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2. Wstep
2.1 Epidemiologia

Raki skory to najczestsze nowotwory osob populacji kaukaskiej na swiecie (1,2,3).
Statystyki wystepowania tych nowotworéw pozostajg mocno niedoszacowane ze wzgledu na
niskg raportowalno$¢ (2). Rak podstawnokomorkowy (basal cell carcinoma, BCC) oraz
ptaskonabtonkowy (squamous cell carcinoma, SCC) stanowig 99% rakow skory. Znacznie
rzadziej wystgpujace podtypy obejmuja: rak neuroendokrynny z komoérek Merkla oraz raki
wywodzace si¢ z przydatkow skory. Rak podstawnokomoérkowy jest najczestszym rakiem
skory, ktory stanowi od 50% - 80% przypadkow, zaleznie od wybranych doniesien §wiatowych
(1,2). W populacji polskiej raki podstawnokomorkowe stanowig 85% wszystkich rakow skory,
a czestos¢ ich wystepowania wzrasta (3,4). Wskazniki $miertelno$ci pozostajg niskie (1,3,4).

2.2 Patogeneza

Czynnikami ryzyka rozwoju raka podstawnokomodrkowego jest wiek oraz przewlekta
ekspozycja na promieniowanie ultrafioletowe (ultraviolet radiation, UVR), szczegoélnie w
przypadku osob o niskim fototypie skory wg Fitzpatricka (5). Raki podstawnokomorkowe
charakteryzujg si¢ najwigkszym wspotczynnikiem mutacji (ang. mutation rate; >65 na milion
par zasad) wsrod znanych nowotworéw (6). Mutacje te sg zalezne w 75% od UVR.
Bezposrednio z nowotworzeniem powigzane sg mutacje w szlaku sygnatowym Sonic
Hedgehog (SHh) (6), zwtaszcza w genach PTCH1 (Patchedl), SMO (Smoothened), SHH
(Sonic Hedgehog Homolog). Zostaty one wykryte w 85% zbadanych rakow
podstawnokomorkowych (6).

Zespot mnogich nabtoniakéw podstawnokomorkowych (zespot Gorlina-Goltza) jest
chorobg genetyczng dziedziczong autosomalnie dominujaco, ktorej podtozem jest mutacja genu
PTCH1 (7). Objawia si¢ on wystgpowaniem licznych rakow podstawnokomoérkowych w
miodym wieku. Ponadto charakteryzuje si¢ wystepowaniem keratocyst zuchwy, wglebien na
dtoniach i stopach, zwapnien w sierpie moézgu, zwigkszonym ryzykiem wystgpowania
rdzeniaka zarodkowego, czy deformacjami uktadu kostnego. Zaburzenia w szlaku SHh
doprowadzity do opracowania jego inhibitora. Obecnie ma on zastosowanie w leczeniu raka
podstawnokomoérkowego w stadium przerzutowym lub nie spetniajacego kryterium leczenia
operacyjnego ani radioterapii.

2.3 Obraz kliniczny raka podstawnokomorkowego

Oceny klinicznej dokonuje si¢ okiem nieuzbrojonym, na podstawie cech makroskopowych
guza. Najczestsza  kliniczng  prezentacjg  raka  podstawnokomorkowego — jest
r6zowo/czerwony/pertowy guzek z widocznymi teleangiektazjami. W trakcie ewolucji guza
moga pojawic¢ si¢ na jego powierzchni nadzerki, a pozniej owrzodzenie (8,9). Podtypy
histopatologiczne BCC maja wtasne manifestacje kliniczne. Podtyp kliniczny guzkowy
(nodular) jest najczesciej wystepujacym (21%), manifestuje si¢ jako grudka, lub 1$nigcy guzek
w kolorze skory, zlokalizowany glownie w regionie gtowy i szyi. Do podtypu guzkowego
zaliczamy podtyp barwnikowy — ktéry wystepuje U osob 0 wysokim fototypie skory. Podtyp



powierzchowny (superficial) (17%) zwykle ma obraz dobrze odgraniczonej plamy, najczesciej
wystepuje W obszarze tulowia i konczyn. Czesto ma charakter wieloogniskowy. Podtyp
naciekajacy (infiltrating) (7%) prezentuje si¢ jako nacieczona blaszka, majaca tendencje do
penetracji glebszych warstwy skory i innych tkanek. Podtyp twardzinopodobny (morpheaform)
(1%) ma wyglad bliznopodobnej blaszki z towarzyszacymi kréotkimi naczyniami (9,10,11).
Okoto 1/3 rakow ma mieszany obraz kliniczny. Obraz kliniczny réznych podtypow raka
podstawnokomoérkowego zaprezentowano na rycinie 1.

Ryc.1. Obraz kliniczny rakéw podstawnokomorkowych (basal cell carcinoma, BCC): A:
Podtyp guzkowy (nodular) prezentujacy sie jako czerwony guzek z nadzerkg i zoito-krwistym
strupem. B: Podtyp powierzchowny (superficial) — dobrze odgraniczona plama. C: Podtyp
naciekajagcy (infiltrating) — nacieczona blaszka, pokryta tuskg i strupem. D: Podtyp
twardzinopodobny (morpheaform) — widoczny jako bliznopodobna blaszka.



2.4 Nieinwazyjne metody diagnostyki obrazowej raka podstawnokomoérkowego

Podstawowa  metodg  rozpoznania oraz  podzialu na  podtypy  rakéw
podstawnokomoérkowych jest badanie histopatologiczne (9,10,11,12,13). Rozwdj technik
nieinwazyjnych pozwolit na szybka ambulatoryjng diagnostyk¢ zmian podejrzanych w
kierunku nowotworu (14), diagnostyke réznicowa (15), oceng marginesoOw pooperacyjnych, a
takze ocen¢ ex Vivo usunigtych guzow (16). Najpowszechniej uzywanym narzedziem
diagnostycznym jest dermoskopia (mikroskopia epiluminescencyjna). Jest to nieinwazyjna
metoda oceny struktur naskorka i gérnych warstw skory wiasciwej (17,18). Wykorzystuje ona
powickszenie 10-krotne (wideodermoskopy nawet 400-krotne) oraz swiatto spolaryzowane, co
pozwala na lepsze uwidocznienie struktur lezacych glebiej (19). W tatwy sposdb implementuje
dodatkowe techniki zwiekszajgce jej mozliwosci diagnostyczne np. imersje W zelu (20). Dzigki
temu, ze jest metodg powtarzalng, prostg, wystandaryzowang Oraz nieinwazyjna, znalazla
szerokie zastosowanie w dermatoonkologii - diagnostyce, obserwacji efektow leczenia, detekcji
wznow 0raz ocenie margineséw poresekcyjnych (17,21,22). Badanie okiem nieuzbrojonym w
diagnostyce BCC ma czutos¢ 66% i swoistos¢ 97%. Dermoskopia pozwala na zwigkszenie
czutosci do 85% i swoistosci do 98% (23). Zgodnie z zaleceniami europejskimi badanie
dermoskopowe jest wystarczajace do rozpoznania podtypu powierzchownego i guzkowego
BCC (poziom dowodu naukowego 3 zgodnie z Oxford Centre for Evidence-Based Medicine
Levels of Evidence (24), konsensus ekspertow - 100%) (10).

Ocena struktur dermoskopowych rakoéw podstawnokomorkowych odbywa sie aktualnie na
podstawie trzeciego konsensusu Mig¢dzynarodowego Towarzystwa Dermoskopii (25).
Zastosowana terminologia opisowa zastgpita wczesniej uzywang terminologie metaforyczna.
Oceny dokonuje sie w poszukiwaniu linii, grudek, kropek, struktur bezstrukturalnych oraz
ocenia si¢ naczynia — ich morfologig¢ oraz rozmieszczenie. Cechami dermoskopowymi rakoéw
podstawnokomorkowych sg: naczynia linijne o uktadzie drzewkowatym (linear vessels,
branched), liczne nadzerki (erosions), owrzodzenia (ulcerations), niebieskawe grudki réznych
rozmiarow (clods), promieniste linie wychodzace ze wspdlnej podstawy (lines, radial,
connected to a common base), prostopadle biate linie (perpendicular white lines), linie
promieniste wywodzace si¢ ze wspolnej grudki/kropki (lines, radial, converging to a central dot
or clod), niebieskie lub brazowe koncentryczne grudki (clod within a clod/clods brown or blue
concentric) oraz biate obszary bezstrukturalne (structureless zones, white) (10,25,26).

W badaniu dermoskopowym podtyp histopatologiczny guzkowy charakteryzuje si¢ gtoéwnie
linijnymi naczyniami o uktadzie drzewkowatym (10,15,26). Podtyp barwnikowy jest podobny
do guzkowego, jednak czesciej zawiera brazowe grudki. Wariant powierzchowny
charakteryzuja obszary bezstrukturalne o kolorze od biatego do czerwonego, linijne naczynia
rozmieszczone obwodowo, prostopadte biale linie oraz nadzerki. W podtypie
twardzinopodobnym obserwuje si¢ biate obszary bezstrukturalne oraz cienkie naczynia o
uktadzie drzewkowatym. Obraz podtypu naciekajgcego jest zdominowany przez owrzodzenie
oraz naczynia drzewkowate. Podtyp mikroguzkowy w stosunku do guzkowego rzadziej
prezentuje naczynia o uktadzie drzewkowatym, z kolei czesciej zawiera niebieskie grudki i
pokryty jest nadzerkami. Podtyp podstawnoptaskonabtonkowy typowo ma obraz owrzodzenia
z naczyniami drzewkowatymi na obwodzie, z biatymi obszarami bezstrukturalnymi (10,15,26).
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Przyktadowe obrazy dermoskopowe rakow podstawnokomorkowych zaprezentowano na
rycinie 2.

Ryc.2. Obraz dermoskopowy rakow podstawnokomoérkowych: A - podtyp histopatologiczny
guzkowy z centralnym owrzodzeniem, biatymi obszarami bezstrukturalnymi na obwodzie oraz
naczyniami serpentynowatymi. B — podtyp barwnikowy — widoczne prostopadle biate linie,
bragzowe grudki, nadzerka, biate obszary bezstrukturalne. C — podtyp mikroguzkowy —
uwidoczniono polimorficzne naczynia o uktadzie drzewkowatym, biate i wielokolorowe
obszary bezstrukturalne, niebieskie grudki. D — podtyp powierzchowny. Uwidoczniono
prostopadle biate linie, szare kropki, biate, roézowe obszary bezstrukturalne, linijne
monomorficzne naczynia o uktadzie drzewkowatym. E — typ naciekajgcy — uwidoczniony jako
rozlegle owrzodzenie z biatymi obszarami bezpostaciowymi na obwodzie. F — typ
twardzinopodobny, z widocznymi polimorficznymi naczyniami o uktadzie drzewkowatym oraz
biatymi obszarami bezstrukturalnymi, a takze szarymi kropkami.



Pozostatymi metodami diagnostyki nieinwazyjnej o wysokiej czuto$ci i swoistosci sa:
refleksyjna mikroskopia konfokalna (RCM, reflectance confocal microscopy) (27), optyczna
koherentna tomografia (OCT, optical coherence tomography) (28) oraz ultrasonografia
wysokiej rozdzielczosci (high frequency ultrasonography) (18).

Mikroskopia konfokalna jest metoda diagnostyczng wykorzystujacg $wiatto 0 dtugosci fali
zblizonej do podczerwieni, ktora pozwala na detekcje z doktadno$cig subkomorkowsg (czutosé
97% 1 swoisto$¢ 93%) (27). Pozwala na ocene marginesow rakow podstawnokomoérkowych z
doktadnoscig porownywalng z badaniem histopatologicznym (29,30). Giebokos¢ detekcji jest
ograniczona do struktur powierzchownych skory (<200 mikrometroéw) (27).

Ograniczenia tego nie posiada optyczna koherentna tomografia (OCT), ktora pozwala
uzyskiwaé obraz z glebokosci do okoto 1 mm, przy zachowaniu rozdzielczo$ci porownywalne;j
z RCM (czutos¢ 97% i swoistosci 77%), co pozwala na rdéznicowanie podtypow BCC
(28,30,31,32,33). Dostepne sa takze urzadzenia taczace obie metody (32).

Ultrasonografia wysokiej rozdzielczosci (high frequency ultrasonography) jest metoda
diagnostyczng pozwalajaca oceni¢ glgbokos¢ naciekania guza nowotworowego oraz wstepna
oceng naciekania struktur lezacych giebiej (18). Ze wzgledu na wigksza glebokos¢ badania w
stosunku do RCM i OCT petni rol¢ uzupetniajaca.

2.5 Badanie histopatologiczne raka podstawnokomorkowego

Obraz histopatologiczny roznych podtypow raka podstawnokomoérkowego przektada
si¢ na jego podtypy Kliniczne. Wszystkie maja cechy wspolne tj. agregaty komorek
bazaloidnych z wyraznie zabarwionymi jadrami, uboga cytoplazma, charakterystycznym
zrebem i artefaktem retrakcji. Klasyfikacja Swiatowej Organizacji Zdrowia (WHO ang. World
Health Organization) dzieli raki podstawnokmorkowe na dwie gtowne grupy (34). Pierwsza, o
niskim ryzyku wznowy miejscowej zawiera podtyp: guzkowy (nodular), powierzchowny
(superficial), barwnikowy (pigmented), BCC z rdéznicowaniem przydatkowym
(infundibulocystic with adnexal differentiation) oraz wioknistonabtonkowy (fibroepithelial,
Pinkus tumor). Wariant guzkowy wystepuje najczesciej. Na druga grupe sktadajg si¢ podtypy
0 wysokim ryzyku nawrotu: rak mieszany podstawno-ptaskonabtonkowy (basosquamous),
twardzinopodobny (sclerosing/morpheic), naciekajacy (infiltrating), rak
podstawnokomorkowy z réznicowaniem miesakopodobnym (BCC with sarcomatoid
differentiation) oraz drobnoguzkowy (micronodular BCC).

2.6 Leczenie raka podstawnokomorkowego

Chirurgia jest podstawowa metodg leczenia BCC, zaréwno wg zalecen amerykanskich
(12), jak i europejskich (10,11). Dominujaca role wg obu zalecen ma zwtaszcza mikrochirurgia
Mohsa prezentujaca najnizszy odsetek wznéw. Jest ona szczegolnie zalecana w przypadku
nowotworow  wysokiego ryzyka (10,12,35,36). Amerykanskie wytyczne, National
Comprehensive Cancer Network (NCCN), dzielg raki podstawnokomorkowe na niskiego
ryzyka (pierwotne guzy zlokalizowane na tutowiu, <2cm w wymiarze poprzecznym, podtyp
guzkowy lub powierzchowny) oraz wysokiego ryzyka, tj. nie spelniajace powyzszych
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kryteriow (12). Rekomendacje europejskie dzielg raki podstawnokomorkowe na tzw. tatwe do
leczenia (easy-to-treat) oraz trudne do leczenia (difficult-to-treat). Kwalifikacji do
odpowiedniej grupy dokonuje si¢ analogicznie do zalecen amerykanskich, jednak ostateczng
decyzje podejmuje si¢ klinicznie bioragc pod uwage m.in. lokalizacje guza, czy przyleganie do
struktur krytycznych (10).

W leczeniu BCC niskiego ryzyka (wg. NCCN) istnieje szerokie spektrum metod
postepowania, ktore dzielg si¢ na destrukcyjne oraz niedestrukcyjne. Do pierwszych naleza:
elektrochirurgia, kriochirurgia, tyzeczkowanie, ablacja laserowa oraz terapia fotodynamiczna
(photodynamic therapy, PTD). Powierzchniowe stosowanie imikwimodu lub 5-fluorouracylu
w postaci kreméw jest metoda niedestrukcyjng (10,37,38). Postepowanie W przypadku rakow
trudnych do leczenia/wysokiego ryzyka powinno w pierwszej kolejnosci uwzglednia¢ leczenie
chirurgiczne — mikrochirurgic Mohsa lub wycigcie guza z szerszymi marginesami
(10,11,12,37). W przypadku chorych nie kwalifikujacych si¢ do leczenia operacyjnego lub
niewyrazajacych zgody na takie postepowanie stosuje si¢ leczenie promieniowaniem
jonizujacym (teleradioterapi¢ albo brachyterapie) (10,12,37). W przypadku braku mozliwos$ci
leczenia miejscowego pozostaje zastosowanie inhibitorow szlaku Sonic Hedgehog (w Polsce
zarejestrowanego w programie lekowym wismodegibu), a w drugiej linii terapii cemiplimabu
(10,12).

U chorych, u ktorych rozwaza si¢ leczenie promieniowaniem jonizujacym, powinno
starannie rozwazy¢ si¢ technike radioterapii. Nalezy rowniez pamigta¢, ze 0 ostatecznej
kwalifikacji do takiego postgpowania powinien decydowaé specjalista radioterapii (10).
Brachyterapia jest rowniez nazywana radioterapig interwencyjna. Jej gtownym zatozeniem jest
bliskie umiejscowienie zrodta promieniowania w okolicy guza. U chorych z BCC stosuje si¢
najczesciej brachyterapi¢ powierzchniowa, jednak w przypadku guzow penetrujacych >5-6 mm
od powierzchni skory nalezy rozwazy¢ techniki srodtkankowe (10). Najczgséciej wykorzystuje
si¢ wysokoaktywne zrodta promieniotworcze emitujace Wysoka dawke promieniowania w
krotkim czasie (powyzej 12 Gy na godzing). Jest to brachyterapia wysokiej mocy dawki (High
Dose Rate — HDR). Najpowszechniej stosowanym izotopem w brachyterapii HDR jest Iryd 192
(1921Ir) (39).

Leczenie brachyterapia HDR jest planowane 2z submilimetrowg doktadnoscia z
wykorzystaniem zaawansowanych technik komputerowych oraz nowoczesnego obrazowania
tj. tomografii komputerowej, ultrasonografii i rezonansu magnetycznego. Czas leczenia jest
dos¢ krotki — Kilka/kilkanascie minut. Jedna z podstawowych zalet brachyterapii jest mozliwo$¢
zachowania leczonego narzadu. Znalazta ona zastosowanie w leczeniu nowotworéw
ginekologicznych, skory, piersi, gruczotu krokowego, ptuc, przetyku (39). Brachyterapi¢ w
leczeniu rakéw skory stosuje si¢ gtéwnie w nowotworach regionu glowy i szyi, zwlaszcza
twarzy. Leczenie chirurgiczne w tych okolicach anatomicznych wiaze si¢ czgsto z watpliwym
efektem kosmetycznym, ze znacznym okaleczeniem lub utratg funkcji narzadu (10).

Powyzszy obszar wymusza duzg precyzj¢ leczenia. Brachyterapia powierzchniowa wydaje si¢
prawie idealng technikg do stosowania u chorych wymagajacych uzycia promieniowania
jonizujgcego. Jest wysoce konformalna, co oznacza dobrg mozliwos¢ dopasowania dawki
leczacej do obszaru tarczowego (guza nowotworowego z marginesem). Jednoczesnie dawka w
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tkankach zdrowych, inaczej narzadach krytycznych, pozostaje na poziomie nie powodujagcym
wysokiej toksyczno$ci. Do narzadoéw krytycznych w obszarze leczonym brachyterapig rakow
skory glowy 1 szyi naleza gatka oczna (w szczegdlnosci soczewka), slinianki przyuszne i
podzuchwowe oraz ko$ci czaszKi.

Precyzje¢ 1 dopasowanie dawki zapewniajg aplikatory indywidualne (40). Wykonywane sa z
materialdw 0 warto$ci wspotczynnika pochtaniania promieniowania jonizujacego podobnego
do wspotczynnika wody (35). Powinny Scisle przylega¢ do obszaru leczonego. Na ich
powierzchni umieszczane sa dreny, do ktérych zdalnie zostanie wprowadzone zrodio
promieniotworcze. Takie aplikatory sg wykonywane recznie lub drukowane na drukarce 3D
(41). W przypadku zmian potozonych na rownych powierzchniach powszechnie stosuje sie
aplikatory dostepne komercyjnie —w formie gumowych tzw. flapéw (aplikator Freiburg, Elekta
AG Szwecja), lub w formie przypominajgcej tyzeczke (np. aplikatory Valencia, Elekta AG
Szwecja) (42).

Europejskie zalecenia dla brachyterapii, tworzone przez The Groupe Européen de Curiethérapie
of the European Society for Radiotherapy & Oncology (GEC ESTRO), pozwalaja na
stosowanie  szerokiego  spektrum dawek promieniowania w leczeniu  rakow
podstawnokomorkowych. W brachyterapii kontaktowej wytyczne pozwalaja na stosowanie
spektrum dawek frakcyjnych od 3-7 Gy do dawki catkowitej od 40-54 Gy. Powszechnie stosuje
si¢ dawki frakcyjne 3-5 Gy specyfikowane w obrebie guza lub 5 mm od powierzchni aplikatora,
2-3 razy w tygodniu przez 4-5 tygodni. U 0s6b starszych dopuszcza si¢ podawanie wyzszych
dawek frakcyjnych (9-10 Gy) 1x w tygodniu, a nawet pojedyncza dawke 20 Gy (12,42).
Konsensus Amerykanskiego Towarzystwa Brachyterapii (American Brachytherapy Society,
ABS) zaleca stosowanie dawek frakcyjnych 2-7 Gy do dawki catkowitej 30-60 Gy (43).
Istotnym parametrem przy doborze dawki frakcyjnej i1 catkowitej jest parametr EQD2
(Equivalent dose in 2 Gy fractions, Ekwiwalent dawki 2 Gy), ktory przy leczeniu rakow
podstawnokomoérkowych powinien by¢ wigkszy niz 56 Gy (43). Historycznie stosowano
brachyterapi¢ niskg mocg dawki (LDR, low dose rate), podajac 60 Gy w obszarze guza, jednak
ze wzgledu na dhugi czas napromieniania metoda ta przestala by¢ stosowana (42).

2.7 Uzasadnienie potaczenia wskazanych publikacji w jeden cykl

Prezentowany cykl prac stanowig trzy jednorodne tematycznie publikacje stanowigce
rozpraw¢ doktorskg dotyczaca brachyterapii w leczeniu raka podstawnokomoérkowego skory.

[1] Pierwsza praca w cyklu pt. ,,“High Dose Rate Brachytherapy in non - melanoma skin
cancer — systematic review” ma charakter przegladowy, podsumowuje dotychczasowa wiedzg
na temat zastosowania brachyterapii HDR w leczeniu rakow skory. Na podstawie analizy
pismiennictwa zestawiono ja z innymi metodami leczenia i dokonano analizy toksycznosci i
skutecznosci tej metody.

[2] W drugiej pracy w cyklu o charakterze oryginalnym pt. “Basal cell carcinoma
treated with High Dose Rate (HDR) brachytherapy — early evaluation of clinical and
dermoscopic patterns during irradiation” opisano wczesng ewolucj¢ obrazu klinicznego i
dermoskopowego rakow podstawnokomorkowych w trakcie brachyterapii, opisano wzorce
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kliniczne 1 dermoskopowe ostrego odczynu popromiennego skory, zbadano  wplyw
radioterapii na cechy dermoskopowe charakterystyczne dla BCC oraz te obserwowane w jego
otoczeniu, zestawiono zaobserwowane zmiany z czynnikami ryzyka.

[3] Trzecia praca pt. “Basal Cell Carcinoma After High Dose Rate Brachytherapy:
Medium-term Dermoscopic Evaluation of Cancer’s Response” jest kontynuacja obserwacji
kliniczno dermoskopowej w okresie 24 tygodni po brachyterapii. Skupia si¢ na zmianach
klinicznych i dermoskopowych po ustgpieniu ostrego skornego odczynu popromiennego,
umozliwiajaC wczesng ocen¢ Skutecznosci przeprowadzonego leczenia i analizuje obraz
dermoskopowy lozy po guzie. Dokonano oceny p6znego odczynu popromiennego z jego
charakterystyka dermoskopowsa.

Nowatorskie aspekty mojej pracy doktorskiej na tle dotychczasowej wiedzy to:

1. Zestawienie skutecznosci brachyterapii HDR z innymi metodami leczenia rakéw skory,
W oparciu 0 najnowsze doniesienia naukowe.

2. Opisanie charakterystycznych cech dermoskopowych rakow podstawnokomoérkowych
poddawanych brachyterapii z uwzglednieniem ich ewolucji w czasie brachyterapii i 6
miesiecy po jej zakonczeniu.

3. Odkrycie i ustalenie cech dermoskopowych lozy po guzie po brachyterapii.

4. OkreSleniec wartoSci  diagnostycznej dermoskopii  w  monitorowaniu  raka
podstawnokomoérkowego u chorych poddanych brachyterapii i obserwacji BCC po tym
leczeniu.
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3. Cele pracy

Zatozeniem cyklu publikacji stanowigcych rozprawe doktorska byto poszerzenie wiedzy na
temat roli brachyterapii w leczeniu rakéw skory, a takze okreslenie roli dermoskopii w moni-
torowaniu tego leczenia.

Celem pracy byt ustalenie:

1. Czy brachyterapia HDR jest skuteczng i dobrze tolerowang metoda leczenia rakow
podstawnokomoérkowych skory na podstawie analizowanej literatury?

2. Czy obserwuje si¢ charakterystyczng ewolucj¢ objawow klinicznych i dermoskopo-
wych rakow podstawnokomorkowych poddawanych brachyterapii?

3. Czy istnieje charakterystyczny obraz lozy po guzie po brachyterapii HDR?

4. Czy obraz kliniczny wczesnego i péznego odczynu popromiennego koresponduje z ob-
razem dermoskopowym otoczenia guza?

4. Material i metody

Pierwsza praca w cyklu publikacji p.t. ,,High Dose Rate Brachytherapy in non - melanoma
skin cancer — systematic review” [1], stanowi przeglad systematyczny literatury dostepnej w
Pubmed oraz Google Scholar na temat skutecznosci brachyterapii HDR w leczeniu rakow
skory. Uzyto klucza wyszukiwania: ((Basal cell carcinoma) OR (squamous cell carcinoma) OR
(non-melanoma skin cancer)) AND (HDR brachytherapy). Wyniki ograniczono do peinych,
oryginalnych prac obejmujacych grupe 0 liczebnosci powyzej 50 chorych oraz okres obserwacji
powyzej 1 roku. Przeglad obejmowat anglojezyczne artykuty petno tekstowe opublikowane od
stycznia 1999 roku do pazdziernika 2021 r.

Kolejne dwie prace oryginalne [2,3] prezentuja wyniki prospektywnego,
nierandomizowanego badania klinicznego ,,Analiza obrazéw kliniczno - dermoskopowych
rakow podstawnokomoérkowych u chorych poddanych brachyterapii”, w kliniczno-
dermoskopowej obserwacji krotkoterminowe;j (3 tygodnie leczenia) oraz srednioterminowe;j (6
miesiecy). Do badania wtaczono chorych poddanych brachyterapii w Zaktadzie Brachyterapii
Narodowego Instytutu Onkologii — Panstwowego Instytutu Badawczego (N1O-PIB) Oddziat w
Gliwicach od lipca 2020 do wrze$nia 2021 roku, z powodu potwierdzonego histopatologicznie
raka podstawnokomorkowego W obrebie gtowy i Szyi.

4.1 Kryteria wtaczenia do badania
- Wiek >18 lat

- Potwierdzony histopatologicznie rak podstawnokomorkowy zlokalizowany w
obszarze skory glowy 0 wymiarze maksymalnym 5 cm i giebokos$ci naciekania ponizej
6 mm.
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- Pozytywna kwalifikacja do brachyterapii zgodnie z protokotem Zaktadu Brachyterapii
NIO Gliwice, opartym o rekomendacje The Groupe Europeen de Curietherapie of the
European Society for Radiotherapy & Oncology (GEC-ESTRO) (35).

- Swiadoma, pisemna zgoda chorego.
4.2. Kryteria wylgczenia z badania

- Brak zgody chorego

- Brak wspotpracy z chorym

- Przebyte leczenie lekami biologicznymi

- Aktywne dermatozy wplywajace na obraz dermoskopowy obszaréow skory poddanych
obserwaciji.

4.3 Protokot brachyterapii w leczeniu rakow skory

Protokot leczenia brachyterapig kontaktowa rakow skory w Zaktadzie Brachyterapii
NIO Gliwice obejmuje podanie dawki catkowitej 45 Gy w 9 frakcjach po 5 Gy 3x w tygodniu
(pon, ér, pt) w obszarze guza wraz z marginesem 5 mm wokaét zmiany. Dawka byta podawana
z powierzchni indywidualnie wykonanego poliakrylamidowego aplikatora, ktory scisle
przylegat do leczonego obszaru. Na jego powierzchni przyklejono dreny do brachyterapii w
odlegtosci 5 — 8 mm od siebie. Z aplikatorem przytozonym do leczonego obszaru wykonywano
tomografi¢ komputerowa, a jej obrazy byly przesylane do systemu planowania leczenia
Oncentra Masterplan (Elekta AB, Sztokholm, Szwecja) celem zaplanowania leczenia. Do
wnetrza drendw aparat HDR wprowadzat zrodto 192Ir podajac dawke z submilimetrowa

precyzja.
4.4. Obserwacja kliniczno — dermoskopowa

Kazda obserwacja chorego dotyczyta oceny kliniczno — dermoskopowej guza, oceny
nasilenia odczynu popromiennego wokot guza w oparciu o zarchiwizowane zdje¢cia. Wykonano
zdjecia makroskopowe (kliniczne) leczonego obszaru wraz z guzem oraz zdjgcie
dermoskopowe guza nowotworowego (w powigkszeniu 10X z uzyciem $wiatla
spolaryzowanego) z ich archiwizacja W sposéb pseudozanimizowany w pamieci komputera.
Do badania uzyto fotodermoskopu DermLite Cam (3Gen, San Juan Capistrano, Kalifornia,
Stany Zjednaczone). Kazda zdj¢cie makroskopowe oceniano pod wzgledem obecnosci (1) lub
braku obecnosci (0) 12 cech Kklinicznych rakéw podstawnokomoérkowych zgodnie z
klasyfikacja  Tognetti (44) w modyfikacji wtasnej. Cechy kliniczne rakow
podstawnokomoérkowych oceniane w pracy drugiej i trzeciej przedstawiono w tabeli 1.
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Tab.1. Cechy kliniczne rakéw podstawnokomorkowych wg klasyfikacji Tognetti w modyfika-
cji wlasnej (44).

Struktury Opis Znaczenie
kliniczne
Rozowe plamy Dobrze odréznicowane rézowe plamy Powierzchowny BCC
Rumieniowe grudki Czerwona grudka Guzkowy BCC
Rumieniowe guzki Czerwony guzek Guzkowy BCC
Perlowe, 1$nigce Przejrzyste grudki Powierzchowny BCC
grudki
Perlowe 1$nigce Przejrzyste guzki Guzkowy BCC
guzki
Bliznopodobna Blaszka koloru kosci stonio- Twardzinopodobny BCC
blaszka wej, przypominajgca blizng
Nadzerka Liczne drobne ogniska deepitelializacji Powierzchowny/guzkowy
BCC
Owrzodzenie Pojedyncze lub liczne, duze Powierzchowny/guzkowy
ognisko martwicy pokryte BCC

krwistym strupem, barwy czer-
wonej do czarnej

Teleangiektazja Duze, poszerzone naczynia Powierzchowny/guzkowy/
twardzinopodobny BCC

Kroétkie naczynia Krotkie, cienkie naczynia Powierzchowny/guzkowy/
twardzinopodobny BCC

Struktury pigmentowane Barwnikowa plama, grudka, guzek Powierzchowny/guzkowy/
twardzinopodobny BCC

Strup/tuska Mate, bragzowo-czerwone, bragzowo- Powierzchowny/guzkowy/
z0lte strupy twardzinopodobny BCC

Obrazy dermoskopowe guzoéw oraz oceniano w kierunku obecnosci (1) lub braku obec-
nosci (0) jednej z 16 cech dermoskopowych rakow podstawnokomorkowych zgodnie z trzecim
konsensusem Migdzynarodowego Towarzystwa Dermoskopii (25) oraz 31 cech nie nowotwo-
rowych zaobserwowanych w otoczeniu guza zgodnie z konsensusem ekspertow Miedzynaro-
dowego Towarzystwa Dermoskopii (45). Cechy dermoskopowe rakow podstawnokomorko-
wych zaprezentowano w tabeli 2. Cechy dermoskopowe nienowotworowe w ocenie popro-
miennego zapalenia skory (radiodermatitis) przedstawiono w tabeli 3.
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Tab.2. Cechy dermoskopowe rakéw podstawnokomorkowych zgodnie z trzecim konsensusem
Mig¢dzynarodowego Towarzystwa Dermoskopii (25).

Cechy Opis Znaczenie
dermoskopowe
Terminologia Terminologia
opisowa metaforyczna
Biale, prostopadie  Léniace biate li-  Krotkie, cienkie linie krzyzujace si¢ pro-  Czerniak, BCC, znami¢ Spitz, derma-
linie nie (dawniej: stopadle tofibroma

chrysalis, chry-
salids, crystal-

line)
Promieniste linie  Obszary liscio- Szaroniebiesko-brgzowe wypustki wy- BCC
wychodzgce 78 podobne chodzace z pigmentowej sieci lub przyle-
wspdlnej podstawy gajacej rozlanej pigmentowej obszary
Linie promieniste  Obszary kota ze Brazowe lub szare linie ostro odgrani- BCC
wywodzgce sig ze szprychami czone wywodzace si¢ Z centralnego
wspolnej punktu
kropki/grudki
Grudki brgzowe Koncentryczne Szare/brgzowe/czarne/niebieskie grud- BCC
lub niebieskie kon- globule kowe struktury z ciemniejszymi obsza-
centryczne rami posrodku
Grudki niebieskie, Niebiesko-szare  Pigmentowane jajowate, dobrze odgrani- BCC

duze, w skupiskach gniazda jajowate czone struktury oddzielone od guza.

Male, niebieskie Niebieskie glo-  Liczne luzno rozrzucone, dobrze odgrani- BCC
grudki bule czone struktury, mniejsze od gniazd.
Grudki, biate, Lsniace, biate Biate struktury w formie koétek, struktur BCC
ISnigce plamy i pasma owalnych albo duze biate, 1$nigce bez-
strukturalne obszary.
Szare kropki Skupione kropki  Drobne, luzno rozrzucone kropki na po- BCC
graniczu skory wiasciwej i naskorka.
Polichromatyczne  Teczowy wzor Obszary wielobarwne uktadajace si¢ w Liczne rozpoznania
obszary bezstruk- kolory teczy
turalne
Niebieskie obszary  Niebiesko-biate ~ Nieregularnie ograniczone, zlewne, nie- Czerniak
bezstruktualne obszary welono-  bieskie struktury z przymglonymi biatymi
podobne polami.
Biafe obszary bez-  Bliznopodobna Biate obszary bezstrukturalne. BCC, widknienie
struktualne depigmentacja
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Naczynia - morfologia

Serpentynowate  Linijne naczynia  Linijne naczynia z licznymi zagigciami BCC, czerniak
z licznymi zagie-
ciami
Linijne Powierzchowne, Telangiektyczne naczynia w warstwie BCC, zapalenie
cienkie naczynia brodawkowatej skory
Monomorficzne Dominuje jeden typ naczyn Liczne rozpoznania
Polimorficzne Rézne typy naczyn Liczne rozpoznania

Naczynia - rozmieszczenie

Rozgalezione Naczynia drzew-  Jasnhoczerwone, wyraznie odgraniczone BCC
kowate naczynia dzielace sie na mniejsze.
Inne
Inne Nadzerki Powierzchowny ubytek naskorka pokryty BCC
strupem
Owrzodzenie Ubytek naskorka pokryty lub niepokryty Rézne rozpoznania
strupem.

Tab. 3. Cechy nienowotworowe opisane w otoczeniu guza zgodnie z konsensusem ekspertow
Miedzynarodowego Towarzystwa Dermoskopii (45).

Cecha dermoskopowa

Naczynia Morfologia: Rozmieszczenie:
- kropkowane - rOwnomierne
- linijne - skupione
- linijne rozgalezione - obwodowo
- linijne zakrzywione - siateczkowe
- niespecyficzne
Luska Kolor: Rozmieszczenie:
- biata - rozsiana
- z0Mta - centralna
- brazowa - obwodowa
- plamista
Zmiany mieszkowe czopy mieszkowe

czerwone kropki mieszkowe
biate zabarwienie okotomiesz-

kowe
pigmentacja okotomieszkowa
Inne struktury Kolor: Morfologia:
- biaty - bezstrukturalna
- 701ty - kropki lub grudki
- brazowy - linie
- szary - kota
- niebieski
- pomaranczowy
- fioletowy
- teczowy
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Obserwacje kliniczne oraz dermoskopowe byly wykonywane przeze mnie oraz
poddawane niezaleznej kontroli (G. K-W).

W pierwszej pracy badawczej pt.:” Basal cell carcinoma treated with High Dose Rate
(HDR) brachytherapy — early evaluation of clinical and dermoscopic patterns during
irradiation” [2], w grupie 23 chorych skupiono si¢ na ocenie ewolucji cech klinicznych oraz
dermoskopowych rakow podstawnokomorkowych w trakcie brachyterapii. Pierwsza oceng (t1)
dokonywano przed rozpoczeciem leczenia (dzien 1). Kolejne (t2-19) przed kazda kolejna
frakcja brachyterapii - frakcje byty podawane co drugi dzien — pierwsza w poniedziatek, tacznie
przez 19 dni (t2-dzien 3, t3 — dzien 5, t4- dzien 8, t5 — dzien 10, t6 — dzien 12, t7 — dzien 15, t6
—dzien 17, t9 — dzien 19). Uzyskano 603 obrazy dermoskopowe, przeanalizowano bazg danych
21526 cech klinicznych i dermoskopowych charakterystycznych dla BCC oraz
nienowotworowych cech w otoczeniu guza celem oceny ostrego odczynu popromiennego.
Kazdorazowej oceny dokonywano zgodnie z metodyka badania.

W drugiej pracy oryginalnej pt.: “Basal Cell Carcinoma After High Dose Rate
Brachytherapy: Medium-term Dermoscopic Evaluation of Cancer’s Response” [3],
zaprezentowano wyniki obserwacji 39 chorych. Obserwacje prowadzono w trzech punktach
kontrolnych — przed rozpoczeciem leczenia (t1- dzien 1), przy ostatniej frakcji brachyterapii
(t2- dzien 19) oraz 24 tygodnie po zakonczeniu leczenia (t3). Cechy Kliniczne oraz
dermoskopowe byty oceniane zgodnie z metodyka badania. Uzyskano 603 obrazy kliniczne i
dermoskopowe, utworzono baz¢ danych 12088 cech Kklinicznych i dermoskopowych
charakterystycznych dla BCC oraz nienowotworowych cech w okolicy guza.

4.5. Analiza statystyczna

W koncowej analizie uzytem standardowych metod statystycznych. Jednoczynnikowa
regresja logistyczna zostata wykorzystana do oceny wptywu frakcji brachyterapii na cechy
kliniczne oraz dermoskopowe rakow podstawnokomorkowych. Do oceny wplywu wykrytych
czynnikoéw ryzyka na zmiany nowotworowe oraz nienowotworowe uzytem wieloczynnikowej
regresji logistycznej porzadkowej (ze wzgledu na porzadkowsa skale nasilenia odpowiedzi
klinicznej). Wyniki wytonionych efektow statystycznych zostaly wyrazone klasycznie przy
pomocy ilorazu szans z 95% przedziatem ufnosci oraz statystyka testowa p. Jednoczesnie
zastosowatem poprawke Bonferroniego do korekty wartosci p.

4.6. Komisja bioetyczna

Badanie uzyskato zgod¢ Komisji Bioetycznej Narodowego Instytutu Onkologii im. Marii
Sktodowskiej — Curie Panstwowego Instytutu Badawczego oddziat Gliwice (sygn. KB/430-
41/20). Badanie przeprowadzono zgodnie z Deklaracje Helsinskg z 1964r. i jej pdzniejszymi
zmianami. Wszyscy chorzy wyrazili $wiadoma pisemng zgode na udzial w badaniu i publikacje.
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5. Oméwienie wynikow publikacji wehodzacych w sklad rozprawy doktorskiej

W pierwszej pracy w cyklu pt. ,,“High Dose Rate Brachytherapy in non - melanoma skin
cancer — systematic review” [1] wykonano przeglad systematyczny baz danych Pubmed oraz
Google Scholar, w poszukiwaniu wynikow leczenia rakow skoéry za pomocg brachyterapii
HDR. Uzyto stow kluczowych jako kryteriow wyszukiwania: ,,((basal cell carcinoma) OR
(squamous cell carcinoma) OR (non- melanoma skin cancer)) AND (HDR brachytherapy)”.
Znaleziono 1357 artykulow — 257 w bazie Pubmed, 1100 w bazie Google Scholar. Analizg
artykutdow ograniczono do oryginalnych artykutow opublikowanych w jezyku angielskim,
prezentujacych wyniki leczenia grupy chorych o liczebno$ci powyzej 50 chorych oraz
obserwacjami dtuzszymi niz 1 rok. Czternascie artykutéw opublikowanych w latach 1999-
2021 spetnito kryteria wlaczenia do analizy. Wszystkie artykuty stanowity prace oryginale o
charakterze jednoosrodkowym, prospektywnym (5) i retrospektywnym (9) o charakterze
nierandomizowanym, Zakwalifikowano je jako dowody naukowe na poziomie 3 zgodnie z
Oxford Centre for Evidence-Based Medicine Levels of Evidence (24). W sumie we wszystkich
badaniach wzigto udzial 2403 chorych. Srednia kontrola miejscowa (local control, LC)
wyniosta 91,2% (pomiedzy 71% a 99%). Warto zwrdoci¢é uwage na heterogennosé
prezentowanych badan — uzyto r6znych schematow frakcjonowania (czesto nawet w jednym
badaniu uzywano kilku), roznych typoéw aplikatoréw, a uzycie indywidualnych aplikatoréw
byto bardzo rzadkie. Mimo to uzyskano wysoka kontrole miejscowa przy raportowanym
dobrym lub bardzo dobrym efekcie kosmetycznym. Zestawiono uzyskane wyniki skutecznos$ci
z ostatnimi metaanalizami dotyczacymi wynikow leczenia rakéw skory za pomocg
promieniowania, ktore wykazaty podobny odsetek wyleczen miejscowych jak prezentowane
prace. Badania poréwnujace skutecznosc¢ teleradioterapii (EBRT — External beam radiotherapy)
I brachyterapii wykazaly poréwnywalng skuteczno$¢ obu metod, przy lepszym efekcie
kosmetycznym brachyterapii. Zaprezentowano takze wyniki poréwnan pomigdzy chirurgia
oraz radioterapia, wykazujac wysoka i porownywalng skutecznos¢ leczenia za pomoca obu
metod.

Tylko w 5 z analizowanych badan w sposob szczegdtowy raportowano ostry odczyn
popromienny — dominowat ostry odczyn w stopniu (grade, G) G1 i G2 zgodnie z Radiation
Therapy Oncology Group and the European Organization for Research and Treatment of
Cancer (RTOG/EORTC (46), a najczestsze efekty uboczne leczenia ograniczone byty do skory
W bezposredniej okolicy guza. Wigkszos¢ badan raportowata p6zny odczyn popromienny — byt
on ograniczony do stopnia G1 i G2 (wg RTOG/EORTC), a dominujagcym objawem byto
odbarwienie i teleangiektazje. Zgtoszono kilka ostrych odczynéw skornych w stopniu G3 i G4
— zwigzane byly ze stosowaniem wysokich dawek frakcyjnych, w rejonach stabo
unaczynionych, u osob starszych, ze wspdtistniejagcymi chorobami upos$ledzajgcymi
mikrokrgzenie (np. cukrzyca), u tych osob raportowano réwniez przewlekte owrzodzenie.

Podsumowujac brachyterapia HDR wydaje si¢ by¢ wysoce skuteczng metodg leczenia, nie
ustepujaca chirurgii, przy niskim odsetku wczesnej i p6znej toksycznosci skorne;.
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W drugiej pracy wiaczonej do cyklu publikacji stanowigcej rozprawe doktorska, pierwszej
pracy oryginalnej pt. ,,Basal cell carcinoma treated with High Dose Rate (HDR) brachytherapy
— early evaluation of clinical and dermoscopic patterns during irradiation” [2] przeprowadzono
obserwacje kliniczne i dermoskopowe przed brachyterapia i w trakcie leczenia zgodnie z
metodyka badania. Przyktadowa ewolucje¢ cech klinicznych raka podstawnokomorkowego w
trakcie brachyterapii HDR przedstawia rycina 3.

Ryc. 3. Prezentacja ewolucji cech klinicznych raka podstawnokomorkowego typ guzkowy u
83 letniego chorego w trakcie brachyterapii HDR. A — guz przed leczeniem (t1, dzien 1), wi-
doczny czerwony guzek, krotkie naczynia, teleangiektazje. B-1 (dzien 3-15, t2-t9) — stopniowa
destrukcja guza. Nadzerka pojawiajgca si¢ przy czwartej frakcji (D, dzien 8, t4), rosnaca (E, F,
dni 10,12, t5,6), ktora przechodzi w owrzodzenie (G, dzien 15), naczynia znikajg przy 6 frakcji
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(F, dzien 17), strup pojawia si¢ przy 7 frakcji (G, dzien 15, t7). Ostatecznie owrzodzenie obej-
muje loz¢ po guzie i jej okolicg, pokryte zotto-brazowa tuska i krwistym strupem (I, dzien 19,
t9).

Ewolucje cech dermoskopowych w trakcie brachyterapii w/w chorego prezentuje rycina 4.

Ryc. 4. Prezentacja ewolucji cech dermoskopowych raka podstawnokomorkowego typ
guzkowy u 83 letniego chorego w trakcie brachyterapii HDR. A — obraz przed leczeniem (t1-
dzien 1), uwidoczniono prostopadte biate linie, biate obszary bezstrukturalne, biate, 1$nigce
grudki, mate, niebieskie grudki i towarzyszace im polimorficzne naczynia linijne, drzewkowate
i serpentynowate. W trakcie leczenia (B,C, t2,t3) wspomniane struktury pozostaja widoczne.
D-1 (t2-t9, dzien 3-19) — postepujacy rozpad guza, ze stopniowym zanikaniem struktur
dermoskopowych i tworzeniem owrzodzenia.

Oceniono baze danych 21526 klinicznych i dermoskopowych obserwacji. Jednowarian-
towa regresja logistyczna z efektami losowymi udowodnita, ze kazda frakcja brachyterapii
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zmniejsza prawdopodobienstwo zaobserwowania struktur dermoskopowych charakterystycz-
nych dla BCC. Jednocze$nie zwigksza ryzyko obserwacji klinicznej i dermoskopowej owrzo-
dzenia, co jest zrozumiatym efektem rozpadu guza. Ponadto regresja cech dermoskopowych
guza jest bardziej wyrazona niz cech nienowotworowych. Wielowariantowa regresja logi-
styczna porzadkowa udowodnita dodatnig korelacje pomig¢dzy nasileniem regresji cech klinicz-
nych i dermoskopowych raka a wiekiem chorych, co przektada si¢ na wniosek, ze starsi pa-
cjenci odpowiadajg lepiej na leczenie. Nie udowodniono tej cechy dla zmian dermoskopowych
nienowotworowych.

Podsumowujac, brachyterapia zmniejsza liczbe cech klinicznych i dermoskopowych raka
podstawnokomorkowego, efekt jest bardziej wyrazony u oséb starszych.

W trzeciej pracy cyklu publikacji stanowigcych rozprawe doktorska, drugiej pracy ory-
ginalnej pt. ,,Basal Cell Carcinoma After High Dose Rate Brachytherapy: Medium-term Der-
moscopic Evaluation of Cancer’s Response” [3] obserwowano 39 chorych zgodnie z metodyka
badania.

Obraz kliniczny guzow przed leczeniem byt zdominowany przez nadzerkg lub owrzo-
dzenie (30/39 chorych), tuske lub strup (29/39), krotkie naczynia (20/39), blaszke bliznopo-
dobng (19/39), teleangiektazje (17/39). Plamy, grudki lub guzki byty obecne w 15 przypadkach
na 39. Ewolucja kliniczna po leczeniu (t2) polegata na zwigkszonej liczbie obserwacji owrzo-
dzenia (36/39) i regresji liczby cech klinicznych BCC — krotkie naczynia i teleangiektazje byty
obecne u 26 chorych. Liczba plam, grudek i guzkéw zmniejszyta si¢ do 3/39, a tuska do 19/39.
Sze$¢ miesigey po zakonczeniu leczenia (t3) zaobserwowano jedng nadzerke w miejscu leczo-
nym (chory podaje uraz kilka dni przed wizyta kontrolng). Teleangiektazje i krotkie naczynia
byty obecne u 15 chorych. Liczba plam, grudek i guzkéw wyniosta 3. Niewielka ilos¢ tuski
obecna byta u 9 chorych. Przyktadowa ewolucje cech klinicznych przedstawiono na rycinie 5.
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Ryc.5. Obraz kliniczny trzech chorych z rozpoznanymi rakami podstawnokomoérkowymi: przed
leczeniem (t1- dzien 1, A,D,G), obraz po leczeniu (t2 - dzien 19, B,E,H) oraz 24 tygodnie po
leczeniu (t3, C,F,1). Obrazy prezentujg rozne podtypy BCC — wznowg pooperacyjng, podtyp
naciekajacy (A), owrzodziaty podtyp guzkowy (D), podtyp guzkowy (G). Po leczeniu u szczytu
ostrego odczynu popromiennego w lozy po guzie tworzy si¢ owrzodzenie, a w otoczeniu guza
obserwuje si¢ odczyn w stopniu G2 (B,E,H). Po 24 tygodniach, w lozy po guzie nie obserwuje
si¢ cech klinicznych BCC (C,F,1), utrzymuje si¢ jedynie strup (1).

Dermoskopowo obraz przed leczeniem (t1) byt zdominowany przez biate i niebieskie
obszary bezstrukturalne, nadzerki i owrzodzenia (33/39 chorych). Linijne, polimorficzne,
drzewkowate oraz serpentynowe naczynia zaobserwowano u 30 chorych. Na koniec leczenia
(t2) zmniejszyta si¢ liczba linijnych i polimorficznych naczyn (17/39) oraz niebieskich obsza-
row bezstruktualnych (24/39). 24 tygodnie po leczeniu (t3) dominujagcym obrazem byty rozle-
gle biate obszary bezstrukturalne (32/39 chorych — obraz tworzacej sie blizny) oraz polichro-
matyczne obszary bezstrukturalne (8/39). Cienkie, monomorficzne, linijne naczynia domino-
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waty (29/39 chorych — widoczna sie¢ naczyniowa glebszych warstw skory pod depigmento-
wang powierzchnig), a polimorficzne, naczynia drzewkowate utrzymaty si¢ u 2 chorych. Nie
zaobserwowano nadzerek | owrzodzen. Przyktadowa ewolucje zmian dermoskopowych zapre-
zentowano na rycinie 6.

Ryc. 6. Dermoskopowy obraz BCC u chorych poddanych brachyterapii: przed leczeniem (t1-
dzien 1, A,D,G), po zakonczeniu leczenia (t2 — dzien 19, B,E,H) oraz 24 tygodnie po leczeniu
(t3, C,F,I). Obraz A: wznowa pooperacyjna, obraz zdominowany przez owrzodzenie. Obraz D:
podtyp guzkowy, uwidoczniono szare kropki, polimorficzne linijne naczynia o uktadzie drzew-
kowatym i serpentynowate, biate i rozowe obszary bezstrukturalne. Obraz G: podtyp guzkowy
BCC z widocznymi biatymi i polichromatycznymi obszarami bezstrukturalnymi, polimorficz-
nymi naczyniami linijnymi. Cechy dermoskopowe BCC zanikajg po leczeniu z wytworzeniem
owrzodzenia (B,E,H). DwadzieScia cztery tygodnie po brachyterapii wiekszo$¢ cech dermo-
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skopowych BCC zanika. Uwidocznione teleangiektazje (C,F) jako ceche poznego odczynu po-
promiennego oraz biate i rézowe obszary bezstrukturalne w lozy, prawdopodobnie jako wyraz
tworzacej sie blizny.

W trakcie leczenia zaobserwowano ostry odczyn popromienny o nasileniu (wg
RTOG/EORTC): G1 (30/39), G2 (4/39), G3 (4/39), G4 (1/39). Po brachyterapii odczyn popro-
mienny oceniono (wg RTOG/EORTC) w stopniu: GO (8/39), G1 (25/39), G2 (6/39).

Jednowariantowa regresja logistyczna z efektami losowymi udowodnita, ze wraz ze
wzrostem wielko$ci guza wzrasta prawdopodobienstwo klinicznego wystapienia teleangiekta-
zji, krotkich naczyn i dermoskopowej obserwacji polichromatycznych obszaréw bezstruktural-
nych. Ponadto wraz z kolejnymi obserwacjami (t1-t3) obniza si¢ prawdopodobienstwo obecno-
$ci cech dermoskopowych charakterystycznych dla raka podstawnokomorkowego, jak rowniez
nienowotworowych cech dermoskopowych (prawdopodobnie w wyniku tworzenia si¢ blizny
w lozy po guzie). Loza po guzie 24 tygodnie po zakonczeniu leczenia ma obraz rozlegtego
obszaru bezstrukturalnego z obecnoscig monomorficznych, linijnych naczyn, co odpowiada de-
pigmentacji i wioknieniu w tym obszarze.

Podsumowujac - zmiany w cechach klinicznych i dermoskopowych maja przetozenie
na klinicznie obserwowang ewolucj¢ regresji guza oraz odczynu popromiennego. Loza po guzie
wykazuje rowniez charakterystyczny obraz.
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6. Whnioski

1. Brachyterapia HDR wydaje si¢ by¢ metoda leczenia o wysokiej skutecznosci oraz
zapewniajgca bardzo dobry efekt kosmetyczny.
2. Brachyterapia HDR zmniejsza liczbe klinicznych oraz dermoskopowych cech cha-
rakterystycznych dla rakéw podstawnokomorkowych:
a) regresji ulega liczba struktur dermoskopowych: naczyn, obszarow bezstruk-
turalnych charakterystycznych dla guza, a w ich miejscu pojawia si¢ owrzodze-
nie.
b) regresja liczby cech dermoskopowych jest bardziej wyrazona dla zmian cha-
rakterystycznych dla raka podstawnokomoérkowego niz dla zmian dermoskopo-
wych nienowotworowych.
c) regresja cech klinicznych charakterystycznych dla raka podstawnokomorko-
wego koresponduje z regresja cech dermoskopowych.
d) efekt regresji zmian klinicznych i dermoskopowych jest silniej wyrazony u
0sob starszych.
e) efekt regresji zmian klinicznych i dermoskopowych charakterystycznych dla
raka podstawnokomorkowego jest trwaty i utrzymuje sie po 24 tygodniach.
3. Loza po brachyterapii rakéw podstawnokomorkowych ma charakterystyczny obraz
zdominowany przez rozlegty obszar bezstrukturalny z cienkimi monomorficznymi na-
czyniami linijnymi.
4. Ewolucja kliniczna ostrego oraz péznego odczynu popromiennego koresponduje z
ewolucja nienowotworowych cech dermoskopowych w otoczeniu leczonego guza — cat-
kowitej regresji ulegaja cechy dermoskopowe charakterystyczne dla BCC, jak rowniez
nienowotworowe.
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7. Streszczenie w jezyku angielskim

Introduction: Basal cell carcinoma (BCC) is the most frequent malignancy in the Cauca-
sian population. It’s characterized by slow progression, local growth, and low mortality. Most
of the lesions (up to 80%) are located on the head and neck region (of which 90% on the face).
Diagnosis is based on anamnesis, clinical examination, and pathological confirmation.

Dermoscopy (epiluminescence microscopy, skin surface microscopy) is a diagnostic tool
for in vivo examination of dermal and epidermis structures. It provides a bridge between clinical
examination and pathological assessment. This non-invasive, painless technique allows to ob-
serve skin lesions in tenfold magnification in polarized light. It’s easy, repetitive, and allows to
archive obtained images for further assessment.

Skin surface high dose rate (HDR) brachytherapy (BT) is an organ-sparing treatment
method utilizing radioactive sources placed over neoplastic tumors in strictly programmed mat-
ter. A prescribed radiation dose is delivered to the tumor. To increase precision during skin
irradiation individual mold applicators are produced, strictly reflecting the irradiated area, and
computed tomography and treatment planning systems are used.

The first aim of this study was to analyze the literature concerning the efficacy of HDR brachy-
therapy in the treatment of non-melanoma skin cancers (NMSCs). Secondarily prospective non-
randomized clinical trial was designed. Its goal was to monitor clinical and dermoscopic
changes in basal cell carcinomas undergoing brachytherapy with subsequent post-treatment as-
sessment and radiation toxicity analysis.

Materials and methods: The first study of the doctoral dissertation named: ,,High Dose Rate
Brachytherapy in non - melanoma skin cancer — Systematic Review” summarizes current liter-
ature found in Pubmed and Google Scholar databases concerning the efficacy of HDR brachy-
therapy in the treatment of NMSCs. Search phrase used: (Basal cell carcinoma) OR (squamous
cell carcinoma) OR (non-melanoma skin cancer)) AND (HDR brachytherapy). Results were
limited to full-text articles with study groups above 50 patients and observation periods above
1 year. The review contains articles published between 1999 and 2021 years.

Subsequent studies present results of a prospective clinical trial named “The analysis of clinical
and dermoscopic images of basal cell carcinomas undergoing brachytherapy”. The study in-
cluded patients of the Brachytherapy Department of The National Institute of Oncology in Gli-
wice, suffering from basal cell carcinomas of the head and neck treated from July 2020 to Oc-
tober 2021. Patients disqualified from surgery were qualified for surface contact HDR brachy-
therapy. A total dose of 45 Gy was delivered into the tumor in nine 5 Gy fractions, three times
a week. The total treatment time was 19 days. Subsequently, patients were followed up post
treatment 2 weeks post treatment, 6 weeks post treatment, 3, 6, 12 months post treatment, and
then yearly. Clinical (macroscopic) and dermoscopic (microscopic) photographic observation
was obtained before treatment, and before every BT fraction. Each macroscopic photograph
was examined towards presence (1) or absence (0) of twelve clinical features according to
Tognetti classification (in own modification). Dermoscopic photographs were examined to-
wards presence (1) or absence (0) of 61 dermoscopic features characteristic for BCC according
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to the third consensus of the International Dermoscopic Society as well as 31 non-neoplastic
features according to the International Dermoscopic Society expert consensus. All observations
were performed by two independent dermoscopists (TK and G K-W).

The second study of the doctoral dissertation named “Basal cell carcinoma treated with High
Dose Rate (HDR) brachytherapy — early evaluation of clinical and dermoscopic patterns during
irradiation”, presents the results of 23 patients observed during brachytherapy. The first obser-
vation (t1-day 1) was performed before treatment. Subsequent observations (t2-t9 — day 3-19)
before every treatment fraction. A database of 21526 clinical and dermoscopic features was
analyzed. Every analysis was performed according to the methodology of the study.

The third study of the doctoral dissertation named “Basal Cell Carcinoma After High Dose Rate
Brachytherapy: Medium-term Dermoscopic Evaluation of Cancer’s Response” presents results
obtained from a group of 39 patients. Observations were performed according to study meth-
odology in three control points — before treatment (t1-day 1), at the last fraction of brachy-
therapy (t2- day 19), and 24 weeks after treatment (t3).

Statistical analysis for the second and third study was performed using R platform (R core team.
R: A Language and Environment for Statistical Computing). Standard statistical tools were
used. Univariate logistic regression with random effects was applied to evaluate the impact of
the analyzed risk factors on clinical and dermoscopic features. Outcomes were expressed by a
classic odds ratio (OR) together with 95% confidence interval (95% CI) and a p-value. P-values
were adjusted using Bonferroni correction.

Results: In the first study of the doctoral dissertation named “High Dose Rate Brachy-
therapy in non - melanoma skin cancer — systematic review”, 14 articles out of 227 search
results met the inclusion criteria. In the analyzed material 2403 patients received HDR brachy-
therapy for NMSC'’s. Local control was between 71% and 99%. The reported cosmetic effect
was good or very good. Results were cross referenced with recent metaanalyses comparing
brachytherapy to surgical excision, Mohs surgery and external beam radiotherapy. Main side
effect of brachytherapy is radiodermatitis.

In the second study of the doctoral dissertation named “Basal cell carcinoma treated
with High Dose Rate (HDR) brachytherapy — early evaluation of clinical and dermoscopic pat-
terns during irradiation”, univariate logistic regression proved decreasing number of clinical
and dermoscopic features typical for basal cell carcinomas with every fraction of brachy-
therapy. The effect was more pronounced for features typical for BCC compared to non-neo-
plastic features. Multivariate ordinal logistic model showed positive correlation between pa-
tients age and response to treatment — that may lead to conclusion that older patients respond
better to treatment.

In the third study of the doctoral dissertation named “Basal Cell Carcinoma After High
Dose Rate Brachytherapy: Medium-term Dermoscopic Evaluation of Cancer’s Response”, all
patients achieved total clinical and dermoscopic remission of tumor (39/39). Univariate logistic
regression proved that brachytherapy decreases the number of clinical and dermoscopic features
typical for BCC’s, as well as non-neoplastic features, probably due to formation of scar in

28



treated area. A positive correlation between tumor size and expression of BCC’s dermoscopic
features was also proved. A characteristic image of post treatment tumor bed was observed —
large white structureless area with thin monomorphic liner vessels.

Conclusions:

1. HDR brachytherapy appears as effective treatment method providing good cosmetic
outcome.
2. HDR brachytherapy decreases number of clinical and dermoscopic features of BCCs:
a) Number of dermoscopic features, vessels and structureless zones decreases and
ulceration is formed in the tumor bed.
b) HDR brachytherapy decreases number of dermoscopic features characteristic for
BCC more over non-neoplastic features.
c) Regression of clinical feature of BCC corresponds with regression of dermoscopic
BCC features.
d) BCC dermoscopic features decrease after HDR brachytherapy is more pronounced
among older patients.
e) Regression of clinical and dermoscopic features remains stable after 24 weeks.
3. Tumor bed has characteristic image dominated by large white structureless zone with
thin monomorphic linear vessels.
4. Clinical evolution of acute and late radiodermatitis corresponds with evolution of non-
neoplastic dermoscopic features of tumor surroundings — complete regression of
dermoscopic BCC and non-neoplastic features is observed.

8. Slowa kluczowe w jezyku angielskim

Basal cell carcinoma, HDR brachytherapy, dermoscopy, dermatooncology
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9. Wykaz skrétow

192Ir — Iryd 192

ABS — American Brachytherapy Society, Amerykanskie Towarzystwo Brachyterapii
BCC — basal cell carcinoma, rak podstawnokomorkowy

BT — brachytherapy, brachyterapia

EBRT — external beam radiotherapy, teleradioterapia

EQD2 — Equivalent dose in 2 Gy fractions, ekwiwalent dawki we frakcjach 2 Gy

GEC ESTRO - The Groupe Européen de Curiethérapie of the European Society for
Radiotherapy & Oncology, Europejska Grupa Brachyterapii Europejskiego Towarzystwa
Radioterapii i Onkologii

HDR - high dose rate, brachyterapia wysoka mocg dawki

LC — local control, kontrola miejscowa

LDR — low dose rate, niska moc dawki

NCCN — National Comprehensive Cancer Network

NMSC — non melanoma skin cancer, niebarwnikowy rak skory

OCT - optical coherence tomography, optyczna koherentna tomografia
PTCHL1 — Patched 1, gen Patched 1

PTD — photodynamic therapy, terapia fotodynamiczna

RCM - reflectance confocal microscopy, refleksyjna mikroskopia konfokalna

RTOG / EORTC - Radiation Therapy Oncology Group and the European Organization for
Research and Treatment of Cancer, Grupa Radioterapii Onkologicznej i Europejskiej Or-
ganizacji Badan i Leczenia Raka

SCC - squamous cell carcinoma, rak ptaskonabtonkowy
SHH - Sonic Hedgehog Homolog

SHh — Sonic Hedgehog, szlak sygnatowy Sonic Hedgehog
SMO - Smoothened, gen Smoothened

UVR - ultraviolet radiation, promieniowanie ultrafioletowe

WHO — World Health Organization, Swiatowa Organizacja Zdrowia
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10. Spis rycin

Rycina 1. Obraz kliniczny rakow podstawnokomorkowych (basal cell carcinoma, BCC): A:
Podtyp guzkowy (nodular) prezentujacy si¢ jako czerwony guzek z nadzerkg i zotto-Krwistym
strupem. B: Podtyp powierzchowny (superficial) — dobrze odgraniczona plama. C: Podtyp
naciekajacy (infiltrating) — nacieczona blaszka, pokryta tuska i1 strupem. D: Podtyp
twardzinopodobny (morpheaform) — widoczny jako bliznopodobna blaszka.

Rycina 2. Obraz dermoskopowy rakdéw podstawnokomérkowych: A - podtyp
histopatologiczny guzkowy z centralnym owrzodzeniem, biatymi obszarami bezstrukturalnymi
na obwodzie oraz naczyniami serpentynowatymi. B — podtyp barwnikowy — widoczne
prostopadle biate linie, brazowe grudki, nadzerka, biate obszary bezstrukturalne. C — podtyp
mikroguzkowy — uwidoczniono polimorficzne naczynia o uktadzie drzewkowatym, biale i
wielokolorowe obszary bezstrukturalne, niebieskie grudki. D — podtyp powierzchowny.
Uwidoczniono prostopadte biate linie, szare kropki, biate, rozowe obszary bezstrukturalne,
linijne monomorficzne naczynia o0 ukladzie drzewkowatym. E — typ naciekajacy —
uwidoczniony jako rozlegte owrzodzenie z biatymi obszarami bezpostaciowymi na obwodzie.
F — typ twardzinopodobny, z widocznymi polimorficznymi naczyniami o ukladzie
drzewkowatym oraz biatymi obszarami bezstrukturalnymi, a takze szarymi kropkami.

Rycina 3. Prezentacja ewolucji cech klinicznych raka podstawnokomoérkowego typ guzkowy
u 83 letniego chorego w trakcie brachyterapii HDR. A — guz przed leczeniem (t1, dzien 1),
widoczny czerwony guzek, krotkie naczynia, teleangiektazje. B-1 (dzien 3-15, t2-t9) — stop-
niowa destrukcja guza. Nadzerka pojawiajaca si¢ przy czwartej frakcji (D, dzien 8, t4), rosngca
(E, F, dni 10,12, t5,6), ktora przechodzi w owrzodzenie (G, dzien 15), naczynia znikajg przy 6
frakcji (F, dzien 17), strup pojawia si¢ przy 7 frakcji (G, dzien 15, t7). Ostatecznie owrzodzenie
obejmuje loze po guzie i jej okolice, pokryte zotto-brazows tuska i krwistym strupem (I, dzien
19, 19).

Rycina 4. Prezentacja ewolucji cech dermoskopowych raka podstawnokomoérkowego typ
guzkowy u 83 letniego chorego w trakcie brachyterapii HDR. A — obraz przed leczeniem (t1-
dzien 1), uwidoczniono prostopadte biate linie, biate obszary bezstrukturalne, biate, 1$nigce
grudki, mate, niebieskie grudki i towarzyszace im polimorficzne naczynia linijne, drzewkowate
i serpentynowate. W trakcie leczenia (B,C, t2,t3) wspomniane struktury pozostaja widoczne.
D-l (t2-t9, dzien 3-19) — postepujacy rozpad guza, ze stopniowym zanikaniem struktur
dermoskopowych i tworzeniem owrzodzenia.

Rycina 5. Obraz kliniczny trzech chorych z rozpoznanymi rakami podstawnokomorkowymi:
przed leczeniem (t1- dzien 1, A,D,G), obraz po leczeniu (t2 - dzien 19, B,E,H) oraz 24 tygodnie
po leczeniu (t3, C,F,1). Obrazy prezentujg rozne podtypy BCC — wznowe pooperacyjng, podtyp
naciekajacy (A), owrzodzialy podtyp guzkowy (D), podtyp guzkowy (G). Po leczeniu u szczytu
ostrego odczynu popromiennego w lozy po guzie tworzy si¢ owrzodzenie, a w otoczeniu guza
obserwuje si¢ odczyn w stopniu G2 (B,E,H). Po 24 tygodniach, w lozy po guzie nie obserwuje
si¢ cech klinicznych BCC (C,F,1), utrzymuje sig jedynie strup (1).
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Rycina 6. Dermoskopowy obraz BCC u chorych poddanych brachyterapii: przed leczeniem
(t1- dzien 1, A,D,G), po zakonczeniu leczenia (t2 — dzien 19, B,E,H) oraz 24 tygodnie po le-
czeniu (t3, C,F,I). Obraz A: wznowa pooperacyjna, obraz zdominowany przez owrzodzenie.
Obraz D: podtyp guzkowy, uwidoczniono szare kropki, polimorficzne linijne naczynia o ukta-
dzie drzewkowatym i serpentynowatym, biate i ro6zowe obszary bezstrukturalne. Obraz G: pod-
typ guzkowy BCC z widocznymi biatymi i polichromatycznymi obszarami bezstrukturalnymi,
polimorficznymi naczyniami linijnymi. Cechy dermoskopowe BCC zanikajg po leczeniu z wy-
tworzeniem owrzodzenia (B,E,H). Dwadzie$cia cztery tygodnie po brachyterapii wigkszo$¢
cech dermoskopowych BCC zanika. Uwidocznione teleangiektazje (C,F) jako ceche pdznego
odczynu popromiennego oraz biate i r6zowe obszary bezstrukturalne w lozy, prawdopodobnie
jako wyraz tworzacej sie blizny.

11. Spis tabel

Tabela 1. Cechy kliniczne rakéw podstawnokomoérkowych wg klasyfikacji Tognetti w mody-
fikacji wtasnej (44).

Tabela 2. Cechy dermoskopowe rakow podstawnokomorkowych zgodnie z trzecim konsensu-
sem Miedzynarodowego Towarzystwa Dermoskopii (25).

Tabela 3. Cechy nienowotworowe opisane w otoczeniu guza zgodnie z konsensusem eksper-
tow Migdzynarodowego Towarzystwa Dermoskopii (45).
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1 | INTRODUCTION

| Grazyna Kamiriska-Winciorek? | Aleksandra Pilsniak®* |

Abstract

Nonmelanoma skin cancers (NMSCs} are the most common malignancies world-
wide. Millions of new cases every year present challenge to healthcare systems.
Recent years brought numerous new data concerning high dose rate (HDR}
brachytherapy (BT} as treatment option for NMSCs. International guidelines do
not recognize BT as a method of choice given lack of randomized trials, however
many prospective and retrospective studies show promising results. Aim of the
study was to present the efficacy of HDR BT, with analysis of its safety and
adverse effects based on review of the English published medical full-text papers.
Literature review of 13 articles published between 1999 and 2021 was per-
formed. Pubmed and Google Scholar databases were searched on October 2021
using keywords: ([Basal cell carcinoma] OR [squamous cell carcinoma] OR [non-
melanoma skin cancer]} AND (HDR brachytherapy). Fourteen full-text English arti-
cles with follow up over 1 year and study group over 50 patients were included
into analysis. In analyzed material, 2403 patients received HDR BT. Local control
varied between 71% and 99%.Dominant reported cosmetic effect was good or
very good. Results were cross-referenced with recent meta-analyses comparing
BT to surgical excision, Mohs microsurgery and external beam radiotherapy.
Radiodermitis is the main adverse effect of radiation treatment during and after
radiotherapy. HDR BT emerges as potentially noninferior treatment method pro-
viding very good reported cosmetic outcomes.

KEYWORDS
basal cell carcinoma, brachytherapy, cosmesis, efficacy, nonmelanoma skin cancer

worldwide because of population aging and growing popularity of

sunbathing. Fair skin, age and high sun exposure are confirmed risk

Basal cell and squamous cell carcinomas, collectively known as non-
melanoma skin cancers (NMSC) are the most common malignancies
worldwide.” It is estimated that occurrence of NMSCs outnumbers
other cancers altogether—in USA alone. It is about 2 million new cases
per year. Statistics are mostly under evaluated, because of low report
rate, many multiple medical and paramedical specialties addressing
the subject of treating them.’™® Number of cases is still increasing

factors associated with occurrence of NMSCs.* Lesions are generally
slow growing, locally aggressive, they rarely metastasize and have high
5-year survival rate (up to 90%).>*° Basal cell carcinoma (BCC) is most
common type of NMSCs has a lower tendency to metastasize com-
paring to squamous cell carcinoma (SCC).¢ Both can cause significant
destruction to surrounding soft tissues, bone, cartilage. Eighty per-
centage of lesions are located in the facial region‘7

Dermatologic Therapy. 2022;35:e15675.
https://doi.org/10.1111/dth.15675
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Search criteria:

*  ((Basal cell carcinoma) OR (squamous cell carcinoma) OR (non
melanoma skin cancer)) AND (HDR brachvtherapv)

"\ FIGURE 1  Search criteria. All studies
included into analysis were level

3 scientific evidence according to 2011
Oxford Centre for Evidence-Based

Results:
*  Pubmed (n= 262)
»  Google scholar
(n=1100)

Il

Search only for full text,
English articles, exclusion of
duplicates

(n=1135 excluded)

Medicine Levels of Evidence'®

v

Results n=227

Search limited to articles with
study group above 50 patients
and follow up over 1 year.
(n=213 excluded)

A

Results n=14
articles included into analysis.

FIGURE 2 Microselectron HDR, during contact brachytherapy
(BT) of basal cell carcinoma of the neck

Surgery remains the primary treatment method of NMSCs,
according to National Comprehensive Cancer Network (NCCN) and
European guidelines®® Mohs microsurgery (MMS) is superior to
standard excision with lowest 5- and 10-year recurrence rate.** **
Radiotherapy remains as an option only for nonsurgical candidates,
but most guidelines refer only to external beam radiotherapy, which is
a proven method—three meta-analyses analyzing efficacy of external
beam radiotherapy showed a 5-year recurrence rate between 8.7%
and 9.8%.***® Given lack of randomized trials brachytherapy's
(BT) role remains controversial.

Aim of this study is to summarize current literature concerning
high dose rate (HDR) BT as a treatment option for patients diagnosed
with nonmelanoma skin cancers, its safety, efficacy, early and late
adverse effects.

FIGURE 3 Custom made surface mold for basal cell carcinoma of
infraorbital area (A), and commercially available Harrison Anderson
Mick (H.A.M) applicator placed on BCC of the forehead (B)

2 | MATERIAL AND METHODS

Systemic review of Pubmed and Google Scholar databases for HDR BT
of nonmelanoma skin cancer was performed in October 2021. Search
criteria included keywords ([Basal cell carcinoma] OR [squamous cell
carcinoma) OR [non- melanoma skin cancer]) AND (HDR brachyther-
apy). Search results (1357 articles—257 found on Pubmed 1100 on
Google Scholar) were limited only to full-text English articles presenting
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FIGURE 4

Interstitial implant of basal cell carcinoma of the buccal
area. Needles placed inside tumor allow to cover whole thickness of
tumor with 100% of prescribed dose.

TABLE 1
on clinical examination
Total dose
Number of (Gy) » number
Study Year patients of fractions Study type
Kahler-Brock 1999 570 40-60 x 6-8 Single-center

etal.”? retrospective

Guix et al?® 2000 137 45-54 x 25-30  Single-center

prospective

Skowronek 2005 154 50x5 Single-center
etal? retrospective

Kanikowski®? 2009 497 50 « 10 Single-center
retrospective

Gauden 2012 200 36 x 12 Single-center

etal® prospective

Arenas etal? 2015 134 48-50 x 16-17  Single-center
retrospective

Kalaghchi 2018 60 35-50 % 10-13 Single-center

etal® prospective

Olek D Jr 2018 172 40 » 8/46 » 18 Single-center

etal® prospective

Gayaretal?”” 2014 163 42 %7 Single-center
retrospective

Caseyetal®® 2019 59 40 « 10 Single-center
retrospective

Pellizzon 2020 71 Various® Single-center
etal? retrospective

Renard etal®® 2021 66 7+4x8 Single-center

prospective

Gogineni 2021 50 40 » 8 Single-center
etal®! retrospective

Conejoetal. 2021 70 54 x 18 Single-center
40 » 10 retrospective
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treatment outcomes with study group above 50 patients, and follow-
up of over 1 year. Fourteen articles published between 1999 and 2021,
out of 227 search results met the criteria (Figure 1). All analyzed articles
were single center prospective® and retrospective’ studies presenting
treatment outcomes of nonrandomized groups of patients, therefore all
represent level 3 scientific evidence according to 2011 Oxford Centre
for Evidence-Based Medicine Levels of Evidence.'*

Treatment outcomes presented in analyzed papers were com-
pared to standard treatment methods of NMSC recommended by
National Comprehensive Cancer Network (NCCN) and European Soci-
ety for Radiotherapy & Oncology (ESTRO).

2.1 | Skin cancer BT—method description and
indications

BT is a branch of radiotherapy using radioactive sources placed in
close proximity (contact BT) or inside the tumor (interstitial BT).

Treatment results of HDR brachytherapy (BT) in analyzed literature between 1999 and 2021.Cosmetic effect was stratified based

Recurrences (%)

Local Type within the 5-yr  Good
Follow-up  Control (%) of BT follow-up cosmesis
10 years 91 Contact 8 nd
5 years 99/87 Contact 3 nd
1 year 81.6 Contact nd nd
1 year 71.6 Contact  nd 95.1%
5.5 years 98 Contact 4 88
33 months 933 Contact 6 82
2 years 96,2 Contact nd 96
25 months  95.2 Contact 4.8 nd
17 months 97 Contact 6 94
2 years 84.9 Contact 5 98
5 years 87.2 Contact 7 96.1
15.3 months  98.5 Interstitial 3 94
15 months 92 Contact 8 92
8 years 958 Contact 5,7 nd

Abbreviations: nd, no data; fx, fractions; local control, complete clinical remission of tumor.

240Gy/10fx, 28Gy/7fx,42Gy/7fx, 48Gy/12fx, 52Gy/12fx.
PInterstitial catheters.
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HDR BT utilizes high energy sources delivering dose up to 12Gy
per minute. Qualification criteria for HDR BT of NMSCs include pri-
mary tumors, postoperative, and postradiotherapy relapses, BT is
also used as an adjuvant after nonradical resection or when post-op
margins are below 3 mm.2%3¢ Tumor thickness determine
technique—tumors up to 5 mm are irradiated from the surface of the
skin (contact BT) via placed applicator (Figures 2 and 3A, B). Excel-
lent adherence of applicator is crucial, therefore difficult areas such
as nose, orbital area require individual applicators (Figure 3A). For
even surfaces, commercially available applicators are used
(Figure 3B). Thicker tumors require implantation of interstitial nee-
dles (Figure 4) to cover whole tumor with prescribed radiation
dose.’>*® NCCN recommends radiotherapy for nonsurgical candi-
dates, when radical surgery would cause significant deformations or
loss of adjacent organ function. Patient preference is also an impor-
tant factor. No recent publications of computer planned, highly con-
formal techniques of external beam radiotherapy and BT were
mentioned.®* NCCN guidelines are consistent with American guide-

lines of the American Academy of Dermatology.17 The Groupe

Européen de Curiethérapie of the European Society for Radiother-
apy & Oncology (GEC-Estro) recommends BT when results of sur-
gery or external beam radiotherapy (EBR) would be suboutimal.15
European interdisciplinary consensus mentions novel radiotherapy
and BT techniques and place radiotherapy as an alternative for sur-
gery especially to be considered in difficult regions as face, scalp,
and during treatment of large tumors. The choice between radiother-
apy techniques (external beam vs BT) should be individualized
according to optimal dose distribution and expected adverse effects
as well as lesion's size, location, infiltration depth, team expertise,
and institutional resources.'®*® In individual cases, radiotherapy may
be considered as adjuvant treatment after incomplete resection of
BCC with microscopic (R1) or macroscopic (R2) residual tumor.’®

22 | Efficacy of BT in SCC and BCC

In the searched literature, there have not been found multicenter, ran-
domized trials concerning the efficacy of HDR BT in NMSCs.

TABLE 2  Skin toxicity reported among analyzed articles, according to RTOG/EORTC

Authors Number of patients
Kohler-Brock et al.*? 570
Guix et al.>® 137
Skowronek et al.** 154
Kanikowski et al.? 497
Gauden et al.?® 200
Arenas et al.?* 134
Kalaghchi et al2° 60
Olek D Jretal.?® 172
Gayar et al.?” 163
Casey et 5(2% 59
Pellizzon et al.?” 71
Renard et al.*® 66
Gogineni et al.>! 50
Conejo et al.*? 70

Acute skin toxicity (grade, G} Late skin toxicity (grade, G}

No data o]
G1-117 0

G2—-19

G1-126 G1-66
G2-31 G2-21
G3-22 G3-6
G1-372 G1-388
G2-81 G2-85
G3—-44 G2-24
G1-168 G1-13
G2-81

G1-2-57.5% G0-1-95.2%
G3—40% G4—-08%
G4—-2%

G1-2-26 G1-2-50.8%
G3-4-31 G4—-1.6%
G1-49.1% G1-2-104%
G2—-40.7% G4—4%
G3-9.2%

G4—0.3%

G3-2 0

G1-38 G1-27
G2-21 G2—-1
G3-9 G3—4
G3—4 G1-4
G1-32 G1-5
G2-19 G2-2
G3-3

G1-14% GO0—73%"
G2—64%

G3—-21%

*Authors used CTCAE 5.0 atrophy, hyperpigmentation, hypopigmentation, and induration scales—and reported: atrophy G1—12.3%, hyperpigmentation

G1-2%, hypopigmentation—G1—16.8%, induration G1—-5%, G2—3.8%.
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Single-center prospective and retrospective trials show very high
effectiveness, however number of works presenting long-term out-
comes is not high,*” 32 and is presented in Table 1.

Among presented data in total 2403 patients with BCC and
SCC were treated with average local control of 91.2%
(between71% and 99%).27"32 It is worth mentioning that pre-
sented studies were heterogenic. Researchers used different frac-
tionation schedules, different types of applicators, and only few
used individualized applicators. Only one study was based on
interstitial implants.®® Fractionation schedules varied between
fractionation typical in external beam radiotherapy (Guix used
30 fractions of 1.8Gy),2° and hypofractionated schedules up to
5 fractions of 10Gy (used by Skowronek et al.).?* Lack of unified
treatment technique used in analyzed material creates bias in BT
data. Even in the same institution various dose fractionation
schedules were used. Despite that local control rate remains high

R WILEY-| s

17732 and varies between

in both short- and long-term observations
71% and 99%.

NCCN recommends primarily external beam radiotherapy as
method of choice, for nonsurgical candidates. Skin cancers respond
better to fraction doses above 2Gy (hypofractionation).** Gunaratne's
systematic review of 40 studies concerning hypofractionated radio-
therapy (28 on external beam radiotherapy, 9 on BT and 2 using both
methods) summarized treatment outcome of 12,337 patients treated
for NMSCs.** Tumors were located mostly in head and neck region
(95%), pathologically dominated by basal cell carcinoma (75%).
Despite high heterogeneity in the studied population, various treat-
ment regimens (study contained treatment results from 1983 to
2017) cumulated recurrence rate was 7.9%. No subgroup analysis was
performed to compare external beam radiotherapy to BT.** Zaorsky's
metaanalysis compared results of 9965 patients treated with external-
beam radiotherapy (EBRT) to 553 patients who received HDR BT. BT

FIGURE 5

Initial tumor (BCC) prior to HDR BT (A), at the end of treatment process (after total dose of 45Gy, by 5Gy fractions) acute

radiation dermatitis is present with tumor destruction and ulceration, accompanied by G2 erythema and mild edema of surrounding healthy skin
(B), and after 3 months remains permanent depigmentation of treated area with slight atrophy(G1 late adverse effect according to RTOG/

EORTC) (C).
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was proven superior in cosmesis—effect was reported as good in 95%
cases versus 79% in EBRT group, with <7% relapse rate in both stud-
ies groups.®® This suggests that BT's supreme precision and confor-
mity results in 2 much better cosmetic outcome. Supreme precision is
especially required in facial region. Cisek et al. reported treatment
outcomes of 28 patients with eyelid NMSCs treated with HDR BT.>¢
One local recurrence was reported with median follow up 22 months.

It is difficult to directly compare results of surgery and BT,
because of the selection bias. Patients selected for BT usually are dis-
qualified from operation because of age, tumor location or high tumor
volume. Patel et al. directly compared BT to Mohs microsurgery in a
matched pair cohort study.** One hundred and eighty-eight patients
received BT, 181 patients Mohs surgery. After 3.4 year follow-up
both groups reported high recurrence free survival (99.4% vs 100%),
with excellent or good cosmesis (97.6% vs 95%).” Another big metaa-
nalysis, published by Lee et al., compared conventional excision (CE),
to Mohs microsurgery (MMS), external beam radiotherapy (EBRT),

and BT.%® Eighteen thousand ninety five studies of 21,371 patients
treated between 1985 and 2018, revealed low 1-year recurrence in all
groups—0.8% for CE, 0.2% for MMS, 2% for EBRT, and 0% for BT
with “good” cosmesis in 81%, 74.6%, and 97.6% respectively. Five-
year recurrence rate was not the endpoint of the analysis, however
authors reported 2.1% for CE, 1.8% for MMS, 2.5% for BT, and 6,7%
for EBRT. Only five studies presenting 5-year BT results were
included, and consisted of heterogeneous groups of patients.

23 | Side effects of BT

As previously mentioned, external beam radiation therapy usually
involves relatively large volumes of tissue surrounding the tumor. BT,
in which the radiation source is placed within or nearby the neoplastic
lesion, reduces the risk of postradiation skin complications.*®> BT
allows the application of a high dose in a precisely defined tissue

FIGURE 6

Initial tumor (BCC) (A) undergoes surface HDR BT with formation of large ulceration of treated area (after total dose of 45Gy by

5Gy fractions) (B), and formation of depigmented, patchy atrophic area with moderate thin telangiectasia 6 months after treatment (G2 late

adverse effect according to RTOG/EORTC) (C).
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volume, while preserving the maximum amount of adjacent struc-
tures.**1% |onizing radiation induces morphologic changes in tumor. It
can be observed by clinical, histopathological as well as dermoscopic
examination.?’ Subsequent fractions of radiation diminish number of
dermoscopic features typical for cancer and lead to formation of
ulceration in tumor bed in the end. In the same time non-neoplastic
structures respond in acute radiation induced dermatitis.**** A preva-
lent side effect of ionizing radiation-induced skin reaction also called
radiodermatitis. It is estimated that up to 95% of patients receiving
radiation therapy will develop some grades of radiodermatitis.*® 42
Skin reactions can be divided into acute, which appear even during
radiotherapy and last up to 6 months and chronic, which appear over
6 months after treatment. In terms of the extent of irradiation, side
effects are classified as local or systemic.*%#?4® Clinical evaluation of
radiodermitis is performed using various clinical scales. The most com-
monly used scales are Radiation Therapy Oncology Group and the
European Organization for Research and Treatment of Cancer
(RTOG/EORTC), Common Terminology Criteria for Adverse Events
(CTCAE) and Late Effects Normal Tissue Task Force—Subjective,
Objective, Management, Analytic (LENTSOMA).#®4* While LENT-
SOMA scale scores late adverse effects, CTCAE describes acute reac-
tions, RTOG/EORTC scale is most commonly used for describing
acute and late skin toxicity, and was used among presented studies.**

FIGURE 7 Basal cell carcinoma in the
scalp region (A) prior to treatment,

6 months after HDR BT (45Gy in

9 fractions)depigmented area is visible
with total, permanent hair loss in
irradiated region accompanied by several
thin telangiectasias on the center (G2 late
adverse effect according to RTOG/
EORTC) (B).

DERMATOLOGIC 7 of 10
R WiLEY-| 7

RTOC/EORTC radiation toxicity scale, gradates adverse effects
induced by radiation treatment into 5 grades—0 means absence of
toxicity, and 5 means death-related to treatment. Adverse effects are
divided into acute and late. Toxicity described in studied material is
narrowed only to skin. Acute symptoms begin with erythema and dry
desquamation (G1), then they exacerbate through bright erythema,
patchy moist desquamation (G2), pitting edema, confluent moist des-
quamation (G3), to ulceration and hemorrhage (G4). Late radiation
morbidity begins with slight atrophy and pigmentation change (G1),
through moderate telangiectasia, total hair loss (G2), marked atrophy
and gross telangiectasia (G3), to ulceration (G4).

Radiation-induced dermatitis, its stratification and management
was summarized by Dudek and coauthors.** Early and late radiation
skin toxicity among analyzed studies is presented in Table 2.

Not all authors described in details their adverse effects. Most of
them reported only very good tolerance. Detailed description of clinical
presentation of adverse effects was presented by Guix® Olek,?®
Casey,?® Gogineni** and Conejo.*? Dominant acute radiodermatitis was
presented as erythema grade 1 or grade 2 (According to RTOG/EORTC).
Due to high precision in dose delivery all adverse effects were limited to
about 1 cm radius around tumors.*?~*2 Exception was G1-2 conjunctivi-
tis accompanying treatment of tumors of the periorbital area.?® Acute
symptoms were relieved within 3 months from treatment.*?~32
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Cosmetic effects reported in analyzed material are referred to as
good or very good. Very good effect reported in presented studies is
mostly defined by clinical examination and clinician's description or by
patients. In majority of the studies late adverse effects were stratified
in objective scales. Most patients experience grade 1-2 early radiation
toxicity lasting up to 3 months (Figure 5c, Figure 6C), with mild late
adverse effects, dominated by depigmentation®® *? (Figures 5C, 6C,
and 7C).

Dominant late adverse effect was depigmentation and telangiec-
tasia?*®? Results correspond with author's own clinical
experience—postradiation symptoms are mostly mild and do not
affect quality of life. Typical evolution of clinical symptoms before
treatment, in the end of treatment and 3 months after HDR BT is
presented on Figure 5A-C. Sometimes telangiectasia is present as a
late adverse effect (Figure 6B). BT results in permanent hair loss in
the treated area (Figure 7B). Only few grade 4 early and late skin
toxicity was reported in studied material.*? *? Arenas®* reported
grade 4 early morbidity among patients treated with surface molds.
In this study, molds were used to cover large tumors, which may
explain higher toxicity, and probably prolonged healing. One patient
suffering from venous insufficiency developed chronic ulceration of
lower extremity. Kalaghchi?® reported toxicity in grade 3 and 4 alto-
gether and proved that higher fraction doses correlate with slightly
increased risk of toxicity. Olek?® reported late morbidity in grade
4 (chronic ulceration) among patients with tumors localized on lower

FIGURE 8 |Initial tumor of lower
extremity (BCC) prior to HDR BT (A),
chronic ulceration 6 months after
treatment (total dose 45Gy in 9 Gy
fractions). G4 late adverse effect
according to RTOG/EORTC (B). Tumor
persistence and reoccurrence was
excluded by histopathological
examination.

extremity. Considering this altogether BT should be used cautiously
in poorly vasculated areas such as lower extremities among older
patients with chronic conditions impairing circulation in treated area,
for example, diabetes, chronic venous insufficiency (Figure 8B). To
summarize complications in radiodermatitis healing is dominant
adverse effect of skin HDR BT. Expected impaired healing is also a
factor that may disqualify patient from surgery. It is worth mention-
ing that most patients qualified for analyzed studies were previously
disqualified from surgery. Tumors located in close proximity to radio-
sensitive regions such as an eye are challenge to contemporary skin
cancer treatment. Surgery is both difficult and accompanied by large
cosmetic and functional morbidities. Eye is radiosensitive organ
especially lens.®® Cisek et al. published treatment outcomes of inter-
stitial BT of 28 patients with tumors in eyelid region. One G3 acute
radiation toxicity, and dry eye syndrome was dominant late compli-
cation (59%).¢

3 | CONCLUSIONS

HDR BT emerges as safe and efficient organ sparing treatment
method of nonmelanoma skin cancer, noninferior to surgery, with mild
and transient adverse effects and good cosmetic outcome. This
encourages more trials, and raise need for randomized control studies
in this subject.
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Simple Summary: Basal cell carcinoma (BCC) is the most frequent malignancy of the Caucasian
population. High dose rate (HDR) brachytherapy is a re-emerging treatment method for various
skin cancers. Dermoscopy is an acknowledged and widely used diagnostic tool providing the bridge
between histopathology and clinical examination. Current literature lacks data reporting on the
dermoscopic observation of basal cell carcinomas undergoing brachytherapy. In this article, the
authors describe clinical and dermoscopic patterns of basal cell carcinomas from 23 patients treated
with HDR brachytherapy, and analyse the evolution of BCC structures.

Abstract: Basal cell carcinoma (BCC) is the most frequent malignancy of the Caucasian population.
Dermoscopy is an established diagnostic method providing the bridge between clinical and patho-
logical examination. Surface skin high dose rate (HDR) brachytherapy is an organ sparing treatment
method used for non-surgical candidates. This prospective study aimed to observe clinical and
dermoscopic features and their evolution in 23 patients with pathologically confirmed BCC that have
been treated with HDR brachytherapy. In all cases, custom-made surface moulds were used. HDR
brachytherapy was performed with 192Ir, dose 45Gy was delivered to the tumour in nine fractions of
5Gy, three times a week. The evolution of clinical and dermoscopic features was followed up at the
beginning of treatment, and on the day of every fraction (t1-t9). Dermoscopic evaluation of neoplastic
and non-neoplastic structures was based on current diagnostic criteria according to current literature.
Univariate logistic regression showed a decreasing number of clinical and pathological features of
basal cell carcinoma with every treatment fraction. The effect was more strongly pronounced for
cancer-related dermoscopic structures compared with non-neoplastic features. We used multivariate
ordinal logistic regression with random effects to prove that the patients” age corresponds with the
tumour’s response to radiation—which may implicate a better response to treatment among older
patients. High dose rate brachytherapy decreases the number of clinical and dermoscopic features
typical for basal cell carcinoma. The effect is more pronounced among older patients.
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1. Introduction

Basal cell carcinoma (BCC) is the most frequent skin cancer and most frequent ma-
lignancy among Caucasians worldwide [1-3]. It is characterized by slow progression and
low mortality. Most lesions (80%) are localized on the head region, among which 90%
are located on the face [2,4,5]. Diagnostics include anamnesis, clinical and pathological
examination. Dermoscopy (epiluminescence microscopy and skin surface microscopy) is an
in vivo examination of epidermis and dermis structures. It is an easy to perform, painless,
non-invasive, repetitive diagnostic technique allowing doctors to observe neoplastic and
non-neoplastic skin lesions in at least 10x magnification in polarized and non-polarized
light [6,7]. It gives additional information in the preliminary assessment of tumour mor-
phologic type [8-10]. Moreover, this examination helps to determine surgical margins
preoperatively [11,12]. It may also be beneficial in ex-vivo examinations for resected le-
sions [13]. The current literature lacks data concerning dermoscopic feature evaluation of
basal cell carcinomas treated with brachytherapy.

Skin surface brachytherapy uses radioactive sources placed close to the tumour, allow-
ing the delivery of high radiation doses to the treatment area with a steep gradient dose
in the normal tissues (i.e., conformity). Nowadays, the most commonly used radioactive
source in surface brachytherapy is Iridium 192. It delivers a dose over 12Gy per hour,
which is defined as a high-dose-rate brachytherapy (HDR BT). One fraction of the treatment
usually takes several minutes [14].

In recent years brachytherapy has gained more attention because of its unique features:
high conformity—rapid dose drop-off outside of the target area and the possibility of
optimizing the radiation dose distribution. Due to the wide range of commercial applicators
available or individual applicators (custom made or 3D printed), sub-millimeter precision
in dose optimization can be achieved [14].

Surgery remains the primary treatment method of non-melanoma skin cancer
(NMSC’s) [15,16]. Mohs surgery is superior to standard excision with the lowest 5 and
10-year recurrence rate [17,18]. Radiotherapy remains an option only for non-surgical
candidates, but most guidelines refer only to external beam radiotherapy [15,16]. Other
treatment options such as topical therapies (5% imiquimod or 5% fluorouracil) and destruc-
tive approaches (curettage, electrocautery, cryotherapy, laser ablation) should be considered
only in patients with low-risk superficial BCC. Photodynamic therapy was found to be
effective only for superficial BCC and in cases of thin nodular BCC [15,16].

Skin surface HDR BT is recommended for elderly patients, patients with comorbidities
and non-surgical candidates. Furthermore, for patients with tumours involving facial
aesthetic units, for whom radical surgery would cause massive deformations, may be
advised to choose brachytherapy. There is a need for a standardised, non-invasive, fast
and easy use method of follow-up, presumably a dermoscopy.

2. Materials and Methods

This study aimed to assess dermoscopic features of basal cell carcinoma among
patients qualified for brachytherapy, with a subsequent analysis of clinical and dermoscopic
patterns of the treated area. Researchers evaluated lesions clinically, obtained macroscopic
and dermoscopic photographs of tumours for further comparison. Dermoscopic features
occurring, disappearing and changing during exposition to ionizing irradiation were
analysed. Acute radiation dermatitis was also monitored and stratified, which allows
objective post-treatment observation.

2.1. Patients

Twenty-three T1 and T2 (according to AJCC ed. 8th edition) patients with a median
age of 72 years (SD:9.7 years) who received HDR brachytherapy between September 2020
and March 2021 were included in the study. Patients were disqualified from surgery
because of age (ranged from 86 to 95 years, 3/23), the poor expected cosmetic outcome of
surgery—tumour localization in the central face region (16/23), or due to patient’s choice
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(4/23). Tumours were localized on the central facial region in 16 cases, lateral face in four
cases, scalp in one case and neck in two cases. Details of patients’ clinical, histopathological
and therapeutic characteristics are shown in Table 1.

Table 1. Clinical, histopathological and therapeutic characteristics of observed patients” group.

High-Risk Histopathiclogical Acute
s s Tumour Size Primary or and Low-Risk islopaiio oglca Morbidity
ex  Median o hon of T Accordingto  Clinical Subtype[s] R ¢ BCC Type(WHO Accordi
M Age ocation of Tumor ccording to inical Subtype ecurren { Classification) ccording
AJCC[19] Type According to 1201 to RTOG
NCCN[15] . [21]
Forehead (2)
Ear (1) Nodular (12)
Temporal region (1) Superficial (5) Nodular GO-1(11)
10/13 72 Infraorbital region (2) T1 (20) Nodular (12) Primary (20) High (23) (adenoid) (3) G2(2)
(58-95) Buccal region (3) T2 (3) Sclerodermiform (3) Recurrent (3) 8 Superficial (4) G3(3)
Neck (2) Infiltrating (3) Micronodular (1) G4 (7)
Nose (9) Infiltrating (3)

Orbital region (2)

2.2. Treatment

The treatment protocol of the Brachytherapy Department of Maria Sklodowska-Curie
National Research Institute of Oncology (MSCNRIO), Gliwice Branch, was developed over
the last three decades of experience in the field. It has commonalities with The Groupe
Européen de Curiethérapie of the European Society for Radiotherapy & Oncology (GEC-
ESTRO) recommendations [22], but there are some differences, i.e., maximal surface dose,
mould thickness and fractionation. The schedule is nine fractions of 5Gy delivered to the
tumour with a 5 mm margin. The treatment was prescribed three times a week to a total
dose of 45 Gy. Custom-made surface mould polyacrylamide applicators precisely covering
the treatment area were prepared. On the surface of the applicator, plastic tubes were glued
for Iridium 192 HDR radioactive source loading. The position of the source and time of
treatment was planned by a medical physicist with OncentraBrachy (Elekta AB, Stockholm,
Sweden) software (version 4.6.0), using computed tomography images of the treatment
area with an attached applicator. The study protocol was approved by the Local Ethics
Committee (KB/430-41/20). All patients gave written informed consent.

2.3. Clinical Evaluation

Clinical evaluation of basal cell carcinomas was performed according to 12 clinical
features at the beginning of the treatment (t1), and before every treatment fraction(t2—t9).
Digital photographic images were obtained using DermLite Cam (3Gen,. San Juan Capis-
trano, CA, USA) digital dermoscopy camera. Presence (1) or absence (0) of 12 clinical
features of BCC according to Tognetti et al. classification [23] were described. They are
presented in Table 2.

Moreover, acute radiodermatitis (according to the RTOG/EORTC scale) [21] was
observed. Twelve patients experienced grade 0-1 toxicity, two experienced grade 2, two
experienced grade 3, and six experienced grade 4 skin radiation toxicity, called acute
radiodermatitis.
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Table 2. Clinical structures of BCC according to Tognetti classification [23].

Clinical Structures Description Significance
Pink macules Well-demarcated pink macules Superficial BCC
Erythematous papules Red papules Nodular BCC
Erythematous nodules Red nodules Nodular BCC
Pearly-shiny papules Translucent papules Superficial BCC
Pearly-shiny nodules Translucent nodules Nodular BCC

Scar-like plaque

Ivory-white plaque resembling scar or

Scleroderma-like BCC

morpheaform plaque
Erosions Multiple small de-epithelized areas Superficial /nodular BCC
Ulesiations One or more l'arge red to blackish red areas Superficial /nodular BCC
representing hematogenous crusts
Telangiectasia Large dilated vessels Superficial/nodular/scleroderma-like BCC

Short vessels

Short fine vessels

Superficial/nodular/scleroderma-like BCC

Pigmented structures

Hyperpigmented macule, papule, or nodule

Superficial /nodular/scleroderma-like BCC

Crust/scale

Small brown-red to brown-yellow crusts

Superficial/nodular/scleroderma-like BCC

2.4. Histopathologic Assessment

All lesions before brachytherapy were confirmed in histopathological examination.
Standard stains with hematoxylin and eosin were used in all cases, and the specimens
were assessed by a qualified pathologist (M.S). Due to the presence of heterogeneous
tumours, adominant pattern in the microscopic image was reported according to the WHO
classification of tumours (2018) [20].

2.5. Dermoscopic Procedure and Image Data Collection

Dermoscopy was performed by a certified medical doctor who is an expert in der-
moscopy and an integral member of the skin cancer brachytherapy team. Dermoscopic
assessment of skin lesions was performed using the polarized DermLiteFoto dermoscope
(3Gen, LLC, San Juan Capistrano, CA, USA) at tenfold magnification. Dermoscopic images
(n = 603) of 23 BCCs were acquired nine times (t1-t9)—at the beginning of the treatment
and on the day of each fraction. Dermoscopic images were captured and saved using the
DermLiteCam digital dermoscopy camera with polarized light and then independently
analysed by two certified dermoscopists (T.K and G.K-W), who were blinded to any pa-
tient/protocol data following the methods of the study. Dermoscopic evaluation of the
tumour was performed based on the third consensus of the International Society of Der-
moscopy (61 features) [7], and non—neoplastic features according to an expert consensus
of the International Dermoscopy Society (overall 31 features) [6] were described as present
(1) and absent (0). Moreover, the evaluators were required to score the presence (1) or
absence (0) of dermoscopic features including BCC-associated criteria (16) (Table 3) that
were selected based current knowledge [7] in modification of Lallas et al. [8] and Tognetti’s
et al. classification [23].

Non-neoplastic patterns of the surrounding area of the tumour were described accord-
ing to the expert consensus of the International Dermoscopy Society [6]. Since the score is
not described in Table 3, while analysing the non-neoplastic surroundings of tumour, scale
covering tumour was analysed as a non-neoplastic feature. Correlation between clinically
observed radiodermatitis and non-neoplastic dermoscopic patterns of area surrounding
tumor was analysed.
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Table 3. Dermoscopic structures of BCC-associated criteria (16 features) ranked according to Lallas et al. [8] and Tognetti’s
et al. [23] in own modification based on dermoscopic terminology from IDS [7].

Descriptive Terminology

Metaphoric Terminology Description Significance

Lines, white, perpendicular

Shiny white streaks (former: chrysalis,

Melanoma, BCC, Spitz nevus,
chrysalids, crystalline)

Short thick shiny orthogonal crossing lines JeitoBbiema

Lines, radial, connected to a

Greyish/bluish brown peripheral globular

Leaf-like areas extensions arising from pigmented network BCC
common base 2 i
oradjacent confluent pigmented areas
3 2 2 Brown or greyish well-circumscribed radial
Lines, radial, converging to a central Soakasihsal oS n drardaik BCC
dotor Clod pO e wheel area pm]sctlons, usua. Yaroun a .l'
brown/black, bluish central axis
Clods, brown or ?Jlue, concentric (clod Concentric globules Gray/bmw:lw/b]ack/blue globular structures BCC
within a clod) with darker central areas
Pigmented ovoid or elongated structures
Clods, blue, large, clustered Blue-grey ovoid nests well circumscribed and separate from BCC
pigmented tumor body
Numerous loosely arranged round to oval
Clods, blue, small Blue globules well circumscribed structures, smaller BCC
than nests
White structures in the form of circles, oval
Clods, white, shiny Shiny white blotches and strands structures, or large structureless areas, BCC
bright white.
Gray-dot In focus dots Small well defined loosely arranged grey BCC

dots in focus at dermoepidermal junction

Structureless zone, polychromatic

Many different colours of the rainbow

RATToR Patteet ranging from red to violet

Various diagnoses

Structureless zone, blue

Irregularly margined confluent blue

Blue-white veil-like structures pigmentation with overlying white ground Melanoma

glass haze
Structureless zone, white Scar-like depigmentation ‘White structureless areas BCC presence, tumour fibrotic
stroma
Vessel Morphology
Serpentine Linear vessels with multiple bends Linear vessels with multiple bends Flat BCC, melanoma
Linear Superficial fine vessels Telangiectatic vessels in papillary dermis BCC, inflammation
Vessel Arrangement
.. Bright-red, sharply in focus, large of thick
Barichied Atiorizingvessels diameter vessels dividing into smaller vessels BEG
Bidsions Thin crusts oVerlaAying sluperficial loss BCC
of epidermis
Others

Loss of epidermis with/without

Ulcerations haematogenous crusts

Various diagnoses

2.6. Statistical Analysis

The entire photographic databaseoff 21,526 observations including all clinical and
dermoscopic structures was analysed in the final statistical assessment. In the statistical
analysis we used standard methods. Univariate logistic regression was applied to evaluate
the impact of the BT fractions on binary skin diagnostic outcomes. In turn, to estimate the
influence of the collected risk factors on the 16 available completed (ranked) number of
Lallas/Tognetti’s features and non-neoplastic lesions, a multivariate ordinal logistic model
was used. Due to repeated measures with consecutive BT 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 confidence 95% interval (C195%) and a p-value.

The computation was performed in the R platform [24].

3. Results

All patients suffered from high-risk basal cell carcinomas (23/23). Twenty tumours
were stratified as T1, three as T2 according to AJCC 8th edition [19]. All tumours were
observed nine times (t1-t9) before treatment and before every treatment fraction among all
patients (the completeness of the Lallas/Tognetti’s features in the consecutive t1-t9 times
were: 40%, 41%, 42%, 43%, 40%, 40%, 35%, 32%, and 29%, respectively), while in case of
non-neoplastic lesions, analogously: 9%, 9%, 8%, 9%, 9%, 9%, 8%, 8% and 8%.
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The list of statistically significant ORs (p < 0.05) of the influence of BT fractions on the skin
diagnostic outcomes (univariate logistic regression with random effects) is reported in Table 4.

Table 4. Statistically significant ORs (p < 0.05) of the influence of BT fractions on the skin diagnostic
outcomes (univariate logistic regression with random effects).

Clinical Outcome OR (CI 95%), p-Value
Erythematous nodules 0.51 (0.43,0.59), <0.0001
Pearly, shiny nodules 0.67 (0.58,0.78), <0.0001
Scar-like plaque 0.61 (0.52,0.70), <0.0001
Erosion 0.84 (0.75,0.94), 0.0029
Ulceration 1.49 (1.27,1.74), <0.0001
Telangiectasia 0.83 (0.73,0.95), 0.0055
Pigmented structures 1.15 (1.00,1.32), 0.0465
Dermoscopic Outcome OR (CI 95%), p-Value
Clods, white, shiny 0.69 (0.60,0.80), <0.0001
Gray dots 0.66 (0.56,0.77), <0.0001

Lines, white, perpendicular 0.84 (0.74,0.95), 0.0046
Vessels arrangement—branched 0.67 (0.57,0.79), <0.0001
Vessels—linear 0.81 (0.70,0.94), 0.0049
Vessels—serpentine 0.61 (0.51,0.73), <0.0001
Vessels—polymorphous 0.73 (0.63,0.84), <0.0001
Structureless zone, white 0.65 (0.53,0.79), <0.0001
Erosions 0.83 (0.74,0.94), 0.0028
Ulcerations 1.75 (1.50,2.05), <0.0001

The statistical interpretation of the ORs listed in Table 4 is as follows: each subsequent
BT fraction statistically generates a lower chance of occurrence of the erythematous nodules
on the skin; the use of one fraction reduces the risk of their occurrence by nearly half, and
the use of two doses by (1 — 0.512) % 100% = 74%, i.e., almost three-quarters. In turn,
the administered radiotherapy increases the risk of ulceration; the difference of one dose
statistically generates an increased risk by almost a half, and for two doses: 1.49% = 2.22,
i.e., more than twice. Statistical interpretations of the remaining results reported in Table 4
is analogous. The graphical presentation of ORs of the influence of BT fractions on the skin
diagnostic outcomes is shown in Figure 1.

Ciinical Erylhemalous nodues -
Clinical:Pearly, shiny nodules-
Clinical:Scar-ke placuc-
ClinicalErosion-
Clinicalliceration-
ClinicalTelcangiectasia-

Clinical Pigmented structures -
Dermascopic Clods, white shiny -

Dermoscopic:Gray dots -

Features

Dermoscopic Vessels arrangement - branched-
Dermoscopic:Vessels - inear
Dermoscopic:Vessels - serpentine -
Dermoscapic:Vessels polymorphous-
Deimoscopic Shucluekess zone, while-

Uermoscopic:Lines, white, perpendiculary - ;
i

Dermoscopic:Erosions- O H
Dermoscapic:Ulcerations - s

05 10 2‘0

Figure 1. Influence of brachytherapy fractions on skin diagnostic outcomes.

53



Cancers 2021, 13, 5188

7 of 16

The statistically significant ORs (p < 0.05) of the influence of BT fractions and available
risk factors on ranked Tognetti’s diagnostic clinical (23) and Lallas/Tognetti’s dermo-
scopic (8) features (multivariate ordinal logistic regression with random effects) is reported
in Table 5 and graphically in Figure 2.

Table 5. The influence of BT fractions and available risk factors on ranked Tognetti’s clinical (23) and
Lallas/Tognetti’s dermoscopic (8) features of BCCs.

Neoplastic: Risk Factor OR (CI 95%), p-Value
Yes BT fraction 0.77 (0.76,0.78), <0.0001
Age 0.98 (0.97,0.99), 0.0005

No BT fraction 0.94 (0.85,1.04), 0.2190
Age 1.01 (0.87,1.16), 0.9440

Neoplastic:RT fraction- -

Neoplastic:Age of patients - -

Risk factor

NonneoplstcT facion- | ———

Non-neoplastic:Age of paients - |

OR

Figure 2. The influence of BT fractions and available risk factors on ranked Tognetti’s clinical (23) and
Lallas/Tognetti dermoscopic (8) features of BCCs in correlation with non-neoplastic features (10).

The statistical interpretation of the ORs reported in Table 5 is as follows: each subse-
quent BT fraction statistically decreases the Lallas/Tognetti’s diagnostic rank, i.e., the first
dose of BT by 23%, and two fractions by nearly (1 — 0.77%) x 100% =2 40. In addition, a
10-year difference in age of patients generates a (1 — 0.98'%) x 100% = 18% reduction in the
cumulative number of clinical and dermoscopic features characterizing tumor, while in case
of non-neoplastic features, ORs for the same risk factors were statistically non-significant
(p > 0.05). The results are shown graphically in Figure 2.

Non-neoplastic dermoscopic patterns of the area surrounding the tumour are pre-
sented in Table 6. There is a confirmed negative, statistically significant correlation between
intensity (grade) of clinically described acute radiodermatitis (according to RTOG/EOQRTC
criteria) [21] and the number of its non-neoplastic dermoscopic features (OR = 0.65
(0.45,0.93), p = 0.017). The number of dermoscopic features decreases with increasing
clinical grade of radiodermatitis (p = 0.017).
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Table 6. Percentage occurrence of dermoscopic non-neoplastic features [6] depending on grade of radiodermatitis according

to RTOG/EORTC [21].

TERMINOLOGY Go G1 G2 G3 G4
VESSELS Dotted 0.0% 0.0% 0.0% 0.0% 0.0%
MORPHOLOGY Linear 24.3% 35.7% 0.0% 50.0% 8.3%
Branched 24.3% 31.4% 0.0% 50.0% 8.3%
Curved 4.9% 4.3% 0.0% 0.0% 8.3%
VESSELS Uniform 2.9% 0.0% 0.0% 0.0% 4.2%
DISTRIBUTION Clustered 1.9% 0.0% 0.0% 0.0% 0.0%
Peripheral 1.0% 2.9% 0.0% 0.0% 0.0%
Reticular 1.9% 7.1% 0.0% 0.0% 4.2%
Unspecific 19.6% 30.0% 0.0% 50.0% 8.3%
SCALE White 46.6% 45.7% 25.0% 0.0% 12.5%
COLOUR Yellow 38.2% 34.3% 100.0% 83.3% 8.3%
Brown 12.6% 22.9% 50.0% 50.0% 0.0%
SCALES Diffuse 30.1% 27.1% 100.0% 16.7% 4.2%
DISTRIBUTION Central 1.9% 11.4% 0.0% 0.0% 0.0%
Peripheral 20.4% 22.9% 0.0% 0.0% 8.3%
Patchy 13.6% 11.4% 0.0% 66.7% 0.0%
FOLLICULAR Plugs 13.6% 15.7% 0.0% 0.0% 8.3%
FINDINGS Red dots 0.0% 0.0% 0.0% 0.0% 0.0%
Peripheral White colour 3.9% 2.9% 0.0% 16.7% 0.0%
Peripheral Pigmentation 5.8% 4.3% 0.0% 0.0% 0.0%
OTHER White 0.0% 0.0% 0.0% 0.0% 0.0%
STRUCTURES Brown 0.0% 0.0% 0.0% 0.0% 0.0%
COLOR Grey 0.0% 0.0% 0.0% 0.0% 0.0%
Blue 0.0% 0.0% 0.0% 0.0% 0.0%
Orange 0.0% 0.0% 0.0% 0.0% 0.0%
Yellow 0.0% 0.0% 0.0% 0.0% 0.0%
Purple 0.0% 0.0% 0.0% 0.0% 0.0%
OTHER Structureless 0.0% 0.0% 0.0% 0.0% 0.0%
STRUCTURES Dots 0.0% 0.0% 0.0% 0.0% 0.0%
MORPHOLOGY Lines 0.0% 0.0% 0.0% 0.0% 0.0%
Circles 0.0% 0.0% 0.0% 0.0% 0.0%

4. Discussion

In general, the population nodular subtype of BCC is dominating especially on the
head, with 60-80% occurrence. It is followed by a superficial BCC subtype with 10-30%
occurrence [25]. Among our group, multiple clinical subtypes of BCC were observed—
superficial (5/23), nodular (12/23), scleroderma-like (3/23) and infiltrating (3/23).

The broad spectrum of clinical patterns of basal cell carcinomas translates into mul-
tiple histopathological variants. All share common morphological features: basaloid cell
aggregates with hyper-coloured cell nuclei and sparse cytoplasm, characteristic stroma
and retraction artifact. Recent WHO classification divides basal cell carcinomas into two
groups [20]. The first group includes tumours with low recurrence risk: nodular, superfi-
cial, pigmented, infundibulocystic with adnexal differentiation and fibroepithelial (Pinkus
tumour). The second group contains tumours with high recurrence rate: basosquamous,
sclerosing/ morpheic, infiltrating, BCC with sarcomatoid differentiation and micronodular.
The nodular variant is the most common basal cell carcinoma. It is characterized by large
islands of neoplastic cells with peripheral palisading. It is not a homogenous group of
tumours. It divides into keratotic nodular BCC—with features of mature keratosis in
central parts of neoplastic cell islands, nodulocystic BCC—with retrograde cystic changes
along islands, adenoid nodular BCC—forming reticular islands with pseudo adenoidal
structures. In the studied material nodular variant was dominant (15 cases), among which
in three cases pseudo adenoidal structures characterizing adenoid cystic subtype were
found. In four cases low recurrence risk superficial type was present. In this variant in
histopathological examination connection between neoplastic cell nests and the epider-
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mal layer is present. Microscopically cancer foci spread into several locations was also
observed, which explains this tumour’s other description—superficial multifocal BCC.
High recurrence-risk tumours in the studied group were represented by one micronodular
and three infiltrating BCCs. Morphologically micronodular BCC is built from islands of
neoplastic cells, however islands are considerably smaller (even <0.15 mm) and are more
dispersed. They tend to invade skin nerves, subdermal tissues and muscles. Invasive BCC
represents narrow strings and nests of neoplastic cells in rich collagen stroma, especially in
front of the tumour. Invasive growth patterns often include neuroinvasion. It shares many
similarities with scleroderma-like BCC and is often wrongly recognized as such [20].

In searched literature, only one data concerning dermoscopy in monitoring BCC’s
treatment effects using high dose ionizing radiation therapy was reported [26]; Moreover,
dermoscopy was also used in the monitoring of changes in the course of lentigo maligna
radiotherapy [27], or dermoscopic margin delineation in radiotherapy planning for superfi-
cial or nodular basal cell carcinoma [28]. Until the present data concerning dermoscopic
features of BCC’s undergoing brachytherapy has not been reported. Dermoscopic follow-
up helped to monitor the therapeutic response to selected topical therapies including
ingenolmebutate in BCC [29], and systemic therapy with vismodegib in BCC [23].

Obtained results prove that with every fraction of ionizing radiation the number of
clinically visible tumour features diminish. The characteristic clinical appearance of the
tumour (erythematous/pearl nodule with e.g., scar-like plaque—depending on the clinical
and pathological variant) is replaced by ulceration (Figures 3A-I and 4A-1).

Figure 3. Clinical presentation of basal cell carcinoma of the orbital area of 95-year-old patient,
infiltrating type. (A)—Tumour prior to brachytherapy, visible—Erythematous nodule, scar-like
plaque, pigmented structures, telangiectasia, short vessels, erosion, ulceration. (B-I) (t2-t9) During
subsequent treatment fractions visible gradual vanishing of nodular structures and vessels with
formation of ulceration have been noticed.
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Figure 4. Clinical presentation of basal cell carcinoma of the nose of 83-year-old patient, nodular type.
(A)—Tumour before treatment, with visible—erythematous nodule, short vessels and telangiectasia.
(B-I)—evolution of tumour destruction with erosion arising in 4th fraction (t4) (D), evolving into
ulceration with disappearing vessels in 6th fraction (t6) (F), and crust appearing in 7th fraction (t7)
(G), with finally forming ulceration covered by scale and haemorrhagic crusts (t8-9) (H,I).

Destruction of the tumour corresponds with exposure of the underlying stroma,
which may explain the increased number of pigmented structures in the irradiated areas.
Increased number of pigmented structures indicates exposition of deeper layers of skin
after destruction of tumour above. Only further dermoscopic follow up allows to assess the
efficacy of the brachytherapy taking into account the persistence of the BCC (total clinical
and dermoscopic clearance of the dermoscopic structures of the tumour). Persistence of
ovoid nests and bluish dots was observed during monitoring of not efficient treatments
reported in the previous publications (i.e., imiquimod applied topically in nodular BBC).
Occurrence of these structures during irradiation has an important clinical significance—it
raises the need for dermoscopic follow up, but also is an expected symptom of some BCC
variants including nodular type, pigmented type previously covered by necrotic tissue or
ulceration. Our study exemplifies that dermoscopy is a valuable diagnostic aid that helps
to assess potential tumour recurrence/residual disease and to monitor post-brachytherapy
response in the future. The presence of pigmented structures such as blue grey ovoid
nests as a BCC related features in the previous studies concerning BCC treated with 5%
imiquimod suggested poor therapeutic response of BCC [30]. Moreover, the blue-white veil
areas and rainbow pattern were only observed in non-responding BCC lesions [31]. The
opposite of the above, dermoscopy of responding lesions showed a higher frequency of
lesions within focus grey dots [30]. In the final conclusion, the time of the disappearance of
blue structures should be taken into account. In the previous study of Husein-ElAhmed [31]
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blue-grey globules were the fastest to exhibit clearance (50% at week 4), followed by leaf-
like areas and large blue-grey ovoid nests [31]. Our short term dermoscopic follow up is
a pioneer observation, therefore further investigations are necessary in this matter in the
nearest future.

Dermoscopically higher correlation with the destruction of structures typical for
neoplastic tumors (e.g., serpentine vessels) (Figure 5A-I) was observed, than structures
also observed in healthy tissue (e.g., linear vessels). According to Reiter’s BCC dermoscopic
review, the occurrence of linear vessels in BCC corresponds to all histopathological subtypes
of BCC [10]. We found no significant correlation between ongoing brachytherapy and
changes in non-neoplastic features, which comparing to strong correlation with changes
characteristic for carcinoma brings the conclusion that brachytherapy induces significant
effect on the tumour. Clinical and dermoscopic erosion present in tumours often in the
beginning of treatment is replaced by ulceration often present in the entire treated area
which corresponds with clinical destruction of the treated tumour (Figures 4A-I and 6A-I).

Figure 5. Dermoscopic presentation of basal cell carcinoma, nodular (adenoid type), localized
on the forehead of 76-year-old patient. (A)—Dermoscopic image before brachytherapy showed
the presence of —polymorphous, branched, linear and serpentine vessels, as well as white, shiny
clods, perpendicular white lines and white and polychromatic structureless zones, white scale.
(B-H)—Dermoscopy of the BCC during subsequent treatment fractions (t2-t8) revealed diminishing
number of serpentine, branched vessels as well as formation of the ulceration arising (t9) (I).
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Figure 6. Dermoscopic picture of basal cell carcinoma of the infraorbital region, nodular type,
of 67-year-old patient. (A)—Tumour prior to brachytherapy (t1) exhibit the presence of white
clods, white structureless zones and erosion. (B-I)—White clods and structureless zones gradually
vanishing from 5th fraction (t5), with developing predominance of ulceration.

Radiation also reduces the number of structures corresponding with fibrosis including
perpendicular white lines, white, shiny clods and white structureless zones (Figure 7A-I).
The diminished number of these structures may be the result of image overlapping from
ulceration and inflammation.

Observed correlations correspond with the typical radiobiological response of tissue
to ionizing radiation [32]. Skin is a hierarchic tissue, and regenerates from a population of
stem cells in its deeper layers. lonizing radiation from a brachytherapy source damages the
DNA of stem cells of skin and tumour, without causing much damage to the population
of mature cells of upper layers of skin. With time damaged stem cells cannot reproduce
a diminishing number of mature cells, leading to ulceration in the irradiated area. Ul-
ceration after tumor destruction heals within three months, from edges into the centre
from non-damaged stem cells of healthy skin outside irradiated area [32]. A diminishing
number of vessels in the treated area may be caused by radiation damage, but also because
ulceration and inflammation may blur the dermoscopic image. Moreover, it is important to
distinguish destruction of the tumour from ulceration of healthy skin surrounding BCC.
The first effect is desirable, occurs in the second week of treatment. Ulceration of the
surrounding healthy skin is an adverse effect defined as an acute radiodermatitis according
to RTOG definitions [21]. Exact borders between ulceration created by tumour destruction
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and radiodermatitis of surrounding skin are often difficult to establish. Dermoscopic
non-neoplastic features also correspond with clinically assessed radiodermatitis—i.e., in
G2 acute radiodermatitis (according to RTOG/EORTC) diffuse scale is visible among
100% patients. Occurrence of ulceration (G4) corresponds with diminished number of all
dermoscopic patterns (Figure 8).

Figure 7. Dermoscopic image of basal cell carcinoma of the nose, nodular type, of 83-year-old patient
(clinically presented in Figure 4). (A)—tumour prior to brachytherapy (t1), exhibit the presence of
multiple white structures including: perpendicular white lines, structureless white zones, white shiny
clods, accompanied by multiple polymorphous vessels (serpentine, in branched arrangement), with
addition of blue, small clods. (B,C)—During the consecutive treatment fractions (t2-t3) mentioned
structures remain visible. (D-I) Development of necrosis of the tumour (t4-t9) leads to gradual
disappearance of dermoscopic structures with formation of ulceration.

No correlation between non—neoplastic features and brachytherapy in comparison to
strong correlation between treatment and changes in BCC specific features indicate that
response to radiation is tumour-specific, which also reflects radiobiology—tumouris more
susceptible to radiation than healthy tissue [32].
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Figure 8. Dermoscopic images of various basal cell carcinomas with coexisting acute radiodermatitis
in stage from G1 to G4 were clinically assessed according to RTOG criteria [21] (A)—minor erythema
of the surrounding area with moderate dry desquamation (G1), (B)—dermoscopic image (G1)
acute radiodermatitis reveals yellow scale with linear vessels in non-specific distribution in the
surrounding area, (C)—bright erythema of the tumour’s surroundings with dry desquamation (G2),
(D)—dermoscopic image of acute radiodermatitis (G2) shows yellow scale (E)—confluent, moist
desquamation (G3), (F)—dermoscopic image (G3) with linear vessels in unspecific distribution,
yellow and brown crust. (G)—ulceration in acute radiodermatitis (G4), (H)—dermoscopic image
(G4) reveals the absence of any dermoscopic features.

It is worth underlying that all patients in this study suffered from high-risk BCC’s
located in the facial ,H’-zone. According to European expert consensus for management
of such lesions [16] primary treatment method should be surgery or radiotherapy for
non-surgical candidates. Other destructive therapies including cryosurgery, curettage,
electrodessication and laser ablation are dedicated only for small, low-risk non-facial BCC
and for multiple small BCCs, whereas photodynamic therapy (PTD) can be considered
in non-aggressive, low-risk BCC, i.e., small superficial and nodular types, not exceeding
2 mm tumour thickness, recurrent small and large BCC [16]. Less common histologic
variants of BCC, morphoeic, pigmented and micronodular types, as well as areas with
higher risk of tumour survival and deep penetration (facial ‘H’-zone), should not be treated
with PDT [16].

Correlation between age and higher tissue response to radiation up to now was
unexpected. Older patients may be better candidates for brachytherapy than younger since
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their response to radiation is more pronounced. The correlation between dermoscopic
response to radiation and the relapse rate of treated tumours requires further study.

5. Limitations of the Study

Dermoscopic evaluation presented in the study did not include post treatment long-
term follow up, therefore no data on efficacy of brachytherapy was presented. The observa-
tions published above indicate which dermoscopic features diminished during brachyther-
apy, and which persisted. Further observation is needed to assess clinical significance
of those findings and to establish further correlation between the persistence of selected
dermoscopic features and the relapse rate of brachytherapy.

6. Conclusions

High dose rate brachytherapy decreases the number of clinical and dermoscopic
features typical for basal cell carcinoma in the early observation. The effect is more
pronounced among older patients.
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ABSTRACT

Introduction: Basal cell carcinoma of the facial
region remains a challenge for contemporary
oncology due to the presence of aesthetic
regions and critical organs. Surgery is not always
the optimal solution, and high dose rate (HDR)
brachytherapy has emerged as an organ-sparing
treatment method whose effectiveness has been
proven by a growing number of publications.
Dermoscopy is a diagnostic tool that bridges
clinical and pathological examination of skin
lesions. It is routinely used for diagnosis, mon-
itoring of treatment, and post-treatment evalu-
ation; however, the literature lacks data
concerning changes in dermoscopic patterns of
skin cancers during and after irradiation.
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Methods: Our team conducted a prospective
non-randomized trial of 39 patients with high-
risk basal cell carcinomas (BCCs), mostly local-
ized within the high-risk zone (H-zone) of the
facial region, and who qualified for HDR
brachytherapy. HDR contact brachytherapy
with custom-made surface molds was intro-
duced, delivering a dose of 45 Gy in 9 fractions
prescribed to the tumor. Every patient was
observed clinically and dermoscopically at three
observational points: before treatment, at the
end of treatment (3rd week), and 24 weeks after
the end of therapy. The evolution of clinical
and dermoscopic patterns was observed by two
independent dermoscopists using current diag-
nostic criteria. A database of 12,088 photo-
graphic observations was evaluated.
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Results: Univariate logistic regression proved
that brachytherapy decreases the number of
clinical and dermoscopic patterns typical for
basal cell carcinoma, as well as dermoscopic
features not related to BCC, presumably due to
the formation of scar tissue. In addition, uni-
variate logistic regression with random effects
proved a positive correlation between tumor
size and presence of various dermoscopic pat-
terns typical for BCC.

Conclusion: Dermoscopy is proven to be easy
to perform and an adequate monitoring tool for
patients with BCCs undergoing HDR
brachytherapy.

Keywords: Basal cell carcinoma; Dermoscopy;
Dermatoscopy; HDR brachytherapy; Skin cancer

Key Summary Points

Why carry out this study?

Searched literature lacks data regarding
evolution of dermoscopic patterns among
patients undergoing HDR brachytherapy.

What have We learned from this study?

HDR brachytherapy decreases number of
clinical and dermoscopic features of basal
cell carcinoma.

Changes in clinical observation correlate
with evolution of dermoscopic features.

Dermoscopy is easy to perform and
adequate monitoring tool for patients
with BCC's undergoing HDR
brachytherapy.

HDR brachytherapy is well tolerated
method with good cosmetic outcome.

INTRODUCTION

Non-melanoma skin cancers (NMSC) are the
most common malignancies in the Caucasian
population of the world [1-3]. The numbers are

thought to be under evaluated due to a low
reporting rate. Fair skin, sunbathing, and age
are common risk factors associated with occur-
rence of NMSCs [4]. Basal cell carcinoma (BCC)
is a predominant type of NMSC [2, 3, 5]. It is
characterized by slow progression, a low rate of
metastasis, and long overall survival [5]. Eighty
percent of lesions are located in the facial region
[5]. If untreated, it can cause massive destruc-
tion of the surrounding tissues, and because it is
so common, it remains a challenge to contem-
porary oncology. Dermoscopy (skin surface
microscopy) is a non-invasive tool used for
diagnosis of skin and mucous lesions. It pro-
vides a bridge between clinical and pathological
examination. As a standardized diagnostic
method, it is widely used for initial diagnosis,
differentiation of various BCC subtypes, post-
operative margin assessment, and early relapse
detection [6].

High dose rate (HDR) brachytherapy is a
treatment method that wuses high-energy
radioactive sources placed in proximity to the
tumor. Thanks to computed planning, a pre-
cisely prescribed radiation dose can be delivered
to the treated area with submillimeter precision.
Contact surface brachytherapy is an organ-
sparing method that has become more popular
in recent years, especially in the treatment of
skin cancers of the facial region in places where
surgery would cause large disfigurements or loss
of an organ [7, 8].

The current standard for monitoring the
effects of BCC treatment is clinical examination
and, in advanced cases, imaging studies
including magnetic resonance or computed
tomography. In some cases, assessment is made
with ultrasonography or by using reflectance
confocal microscopy. Histopathological exami-
nation is not routinely performed in the follow-
up after treatment, so dermoscopy seems to
have established itself as the most routinely
used monitoring tool for now and the imme-
diate future [9].

Changes in clinical and dermoscopic pat-
terns during irradiation were analyzed and
described by our investigation group in 2021 [9]
in a prospective study. The current literature
lacks more detailed descriptions of evolution in
these patterns after brachytherapy.
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METHODS

A prospective, non-randomized study was
designed. Thirty-nine patients diagnosed with
high-risk basal cell carcinomas of the head and
neck region qualified for HDR brachytherapy
[Table 1]. Clinical and dermoscopic observa-
tions were performed to asses changes in pat-
terns of the tumor and surrounding area after
irradiation. The methodology of the clinical
and dermoscopic analysis was based on our first
short-term follow-up that investigated the evo-
lution of clinical and dermoscopic patterns
before every treatment fraction up to treatment
end in the 3rd week [9]. The study protocol was
approved by the Ethics Committee of the
National Research Institute of Oncology, Gli-
wice Branch (reference number KB/430-41/20).
The study was conducted in accordance with
the Helsinki Declaration of 1964, and its later
amendments. All subjects provided written
informed consent to participate in the study, as
well as for publication.

PATIENTS’ CHARACTERISTICS

Thirty-nine patients suffering from T1 and T2
[tumors below 4 cm in diameter, according to
American Joint Committee of Cancer (AJCC)]
[10] high-risk BCCs [according to the National
Comprehensive Cancer Network (NCCN) 8th
edition, 2017] [11], were disqualified from sur-
gery because of age and coexisting comorbidi-
ties (11/39), poor expected cosmetic outcome
(20/39), or due to patients’ preferences (8/39).
Details of patients’ characteristics are presented
in Table 1.

INCLUSION CRITERIA

Inclusion criteria were: histopathologically
confirmed basal cell carcinoma, tumor location
in head and neck region (predominantly within
H-facial zone), maximum tumor size 4 ¢m, dis-
qualification from surgical excision, no prior
irradiation in the tumor area, patient’s written
informed consent, and age above 18 years.

Table 1 Clinical, histopathological, and therapeutic characteristics of observed patient group according to Tognetti and Lallas [6, 9, 13]

Late morbidity

according to

RTOG

Primary or Histopathological ~ Acute morbidity

Clinical subtype

Tumor size

Location of tumor

Median

age

Sex

according to
RTOG

type (WHO

recurrent

type

acco l'd_il'lg to

(M/

classification)

[13]
Nodular (15)

AJCC [12]

F)

GO (8)
G1 (25)
G2 (6)

GO-1 (30)
G2 (4)
G3 (4)
G4

Primary

Nodular (16)

Nose (12) T1 (33)
20 (38-95)  Buccal region (10) Orbital T2 (6)
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19/

Superficial (10)
Nodular (adenoid)

(32)

Superficial (10)

Recurrent

Sclerodermiform

region (6) Forehead (5)

Scalp (2)
Ear (2)

(4)

%

7)

Infiltrating (6)

Infiltrating (4)

Scleroderma-like

Temporal region (1)

)

(4) Micronodular

(2

Infraorbital region (1)
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HISTOPATHOLOGICAL
ASSESSMENT

All patients had histopathologically confirmed
basal cell carcinomas using a standard stain
with hematoxylin and eosin. Examination was
performed by a qualified pathologist (M.S.). The
predominant pattern in the microscopic image
was reported according to the World Health
Organization (WHO) classification current for
2018 [12].

TREATMENT

Patients were qualified for HDR brachytherapy
using It isotope. Treatment was performed
according to the protocol used by the
Brachytherapy Department of Maria Sklo-
dowska-Curie National Research Institute of
Oncology (MSCNRIO) in Gliwice Branch [9].
The protocol was designed based on 30 years of
experience in the field of skin brachytherapy,
and has similarities with the Groupe Européen
de Curiethérapie of the European Society for
Radiotherapy & Oncology (GEC-ESTRO) rec-
ommendations for treating NMSCs [7]. All
patients were treated with custom-made poly-
acrylamide mold applicators, individually built
to firmly cover the treatment area. On the sur-
face of the molds, catheters were placed 1cm
apart. Computed tomography was obtained
with the applicator placed in the treatment
area, and images were sent for treatment plan-
ning. Treatment was planned using Oncentra
Masterplan software (Elekta, AB, version 4.6),
and a dose of 45 Gy was prescribed for the
tumor in 9 fractions of 5 Gy. Treatment was
performed 3 times a week (Monday, Wednes-
day, Friday) on 3 consecutive weeks.

OBSERVATION

Clinical (macroscopic) and dermoscopic images
were obtained before treatment (t1), on the day
of the last fraction (t2), and at 24 weeks after the
end of the treatment (t3). A DermLiteCam
(3Gen, LLC, San Juan Capistrano, CA, USA)
dermoscopic camera was used with tenfold

magnification and polarized light, and every
image was catalogued for further assessment.
On every clinical picture, the presence (1) or
absence (0) of 12 clinical features, typical for
basal cell carcinomaswere observed based on
Tognetti and Lallas et al.’s classification (in
authors’ modification) [6, 9, 13] were observed
according to previously used and described
methodology [9] (presented in Table 2).

Sixty one dermoscopic features typical for
basal cell carcinoma were described according
to the third consensus of the International
Dermoscopic Society [14] (Table 3). Thirty-one
non-neoplastic dermoscopic features of the area
surrounding the tumor were also described
according to expert consensus of the Interna-
tional Dermoscopic Society (IDS) [14]. Dermo-
scopic observations were performed by two
independent dermoscopists (T.K. and G. K.-W.).
In total, 603 photographs were obtained and a
database of a total of 12,088 observations was
analyzed. All patients suffered from acute radi-
ation dermatitis, which was observed clinically
on the area adjacent to the tumor and stratified
according to Radiation Therapy Oncology
Group (RTOG) criteria [16].

Statistical Analysis

Analysis of the 12,088 observations was per-
formed. To evaluate the impact of the analyzed
risk factors on binary skin diagnostic outcomes
(dermoscopic features) in the observation peri-
ods, univariate logistic regression with random
effects was applied. The statistical outcomes
were expressed by a classic odds ratio (OR)
together with a 95% confidence interval (95%
CI) and a p-value. The computation was per-
formed using the R statistical platform [17].
Tested p-values were adjusted using the Bon-
ferroni correction.

RESULTS

All patients suffered from high-risk basal cell
carcinomas (39/39), 32 of them with primary
diagnosed tumors (32/39), 7 were post-surgical
relapses (7/39). Thirty-three were T1 tumors
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Table 2 Clinical structures of BCC according to the Table 2 continued

Tognetti and Lallas classification with own modification

(6,9, 13] Clinical Description Significance

structures

Clinical Description Significance

structures Crust/scale Small brown-red to  Superficial/

Pink macules ~ Well-demarcated pink  Supetficial BCC brown-yellow crusts nodular/

macules scleroderma-

like BCC

Erythematous  Red papules Nodular BCC c

papules
Erythematous Red nodules Nodular BCC (33/39), and the rest were T2 (6/39) (according

nodules
Pearly-shiny Translucent papules Superficial BCC
papules

Pearly-shiny Translucent nodules ~ Nodular BCC
nodules

Scar-like Ivory-white plaque Scleroderma-like
plaque resembling scar or BCC
morpheaform
plaque
Erosions Multiple small de- Superficial/
epithelized areas nodular BCC

Ulcerations One or more large red  Superficial/
to blackish red areas  nodular BCC
representing
hematogeneous

crusts

Telangiectasia  Large dilated vessels Superficial/
nodular/

scleroderma-

like BCC

Short vessels ~ Short fine vessels Superficial/
nodular/

scleroderma-

like BCC

Pigmented Superficial/

structures macule, papule, or nodular/

Hyperpigmented

nodule scleroderma-

like BCC

to AJCC) [10].

CLINICAL FOLLOW-UP

The clinical pre-treatment picture of observed
BCCs (t1) was dominated by erosion or ulcera-
tion present among 30 of 39 patients, followed
by crust or scale (29/39), short vessels (20/39),
scar-like plaque (19/39), and telangiectasias (17/
39). Macules, papules, or nodules were present
in 15 cases (15/39).

Clinical evolution of the tumor at the end of
treatment (t2) showed increased erosion and
ulceration in the treated area (present in 36 of
39 patients), a decreased number of cases with
short vessels and telangiectasias in comparison
to pre-treatment evaluation (26 patients vs 37
patients), and a decreased number of macules,
papules, and nodules (3 patients after vs 15
before treatment). Crust or scale was observed
among 19 patients vs 29 before treatment.

At 24 weeks (t3) after brachytherapy, only
one erosion in the treated area was observed
(patient reported trauma 1 day before exami-
nation, with no erosion prior to event).
Telangiectasia or short vessels were observed
among 15 patients. The number of macules,
papules, or nodules decreased to 3. A small
amount of crust or scale was observed in 9 cases.
Examples of clinical changes are presented in
Fig. 1.

DERMOSCOPIC FOLLOW-UP

Dermoscopic pre-treatment images (t1) were
dominated by linear, polymorphous, branched,

>
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Table 3 Dermoscopic structures of BCC-associated criteria (16 features) ranked according to Lallas et al. [6] and Tognetti

et al. [13] with own modification [9]

Descriptive
terminology

Metaphoric
terminology

Description

Significance

Lines, white,

perpendicular

Lines, radial,
connected to a
common base

Lines, radial,
converging to a

central dOt or C[Od

Clods, brown or blue,

concentric (clod

within a clod)

Clods, blue, large,
clustered

Clods, blue, small

Clods, white, shiny

Gray dots

Structureless zone,

polychromatic

Structureless zone,

blue

Structureless zone,

white

Shiny white streaks
(former: chrysalis,
chrysalids, crystalline)

Leaf-like areas

Spoke wheel area

Concentric globules

Blue-grey ovoid nests

Blue globu[es

Shiny white blotches and

strands
In-focus dots
Rainbow pattern
Blue-white veil-like

structures

Scar-like depigmentation

Short thick shiny orthogonal crossing lines

Greyish/bluish brown periphcra[ g[obu[ar
extensions arising from pigmented network or

adjacent confluent pigmented areas

Brown or gray'ish well-circumscribed radial
projections, usually around a dark brown/
black, bluish central axis

Gray/brown/black/blue globular structures

with darker central areas

Pigmented ovoid or elongated structures well
circumscribed and separate from pigmented

tumor body

Numerous IOOSCIY arrangcd I'OLInd to 0V2_[ WCH

circumscribed structures, smaller than nests

White structures in the form of circles, oval
structures, or large structureless areas, bright

white

Small, well-defined loosely arranged grey dots in

focus at dermoepidermal junction

Many different colours of the rainbow ranging

from red to violet

Irregularly margined confluent blue pigmentation
with overlying white ground glass haze

White structureless areas

Melanoma, BCC,
Spitz nevus,

dermatofibroma

BCC

BCC

BCC

BCC

BCC

BCC

BCC

Various diagnoses

Melanoma

BCC presence,

tumour fibrotic

stroma
Vessel morphology
Serpentine Linear vessels with Linear vessels with multiple bends Flat BCC,
multiple bends melanoma
Linear Superficial fine vessels Telangiectatic vessels in papillary dermis BCC,
inflammation
4\ Adis
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Table 3 continued

Descriptive Metaphoric Description Significance
terminology terminology
Vessel arrangement
Branched Arborizing vessels Bright-red, sharply in focus, large number of BCC
thick vessels dividing into smaller vessels
Others Erosions Thin crusts overlaying superficial loss of BCC
epidermis
Ulcerations Loss of epidermis with/without hematogenous ~ Various diagnoses

crusts

and serpentine vessels (present among 30 of 39
cases). White or blue structureless zones were
also observed (33/39), polychromatic structure-
less zones were observed in 12 cases. Erosion or
ulceration was common (33/39). Non-neoplas-
tic dermoscopic features (according to IDS) [15]
were exhibited by linear (15/39) and branched
(12/39) vessels, and yellow (17/39) and white
(19/39) scale.

At the end of brachytherapy (t2) the number
of linear, polymorphous, branched, and ser-
pentine vessels decreased (17/39), as well as
white or blue structureless zones (24/39). Poly-
chromatic structureless zones were observed
among 6 patients. Evolution of non-neoplastic
features was exhibited by a reduction of linear
(8/39) and branched (8/39) vessels. The amount
of white (7/39) and yellow (13/39) scale was
reduced.

At 24 weeks after treatment (t3), a white
structureless area dominated the dermoscopic
image (present among 32 patients of 39), fol-
lowed by polychromatic structureless zones (8/
39). Thin monomorphous vessels dominated
(29/39), with polymorphous, branched vessels
present among 2 patients. No ulceration or
erosion was observed. The evolution of dermo-
scopic BCC features is presented in Fig. 2.

The dermoscopic observations proved that
brachytherapy decreases the number of clinical
and dermoscopic structures, both cancer rela-
ted, and those not typical for BCC, as presented
in Fig. 2.

The pattern of non-neoplastic features shows
that the number of vessels reduced at the end of
treatment returns to a pre-treatment level, with
linear (23/39) and branched (14/39) vessels
mostly not specifically arranged (15/39). White
scale returned to a pre-treatment level (15/39),
and the amount of yellow scale was reduced (3/
39). Other features that emerged in the image
were structureless areas (20/39), mostly white
(17/39).

After 24 weeks, all patients achieved total
clinical remission. The number of BCC-related
dermoscopic patterns was reduced (Fig. 2C, F, I).

Acute radiation dermatitis was observed
among all patients in the following grades (G):
G1 (30/39), G2 (4/39), G3 (4/39), G4 (1/39),
according to RTOG skin toxicity criteria [16].
Commonly, acute G1 toxicity presented as ery-
thema of dry desquamation in the area sur-
rounding the tumor. G4 toxicity was presented
by wulceration of the perinasal area, which
healed within 6 weeks. Late skin radiation tox-
icity after 6 months from treatment was strati-
fied using the RTOG scale: GO (8/39), G1 (25/
39), G2 (6/39) (Fig. 1C, F, I). Depigmentation
was the dominant symptom, with hair loss in
the irradiated area and moderate telangiectasia
as the dominant G2 presentation. No G3 late
radiation toxicity was observed. The cosmetic
effect was described as good or very good by all
patients.

Typical clinical and dermoscopic presenta-
tion of the treated area 24 weeks after
brachytherapy is presented in Fig. 3.
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Fig. 1 Clinical observation of three basal cell carcinomas
prior to treatment (A, D, G), at the end of brachytherapy
(B, E, H), and 24 wecks after brachytherapy (C, F, I).
Figures represent different types of BCC: postsurgical
relapse (A), croded nodular BCC of the nose (D) and
nodular type (G). After treatment, at the peak of the carly

The list of statistically significant ORs
(p < 0.05) of the influence of the analyzed risk
factors on the skin diagnostic outcomes (uni-
variate logistic regression with random effects)
is reported in Table 4 and shown graphically in
Fig. 4. Larger tumors have an increasing proba-
bility of dermoscopic presentation of

radiation toxicity ulceration, the treated area shows
destruction of the tumor and grade 2 (G2) radiation
dermatitis of surrounding healthy skin (B, E, H). After 6
months, no clinical patterns characteristic for BCC are
visible, with some crust remaining in image I

telangiectasias (strongest correlation), poly-
chromatic structureless zones, and clinically
visible short vessels. The statistical interpreta-
tion of the ORs listed in Table 4 is as follows: the
class of tumor size has a strong impact on the
dermoscopic features reported; increasing the
size of the tumor increases the risk of these

A\ Adis
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Fig. 2 Dermoscopic images of basal cell carcinomas prior
to treatment (A, D, G) at the end of brachytherapy (B, E,
H), and 24 wecks after brachytherapy (C, F, I). Image A:
post-surgical relapse is dominated by ulceration; image D:
nodular type BCC with gray dots, linear, branched, and
serpentine  polymorphous vessels, and white and pink
structureless zones. G: nodular type BCC with white,
polychromatic structureless zones, and polymorphic linear

changes by several times (from 3 for a branched
vessel arrangement to almost 16 for
telangiectasia).

Changes in the risk of the analyzed dermo-
scopic features in the subsequent stages of

vessels. BCC related features disappear at the end of
brachytherapy with formation of ulceration (B, E, H).
Twenty-four weeks after brachytherapy, BCC related
dermoscopic features are reduced, there is visible telang-
icctasia (C, F) as late radiation morbidity, and white and
pink structurcless zones in the treated arca, possibly due to
formation of a scar

observation are reported in Table 5 and Fig. S.
Tested p-values were adjusted using the Bon-
ferroni correction. Similarly, it can be seen that
the risk of observation of clinical and dermo-
scopic features decreases with the next
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Fig. 3 Clinical (A, C) and dermoscopic (B, D) presenta-
tion of treated area 24 wecks after brachytherapy of BCCs.
Clinically hypopigmented area adjacent to post biopsy scar

observation interval (t1-t3) by completing the
estimated odds ratios (Table 2).

DISCUSSION

The nodular subtype of BCC dominates in the
general population (60-80%), followed by the
superficial type (10-30%) [18]. Our study
reflects that trend with 16 nodular type (16/39)
and 10 superficial type (10/39) primary diag-
nosed tumors. The WHO classifies nodular and

is visible, with occasional short vessels (A). Dermoscopi-
cally monomorphous linear vessels accompany structureless
white zones

superficial types as tumors with low risk of
recurrence [12]. Other BCC types present in our
study—micronodular, infiltrating, and sclero-
derma-like, are considered high recurrence rate
tumors. The NCCN stratifies basal cell carcino-
mas according to pathological subtype, tumor
size, and location [11]. Head and neck BCCs are
always considered to be high-risk tumors [11].
Curettage, electrodesiccation, imiquimod, and
photodynamic therapy are not recommended
treatment options for morphoeic, pigmented,
or micronodular types, or for areas with higher

A\ Adis
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Table 4 Statistically significant ORs (p < 0.05) showing positive correlation between tumor size and observed clinical and
dermoscopic features (univariate logistic regression with random effects)

Clinical and dermoscopic feature/tumor size OR 95% CI p-value
Telangiectasia 158 (3.44, 72.5) 0.0011
Short vessels 339 (1.07, 10.8) 0.0453
Pigmented structures 6.43 (129, 32.1) 0.0292
Branched vessels arrangement 3.00 (1.06, 8.53) 0.0459
Serpentine vessels 345 (1.05, 11.4) 0.0487
Polychromatic structureless zones 6.70 (1.23, 36.4) 0.0341
Other structureless zones 3.40 (1.09, 10.6) 0.0418

risk of tumor survival and deep penetration
(facial H-zone) [19].

Among the literature searched, only one
published paper on dermoscopic follow-up in
brachytherapy of BCCs was found [20]. Our
group published results describing clinical and
dermoscopic changes in basal cell carcinomas
during HDR brachytherapy [9]. This study
proved that every fraction of HDR brachyther-
apy reduces the number of clinical and dermo-
scopic patterns typical to BCC. The correlation
was stronger for cancer-specific dermoscopic

Telangiectasia Tumour size -

Short vessels Tumour size -

Pigmented structures. Tumour size

Branched vessels arrangement Tumour size

Dermoscopic feature:Risk factor

Polychromatic structureless zone Tumour size -

Other structurless zones Tumour size
i s
Fig. 4 A forest plot of statistically significant ORs

(p < 0.05). Increasing tumor size correlates with higher
possibility of observation of features presented above. The

features than for non-neoplastic features [9]. In
the treated area, erosion and ulceration was
formed in the tumor bed [9]. Acute radiation
dermatitis may cloud remaining dermoscopic
features. From a radiobiological perspective,
24 weeks post-treatment time is considered the
limit for acute radiation toxicity. All toxicity
observed after that time is considered to be late
toxicity [21]. In our study, at the 24-week time
point, the acute radiation dermatitis had
healed, and late radiation skin toxicity was
described. All patients achieved clinical

S——— ]

10 %
oR
strongest correlation was observed towards telangiectasia
and polychromatic structureless zones (univariate logistic
regression with random cffects)
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Table S Statistically significant ORs (p < 0.05) present decreased possibility of observing clinical and dermoscopic features
presented above (univariate logistic regression with random effects). Tested p-values were adjusted by the Bonferroni

correction
Features Risk factor OR 95% CI p-value p-value (Bonferroni correction)
Clinical features Red nodules 0.19 (0.08, 0.43) 0.0002 0.0050

Scar-like plaque 0.28 (0.14 0.57) 0.0007 0.0175

Erosion

Ulceration
Dermoscopic BCC features Telangiectasia
Short vessels
Crust/scale
Clods (blue, large, clustered)
Clods (white, shiny)
Gray dots
Lines (whire, perpendicular)
Branched vessels
Serpentine vessels
Curved vessels
Polymorphous vessels
Blue structureless zone
Pink structureless zone
Erosion
Ulceration
Non-neoplastic dermoscopic features Vessels: peripheral distriburion
Yellow scale color
Brown scale color
Diffuse scale distribution
Scale: peripheral distribution
Follicular plugs

022 (011,041)  <00001 < 00001
027  (017,045)  <00001 < 00001
055 (034 088) 0.0154 03850
043 (027, 0.69) 0.0007 0.0175
031 (019,051)  <00001 < 00001
029 (017, 051) 0.0001 0.0025

0.12 (0.06, 0.23) < 0.0001 < 0.0001

048 (022, 1.03) 0.0628 1.0000
050 (031, 0.80) 0.0050 0.1250
034 (020, 058) 0.0002 0.0050
044 (028, 0.69) 0.0007 0.0175
046  (017,122) 0.1210 1.0000

026  (016,043)  <00001 < 0.0001
041 (031,056  <00001 < 0.0001
035 (010, 1.19) 0.0961 1.0000
007 (003,014  <00001 < 0.0001

0.30 (0.18, 0.49) < 0.0001 < 0.0001

048 (028, 0.81) 0.0073 0.1825
038 (022, 0.66) 0.0011 0.0275
056 (033, 095) 0.0355 08875
051 (030, 0.88) 0.0183 04575

008 (004 017)  <00001 < 0.0001
035 (020, 0.59) 0.0002 0.0050

complete tumor remission, and all patients
described the aesthetic effect as good or very
good. Good cosmetic outcomes from
brachytherapy were also reported in a previ-
ously published paper [8].

Typical dermoscopic evolution of irradiated
basal cell carcinoma presents as progressing
edema from pathological tumor vessels, with
their subsequent erosion and destruction. At
first, the amount of crust increases, but then
diminishes, the number of structureless areas is

reduced, and erythema dominates the vicinity
[9]. In a previous pioneering study conducted
by Navarrete-Dechent et al., [20] patients trea-
ted with brachytherapy were followed by der-
moscopy, reflectance confocal microscopy, and
ultrasound imaging. Dermoscopic follow-up
showed diminishing numbers of arborizing
vessels and a gradual increase of white color
[20]. Our recent findings are consistent with
this report where irradiated areas were domi-
nated by large white structureless zones with
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Clinical features:Red nodule -
Cinical features:Scar-iike plaque-
Clinical features:Erosion-
Clinical features:Ulceration -
D BCC features: i
Dermoscopic BCC features;Short vessels -
Dermoscopic BCC features:Crust/scale -
Dermoscopic BCC features:Clods (blue, large, clustered)
Dermoscopic BCC features:Clods (white, shiny) -
Dermoscopic BCC features:Gray dots -
Dermoscopic BCC features:Lines (white, perpendiculary) -
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D ic BCC line vessels
Dermoscopic BCC features:Curved vessels -
Dermoscopic BCC features:Polimorphous vessels
D ic BCC Blue “
D ic BCC :Pink
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Dermoscopic BCC features:Ulceration -

Non-neoplastit
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Non-neoplastic dermoscopic features:Brown scale colour -
Non-neoplastic ic features: Dit scal

N
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Non-neoplastic dermoscopic features:Follicular plugs -
0.03

Fig. 5 Statistically significant ORs (p < 0.05) of the
analyzed risk factors on the clinical and dermoscopic
features. Negative correlation was observed: brachytherapy

short monomorphous vessels (Figs.1 and 3).
Dermoscopy was also proven to be a highly
sensitive tool for detecting relapse or residual
BCC. In the literature searched, dermoscopic
monitoring of treated BCC was reported in
topical non-ablative therapies. Apalla and col-
leagues [22] observed patients with BCCs trea-
ted topically with imiquimod or
methylaminolaevulinate photodynamic ther-
apy (PDT) and checked them 3 and 12 months
after therapy. All patients with positive dermo-
scopic BCC features were biopsy positive. Fur-
thermore, despite the different treatment,
dermoscopic images of a cancer-free area
resembles the post brachytherapy tumor bed,
with the presence of large whitish areas repre-
senting upper dermal fibrosis and short, fine
telangiectases; the superficial vascular plexus is
more visible with post-treatment atrophy.
Apalla et al. [22] also described the persistence
of ovoid globular structures as markers of BCC
early relapse. Aguilar and colleagues [23] indi-
cated dermoscopic failure patterns among
patients treated with imiquimod as another
example of non-invasive treatment. The pres-
ence of arborizing telangiectasia, blue-gray
ovoid nests, ulceration, perpendicular white

Dermoscopic BCC features:Erosion- - ]
 ——— T——

0.10 030 1.00
OR
reduces the chance of observing the clinical and dermo-
scopic features presented above (univariate logistic regres-
sion with random effects)

lines (chrysalis) and white-red structureless
areas correlated with poor response of the trea-
ted tumor. In the dermoscopic observation
described by Husein El-Ahmed et al. [24] ulcer-
ation and neovascularization were the first
dermoscopic features cleared, followed by blue-
grey globules, leaf-like areas and large blue-grey
ovoid nests, in the course of imiquimod topical
therapy [24]. The authors correlated this with
the depth of invasion and noticed that struc-
tures closer to the surface respond first [24].

Our present study showed no clinical or
dermoscopic tumor persistence after 24 weeks
after brachytherapy, nor any of the dermo-
scopic structures indicating potential residual
disease presented above. lonizing radiation as
opposed to topical BCC therapies, including
imiquimod or PDT, penetrates much deeper
from the first dose to the depth planned by the
radiologist [7]. Therefore, we observed much
faster reduction of dermoscopic features, fol-
lowed by ulceration in the tumor bed, than in
previous studies [24].

Of interest will be the long-term clinical and
dermoscopic observation at the S-year evalua-
tion in the context of potential recurrence or
manifestation of residual disease features.
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Other non-invasive diagnostic techniques
are also valuable tools in diagnosis and post-
treatment observation of BCCs. Optical coher-
ence tomography (OCT) was proven to be a
highly sensitive and specific diagnostic tool for
BCC detection [25], while reflectance confocal
microscopy (RCM) was described as superior to
dermoscopy in treatment monitoring of BCC
after radiotherapy [20]. Both methods were
combined into a single diagnostic tool [26] that
can further increase early detection of relapses.
In this study, dermoscopic observations were
not cross-referenced with OCT or RCM, which is
a limitation of this study.

CONCLUSION

Dermoscopy is an efficient observational, easy-
to-perform diagnostic method in the close-up
monitoring and evaluation of BCC treated with
HDR brachytherapy. Changes in clinical obser-
vations correlate with the dermoscopic evolu-
tion of radiation dermatitis and tumor
destruction.
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14. Uchwala komisji bioetycznej

Narodowy Instytut Onkologii im. Marii Sklodowskiej-Curie
Panstwowy Instytut Badawczy Oddzial w Gliwicach
ul. Wybrzeze Armii Krajowej 15, 44-102 Gliwice
tel. 48-32-278 98-24 tel./fax. 48-32-231-35-12

UCHWALA KOMISJI BIOETYCZNEJ
NUMER KB/430- 41/20

Na podstawie § 2.ust.2 rozporzadzenia Ministra Zdrowia i Opieki Spotecznej z dnia 11 maja 199 r. w sprawie
szczegétowych zasad powotywania i finansowania oraz trybu dziatania komisji bioetycznych (Dz. U. z 1999 r Nr
47), art. 29, ust 2, ustawy z dnia 5 grudnia 1996 r. 0 zawodach lekarza i lekarza dentysty( Dz.U.2017 poz. 125 z
pozn. zm, poz.480), Rozporzadzenia Ministra Zdrowia z dnia 12 pazdziernika 2018 r (poz. 1994), Zarzadzenia
Dyrektora Centrum Onkologii- Instytutu nr 56/2020 z dnia 10 czerwca 2020 roku i Regulaminu dziatania komisji

Dr hab. Grazyna Kaminska-Winciorek, prof. NIO
Dr n.med. Piotr Wojcieszek, lek. Tomasz Krzysztofiak
W miejscu

Komisja Bioetyczna przy Narodowym Instytucie Onkologii im. Marii Sklodowskiej-Curie
Panstwowym Instytucie Badawczym Oddzial w Gliwicach na posiedzeniu w dniu
09.07.2020 r. zapoznala si¢ z wnioskiem pt. , Analiza obrazéw kliniczno-dermoskopowych
rakéw podstawnokomérkowych u pacjentow leczonych brachyterapiq.”

Do Komisji wptynety:

e Whniosek do Komisji Bioetycznej przy Narodowym Instytucie Onkologii im. Marii
Sktodowskiej-Curie, Panstwowym Instytucie Badawczym Oddzial w Gliwicach
(zat.1 do Regulaminu Pracy Komisji Bioetycznej)

e Opis projektu obserwacji klinicznej
Informacja dla oséb poddanych obserwacji klinicznej zawierajaca szczegétowe dane o
celach i zasadach przeprowadzenia badan, spodziewanych dla tych oséb korzysciach
leczniczych i innych oraz ryzyku zwigzanym z udziatem w badaniach

e Zobowigzanie do uzyskania swiadomej zgody od wszystkich 0s6b lub ich przedstawicieli

ustawowych

Wz6r formularza Informacji dla pacjenta

Wzér formularza §wiadomej zgody na udziat w badaniu

Oswiadczenie dotyczace przetwarzania danych osobowych

Recenzja dr hab. n.med. Tomasz Rutkowski

Po dyskusji i glosowaniu Komisja postanowita zaakceptowa¢ wyzej wymienione dokumenty
i wyrazila zgode na przeprowadzenie projektu obserwacji klinicznej
Z powazaniem
Gliwice, dn.10.07.20 r
PRZEWO SZACY

Komisjj

prof. dr hab. n. sped. fRafal Suwinski



Sktad osobowy Komisji Bioetycznej przy Narodowym Instytucie Onkologii im. Marii
Skiodowskiej-Curie, Panstwowym Instytucie Badawczym Oddziat w Gliwicach.

wdniu ...... 09.07.2020 r......................
Komisja dziala zgodnie z zasadami GCP.

Lp. Imie | Nazwisko Pracownik Podpis {
Instytutu 1
1. | prof. dr hab. n. med, Rafat Suwinski Tak /
Radioterapeuta g
2. | prof. dr hab.n. med. Dariusz Lange Tak 7
Patolog i ;
3. |dr hab. n. med. Daria Handkiewicz-Junak Tak 4 |
Radioterapeuta g / ‘
4. | dr hab. n. med. Stawomir Blamek Tak LA B
Radioterapeuta by
5. | drn. med. Aleksander Zajusz Tak STy
Radioterapeuta e ‘
P A
6. |drn. med. Janusz Wierzgon Tak [ ‘ ;
Chirurg
7. |dr n. med. Krzysztof Olejnik Tak A T 1
Anestezjolog M 4 i
8. |lek. med. Hanna Grzbiela Tak 5 : \
Radioterapsuta “
9. |ks. dr hab. Stanistaw Bafia Nie 1
Duchowny i
10. | dr n. prawn. Michat Synoradzki Nie b P
Prawnik & & segrinted
11. | mgr farm. Malgorzata Wolariska Nie e
Farmaceuta
12. | piel. Dorota Kieszkowska-Marcinkiewicz Nie
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