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1. Wykaz stosowanych skrotow

AK - rogowacenie stoneczne (ang. actinic keratosis)

BCC - rak podstawnokomorkowy skory (ang. basal cell carcinoma)

EMPD - pozasutkowa posta¢ choroby Pageta (ang. extramammary Paget’s disease -
EMPD)

FC - obszar rakowacenia (ang. field cancerisation)

LM - plama soczewicowata ztosliwa (ang. lentigo maligna)

pAK - podtyp barwnikowy rogowacenia stonecznego (ang. pigmented actinic keratosis)
pBCC - podtyp barwnikowy raka podstawnokomodrkowego skory (ang. pigmented basal
cell carcinoma - pBCC).

PDT - terapia fotodynamiczna (ang. photodynamic therapy)

RCM - refleksyjna mikroskopia konfokalna (ang. reflectance confocal microscopy)

SCC - rak ptaskonabtonkowy (ang. squamous cell carcinoma)
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4. Wstep

Wraz ze starzeniem si¢ populacji $wiatowej, czgsto$¢ wystgpowania zmian
przednowotworowych skory, w tym rogowacenia stonecznego (actinic keratosis - AK)
ulega znacznemu zwigkszeniu [1]. Szacuje si¢, ze AK dotyczy nawet 31% 0sob powyzej 60
roku zycia (39% mezczyzn oraz 23% kobiet) przy czym czesto$¢ wystepowania wzrasta az
do 79% wsrod osob powyzej 90 roku zycia [2]. Zgodnie z najnowszymi doniesieniami,
szacuje si¢, ze wskaznik zachorowalnosci na AK wynosi okoto 1928 na 100.000 osobolat,
co wskazuje jak istotnym problemem zdrowia publicznego staje si¢ ta jednostka chorobowa
[3]. Uwaza si¢, ze AK jest jedng z najpowszechniejszych choréb dermatologicznych.
Klinicznie objawia si¢ jako szorstka, luszczaca si¢ grudka lub blaszka na rumieniowym
podtozu, zwykle zlokalizowana w miejscach przewlekle eksponowanych na
promieniowanie stoneczne. Wskaznik progresji AK do raka ptaskonablonkowego
(squamous cell carcinoma - SCC) jest obliczany jako 0,53% na zmiang¢/rok [4]. Ze wzgledu
na powszechne wystepowanie AK, a takze mozliwo$¢ progresji do inwazyjnej postaci SCC,
AK wymaga leczenia niezaleznie od stadium klinicznego. Nie nalezy tez zapominaé, ze AK
nie powinno by¢ traktowane jako pojedyncza zmiana skorna, ale rozwazane jako
kontinuum procesu tzw. fotokancerogenezy. W procesie tym dochodzi do tworzenia
obszarow rakowacenia (field cancerization - FC) charakteryzujacych si¢ obecnoscig zmian
genetycznych (m.in. utrata ekspresji p53) na obrzezach klinicznie widocznych ognisk AK
1 w obrebie obszarow subklinicznych w skorze przewlekle uszkodzonej przez
promieniowanie ultrafioletowe [4, 5].

AK diagnozowane jest glownie na podstawie obrazu klinicznego, cech
dermatoskopowych, a takze z wykorzystaniem nowych metod nieinwazyjnej diagnostyki
obrazowej, takich jak refleksyjna mikroskopia konfokalna (reflectance confocal microscopy
- RCM) czy optyczna tomografia koherentna. W wyjatkowych przypadkach, gdy diagnoza
AK pozostaje niejasna, zmiana nie odpowiada na prowadzone leczenie lub gdy nie mozna
wykluczy¢ transformacji do SCC, wykonywana jest biopsja diagnostyczna [6]. Na
podstawie cech histologicznych mozna wyr6zni¢ siedem réznych wariantow AK,
a mianowicie przerostowy, zanikowy, bowenoidalny, akantolityczny, epidermolityczny,

lichenoidalny i barwnikowy, z czego podtyp barwnikowy jest najrzadziej opisywany



w literaturze [7]. W pracy przegladowej wchodzacej w sktad rozprawy doktorskiej
dokonano przegladu pi$miennictwa na temat patomechanizmu, klasyfikacji, diagnostyki
1 wykorzystania terapii fotodynamicznej (photodynamic therapy - PDT) w leczeniu AK [8].
PDT jest korzystng opcja leczenia AK, poniewaz jest formg terapii ukierunkowang na
leczenie nie tylko pojedynczych zmian skérnych, ale catego FC. Niszczy ona selektywnie
chorg tkanke i1 charakteryzuje si¢ wysoka skuteczno$cig, a takze dobrym efektem
kosmetycznym [5]. W dostepnej literaturze sugerowano, ze PDT moze mie¢ ograniczong
warto$¢ w leczeniu zmian barwnikowych. Melanina konkuruje z protoporfiryng 1X pod
wzgledem absorpcji $wiatla, zmniejszajac reakcje fotochemiczng 1 pozadany efekt
fotodynamiczny [9]. Jednakze Zadne prowadzone dotychczas badania nie analizowatly
skuteczno$ci PDT w roznych podtypach AK, w tym w podtypie barwnikowym. Nie ma
rowniez prac dotyczacych poprawy cech dermatoskopowych czy w obrazie z mikroskopii
konfokalnej po leczeniu z wykorzystaniem PDT w poszczeg6lnych podtypach AK.

PDT, poza AK, wykorzystywana moze by¢ réwniez w leczeniu rakow
podstawnokomorkowych (basal cell carcinoma - BCC) niskiego ryzyka [10, 11] a takze
chociazby w leczeniu pozasutkowej choroby Pageta (extramammary Pagets disease -
EMPD) [12, 13].

Wspomniane powyzej prace pogladowe [8, 11] oraz opis przypadku [13] autorstwa

doktorantki zostaly przygotowane jako wstep do prowadzenia dalszych badan.



5. Cele pracy

Celem rozprawy doktorskiej byty:
1. Ocena skutecznos$ci terapii fotodynamicznej w leczeniu podtypu barwnikowego
rogowacenia stonecznego.
2. Ocena zastosowania (wideo)dermatoskopii i refleksyjnej mikroskopii konfokalnej
w ocenie skutecznosci prowadzonej terapii fotodynamicznej w klasycznym

1 barwnikowym podtypie rogowacenia stonecznego.

10



6. Material i metody

Niniejsza rozprawa doktorska zostala przygotowana w oparciu o cykl pigciu
powiazanych tematycznie publikacji petnotekstowych poswieconych zastosowaniu terapii
fotodynamicznej w leczeniu wybranych schorzen dermatologicznych.

Prace przegladowe wchodzace w sklad rozprawy doktorskiej dotyczace leczenia
z wykorzystaniem PDT w terapii rogowacenia stonecznego [8], podtypu barwnikowego
BCC (pigmented basal cell carcinoma - pBCC) [11] oraz EMPD [13] nalezy rozwaza¢ jako
wstep do prowadzenia dalszych badan.

Wszyscy uczestnicy badan wyrazili pisemng zgode na udziat w badaniu. Wszystkie
badania uzyskaly pozytywna opini¢ Komisji Bioetycznej Uniwersytetu Rzeszowskiego

(Uchwata nr 6/11/2020, datowana 19 listopada 2020).

6.1 Ocena skutecznosci terapii fotodynamicznej w leczeniu pAK

Do pierwszej pracy badawczej [14] wlaczono 16 pacjentow (13 kobiet, 3 mezczyzn)
z tacznie 20 zmianami o typie barwnikowego AK (pigmented actinic keratosis - pAK)
zlokalizowanymi na twarzy. Sredni wiek (+ odchylenie standardowe) pacjentow wynosit
74,75+8,89 lat. Pacjenci z pAK zostali zdiagnozowani za pomoca badania
wideodermatoskopowego (videodermoscopy — VD). Aby potwierdzi¢ rozpoznanie
1 wykluczy¢ mozliwo$¢ ztosliwej proliferacji, kazda zmiana byta dodatkowo oceniana za
pomocg RCM. Do badania wlaczono tylko pacjentéw z jednoznacznymi zmianami
(z cechami typowymi dla pAK) zarowno w ocenie VD, jak i RCM. Zmiany nie mogty
wykazywac¢ zadnych cech typowych dla ztosliwej plamy soczewicowatej (lentigo maligna -
LM) w RCM. Zmiany skorne oceniano klinicznie zgodnie z kryteriami Olsena z 1991 roku
[15], za pomocg wideodermatoskopu (Canfield D200EVO; Canfield Scientific GmbH,
Bielefeld, Niemcy) i RCM (VivaScope 1500/3000; MAVIG GmBH, Monachium, Niemcy)
przed (dzien 0) i 1 miesigc po (dzien 112) trzech kolejnych sesjach PDT.
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6.1.1. Badanie VD

Badanie dermatoskopowe sktadalo si¢ z ,suchej dermatoskopii” (bez ptynu
imersyjnego); nastepnie wykonano ,,mokrg dermatoskopi¢” (z zelem do USG). Oceniano
obecnos¢ 1 czestos¢ wystepowania okreslonych kryteriow dermatoskopowych pAK, w tym:
szarych  kropek/grudek/ziarnistos$ci, brazowych  obszarow  bezstrukturalnych,
szaro-brazowej pseudosiatki barwnikowej, postrzgpionego brzegu zmiany, biatych
obszaréw bezstrukturalnych, wzorca obraczkowato-ziarnistego, siatki barwnika, bialych
kot, brazowych kol, asymetrycznie wybarwionych uj$¢ mieszkow wlosowych,
hiperpigmentowanej obwodki uj§¢ mieszkéw wltosowych, kropek w linii, tzw. “jelly sign”,
powierzchownej porozrywanej siatki barwnika, czerwonej pseudosiatki barwnikowej,
czarnych plam, struktur typu linie papilarne, naczyn w ksztalcie kropek, szarawych
obszardéw, wzoru “romboidalnego”, ,,gwiazdzistego” wygladu na obrzezach zmiany, tuski i
strupa, tzw.“rozety”, podwojnych biatych grudek, tzw. “rogu dermatoskopowego,” okregu
w okregu, wzoru targetoidalnego, tzw. objawu “truskawki”, ostrego rozgraniczenia,
pseudozaskornikow, pseudocyst rogowych 1 zottych nieprzezroczystych obszarow

homogennych [16, 17, 18].

6.1.2 Badanie RCM

Badanie RCM wykonano przy pomocy lasera diodowego o dlugosci wigzki 830 nm.
Dla kazdej zmiany uzyskano co najmniej trzy mozaiki, odpowiednio na poziomie
powierzchownej warstwy naskorka, potaczenia skdérno-naskorkowego 1 warstwy
brodawkowatej skory wilasciwej; kazda mozaika skladata si¢ z 16x16 obrazow
o wymiarach 500x500 um. Koncowka 3000 urzadzenia uzywana byta w przypadku zmian
zlokalizowanych w obszarach, w ktorych uzycie koncowki 1500 byto technicznie trudne
lub niemozliwe do wykonania; w takim przypadku uzyskiwano co najmniej pigé

vivastackow z okoto 25-30 obrazami 750%750 um.
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6.1.2.1 RCM cechy pAK

Oceniano  obecno$¢ cech typowych dla pAK, takich jak ‘tuska,
zaburzenia/pojedyncze komorki, parakeratoza, pseudocysty rogowe, tzw. “keratin filled
invaginations”, atypowe keratynocyty, nieuporzadkowany wzoér budowy naskérka, tzw.
“mottled pigmentation”, komorki targetoidalne, $rodnaskorkowe komorki dendrytyczne,
tzw. “ringed areas”/mate i1 jasne brodawki/gesto upakowane brodawki, policykliczne
kontury brodawek, sznury, tzw. “plump bright cells”, skrecone wigzki kolagenu, grube
wigzki kolagenu, zwini¢te witokna, naczynia przechodzace przez brodawki skérne (tzw.
,bottom-hole”) 1 naczynia linijne [19, 20]. Zgodnie z zaleceniami zaproponowanymi
w 2022 roku przez panel ekspertow dotyczacy wielodyscyplinarnego postgpowania
w przypadku raka kolczystokomorkowego skory, RCM moze by¢ stosowany u wybranych
pacjentow w diagnostyce réznicowej ztozonych zmian, szczeg6lnie w okolicy glowy 1 szyi
[21]. W pracach badawczych wiaczonych do cyklu, RCM zastosowano w celu wykluczenia

rozpoznania LM i oceny atypii keratynocytow.

6.1.2.2 RCM wykluczenie procesu zlosliwego

Aby wykluczy¢ LM, w pracy zastosowano kryteria RCM zawarte w algorytmie
diagnostycznym lentigo maligna zaproponowanym przez Guitera i wsp. [22]. OcenialiSmy
obecnos¢ nastgpujacych cech: tzw. “non-edged papillae”, okragle komorki pagetoidalne
>20 pum, >3 atypowe komorki na potaczeniu skorno-naskorkowym w pieciu polach 0,5%0,5
mm?, lokalizacja okotomieszkowa komorek pagetoidalnych i/lub atypowych komorek
taczacych, komorki jadrzaste w obrgbie brodawek skornych i poszerzony tzw. wzor “plastra

miodu” [22].
6.1.2.3 RCM okreslenie atypii keratynocytow i schemat leczenia
Aby sklasyfikowa¢ obrazy RCM w celu okreslenia atypii keratynocytow,

wykorzystano klasyfikacj¢ Seyeda Jafariego 1 wsp. [23]. Krem 5-ALA 10% (Foto-Dermal®

HCl; MagnaPharma, £.6dz, Polska) nakladano na zmiany skoérne, ktére wczesniej
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odtluszczono 70% etanolem 1 odwarstwiono (zmiany hiperkeratotyczne). Nastepnie
naktadano foli¢ 1 =zabezpieczano opatrunkiem ostaniajagcym przed $wiatlem. Po
180-minutowym okresie inkubacji, opatrunki usuwano, pozostalosci preparatu zmywano
tagodnym mydltem i1 woda, a zmiany naswietlano trybem pulsacyjnym czerwonym
swiattem 630 nm (Treviolux; MEDIlight GmbH, Herford, Niemcy). Kazdy pacjent miat
wykonane trzy zabiegi PDT w odstgpach 4 tygodni. Catkowita dawka $wiatla po trzech
sesjach PDT wynosita 111 J/cm? dla kazdej zmiany. Pacjenci zostali poinformowani
o schemacie postgpowania po PDT i unikaniu dlugotrwatego nastonecznienia przez 48
godzin po zabiegu. Aby przyspieszy¢ gojenie i1 zmniejszy¢ podraznienie, zalecono

stosowanie kosmetykow zawierajacych d-pantenol i tlenek cynku.

6.2 Ocena zastosowania VD i RCM w ocenie skuteczno$ci prowadzonej terapii

fotodynamicznej w AK i pAK

Do drugiego badania [24] wiaczono 52 pacjentdw (34 kobiety, 18 me¢zczyzn)
z fototypem II w skali Fitzpatricka, u ktorych leczono tacznie 300 AK (25 pAK, 275 AK).
Sredni (+ odchylenie standardowe) wiek pacjentéw wynosit 73,61£10,91 lat. Pacjenci
prezentowali AK na twarzy w stopniu II 1 byli diagnozowani, 1 oceniani na podstawie
typowych cech zaro6wno w badaniu VD, jak i RCM. Oceny dokonywano przed (dzien 0)
1 3 miesigce po (dzien 112) jednym zabiegu PDT. Sposrod 300 zmian na twarzy, 45,7%
bylo zlokalizowanych na czole, 33% na policzkach, 17,6% na nosie 1 3,7% w okolicy

okotooczodotowe;.

6.2.1. Badanie VD

Oceniono  obecno$¢ 1 czesto§¢  wystgpowania  okreSlonych  kryteridw
dermatoskopowych AK w dniu 0 i w dniu 112 (trzy miesigce) po sesji PDT. W przypadku
pAK oceniano takie same cechy, jak w badaniu pierwszym [14].

W przypadku klasycznych zmian AK, oceniano cechy takie, jak czerwona
pseudosiatka, powierzchowna porozrywana siatka, naczynia w ksztalcie kropek,

»gwiazdzisty” wyglad na obrzezach zmiany, romboidalny wzor, tuska i strup, podwdjne
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biate grudki, tzw. “rozety”, tzw. objaw “truskawki”, biate grudki bezstrukturalne, biale
grudki, mikroerozje, drobne faliste naczynia, biate i szerokie otwory uj$¢ mieszkow

wlosowych.

6.2.2 Badanie RCM i schemat leczenia

Badania RCM przeprowadzono zgodnie z protokotem opisanym w badaniu
pierwszym [14].

Kryteria RCM, ktore zostaly zanalizowane we wszystkich AK, obejmowaty
nastgpujace cechy: zaburzenia/pojedyncze komorki/ odczepione keratynocyty, ciemne
centralne obszary parakeratozy, pseudocysty rogowe, tzw. “keratin filled invaginations”,
atypowe keratynocyty, naskorkowe 1 skorne nacieki zapalne, nieuporzadkowany
wzodr/utrata prawidtowej budowy naskorka, tzw. “mottled pigmentation”, polaryzacja jader
warstwy kolczystej, komorki targetoidalne, srodnaskorkowe komorki dendrytyczne, tzw.
“ringed areas”/male i jasne brodawki/gesto upakowane brodawki, policykliczne kontury
brodawek, sznury, tzw. “plump bright cells”, skrecone wigzki kolagenu, grube wigzki
kolagenu, zwini¢te witokna, naczynia przechodzace przez brodawki skoérne (tzw.
,bottom-hole”), elastoza postoneczna, zwigkszone unaczynienie i naczynia linijne.

Wszystkie oceny przeprowadzono przed (dzien 0) i 3 miesigce po (dzien 112)
pojedynczym zabiegu PDT. Zmieniona chorobowo skora zostata uprzednio odtluszczona
70% etanolem 1 delikatnie odwarstwiona tyzeczka dermatologiczng. Nast¢pnie stosowano
10% zel 5-ALA (Ameluz, Biofrontera, Inc., Wakefield, MA, USA), naktadano foli¢
1 zabezpieczano opatrunkiem ostaniajagcym przed $wiatlem. Po 180-minutowym okresie
inkubacji, opatrunki usuwano, pozostatosci preparatu zmywano tagodnym mydtem i woda,
a zmiany naswietlano trybem pulsacyjnym czerwonym $wiattem 630 nm. Kazdy pacjent
mial wykonany jeden zabieg PDT z calkowita dawka $wiatta rowng 37 J/cm? dla kazdej

zmiany.
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7. Wyniki

7.1 Ocena skutecznosci terapii fotodynamicznej w leczeniu pAK

W badaniu poswigconym pAK [14] oceniajac zmiany klinicznie z 20 zmian
wlaczonych do badania, 19 sklasyfikowano jako stopien 1 w skali Olsena (95%), a jedng
zmian¢ jako stopien 2 w skali Olsena (5%). Po trzech sesjach PDT zaobserwowano
catkowite ustgpienie jakichkolwiek klinicznych cech pAK w 80% badanych zmian;
pozostate 20% ognisk chorobowych prezentowato si¢ jako ptaskie plamki bez ztuszczania,
chociaz nadal byly one tatwo wyczuwalne palpacyjnie. Wszystkie oceniane zmiany skérne
wykazywaty typowe cechy pAK w badaniu dermatoskopowym przed PDT. W badane;j
populacji najczestszymi cechami pAK byly: wzor romboidalny (80%), tuska (60%),
obecno$¢ bialych globul (50%), tzw. “jelly sign” z powierzchowng pigmentacja (40%),
wewngetrzna szara obwodka (35%) 1 biale kota (30%). Badanie dermatoskopowe wykazato
catkowite ustgpienie wszystkich ocenianych cech po trzech sesjach PDT w 65% zmian.
Ponadto, takie cechy jak obecno$¢ biatych globul ustapity w prawie potowie zmian (5/11),
podczas gdy wzorzec obraczkowato-ziarnisty ustapit w jednej trzeciej zmian (3/9).
Wszystkie zmiany (100%) wykazywaly rézny stopien atypii keratynocytow przed PDT,
najczesciej w stopniu 2 (85%) (umiarkowana utrata wzoru “plastra miodu”, z kilkoma
zmianami w morfologii keratynocytow 1 rdéznymi rozmiarami komorek, obszary
z niewyraznymi granicami komorek), oraz 3 (10% przypadkéw) (utrata wzoru “plastra
miodu”, cigzka atypia komorkowa i utrata morfologii keratynocytow). Najrzadziej (5%)
obserwowano atypi¢ w stopniu 1 (minimalne zmiany we wzorze “plastra miodu”,
sporadyczne zmiany w morfologii keratynocytow i wiekszos¢ keratynocytow z latwo
wykrywanymi granicami). Po trzech sesjach PDT, zanik atypii komorkowej w badaniu
RCM zostat osiagnigty w 85% zmian (n = 17). Tylko trzy zmiany (15%) nadal wykazywaty
pewng atypi¢ keratynocytéw, z minimalnymi zmianami we wzorze “plastra miodu”. Tym
samym badanie RCM okazato si¢ najskuteczniejsze w wykrywaniu subklinicznych zmian

o typie AK.
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7.2 Ocena zastosowania VD i RCM w ocenie skuteczno$ci prowadzonej terapii

fotodynamicznej w AK i pAK

W  badaniu poréwnujagcym czgstoS¢  wystepowanie  specyficznych cech
dermatoskopowych 1 RCM klasycznego podtypu AK i pAK [24] wszyscy pacjenci odniesli
korzysci z terapii PDT. W grupie z klasycznym AK, jak rowniez w grupie pAK, 76% 1 24%
wszystkich pacjentéw osiagneto odpowiednio stopien I i1 0, zgodnie z kryteriami Olsena. W
klasycznym AK najczestszymi objawami dermatoskopowymi byty drobne, faliste naczynia
(96,4%), tuska (92%), objaw “rozety” (63,6%), mikroerozje (48%), wzor ,truskawki”
(36,4%), biate grudki bez struktury (36%) 1 biate globule (31,6%). Tzw. ,jelly sign”, wzor
“romboidalny” 1 ,,gwiazdzisty” wyglad na obrzezach zmiany obserwowano rzadziej,
odpowiednio w 12,4%, 8% 1 7,6% przypadkow. Trzy miesigce po jednej sesji PDT,
dermatoskopowo obserwowano gléwnie drobne faliste naczynia (87,6%), tuske (51,6%),
objaw ,,rozety” (27,6%) 1 wzor “truskawki” (16%). Liczba zmian z mikroerozjami, biatymi
grudkami bez struktury i bialymi globulami zmniejszyta si¢ (odpowiednio o 44,4%, 32%
1 23,2%), podczas gdy tzw. ,,jelly sign”, wzor “romboidalny” 1 ,,gwiazdzisty” wyglad na
obrzezach  zmiany calkowicie ustgpily. W  pAK najczestszymi  objawami
dermatoskopowymi byty wzér “romboidalny” (80%), tuska (60%), biate globule (48%),
tzw. ,jelly sign” i powierzchowna pigmentacja (40%), wewnetrzna szara obwodka (36%)
oraz wzorzec obrgczkowato-ziarnisty (32%), podczas gdy biale kota, tzw. objaw “rozety”,
podwdjne biate globule, struktury typu linie papilarne, centralny strup i szarawe obszary nie
byly tak czesto obserwowane (odpowiednio w 28%, 24%, 20%, 16%, 5% 1 4% zmian).
Trzy miesigce po jednej sesji PDT zmiany chorobowe wykazywaty gtownie biate globule
(24%) 1 wzorzec obraczkowato-ziarnisty (20%). Liczba zmian z tuska, tzw. ,jelly sign”
1 powierzchowng pigmentacja, bialymi kotami, podwojnymi bialymi grudkami
1 strukturami typu linie papilarne zmniejszyta si¢ (odpowiednio o 56%, 36%, 24%, 16%
1 12%), podczas gdy wzor “romboidalny”, wewnetrzna szara obwodka, tzw. objaw ,,rozety”
i centralny strup catkowicie ustgpity. W klasycznej AK najczesciej obserwowanymi
cechami w RCM byty: nieprawidtowy wzor “plastra miodu” w warstwie kolczystej (96%),
a takze naciek zapalny w naskorku i elastoza postoneczna, ktore byly obecne w 95,6%

zmian, podczas gdy ciemne centralne obszary parakeratozy, nieuporzadkowana warstwa
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kolczysta, zwigkszone unaczynienie 1 naciek zapalny skéry wiasciwej byly obserwowane
rzadziej, a mianowicie odpowiednio w 92%, 87,6%, 39,6% 1 35,6% zmian. Trzy miesigce
po jednym zabiegu PDT zmiany chorobowe charakteryzowaly si¢ gtownie elastoza
postoneczng (92%), naciekiem zapalnym naskérka (40%) 1 ciemnymi centralnymi
obszarami parakeratozy (28,4%). Liczba zmian z nieprawidtowym wzorem “plastra miodu”
w warstwie kolczystej, nieuporzadkowana warstwa kolczysta, skoérnym naciekiem
zapalnym i1 zwigkszonym unaczynieniem zmniejszyla si¢ (odpowiednio o 72,4%, 68%,
31,2% 1 27,6%), podczas gdy oderwane korneocyty, komorki dendrytyczne 1 okragle
komorki jadrzaste w warstwie kolczystej catkowicie ustgpity. W pAK najczesciej
obserwowanymi cechami w RCM byly ciemne centralne obszary parakeratozy (72%), tzw.
“mottled pigmentation” (72%), naciek =zapalny skoéry wihasciwej (64%), elastoza
postoneczna (60%) 1 nieprawidlowy wzor “plastra miodu” w warstwie kolczystej (56%).
Z kolei nieuporzagdkowana warstwa kolczysta, naskérkowy naciek zapalny, polaryzacja
jadrowa warstwy kolczystej, oderwane korneocyty i policykliczne kontury brodawek
skérnych byly obserwowane rzadziej — odpowiednio w 40%, 40%, 36%, 32% 1 32%
przypadkow. Trzy miesigce po jednym zabiegu PDT zmiany chorobowe charakteryzowaty
si¢ glownie elastoza postoneczng (52%), naciekiem zapalnym skory wilasciwej (32%),
zwigkszonym unaczynieniem (32%) i tzw. “plump, bright cells” (32%). Liczba zmian
charakteryzujacych si¢ tzw. “mottled pigmentation”, ciemnymi centralnymi obszarami
parakeratozy, nieprawidtowym wzorem “plastra miodu” w warstwie kolczystej, komorkami
dendrytycznymi 1 polaryzacja jadrowag warstwy kolczystej zmniejszylta si¢ (odpowiednio
0 56%, 44%, 36%, 32% i1 32%), podczas gdy utrata wzoru “plastra miodu” nie byta juz
obserwowana w zadnej ze zmian. Jedyng cecha, ktérej czestos¢ wystepowania nieznacznie
wzrosta trzy miesigce po PDT, byta obecnos¢ tzw. “plump bright cells”(z 28% do 32%).
Warto zaznaczy¢, ze zaro6wno obecno$¢ tzw. bialych globul czy wzorca
obraczkowato-ziarnistego w dermatoskopii, jak i niewielkiego nacieku zapalnego skory
wlasciwej, zwigkszonego unaczynienia 1 tzw. “plump, bright cells” w RCM s3 wyrazem
prowadzonego leczenia z wykorzystaniem PDT i nie nalezy traktowac ich jako patologii
1 wyrazu nieskuteczno$ci prowadzonej terapii. Podobnie elastoza postoneczna jest
procesem utrwalonym i nie nalezy oczekiwac jej wycofywania si¢ w trakcie prowadzonego

leczenia.
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8. Whnioski

Na podstawie przeprowadzonej analizy wysnuto nastgpujace wnioski:

1.

Terapia fotodynamiczna wydaje si¢ by¢ skuteczng metoda leczenia podtypu
barwnikowego rogowacenia stonecznego na twarzy u o0so6b o jasnej karnacji.
Hipoteza ta wymaga jednak potwierdzenia na wigkszej populacji badanej, najlepie;j
z grupg kontrolna.

Zastosowanie nowych nieinwazyjnych technik obrazowania, takich jak refleksyjna
mikroskopia konfokalna 1 wideodermatoskopia, pozwala lepiej uwidocznié
skuteczno$¢ prowadzonego leczenia rogowacenia slonecznego zaréwno w jego
pigmentowanych, jak i bezbarwnikowych podtypach. Co wigcej, skuteczno$¢ terapii
fotodynamicznej w podtypie barwnikowym rogowacenia stonecznego wydaje si¢
by¢ nie gorsza od podtypu klasycznego. Ograniczenia badania obejmujg
prowadzenie badan tylko u pacjentdw rasy kaukaskiej (fototyp Fitzpatricka II)

1 jednoosrodkowy charakter projektu.
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9. Kopie publikacji wchodzacych w sklad rozprawy doktorskiej

4

TEMAT NUMERU

Zastosowanie terapii
fotodynamicznej w leczeniu
rogowacenia stonecznego

* Obraz kliniczny, klasyfikacja i diagnostyka rogowacenia slonecznego (AK)
* Schematy terapeutyczne stosowane w leczeniu AK

* Terapia fotodynamiczna jako leczenie pierwszego rzutu w przypadku
zmian |, Il stopnia i z tzw. polem rakowacenia
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TEMAT HUMERU

cgowacenie sloneczne (AK - i i
RlEﬂﬂa z hajcresiszyeh c:\méh d:mllimult;:;syﬁ ]::E
wao_thﬂ Preez nadmierng | przewlekly ekapu@vcj:; na
promieniowanie ulirafioletowe. Najezedcie] (w ok, 75% przy-
padkéw) zmiany pojawiajg sig na fotauszkodzone] skirze
gléwmnia twarzy, glawy, 32yl oraz grebietowyeh czedel ralt’
iprzedramion. Wediug Memaona fwsp. AK dotyka w Eureple
g:.;?:&l:ﬁcmg i 18% kobiet w wisky powyze] 70 ket

wierdza si ie]
sig Swiatowe] pﬂpmﬂiiscomz B

Patomechanizm

Fmen_inwanle UVB (290320 nm} moze powadowad
iwerzenie sig dimerdw cykinbutanopirymidyny oraz fo-
topraduktaw  6,4-plrymidyno-pirymidanu | prowadzic do
bezposredniego uszkodzenla DMA*:. W efekcie docho-
dzi do zahamowania funkeji bialek sugresorowyeh 1akich
Jak pS3 i do klonalne] ekspansjl keratynocytéw, co prowadzi
do AK", Paprzez indukcie blalka p53 keratynocyty stymuluja
produke]e zwigrku zwanego prooplomelanckortyna, ktéra
pizekszialea sig w hormon odpowiedzialny 73 sktywace
melanocytaw, co skutkuje synteza eumelaniny, pewoadujgc
ciemniejsze zabarwienie shiry’. Wydaje sig, 2e rozregulowa-
fie szlaku p53 odgrywa najwainiejsz roly w rozwaju AK,
 takie raka kolczystokomorkowego (SCC - squamous cell
carcinoma)®. Z kolel absorpeja promieniowania UWA {320-
400 nmj przez chramafory skary skutkuje wytwarzaniem re-
aktywnyeh form tienu, kidre utleniaja reszty guaniny w DNA,
powodujac ich mutagennose®=,

Migktdre badania sugerujq. 2e infekeje wiresam| brodawcza-
ka ludzkiege dziata)q jake kofaklory rozwoju AKY, zwlasacza
w polgezeniu ze zmianami DNA wywolanymi promieniows-
niem UV, Postuluje sie, 2e dzieje sig to poprzez 2wigksza-
nie ekspresji wirusowych onkoprotel EGET w zakaZ h
keratynocytach™.

Diagnostyka

wigkszosé ognisk AK rozpoznaje sig na podstawie badanfa_
klluﬁc:nego i oceny czynnikéw ryzyka. Ogniska AK zazwycza)
wysippuja pod postaciy szorsikich fuszezaeych sig plam,
blaszek lub grudek na rumieniowym jpadbozu w migiscu wy-
kazujacym oznaki preewlekliego uszkodzenia slonecnego.
Zmiany nie preekraczajy zwykle 1 cm iprzy h_al:_lnntulxlpa-
oyjnym maja teksturg przrpnrrlinajch papier dcierny'=,

i nalek konac, jedli wystgpuje co najmnie]
?e';f:': rﬁ:gpujawinech klimicznych {suget_ugqr.f:h §CC
Jub inne rodzaje raka skary): naciek, stwardnienie, gwnﬂ-
dzenie, hiperpigmentaca, szybkie powlgkszanie sig bél'e,
Procedurg te modna rozwazyt, ]sé_ll W dermusljnpln widnecz-
ne sg afypowe strukiury NacZymiowe, takle jak m_aczyr_na
klebunhuwat&fkmpkawarue.fpulimorﬂcme lub :li ttme Epl;iv
ki do wiosdw i/ lub strukiury pl?}"pﬂ_nﬂl‘lﬂ]a_cehlal & kols by
blate homogenne obszary"”. Biopsje 58 réwniez Hrmgzr‘l\e
u pacjentdw, u kibryeh ple mozna uzyskad remis|i z:—_n 5
W dingnostyce AK wykerzysiuje Sig talsza nowe techniki ob-
T |, takie jak m wonia konfokalna czy oplyezna

tomagrafia koherentna™ "

Klasyfikacja

miany AK mona klinicznlz ozenié na podstawie jch grubo-
ici z:l;urnocq Klasyfikaei| Glsen. Zmiany | stopnia sq slabo
wiyczuwalne, 1| stopnia = umiarkowanie grube, a |l stopmid
~ bardzo grube i hiperkeratotyczne®. Ta klasylikacja zostala
raproponawana, aby zapewnic lepszg charakterystyke d;o‘
roby i rozrdznienie padtypow morfologiczaych. Jedl?ak b’. a-
nie, ktdre prreprowadzili Schmitz | wap. wykazale, de klinicz:
na klasyfikacfa zmian chorobowych 23 pomocy |e‘go systemu
nie koreluje z wynikiem badania histologicznage?.

Do oceny nasilenia zmian w preeblequ AR wobrebig glowy
stosuje sie rawnie? skale AKASI {Actinic Keratosis Area
and Severity Index)?, Wylyczne International League of
Dermatological Socleties/European Dermatnlo_w Fm_-um
dotyczgee regowacenia slonecznege klasyfikujg pacjen-
téw pod kgtem liczby ognisk AK na ohszar lub na fcq}un
ciala. Klasyfikagja sluzy do wyboru lezenia. Pacjenci 2 po-
jedynczymi zmianami majg od £1 do =5 w:ﬂ:zuwalnych lub
wideeznych ognisk AK, a ze zmianami mnogimi =6. Z kolel
osoby z obszarem zagroZenia nowotworowego (FC - field
cancerization) takze majg =6 rozpoznawalnych zmian AK,
ale w tym wypadku obiserwuje sie ponadio praylegle d_o
zmian chszary przewleklego popromiennega uszkodzenia
stonecanego | hiperkeratozy™. AK moze ulec progresji Flo
nieczemiakowyeh nowotwordw skory, preede wszystkim
5007, Ryzyko transformaci zkoéliwe] waha sig w granicach
0,025-16% i rognle proporcjonalnie do liczhy wyst:_pp]q-
cych u pacjents zmian skérmych (5-20 ognisk AK zwigksza
1o ryzyko 4-krotrie, a >20 = 11-krotnief®. Nie istnleje zad-
ne uyleczne narzedzie pomocne w przewidywaniu, ktéra
zmiana preeksztalei sie w inwazyjrege SCC. Z tego powedu
uwaza sig, 28 Juz samo postawienie diagnozy AK obliguje do
podjecla leczenia®™,

Leczenie

Wyroenia sig dwie strategie terapeutyczne: leczenie skiero-
wane na zmiang i leczenie skierowane na obszar zagroze-
nia nowotworoweno. Niektorzy autorzy dziela drugg z tych
strategii w zaleznodel od wislknsoi obszaru zabiegowego na
leczenie skierowane na klaster matego (=25 cm) | duzego
(»25 em?) pola®, Wszysikie dostgpne cbecnie schematy le-
czenia zostaly podsumowane w tabelach 1, 21 3927,

Terapia fotedynamiczna w leczeniu AK

Terapia fotodynamiczna (POT = photodynamic therapy) jest
leczenlam skierawanym na obsrar zagrozenia nowolworawe-
go. Bazuje ma interake)i pomigdzy fotouczulaczem (kwasem
S-aminalewulinowymn [ALA = aminolevulinie acid] lub jego
estrem - aminolewulinianem metylu [MAL = methyl amino-
levulinata]), odpowiedniy dlugoscly wiatta oraz tlenem??,
Powierzchownie naloony ALA lub MAL 2 latwoécig przenika
przez warstwe rogowa naskdrka i omija wewngtrzkamarko-
we agraniczenia na drodze syntezy hemu, jest ahsorbowany
przez dysplastyczne komdrki | konwertowany do protoporfiry-
iy I¥, endogennigo fotouczulaczs, Ekspozycia na swiatlo wi-
dziaine pewoduje (przy udzials licznyeh prostaglzndyn | cyta-
kin} transformacje tlenu do jegn formy singletows] | w efekcie
destrukeje dysplastyczrych komorek?.

www podyplamie pl/dermatelogiapodyplomie » styezen 2022
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i 1l fazie badar Klinlcznych preeznaczone da terapk
Nazwa zwinzku. pa Machanizm dzlatania

Paklitaksel (SOR0OT), magé 0,15%-2%

Tirbanibuling (KX2-391), madé 1%

Dobezylan potasu (AMBO1), kram 7,5%
Furosemid + digoksyna, zel 0,125%

W PDT utywa sig rétnych rodel $wiatla, jednak éwiatlo czer-
wone (2e szezytem absarpeii 630 nm) wykorzystuje si¢ najpow-
szechniej e wzgleduna jego olebuka penetracje do thanek. Jest
to szezegdinie wazne w leczeniu zmian przednowotworowych
I nowotwordw zlosliwyeh skéry™, W ostatnich latach duzg po-
pularnosc (ze wagledu na niewielki bil w irakeie terapil) zyskalo
wykorzysianie swiatla dziennego (DL-PDT - daylight photody-
namic therapy} = w tym wypadku stosuje sie éwiatlo slonecz-
ne zamiast swiatla czerwonego™ . Jest ono rekomendowane
u pacjentéw immunokompetentnychz AK 11 stopnia w abieble
glowy i twarzy'. Niektére badania wykazaly jednak wickszy od-
setek nawrotdw AK w clagu 6 miesiecy po zakoriczeniu terapii
wsrod pacientéw poddawanych DL-FDT™ . Istnigj rownlez
protokoly (FLEXI-FDT czy Phosistos PDT) wykarzystujgce do
nagwietlad skdry wickna emitjgce swiatlo (np, biofotoniczne),
iednak 3 one jak dotad slabo przebadane®e,

Kenwencjonalna terapla fotodynamiczna (z utyciem swiatta
czerwoneqo, c-PDT - conventional POT) jest leczeniem pierw-
s2e] linii w przypadku mnogich AK stopria | il (wg Olsen) oraz
obszaru zagrozenia nowotworowege*'**, Zgednie 2 wytyczny-
mi europejskimi powyisze wskazanie ma rekomendace A (sil-
ne poparcie dla rekomendacii) i poziom jakosci danych 1 (dane
z =1 prawidlowo randomizowanego badania kontroknega),
W leczeniu zmian zlokalizowanych na skérze glowy i syl efek-
tywnosé PDT ocenia sig jako padebng lub wyzszg w stosunku
do innych dostepnych metod. Z kolei w przypadku actinic chei-
litis skutecznose terapii szacuje sie na 29-47%%,

Preparaty miejscowe (ALA, MAL) nakiada sie na oczyszezong
skére (motna wezednie] zastosowad metody wplywajace na
wigkszg penetracje preparatu — patrz tab. 2) i pozosiawia na
mniej wigeej 3 godz. pod nieprzepuszezalnym dla Swiatka opa-
trunkiem (z okluzjg lub bez okluzjl). Dowiedziono, 2o zastosowa-
nie opatunky okiuzyjnego wigze sig z wyiszg skulecznoscig
terapii, jednak powoduje zwiekszeng fototoksycznodé | bals,
Ponadto istnéejy doniesienia, ze stezenie 25(0H)D moie byd
jednym z modulatordw odpowledzing leczenie z uiyclem POT*.

Badania nie wykazujg roZnic pomigdzy skutecznoscly po-
szezegolnyeh fotouczulaczy™, Zalezy ona wylacznie ad gene-
racji tlenu singletowego | tym samym od jego Srédkomérkowej
dostepnosei*, Jednak istniejg doniesienia sugerujgee, ze ALA
moize powodowad wigksze dolegliwosci bélowe. Wynika to
zjeqo absorpeji przez B-aminckwasy i transportery GABA znaj-
dujgce s w zakoriczeniach nerwowych®,

rogowacenia s lan=c

Antagonista B-iubuling, stabill

~ hamuje podzialy komorkowe T
Inhibitor Stc praz polimeryzac)l tubuliny
- odlgeza HKZ od VDAC, pl'awﬂdz

do apoptozy, zahamowania g
komdrek nowotwarowych
Nieznany mechanizm dzialania
Inhibitar ATP-azy Na'/K'

jonowych
Tuwatekeyh (VOA-1102), masé 5%, 10%, 20% Inhlhﬂnrhekaitlnnlzg:. a:l;g_-;m:a T:::;ch NET03538951 (i faza)
salektywnych kanalow na ]

TEMAT NUMERU

znego [za: Cramer Iwsp.™ 2 modﬁlkacjam”
Numer.badanla klinicznegy

NCT03083470 (Il faza)

zuje mikrotubule
N

ac
fikolizy i proliferacjl

NCT03210740 (I faza) ==
NCT02684772 (Il faza) 1

NCT02B44777 (Il faza)

Osobng grupg stanowia pacjenci 2z AK w okolicach keriezyn
swlaszeza g6raych. Obejmuje ona osoby z =5 amiangp;
na konigzynach [ub nawet z 3 zmianami, ale o powkerzehy
525 o, Wiekszosé bader w te] grupie dotyczy zastos :
POT z ALA lub MAL. Wskazujg onena Znaczgcy przewage eg:
typu terapii pod wzglgdem czesciowe] lub catkowite] odpowis-
drina leczenia w pordwnaniu z preparatami miejscowympe,

Czynnikiem wptywajgcym na osiggnigeie calkowitego wy-
gojenia skary (ocenianega Za pomocy skali LSR = Local Skin
Response) jest nasilenle dziatan niepokgdanych leczanias
W pismiennictwle czas do catkowitego wygajenia skiry pa
zahiegu POT szacuje sie na 5-10 dni (Srednio 8,2 dnia)®, Jest
on diuiszy u 0s6b stesujacych ograniczenia dietetyczne (np.
w przypadku diet wegariskich wynosi Srednio 21,8 dnia)®.
Zarowno terapia przy udyciu MAL-PDT, DL-PDT, 5% imikwime-
du, jak | regularne stosowanie filtrow przeciwstonecznych za-
pobiegajs powstawaniu nowych zmian skérnych pod pastaci
AK po zakeniczanym leczeniu™. Obiecujace wyniki w zapabie-
ganiu nowym zmianom po skutecznie przeprowadzonej POT
uzyskiwano tak?e w przypadku stosowania nowych prepara-
thw, np. fotaliazy (photolyage)*=1,

Lv | wsp.= podkresill, e zastosowanie POT mote prEynosic
pacjentom dodatkowe korzysei, poniewas prowadzi do reme-
delingu skéry poprzez produkejp prokolageny typu | araz Il
izwigkszanie gestosci kolagenu zawartegow skérze. Ponadio
terapla 1a zmnigjsza produkeje i rozrieszozenie melaning
vi skirze oraz zwigksza jej napiecie’.

Podsumowanie

AK Jest stanem przednowotworowym, kiérego razpoznanie

%‘”'“"D. Wiaza sig 2 niezwlocznym rozpoczeciem leczenis.

: th'_‘al"‘_“ﬁ % tym wypadku szerokie zastosowanie | charak-

]Eﬂ' hJe Sl Wysokq skitecanogciq, Uzyie technik poprawia-

:amowﬂ?atr?cjg ALA lub MAL zwigksza dodathowo szanse

EZ&IEW‘OI'ID 2enie terapii, Napromienienie przy uzyciu $wistls

ania ufm%ﬁhara".‘e“."“’& 8i¢ najwigkszq glebokoscla sz

bbby U2naje sig |e za standard postepowania, jednak

e nne jest lepiej tolerowane przez pacjentow zuwagl
fie stabie] wyrazone dolegliwosci bolowe.

Adres o annﬂf‘g‘

zalharanmmmﬁﬁnﬁﬁfr::mﬂ'
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Pozasutkowa choroba Pageta — mozliwosci zastosowania
terapii fotodynamicznej
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STRESZCZENIE

Choroba Pageta o lokalizacji pozasutkowej jest rzadko wystepujacym nowotworemn Srodnaskérkowym i stanowi okoto 1% guzéw
okolicy anogenitalnej. Czesto ma charakter wieloogniskowy. W badaniu przedmiotowym stwierdza sie odgraniczona rumieniowa
blaszke z typowa bialg luskq i nadzerkami. Z uwagi na niecharakterystyczny obraz kliniczny rozpoznanie to powinno by¢ zawsze brane
pod uwage w przypadkach zmian skérmych z towarzyszacym swiadem zlokalizowanych w okolicach bogatych w gruczoly apokrynowe
i opornych na stosowane leczenie migjscowe. Ztotym standardem w leczeniu EMPD jest catkowita resekcja chorobowo zmienionej skory
wraz z marginesem zdrowej tkanki. Jednak w przypadku duzych zmian, w ktorych interwencja chirurgiczna bylaby dla pacjenta zbyt
okaleczajaca, terapia fotodynamiczna, zwlaszcza w polaczeniu z miejscowo stosowanym imikwimodem, stanowi dobra alternatywe
i poprawia jakos< Zycia pacjentdw.

Forum Derm. 2021; 7, 2: 50-55
Stowa kluezowe: choroba Pageta, rak gruczolowy, terapia fotodynamiczna, imikwimod

ABSTRACT

Extramammary Paget’s disease (EMPD) is a rare intraepithelial neoplasm which accounts for about 1% of malignant tumors in the ano-
genital region. It is often multifocal. Clinically it presents as a delineated erythematous plaque with typical white scales and erosions. Due
to the non-specific clinical picture, the EMPD should always be considered as the differential diagnosis of pruritic lesions located in areas
rich in apocrine glands and resistant to topical therapy. The golden standard in the EMPD treatment is the complete removal of the le-
sion with a safety margin. However, in patients with large tumors, when the surgical intervention would be mutilating for the patient,
photodynamic therapy, especially in combination with imiquimod, is a good alternative and improves the patient's quality of life.

Forum Derm. 2021; 7, 2: 50-55

Key words: Paget’s disease, adenocarcinoma, photodynamic therapy, imiquimod

WPROWADZENIE

Wedlug Swiatowej Organizacji Zdrowia (WHO, World
Health Organization) Choroba Pageta o lokalizacji pozasut-
kowej (EMPD, extramammary Paget’s disease) jest rzadkim
srédnaskérkowym nowotworem charakteryzujacym sie hi-
stopatologicznie zaznaczonym wzrostem duzych komaérek
zapokrynowym lub ekrynowym wzorcem, wywodzacym si¢
ze skory (pierwotny EMPD) lub bedgcym srodnaskérkowym
naciekiem niezdiagnozowanego nowotworu wisceralnego
(wtorny EMPD) [1]. Klinicznie EMPD ma charakter odgrani-
czonej, rumieniowe] blaszki, czesto z tuszczeniem i nadzer-

kami, ktore daja typowy obraz truskawek i Smietany” czy
Jukru do ciasta” [2-4]. Blaszka ta klinicznie i histologicznie
przypomina klasyczna chorobe Pageta, lecz zajmuje okolice
bogate w gruczoly apokrynowe, takie jak: srom, okolica
anogenitalna, dot pachowy, ale takze moszna, penis, dolna
powierzchnia brzucha czy pachwiny [1]. Choroba Page-
ta o lokalizacji pozasutkowej czesciej wystepuje u kobiet
(M:F = 1:1,4) rasy kaukaskiej w okresie pomenopauzalnym
oraz u mezczyzn rasy azjatyckiej [1, 5-8].

Patogeneza EMPD jest nieznana. Wedtug jednej z teorii
EMPD jest wynikiem wieloogniskowej transformacji zto-
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prof. dr hab. Adam Reich, Kiinika i Zaklad Dermatologii, Instytut Nauk Medycznych, Kolegium Nauk Medycznych Uniwersytetu Rzeszowskiego,
ul. Szopena 2, 35-055 Rzeszdw, tel. 605-076-722, e-mail: adamandrzejreich@gmail.com
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Sliwej komarek o wspainym pochodzeniu embrionalnyrm.
W koleine) sugeruje sig, 26 jest 1o wynik proesautow wepol-
istnigjacej innej choroby nowotwaorowe] donaskorka [9, 100
Miektdrzy autorzy uwakaja, re komdrki Pageta moga wy-
wadzie sie lub réznicowad w kierunku komarek greczotow
apokrynowych i zewnatrowydzielniczych, popierajgcw ten
sposob teze, it EMPD jest Srddnaskirkowym przerzutem in-
nego raka gruczoiowego gruczobu zewnatrzwydzielniczego
skéey |9, 10]. Preypadki, w ktdrych plerwotny w stosunku
do EMPD rak gruczolowy nle mode zostac odnaleziony,
tlumaczy sie duzg liczbg malych gruczofaw apokrynowych
i ekrymowych zlokalizowanyeh na skarze okolicy genitalne),
ca utrudnia badi unlemozliwia odszukanie tego jednego,
2zajetego procesem chorobowym [11].

Komdarki Pageta majg bogata kwasochionng lub amfiofi-
lewg cytoplazmeg oraz pecherzykowate jadra zzaznaczony-
mil jaderkami. Zazwyczaj s one rozmieszczone pojedynczo,
ale rmoga tez tworzyd struktury gruczslapodobine lub wyras-
nie odgraniczone gniaada, Zajgcie przydathkow (przewodaw
ekrynaiych, mieszkow whosowych) fdarz sig czesto, T kolei
obecnodé komdarek Pageta w skbrze wladciwe| uwaza cle
za mikroinwazje. Jest to Zjawisko rzadkie w EMPD sromu,
crgstsze w lokalizacji chotoodbytnicze) [1].

Komdrki Pageta w immunohistochemil wybarwiaja
sig kwasem nadjodewym, 2elazem kolsidalmym i bekitern
alcjanu {dzieki wewnatrzcytoplazmatycznej zawartesci sia-
lomucyn] (8], W badaniu immunchistochemicznym pate-
gnomaniczne dla komérek Pageta s3 dodamie wyniki dla
cytokeratyny 7 {CK7)i nablonkowego antygenu blonowego
(EMA, epithelial membrane antiger). Wykazuja ted ohecnosd
glikoproteiny GCOFP 15 [gross cystic dlsease fluid protein),
receptora dla kinazy tyrezynowej 2 (ERBBZ, Erb-82 receptor
ryrosine kinase 2), antygenu karcynoembrionalnego (CEA,
carcinoembryenic antigen), antygenu nowotwerawego
125 (CAT25, cancer antigen 125] vraz receptora androge-
nowedo (AR, androgen recepror) [12], W pierwotnym EMPD
stwierdzamy dodatnia ekspresje CK7, EMA, CEA, GDCFP 15,
ale bez ekspresji CO20; we widinym: CK7+, EMa+, CEA+,
CD20+, ale bez ehspresji GDCFP [13-15]. W diagnostyce
raznicowe] z czerniakiem naciekajacym powierzchownie
(55M, superiiciol spreading melgrormo ) wykanuje sie badanie
w kierunku obecnadci biatka S100 oraz antygenu HMEB4S,
ktore w 55M s dodat nie, Warto nadmienic, iz badanie w kie-
runku biatka Melan-A przez wielu autondw nie jest zalecans,
gy mode dawad wyniki falkzywie dodatnie [13]1.

Charoba Pageta olokalizac)i pozasutkowe| moke imito-
wal rozne dermatozy sharne, dlatego karda zmlana skdma
diagnozowana jako infekcyjna czy zapaina, ktora nie odpo-
wilzda na stosowane 4-6-tygodniowe leczenie migjscowe,
powinna by¢ poddawana biopsji [15, 16]. W diagnostyce
ranicowe] nalezy wriad pod uwage miedzy innymiinfekeje
grzybicze, kontaktowe i tojotokowe zapalenie skory czy

choroby grudkewo-ztuszezajgce [5, 6, 9, 10, 14]. Peina li-
sta charab przebiegajacych ze rmianami na skirze okolicy
anogenitalne), ktore mogaimitowad EMPD, zostala zamiesz-
czona wtabeli 1.

POZASUTKOWA CHOROBA PAGETA
A NOWOTWORY

Lkwazasig, iz EMPD w 75% jest chorobg pienwotng — gu-
remm srddnaskdckowymwywodmey m sie rajp rawdopodebnie)
zhomdrel: przewodowych gruczoldw apalmymewyeh, komdrek
macierzystych keratynocytiv lub pochodzacym zkomorek To-
kera [18,19]. Pipcioletni wska fnik preedyd wtej grupie choryeh
{poddawanych laczeniu) wynosi ponad 95% [20].

Jednak w 25% przypadkdw EMPD towarzyszy pierwat-
nemu quzow] gruczobawemu (wiorna EMPD) [13] | wiabe
sig z gorszym rokowaniem [20]. Lokalzacja okoloodbyt-
nicza (FPD, perianol Paget’s disesed stanowi mnfej niz 20%
wszystkich przypadkdw EMPD [21]. Pierwetna PPD jest
bardzo rzadka. Jest choroba tagodng, lecz o duzym od-
setku nawrotow (ok. 44-60%) [22, 23], Nawet 60% PPD
zwigzanych festzinnymi chorebami nowetworowymi [21],
wktorych komorki Pageta stanowig srodnaskdrkowy nadiek

ka gruczolowego praydatkdw lub nowotworu g
[21, 25-27). Dlatego w przypadku zdlagnozowania EMPD,
rwiaszera PPD, naledy akeywnie poszukiwad innego no-
wotwory — w Zaleznosc od pici nalezy wykonac mam-
magrafi, cytologie, badanie ultrascnograficzre miednicy
mnhejszej, cystoskople, kolonoskople oraz temografie kom-
puterowg brzucha i miednicy fryc. 1) [21, 25-27].

Ryzyke rozweju nowotwardw praksymalnyeh, lekal-
nych, synchronicznych | metachronicznych szacowane
Jjest jako najwigksze w grupie pacjentéw z chorobg Pageta
wlokatizacji anogenitalne]. Wynosite ono 18,5% dla nowo-
tworow kolorektalnych oraz 9.3% dla Srédnablonkawych
nowatwordw odbyiu, [28, 29]

LECZENIE POZASUTKOWE) CHOROBY PAGETA

Nie istniejq wytyczne leczenia EMPD. Szerokie wyciecie
chirurgiczne (WLE, wide local excizion) oraz chirurgla mi-
krograficzna metodg Mohsa stanowig szeroko rozumiany
zioty standard terapil [2, 3]. Wyclecke moze miec charakter
radykalnego usuniecia, np. sromu, lub byd ograniczone do
wiciecia zmian z marginesem bocznym wynoszacym 2 cm
orar glebokim na 0,5 om. Jednak zuwagi na wieloogniskowy
charakzer i wzrost siatkowaty zmian w EMPD metody te 53
obarczone ryzykiem nawrotdw siegajacym 30-60% oraz
B-26% odpowiednio w zmianach plerwotrych | wiarmych,
co prowadz do powtdenych | okaleczajacych operacii ma-
Jjacych negatywny wplyw na jakosc zyria pacjenta [30-31].
Biopsja wezla wartowniczego jest zalecana w przypadhu
plerwotnego EMPD 2 potwierdzong w badaniu histopato-
logicznym inwazjg warstwy brodawkowatej lub siateczko-

51

27



Foeum Dermatalogaeum 2021, 1am 7, ne 2

Tabela i; Diagnostyka rdinicowa chonoby Pageta o lokalizaci poeasuthowej [z 17 ¢ madyfikacjami]

| Chatoby / lednostka chorobor ‘Badanie |
m | Paciorkowcowe moalenie skbry Wymaz |
Zakazenie gronkowoowe (1szaject [ Wymaz
Fughied rarmieniowy (Erythiesmal [ Larrpa Woods dkambea U b basosi o fluaiescencia)
Wymaz
Khkciry plaske iconddometr kta) Badaria serclogiczne w kisnunku zakatenia kily
Kandydaza ‘Wymiaz: hadowla greybdw, mikraskopia
Grzybica skiry | Zeskrobing: hodowla grzybiow, mikaskopia
Dpysaezia (Herpes smpes) | Dbraz iniczny, 2w, PCR lub immunofiuorescencia
Péifpesiec |Herpes zoater) [ Oibenz Kinicery, aw. PO lub immuncflugrescends
Lambhm s ) | Eadanie sm; N
.Embmmm VERTRELAIS) -wmazzam:y(unaabe(m;zja] paLlyTiw
Charoby zapaine | . | beaz dinicary, Inic badanie histopatolagicane

| Badaniz hismpataiogicme
Chaoroby zapalne jelit Badanie histopatalogicme
Endoskepia
Trachrik odwricony ‘Ottwraz kiimiczrry
bojotoherwe 2apalenie skivy ‘Obraz Winiczmy
Kanakiowe zapalenie skaoy 7 podmdnienia DObwaz Winiceny
Alergiczne kontaktows zapakenic skiry Testy phatkoie
Charoby nowotworawe!  Kivkciny kariczyste candyomate ocuminaio]
e Y
Serwenicnd pepulosic
Srdnabbonkowy nowotsr sdbyTL AIN) Obrzkiniczry
brodzwhewaty wyp yskowy Badanie histopatalogicme
Okgtoedbytniczy rak podstawnokomdrkowy
Mawotwor kanaty adbytubeegu ofbyty
| Cremiak steracy sie pawlerchownie |
Inne Choroba Hailey-Hailey ‘Obraz iiniczmy
Whpwiact
Eadanie hisiopatologiczne
Pecherzyca rwykla ‘Badarie hisiopatolegicome
Histiocytoza 2 kemdrek Langarhansza Badarie hisopatalogicme

wiatej skiry wiasciwe] i stanowi zloty standard w wykrywa-
riu subklindcznych przerzutdw do wezldw chionmych w 1e]
Jednostee chorobowej [3].

Ponlewaz rokowanie wgruple pacientowz plerwetnym
EMPD jest dobre, poszukuje sig niechirurgicanych metod
terapii [32] W rym preypadiu najezedcie] stosowane 53
Irnikwimaod, terapia fotodynamiczna (PDT, photodynamic
therapy), radioterapia, techniki laserowe, 5-fluorouracyl
{5-FU) z kabcypotriolem [32], bleomycyna [8], miltefozy-
na [31] lub chemioterapla schematem FP imale dawki
5-FU i cisplatyny), FECOM (5-FU, epirubicyns, karbo-
platyna, wikrystyna | mitimycyna C}, PET (cisplatyna,

L]

epirubicyna i paklitaksel) lub paklitakse! migjscowo czy
transiuzumab [33-35],

W metaanalizie z 2020 roku Snast | wsp. [32] oce-
niali skutecznose metod niechirurgiczryeh w leczeniu
EMPD. Do analizy wilaczono 43 badania [z laczna liczbg
341 pacjentdw), Wirdd pacjentdw peddawanych terapii
imikwimodem 84% pacjentdw uzyskalo crzeiciows re-
misje z& zmniejszeniem zmian o 50% lub wigcej, z cze-
9o u 54% byl 1o catkowita remisja, ale nawrdt nastapil
po okolo 29 miesiacach w 39%. Do najczestszych daalan
niepotadanych nalefalo miejscowe podrainienie (33-
100% pacjentow|, atrofia skory | objawy grypopodobne,
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Rycina 1. Postepowanie diagnostyczne w prrypadiu podejreenis pozasutkowej charoby Fageta; EMPD lestramom madry Pagets disease]— Choobe
Fageta.o lokalizacy pozasutkowe|; SMLB (senning! iymph nace miopsyl — biopsa werta wanowniczego

W grupie pacjentow poddawzanych radioterapii wszyscy
pacjenci osiagnell czpiciowa, 2 7% caticowitg remisje (34%
nawrotdw w clagu ok, 80 miesiecy; najwyzszy wskaznik
nanwTotdw dia brachyterapii — 60%, najnizszy dia terapi bo-
ronowo-neutronowe] — 0. Uzywanao ranych rodzajiw
naswietlan (promieniowanie X, radioterapig elektronows,
brachyterapie, terapie boronowo-neutronowal, a dawka
catkowita promieniowania wahala sie miedzy 10 Gy a 64 Gy
dostarczanych w 1-57 frakcjach. Do najezestszych drialaf
niepozadanych nalezaly zmiany zapalne skary | sluzdwek.
niekiedy rowniez blegunka, zapalenle jelit, pecherza, cewki omedd em teeapl P shblagu
czy zaburzenia hematologiczne. Terapia fotodynamiczna \erapi fetodynamicane]
oslagnela wskadnik remisji catkowitych 36% (nawrdt u 58% B B e el e Ay oty

w clagu ok. 20 miesiccy) | B0% poprawy czesciows]. Pacjencl Pag i aczng w pot miejscomn

byli zwykle poddawani 1 -6 zabiegom w odstepach od 2 dni ST05OWRNYT iswimod e
da 3 tygodnl. Wszyscy chorzy zglaszali objawy uboczne

pod postadg podraznienia skory | bélu o roznym stopniu ww. terapie faczone prowadzane byly na bardzeo makych
nasilenia (321 populacjach pacientéw [349).

Zgodnie z powyiszym sugeruje si, i2 radicterapia | sto- Efekty terapeutyczne leczenia EMPD terapiy fotodyna-
sowanie imikwimodu stanowiy najbardzie) skutecane meto- miczng w pataczeniu z imikwimodem w klinice autondw
dy niechinurgiczne beczenia EMPD [32]. Badanie Snastiwsp. niniejsze] publikacji przedstawione sa na rycinie 2. W te-
nie ocenialo jednak leczenia skofarzonege, np. uZycia POT rapii wykonano siedem zabiegdw POT [pojedyncza dawka
w palaczeniu z inmymi metodami fimikwimodem, miejsco- naswietlar: 25-40J/cm2, czas aplikacji kremu z 10-procen-
wyrmni retincidami, bleomycyng czy 5-FUIL wkidrych esiaga rowym kwasern aminolewulinowym (ALA) — ok. 2-3 h]
sig macrgeo lepszewyniki [36-38] Preykladowo, polyczenie oraz rastosowano krem z S5-procentowym imikwimodem
POT limikwimodu dawalo 100-procentowy wakaknik remisji 3xftyde. (praed 5. oraz 6, zabiegiem POT), uzyskujac redukeje
i 0% nawrolow W ciagu 6-36 miesiecy po leczeniu; nalesy srednicy zmiany i ustapienie dolegliwasci subiektywniych
jednak zaznaczye, ze badania, w ktdrych wykorzystywano (Swiadu pleczenia, bilu).
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PODSUMOWANIE

Choroba Pageta w lokalizag)i pozasutkowe] stanowl

wyzwanle diagnastyczne, W preypadku wigkszodd pacjen-
waw mamy do czynienia z opéEnieniem rozpoznania (od
mamentu wystapienia plerwszych objawdw do diagnozy).
Z tego wrgledu niezwykle wazna jest czujnosé diagno-
styczna i wykomywanie biopsji w przypadkach przewlekiych
wiykinindw skdmych, niereagujacych na stosowane lecaenie,
a ziokalizowanych w regionach bogatyeh w gruczoly apo-
krynowee, Zastosowanie terapsl fotodynamiczne) w EMPD
jest szczegdinie polecane w przypadku pacjeniow ze zmia-
nami nawrotowymi o dukych rozmiarach lub jake leczenie
plenwsze] inil w polaczeniu z misjscows terapla, na przykdad
imikwimodem.
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Abstract: This review summarizes the effectiveness of photodynamic therapy (PE¥T) in the treatment
of the pigmented subtype of basal cell carcinoma (BCC) based on the current literature. PDT is
4 light-activated treatment, non-invasive, that selectively destroys tumor cells and tssues via the
Interaction of a photosensitizer, light, and molecular oxygen 1t can induce cancer cell death through
direct tumor vascular damage or via the induction of immune response. However, human skin
is also an absorption and scattering medium since it contains hemoglobin and melanin that act as
chromophaores, Eumelanin can be considered a light-absorber and an intracellular antioxidant that
can neutralize PDT-induced ROS and, therefore, decrease PDT success. Various factors, including
tumor depth, the degree of pigmentation in malignant cells, and the individual’s skin phototype,
can impact the cutcome of this intricate bicchemical process. [t has been widely recognized that
FPOT exhibits limited efficacy in the treatment of pigmented lesions. However, new combination
technbgues such as curettage or debulking before PDT show promising results o the treatment of
pigmented BOC.

Keywords: basal cell carcinoma; BOC; photod ymamic therapy: PDT; pigmented hamors

1. Introduction

Basal cell carcinoma (BCC) is the most frequent skin cancer, especially in the white skin
population, with the incidence rate still increasing worldwide [1], The most common elinical
variants of BCC are nodular and superficial ones. Each of them may present pigmented
structures and, thus, become so-called pigmented BCC [2]. As BCC is characterized by a
slow progression, rare formation of distinct metastases, and low mortality rate, the most
challenging aspect of managing BOC remains the risk of local tumor recurrence, Although
surgery is considered the gold standard for invasive subtypes of BCCs, in the case of non-
invasive sublypes, many alternative treatment modalities have been introduced throughout
the years to limit the disfigurement risk [1]. These methods encompass cryotherapy,
curettage, electrodesiceation, topical drugs, and, last but not least, photodynamic therapy
(PDT) [4].

PDT is a light-achivated treatment modality that is non-invasive and selectively de-
stroys cells and tssues via the interaction of a photosensitizer, light, and molecular oxygen.
The excited photosensitizer (PS), through an intersystem crossing process, can undergo
transformation into a long-lived excited tripl.el state and launch two kinds of Frhtrtnclwm‘il:al
reactions with adjacent molecules. In the type | photochemical reaction, S interacts directly
with cell membrane polyunsaturated fatty acids and forms organic radicals that penerate
eybotoxic reactive oxygen species (ROS) and launch free radical chain reactions. The type
1l photochemical reaction resulls in the formation of a powerful oxidizing agent, singlet
oxygen (102), via energy transfer to molecular oxygen [5] In addition, recent studies
documented another important mode of PDT action that impedes mitochondrial electron
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flow, n.am:-l!r, tandem Phntamialyﬁ:is [6,7]. This process, alternatively to the more classic
type Il photosensitization pathway, is useful within oxygen-depleted environments,

PDT acts through direct tumor death, vascular damage, and activation of the immurne
e pOTISE. First, it leads to direct 'Phulndeslrufh'mnf malignant' cells, then to ROS-generated
vascular damage, and finally enhanced (T-cell dependent) immunelogical recognition. Dif-
ferent cell death pathways that mediate the eytotoxicity of PDT may play a role including
necrosis, apoplosis, and autophagy. However, non-conventional cell death modalities
can also be induced by PDT, such as mitotic catastrophe, paraptosis, pyroptosis, and
parthanatos, as well as forms of regulated necresis such as necroptosis, and ferroptosis
(Figure 1) [5,9]. The balance of these cell death mechanisms is driven largely by the sub-
cellular localization inherent to a speafic photosensitizer and its incubation conditions,
as well as the hght dose. Therefore, new compounds and innovative methods ane still
being researched to improve PDT outcomes, especially, to successfully treat deeper le-
sions. Several PDT modifications have been reported including repeated procedures, new
lipnph.ilic mmpuunds, lhird-g\eneralinn Ps, debullcing, laser-assist, and others [ 111]. How-
ever, melanin, which is a natural pigment in the skin, is a known factor decreasing PDT
efficacy independently of tumor thickness [11,12], Interestingly, data aiming to counter
the pigmentation in pigmented basal cell carcinoma (pBCC) PDT treatment procedures
are limited. Therefore, we have performed a literature review to summarize the current
knowledge on the effectiveness of PDT in the treatment of the pigmented subtype of BOC.

Renctive axygen vpecies

Figure 1. Schematic illustration of photodynamic reactions {type 1, type 11, and photocatalysis)
and cell death pathways in the process of photedynamic themapy (PDT—photod ynamic thempy;
PS—photosensitizer; eT—electror transfer; SET—single eloctron transfer; 102—singlet oxcited state;
302 —triplet excited state). The Figure was partly generated using Servier Medical Art, provided by
Servier, licensed under a Creative Commons Attribution 3.0 unported license.

2. Melanin in Photodynamic Therapy

The basal layer of the epidermis contains melanocytes (MCs). These cells are responsi-
ble for skin pigmentation and protection against UV radiation via melanin formation [13].
Melanin is enzymatically synthesized at approximately 10-nm granular sites that stud
the internal walls of organelles known as melanosomes. Melanosomes may contain a
variable amount of melanin, e, cutaneous melanosomes may contain 1/4th to 1/ 10th of
the melanin concentration of the melanosomes found in the retinal plgmented epithelium,

2.1, Melanin as a Light-Absorber

From an optical point of view, human skin is an absorption and scattering medium
since it contains hemoglobin {oxyvgenated and deoxygenated) and melanin which can be
considered as chromophores that show distinctive optical absorption properties within the
visible wavelength range [14].
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The average epidermal absorption coefficient (pa) depends on both the melancsomal
wa (1.7 = 1012 nm—3.48 [cm '] for skin, where nm eqlu.!]s the wavelength in nm} and the
volume fraction (fv) of melanosemes within the epidermis. Fv varies depending on the
skin color from 1% in pale skin to 5% in darker skin [15]. Some authors, on the other hand,
claimed that fv for Bght-skinned Caucasians equals 1-3%, for well-tanned Caucasians and
Mediterraneans 11-16%, and for darkly pigmented Africans 18-43% [16].

According to Shimojo et al., both pya ethnie differences and reduced scattering coefhi-
cients [p's) have a limited effect on the depth of the PDT treatment. At the same Hime, the
differences present in energy deposition (5) can cause great variances in the production
of heat in Asian, Caucasian, and African epidermises. The difference in the values of the
wa in different skin types affects the S of the epidermis. At 700 mm, the epidermal layer
is characterized by the maximum 5. In Caucasian skin Hiseue, 5 is two times lower than
that in Asian and four times lower than that in African skin tissue [17]. Moreover, the pa
of sun-protected skin is generally lower than that of sun-exposed areas within each skin
type group in the 1\'a\'e]g='nglh range fram 500 to 900 nm. Furthermore, the ua spectra of
sun-exposed skin type V-V1 have a greater slope in the 600-800 nm wavelength region
compared to the skin types Il and -1V, The average 1's of the skin type V-V group is
1-10% higher than those of the skin type -1 and -1V groups. This phenomenon may be
due to the fact that the density of scatterers in the skin, such as melanin, is higher in the
skin type V-¥1 group than in skin type I-Il and 11-1V groups [15].

Photosensitizers used for PDT to treat dermatologic conditions, such as S-aminolevulinic
acid (5-ALA) and its methyl ester (methyl aminolevulinate—MAL), are mainly metabolized
into protoporphyrin IX (PplX), which has five absorption wavelength peaks: 410nm, 510 nm,
545nm, 580 nm, and 630 nm [19]. Red light (630-700 nim), rmost commonly used in PDT, is
known to have the deepest penetration depth, however, the presence of melanin in a stable
protein cnmPiex with a wide a.bsurplil:ln spectrum in the same tissue, competes with PS for
photons resulting in inefficient phototoxicity. However, in the typical skin melanin absorption
spectrum, anly a small Feak exists bevond the 650 nm wn\'l.-k'ngﬂ'l. Generally, the absorbance
values of melanin rise gracually from 750 nm to 600 nm, then moderately from 600 nm to
450 nm, and finally rise sharply from 450 nm to a broad peak at 335 nm [20-22], Therefore,
in recent years, highly active PS absorbing or primed in the near-infraned spectral regaon
(700900 rum) that might allow the use of FDT even in highly pigmented lesions is being
developed [23-25].

2.2, Melartin as an Intracelller Anftiocidant

Melanins are pigments of high molecular weight formed by oxidative polymerization
of phenolic or indolic compounds [26]. Melanin formation starts with the oxidation of
tyrosine to dopaquinone. Later, dopagui can either undergo cyclization leading, after
a further oxidation (to 5,6~-dihydroxyindole (DHI) or 5 6-dihwdroxyindole-2-carboxylic acid
(DHICA}} and polymerization, to the creation of melanin pigments brown or dark in color,
known as eumelanins, On the other hand, dopaguinone can become entrapped by cysteine
(ereating benzothiazine (BT) intermediates and benzothiazole (BZ)) and polymerize to syn-
thesize the reddish-brown pigments known as pheomelanins [27]. The human epidermis
comprises approximately 76% of eumelanin and 24% pheomelanin (including the 4 moleties
ratio: DHI 35%., DHICA 41%, BZ 20%, and BT 4%.), mga:ﬂ]eﬁa of the degree of Pignwnta—
tion (Figure 2). However, lighter skin phototypes possess low content of photoprotective
eumelanin thereby explaining the higher sensitivity toward UV exposure [24,29],
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Figure 2. Schematic illustration of melanocyte strocture and melanin granule content of the
human epidermis; DHI—56-dihydroxyindole; DHIC A—56-dihydroxyindele-2-carboxylic acid;
BT—benzothiazine; BZ—benzothiazole, The Figure was partly generated using Servier Medical Art,
provided by Servier, licensed under a Creative Commons Attribution 3.0 unported license.

Eumelanin can be considered an intracellular antioxidant that can neutralize PDT-
induced ROS and decrease FDT success [30]. DHICA-melanin possesses higher antioxidant
activity when compared to DHI-melanin, This phenomenon is attributed to its poorly
agpregated structure [27,71]. It can act as an efficient antioxidant and hydroxyl radical
scavenger, as well as an inhibitor of lipid peroxidation, and can protect the tissue against
hydrogen peroxide-induced cytotoxicty via achvation of the Nrf-2 pathway [32-37]. Con-
trarily, pheomelanin exerts photosensitizing characteristics and leads to the UV-induced
production of ROS [35], In the study by Tanaka et al. on UVA-exposed pheomelanin, BT
and BZ monomers showed similar pro-oxidant activities. However, the effects of ROS
scavengers exhibited a large difference where BZ monomers were more reactive than BT
monomers, Probably, the redox reactions in BZ monomers may proceed via singlet oxygen
and in BT monomers via superoxide anions [39,40]

Lawrence et al. demonstrated that wavelengths of 385-405 nm can cause dark cyclobu-
tane pyrimidine dimer (CP'D) formation and, therefore, lead to significant damage, both
in vitro and in vivo. This phenomenon is likely caused by oxidative stress penerated by
chromophaores in the skin that absorb strongly in this region, such as melanins, PpIX, and
B-carotene [41]. CFDs are the most frequent DMA changes responsible for ultraviolet (LIV)
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carcinogenesis [42-24], PDT-induced ROS, however, does not lead to CPD generation in
melanin-containing cells [45]. PDT locally generates the intracellular ROS dependent on
photosensitizer localization, whereas, in UVA radiation, ROS is generabed throughout the
whiole cell 4], Additonally, UVA-ROS-induced CPD requires nuclear melanin, while PDT
does not result in the formation of melanin monomers and nuclear transport [47].

POT is known to exert a whitening effect in vitro and in vivo by reducing melanin
content and tyrosinase activity [#8]. Melanogenesis can also be inhibited via a paracrine
effect when melanocytes are exposed to PDT-treated keratinocytes or dermal fibroblasts.
This is likely due to a decreased release of Kit ligand and hepatocyte prowth factor which
are melanocyte-stimulating cytekines [49], Furthermore, PDT reduces mattled hyperpig-
mentation of photoaged patient skin [50,51]. However, some authors found that in heavily
pigmented lesions, an increase in the amount of melanin can be observed. This is probakbly
due to the auto-oxidation of melanin precursors present in the lesions via free radicals and
de novo synthesis of melanin triggered by PDT. Nevertheless, the increase in melanogens
esis does not protect against the PDT-induced DNA and cvtoskeleton damage [52]. The
hyperpigmentation induced by DT is more pronounced in skin types 1 and above [53].

3. Photodynamic Therapy in Pigmented Basal Cell Carcinoma

The literature search followed PRISMA guidelines for systematic reviews [34] and the
Cochrane manual [55]. Sources included the PubMed (MEDLINE) and Scopus databases.
The initial search was cm'nplemimh.‘d by a manual search of reference lists from retrieved
articles. The following search strategy was used: (photodynamic therapy) OR (FDT) AND
(basal cell) OR (bec) AND (melanin) OR (pigment). The search yielded 482 results. Where
relevant, articles were read in full, and then the decision about the inclusion of an article
was made. A total of 473 references were not relevant 1o the scope of the review because
they did not entail cases of BCCs treated with PDT or did not refer to pigmented variants
of BCC. A total of nine studies met the final inclusion eligibility and were included in
the review,

Characteristics of pigmented BOC lesions treated with PDT are summarized in Table 1.

3.1, PDT im pBCC without Prior Debulking

In 2005, Kaviani et al. treated 30 cases of BOC, 18 of them pigmented, with PDT,
They observed that the pBCCs response rate to a single PDT session was significantly
lower than the other subtvpes, as it was equal to 14% while it was 100%, 90%, and 62% for
ulcerative, nodular, and superticial BCCs, respectively. They suggested that the pagment
within the pBCCs may prevent adequate light absorption, hindering the FDT effect in those
lesions [54].

Ramirez et al. treated sixteen pBOC lesions with MAL-PDT in two treatment ses-
sions [57]. They obtained a mmP]r_\w response in ¥ of treated lesions and a Parria]
response in another 50% of the cases. Ramirez et al. observed that the pigmented region of
the BCC absorbs both excitation as well as fluorescence emission from PpIX. According
to Ramirez et al., these absorbing regions created a shielding effect during irradiation,
reducing the light dosage to the lesion and resulting in a lack of PDT response at the
umor's deep margin. They suggested that similar to nodular BCCs, pBCCs might benefit
from prior cutettage and/or debulking, The success of this procedure might, however, be
greatly dependent on the skills of the physician performing the procedure [57]

In a case report by Lin et al, the success of the sequential use of etretinate and PDT
in treating two keratotic, pigmented nodular BCCs was described [58]. A 2-month course
of oral etretinate at a dose of (L5 myg kg per day was used to decrease superficial scaling,
A double POT was performed on days 0, 3, and 5 with the use of a 2% ALA solution for
16 h before irradiation, These authors were the first ones who used the double irradiation
FOT scheme, which was dictated by the fact that the red Auorescence of PpIX initially
disappmrﬂ_l after the first PDT irradiation but reappr,qared S min later. [t implied a new
synthesis of PpIX by deeper, still viable tumor cells [58],
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3.2, PDT in pBCC with Priov Debulking/Crrettage

In 2007, Souza et al. treated eighteen lesions in six patients with purified hematopor-
phyrin derivatives (FHD)-PDT. Two of those 18 lesions were pigmented (one superficial
and one nodular subtype). Twelve lesions were treated with PDT alone, while six nodular
lesions were selected for prior debulking. The nodular lesion presented with complete
response (only superficial pigmentation along the scar border), while the superficial lesion
presented with partial response to the treatment. Therefore, the procedure of prior curettage
of primary BCC may help to increase the cure rate by either reducing the tumor mass prior
to implementation of intravenous PS5 or improving the transdermal penetration of topical
PDT agents [54]

The Japanese group, led by ltoh, treated sixteen pBCCs (eleven nodular, two superficial,
and three ulcerative) located in the head and neck area [60]. The PDT procedure was
preceded by electro-curettage under local anesthesia. This resulted in the removal of visible
pigmentation (either partially or completely) and reduced the tumor volume. Immediately
after electro-curettage, ALA-PDT was performed. This procedure was cartied out at two
or three-week intervals three or more times (curettage was stopped when the lesion’s
pigmentation became visibly undetectable). [n total, fourteen out of sixteen pBCCs showed
mmp[L’t? response (bwo nodular BCCs showing P;lrl:i.al OF N FespOnse wers excised ).
Mo recurrences were seen up to & months after treatment. The additional benefit of the
combination of electro-curettage with ALA-PDT was a smaller post-surgery scar compared
to standard surgical prgmdures such as Mohs rnicrgg!aplﬁ( SUrgery [0]. These authors
also mentioned that in their previous atterpts they tried, with little result, bleaching the
pigmentation in a pBOC using a normal-mode ruby laser and Q-switch YAG laser with
high power [60].

A Spanish group led by Garda-Cazana presented a response rate in pBCCs treated
with PDT of 76.19%% [&1]. These results were almost identical to nodular BCCs (76.8%), for
which PDT is indicated. However, at the same time, the recurrence rate was established
at about 19%.. They treated 25 lesions (66.7% in head and neck area) with MAL-PDT. The
SEESION Was Pn;wded b}l curettage debulking, up to the point where the macroscopic
pigment was completely removed [r1],

Perevra-Rodrizguez et al. [62] presented a case in which five pigmented facial BOCs
{three superficial and two nodular) were treated in the same patient with a standard
regimen of MAL-PDT on day 0 and 7 days after the initial procedure. Superficial lesions
were scraped to increase penetration of the PS, whereas nodular lesions were shaved over
the tumor margins. All lesions achieved a 100 response, and there were no recurrences at
the 12-month follew-up [62],

In 2021, Salvio et al, published an article regarding the long-term follow-up among
patients with multiple pBCCs [63]. This study included two patients with a total of thirty
lesions. The pBCC lesions were debulked (removal of the entire tissue above the skin level
with a blade), and then a standard MAL-PDT procedure was performed. Immediately after
the frst illumination, the whole procedure was repeated. However, this time the MAL
incubation period was shortened to 90 min. All treated lesions showed a histologically
confirmed mmp]ele resporse 30 days after treatment. The clinical fd[w'-up showed no
recurrence for all lesions with a mean follow-up time of 24 months, They summarized that
as the visible pigmented area was removed, the remaining microscopic pigment probably
did not affect the efficacy of PDT [63].

3.3, POT in pBCC with Prior Fractional CO% Laser

Sung et al. ablated the epidermis of three histologically confirmed pBCCs using a
fractional CO; laser (kip size of 120 pm, peak power of 30 W, pulse energy of 50 m], and
200 spots ,-"cmz] [64]. Next, a 16% MAL-PDT was Perrhrrned with a shortened incubation
time (90 min), a light wavelength of 630 nm, and a light dose of 37 [ /em®. Treatment
was repeated in four-week intervals until it was no longer palpable and no pigmentation
could be observed. All patients achieved complete resolution of pBCCs in an average of
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four treatment sessions. Interestingly, despite the full-thickness ablation of the epidermis
before PDT, they noted no scar formation. Therefore, PDT may have affected the healing
process of the ablated hissue [64].

4. Other Photodynamic Therapy Resistance Factors of Basal Cell Carcinomas

PplX formation in human skin declings in an age-dependent manner. Nissen et al.
found that MAL induced a higher PpIX fluorescence in nondysplastic young skin than
in the dysplastic skin of elderly patients [65], a surprising phenomenon because MAL is
believed to have a higher affinity for dysplastic lesions [66]. Due to the more lipophilic
skructure, MAL is believed to have an enhanced penetration through the stratum cormeum
compared to ALA. However, new nanoformulations of ALA induce more PpIX formation
than MAL, suggesting its superior transdermal delivery [65].

In 2017, Garcia-Cazana et al, reported that BCC response to MAL-PDT was indepen-
dent of age, sex, and both the size and location of the tumor. Although the difference
was not statistically significant, the mean age of non-responders was higher, probably due
to the age-associated decline in PpIX formation in human skin [61]. In 2019, the same
group decided to identify Pntsmlial biomarkers of BOCC responses to MAL-PDT. To this
end, they analvzed skin samples from patients with BCC treated with MAL-PDT and also
studied the effects of MAL-PDT in two representative BCC murine cell lines. The mean
age of non-responders was higher (74.36 years) than in responders (6922 years) (p = 0.007).
The authors found that higher response rates were observed in superfical BOCs when
compared with nodular BOCCs (87 5% vs. 74.5%; p = 0.487). The poorest response rate was
seen in BCCs located on the nose (62.7%), while the best response rate was for tumors
located on the trunk (94.7%) (p = 0.003), Moreover, the cure rate was higher for lighter
versus darker phototvpes (89.1% vs. 66.7%; p = 1,0234). OFf the histological variables, only
peritumoral inflammatory infiltrate determined a higher response rate (85.7%; p = 0.032).
Immunohistochemical variables with a stati.tih'ca"y ﬁigni.ﬁcanl association with the response
o MAL-FDT were positive p53 immunostaining (observed in 84.6% of responders but only
15.4% of non-responders; p = 0.011) and B-catenin immunostaining (moderate or intense
expression in #4.6% of responders and in 33.3% of non-responders; p = 0.096) with patterns
of peripheral reinforcement of basaloid islands [67].

Crermoscopy s a tool helpful in predicting response to therapy or assisting the tumor
response to different treatments [65]. It can also help identify structures associated with
BCCs" lower response to MAL-PDT. They, as expwl:ﬂ.d, ENCOMpPass supr_-rﬁcial pig‘rns,mled
structures located at the both dermal-epidermal junction as well as the superficial papil-
lary dermis (“spoke wheels”, “concentric structures”, “leaf-like areas”) as well as deeper
pigment structures (blue globules, blue "ovoid nests”) [A9].

5. Future Perspectives

The laser-assisted PDIT has gained more interest in recent years. Ablative laser pre-
treatment dismpt_a the stratum comeum and on its own adds a lhelspcurh: effect. Several
preclinical studies showed that pretreatment with a laser facilitated the accumulation of
topical drug formulations, as well as reduced photosensitizer incubation time [70,71], In
the article by Genouw et al., 12 months after treatment, a 100% efficacy was achieved for
superficial BCCs in a group treated with a continuous COs laser plus PDT or fractional
CO; lager plus PDT [72]. However, only one case series in pBCCS was performed by using
this method [04]. Thus, further studies are definitely needed.

Currently used photosensitizers (3-ALA, MAL) are characterized by limited skin pen-
etration and inferior luminescence, Therefore, new delivery systems such as microvehicles,
nanoparticles, nanoliposomes, and micelles are developed with promising results even in
malignant melanoma [73,74]. Similar studies are needed to enhance the PDT treatment
efficacy in PBC.

Moreover, as we enter the era of personalized medicine, research should focus on
factors contributing to patient resistance to treatment. This would allow PhyairLarLs to tailor
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a specific treatment mode to an individual patient and make them benefit to the fullest

from the proposed therapy.
A summary of factors influencing PDT success in pBCC is presented in Figure 5.

Success of
DT in

pBCC

Figure 3. Schematic representation of pigmented basal cell carcinoma and factors influencing PDT
success in this indication, FOT—photodynamic therapy; pBCC—pigmented basal cell carcinpma,
The Figire was partly generated using Servier Medical Art, provided by Servier, licensed under a
Creative Commons Attribution 3.0 unported license.

6. Conclusions

Taking the above-mentioned facts into consideration, the PDT effect should be more
prominent in patients with fair skin and on sun-protecled, thin epidermis. Melanin con-
tent could be the main driver for d.er;isim-rnaking Processes. Moreover, a ]ight lerlgth
of 635 nm, mostly used in PDT, is characterized by a small melanin absorption, which
should not pose a significant problem for the treatment effects. Despite the fact that PDT
is thought to increase melanogenesis, it does not probect target lesions from DNA and
cytoskeleton damage, probably through the keratinocyte paracrine effect. A combination
of tumor debulking by either electro-curettage, standard scalpel removal, or laser ablation,
increases the success rates of ongoing pBCC therapy. Likewise, procedures using double
irradiation in one sitting or repeated techniques (1 or 2 weeks apart), are characterized
by higher complete response rates. However, face lesions, especially evelids, might not
be good candidates for PDT, as they achieved the lowest treatment response. Patients
with higher phototypes might require higher total light doses and repeated procedures.,
'Dem[)smpy isa he]'PFu] tool in Fmd iicting the tumor response bo mderguing treatment. It
can also assist BCC debulking techniques by identifying features characteristic of persistent
pigment structures.

Nevertheless, there is a need for better-quality studies regarding the use of DT in
pBCCs. Future rescarch should compare existing protecels in a randomized, blinded
fashion. Moreover, it should include clinieal and for dermoscopic features that enable
classification of the lestons as pigmented ones (by describing specific structunes and sub-
types) as well as determining the degree of pigmentation, For each lesion, Fitzpatrick
skin phototype should be mentioned to assess skin type influence on overall treatment
response, Unfortunately, to date, there are no studies that have assessed the response rate
to PDT in different Fitzpatrick skin phototypes. New non-invasive diagnostic tools (such
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as skin ultrasound, confocal microscopy, or optical coherence tomography) can be used to
better assess tumor depth and find features predictive of treatment failure or success. The
development and use of new PS that speafically target pBCC eells, together with studies
regarding patient-specific treatment resistance factors, should be Prnmphed.
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ABSTRACT

Backgrommd: Actinic Keratosis (AK), or solar
keratosis, is a precancerous condition of the
skin, mainly caused by excessive and chronic
exposure to ultraviolet radiation. Pigmented AK
(pAK) is a rare variant of AK. Photodynamic
therapy (PDT) is widely used to treat the classi-
cal variant of AK, but very limited data are
available on the use of DT in patients with
pAK. The objective of this study was to assess
the usefulness of PDT in the treatment of pAE,
Methods: The study included 16 patients with
20 pAK lesions treated with PDT. All skin lesions
were clinically and dermatoscopically assessed
for typical features characteristic of pAK
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Reflectance confocal microscopy (RCM) was
also used to assess keratinocyte atypia, confirm
pAK diagnosis, and rule out other discase
entities.

Results: After three PDT sessions, the complete
resolution of all clinical features of pAK was
observed in 80% of the studied lesions, Der-
matoscopically, 63% of the lesions achieved
100% response and no cellular atypia was seen
in the follow-up RCM images of 85% of lesions.
Conclusions: hotodynamic therapy s an
cffective treatment modality for pAK in fair-
skinned individuals.

Keywords: Pigmented actinic keratosiss pAK;
Photodynamic therapy; PDT; Dermatoscopy;
Retlectance confocal microscopy; RCM
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Why carvy ent thiz stwdy?

Actinic keratosis (AK), or solar Keratosis, Is
a common precancerous condition of the
skin, and its treatment with conventional
and daylight photodynamic therapies
(PIT) has been widely studied with high
clearance rates reported.

Little is known about PDT effectiveness i
different AK subtypes.

Melanin competes with protoporphyrin
IX In light absorption, reducing
photochemical reaction and desived
photodynamic effect.

There have been no studies analyzing the
effectiveness of PDT in pigmented AK
(PAK).

Wihat bias been learned fram this ssudyt

PIIT has proven to be an etfective
treatment modality for pAK in fair-
skinned individuals.

Reflectance confocal microscopy
examination showed superior usefulness
in monitoring the PDT results, .

INTRODUCTION

Actinic keratosis (AK), or solar keratosis, is a
precancerous skin condition, mainly caused by
excessive and chronic exposure to ultraviolet
radiation [1]. Clinically, AK presents as a rough,
scaly papule or plaque on an ervthematous
base. Seven distinct AK wariants can be distin-
guished using histological features, namely,
hypertrophic,  atrophic, bowenoid, acan-
tholytic, epidermaolytic, lichenoid, and pig-

d

several histological subtypes. However, some
authors have suggested that in patients with
multiple AK subtypes, lesions tend to present
the same dermatoscopic pattern [5]. Pigmented
Ak (pAK) is a rare AK subtype (approx. 1.7% of
all AK cases) [4]. Diagnosis of pAR within the
face area can be challenging as it can be mis-
taken for lentigo maligna (LM}, solar lentigo,
seborrhelc  Keratosls, or lichenold keratosis
[6—12]. Nevertheless, in daily practice, we can
monitor the progression of the pAK with non-
invasive methods, i, dermatoscopy and
reflectance  confocal  microscopy  (RCM)
[5, 13, 14].

Conventional and davlight photodynamic
therapies (PI)T) with S-aminolevulinic acid (5-
ALA) in the form of nanoemulsion or methyl-
aminolevulinate (MAL) have been thoroughly
studied for AK treatment, with high clearance
rates of the lesions reported [15]. However,
Kaviani et al. suggested that PDT may have
limited value in pigmented lesions, Melanin
competes with protoporphyrin 1X in terms of
light absorption, reducing the photochemical
reaction and desired photodynamic effect [16].
To the best of our knowledge, no studies have
analyzed the effectiveness of PDT in different
AK subtvpes. Therefore, the aim of the study
reported here was to assess the wsefulness of
PDT in treating pAK.

MATERIALS AND METHODS

Patients

The study was performed in accordance with
the Helsinkl Declaration of 1964 and its later
amendments, Informed consent was obtained
from the patients for participation in the study.
The study enrolled 16 patients (13 women, 3
men) with a total of 20 pAKs. Mean (+ standard
deviation) age of the 16 patients was 74.75 £
#.89 years. The patients presenting with pAK
were diagnosed  via  (video)  dermatoscopic
cxamination based on tyvpical features, To fur-

mented |2, 3], among which the pign

subbype is the least frequently reported in the
literature [4]. Interestingly, a single lesion can
sometimes manifest an overlap of two or even

ther strengthen the diagnosis and exclude with
certainty a possibility of malignant prelifera-
tion, each lesion was additionally assessed by
RCM. Only patients with unequivocal lesions
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(with features typical of pAk) in both the
videodermatoscopy and RCM assessments were
included in the study, All lesions were located
on the face area; the age, gender, phototype,
and previous skin cancer history were noted for
each participamt (Table 1),

Study Design

A total of 20 skin lesions were assessed clinically
according to Olsen's 1991 criteria [18], with a
videodermatoscope (Canfield D2O0EVO; Can-
field Scientific GmbH, Biclefeld, Germany) and
with RCM  (VivaScope 1500/3000; MAVIG
GmBH, Munich, Germany) before (day () and
1 month after (day 112} three sequential FDT
sessions at I-month intervals for 3 months, We
included lesions that presented features typical
of pAK in terms of dermatoscopy; for inclusion
in the study the lesions could not present any
features typical of LM in the RCM. The 5-ALA
10% cream (Foto-Dermal® HCl; MagnaPharm,
Gdanski, Poland) was applied onto the skin
lesions—which had previously been degreased
with 70% ethanol and debrided {hyperkeratotic
lesions)—in an occlusive light-shielding dress-
ing. After the 180-min incubation period, the
dressings were removed, residues of the prepa-
ration were washed off with mild soap and
water, and the lesions were illuminated with
pulsed 630 nm red light (Treviolux; MEDIight
GmbH, Herford, Germany). Fach patient
recelved three PDT treatments at intervals of
4weeks, The total dose of light received after
three PDT sesstons was 111 Jfem® for each
lesion. Patients were advised on the post-PDT
regimen and to avoid prolonged sunlight for
48 h after the treatment. To expedite healing
and decrease irritation we recommended cos.
metics containing o-panthenol and zine oxide.

Clinical Assessment

5kin lesions were assessed clinically according
to Olsen’s 1991 criteria [18]. A grade 1 lesion
(mild) was defined as a lesion with mild thick-
ness and slight palpability, with the AK better
felt than seen. A grade 2 lesion (moderate) was
defined as an AK presenting with moderate

thickness that was equally felt and seen, and a
grade 3 (severe) was a very thick and/or obvious
AK, For study purposes, we added grade 0,
which referred 1o the location of a previous AK
lesion that could not be seen and for which no
changes could be felt. Clinical cure was claimed
when the lesion was not visible by the naked
eve and could not be felt with palpation.

Videodermatoscopy

Skin lesions were assessed using a videoder-
matoscope (Canfield D200EVO; Canfield Scien-
tific GmbH, Biclefeld, Germany) at 20- to
70-fold magnification. The initial examination
consisted of “drv  dermatoscopv®  (without
immersion fluid); this was followed by “wet
dermatoscopy” (with ultrasound gel). The pres-
ence and prevalence of specific dermatoscopic
pAK  criteria,  including gray  dots/glob-
ules/granularity, structureless brown pigmenta-
ton, gray-brown pseudo-network, moth-eaten
borders, structureless white areas, annular
granular pattern, pigment network, white cir-
cles, brown circles, asymmetrical pigmented
follicular openings, a hyperpigmented rim of
the follicular opening, dots in the line, jelly
sign, superficial broken-up network, red pseudo-
network, black blotches, fingerprinting, dotted
vessels, grayish arcas, thomboidal pattern, the
“star-like” appearance at the periphery of the
lesion, scale amd crust, rosettes, the double
white clods, the dermatoscopic horn, circle in
the circle, target-like pattern, “strawberry sign®,
sharp demarcation, milia-like cysts, comedo-
like openings, and yellow opaque homogenous
areas, were assessed before (day 0) and after {day
112y the three PDT sessions [8, 13, 19]. On day
112, lesions were considered cured when the
videodermatoscopy did not reveal any of the
above-mentioned features. To Increase the
clarity of data presentation in the Kesults sec-
tion, we did not include dermatoscopic param-
eters that were not observed in any of the AK
lesions.
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Table 1 Pabcnt charackerstics

Patient number Gender Age (years) Skin phototype according Previous skin cancer history
to Fitzpatrick grading [17]

1 Femile &9 1 Yes (squimuus cell carcinoma)
2 Male B8 I Yes (hasal cell carcinoma)
3 Female #3 i MNo
£ Female £ 11 Mo
R Female &1 I Mo
[ Female #0 1 Mo
7 Female 79 v Mo
] Male i i Mo
° Female T4 I Mo
10 Female T2 1] Yes (basal cell carcinoma)
11 Female 71 I Yes (sqn:muus cell carcinomal)
17 Female [ i No
ik Female (24 I Yes (basal cell carcinoma
and squamous cell carcinoma)
14" Make a3 I Ne
15 Female (33 I Mo
16 Female 6l 1 Mo
pAK Pigmented AK

"Patienes with two pAK lesions

Reflectance Confocal Microscopy

Lesions underwent imaging using a near-in-
frared reflectance confocal laser microscope
{Vivascope 1300/3000; MAVIG GmEBH, Munich,
Germany) that uses a diode laser at a wave-
length of 830 nm_ A minimum of three mosaics
were obtained per lesion, at the superficial epi-
dermal layer, dermo-epidermal junction, and
papillary dermal level, respectively; each mosaic
consisted of 16 % 16 images of SO0 < 500 pm, A
3000 handheld device was used for lesions
located in areas where using the 1500 Vivascope
device was technically challenging or impossi-
ble: in that case, at least five vivastacks were
acquired  with  around  25-30  images of
730 = 750 pm per stack.

The RCM criteria that we had observed in
pAKs included such features as scale, disrup-
tionfindividual cells, parakeratosis, corneal
pseudocysts, keratin-filled invagination, atypi-
cal keratinocytes, disarranged epidermal pat-
tern, mottled pigmentation, targetoid cells,
intracpidermal dendritic cells, ringed  arcas/
small and  bright  papillag/densely  packed
papillae, polycyclic papillary contours, cords,
plump bright cells, huddled collagen bundles,
coarse collagen bundles, curled fibers, vessels
traversing dermal papillae (*bottom-hole®), and
linear vessels [14, 20]. To exclude LM, we used
RCM criteria included in the lentigo maligna
diagnostic algorithm proposed by Guitera et al.
[21]. We assessed for the presence of the fol-
lowing features: non-edged papillae, round
pagetoid cells = 20 pm, = 3 atypical cells at the
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dermo-epidermal junction in five 0.5 = (0.5-
mm? fields, follicular localization of pagetoid
cells andfor atypical junctional cells, nucleated
cells within dermal papilla¢, and broadened
honevcombed pattern [21].

To classify the RCM images to determine
keratinocyte atypia, we used the classification of
Seyed Jafari et al. [22]. According to this classi-
fication, an atvpia score of “0" corresponds to
no cellular atypia, no architectural disruption,
normal honeycomb pattern, and well-defined
keratinocytes; an atypia score of *1° corre-
sponds to minimal changes to the honeycomb
pattern, most keratinocytes with readily detec-
ted borders, as well as occasional changes in
keratinocyte morphology; an atypia score of *2°
corresponds to main characteristics of moderate
loss of heneycomb pattern, different cell sizes,
areas with blurred cell borders, and several
changes with keratinocyte morphology; and
atypia score 3" comesponds to the loss of
honeycomb pattern, severe cellular atypia, and
loss of keratinocyte morphology [22]. Lesions
were considered cured when at day 112 the
lesion was given a score “0" based on the RCM
examination, as proposed by Seved Jafari et al.

[22]

RESULTS

Clinical Evaluation

Of the 20 lesions included in the study, 19 were
classified as Olsen's grade 1 (95%) and one
lesion as Olsen's grade 2 (5%). After three PDT
sessions, we observed the complete resolution
of any clinical characteristics of pAK in 0% of
the studied lesions; the remaining 20% still
presented as fat maculae with no  scale,
although they were still easily felt with

palpation,
Videadermatoscopy

All assessed skin lesions showed typical features
of pAK on dermatoscopy. In our study popula-
tion, the most prominent pAK features were
rhomboidal pattern  (80%), scale (60%),

presence of white globules (30%), jelly sign with
superficial pigmentation (40%), inner grav halo
(35%), and white circles (306%),

The dermatoscopic examination showed
complete resolution of all assessed features after
three PDT sessions in 65% of the lesions (Fig. 1),
In the remaining cases, a significant reduction
in the size of the lesions and their color inten-
sity was observed (Fig. 2). In addition, such
features as the presence of white globules
resolved in almost half of the lesions (5/11),
while the annular-granular pattern resolved in
one-third of the lesions (3/49). At the same time,
the only dermatoscopic feature that presented
with an increase in incidence after the three
PDT sessions was the presence of grayish areas
(5-10M% of patients).

Reflectance Confocal Microscopy
and Keratinocyte Atypia

According to the recommendations proposed
by the panel of experts on the multidisciplinary
management of cutaneous squamous cell car-
cinoma in 2022, RCM may be used in selected
patients for the differential diagnosis of com-
plex lesions, especially in the head and neck
area [23]. In our study, RCM was used to exclude
the possibility of LM diagnosis and to assess
keratinocyte atypia. None of the lesions inclu-
ded in the study showed features typical for LM
(200 of the lesions scored 1 point and 80'%
scored (h points) as proposed by Guitera et al_ in
the RCM diagnostic algorithm for LM [21].

All lesions (100%) presented varying degrees
of keratinocyte atvpia before PDT. The most
prevalent keratinocyte atypia (85%) was char-
acterized by keratinocyte atypia score 2 (mod-
erate loss of honeycomb pattern, with several
changes in keratinocyte morphology and dif-
ferent cell sizes, areas with blurred cell borders),
followed in prevalence (10% of cases) by atypia
with score 3 (loss of honeycomb pattern, severe
cellular atvpia, and loss of kemtinocyte mor-
phology). The least observed atypia were those
with atypia score 1 (minimal changes to the
honeycomb  pattern, occasional changes in
keratinocyte morphology, and the most ker-
atinocytes with readily detected borders), with a
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«Fig, 1 An cxumple of o padent who achieved a complere
cure of pigmenred actinic kemtosis (pAK) lesion after
three phorodynamic therapy (PDT] sessions, A-C Clinieal
images of pAK on the lefr side of the nose (blue recrangle)
before PDT treatment (A}, after the frie PIFT scision (B),
and after the third PDT sexsion showing the dimppeasnce
af the lsion {C). D-F The dimppearance of the
chameteristic dermatoscopic pAK features during PDT
treabments, mcluding the rhomboidal pattern (red line),
the double white clods [green arowhead), scale (black
arrowhcads), whice dods (red arrowheads), before POT
| D). after dhe frst PDT session (E), and sfter the thied
PDT session (F), G=) Single RCM picrures of pAK before
(G, I} and after (H. )} three PDT sessions, showing
keratinocyre atypia with the presence of dendritic cells and
processes (red armows) probably comesponding ro Langer-
hans eclls (G), normal honq'cunml: [pattern {H), presence
of pigment  incontinenos [gn:\cn circle) and pigmsent
granu[u:s {gm:n arrows) in the spinous ]:'_vcr (1), and arca
af numerous melanophages (white cectangle) depiceed s
smiall plump bright cells (white arrows) (J)

5% prevalence. After three PDT sessions, the
absence of cellular atypia was achieved by B5%:
of lesions (n = 17), as determined in the follow-
up RCM images. Only three lesions (15%) still
presented with some keratinocyte atypia, with
minimal changes to the honeycomb pattern of
the epidermis (Fig. 3).

Overall Cure Rates

Photodynamic therapy success rates according
to the different methods of cvaluation are
summarlzed in Table 2. In our study of the
treatment results, the RCM examination was
characterized by the highest pAK cure rates
(#3%), tollowed by clinical examination,
amounting to 80%. The lowest complete lesion
resolutions (65%) were achieved while using
dermatoscopy.

DISCUSSION

To the best of our knowledge, no studies on PLYT
for pAK, which is a rare subtype of AK, are
available in the literature, particularly on PDT
from pAK in fair-skinned individuals [6]. The

etiology of pAK s unclear; nevertheless, several
theories have been proposed. Dinehart et al,
demonstrated Lhat there are no differences in
the number of melanocytes in the basal laver of
the epidermis In pigmented versus non-pig-
mented AK. Electron microscopy studies, on the
other hand, showed enhanced melanosome
formation  in  epithelial  keratinocytes  [24].
According to Labadie et al. |25], pAK color in
histopathology is associated with pigment
incontinence, basilar pigment presence, and
absence of inflammation. Chung et al. studied a
series of 167 cases of pAK and reported that
histopathologically one-fifth of the lesions
(19%) were bona fde pAK and that B1% of the
cases were a collision between adjacent or
coexisting non-pigmented AK and pigmented
lesions (most frequently solar lentigoy [26],
Muoscarella et al. also detected in assessed pAKs
features typical for solar lentigines and sebor-
rheic keratoses, However, no clear-cut collision
pigmented lesions were found [14].

Dermatoscopic and RCM features of pAK
have been described previousky
15, 13, 14, 27=-33|, Similar to our results, Kelati
et al. found that the most prevalent dermato-
scopic pAK features were a rhomboidal pattern,
inner gray halo, scale, jelly sign, and superficial
pigmentation. Moreover, researchers noted that
the presence of > 2 dermatoscopic features from
both follicle surroundings (1) and follicle ker-
atosis (2) categories were observed in 99.1% of
the lesions, Therefore, the diagnosis of pAK in
fat lesions should be based on the presence of a
combination of at least two dermatoscopic fea-
tures rather than on a single criterion. In addi-
tion, these authors noted that jelly sign with a
superficial pigmentation characterized  thin
plates of AKs, whereas central crust and scale
were more characteristic of thick plates and
lower skin phototypes; these results are in
agreement with our findings in the present
study.

A recently published systematic review and
meta-analysis of noninvasive diagnostic tech-
nigues for melanoma detection [34] computed
RCM performance and found an average sensi-
tivity and specificity of B52% and 65.2%,
respectively, with small 95% confidence inter-
vals (CD) of 80.3-93.1% and 355-74.2%,
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Fig. 2 An cxample of a patient achicving 2 reduction in inensity, € D, G, H Dermaroscopic picoures of pAK,
the size and color of the pAK after thiee PDT scssions. A, showing diminishing of the size (black circle) amd color
B. E. F Clinical images of pAK (blue recrangle) on the (upper befe comer) of pAK before (C, G) and after (D,
nasal bridge (A, B) and the lefe evelid (E, F) before PDT H} cheee PDT wearments

[A, E) and after the third PDT session (B, F) showing a

reduction in rthe size of the lesions and their color

A B

My ponee 3
190%)

Miypim e
[T

Fig: 3 Reflecrance confocal miceoscopy keratinocyre arypia before (A) and afer (B) three PDT sessions of pigmented
acrinic keratosis

respectively., Moreover, RCM achieved the specificity: 92%, 95% Cl B7-96%) [33], exceed-
highest performance when paired with der- ing dermatoscopy-alone  diagnostic  perfor-
matoscopy (sensitivity: 98%, 95% CI 92-99%; mance [36].
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Tahle 2 Clinical, dermatoscopic, and reflectance confocal
microscopy complere cure rates and panial effect of phe-
wodynamic therapy in pigmenced actinic kerarosis

Assessment Complete Partial effecs
cure (%) (%)
Clinical B0 20
Dermatoscopic &5 35
Reflecrance confocal L] 15
RSOy

Pellacani et al. |37] comelated RCM with
histopathology for grading keratinocyte atypia
i AR Their iindings showed good concordance
between raters in terms of grading RCM and
histopathological atypia of keratinocytes, for
hoth the detection of keratinocyte atypia and
the identification of 'kev’ RCM images; both of
these features are usable for grading ker-
atinmocyte atypia [37]. Because of the growing
number of articles on RCM use in different non-
melanocytic skin lesions, Navarete Dechent
et al. performed a systematic review pooling all
of the liverature terms used to describe the same
ROM findings, These authors found out that
actinic changes in honeyoomb, an architectural
disorder of the overlying epidermis, mild ker-
atinocyte atypia, and atypical honeycomb pat-
tern were the most frequently used terms 1o
describe keratinocyte atypia in RCM [38]. Cur-
iel-Lewandowski et al, [39] assessed the useful-
ness of RCM as 4 non-invasive monitoring tool
in AK treatment. According to these authors,
RCM has the potential to standardize the ther-
apeutic monitoring of AK over time. Features
such as atvpical honeycomb patterns, hyperk-
eratosis, disarranged epidermal patterns, and
stratum corneum distuptions in RCM were the
most reliable criteria for assessing AK treatment
response, These authors also emphasized the
importance of the utility of RCM for the non-
invasive monitoring of subclinical disease and
for the identification of carly post-treatment AK
recurrence. However, they consistently stressed
the importance of simplifying the RCM criteria
usedd to date and the need for extensive stan-
dardization efforts [39].

A clearly defined keratinocyte atypia score
was proposed by Seyed Jafari et al, [22]. The
Swiss team created a grading system in which a
score of 0 corresponds to no cellular atypia; a
score of 1 corresponds to occasional changes in
morphology (= 108%), with minimal changes to
the honeycomb pattern; a score of 2 represents
several changes in keratinocyte morphology
and moderate loss of honeycomb  pattern
{10-50%), with blurred cell borders and differ-
ent cell sizes; and a score of 3 corresponds to a
loss of keratinocyte moarphology (= 30%) and
honeveomb pattern with severe cellular atypia
as the most important characteristics. The study
showed acceptable intra/inter-rater agreement
with an intraclass coefficient {[CC) = 0.7, and
the Spearman correlation coefficlent showed a
significant positive correlation with clinical
response (p = 0.006, r=0.619) [22].

We found RCM to be the most helpful device
for monitoring POT results in pAK. To the best
of our knowledge, this is the first study to pre-
sent an evaluation of the disappearance or
diminishing of videodermatoscopic and RCM
keratinocyte atypia features of pAK during PDT
treatment. We hyvpothesize that the low reso-
lution of the “annular granular pattern” in our
dermatoscopic  analysis  together with  the
increase in the presence of so-called “gravish
areas” might be explained by the Tyndall effect,
possibly evoked by the presence of melano-
phages In the upper layer of the dermis that
became activated during the PDT sessions.
Thus, the remaining minimal dermatoscopic
features of pAK do not necessarily mean that
the treatment was ineffective, and RCM may
help to properly assess the doubtful lesions, as
used in our study when four of seven patients
with residual dermatoscopic abnormalities no
longer demonstrated any keratinocyte atvpia,

Although we consider our treatment results
valid and encouraging, they have to be consid-
ered with some caution. Limitations of the
current study include small sample size, single-
center design, and inclusion of only Caucasian
patients (Fitzpatrick skin phototype [-11). Thus,
further rescarch is needed to reliably evaluate
the applicability of PDT in the treatment of pAK
and of non-invasive skin imaging methods in its
treatment monitoring,
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CONCLUSIONS

Photodynamic therapy seems to be an effective
treatment modality for facial pAK in fair-skin-
ned individuals, and RCM examination s a
useful tool for monitoring PDT results. How-
ever, this hypothesis needs to be supported by a
larger study population, preferably with a con-
trol group.
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Simple Summary: Actinic keratosis { 4K) is a very prevalent precancerous condition that can progress
1o an invasive form of squamous coll carcinoma. Photodynamic therapy (DT is 2 rolatively new
therapeutic method. and it has become widely used to treat skin cancer of non-melanoma type.
particulardy because of its good cosmetic outcome. New noninvasive imaging techniques, such
as in vivo reflectance confocal microscopy (RCM) or (video)dermoscopy, can help practitioners
make a diagnosis and assess the efficacy of the ongoing treatment. Nevertheless, there are no
studies with invivo RCM assessing the effect of POT on characleristic features of different AK
subtypes, Our objective was to evaluate the prevalence of specific {videoldermoscopy and RCM
features of pigmented and classical sublypes of AK before and after photodynamic therapy (FDT)
treatment. Mew noninvasive imaging techniques such as RCM and (videoldermoscopy can help
practitioners better visualize the efficacy of the engoing POT treatment in either classical or pigmented
ARKs subtypes.

Abstract: Actinic keratosis (AK]), due to its widespread prevalence, as well as the possibility of pro-
ghession to an invasive form of squamous cell carcimoma, requires treatment negardless of te clinical
stage. New imaging techniques, such as in vive reflectance confocal microscopy (RCM), significantly
imcrease the acouracy of diagnosis and allow noninvasive evaluation of the therapeutic efficacy of the
ongoing treatment. Our objective was to evaluate the prevalence of specific (video)dermoscopy and
RCM features of pigmented and classical subtypes of AK before and after photodynamic therapy
(PDT) treatment. We included patients with facial grade [l AKs (25 pigmented, 275 non-pigmented)
wern included in the study. Skin lesions wore svaluated by (video)dermoscopy and ROM at the
baseline and three months after PDT. In classic AK, the most frequent dermoscopic findings were
fine wavy vessels (96%), scale (52'%), microerosions (48%.), and “strawberry” pattern (36}, while
pigmented AK was characterized mostly by “rhombaoidal pattern™ (80%4), scale (60°%), white globules
(#6%), “jelly sign", and superficial pigmentation (40%). RCM’s most characteristic classic AK findings
were abnormal honeyeomb pattern in the spinous layer, epidermal inflammatory infilirate, and solar
elastosis that were present in %670 of lesions. Pigmented AKs presented maostly with dark central
areas of parakeratosis (¥2%), mottled pigmentation (72%), dermal inflammatory infiltrate {64%), solar
elastosis (60r7%:), and abnormal honeycombr pattern in the spinous layer {367%). Dermoscopically, PDT
resultid in complete disappearance of the “rhomboidal pattern” in both classical and pigmented
AKs, “starburst pattern” and “jelly sign" in classical AKs, and inner gray halo, “rosette sign” and
central crust in pigmented AKs, Three months after one PDT session, RCM evaluation showed mostly
solar elastosis in both classical and pigmented AK subtypes, epidermal inflammatory infiltrate in
classical AKs, and dermal inflammatory infiltrate in pigmented AKs. New noninvasive imaging
techniquees such as RCM and {video)dermoscopy can help practitioners belter visualize the efficacy
of the ongoing PDT treatment in either classical or pigmented AK subtypes.
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1. Imtroduction

Actinic keratosis (AK), also known as solar keratosis, is a very commaonly diagnosed
skin pathology among Europeans [1,2]. Sun-exposed areas are prone to be affected by AK
lesions, especially on the face, scalp, or dorsum of the hands [3]. Cumulative, lifelong
ultraviolet (UV) exposure increases the risk of developing AK. Fair-skinned (Fitzpatrick [
or 1), older individuals are the most commonly affected [1,2] This asseciation is further
strengthened because AK is considered a precursor to cutaneous squamous cell carcinoma
(SCC) [4]. AK and SCC lesions share similar genetic abnormalities in, among others, TVE-
related mutations in p53 [5. The basal laver of the epidermis seems to be particularly
affected by the UVE rays, as it damages its DNA and catalyzes the SCC formation [&]. UVA
radiation, while deeper-penetrating into the skin (dermis), promotes injury through the free
{hydroxyl) radicals formation, but contrary to UVB, it is not associated with keratinocyte
dysplasia [7]. Apart from UVR-mediated oncogenic properties, chronic sun exposure
demanstrated the ability to create a state of epidermal immunosuppression [8].

AKs present several clinical vanants, such as h)'Periceralthc AK, nl:rtrphic, Pigrnenti,-d,
lichenoid AK, cutaneous horn, and actinic cheilitis [4]. Based on histopathological exami-
nation, it is also possible to categorize AKs into seven subtypes: hypertrophic, atrophic,
bowenoid, acantholvtic, epidermolytic, lichenoid, and pigmented, that may overlap in
a single lesion [10,11]. On the other hand, the most simple classification, easy to use in
a clinical setting, is the one that differentiates between non-pigmented and pigmented
lesions [12,13]. Different therapeutic strategies have been implemented regarding different
AK subtypes [14,15]. Photodynamic therapy (PDT) is an ideal treatment option for AKs
because it is a field-directed treatment that targets the field of cancerization, It destructs
selectively diseased tissue and is characterized by a good cosmesis, and limited down-
time [16]. In vivo reflectance confocal microscopy (RCM) as a noninvasive diagnostic tool
that generates characteristics mrre]a.ﬁng with hiﬁlnparhrrlop'c features. In the case of AK,
thiose features encompass atypical keratinocytes, parakeratosis, and vascular alterations.
The main RCM features of pigmented AKs are the presence of scaling and parakeratosis,
atvpical keratinocytes; bright, small, dermal papillae with enlarged interpapillary space;
increased epidermal thickness and intraepidermal dendritic cells referable to Langerhans
cells [17]. Recently, RCM has been more commonly used for monitoring treatments of
AK, inchuding PDT, with good accuracy [18,19]. Qur team published an article regarding
the DT treatment of facial pigmented AKs [15]. Nevertheless, there are no studies with
i vivo RCM assessing the effect of PDT on characteristic features of different AR subtypes.

2. Materials and Methods
2.1. Pattenis

The study was performed in accordance with the Helsinki Declaration of 1964 and
its later amendments. Informed consent was obtained from the patients for participation
in the study. The study enrolled 52 patients (34 women, 18 men), Fitzpatrick phototype 11,
with a total of 300 AKSs treated. The mean {=standard deviation) age of the patients was
7361 £ 1091 years. Patients presenting with facial AKs grade [T were diagnosed and as-
sessed based on typical features via both (video}dermoscopic as well as RCM examination.

2.2, Study Design

This is a prospective study of patients with facial AK lesions treated from May 2022
to June 2023 at the Dermatology Clinic of Clinical University Hospital, Rzeszow, Poland.
A total of 300 facial skin lesions (25 pigmented AKs, 275 non-pigmented AKs) grade 1
according to Olsen’s 1991 criteria [20] were assessed with a (video)dermatoscope (Canfield
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D200EY O Canfield Scientific GmbH, Bielefeld, Germany') and RCM (VivaScope 1500,/ 3000;
MAVIG GmBH, Munich, Germany}. Out of the 300 facial lesions, 45.7% were located on the
forehead, 33% on cheeks, 17.6% on the nose, and 3.7% in the perioral area, All assessments
were performed before (day () and 3 months after (day 112) the PDT session. The lesional
skin was previously degreased with 709 ethanol and gently debrided with a curctte. Later,
the 5-ALA 10% gel (Ameluz, Biofrontera, Inc., Wakefield, MA, USA) was applied. We
removed the occlusive, light-shielding dressings after 150 min of incubation period and
washed off residues of the preparation with mild soap and water. Next, AK lesions were
illuminated with light (Treviolux; MEDlight GmbH. Herford, Germany, pulsed red light,
630 nm). Each patient received one PDT treatment with a total dose of light equal to
37 ) /em? for each lesion.

2.3, Videodermoscopy

Three hundred skin lesions (25 pigmented and 275 non-pigmented}), Olsen’s grade
I, were assessed using the (video)dermatoscope (Canfield D200EVD; Canfield Scientific
GmbH, Bielefeld, Germany) at 20- o 70-fold magniﬁ:al'km. First, the assessment was per-
formed without immersion fuid (“dry dermoscopy”), then with the use of the ultrasound
gel {"wet dermoscopy ™). The presence and prevalence of specific dermoscopic AK criteria
were assessed. For the pigmented AK lesions following, gray granularity /globules/dots,
gray-brown pseudo-network, structureless brown pigmentation, annular granular pattern,
hyperpigmented rim of the follicular opening, asymmetrical pigmented follicular open-
ings, as well as jelly sign were assessed. For the classic AK lesions, features such as red
pseudo-network, superficial broken-up network, dotted vessels, the "star-like” appearance
at the periphery of the lesion, rhomboidal pattern, scale and crust, the double white cods,
rosettes, “strawberry sign”, white structureless clods, white globules, microerosions, fine
wavy vessels, white and wide follicular openings were assessed at day 0 and at day 112
(three months) after the PDT session.

24, Reflectance Conifocal Microscopy

All analyzed lesions (275 non-pigmented, 25 pigmented] underwent imaging with
a near-infrared (diode laser at a wavelength of 830 nm) reflectance confocal microscope
(VivaScope 1500,/3000; MAVIG GmBH, Munich, Germany}, Per each lesion, a minimum of
three mosaics (16 = 16 images of 500 = 500 jm) were obtained, at the superficial epidermal
]a!,rer, dermo—e]:!iderma.] junction, and Fapil[ary dermal level, u-sPecH\.'el}'. In rechnicall'\'
challenging areas, a 3000 handheld device was used, In that case, at least 5 vivastacks
(25-30 images of 750 x 750 um) were acquired.

The RCM criteria, that we amlyzed in all AKs, included the fo]lqung features: dis-
ruption/individual cells/ detached corneocytes, dark central areas of parakeratosis, keratin-
filled invagination, corneal pseudocysts, atypical keratinocytes, epidermal and dermal
inflammatory infiltrates, disarranged floss of epidermal pattern, mottled pigmentation,
nuclear polarization of spinous layer, intraepidermal dendritic cells, targetoid cells, ringed
areas/small and bright papillae or densely packed papillag, presence of cords, polycyclic
papillary contours, plump bright cells, vessels traversing dermal papillae (“bottom-hole”),
solar elastosis, linear vessels, and increased vasculature.

All clinical, dermoscopic, and RCM examinations were performed in an independent
manner by twa dermatologists (E.M. and D.K.) with experience in dermoscopy and RCM.
Cohen's kappa coefficient was used to calculate intercbserver agreement between the
rescarchers using Statistica” 13.0 Software for Windows Software {Statsoft Polska, Krakaw,
Poland). Any discrepancies were discussed until a consensus was reached,

3. Resulls

Cohen's kappa value of interobserver agreement between researcher EM. and DKL
regarding clinical, dermoscopy, and RCM features of AK before and after PDT treatment
was good, equal to 0.78.
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3.1. Climical Assessmen!

All patients benefited from POT therapy. In the group of classic AK, as well as in the
pigmented AK group, 76% and 24% of all patients achieved grade | and 0, respectively,
according to Olsen’s criteria (Figure 1).

Figure 1. Clinical improvement of classic AK after three months of photodynamic therapy treatment
(FDT). (A) Before PDXT, (B) 3 months after PDT.

3.2, Videoderntoscopy

A total of 300 skin lesions (275 non-pigmented, 15 pigmented) were assessed using the
videodermatoscope (Canfield D200EVO; Canficld Scientific GmbH, Bieleteld, Germany ).
The presence and prevalence of specific dermoscopic pigmented and classic AK criteria
were assessed before (day 0) and after (day 112) the PDT session and are summarized in
Table 1. To increase the clarity of data presentation, dermascopic parameters that were not
observed in any of the lesions are not included in Table 1.

Table 1. Change in frequency of dermascopic classic and pigmented actinic keratosis (AK) criteria at
the baseline and three months after single phoetodynamic therapy treatment (POT).

Classic AK Pigmented AK

i % ) at Baseline :$,$;:;?5 % {n) at Baseline :;:f:’;;ﬁlz"h:?;
Fime wayy vessels 6,4 {265) 876 (241) o L
Sealy a2(253) 316 (142) &0 (15) 201)
Resette sign (3.6 {175 276 (78) 24.(8) (LR
Microerosions 481132) 3.6 (10} 040 0
Strawberry patiermn 364 (100) 16 (44) o 00
White structureless clods 36{99) 111 00 o
White globules 315 (57} 84(23) 28(7) a1
Jelly sign 12433 010 00 1
Rhomboidal pattern 8(22) o0y 50 (20) 0
Starburst pattern 7.6(21) 0 (i a0y 0 (0

White globules 010 0 48 (12) 24 {6}
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Tahble 1. Cont.
Classic AK Pigmented AK
i % (i) at Baseline U hreeMonths a0y pasetine  n () Three Monthe
Inner gray halo (IR (1] o 360 (4) 0 (0
Anmular granular pattern 00 {0y [LH1] 32(8) 205
White circles 00 (0 28(7) 4
Double white clods 0 00 20 (5) 401
Fingerprinting 0400y 00y 16 (4] A
Central crust 0 (i oy 4[1) o[y
Grayish areas 140y oim (1) 4(1)

Abbrevistions: AK—actinic keratosis, i—nutmber of lesions, POT—photodynarmic therapy.

32.1 Classic AK

In classic AK, the most frequent dermoscopic findings were fine wavy vessels (9%.4%),
scale (92%), “rosette sign” (63.6%), microerosions (48%), “strawberry” pattern (36 4%,
white structureless clods (36%), and white globules (31.6%). “Jelly sign®, “rhomboidal
pattern”, and “starburst pattern” were observed less frequently, in 12.4%,, 8%, and 7 8% of
cases, respechively.

Three months after one PDT session, lesions presented mostly with fine wavy vessels
(87.6%), scale (51.6%), “rosette sign™ (27 6% ), and “strawberty pattern” (16%). A number
of lesions presenting with microerosions, white structureless clods, and white globules
diminished (by 44.4%, 32%, and 23.2%, respectively), while “jelly sign”, “rhombaoidal
pattern”, and “starburst pattern” disappeared completely.

322 Pigmented AK

In pigmented AK, the most frequent dermatoscopic findings were “thomboidal pat-
tern™ (804, scale (607%), white globules (48%,), “jelly sign” and superficial pigmentation
(40%), inner gray halo (36%), "annular granualar patbern”™ (32%), while white drcles, "rosetbe
sign”, double white clods, fingerprinting, central crust, and grayish areas were not as
commaonly observed (in 28%, 24%, 20, 16%, 5%, and 4'% of lesions, respectively),

Three months after one PDT session, lesions presented mostly with white globules
(24%) and an “annular granular pattern™ (20%). A number of lesions presenting with
scale, “jelly sign” and superficial pigmentation, white circles, double white clods, and
fingerprinting diminished (by 56%, 36%, 24%, 16%, and 12%, respectively), while “rhom-
boidal pattern”, inner gray halo, “rosette sign”, and central crust disappeared completely
(Figure 2).

3.3, Reflectance Confocal Microscopy

Three hundred AK lesions {275 non-pigmented, 25 pigmented) undervwent RCM imag-
ing with a near-infrared reflectance confocal microscope (VivaScope 1500/3000; MAVIG
GmBH, Munich, Germany). The median time spent on one AK lesion acquisition was
around 120 s for VivaScope 1500 and about half that time for the 3000 device. However,
the assessment of a single patient usually lasted about 20 min, including about 5 min
for videodermatoscopy and 20-25 min for RCM. Specific RCM pigmented and classic
AK criteria, and their prevalence, were assessed before at day 0 and at day 112 after the
PDT session. To increase the clarity of data presentation, RCM parameters that were not
observed in any of the lesions are not included in this paragraph. Selected features of RCWM
characteristic of AK are presented in Figure 5.
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Figure 2. Improvement of pigmented AK after three months of phstodynamic therapy trestment
{PET). From left to right: (A} asterisk—superficial pigmentation, jelly sign, armows—rhomboidal pattern,
| B) astericks—yrayish aneas, (O} asterisk—superficial pigmentation, jelly sign, arrows—rhomboidal pat-
term, (T4 asterisk—jelly sign, (E) armws—superficial pigmentation, thomboidal pattern, asterisk—grayish
areas, cinde—inner gray halo, (F) circdde—white globules,

331 Classic AK

In classic AK, the most frequent RCM findings were abnormal honeycomb patterns in
the spinous laver (96%), as well as epidermal inflammatory infiltrate and solar elastosis that
were present in 93.6% of lesions, whereas dark central areas of parakeratosis, disarranged
spinous layer, increased vasculature, and dermal inflammatory infiltrate were observed
less frequently, namely in %2%, 87.6%, 39.6%, and 35.6% of lesions, respectively (Table 2).

Three months after one PDT session, lesions presented mostly with solar elastosis
(92%), epidermal inflammatory infiltrate (40%), and dark central areas of parakeratosia
(28.4%). A number of lesions Prmnﬁns with abnormal huneymn'lb pattern in the sp'mclu.s
layer, disarranged spinous layer, dermal inflaimmatory infiltrate, and increased vasculature
diminished (by 72.4%, 68%, 31.2%, and 27.6%, respectively), while detached corneocytes,
dendritic processes, and round nucleated cells in the spinous layer disappeared completely.
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Figure 3. Reflectance confocal microscopy images of actinic keratosis. From left to right: (A) detached
cornencytes (armows), parakeratosis (quadrangle), (B) dermal inflammatory infiltrate with round
Iymphocytes (circles), (C) epidermal inflammatory round cells (arrows), (D} detached comeocytes
[arrows), () nuckear polarization {ammows) in the spinous layer, (F) increased intracellular space in
strabtumy gr.amllnemnl farrows).

Table 2. Change in frequency of reflectance confocal microscopy classic and pigmented actinic
keratosis {AK) criteria at the baseline and three months after photodynamic therapy treatment (PDT)

Classic AK Pigmented AK
Criterion % (1) Three Manths % (1) Three Months
Y i Baseli T t Baseli
fwyat Baseline o PDT Treatment (mhat Baseline oy PDT Treatment
Almocmal hooeyconis pattzm 96 (264) 23.6(65) 36(14) 20(5)
in spinous laver
Bpideringl 956 (263) 40(110) 40(10) 20(5)
inflammatary infiltrate ind s Dk
Solar elastosis 856 (263) 92 {253 &l 15} 52(13)
Drark central areas g - .
of paraliertosis 92 (253) 28.4(77) 71{18} 2817)
Disarranged spineus layer B7.6 (241} 19,6 (54) A0 {10 1614)
Increased vasculature 396 (109) 12 {33} 52 (13} A2 ()
Dermal inflammatory infiltrate 35.6 (96) 14{12) &4 {16} 32 (H)
Nuclear polarization af
e S 244 (67 a1 389 W[
Dendrilic processes 24 (66) 0{0 4411} 12(3)
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Tahble 2. Cont.
Classic AK Pigmented AK
Criterion % in) Theee Months % o) Three Months
% (n) st Baneline after FDT Treatment % {n) at Bageline after PDT Treatment
Lass of honeycomb pattern ) (55) 3a(L0) E{2) [LR()]
Detached comencytes 16.4 (45) 0(m 2 (8 4
Round nucleated cells in 1
ek 24(12) 040 24 (6) 4(1)
Maottled pigmentation 00 0 72(18) 164}
Palycyclic papillary contours oim a{m 32(8) 12 (3
Plump bright cells 0400 040) W47 32 (8)
Small and bright papillae L] {0 216 4(1)

Abbreviations: AK—actinic keratosis, n—number of lkesions, PRT—photodynamic therap

332 Pigmented AK

In pigmented AK, the most fraquent RCM findings were dark central areas of parak-
eratosis (72'6), mottled pigmentation (72%), dermal inflammatory infiltrate (64%), solar
elastosis (60%), and abnormal honeycomb pattern in the 5|:|1'r|.nus layer {56%). On the other
hand, disarranged spinous layer, epidermal inflammatory infiltrate, nuclear polarization of
spinous layer, detached comeocytes, and polyeyelic papillary contours were observed less
frequently—in 4%, 40%, 36%, 32%, and 32% of cases, respectively,

Three months after one POT session, lesions presented mostly with solar elastosis
{52%), dermal inflammatory infiltrate (32%), increased vasculature (32%), and plump bright
cells (32%).

A number of lesions presenting with mottled pigmentation, dark central areas of
parakeratosis, abnormal honeycomb pattern in the spinous laver, dendritic processes, and
nuclear polarization of the spinous fayer diminished (by 56%, 4%, 36%, 32%, and 32%.,
respectively), while loss of honeycomb pattern was no longer observed in any of the lesions.
The anly feature that slightly increased in prevalence three months after PDT was plump
bright cells (from 28% to 32%) (Table 2),

4. Discussion

As early as in 2009, a group of German researchers decided to test the applicability of
RCM for noninvasive mornil'ﬂﬁng of actinic field cancerization. Patients parl'icipat:'ng in
this study applied imiguimod 5% cream in a defined study area three times weekly fora
total of four weeks. Serial RCM evaluations were performed at baseline, two weeks after
initiation of therapy, and four weeks after the end of treatment. RCM was able to identify
subclinical AK by visualization of residual cellular and nuclear atypia within the spinous
cell layer. This suggests that RCM may aid in the detection of incomplete lesion clearance,
increasing diagnostic accuracy compared to clinical evaluation alone. According to Ulrich
et al, the adjunct use of noninvasive optical techniques may increase the therapeutic
efficacy of AK treatments [21]. Those ﬁ.ndin;;s are in concordance with our results, in which
a single session of PDT treated around 75-80% of the studied lesions; however, in the
remaining percentage of lesions, we could still observe features characteristic of AK in both
dermoscopy and RCM [21], Histopathological diagnosis has always been the gold standard
in dermatological diagnosis of many disease entities. In 2018, Ishicka et al. assessed the
RCM accuracy, sensibility, and specificity for AK in 5% 5-fluorouracil treatment, comparing
it with the histopathological examination [22]. A total of 50 lesions located on forearms
were enrolled. After initial RCM evaluation, topical occlusive treatment with 5% 5-FU
cream was prescribed to the affected reglon (wrist to elbow) every 12 h for a minimum
period of four weeks. Another RCM assessment was carried out thirty days after the end
of treatment and a biopsy was taken from the studied sites. The concordance of RCM and
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pathologists” diagnosis was substantial (k = 0637, p < 0,001). This study validated RCM
as a noninvasive method capable of monitoring AK therapeutic response with efficacy
comparable to histological examination [22].

Owver the last decade, new therapeutic options for AK have emerged—e.g., Da Silva
Sousa et al. in 2019 evaluated the efficacy of daylight PDT (dI-PIXT) in facial and scalp AKs
using RCM [23]. The examination was conducted in six patients before, one week after, and
three months after the dl-PDT session. The presence of the following RCM AK criteria was
assessed: scale, nucleated cells in stratum corneum, intraepithelial nucleated cells, atypical
honeycomb pattern, dermal inflammatory cells, actinic elastosis. The study demonstrated
a normalization of the honeycomb pattern (mean cure rate 74%) and resolution of AKs
faster than the clinical evaluation. Interestingly, according to the authors, PDT results were
already seen one week after the therapy and have lasted up to the next RCM examination
{three months after the treatment) [23].

RCM can be also used to compare different treatment regimens and assess their
supremacy. Mota et al, in 2020, used RCM to collate two dilferent cryotherapy protocols
for AK [24]. Grade [I AKs on the forearms were subjected 1o a freezing and thawing time
of 10 5 for one cycle (group A} or two cycles [group B). Atbaseline and four weeks after
treatment, the same dermatologists assessed RCM pictures. Two cycles induced a more
marked improvement in parakeratosis and inflammation in the epidermis. On the other
hand, there was no statistically significant variation in hy perkeratosis, keratinocyte atypia,
dyskeratosis, dermal inflammation, and fibrosis, Therefore, two cycles of cryotherapy,
according to RCM, did not generate more side elffects (such as fibrosis) while yielding better
results [24]

As definitions and assessments of different RCM features of AK may vary among
the researchers, several papers were published to unify the topic of nomenclature in RCM
keratinocyte atypia examination [25-27], In 2001, Gareau et al. created a computer mode]
that was able to noninvasively evaluate keratinocyte populations as a quantitative morpho-
metric diagnosis in skin cancer detection. It evaluated the cytoarchitectural disorganization
and provided objective and quantitative data for dyskeratosis detection and quantifica-
tion [25]. However, even though automatic identification of epidermal keratinocytes is a
promising technique, it is not vet universally available.

Pellacani et al. created a visual representation of different degrees of keratinocyte
atypia in AK and correlated themn with corresponding histopathological images [26]. They
achieved a good assessor corvelation between the RCM and histopathology data that
demonstrated that trained raters are able to consistently distinguish different levels of
cytological atvpia. According to the authors, the identification of key’ RCM images (repre-
sentative lesional horizontal section of the epidermis at the stratum spinosum evel) may
represent a reference standard for grading keratinocyie atvpia through RCM examination,
Pellacani et al. created five different grades of atvpia, in which raters should focus on assess-
ing irregularity within the honeyoomb pattern, keratinocyte contours, their size, shape, and
presenc;r,»l;lf the nucleus [26]. Seyed Jafar et al. on the other hand, to better cnrrespnnd to the
histopathological examination, proposed a classification with only three degrees of atypia,
based on irregularities in the honeycomb pattern, architectural disruption, keratinocyte
borders, and their morpholegy [27].

In recent years, an affort has been made to id.en!ify reliable AK regponse criteria.
Curiel-Lewandrowski et al. across different AK severity grades, made a comparison of their
clinical and RCM responses [15]. The study included twenty patients randomized to receive
either PDT or cryotherapy. The assessments (clinical and RCM) were performed in both
AK lesions as well as photodamaged skin at baseline, three and six months, They observed
significant reductions in many of the RCM criteria, The authors suggested that features
such as hyperkeratosis, atypical honeveomb patterns, strabum comeum disruptions, and
disarranged epidermal patterns are the most useful criteria when assessing AK response to
treatment. They displayed the highest baseline OR and regardless of AK grade or treatment
modality were suggestive of significant response to treatment. The authors made the
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conclusion that RCM may in the future standardize the therapeutic monitoring of AK,
However, a uniform RCM measurement protocol of AK treatment response is needed [15].

In our previous study, we found that PDT is an effective treatment modality for facial
pAKs in fair-skinned individuals [15]. In dermoscopy, we observied the low resolution of
the “annular granular pattern” and the increase in the presence of so-called “gravish areas”.
We proposed that this phenomenon can correspond to the Tymdall effect, possibly created
by the PDT-related activation of melanophages in the upper layer of the dermis. Further
analvsis with RCM focused on different AK featires and confirmed our suspicion, as we
also observed that the treatment with PDT in pAKs leads to the increase in the presence of
so-called “plump bright cells” corresponding to melanophages.

5. Conclusions and Limitations

The current study demonstrates that the vse of new noninvasive imaging technigues
such as RCM and videodermoscopy can better visualize the efficacy of the ongoing AK
treatment. Moreover, it can facilitate the diagnosis of subclinical lesions. It also suggests
that the efficacy of PDT in pAKs is not inferior to non-pigmented AKs. RCM and video-
dermaoscopy are useful tools in evaluating the efficacy of ongping PDT in the treatment
of solar keratosis in both its pigmented and non-pigmented subtypes. The current study
limitations include only Caucasian patients (Fitepatrick phototype L) as a study population
and single-center design.
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10. Streszczenie w jezyku polskim

Wprowadzenie

Niniejsza rozprawa doktorska zostala przygotowana w oparciu o cykl pigciu
powigzanych  tematycznie  publikacji  pehlotekstowych  poswigeconych  terapii
fotodynamicznej w leczeniu wybranych schorzen dermatologicznych.

Rogowacenie stoneczne (actinic keratosis - AK) jest najczgstszym stanem
przednowotworowym skéry. Ze wzgledu na powszechne wystepowanie AK, a takze
mozliwos¢ progresji do inwazyjnej postaci raka ptaskonablonkowego (squamous cell
carcinoma - SCC), jego rozpoznanie wymaga leczenia niezaleznie od stadium klinicznego.
Terapia fotodynamiczna (photodynamic therapy - PDT) jest metoda stosowang w leczeniu
AK, charakteryzujaca si¢ wysoka skutecznosciag i dobrym efektem kosmetycznym.
W dostepne;j literaturze sugerowano, ze PDT moze mie¢ ograniczong warto$¢ w leczeniu
zmian barwnikowych. Jednakze, zadne prowadzone dotychczas badania nie analizowaty
skuteczno$ci PDT w roznych podtypach AK, w tym w podtypie barwnikowym. Nie ma
réwniez prac dotyczacych poprawy cech dermatoskopowych czy w obrazie z mikroskopii
konfokalnej (reflectance confocal microscopy - RCM) po leczeniu z wykorzystaniem PDT
w poszczeg6lnych podtypach AK.

PDT, poza AK, wykorzystywana moze by¢ réwniez w leczeniu rakow
podstawnokomorkowych (basal cell carcinoma - BCC) niskiego ryzyka, a takze

w pozasutkowej chorobie Pageta (extramammary Paget s disease - EMPD).

Cele pracy

Celem pierwszego etapu prac wchodzacych w skiad rozprawy doktorskiej byta
ocena skuteczno$ci PDT w leczeniu barwnikowego podtypu AK. W drugim etapie
oceniono zastosowanie (wideo)dermatoskopii 1 refleksyjnej mikroskopii konfokalnej

w ocenie skutecznosci prowadzonej PDT w klasycznym i barwnikowym podtypie AK.
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Material i metody

Do pierwszej pracy badawczej wiaczono 16 pacjentéw z 20 zmianami o charakterze
podtypu barwnikowego AK (pigmented actinic keratosis - pAK) leczonymi PDT. Wszystkie
zmiany skorne oceniono klinicznie 1 dermatoskopowo pod katem typowych cech
charakterystycznych dla pAK. RCM zostata réwniez wykorzystana do oceny atypii
keratynocytéw, potwierdzenia diagnozy pAK 1 wykluczenia innych jednostek
chorobowych.

Nastepnie, w drugim etapie prac do badania wlaczono pacjentéw z AK na twarzy
stopnia Il (25 pigmentowanych, 275 bezbarwnikowych). Zmiany skorne oceniano za

pomoca (wideo)dermatoskopii i RCM na poczatku badania i trzy miesigce po PDT.

Wyniki

W pierwszym etapie prac po trzech sesjach PDT catkowite ustgpienie wszystkich
cech klinicznych pAK zaobserwowano w 80% badanych zmian. Dermatoskopowo, 65%
zmian osiggneto 100% odpowiedz, a w kontrolnych obrazach RCM w 85% zmian nie
zaobserwowano atypii komérkowe;.

W drugim etapie prac zaobserwowano, iz w klasycznym AK najczgstszymi
objawami dermatoskopowymi byly drobne faliste naczynia (96%), tuska (92%),
mikroerozje (48%) 1 tzw. wzor ,truskawki” (36%), podczas gdy pAK charakteryzowat si¢
gtownie wzorem romboidalnym (80%), tuska (60%), biatymi globulami (48%), tzw. ,,jelly
sign” 1 powierzchownag pigmentacja (40%). Najbardziej charakterystyczne dla RCM
klasyczne objawy AK to nieprawidtowy wzoér “plastra miodu” w warstwie kolczystej,
naciek zapalny naskorka i elastoza postoneczna, ktére byty obecne w 96% zmian. W pAK
najczesciej obserwowanymi cechami w RCM byly ciemne centralne obszary parakeratozy
(72%), tzw. “mottled pigmentation” (72%), naciek zapalny skory wlasciwej (64%), elastoza
postoneczna (60%) 1 nieprawidlowy wzér “plastra miodu” w warstwie kolczystej (56%).
Dermatoskopowo, PDT spowodowato catkowite ustgpienie wzoru romboidalnego zardwno
w klasycznym podtypie AK, jak i pAK, ,gwiazdzistego” wygladu na obrzezach zmiany
1 tzw. ,,jelly sign” w klasycznych AK oraz wewnetrznej szarej obwodki, tzw. ,,rosette sign”
1 centralnie polozonego strupa w pAK. Trzy miesigce po jednej sesji PDT ocena RCM

wykazala gtownie elastoz¢ postoneczng zardwno w klasycznych podtypach AK, jak i pAK,
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naciek zapalny naskérka w klasycznych podtypach AK i naciek zapalny skéry wlasciwej

w pAK stanowigce odpowiedZ na prowadzone leczenie.

Whioski

Terapia fotodynamiczna wydaje si¢ by¢ skuteczng metoda leczenia podtypu
barwnikowego rogowacenia stonecznego na twarzy u osob o jasnej karnacji. Zastosowanie
nowych nieinwazyjnych technik obrazowania, takich jak RCM i wideodermatoskopia,
pozwala lepiej wizualizowa¢ skutecznos$¢ prowadzonego leczenia AK zaréwno w jego

barwnikowych, jak i klasycznych podtypach.
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11. Streszczenie w jezyku angielskim

Introduction

This dissertation is based on five thematically related full-text publications on
photodynamic therapy in the treatment of selected dermatological conditions.

Actinic keratosis (AK) is considered the most prevalent precancerous skin
condition. Due to the high prevalence of AK, as well as the possibility of progression to
invasive squamous cell carcinoma (SCC), its diagnosis requires treatment regardless of
clinical stage. Photodynamic therapy (PDT) is used to treat this condition, with high
efficacy and good cosmetic results. The available literature has suggested that PDT may be
of limited value in the treatment of pigmented lesions. However, no studies conducted to
date have analyzed the efficacy of PDT in various AK subtypes, including the pigmented
subtype. There is also no work on the improvement of dermoscopic features or
abnormalities in reflectance confocal microscopy (RCM) images after treatment with PDT
in the different AK subtypes.

PDT, in addition to AK, can also be used to treat low-risk basal cell carcinoma

(BCC) and also, for example, extramammary Paget's disease (EMPD).

Aims

The aim of the first stage of the work was to analyze the current state of knowledge
about new therapeutic options for AK, the place of PDT in this indication and also the use
of PDT in the treatment of the pigmented subtype of BCC of the skin. The second part of
the PhD thesis evaluated the effectiveness of photodynamic therapy in the treatment of the
pigmented subtype of solar keratosis. The final stage evaluated the use of
(video)dermoscopy and reflectance confocal microscopy in assessing the efficacy of guided

PDT in classic and pigmented AK (pAK) subtypes.

Material and methods
The first study included 20 lesions of the pAK in 16 patients treated with PDT. All

skin lesions were evaluated clinically and dermoscopically for typical pAK features. RCM
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was also used to confirm the diagnosis of pAK, and exclude other diseases, as well as to
evaluate keratinocyte atypia.

Then, in the second stage of work, patients with AKs on the face of grade II (25
pigmented, 275 non-pigmented) were included in the study. Skin lesions were evaluated by

(video)dermoscopy and RCM at the beginning of the study and three months after PDT.

Results

In the first stage of work, after three sessions of PDT, complete resolution of all
clinical features of pAK was observed in 80% of the lesions studied. Dermoscopically, 65%
of the lesions achieved a total (100%) response, and no cellular atypia was observed in
control RCM images in 85% of the lesions.

In the second stage of the work, it was observed that in classic AK the most
common dermoscopic signs were small wavy vessels (96%), scaling (92%), microerosions
(48%) and the so-called “strawberry” pattern (36%), while pAK was mainly characterized
by a rhomboid pattern (80%), scaling (60%), white globules (48%), the superficial
pigmentation and the so-called “jelly sign” (40% each). For the classic AK, the most
characteristic RCM features were as follows: abnormal “honeycomb” pattern in the stratum
spinosum, inflammatory infiltration of the epidermis, and solar elastosis, which were
present in 96% of lesions. In pAK, the most common features observed in RCM were dark
central areas of parakeratosis (72%), so-called “mottled pigmentation” (72%),
inflammatory infiltration of the dermis (64%), solar elastosis (60%), and an abnormal
“honeycomb” pattern in the spinous layer (56%). Dermoscopically, PDT resulted in
complete resolution of the rhomboid pattern in both classic AK and pAK subtypes, the
starburst pattern and so-called “jelly sign” in classic AK, and the inner gray halo, so-called
“rosette sign” and crust in pAK. Three months after one PDT session, RCM evaluation
showed mainly solar elastosis in both classic AK and pAK, inflammatory infiltration of the
epidermis in classic AK, and inflammatory infiltration of the dermis in pAK - representing

a response to the ongoing treatment.
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Conclusions

Photodynamic therapy appears to be an effective treatment for the pigmented
subtype of solar keratosis on the face in fair-skinned individuals. The use of new
non-invasive imaging techniques, such as RCM and videodermoscopy, can better visualize

the efficacy of ongoing treatment of AK in both its pigmented and classic subtypes.
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Prof. dr hab. n. med. Adam Reich
Zaklad Dermatologii

Wydzial Medyczny

Uniwersytet Rzeszowski

UL Szopena 2

35-055 Rzeszdw

Oswiadczenie

O$wiadczam, iz m6j udziat w publikacji:
Mazur E, Reich A. Terapia fotodynamiczna w leczeniu rogowacenia slonecznego.
Dermatologia po Dyplomie. 2022; 1(13):10-15 wehodzgeej w sklad rozprawy doktorskiej lek.
Eweliny Mazur polegal na:
nadzorze merytorycznym w trakeie pisania manuskryptu oraz weryfikacji finalnej
wersji pracy do druku.

Jednoczeénie wyrazam zgode na wykorzystanie przez lek. Eweling Mazur publikacji w
postgpowaniu ¢ nadanie stopnia doktora nauk medycznych.

Oéwiadezam, iz samodzielna i mozliwa do wyodrebnienia czgsé ww. pracy wykazuje
indywidualny wkiad lek. Eweliny Mazur przy opracowywaniu koncepeji, pisaniu
manuskryptu, opracowaniu i interpretacji wynikow tej pracy.

Prof, dr hab.
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Rzeszdw, 07.02.2025 .

Prof. dr hab. n, med. Adam Reich
Zaklad Dermatologii

Wydzial Medyczny

Uniwersytet Rzeszowski

Ul. Szopena 2

35-055 Rzeszow

Oéwiadczenie

Oéwiadczam, iz méj udzial w publikacji:
Mazur E, Kijowski R, Reich A. Pozasutkowa choroba Pageta - mozliwosci zastosowania
terapii fotodynamicznej. Forum Dermatologicum. 2021;7(2):50-55. doi:
10.5603/FD.a2021.0008 wchodzacej w sklad rozprawy doktorskiej lek. Eweliny Mazur
polegal na:
nadzorze merytorycznym w trakcie pisania manuskryptu oraz weryfikacji finalnej
wersji pracy do druku.

Jednoczeénie wyrazam zgode na wykorzystanie przez lek. Eweling Mazur publikacji w
postepowaniu o nadanie stopnia doktora nauk medycznych.

Oéwiadczam, iz samodzielna i mozliwa do wyodrgbnienia czesé ww. pracy wykazuje
indywidualny wktad lek. Eweliny Mazur przy opracowywaniu koncepcji, pisaniu
manuskryptu, opracowaniu i interpretacji wynikéw tej pracy.
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Rzeszow, 07.02.2025 1.

Prof, dr hab. n. med. Adam Reich
Zaklad Dermatologii

Wydzial Medyczny

Uniwersytet Rzeszowski

Ul. Szopena 2

35-055 Rzeszéw

Oéwiadczenie

O$wiadezam, iz méj udzial w publikacji:
Mazur E, Kwiatkowska D, Reich A. Photodynamic Therapy in Pigmented Basal Cell
Carcinoma-A Review. Biomedicines. 2023;11(11):3099. doi:10.3390/biomedicines11113099
wehodzacej w sklad rozprawy doktorskiej lek. Eweliny Mazur polegat na:
nadzorze merytoryeznym w trakeie pisania manuskryptu oraz weryfikacji finalnej

wersji pracy do druku.

Jednoczesnie wyrazam zgodg na wykorzystanic przez lek. Eweling Mazur publikacji w
postepowaniu o nadanie stopnia doktora nauk medycznych.

Oéwiadczam, iz samodzielna i mozliwa do wyodrebnienia czg§é ww. pracy wykazuje
indywidualny wklad lek. Eweliny Mazur przy opracowywaniu koncepcji, pisaniu
manuskryptu, opracowaniu i interpretacji wynik6w tej pracy.

Uniwersytéeki Sfpital hhntcin)
im, Fryderyha Chopina W Heeszowie
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Zalganik nr 4 do Zarzgdzenia nr 218f2021 Rektora Uniwersytetu
Reeszowskiego 2 dnla 1 grudnia 2021 roku w sprawie ustalenia
procedury w Unh ytecie R.

O0SWIADCZENIE DOKTORANTA/ OSOBY UBIEGAJACEI SIE O NADANIE STOPNIA DOKTORA

Ewelina Anna Mazur
Imig (imiona) i nazwisko

Szkota Doktorska UR
Nazwa jednostki

Nauki Medyczne
nazwa dyscypliny

Oéwiadczam, ze moja rozprawa doktorska pt.: ,Terapia fotodynamiczna i ocena jei
skutecznodei z wykorzystaniem nieinwazyjnych metod diagnostycznych w wybranych
schorzeniach dermatologicznych”

1) zostataprzygotowana przeze mnie samodzielnie*,

2) nie narusza praw autorskich w rozumieniu ustawy z dnia 4 lutego 1994 roku o prawie
autorskim i prawach pokrewnych (tj. Dz.U. z 2023 r, poz. 1062) oraz débr osobistych
chronionych prawem cywilnym,

3) nie zawiera danych iinformacji, ktére uzyskatem/am w sposob niedozwalony,

4) nie byta podstawg nadania tytutu zawodowego lub stopnia naukowego ani mnie ani innej

osobie,

Ponadto oéwiadczam, ze tres¢ pracy przedstawionej przeze mnie do obrony, zawarta na
przekazywanym nosniku elektronicznym, jestidentyczna z wersjg drukowana.

Pyemoc, 0.0 G,

4
(miejscowosc, data) (cxytesay podpts Guters pracy)

* ywzgledniajqe merytoryczny wkiad promotora pracy
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KOMISJA BIOETYCZNA UNIWERSYTETU RZESZOWSKIEGO
UNIWERSYTET RZESZOWSKI

Kolegium Nauk Medycznych

al. mjr. W. Kopisto 2a, 35-959 Rzeszow

UCHWALA Nr 6/11/2020
Komisji Bioetycznej przy Uniwersytecie Rzeszowskim
19/11/2020

Komisja Bioetyczna przy Uniwersytecie Rzeszowskim, dziatajac na podstawie art, 29
ust. 3 pkt 2 ustawy z dnia 5 grudnia 1996 roku o zawodzie lekarza (Dz. U. z dnia 26 marca 1997
roku, Nr 28, poz.152), zgodnie 7 rozporzadzeniem Ministra Zdrowia i Opieki Spolecznej z dnia
11 maja 1999 roku (Dz. U. Nr 47 poz. 480 z 1999 roku) w sprawie szezegdfowveh zasad
powolywania i finansowania oraz trybu dziatania Komisji Bioetycznych oraz dzialajac zgodnie
z zasadami GCP (Good Clinical Practice) i ustawa z dnia 6 wrzeénia 2001 roku Prawo
farmaceutyczne (Dz. U. z 2019 1. poz. 499 z péz Zm.), po zapoznaniu si¢ z wnioskiem
zlozonym przez wnioskodawce, w wyniku przeprowadzonej dyskusji i glosowania (dn. 19
listopada 2020 r.) przeprowadzonych w formie zdalnej liczba 9 glosow akceptujacych sposrod
9 oddanych glosow

postanawia

projekt badawezy: ,Analiza parametréw klinicznych i molekularnych oraz badania nad
nowymi lekami w chorobach skéry.”

zaopiniowaé pozytywnie.

Uwagi: Uchwala jest wazna na okres objety planem badar.

hab. med. Beata Sas-Korc7yfiska, prof. UR

Do wiadomosci:

Whioskodawea: Prof. dr hab. n. med. Adam Reich, dr n. med. Magdalena Zychowska, lek.

Klaudia Tutka, lek. Joanna Muda — Urban, lek. Ewelina Mazur, lek, Marta Kott ~ Kaminska,
lek. Kamila Jaworecka
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Rzeszow, 12.03.2025 1.

OSWIADCZENIE
Ewelina Anna Mazur

Imie (imiona) i nazwislw,

Szkota Doktorska UR
Nazwa jednostki

Nauki Medyczne
nazwa dyscypliny

Ja, nizej podpisana Ewelina Mazur, oéwiadczam, e przygotowana dysertacja pt. “Terapia
fotodynamiczna i ocema jej skutecznodci z wykorzystaniem nicinwazyjnych metod
diagnostycznych w wybranych schorzeniach dermatologicznych”, ktory przedkfadam w
przewodzie doktorskim procedowanym w Uniwersytecie Rzeszowskim zostata przygotowana | w peini
odpowiada zatozeniom projektu badawczego pt. "Analiza parametrow klinicznych i molekularnych oraz
badania nad nowymi lekami w chorobach skéry.”, ktéry uzyskat pozytywng opinig Komisji Bioetycznej
Uniwersytetu Rzeszowskiego (Uchwata nr Nr 6/11/2020 wydana w dniu 19/11/2020).

N
% B i
_{L‘/ -“{{Oﬂu/ LEL Mg

(promotor) (skindajgcy oswiadczenie)
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