clustered distribution and white structureless areas
(pink arrows); (F)—linear vessels (orange arrows) with unspecific distribution, brown dots and
globules (red arrows) and white lines (white arrows); (G)—white patchy scale (yellow arrows) and
white lines (white arrows); (H)—dotted vessels (black arrows) in clustered distribution and white
structureless areas (pink arrows).

Table 2 shows the relationship between dermoscopic and clinical features using the K
coefficient. Statistically significant results are highlighted in bold (Table 2).

Table 2. The degree of agreement between the presence of selected clinical [17] and dermoscopic
features [18] in CRD was assessed with values of « statistics.

Dermoscopic Features

Clinical Features

Slight Patchy  Pigmentation Some Total Thin Moderate
Atrophy  Atrophy Change Hair Loss Hair Loss Telangiectasias  Telangiectasias

Dotted vessels —0.05 0.0625 0.0357 0.111 —0.111 0.16 —0.0125

Linear vessels 0.0217 —0.0161 0.0188 0.111 —0.111 —0.0112 —0.0862
Li“ealfr‘;ff}iz with —-0.105  0.118 0.0488 0 0 0.423 0.149
Linear curved vessels 0.135 —0.143 —0.0105 0.278 —0.278 0.264 0.207
Clustered vessels 0.103 —0.101 —0.0682 0.167 —0.167 0.0613 0.19
Reticular vessels —0.0549 0.04 0.00917 0.0556 —0.0556 —0.0559 0.301
Unspecific vessels —0.0328 0.0426 0.366 0 0 0.027 0.0395
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Table 2. Cont.
Clinical Features
Dermoscopic Features Slight Patchy  Pigmentation Some Total Thin Moderate
Atrophy  Atrophy Change Hair Loss Hair Loss Telangiectasias  Telangiectasias
White scale —0.101 0.103 0.074 0.0556 —0.0556 0.161 0.145
Yellow scale —0.0851 0.0656 0.0395 0 0 0.0795 —0.141
Brown scale —0.0625 0.05 —0.0125 0.111 —0.111 0.069 0.0357
Peripheral scale 0.0769 —0.056 0.00917 0.0556 —0.0556 0.0447 —0.0485
Patchy scale —0.211 0.215 0.074 0.0556 —0.0556 0.0497 0.145
Perifollicular white color =~ —0.353 0.316 0.149 0 0 —0.0714 —0.0976
Perifollicular 0226  —0.171 —0.11 0.167 —0.167 0.136 ~0.116
pigmentation
White structureless —0.06 0.08 0.30 —0.06 0.06 0.07 0.01
areas
Brown dots or globules —0.19 0.24 0.30 —0.17 0.17 —0.15 —0.02
White lines 0.09 —0.11 0.01 0.06 —0.06 —0.25 0.00

Described compatibility was 0.226-0.423 for slight atrophy, pigmentation change, thin
telangiectasias, moderate telangiectasias, and dermoscopic features such as linear vessels
with branches, linear curved vessels, reticular vessels, and perifollicular pigmentation.

In the next phase of the analysis, the influence of age, gender, indCHT, concomitant
CHT, total radiation dose, fractional dose, tumor location, and histopathological diagnosis
on the tumor size and the presence of dermoscopic and clinical features were investigated.
This analysis was performed using logistic regression.

Table 3 shows statistically significant dermoscopic and clinical features and possible
risk factors for CRD using odds ratios, whereas OR is a measure of association between
radiation exposure and the clinical outcome; OR > 1 indicates the increased occurrence of
any event, while OR < 1 indicates protective exposure.

We observed a relationship between the presence of white structureless areas (Figure 2E,H)
and age, fraction dose, number of fractions, and total dose. The statistical interpretation of
the OR (univariate regression) may be as follows: a 5-year difference in the age of patients
generates a (1.20°5) x 100% = 249% higher risk in the occurrence of white structureless
areas (Figure 2E,H). An increase of 5 fractions generates a (1.15"5) x 100% = 201% higher
risk in the occurrence of white structureless areas (Figure 2E,H). A 10 Gy difference in the
total dose generates a (1-1.20"10) x 100% = 137% higher risk in the occurrence of white
structureless areas (Figure 2E,H). The other results in the table are to be interpreted in a
similar way.

Age was a significant factor for patchy scale (Figure 2C,D,G), perifollicular pigmenta-
tion (Figure 2A), and white structureless areas (Figure 2E,H) in a univariate analysis.

Gender is an important individual factor for the presence of linear vessels (Figures 1B
and 2A,F) and pigmentation change (Figure 1A). The risk of linear vessels (Figures 1B and
2A,F) is 94% lower for women than men, while pigmentation change (Figure 1A) is almost
1077% (almost 11 times) higher for women than men.

The presence of surgery increases the risk of the occurrence of white scale (Figure 2C,D,G)
more than 4 times.

As the number of fractions and the total dose increases, the risk of white structureless
areas (Figure 2E,H), brown dots and globules (Figure 1B,D and Figure 2C,F), pigmentation
change (Figure 1A), as well as some and total hair loss (Figure 1C) increases. Not surpris-
ingly, the number of fractions and total dose are also related to development grades per
RTOG/EORTC [17].
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Table 3. The influence of clinical data on the occurrence of macroscopic and dermoscopic features in

CRD. The table shows statistically significant OR (p < 0.05) (in univariate binary logistic regression).

Dermoscopic Features

Univariate Analysis
(OR (95%CI) p-Value)

Linear vessels (without bends or branches) Gender 0.06 (0.00-0.89) 0.0400
White scale Operation 4.06 (1.06-17.68)  0.0402
Patchy scale Age 1.10 (1.01-1.23) 0.0264
Perifollicular pigmentation Age 1.31 (1.03-1.98) 0.0243
Age 1.20 (1.04-1.71) 0.0105
White structureless areas Fraction dose 0.17 (0.00-0.65) 0.0092
Number of fractions  1.15 (1.02-3.48) 0.0235
Total dose 1.09 (1.02-1.77) 0.0168
Brown dots or globules Number of fractions  1.10 (1.02-1.20) 0.0171
Total dose 1.05 (1.00-1.10) 0.0339
Clinical Features
Gender 11.77 (1.79-133.87) 0.0098
Pigmentation change Number of fractions  1.11 (1.03-1.21) 0.0088
Total dose 1.06 (1.02-1.12) 0.0086
Number of fractions  0.87 (0.59-0.97) 0.0070
Some hair loss Total dose 0.84 (0.67-0.98) 0.0038
Radiochemotherapy  0.18 (0.04-0.69) 0.0123
Number of fractions  1.12 (1.02-1.45) 0.0141
Total hair loss Total dose 1.16 (1.02-1.45) 0.0067
Radiochemotherapy  6.20 (1.59-28.18)  0.0080
Number of fractions  1.07 (1.00-1.18) 0.0479
RTOG Total dose 1.04 (1.00-1.11) 0.0494

Concurrent CHT increases the risk of complete hair loss by more than 6 times (OR = 6.20

(1.59-28.18)).

In the next step, as shown in Table 4, the influence of time on the occurrence of
clinical and dermatoscopic characteristics was included in the analysis due to the different

observation periods (Table 4).

Table 4. The influence of time on the occurrence of macroscopic and dermoscopic features in CRD.

The table presents only dermoscopic structures that appeared statistically significant over time,

extracted from all assessed dermoscopic structures presented in CRD. The table shows statistically

significant ORs (p < 0.05) (in univariate binary logistic regression).

Dermoscopic Features

Univariate Analysis (OR (95%CI) p-Value)

Dotted vessels 1.31 (1.12-1.59) 0.0002

White scale 1.18 (1.04-1.34) 0.0068
Patchy scale 1.22 (1.08-1.40) 0.0011
Perifollicular white color 1.21 (1.06-1.39) 0.0047
White structureless areas 2.67 (1.78-4.46) <0.0001
Brown dots or globules 1.82 (1.35-2.69) <0.0001

White lines 1.25 (1.09-1.50) 0.0008




Life 2024, 14, 399

9of 12

Time in a month statistically generates a higher probability of the appearance of dotted
vessels (Figure 2A,B,E,H), white scale (Figure 2C,D,G), patchy scale (Figure 2C,D,G), peri-
follicular white color (Figure 2D), white structureless areas (Figure 2E,H), brown dots and
globules (Figure 1B,D and Figure 2C,F), and white lines (Figure 1B,D and Figure 2D,EG).

4. Discussion

CRD is a subset of side effects of RT that can develop after treatment [8]. According
to the literature, CRD occurs in one-third of all patients up to at least 10 years after RT [7].
Other authors believe that we cannot be precise on the time of its occurrence [21]. In our
study, all observed patients developed CRD after RT. CRD is often a permanent, progressive,
and potentially irreversible complication. In contrast to ARD, CRD does not heal on its
own and can persist indefinitely [22].

Looking at the results of our study, in each month of observation (3rd, 6th, and 12th),
grade 2 prevailed and it was the highest achieved grade among the observed patients.

In the current literature, dermoscopy has not been used to describe CRD and only
clinical features have been described [23]. In the published data, we could not find a
description involving the severity of CRD with dermoscopic observation. Dermoscopy
assessment allows for the correlation of the macroscopic and dermoscopic features and
therefore expands our knowledge about the presence and evolution of CRD. It is a much
more accurate examination method than the unaided eye to confirm our diagnosis and
can also result in a list of different diagnoses. Understanding the biology of dermoscopic
changes observed during long-term follow-up may indicate prognostic factors for reaction
severity and predictive factors for effective future treatments.

The basic mechanism for the development of chronic skin reactions is a persistent
inflammatory response that begins after the first RT session and then continues for months
or years [21,24].

Dotted vessels can be seen on inflamed or damaged skin [25], as confirmed by our
study, which revealed an over fourfold increase in the incidence of this type of vessels
in skin with diagnosed CRD compared to healthy skin. Moreover, clustered vessels can
also be seen in dermatitis, and this is due to vasodilation in focally elongated dermal
papillae [18,25]. The incidence of this type of distribution increased twofold in the skin with
developed CRD compared to healthy skin in our results. The white scale, which is a feature
of dermatoses characterized by hyperkeratosis (especially parakeratosis) without serous
exudate, was also observed twice as often in CRD [18]. A greater incidence of perifollicular
white color with a higher degree of CRD was noted. Histologically, perifollicular white
color may correspond to perifollicular fibrosis [18].

According to our first study on ARD [16], we also attempted to investigate the cor-
relation between clinical and dermoscopic features of CRD. The macroscopic features
corresponded with dermoscopic features such as linear vessels with branches, linear
curved vessels, vessels with reticular distribution, vessels with unspecific distribution,
perifollicular white color, white structureless areas, and perifollicular pigmentation.

Radiation dermatitis can occur as a result of occupational or accidental exposure to
ionizing radiation [26]. The risk factors for this disorder can be classified as intrinsic,
extrinsic, or both.

Intrinsic factors include age, gender, smoking, nutritional status, genetic factors,
connective tissue and skin diseases, concurrent CHT, and targeted therapy [27]. Extrinsic
factors, on the other hand, are mainly related to the type and dose of radiation received [28].

Meyer et al. [29] showed that the risk of late severe toxicity increases with age. In
our data, age was a significant factor for patchy scale and white structureless areas, the
frequency of which increases in CRD compared to healthy skin. Moreover, gender also had
a significant impact on the development of CRD [29]. In our study, women were more than
11 times more likely to have a pigmentation change. An increase in the number of fractions
and the total dose raises the risk of white structureless areas, brown dots and globules,
pigmentation change as well as some and total hair loss.
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Not surprisingly, the number of fractions and total irradiation dose are also related to
the development of higher grades per RTOG/EORTC. According to the previous study by
Kawamura et al. [30], concomitant CHT is important for the development of ARD.

Toledano et al. in their study found that after breast-conserving surgery in patients,
the simultaneous use of adjuvant CHT and RT increases late toxicity [31]. In our study,
concurrent CHT increased the risk of complete hair loss by more than 6 times.

Limitations of the Study

The study group in our prospective observational study included a cohort of patients
undergoing RT due to HNC. Despite the significant prevalence of this malignancy and the
prevalent ARD in the course of this RT procedure, it should be emphasized that the small
group of patients is due to the rarer occurrence of CRD and the longer follow-up time is
required for its diagnosis and the unfavorable prognosis of treated patients, resulting in the
possibility of losing patients from follow-up.

Criteria for regular follow-ups in a structured form were checked at 3, 6, and 12 months
after the end of RT. However, the lack of regular follow-ups was mainly due to the loss of
patients in this group with an unfavorable prognosis. In our study, only four patients were
followed at two time points.

Another limitation of this study is the absence of cohorts of patients who do not
develop CRD. Such a control group should be included in further research, or the group
size should be increased by including subsequent patients after RT, regardless of clinically
expressed reaction.

5. Conclusions

This is the first study showing the potential role of dermoscopy in CRD evaluation.
Until now, there was no other objective tool for qualitative analyses of CRD. The dermo-
scopic features that had been shown in our study reflect the biological reaction of the skin
towards radiation and may be used for the parametrization of CRD regarding its intensity
and any other clinical consequences in the future. However, further research is needed to
confirm the role of dermoscopy and to gather more clinical data on its utilization in CRD
assessment.
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Head and neck cancer is a serious clinical and social problem. Surgery and radiotherapy play the most important role in
treatment and give the chance of cure. Optimal treatment of patients with head and neck cancer should provide for the
maximum destruction of cancerous tissue, saving as much healthy tissue as possible. Despite this, due to radiotherapy still
almost 90% of patients develop skin symptoms. It seems that the mechanism of radiodermatitis is quite clear, but studies
assume that its pathogenesis is not fully understood and there is much to be clarified. Acute and chronic dermatitis caused
by radiotherapy is usually diagnosed according to clinical criteria. It seems that it would be useful to have a photographic
classification that would facilitate and unify the clinical evaluation. In this article we shall summarize the current knowledge
about the mechanisms of formation, risk factors, clinical classifications and methods for the prevention and treatment of
acute and chronic radiation dermatitis. We have included clinical photos that depict individual stages according to the

clinical classification of RTOG.

Key words: acute and chronic radiation-induced derm

Introduction

Head and neck cancer is a serious clinical and social problem.
The major reason for poor treatment results is the advanced
stage of disease at diagnosis. Surgery and radiotherapy are the
main treatment options that give a chance of a complete cure
[1]. Radiotherapy utilizes ionizing radiation that usually covers
relatively large volumes of tissue surrounding the tumor [2].
The optimal treatment of patients with head and neck cancer
involves a compromise between destroying as much cance-
rous tissue as possible, and saving as much healthy tissue as
possible [3]. Radiotherapy should be carried out with the use
of modern technologies, such as conformal 3D radiation, and,
in particular, intensity-modulated radiation therapy (IMRT) [1].
This method allows for a significant reduction in tissue volume
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subject to the high radiation dose, and in the intensity of acute
radiation-related reactions of these tissues. Despite this, still
almost 90% of patients develop skin symptoms after radiothe-
rapy [4]. Radiation-induced reactions can be divided into early
and late as regards the time of their appearance in the relation
to radiotherapy. Acute (early) ones appear during radiotherapy
and usually disappear a few weeks after the completion of the
treatment. Late reactions appear months after radiotherapy and
may leave chronic results [5]. In turn, as far as the extent of ra-
diation is concerned, reactions can be local or generalized [2, 3].

Pathogenesis
According to the Michalowski and Wheldon classification, pro-
liferative tissues can be divided into“hierarchical”and “flexible’,



and consequently, the course of radiation injury differs in these
two groups [6]. The skin belongs to hierarchical tissues and is
made of mature cells, maturing cells and stem cells. Radio-
therapy causes cells, 70% of which is composed of water, to
become ionized [6]. Hydrolysis of water and the formation of
free radicals, be it direct or indirect, causes breaks in the DNA
and cell death. The lethal effect mainly pertains to stem cells
and, to some extent, to maturing cells [3]. Consequently, the
balance between normal cell production at skin’s basal layer
and cell destruction at skin surface is disrupted [3]. The radia-
tion-induced skin reaction reflects the degree of cell damage.
[ts intensity depends on the radiation dose, and increases with
the number of stem cells that die. The first phase, transient
erythema, may occur 24 hours after radiotherapy, with vessels
becoming wider and more permeable [5]. Inflammatory cyto-
kines, prostaglandins, and many other mediators are secreted
[3, 51. This inflammatory reaction causes the development of
a secondary erythematous response. Immune cells, keratino-
cytes, fibroblasts and other cells are stimulated. Subsequent
radiation doses create a vicious circle and correlate with the
degree of radiodermatitis [7]. In the next phase, dry exfolia-
tion usually occurs, which results from the disturbed balance
between the division of new cells and the exfoliation of the
old ones. In the final stage, stem cells are lacking and the skin
has no material from which to rebuild individual layers. Wet
exfoliation and exudates occur [7]. The inflammation that star-
ted in the epidermis after the beginning of irradiation lasts for
months, and even years. Inflammatory cytokines are secreted,
including interleukin IL-1q, IL-1(3, tumor necrosis factor TNF-q,
TGF-B, IL-6, IL-8 [7]. The secretion of TGF-f3, which is a central
mediator of fibrogenesis, increases following the exposure to
jonizing radiation, and it is proportional to the radiation dose
delivered [8, 9]. Huang and Glick summarize the knowledge
about major genes and polymorphisms, and delineate the role
of TGF-B as a peptide protein gene associated with animmune
response that plays an important role in both early and late
dermatitis [10]. Studies using the rat and mice model show
that those less equipped with this protein are not as sensitive
to radiotherapy as wild rats [9, 11].

Despite this knowledge, the studies at the National Jewish
Health Biological Resource Center assumed that pathogenesis
of radiodermatitis is not fully understood. Using mouse mo-
dels in their project, the researchers at the Center discovered
that the transient receptor potential melastatin 2 (TRPM2) ion
channel plays a major role in developing radiation injury. They
suggest that TRPM2 may be a potential target for a systemic
medicine which would inhibit this channel and reduce the se-
verity of radiodermatitis [12]. However, other researchers who
have also used mouse models say that plasminogen plays a
major role in the development of radiation injury. Among other
things, it participates in the activation of many inflammatory
factors, such as TGF-3. Fallah et al. used tranexamic acid, postu-
lating that inhibiting plasminogen could be used as treatment

or as a preventive option in the future [13]. The pathogenesis
of bio-radiation dermatitis differs from that associated with
radiotherapy alone. Inhibition of the EGFR pathway results in
a disruption of physiological processes associated with the
migration and proliferation process, and the development
of inflammation in the skin. The type of response depends
on the degree of interaction between the inhibitor of EGFR
pathway and radiotherapy [14]. The multitude of reports on
factors that may be involved in the development of acute and
chronic radiation-induced dermatitis is certainly attributable
to the fact that many studies are still needed to find out the
actual pathogenesis of this process.

Risk factors

The risk factors associated with the development of radioder-
matitis can be divided into patient- and treatment-related [3,
71, where the letter include the type and energy of irradiation,
the dose per fraction, the duration of treatment, and the total
radiation dose [3]. An additional factor associated with the
treatment may be concurrent chemotherapy. Researchers have
shown that chemotherapy improves the therapeutic effect
[15-17], but alsoincreases the intensity of radiodermatitis [18].
EGFR inhibitor — cetuximab given during radiotherapy incre-
ases the intensity more seriously compared to radiotherapy
alone [14]. Concomitant diseases, a patient’s age, past injuries
and surgeries in the irradiated area should be considered as the
main patient-related factors [3]. Patients with genetic disorders,
such as ataxia-telangiectasia or the Nijmegen syndrome, show
a genetically determined susceptibility to the development of
radiation damage. Consequently, their normal cells are hyper-
sensitive to the radiation-related damage [3].

The neoplastic tissue itself is a constant factor affecting the
severity and development of radiodermatitis. It secretes factors
that increase the number of cells that divide both cancerous
and healthy tissues [3]. Undoubtedly, the study conducted by
Huang and Glick shows how many risk factors are associated
with human genetic material and how many factors affect the
development of radiodermatitis [10]. Kawamura et al. present
a new radiation dermatitis scoring system. The results of their
study show that radiation dose, concurrent chemotherapy,
age and body mass index (BMI) have a predictive significance.
On this basis, they constructed a score system combining the
above parameters [18]. Apart from this, there are no other
commonly used score systems that allow predicting the risk
and intensity of acute and late skin reactions in patient before
radiotherapy.

Clinical classification

In clinical practice, various clinical scales are applied in the
assessment of acute and chronic radiodermatitis. The Radiation
Therapy Oncology Group and the European Organization for
Research and Treatment of Cancer (RTOG/EORTC), Common
Terminology Criteria for Adverse Events (CTCAE), and the Late



Effects Normal Tissue Task Force-Subjective, Objective, Mana-
gement, Analytic (LENTSOMA) scales are used most often [19].
RTOG/EORTC scale is dedicated to assessing early and late
post-radiation reactions (Tab. I) [20].

LENTSOMA scores only late reactions [4]. In turn, CTCAE
does not describe the late effect, but only its acute phase
[19] (Tab. II).

Generally, RTOG scale refers to various tissues and organs.
At grade 0, no skin reactions are observed. Reactions of diffe-
rent intensities are scored between grades | to IV, with death
due to dermatitis at grade V [20]. In our review, we include
figures presenting the individual grades in line with the RTOG
classification.

At grade |, erythema of moderate intensity is observed.
Hair loss and dry exfoliation may also occur (Fig. 1) [20]. At
grade I, usually, tender or bright erythema is visible with mo-
ist desquamation. This is accompanied by moderate swelling
(Fig. 2) [20]. At grade lll, erythema is accompanied by swelling

Figure 1. Follicular dull erythema with epilation and red
and moist exfoliation, which includes areas outside the skinfolds dermographism in the course of acute radiodermatitis, RTOG/EORTC

(Fig. 3) [20]. Grade IV is characterized by ulceration, bleeding grade

Table I. Early and late post-radiation reactions

Grade Gradell Gradellll Grade IV
Acute follicular, faint or dull tender or bright erythema, confluent, moist ulceration, hemorrhage,
radiodermatitis erythema, epilation, dry patchy moist desquamation,  desquamation other then Necrosis

desquamation, decrease moderate edema skin folds, pitting edema

sweating
Chronic slight atrophy, pigmentation  patchy atrophy, moderate marked atrophy, gross ulceration
radiodermatitis change, some hair loss teleangiectasia, total hair loss  teleangiectasia

Table Il. Late post-radiation reactions — proposed modifications

Grade | Grade ll Gradellll Grade IV
NCI-CTCAE v 4.03 faint erythema ordry  moderate to brisk erythema; moist desquamation in life-threatening
radiation dermatitis  desquamation patchy moist desquamation, areas other than skin foldsand  consequences; skin necrosis or
mostly confined to skin folds creases; bleeding induced by ulceration of full-thickness dermis;
and creases; moderate edema minor trauma or abrasion spontaneous bleeding from
involved site; skin graft indicated
Proposed faint erythema ordry  moderate to brisk erythema moist desquamation or life-threatening
modifications desquamation and/or dry desquamation; hemorrhagic crusts; consequences; extensive
patchy moist desquamation, nonhemorrhagic confluent hemorrhagic crusts
or nonhemorrhagic crusts crusts other than in or ulceration (>50% of involved
mostly confined to skin folds  skin folds and mostly field); extensive spontaneous
and creases confined to skin folds and bleeding from involved site
creases; bleeding induced (>40% of the involved site);
by minor trauma or abrasion;  skin necrosis or ulceration of
superinfection requiring full-thickness dermis or any size
oral antibiotics ulcer with extensive destruction,

tissue necrosis or damage to
muscle, bone or supporting
structures with or without full-
thickness skin loss; skin graft
indicated; ulceration associated
with extensive superinfection
with i.v. antibiotics indicated
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Figure 2. Tender and bright erythema with moderate edema-within
the irradiated area in the course of acute radiodermatitis, RTOG/EORTC
grade Il

and necrosis [20]. In contrast to the acute cutaneous reaction
after radiation therapy, chronic dermatitis occurs not earlier
than 90 days from completing radiotherapy and may develop
even a few years after irradiation [5]. It is clinically characterized
by moderate (Fig. 4) to severe atrophy (Fig. 7) accompanied by
telangiectasia (Fig. 4-7), as well as ulceration (Fig. 7) (grade IV)
[20]. RTOG, CTCAE and LENTSOMA are descriptive scales, with
a risk of subjective evaluation and classification of acute and
chronic radiation dermatitis [21]. Zenda et al. provide an atlas of
radiodermatitis with pictures showing grades from I to IV accor-
ding to CTCAE. A photographic classification could be useful in
supporting and unifying the clinical one [21]. Acute and chronic
dermatitis caused by radiotherapy is usually diagnosed based

Figure 3. Sharp demarcated, exacerbated erythema accompanied

by swelling and moist exfoliation, expanding to non-irradiated
neighbouring areas in the course of acute radiodermatitis, RTOG/EORTC
grade lll
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Figure 4. Slight atrophy, poikilodermic pigmentation (mainly
depigmentation) with permanent hair loss and several thin
telangiectasias in the course of chronic radiodermatitis, RTOG/EORTC
grade |

Figure 5. Patchy atrophy areas with thin, moderate telangiectasias
accompanied by total hair loss and skin discoloration (depigmented
and brownish spots) in the course of chronic radiodermatitis, RTOG/
EORTC grade Il



Figure 6. Marked skin atrophy presented as multiple whitish scarred
lines with multiple gross telangiectasias in the course of chronic
radiodermatits, RTOG/EORTC grade |l

Figure 7. Advanced atrophy with multiple gross telangiectasias and
desquamation of the skin. Diffused white atrophy with multiple thick
telangiectasias also observed. Thinning of the skin of epidermis also
seen in the course of chronic radiodermatitis, RTOG/EORTC grade IV

on the above-mentioned clinical criteria. CTCAE 4.0 appears to
be the most commonly used scale during clinical assessment,
but it is not a unified, unambiguous system for the assessment
of post-radiation reactions [19]. It is worth mentioning that the
combined treatment involving concomitant radiotherapy and
EGFR inhibitor may result in reaction called bio-radiation der-
matitis [22]. This type of reaction has a different pathogenesis
and clinical characteristics [14]. Bernier et al. propose guidelines
on the classification and treatment of bio-radiation dermatitis.

These would help clinicians to properly assess and manage it.
The treatment could be optimized, and there would be a gre-
ater chance of a good clinical outcome [14, 23]. Table Il shows
the changes proposed by Bernier et al. in relation to CTCEA. In
grades -1V, the change in type and extent of crusting can be
observed. Infections may influence the intensity of bio-radiation
and therefore appropriate local or systemic treatment should be
considered (Tab. Il) [14]. The extent of spontaneous bleeding is
concerned at grade IV (Tab. Il) [14].

Prevention and treatment
The latest recommendation on prevention and treatment was
published in 2013 by the Multinational Association of Suppor-
tive Care in Cancer (MASCC) Skin Toxicity Study Group [19],and
showed that randomized studies have confirmed that skin
hygiene with the use of water, with or without gentle soap, and
the use of antiperspirants is recommended. A positive effect of
using topical glucocorticosteroids has also been shown [19].

In 2015 O'Donnovan carried out an anonymous online
survey in Europe and in the United States [24]. [t turned out that
thereis alarge discrepancy between the clinical management,
prevention and treatment of acute radiodermatitis, and what
has been confirmed in scientific studies. Many of the com-
mercially available products have no scientific support [24].

In 2017 Lucey et al. began another such study in the United
States. They conclude that there is a considerably wide variety
in the prevention and treatment of acute radiodermatitis [25].
At the same time, this type of research shows that, in fact, no
recommendations are available yet. However, since clinical
experience shows that this process yields some effects, it re-
quires confirmatory research. Lucey et al. show that aloe vera,
gentle soap, and topical glucocorticosteroids are most com-
monly used for the prevention of acute radiation injury [25].
When it comes to treatment, it is correlated with the degree
of the development of radiodermatitis [25]. Dry desquamation
is mostly treated with emollients and aloe vera [25]. For grade
I'and Ill, silver sulfadiazine cream is most commonly used. A
comparison of procedures at different centers in the country
showed that the procedures result from observation in 89% of
cases, and only in 51,4% from scientifically confirmed studies
[25]. There is evidently a need to carry out tests confirming
the effectiveness of individual intervention. In 2018 a rando-
mized Radiotherapy Related Skin Toxicity (RAREST-01) study
commenced [26]. It compares standard care and Mepitel Film
(gentle, transparent, breathable dressings) in patients with
locally advanced squamous-cell carcinoma of the head and
neck receiving radiotherapy or radiochemotherapy [26]. One
of the surveys done in China confirmed the effectiveness of
Mepitel Film dressings and it decreases acute radiation injury
in head and neck cancer patients [27].

At the same time, the third phase of the study protocol
of J-SUPPORT 1602 (TOPICS study) began, comparing topical
glucocorticosteroids with placebo as prevention of radiation



injury [28]. Zhang et al. used red light therapy and it turned
out that such an intervention may accelerate wound healing,
reduce pain, and improve the patient’s life [29]. Ferreira et al.
published a review of 13 randomized studies. Intervention with
trolamine, aloe vera, allantoin, Lianbai liquid (Chinese remedy),
sucralfate, Na-sucrose octasulfate, olive oil, hyaluronic acid,
and dexpanthenol did not show any benefits in prevention
and treatment of radiation injury [30]. At the same time, there
was no difference between the control group using institution
routine, aqueous cream, mild soap, water thermal gel, placebo,
and no intervention [30]. Regarding bio-radiation dermatitis,
Bonomo et al. confirmed the effectiveness of calcium dressing
for moist exfoliation [22]. Side effects like radiodermatitis which
is particularly visible may significantly impair the quality of life.
Non-pharmacological recommendations and patient educa-
tion should not be forgotten [31].

[tis very important to minimize the risk of infection using
an appropriate standard of hygiene and choose the right
cosmetics and cleaning products that are clinically tested and
adapted to this group of patients. In addition, patients should
remember about photoprotection [31]. Experts believe that in
the interests of patient’s well-being, the use of deodorants and
non-irritating perfumes can be part of daily routine [31]. It is
very important to conduct regular dermatological follow-ups
due to the fact that chronic radiation dermatitis predisposes
patients to secondary malignant tumors [32, 33].

Conclusions

At this time, there is a lot of reports on factors that may be
involved in the pathogenesis of acute and chronic radioder-
matitis. Further studies are still needed to confirm and find out
the actual nature of the pathogenesis of this process. Clinical
assessment is carried out using various clinical scales. There is
no one unified system which would make our assessments
uniform, and thanks to which we could subsequently proceed
with treatment. There is a good chance that the photographic
atlas presenting the selected grade of acute and chronic ra-
diodermatitis may unify the clinical evaluation.

Currently, apart from one study, there are no specific pro-
gnostic factors and predictors that could indicate the dynamics
and severity of acute dermatitis caused by radiotherapy or
prognostic factors related to the late reaction of skin. Gene-
tic susceptibility testing and the determination of the final
pathogenesis pathway in the future may bring the target for
treatment and prevention. Currently, the last recommenda-
tions come from 2013; they were published by MASCC Skin
Toxicity Study Group [17]. By 2019, no new recommendations
have been issued, and the clinics today are based on observa-
tion in 89% of cases and only in 51.4% on clinically confirmed
results [23].

Appropriate assessment of the severity of acute and chro-
nic radiation induced skin injury makes it possible to decide
how to proceed with patients, especially with such groups for

which the cosmetic effect has special importance for personal,
social and professional reasons.
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— new trends and perspectives
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Medical history and clinical examination are the most basic elements of medical diagnostics. Clinical examination in the
context of dermatology should be combined with the taking and archiving of clinical, dermoscopic and/or video der-
moscopic photographs. Dermoscopy is a non-invasive examination and is the recommended method of examining skin

lesions. It requires many years of experience and extensive training, and subsequently can be very helpful in the diagnostic

process since it allows for a more thorough examination than the unarmed eye. The diagnosis of malignant skin tumours
has been significantly improved by noninvasive real-time diagnostic devices. Based on the data from the literature available,
we discussed the most commonly used algorithms in the diagnostic process. It should be emphasized that a dermoscopic
evaluation may facilitate the diagnosis and early treatment of micromelanoma and basal cell carcinoma. Finally, the role
of dermoscopy in the follow-up procedure of oncologic patients should not be forgotten.

Key words: dermoscopy, dermato-oncology, skin cancer, cutaneous melanoma, skin malignancies

Introduction

Medical history and clinical examination are the most basic
elements of medical diagnostics. It should be emphasized that
aclinical examination in the context of dermatology should be
combined with taking and archiving of clinical, dermoscopic
and/or videodermoscopic photographs [1, 2]. Dermoscopy
is a non-invasive examination and it is the recommended
method of examining skin lesions since it allows for a more tho-
rough examination than the unarmed eye. This diagnostic tool
has several uses. The first one is self training, when a specific
diagnosis is straightforward. In this case, this method provides
us with an enormous amount of data. We are able to corre-
late our macroscopic thinking with the dermoscopic image,
which consequently broadens our knowledge. In the second
situation, a diagnosis is very likely and we use a dermoscope

to confirm our assumptions and this ensures we can refrain
from performing a biopsy. In the next case, a dermoscopy
reverses the diagnosis and corrects mistakes. In the latter case,
adermoscopy can lead to a diagnosis by visualizing the feature,
resulting in a list of differential diagnoses.

Diagnosis of malignant skin tumours

The diagnosis of malignant skin tumours has been significantly
improved by noninvasive real-time diagnostic devices. It is
obvious that such a diagnosis must be confirmed by histopa-
thological diagnosis [3]. Dermoscopy requires several years of
experience and extensive training, and subsequently can be
very helpful in the diagnostic process leading to the final con-
firmation in the form of a histopathological examination [4].
Consequently, it is worth mentioning and characterizing the
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classic patterns of the most common skin cancer, i.e. basal cell
carcinoma (BCC) in dermoscopy. Undoubtedly, the presence of
arborizing vessels, large blue-grey ovoid nests, ulceration, leaf-
-like areas and spoke wheel-like structures and numerous blue-
-grey globules indicate the basal cell carcinoma (fig. 1A, B) [5].

The second diagnosis we should look at is melanoma. We
observe an increasing number of algorithms that help in the
early diagnosis of melanoma which are listed and described
below. We have dealt with the differences between patients
with a solitary lesion, of which a surgical excision is the best pro-
cedure. On the other hand, there are patients with numerous
lesions which cannot all be cut out; in this case, a dermoscopy
with computerized photo archiving is very useful. In addition
to tumour diagnosis, the morphological features of the tu-

mour may be important in designing a treatment strategy.
It is suggested that the presence of multiple minor erosions
or ulceration is a crucial predictor of basal cell carcinomas’

Figure 1A. Dermoscopic features in a non-polarized dermoscopy
(NPD) of basal cell carcinoma include the presence of arborizing
vessels (bright red, thick diameter vessels (0.2 mm or more) from which
emanate branching vessels with progressively thinner diameters), large
blue-grey ovoid nests (confluent, well-circumscribed, pigmented ovoid
areas), multiple blue-grey dots (pinpoint blue-grey structures) and
globules (well-defined round or oval structures), ulceration (shallow
erosions that may be covered with congealed blood). Dermoscopic
definitions based on dermoscopedia.org [49]

Figure 1B. Dermoscopy in a polarized dermoscopy (PD) of basal

cell carcinoma indicates the presence of leaf-like structures (linear to
bulbous extensions connected at an off-center base area) and spoke
wheel-like structures (radial projections that surround a central darker
point). Moreover, in the centre of the lesion shiny white strands (parallel
and linear white areas that do not usually intersect) are noticed.
Dermoscopic definitions based on dermoscopedia.org [49]
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response to imiquimod and the presence of pigmentation
is a negative predictor of a worse response of this cancer to
photodynamic therapy [6, 7].

Algorithms for melanocytic lesions

A dermoscopic examination performed by experienced do-
ctorsis more accurate than the clinical examination itself. In the
study of the observed features visible in a dermoscopy, many
algorithms have been established that allow an approximation
of an accurate diagnosis. The most commonly used algorithms
are discussed below. Kaminska-Winciorek et al. in their review
present in detail the older algorithms widely previously used
and described in literature [8].

Three-Point Checklist

The Three-Point Checklist algorithm takes into account three
criteria to which it belongs:

1. asymmetry in dermoscopic structures' distribution,

2. an atypical pigmented network and

3. blue-white structures.

This Three-Point Checklist can be used by clinicians in
diagnostics not only for melanoma (fig. 2A) but also basal cell
carcinoma [9]. Soyer et al. showed that the presence of either of
these two criteria indicates a high probability of melanoma [9].

Seven-Point Checklist

The Seven-Point Checklist algorithm includes seven characte-
ristics, including: atypical pigment network, gray-blue areas,
atypical vascular pattern, radial streaming (streaks), irregular
diffuse pigmentation (blotches), irregular dots and globules,
regression pattern (a presence of white scar-like depigmen-
tation or peppering known as multiple scattered blue-grey
granules) (fig. 2B). Historically, a minimum score of three for
adding individual features of the above-mentioned seven is
required for the diagnosis of melanoma [10]. Previously, at least

Figure 2A. Dermoscopic assessment of a superficial spreading
melanoma (SSM) according to the Three-Point Checklist reveals

the presence of asymmetry in dermoscopic structures' distribution
(according to two axes), an atypical pigmented network and blue-white
structures. Moreover, white structures which are seen in the presented
case of SSM in polarized light, so-called shiny white streaks (former
synonyms: chrysalis — chrysalids — crystalline) in definition as lines, white,
perpendicular shiny white streaks usually correspond with invasive type
of melanomas. Dermoscopic definitions based on dermoscopedia.org
[49]



Figure 2B. Dermoscopy of a nodular melanoma in polarized light.

The Seven-Point Checklist algorithm indicates the presence of 7
characteristic features, including: atypical pigment network, grey-blue
areas, atypical vascular pattern, radial streaming (streaks), irregular diffuse
pigmentation (blotches), irregular dots and globules, regression pattern.
Moreover, multiple shiny white streaks and strands corresponding with
deep dermal fibrosis are visible

two dermoscopic criteria (one major and one minor) must be
present for a suspicious diagnosis (a score of three or more).
In 2011, Argenziano et al. revised Seven-Point Checklist. They
showed in their study that in order to increase the sensitivity
of the assessment in the Seven-Point Checklist, the excision
threshold of the lesion should be adjusted compared to the
original [11].In the revised Seven-Point Checklist, each criterion
receives 1 point, the notch threshold is 1 point, not 3 points
like in the earlier version [11].

Two Step Algorithm

In the previous traditional two-step algorithm, assessment is
divided into two steps including the differentiation between
melanocytic and non-melanocytic changes. When the lesion
is classified as melanocytic, the observer then proceeds to
the second stage consisting in qualifying the change as mild
or malignant. During this second step a decision must be
made whether the melanocytic lesion is benign, suspect, or
malignant. For this purpose, the mentioned algorithms can be
useful, including pattern analysis, ABCD rule, Menzies method
and the Seven-Point Checklist which was discussed above
[12,131.

Pattern analysis is a method thatinvolves assessing all the
dermoscopic features that a lesion shows. In general terms,
malignant — suspected lesions have several colors that are
disordered in structure and are asymmetrical in dermoscopic
distribution. The ABCD rule of dermoscopy is based on the
following criteria: asymmetry (A), border (B), colour (C) and
differential structures (D) [14].

The Menzies method aims to distinguish between be-
nign lesions and melanomas. This method includes nega-
tive features (symmetrical pattern, single color) indicating
benign changes and positive features indicating melanoma.
The positive features include blue-white veil, multiple brown
dots, pseudopods, radial streaming, scar-like depigmentation,
multiple (5-6) colors, multiple blue/grey dots, broadened ne-

twork [15]. Exceptions to the two-step algorithms have been
observed over the years. Moreover hybrid dermoscopes allow
the user to toggle between polarized and non-polarized light
and consequently a diagnosis becomes more likely. Some
dermoscopic structures are more prominent in non-polarized
dermoscopy (NPD) and others in polarized (PD) [16].1n 2010, an
update of this 2-step algorithm was proposed, which consists
in adding 2 decision levels to help doctors correctly classify
some of the so-called featureless neoplasms as melanocytic or
non-melanocytic tumours. In the revised two-step algorithms,
the main queries of conducted analysis is to establish a speci-
fic diagnosis (step 1) and to rule out melanoma (step 2). This
algorithm impedes the use of unpolarized dermoscopy [17].

Triage Amalgamated Dermoscopic Algorithm
(TADA)

[t is worth noting that the algorithms mentioned so far have
been used to detect specific subsets of pigmented skin neopla-
sms—mainly pigmented melanoma. This s a limitation of these
algorithms because many melanomas, basal cell carcinomas
and squamous cell carcinomas do not have this pigment. Thus,
compared to the above algorithms, the TADA algorithm al-
lows the identification of pigmented and non-pigmented skin
malignancies. At the very beginning, this algorithm requires
the exclusion of three common and clearly benign lesions,
i.e. cherry haemangioma (fig. 3A), dermatofibroma (fig. 3B)
or seborrheic keratosis (fig. 3C. In the next step, dermoscopic
patterns are taken into account, i.e. the distribution of colours
and structures within the lesion. If there is an architectural
disorder/disorganized pattern, a biopsy should be performed.
If we have organized lesions with a starburst pattern (fig. 3D)
or with any of the following features: blue-black/grey colour,
shiny white structures, negative network, ulcer/erosion, vessels
(fig. 3E, F) a biopsy should be performed [18, 19].

Metaphoric and descriptive terminology
According to Blum et al, the more metaphorical assessment
called blink and more descriptive one colloquially called think
complement each other and are used all over the world [20].
However, in a clinical and scientific context, clear and universal
language should be the basis. In 2016, Kittler et al. published
a consensus aimed at standardizing the dermoscopic de-
scription [21].

Early detection of micro-melanoma and basal
cell carcinoma

We should pay attention to the change of the type of micro-
-melanoma, which, due to its size, i.e. 5 mm, does not meet the
criterion D of the ABCD assessment and is often overlooked.
In this case, a dermoscopic evaluation may facilitate diagnosis
and early treatment. So far, there are very few published studies
evaluating micro-melanomas. Megaris et al. in their retro-
spective study suggest features that increase the probability
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Figure 3. At the very beginning, theTriage Amalgamated Dermoscopic Algorithm (TADA) requires the exclusion of three common and clearly benign
lesions; A - cherry haemangioma (with the presence of lacunae defined as round to oval red, reddish-brown or reddish-blue areas that commonly vary
in size and colour - PD); B - dermatofibroma (the peripheral network with a central white scar-like area with a pink hue and shiny white lines in polarized
light) or € - seborrheic keratosis (with multiple dots or clods white disseminated in NPD). In the TADA algorithm, if we have organized lesions with

D - a starburst pattern (typified by streaks, pseudopods, or finger-like projections regularly distributed on the periphery; Reed nevus in NPD) or any of
the following features: E - vessels (multiple dotted and linear irregular vessels in SSM in NPD); F - blue-black/grey colour (BCC in NPD), negative network,
shiny white structures, ulcer/erosion, a biopsy should be performed

of malignancy in lesions up to 5 mm. Such features include
irregular hyperpigmented areas, atypical dots/globules, and
an atypical network, within a reticular or unstructured global
pattern (fig. 4A) [22].

The routine use of dermoscopy allows the detection of
melanomas of which patients are unaware [23]. Moreover,
the digital follow-up enables recognition of early melanoma
when specific structures or criteria for malignancy may not be
present [24]. The combined use of total-body photography
and sequential digital dermoscopy enables the detection of
incipient melanomas that might have been overlooked if
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assessed solely by the naked eye [23, 24]. Moreover most me-
lanomas are diagnosed with digital dermoscopy monitoring
by side-by-side image comparison [25].

Dermoscopy can also aid early diagnosis of small basal cell
carcinomas less than 5 mm in diameter, especially characteri-
zed newly arised lesions located on the skin of the head and
neck [26]. They are characterized by the presence of multiple
blue grey dots and large blue-grey ovoid nests [26] especially in
its pigmented variants of very small BCC (3 mm-sized) (fig. 4B)
[27]. Moreover the presence of arborizing vessels with the
existence of shiny white blotches and strands may also help



can the BCC recognition although 1/3 of small lesions did not
exhibit the typical dermoscopic criteria of BCC [28]. It is evident
thatin small size BCC classic dermoscopic criteria (the presence
of arborizing vessels and ulceration) are often substituted by
non-classical criteria [29]. Only blue-whitish veil and blue in-
-focus dots dermoscopic features among non-classic criteria

Figure 4. A - a micro-melanoma measuring 3 mm proved histopatho-
logically as SSM located on the décolletage. Dermoscopy in polarized
light exhibits the presence of short shiny white streaks and an atypical
network, within an unstructured global pattern; B - small basal cell
carcinoma sized less than 2 mm in diameter located on the skin of

the face, characterized by the presence of multiple blue grey dots and
globules; € - non-classic BCC criteria include inter alia: pink-white areas
with: white strands (bright-white less well defined lines, oriented parallel
or distributed haphazardly) and shiny white blotches (as white structures
in the form of large areas, clods or circles), micro-erosions (covered

by crusts and blood) and short fine telangiectasias seen in polarized
dermoscopy. Dermoscopic definitions based on dermoscopedia.org [49]

which represent the neoplasm’s early phase indicated a good
agreement among low experience observers [29].

Dermoscopic follow-up in dermato-oncology

Dermoscopic assessment of the surgical margins
before excision

Preoperative digital dermoscopy is a better method for de-
tecting tumoral margins than clinical evaluation, and is an
effective, simple, non-invasive method for the pre-surgical
evaluation of margins [30]. Preoperative dermoscopy is a better
method to determine the margins of neoplasms than clinical
evaluation alone [31]. Moreover, the preoperative dermoscopic
assessment using non-classic BCC criteria including pink-white
areas and short telangiectasias in the area between clinical-
ly and dermoscopically detected margins, helps define the
neoplasm’s margins and to achieve a really radical excision
(fig.40) [32].

Dermoscopic follow-up after surgical procedures
Dermoscopy, as a non-invasive method, works well in secon-
dary prevention, i.e, early detection of neoplasms with the use
of dermoscopic assessment of the entire skin, covering areas
that are difficult to access during the examination. We should
emphasize the importance of this method in the follow-up
stages of patients after cancer treatment. These are high-risk
patients at risk of relapse and should be regularly monitored
using the above method along with image archiving. Dermo-
scopic follow-up is used in the control of post-excision mali-
gnant tumour scars enabling the diagnosis and assessment
of tumour (eg. lentigo maligna melanoma — LMM) persistence
after surgery (fig. 5A) [33], rapid recognition of the features
of tumour recurrence among others, melanoma within the
scar (fig. 5B) [34] with an assessment of its healing or leaving
sutures (fig. 5C). In addition, a dermoscopic observation of
the whole body of patients with diagnosed malignant neo-
plasms enables early detection of metastases the nature of
satellitosis, in-transit (fig. 5D) or distant localized within the
skin and subcutaneous tissue [35, 36] as well as allowing for
additional monitoring dermoscopic effects of the therapies
used in patients with, inter alia, metastatic melanoma (blood
vessel morphology and distribution, degree of vascularization,
ulceration, background). Dermoscopy is also used in patients
diagnosed with cutaneous malignancies for the early detection
of synchronous melanoma[37, 38] and basal or squamous cell
carcinoma (SCC) with dermoscopic assessment of the selected
therapies of skin cancers.

Dermoscopic assessment of the selected therapies
of skin cancers

Moreover, patients’ response to treatment can be easily mo-
nitored with this noninvasive medical device, thus allowing
further modulation of the therapy [4]. It is worth mentioning
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Figure 5. Dermoscopic follow-up in the control of post-excision scars of malignant tumours enabling diagnosis and the assessment of tumour
persistence after surgery; A - lentigo maligna in NPD (with a pattern of hyperpigmented follicular openings as fine circles and semicircles ), rapid
recognition of the features of tumour recurrence; B - thick melanoma within the scar (the presence of an atypical pigmented network and irregular grey
and brown clods, PD); € - assessment of leaving sutures (black-blue solitary clod corresponding with a non-absorbable suture within the scar, NPD);

D - according to melanoma metastasis, dermoscopic classification [35] distinguish four dermoscopic patterns based on metastases’ colour: blue,

pink, brown and mixed pattern. The blue pattern of in-transit melanoma metastasis revealed the presence of structureless bluish areas in polarized
dermoscopy

the treatment with the use of appropriate methods that can
be considered and applied in the case of BCC and SCC, cha-
racterized by low risk of recurrence or in patients with con-
traindications to the use of basic methods such as surgery.
Imiquimod (5%) is used in the treatment of actinic keratosis, in
situ SCC/Bowen's disease, and non-invasive forms of superficial
spreading BCC [39]. Based on the Husein-EIAhmed study, der-
moscopic evaluation improves the accuracy of the assessment
of clinical response to imiquimod in pigmented BCC [40].
Dermoscopic follow-up was useful in monitoring the
therapeutic response to selected topical therapies including
ingenol mebutate in BCC [41], Bowen's disease [42] and imi-
quimod in LMM [33] as well as systemic therapy with vismo-
degib in BCC [43]. Dermoscopy was also used in monitoring
BCC'’s treatment effects using high dose ionizing radiation
therapy [44], changes in the course of LMM radiotherapy [45],
or dermoscopic margin delineation in radiotherapy planning
for superficial or nodular basal cell carcinoma [46]. In addition,
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the dermoscope can be used to assess skin toxicity or lesions
occurring in existing and newly formed melanocytic changes
during the treatment of melanoma, including with the use
of BRAF inhibitors [47, 48].

Conclusions

Modern perspectives regarding dermoscopy emphasize its
multidisciplinary scope and nature concerning not only the
preoperative diagnosis of skin cancers but also the post-ope-
rative and post-therapeutic stages — including topical and
systemic implemented therapies.

The high-resolution illustrations are available in the electronic
version of this article in the Supplemetary materials section

on the website nowotwory.edu.pl.
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