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PREFACIO

Esta tese de Mestrado € parte do programa de pds-graduacdo em Medicina
da Faculdade de Medicina de Botucatu — UNESP. Seu desenvolvimento foi realizado
com apoio financeiro da Fundacédo para o Desenvolvimento da Dermatologia do
Estado de Sao Paulo — Sebastidao Sampaio (FUNADERSP)

A apresentacgéo desta tese esté dividida em duas partes: revisdo da literatura
e apresentacao da pesquisa desenvolvida.

A primeira parte € uma revisdo ampla do tema que norteou essa dissertacao.
Trata-se do estudo das queratoses actinicas (QA) e do campo de cancerizacéo
cutdneo (CCC). Nessa parte, fizemos a revisdo dos mecanismos fisiopatol6gicos
descritos para a carcinogénese cutanea, os principais fatores de risco associados,
aspectos epidemioldgicos, caracteristicas clinicas e dermatoscopicas da QA e do
CCC, os achados anatomopatoldgicos e, por fim, as principais opcoes terapéuticas
disponiveis.

A segunda parte do texto contém toda a descrigdo do ensaio clinico que serviu
de base para essa dissertacdo, bem como a apresentacdo dos resultados da
pesquisa, discussdo dos achados e as conclusfes. Esta apresentada sob forma de

artigo de acordo com as regras do British Journal of Dermatology.



LISTA DE ABREVIATURAS / SIGLAS
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6-4PP — fotoprodutos pirimidina-pirimidona
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AOx — antioxidantes
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ITT — do inglés Intention To Treat: analise tipo intencdo de tratamento
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NADH — nicotinamida adenina dinucleotideo
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p.ex. — por exemplo
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Resumo

Introducéo: Diversos tratamentos sdo disponiveis para pele com fotodano avancado,
caracterizada pela presenca de queratoses actinicas (QAs), ndo havendo padréo
ouro.

Objetivo: Avaliar a eficicia e seguranca da formulacdo de antioxidantes topicos (L-
acido ascorbico 15%, alfa-tocoferol 1%, acido feralico 0,5%) associado ao filtro solar
comum ou filtro solar com fotoliase no tratamento do fotodano avancado.

Método: Ensaio clinico randomizado, duplo-cego e fatorial. Foram randomizados
participantes com QAs nos antebracos para aplicar durante o dia filtro solar (FPS) ou
filtro solar com fotoliase (EryF) em ambos antebracos. Um dos antebracos de cada
grupo foi randomizado novamente para receber antioxidantes topicos (AOx) e o outro
antebraco creme placebo (ambos de aplicacdo noturna). Os quatro grupos foram EryF
+ AOX, EryF + placebo, FPS + AOx, FPS + placebo. A duragao dos tratamentos foi de
8 semanas. Os desfechos primarios foram clearance total de QA, escala de
fotoenvelhecimento e escore de gravidade de QA e os secundarios foram a reducéo
na contagem de QAs, taxa de clearence parcial e seguranca.

Resultados: Houve a inclusdo de 40 participantes. Todos 0s grupos apresentaram
melhora significativa dos desfechos ao longo do tempo. Nao houve diferenca
significativa entre FPS e EryF, entretanto AOx levou a reducdo significativa da
contagem das QAs. Clearance parcial foi obtido em 18 (47,4%) antebracos tratados
com AOx e em nove (23,7%) tratados com placebo (p < 0,05).

Conclusdes: Filtro solar e filtro solar contendo fotoliase n&o apresentaram diferenca
significativa. AOx promoveu melhora do fotodano com reducgéo da contagem de QA

dos antebracos.

Palavras-chave: Dermatologia, Fotodano, Queratose actinica, Campo de
cancerizacdo, Carcinoma espinocelular, Oncologia, Filtro solar, Fotoliase, L-acido
ascorbico, Alfa-tocoferol, Acido ferulico.
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Abstract

Introduction: Several treatments are available for skin with advanced photodamage,
which is characterized by the presence of actinic keratoses (AK), with no gold standard.
Objective: To evaluate the effectiveness and safety of topical antioxidant formulation
(L- ascorbic acid 15%, alpha-tocopherol 1%, ferulic acid 0.5%) associated with
common sunscreen or sunscreen with photolyase in treating advanced photodamage.
Method: Randomized, double-blind and factorial clinical trial. Participants with AKs on
their forearms were randomized to apply sunscreen (FPS) or sunscreen with
photolyase (EryF) on both forearms during the day. One of the forearms in each group
was randomized again to receive topical antioxidants (AOx) and the other forearm was
a placebo cream (both for night application). The four groups were EryF + AOX, EryF
+ placebo, FPS + AOx, FPS + placebo. The duration of treatments was 8 weeks. The
primary outcomes were total AK clearance, photoaging scale and AK severity score,
and the secondary outcomes were a reduction in AK count, partial clearance rate and
safety.

Results: There were 40 participants included. All groups showed a significant
improvement in outcomes over time. There was no significant difference between FPS
and EryF, however AOx led to a significant reduction in the QA count. Partial clearance
was obtained in 18 (47.4%) forearms treated with AOx and in nine (23.7%) treated with
placebo (p <0.05).

Conclusions: Sunscreen and sunscreen containing photolyase showed no significant

difference. AOx improved photodamage by reducing the AK count in the forearms.

Keywords: Dermatology, Photodamage, Actinic keratosis, Field cancerization,
Squamous cell carcinoma, Oncology, Sunscreen, Photolyase, L-ascorbic acid, alpha-
tocopherol, ferulic acid.
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1 REVISAO DE LITERATURA

1.1 QUERATOSES ACTINICAS E CAMPO DE CANCERIZACAO CUTANEO

O cancer de pele ndo melanoma representa o tipo de cancer mais comum da
humanidade e inclui principalmente o carcinoma basocelular (CBC) e carcinoma
espinocelular (CEC). Sabe-se que a exposi¢ao crbnica a radiacdo ultravioleta (RUV),
especialmente UVB, representa o principal fator de risco para o desenvolvimento do
cancer de pele, com lesdes ocorrendo principalmente nas areas de maior exposi¢ao
como face, couro cabeludo, pavilhdo auricular, antebracos e maos (1).

A lesdo ao DNA dos queratindcitos é o ponto chave para o inicio do fotodano e
da carcinogénese cutanea e pode ser causado por ambos espectros de radiacdo UVA
e UVB de maneira direta ou indireta (1,2). Para que ocorra sua acao carcindgena, a
RUV deve ser transmitida pelas camadas da pele e por fim ser absorvida por

moléculas cromdéforas ou fotossensibilizantes (3).

Multiplos croméforos possuem afinidade especifica pela UVB, tais como acidos
nucleicos, nicotinamida adenina dinucleotideo (NADH), aminoacidos aromaticos,

heme, quinonas, flavinas, porfirinas, carotenoides, acido uranico e eumelanina (3).

O mecanismo de lesdo direta ao DNA do queratinécito é causado
principalmente pela radiacdo UVB, a qual € absorvida por cromo6foros que induzem
alteracdes das bases pirimidinicas, altamente predispostas a dimerizacao, formando
assim os dimeros ciclobutano pirimidina (CBP) e fotoprodutos pirimidina-pirimidona
(6-4PP) (4).

A lesao indireta envolve principalmente a radiacdo UVA que promove excitacao
de moléculas fotossensibilizantes, transformando-as na forma excitada denominada
triplet. Tal molécula é altamente instavel e tende a transferir energia para retornar ao
seu estado de repouso. Sua energia pode ser transferida para outros
fotossensibilizantes, formando os radicais livres, ou ser transferida para molécula de
oxigénio, compondo as chamadas espécies reativas de oxigénio (EROs), como o

oxigénio singlet (1,4,5).

A nivel molecular, o dano direto e indireto das radiacdes UVB e UVA culminam

com a desregulacdo da proteina supressora de tumor p53, ponto chave para o
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desenvolvimento de queratoses actinicas (QAs) e CEC (6-8). A proteina p53 é
responsavel pelo controle do ciclo celular, reparo do DNA e supressdo tumoral.
MutacBes no gene dessa proteina levam a desregulacdo do ciclo celular, perda do
controle da apoptose de queratindcitos, e expansao clonal de queratindcitos mutados

9).

A proliferacdo dos queratinécitos alterados geneticamente levam ao
surgimento da QA, lesdo cutanea considerada marcadora da fotoagresséo.
Tipicamente, as lesdes estéo localizadas em areas de fotoexposicéo crénica, como a
face, couro cabeludo, antebragos e dorso das maos, especialmente em pacientes de
pele clara (10).

O fotodano induzido pela RUV é caracterizado por uma série de alteracdes
cutdneas que incluem discromia, lentiginoses, elastose, formacédo de rugas finas e
profundas, telangectasias, eritema, cicatrizes atroéficas, alteracdes de textura e o
surgimento de lesdes pré-neoplasicas como a QA e neoplasias malignas como o CEC
(11).

Sdo considerados como principais fatores de risco relacionados ao
desenvolvimento das QAs: idade (cerca de 80% de adultos com idade entre 60 e 69
anos apresentam lesbes de QA), sexo masculino, pele clara (fototipos | e Il de
Fitzpatrick), exposicdo a RUV, imunossupressédo, antecedente pessoal de QA ou
cancer de pele e doencas genéticas que apresentam defeito no reparo do DNA
(xeroderma pigmentoso, sindrome de Bloom, sindrome de Rothmund-Thompson).
Além destes, novos estudos tem relacionado a infec¢ao pelo papiloma virus humano
(HPV) com o desenvolvimento de QAs (12).

A prevaléncia da QA varia na literatura, a depender de diversos fatores, como
0 pais onde foi desenvolvido o estudo e da composi¢éo de sua populacdo(10).

No Brasil, a QA é o 4° diagnostico dermatologico mais comum e, dentre 0s
pacientes com mais de 65 anos, € a principal causa de busca por atendimento
dermatolégico (13). Em um estudo realizado na cidade de Curitiba-PR com 491
participantes, com média de idade de 58,9 anos, a prevaléncia da QA foi de 60,79%

nas mulheres e 30,9% nos homens (14)
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Ja nos Estados Unidos, a QA é o terceiro diagnostico dermatolégico mais
comum e, segundo a Academia Americana de Dermatologia (AAD), 60% de individuos
acima de 40 anos apresentam ao menos uma leséo de QA (15,16).

Clinicamente as lesfes de QA se caracterizam por papulas ou méculas
eritematosas, confluentes ou ndo, recobertas por escamas aderentes e
hiperqueratosicas, com cerca de 0,5 a 1 cm (Figura 1). As lesdes podem evoluir com

infiltracd@o, crescimento rapido, sangramento e ulceragéo, sinais que indicam possivel

Figura 1. Queratoses actinicas: papulas eritematosas e hiperqueratésicas em

area de pele com fotodano.

Certos autores dividem a apresentacdo clinica das QAs em trés graus: Grau |
(visivel e levemente palpavel), Grau Il (visivel e palpavel), Grau Il (francamente visivel
e hiperqueratotica), porém, essa classificacdo ainda ndo se baseia em critérios
histologicos ou da biologia das lesGes (p.ex. atividade de proliferacdo e apoptose)
(18).

O diagnostico da QA é predominantemente realizado pela avaliacéo clinica,
podendo ser complementado pela dermatoscopia. A precisdo do diagnéstico clinico
varia de 74 a 94% (19).

A dermatoscopia, Zalaudek et al reconheceu 3 padrdes dermatoscopicos
mais prevalentes, dividindo a lesdo em 3 graus: o primeiro, exibe padrdo em pseudo-
rede eritematosa e escamas esbranquicadas discretas; o segundo, caracterizada pelo

fundo eritematoso, chamado “padrdo em morango”; e o terceiro demonstra aberturas
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foliculares aumentadas preenchidas com plug queratético sobre um fundo
descamativo ou branco amarelado. A sensibilidade e especificidade do diagndstico
dermatoscopico da QA nado pigmentada pode chegar a 98 e 95%, respectivamente
(20).

Do ponto de vista histologico, o qual é o padrdo ouro para o diagnéstico, a QA
é definida pela atipia queratinocitica leve nas camadas mais baixas da epiderme,
resultando em defeito na maturacao da epiderme superficial (21-23). A gravidade da
QA pode ser determinada pela distribuicdo dos queratindcitos atipicos. O
acometimento do 1/3 até 2/3 inferiores da epiderme caracteriza Grau | e |l,
respectivamente. O acometimento para além dos 2/3 inferiores da epiderme
caracteriza o CEC in situ ou QA grau Il (24,25).

Acreditava-se que a evolucado para CEC seguia uma cadeia l6gica de QA grau
I, para grau Il e lll, levando ao desenvolvimento do CEC. Contudo, Fernandez-
Figueras et al demonstraram que CECs invasivos estavam localizados em areas com
QAs grau | (26).

O risco de transformacéo das QAs para CEC varia na literatura de 0,025% a
16% (27), sendo que o risco aumenta naqueles pacientes com mudltiplas lesdes.
Pacientes com 6-20 QAs apresentam risco quatro vezes maior, e pacientes com >20
apresentam risco onze vezes maior de desenvolver CEC (28).

Pacientes com diagndstico de QA geralmente possuem mais de uma lesao
em uma mesma area. Multiplas QAs incidentes em uma mesma regido caracterizam
clinicamente um campo de cancerizacao cutaneo em atividade (7).

O termo campo de cancerizacao foi descrito pela primeira vez em 1953 por
Slaughter (29). O conceito de campo de cancerizagdo cutaneo sugere que a pele
aparentemente normal que circunda as QAs seja a base da expanséo clonal de células
geneticamente alteradas, 0 que explicaria a ocorréncia de novas QAs ou outras
neoplasias cutaneas em uma mesma area tegumentar, além da recorréncia local de
tumores considerados completamente excisados pela analise histopatolédgica (30). Se
deixado sem tratamento, a incidéncia em 10 anos de progressao de QA para CEC é

de aproximadamente 10%, podendo evoluir para metastase e morte (28,31).
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1.2 TRATAMENTOS DISPONIVEIS

Até o momento, ndo ha tratamento padrdo ouro para as QAs, devendo-se levar
em conta 0 numero e caracteristicas clinicas das lesdes, tolerabilidade e custos do
tratamento, idade, atividade do sistema imune e aceite do paciente. Os tratamentos
podem ser divididos em direcionados a lesdo e direcionadas ao campo de
cancerizacdo. Os tratamentos voltados para as lesdes incluem: crioterapia, laser,

cirurgia (shaving ou exérese) e curetagem (19), entre outras.

A terapia direcionada ao campo de cancerizacdo vem se tornando alvo de
estudo uma vez que pode levar a reducéo da incidéncia de QA e CEC em pacientes
de alto risco (32). Diversas modalidades terapéuticas estdo disponiveis: 5-fluoruracil
(5FV) (33), mebutato de ingenol (34), imiquimod (35), tretinoina (36), diclofenaco (37),

colchicina (38), terapia fotodinamica (39), entre outras.

1.2.1 5-fluoruracil

O 5FU é um analogo da pirimidina, utilizado como quimioterapico em
tratamentos oncoldgicos, pertencendo a familia dos antimetabdlitos. Seu mecanismo
de acao esta relacionado com a inibicdo da timidina-sintetase e a incorporacao do
5FU ao RNA e DNA. Suas apresentac¢fes topicas incluem 5FU a 5% em creme ou
solucéo, 5FU & 0,5% em creme, 5FU a 1% creme ou solucéo e 2% em solucéo (15,40).
A forma habitualmente utilizada e disponivel no Brasil € o 5FU a 5% em creme. O
tratamento padronizado € a aplicacdo diaria na area a ser tratada, duas vezes ao dia,
durante 4 semanas. Apresenta efeitos adversos como dor, prurido, eritema,
inflamagéo e exulceragdo (41). Em ensaio clinico desenvolvido por Jansen et al,
74,7% dos pacientes que utilizaram 5FU a 5% atingiram clearence de 75% do namero

de QAs da face e couro cabeludo (42).
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1.2.2 Mebutato de ingenol

O mebutato de ingenol age por meio de diferentes mecanismos: induz a
necrose de queratindcitos mutados, induz resposta inflamatéria local e estimula a
producao de anticorpos anti-tumorais (40,43).

A apresentacao da substancia € em gel, sendo disponiveis as concentracdes
de 0,015% para tratamento da face, e 0,05% para tratamento das demais areas
corporais. Deve ser aplicado uma vez ao dia por 3 dias consecutivos para tratamento
da face e 2 dias consecutivos para tratamento das lesbes corporais (40,43).
Apresenta como efeitos adversos eritema, exulceracéo e descamacéo (40)

As taxas relatadas de clearence total do numero de QAs sdo de aproximadamente
42% e taxa de reducéo de lesGes de 83% (44).

Atualmente, esta droga deixou de ser comercializada no Brasil. O elevado
custo de fabricacdo e consequente alto valor de venda, dificultava a comercializagcéo
do produto no Brasil. Na Europa, o produto foi retirado de comercializacdo apos
estudos indicarem aumento do risco de desenvolvimento de CEC com uso da

medicacéao (45).

1.2.3 Imiquimode

Imiguimode é uma droga sintética imunomoduladora com liberagéo de uso em
1999 pelo FDA para tratamento de verrugas genitais e perianais; em 2004 seu uso foi
estendido para tratamento de QAs e CBC (19). Atua como agonista de receptores toll-
like 7 e estimula a produgéo de fator de necrose tumoral alfa (TNF-a), interferon gama,
interferon alfa e interleucina 12. Por meio dessas citocinas, € capaz de ativar
macrofagos, células dendriticas, linfécitos T citotoxicos e células natural-killer.
Também possui a¢édo anti-viral indireta e poder anti-tumoral (31,40).

O imiquimode é comercializado nas concentracdes de 2,5%, 3,5% e 5% em
creme (40). Seu uso a 5% ¢é limitado a uma area de pele de 25 cm?, podendo ser
aplicado 3 vezes na semana por 4 semanas, com aplicacdo ciclica por até 16
semanas. Apresenta como efeitos adversos eritema, exulceragcdo e formacéo de
crostas (21). O uso ciclico por 16 semanas demonstrou clearence de 85% das QAs e

taxa de recorréncia anual de 10% (40).
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A formulacéo de imiquimode a 3,75% pode ser utilizada para o tratamento de
areas mais extensas, podendo ser aplicados em area de pele de até 200 cm? (19),

porém ainda néo esté disponivel no Brasil.

1.2.4 Retinoides

Os retinoides podem ser usados tanto por via oral como tépico para prevencao
e tratamento das les6es de QAs e do campo de cancerizagao, por reduzir o estresse
oxidativo e a diferenciacéo celular, porém ndo deve ser utilizado como primeira linha
de tratamento (15,46). Os principais efeitos colaterais com uso topico sao eritema,
descamacdo, queimacao e irritacdo (36). O uso oral da medicacdo deve ser reservado
para pacientes com multiplas lesdes ou que apresentam alteracées imunes, como nos
transplantados renais, ou naqueles com genodermatoses que predispdem ao
desenvolvimento de neoplasias queratinocitica (15). Houve reducdo de 45% do
namero de QAs em estudo feito com creme topico de tretinoina 0,05%, versus reducao

de 23% no grupo placebo, com filtro solar (36)

1.2.5 Diclofenaco

O uso do diclofenaco, droga anti-inflamatéria ndo hormonal, é considerada
opcao terapéutica para campo de cancerizacao. A substancia age ao bloguear a via
da ciclooxigenase e inibir as citocinas proé-inflamatdrias produzidas a partir da
exposicdo a RUV (47). Aléem disso, o diclofenaco atua inibindo a proliferacdo e
angiogénese de células tumorais, e induz a ativacado de metaloproteinases resultando
em queratélise e degradacao do colageno (16,40). Os estudos com a substancias
utilizam o diclofenaco a 3% em acido hialurénico a 2,5% na forma de gel, devendo ser
aplicado diariamente durante 8 a 12 semanas, atingindo taxas de clearence de até
58% em 30 dias (40). Apresenta boa tolerabilidade, com poucos efeitos colaterais, que

incluem prurido, eritema e descamacéao superficial (44).
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1.2.6 Colchicina

Na dermatologia, a colchicina foi empregada em diferentes indicacbes
terapéuticas, tanto na via sistémica como tépica, dentre elas: psoriase vulgar,
psoriase pustulosa generalizada, pustulose palmo-plantar, vasculite de pequenos
vasos, reacao tipo Il da hanseniase, doenca de Behcet, dentre outras (48).

A primeira descricdo do uso da colchicina topica para QA foi em 1968 por
Marshall (49). A colchicina ja foi estudada nas concentracdes de 0,5% e 1% em gel,
sem diferencas estatisticas nos resultados e eventos adversos, com boa
tolerabilidade. Ensaio clinico recente comparou colchicina com diclofenaco 3% tépico
demonstrando bons resultados, com reducdo de aproximadamente 50% na area
acometida por QA (50). Outro estudo indicou que o uso da colchicina topica a 0,5%
associado a terapia fotodindmica (TFD) com o derivado metil-éster do &cido 5-delta
aminolevulinico (MAL) demonstraram reducdo da atividade do campo de

cancerizacado, sendo o tratamento bem tolerado (51).

1.2.7 Terapia fotodindmica

A TFD baseia-se na interacdo entre uma fonte luminosa e um agente
fotossensibilizante, com capacidade de induzir citotoxicidade em células tumorais
proliferativas. Os agentes fotossensibilizantes tépicos mais utilizados sdo acido 5-
delta aminolevulinico (ALA) e seu derivado metil-éster do ALA (MAL). Este altimo € o
agente mais utilizado por ser o que apresenta maior absorcéo pelas células tumorais.
O MAL é aplicado por via topica a 16% e mantido sob oclusdo por 3 horas. Em seguida
€ exposto a luz vermelha e ao ser ativado, entra na cascata de producdo da
protoporfirina 1X, que ao se acumular nas células alteradas induz a apoptose das
mesmas (52).

A TFD apresenta otimas taxas de resposta com 81% de clearence em uma
Unica sessao e até 90% apOs a segunda sessdo. Apresenta efeitos adversos leves,
levando a um resultado estético satisfatorio, podendo apresentar como fator limitante

a dor durante o procedimento, que pode ser leve até de forte intensidade (53-55).
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1.2.8 Fotoliase

Mais recentemente a fotoliase de aplicacdo topica surgiu como nova
alternativa para o tratamento do campo de cancerizagéo cutaneo e das QAs (56-58).
A fotoliase é uma enzima monomérica, ndo encontrada nas células de mamiferos
placentarios, capaz de se ligar especificamente aos CBPs e 6-4PPs e desfazer os
dimeros para as formas normais das bases nitrogenadas com a energia da luz visivel,
mecanismo denominado “fotorreativacao”. O reparo e eliminagao dos dimeros do DNA
em humanos é controlado pelo mecanismo de “reparo por remog¢ao de nucleotideos”
(NER), que apresenta baixa efetividade com relacéo a correcdo dos CBPs e 6-4PPs
(56,59).

Recentemente, Puig et al publicou artigo de revisdo de um filtro solar de alta
protecdo UVA e UVB que contém em sua formulacdo a enzima fotoliase proveniente
da alga Anacystis nidulans. A enzima encontra-se no interior de lipossomos
multilamelares a semelhanca da enzima de reparo T4 endonuclease. O produto em
questdo vem sendo estudado desde 2003 e € comercializado no Brasil pelo nome
Eryfotona AK-NMSC, distribuido pelo laboratério ISDIN. A revisdo conclui que a
evidéncia da substancia nos ultimos 10 anos suporta efeitos benéficos no tratamento
da QA e do campo de cancerizacdo, levando a melhora clinica, dermatoscépica e
histol6gica (10).

1.2.9 Antioxidantes

Levando em conta os danos indiretos causados pela RUV, com formacéo de
espécies reativas de oxigénio (EROSs), envolvidas no processo de fotoenvelhecimento

e a carcinogénese cutanea, estudos com agentes antioxidantes (AOXx) se iniciaram.

A pele humana conta com uma rede de agentes antioxidantes (AOx). Dentre
eles, AOx enzimaticos como superoxido dismutase e catalase, glutationa peroxidase
e AOx nao enzimaticos de baixo peso molecular, como vitamina E, vitamina C,
glutationa, acido urico e uibiquinol. A maior concentracdo dos AOx, tanto

hidrossollveis como lipossolluveis, encontra-se na epiderme (60).
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Apesar de a pele apresentar AOx inatos para neutralizar os radicais endégenos
e exbdgenos, esta reserva pode ser rapidamente depletada. Sendo assim, a
suplementacdo topica de AOX, pelo menos em teoria, pode promover beneficios
extras a pele, especialmente sob estresse oxidativo excessivo como na exposi¢ao a
UVA (61). A suplementacéo oral de AOx ndo apresentou associacdo com risco de

cancer de pele conforme revisao realizada por Chang et al (62).

Halliday examinou o DNA de QA e CEC em procura de danos induzidos por
EROs. Um grande namero de mutacdes foi encontrado no gene do p53, tanto no grupo
de QA quanto no grupo de CEC, sugerindo que EROs podem ser mutagénicos,
levando lesdes precursoras a se transformarem em malignas (63). Além disso, a
presenca de AOX tdpicos e inibicdo de EROs reduziu a carcinogénese induzida pela
RUV na pele de ratos, sugerindo ser um método capaz de atenuar a carcinogénese
(64—-66).

A vitamina C (4cido ascorbico) € um AOx hidrossoluvel e € o AOx predominante
na pele (67). A vitamina C neutraliza os radicais livres nos compartimentos aquosos
da pele, além de ter papel importante na regeneracao da vitamina E (tocoferol) (68).
A vitamina E € um AOXx lipossoluvel, encontrada em maior concentracéo nas camadas
profundas do estrato cérneo, sendo produzida a partir da secrecao das glandulas
sebéaceas. A funcao principal da vitamina E é proteger a membrana celular do estresse
oxidativo (67).

A aplicacdo tépica de L-&cido-ascérbico demonstrou efeitos fotoprotetores
incluindo a reducao de eritema (69), diminuicdo da formagao de “sunburn cells” (69) e

diminuicdo da expresséao de citocinas imunossupressoras (70).

As “sunburn cells” sdo queratindcitos apoptoticos induzidos pela exposi¢céo a
RUV, especialmente UVB, que provocou danos graves e irreversiveis ao seu DNA.
Caso este mecanismo protetor ndo fosse ativado, um queratinécito de fenotipo
alterado poderia predispor ao desenvolvimento de uma neoplasia (71). Além disso, a
RUV induz aumento da sintese de citocinas imunossupressoras na epiderme, como

IL-1, IL-6, IL-8, TNF-a e IL-10, reduzindo o controle da carcinogénese local (72).

Uma série de estudos em animais e humanos demonstrou a reducdo da

peroxidacdo lipidica (73), fotoenvelhecimento (74), imunossupressao (65,75) e
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fotocarcinogénese (65,66) apds aplicacéo topica da vitamina E. A nivel molecular, o
uso topico de alfa-tocoferol diminui a transcricdo de metaloproteinase de matriz 1
(MMP-1) e inibe a formacdo de dimeros de timina, reduzindo o processo de quebra
do coladgeno e a carcinogéneses, respectivamente (76).

Estudos utilizando o L-acido-ascorbico a 15% em associacédo com alfa-tocoferol
a 1% demonstraram que essas substancias apresentam efeito sinérgico na pele.
Quando o alfa-tocoferol neutraliza o estresse oxidativo nos lipidios, seus produtos
oxidados podem ser regenerados pelo L-acido-ascorbico. Esta interacdo ajuda a
renovar a protecao antioxidantes nos tecidos. A formulacao contendo os dois produtos
dobrou a protecdo UV para a pele quando comparado com o L-acido-ascorbico
isoladamente (77,78).

Em busca de substancias antioxidantes sinérgicas e que pudessem aumentar
a estabilidade da solucédo de L-acido-ascorbico e alfa tocoferol, Lin et al demonstraram
que a adicdo de &cido ferulico a 0,5%, um antioxidante vegetal, aumentou tanto a
estabilidade da formula quanto dobrou a protecdo UV para a pele. O acido ferulico,
um acido hidroxicinamico, provavelmente protege o L-acido-ascérbico e alfa-tocoferol
servindo como substrato “sacrificio”, sofrendo oxidacdo antes dos outros da féormula
(79).

Murray et al demonstraram que a combinacéo dos trés AOx (L-acido-ascorbico
a 15%, alfa-tocoferol a 1% e &cido ferulico a 0,5%), quando comparado ao placebo
(veiculo), apresentaram efeito fotoprotetor ao reduzir o eritema induzido pela RUV.
Além disso, a area tratada com a combinacdo dos AOXx reduziu significativamente a
formagao de “sunburn cells” bem como reduziu a expressao de p53 e a formacéao de
dimeros de timina (72).

Em revisao da literatura, ndo encontramos estudos que relatassem o uso de tal
combinagdo para o tratamento da pele com fotodano avancado, caracterizada por
QAs em um campo de cancerizagdo. Também néo ha descricdo na literatura do uso
concomitante de AOx de uso topico e da fotoliase, 0 que justifica a realizacdo deste

estudo.
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2 OBJETIVOS DO ESTUDO

Avaliar a eficacia e seguranca da formulacéo de antioxidantes tépicos (L- acido
ascorbico 15%, alfa-tocoferol 1%, &cido ferulico 0,5%) versus creme placebo
associado ao filtro solar comum ou filtro solar com fotoliase no tratamento da pele de
antebracos com fotodano avancado caracterizada por QAs, no contexto do campo de
cancerizacdo cutaneo. Espera-se que o clearence completo das QAs, a melhora da
escala de fotoenvelhecimento e do escore de gravidade das QAs seja superior no
grupo que utilizou fotoliase e antioxidantes topicos ao término de oito semanas do

estudo.
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What do we know about this topic?
¢ Different types of treatments are available for treating advanced photodamage
characterized by the presence of actinic keratosis and cutaneous field
cancerization, but up do date none is considered a gold standard.
¢ Photolyase, an enzyme not produced by mammals, has shown in past studies
efficacy in the treatment of actinic keratosis and cutaneous field cancerization.
e There are no studies that analyze the efficacy of topic antioxidants in the

treatment of actinic keratosis and cutaneous field cancerization.

What does this study add?
e Topical antioxidant formula containing vitamin C, vitamin E and ferulic acid
decreases activity of cutaneous field cancerization.
e Sunscreen containing photolyase does not differ from regular sunscreen in the

treatment of actinic keratosis or cutaneous field cancerization.
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Abstract

Introduction: Several treatments are available for skin with advanced photodamage,
which is characterized by the presence of actinic keratoses (AK), with no gold standard.
Objective: To evaluate the effectiveness and safety of topical antioxidant formulation
(L- ascorbic acid 15%, alpha-tocopherol 1%, ferulic acid 0.5%) associated with
common sunscreen or sunscreen with photolyase in treating advanced photodamage.
Method: Randomized, double-blind and factorial clinical trial. Participants with AKs on
their forearms were randomized to apply sunscreen (FPS) or sunscreen with
photolyase (EryF) on both forearms during the day. One of the forearms in each group
was randomized again to receive topical antioxidants (AOx) and the other forearm was
a placebo cream (both for night application). The four groups were EryF + AOXx, EryF
+ placebo, FPS + AOx, FPS + placebo. The duration of treatments was 8 weeks. The
primary outcomes were total AK clearance, photoaging scale and AK severity score,
and the secondary outcomes were a reduction in AK count, partial clearance rate and
safety.

Results: There were 40 participants included. All groups showed a significant
improvement in outcomes over time. There was no significant difference between FPS
and EryF, however AOx led to a significant reduction in the QA count. Partial clearance
was obtained in 18 (47.4%) forearms treated with AOx and in nine (23.7%) treated with
placebo (p <0.05).

Conclusions: Sunscreen and sunscreen containing photolyase showed no significant

difference. AOx improved photodamage by reducing the AK count in the forearms.

This study was recorded in the Brazilian Registry of Clinical Trials (REBEC no. RBR-
957zf2).

Keywords: Dermatology, Photodamage, Actinic keratosis, Field cancerization,
Squamous cell carcinoma, Oncology, Sunscreen, Photolyase, L-ascorbic acid, alpha-
tocopherol, ferulic acid.
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INTRODUCTION

Ultraviolet radiation (UVR) exposure is one of the most important promoter of
extrinsic skin aging. UVR-induced photodamage is characterized by a series of skin
changes that include dyschromia, lentiginosis, elastosis, formation of fine and deep
wrinkles, telangectasis, erythema, atrophic scars, texture changes and the appearance
of pre-neoplasic lesions such as actinic keratosis (AK) and malignant neoplasms such
as squamous cell carcinoma (SCC) (1).

AK is a frequent dermatosis, characterized histologically by the proliferation of
genetically altered keratinocytes, being a marker of chronic photodamage. Typically, it
is located in photoexposed areas such as the face, scalp, forearms and back of the
hands, especially in fair-skinned patients (2). Despite presenting low morbidity, it is one
of the main causes of seeking dermatological care (3-5).

Exposure to UVR, composed of UVA and UVB radiation, in addition to
promoting photoaging, is the main risk factor for the development of AK (2). The UVA
spectrum promotes the formation of reactive oxygen species (ROS), leading to
oxidative stress and damage to keratinocyte DNA (2,6,7). The UVB spectrum is
responsible for the formation of pyrimidine dimers in the keratinocyte DNA, the main
ones being the cyclobutane pyrimidine (CBP) and pyrimidine-pyrimidone photo-
products (6-4PP)(6).

The diagnosis and treatment of AK is important because it presents a risk of
progressing to SCC. Studies have different percentages of risk of transformation,
ranging from 0.025 to 16% per AK each year (8).

Generally, multiple AKs occur in the same area of photodamaged skin, which
accumulates changes in the keratinocyte genetic material, a concept that defines the
cutaneous field cancerization (CFC) (9).

Therapies targeting AK are available and include cryotherapy, laser, surgery
(shaving or excision), curettage (10), among others. However, the treatment of CFC
should be preferred as it can lead to a reduction in the incidence of AK and SCC (11).
Among the treatments for CFC, the most frequently used are 5-fluorouracil (5FU) (12),
ingenol mebutate (13), imiquimod (14), tretinoin (15), diclofenac (16), colchicine (17),

photodynamic therapy (PDT) (18), and others. There is no specific treatment
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recommendation for CFC in current guidelines and in the Cochrane systematic review
database (19-21).

Recently, photolyase, a monomeric enzyme not found in the cells of placental
mammals, has emerged as an alternative for the treatment of AK and CFC (22-24).
The enzyme has the ability to break down the dimers of CBP and 6-4PP by means of
visible light, a process called photoreactivation (22,25). Thus, it is able to undo the
main genetic changes induced by UVR in the DNA of keratinocytes. Puig et al
published a review article that concluded that there is evidence to support the beneficial
effects in the treatment of AK and CFC with topical photolyase, promoting clinical,
dermoscopic and histological improvement (2).

Considering the indirect damage caused by UVR, through the formation of
ROS, studies with antioxidant agents (AOx) have started. Vitamin C (ascorbic acid) is
the most prevalent water-soluble AOx in the epidermis (26), has the ability to neutralize
free radicals and ROS in the agueous compartments of the skin and plays an important
role in the regeneration of vitamin E (tocopherol) (27). Vitamin E, in turn, is a fat-soluble
AOx present in the horny layer, produced from the sebaceous glands. Has the ability
to protect the cell membrane from oxidative stress (26).

Murray et al demonstrated that the combination of three AOx (L-ascorbic acid
15%, alpha-tocopherol 1% and ferulic acid 0.5%), when compared to placebo (vehicle),
showed a photoprotective effect, by reducing the erythema induced by UVR,
significantly reduced the formation of “sunburn cells”, as well as reduced the
expression of p53 and the formation of thymine dimers (28).

The aim of this study is to evaluate the therapeutic efficacy of using sunscreen
with photolyase compared to sunscreen alone, as well as to compare the combination
of topical formulation of antioxidants (L-ascorbic acid 15%, alpha-tocopherol 1% and
ferulic acid 0, 5%) versus placebo in the treatment of advanced photodamage
characterized by the presence of AK and CFC of the forearms, after an interval of 8

weeks.
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METHODS

Type of study

Randomized controlled clinical trial with factorial design, open for sunscreen
and sunscreen containing photolyase and double blind for topical antioxidant and
placebo cream. The study was approved by the institution's ethics committee (n°
2.529.697 - appendix 1) and registered in the Brazilian Registry of Clinical Trials (n°
RBR-957zf2). The allocation was made in a 1:1 ratio.

Participants

Participants in this study were recruited from a public health service in a
Dermatology outpatient clinic at the Medical School of Botucatu - UNESP. Patients of
both sexes aged between 60 and 90 years, with a clinical diagnosis of AK in the
forearms (3 - 10 lesions) and who had not undergone treatment for AK (except for
sunscreen) in the last 6 months were included after signing the informed consent form
(appendix 2).

The exclusion criteria were: number of AK below three or above ten; other
extensive dermatoses affecting the forearms; current and previous clinical diagnosis
or evidence of any medical condition that exposes the patient to increased risks,
interferes with the safety or efficacy of the proposed treatment; present hypersensitivity
or allergy to any of the substances under study; use of any systemic or topical
immunosuppressive substance, oral retinoids, in addition to other local treatments (
corticosteroids, anti-inflammatories, retinoids); immunocompromised individuals;

coagulation disorders.

Interventions

Included participants were randomized to receive treatment with photolyase
sunscreen SPF 99 (EryF), containing photolyase in multilamellar liposomes and using
as chemical filters octocrylene, titanium dioxide, avobenzone and tinosorb-S, to be
used twice daily with application on both forearms; or common sunscreen SPF 99
using as chemical filters tinosorb-M, tinosorb-S, avobenzone, octyl-triazone and 4-
methylbenzylidene camphor, with the same SPF of the product containing photolyase,

also to be used twice a day on both forearms. These interventions were not performed
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blindly for participants and researchers, as there was no possibility to hide the
presentations of the products used (the study used the commercial products for
sunscreen with photolyase and common sunscreen, and they had different packages).

The forearms of the participants in each of the groups mentioned above were
randomized to apply moisturizing cream (placebo) to a forearm and cream composed
of antioxidant agents formulated with L- ascorbic acid 15%, alpha-tocopherol 1% and
ferulic acid 0, 5% on the other forearm (AOx), both applied once a day, at night. For
these nocturnal interventions, there was blinding for both participants and researchers.

Thus, there was the formation of 4 groups composed of forearms: EryF + AOX,
EryF + placebo, SPF + AOx, SPF + placebo (Figure 1). The placebo and AOx were
handled in a three-phase emulsion, white in color and without odor. Both products were
packaged in identical airless packaging, which prevents oxidation of ascorbic acid
contained in one of the formulations. The packages were labeled only with the
identification topic 1 and topic 2. After this last randomization, the packages were
identified with letters "R" for application of the product on the right forearm and "L" for
application on the left forearm, so that the patient could identify which side to apply
each product. For each patient, the proposed treatments lasted eight weeks. There
was standardization of the areas for counting and evaluating AK lesions and CFC. The
evaluated area was limited to a line that crosses the metacarpophalangeal joints as a
distal limit, and a line that extends from the antecubital fossa to the lateral epicondyle

of the forearms as the proximal limit.

Outcomes

The primary outcomes were the total AK clearance rate, reduction in CFC
activity assessed by improving the forearm photoaging scale (FPS) (1) and forearm
AK severity score (AKSS) (29) after 8 weeks of treatment.

Secondary outcomes were a reduction in the AK count, a partial clearance rate
(reduction of 50% or more), adverse effects related to treatment, tolerability and the

appearance of non-melanoma skin tumors.
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Selected patients
(n=40)

|

EryF (20 patients, 40 SPF (20 patients, 40

forearms) forearms)

l l

l l l

SPF + placebo (20

EryF + AOx (20 EryF + placebo (20 SPF + AOx (20
forearms)

forearms) forearms) forearms)

Figure 1. Flowchart of randomization

Sample calculation

The sample was dimensioned in order to detect a reduction in difference of
more than 10% between the groups and equivalent standard deviation of the
differences. The power of 0.9, alpha of 0.05, and dropout estimate of 10% were

adopted, resulting in 40 patients (80 forearms).

Randomization and evaluations
Participants and forearms were randomized into blocks by computer
simulation. After computational randomization, the combinations of treatments

generated were separated individually in sealed envelopes. The envelopes were kept
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with the researcher and, at the time of inclusion, an envelope was randomly selected
to guide the patient's treatment.

The participants were evaluated in two moments: TO - inclusion,
randomization, clinical evaluation and beginning of treatments; T60 (after 8 weeks of
treatment) - clinical evaluation, evaluation of adverse effects and tolerability.

In the inclusion, the AKs were counted and marked with pen for each forearm,
respecting the anatomical limits considered above, the evaluation form was filled, the
forearm photoaging scale (appendix 3) and the forearms AK severity score (appendix
4) were applied.

The forearm photoaging scale takes into account the number of superficial and
hypertrophic AKs, amount and severity of wrinkles, solar lentiginosis, visible purple,
starred atrophic scars, elastosis and loss of elasticity. All of these parameters are
classic findings of a photoaged skin. Each parameter and its degree of severity is
assigned a value from zero to four. All parameters are added and the higher the total
value, the greater the photodamage.

The forearm AK severity scale, on the other hand, takes into account the
number of lesions and the following characteristics: degree of erythema,
hyperkeratosis, infiltration and diameter (measured in millimeters) of the AKs. Each of
the criteria is graded from zero to three. The lesions are characterized individually and
the values are added to obtain the total in the studied area. The higher the total value,
the greater the severity of the AKs and CFC.

The evaluations of patients at both times were performed by the same
evaluator who was unaware of the treatment indicated for the patient regarding the use
of topical antioxidant and placebo. Patients were also unaware of which formula was

a placebo and topical antioxidant. At the end of the study, blinding was revealed.

Statistical analysis

All participants included in the study and randomized are part of the ITT
(intention to treat) population. Data analysis was performed for the ITT population using
a generalized mixed effects linear model that deals with the missing data in its

analytical structure (30).
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As for the description of the groups, the categorical variables were presented
through absolute number and percentage. Continuous variables were assessed for
normality by the Shapiro-Wilk test and represented by means and standard deviations,
or medians and quartiles (p25-p75).

The number of AKs, the forearm photoaging scale and the forearm AK severity
score were compared for time and groups (over time) using the generalized linear
model of mixed effects, robust covariance structure, covariance matrix autoregressive
type 1, post-hoc comparison with Sidak comparison and negative gamma or binomial
probability adjustment, when indicated.

The effect size was calculated by the difference in the averages of each
variable at T60 and TO and the confidence interval using the bootstrap technique with
a thousand resamples.

Data were tabulated in Microsoft Excel 2019 and statistical analysis was

performed on IBM SPSS 22.0. P value <0.05 being considered significant.

RESULTS

Between January 2019 and January 2020, 40 participants were eligible and
randomized for the study. Twenty forearms were part of the EryF + AOx group and the
EryF + placebo group. Twenty forearms were part of the SPF + AOx group and the
SPF + placebo group. There were 2 dropouts in the EryF group, as patients did not

return for reevaluation on the scheduled date, even after rescheduling (Figure 2).



Enrollment

Elegible participants (n=40)

Excluded (n=0)
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I l I l
EryF + AOx EryF + Placebo ’ SPF + AOx SPF + Placebo
1 |

(n=0)

Lost to follow-uo due to no
show up in reevaluation (n=2)

Discontinued intervention

| |
Follow-up
|

Lost to follow-up (n=0)

Discontinued intervention

(n=0)

EryF + AOx (20 forearms)

EryF + placebo (20 forearms)

SPF + AOx (20 forearms)

SPF + placebo (20 forearms)

Figure 2. CONSORT flow diagram (ITT evaluation)
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The main clinical and demographic data of the 40 participants at baseline (TO)
are described in table 1. There was no statistical difference between groups for any of
the variables, including AK count, forearms photoaging scale and forearms AK severity

score.

Table 1. Main demographic characteristics of the participants in the inclusion (TO)
according to the randomized group.

Variable SPF EryF Total P
value
Sex —n (%) 0,519
Male 9 (45) 7 (35 16 (40)
Female 11 (55) 13 (65) 24 (60)
Fototype — n (%) 0,08
l - () 1(5) 1(3)
Il 9 (45) 13 (65) 22 (55)
I 11 (55) 6 (30) 17 (43)
Age (years)* 73 (7) 73 (9) 73 (8) 0,938
Scholarity — n (%) 0,742
llliterate 2 (10) 2 (10) 4 (10)
Elementary 15 (75) 16 (80) 31 (78)
High School 3 (15) 2 (10) 5(13)
FPS** 105 (93-114) 110 (78-118) 107 (91-116) 0,391
AK Count (TO)** 7 (6-9) 7 (6-8) 7 (6-9) 0,321
AKSS (TO)** 76 (46-100) 70 (52-91) 72 (51-95) 0,459

SPF: Conventional sunscreen group; EryF: Sunscreen group with photolyase; AK: Actinic keratosis;
FPS: Forearms photoaging scale; AKSS: Forearms AK severity score.
* mean (standard deviation); ** median (p25-p75).

There was no statistical difference for primary and secondary outcomes when
comparing the SPF and EryF groups (Table 2). Total clearance was achieved by three
forearms treated with AOx (7.9%; 95% CI 2.6 - 13.2) and one forearm treated with
placebo (2.6%; 95% CI 0 - 7.9%), not reaching statistical significance. (p = 0.997).
Partial clearance (50% or more reduction in AQ) was achieved by 18 forearms treated
with AOXx (47.4%; 95% CI 34.2 - 60.5) and nine forearms treated with placebo (23.7%;
95% CI 13, 2 - 34.2) (p = 0.018).
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Table 2. Main clinical outcomes resulting from treatments.

SPF EryF
AOX Placebo AOX Placebo

TO

AK Count* 7 (6-10) 7 (7-9) 7 (6-9) 6 (6-8)

FPS* 105 (94-114) 105 (94-114) 113 (73-117) 108 (78-117)

AKSS* 81 (46-95) 69 (46-111) 70 (53-92) 70 (52-89)
T60

Total Clearence ** 2 (10) 1(5) 1(5) -(-)

FPS* 79 (66-93)2 78 (68-93)2 81 (68-94)2 85 (74-95)2

AKSS* 34 (13-51)2 38 (18-62)2 20 (11-30)2 32 (22-43)2

AK Count* 4 (3-6)2P 5 (4-7)2 4 (2-5)2b 5(3-7)

Partial Clearance ** 8 (40)° 5 (25) 10 (50)° 4 (20)

SPF: Conventional sunscreen group; EryF: Sunscreen group with photolyase; AOx: Group with topical
antioxidant; FPS: Forearms photoaging scale; AKSS: Forearms AK severity score.
* median (p25-p75; ** n (%); 2 p <0.05 (TO vs. T60); P p <0.05 (AOx vs. Placebo)

There was a reduction in the AK count in all groups over time (p <0.05). In
addition, there was a reduction in the AK count in the groups that used AOx (SPF +
AOx and EryF + AOXx) in relation to those who used placebo, with statistical significance
(p <0.05).

The forearm photoaging scale decreased for all groups over time (p <0.05),
regardless of the treatment group. There was no statistically significant difference
between the other interventions for this outcome.

Likewise, there was a reduction in the severity score of the AKs for all groups
over time (p <0.05), this reduction being greater in the groups that used AOx (SPF +
AOx and EryF + AOXx), but not reaching statistical significance.

Graphical representations of the findings described above are found in
Appendices 5, 6 and 7.

The effect size for the outcomes is shown in Table 3. The difference in the
AKSS means was higher in the groups that used AOx compared with the groups that
used placebo. Better results of partial clearance were also obtained in the groups that
used AOX.
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Table 3. Difference in means and 95% confidence intervals for the studied outcomes.

SPF EryF
Total
AOx Placebo AOx Placebo

Total Clearence ** 10 (0-25) 5 (0-15) 6 (0-17) -() 5(1-11)
FPS* 22 (15-29) 20 (14-26) 22 (12-31) 17 (8-26) 20 (17-24)
AKSS* 45 (32-59) 32 (21-42) 53 (42-65) 34 (27-41) 41 (35-47)
AK Count* 2,9(1,8-40) 20(1,2-2,8) 3,6 (2,6-4,6) 1,1 (0,4-1,8) 2,4 (1,9-2,9)
Partial Clearance ** 40 (25-60) 25 (10-40) 56 (39-72) 22 (11-33) 36 (26-45)

SPF: Conventional sunscreen group; EryF: Sunscreen group with photolyase; AOx: Group with topical
antioxidant;
FPS: Forearms photoaging scale; AKSS: Forearms AK severity score.
* average of the differences; ** percentage of clearance.
Safety and tolerability

With regard to adverse effects, itching was described with the use of AOx and
placebo by one participant; another participant described itching with the use of
sunscreen containing photolyase. There were no reports of erythema, edema,
ulceration or blisters, and the proposed treatments were well tolerated. There was
a basal cell carcinoma (BCC) on the left forearm of one of the participants, where he
was applying EryF and AOx. Another participant developed a squamous cell

carcinoma (SCC) on the left forearm, where he was applying SPF and AOx.

DISCUSSION

This study indicated that there was no difference in the treatment of advanced
photodamage (AK and CFC) when comparing the use of sunscreen with photolyase
and sunscreen without photolyase. However, the use of an antioxidant formula
demonstrated a reduction in the AK count, which reflects a reduction in CFC activity.
Although AOx are frequently used as anti-age products, our study showed
improvement in AK count, without a significant change in other aspects of the forearm
photoaging scale.

AKs are the main clinical manifestation of CFC, and most researchers consider
their count as a marker of their activity (31). Although subjective and subject to errors,
the AKs count is still the most studied outcome in clinical trials to determine the
effectiveness of the proposed treatments.

When interventions were analyzed for time, all outcomes showed a statistically

significant improvement. The reduction or resolution of AKs can occur in up to 21% of
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patients within one year (32). In our clinical trial, all participants used at least SPF, with
reduction or resolution of the AKs in the forearms of 38.7%. In addition, two articles
indicated that regular use of sunscreen can reduce the AK count by up to 25% in
immunocompetent patients, and 50% in transplanted solid organs. (33,34).

In a recent review article, Puig et al analyzed the evidence available in the last
ten years of using sunscreen containing photolyase. The authors analyzed 11 studies,
totaling 228 participants, only three of which were randomized clinical trials, and
concluded that there is evidence that supports the use of the substance in the
treatment of AK and CFC (2).

One of the clinical trials analyzed in the review was that of Moscarela et al,
which compared the use of sunscreen with photolyase and sunscreen SPF 50 in
patients with four or more AKs on the face and scalp. The study included 50
participants, but had 14 dropouts, resulting in 17 participants who used sunscreen with
photolyase and 19 sunscreen SPF 50. After 6 months of follow-up, there was a
reduction in the AK count in both groups, not reaching statistical significance. When
evaluating the subgroup of participants with up to ten AKs (n = 20), the sunscreen
group with photolyase proved to be superior in reducing the AK count. Also in this
subgroup, 14% of participants who used sunscreen with photolyase had new lesions
versus 54% in those who used sunscreen SPF 50 (35). In our study, only one patient
in the EryF group presented new AKs versus none in the SPF group.

Eibenschutz et al conducted a clinical trial with 30 participants to evaluate the
effectiveness of sunscreen with photolyase versus sunscreen in the treatment of AK
and CFC of the face and scalp after one session of MAL-PDT. The AKs were counted
2 weeks after PDT and reassessed after 9 months of treatment. An increase in the
number of AKs was observed in the participants who used sunscreen, while there was
a reduction in the AKs in those who used sunscreen with photolyase (p = 0.001) (36).

Puig et al developed a prospective, controlled, non-randomized study with 13
participants with AKs in exposed areas to evaluate the effectiveness of sunscreen with
photolyase versus sunscreen for 4 weeks in the treatment of AKs and CFC. The groups
were formed by nine participants in the sunscreen with photolyase group and three in
the sunscreen group. The study analyzed the following outcomes: clinical improvement
(reduction of erythema, desquamation and follicular plugs), dermatoscopy,

immunohistochemistry and the appearance on confocal microscopy. There was a
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statistically significant improvement in all the outcomes studied in the group that used
sunscreen with photolyase, but there was no improvement in the group that used
sunscreen. However, this is a non-randomized study, with a low number of participants,
and the AK count was not analyzed as an outcome, in addition to presenting a
disproportionate distribution between the groups, which compromises the data validity.
(22).

Our randomized clinical trial did not show superior efficacy of sunscreen
containing photolyase in the treatment of AKs of the forearms of immunocompetent
patients, therefore with opposite results to the previous studies cited.

The use of antioxidant substances associated with sunscreen has become
frequent, since several studies have demonstrated a photoprotective effect by reducing
erythema induced by UVR, reducing the expression of p53, reducing the formation of
“sunburn cells” and decreasing the expression of immunosuppressive cytokines (28).

Vitamin C (ascorbic acid) is a water-soluble AOx and is the predominant AOx
in the skin (26). It has the ability to neutralize free radicals in the aqueous
compartments of the skin, in addition to playing an important role in the regeneration
of vitamin E (tocopherol) (27). Vitamin E is a fat-soluble AOx, found in greater
concentration in the deep layers of the stratum corneum, being produced by the
sebaceous glands. The main function of vitamin E is to protect the cell membrane from
oxidative stress (26).

The association of L-ascorbic acid at 15% with alpha-tocopherol at 1%
demonstrated that they have a synergistic effect on the skin. When alpha-tocopherol
neutralizes oxidative stress in lipids, its oxidized products can be regenerated by L-
ascorbic acid. This interaction helps to renew the antioxidant protection in the tissues.
The formulation containing the two products doubled the UV protection for the skin
when compared to L-ascorbic acid alone (38). Lin et al demonstrated that the addition
of 0.5% ferulic acid, a vegetable antioxidant, increased both the stability of the formula
and doubled the UV protection for the skin. It is postulated that the substance protects
L-ascorbic acid and alpha-tocopherol serving as a “sacrifice” substrate, undergoing
oxidation before the others in the formula (39).

To date, there have been no studies evaluating the use of AOx for the

treatment of AK and CFC. Our study demonstrated a beneficial and safe effect of the
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combination of L-ascorbic acid 15%, alpha-tocopherol 1% and ferulic acid 0.5% in
reducing the number of AKs and, consequently, controlling CFC activity.

One of the limitations of this study was that it did not directly compare the SPF
and EryF groups, making this comparison inferior to the AOx versus placebo
comparison. In addition, the study included only patients with AK count between three
and ten, and the results may not apply to those patients with a greater number of
lesions, as well as immunosuppressed patients, to whom the results may also not be
applicable. Also, the sunscreens used did not have the same chemical filters, although
they had the same SPF.

We acknowledge that the 60-day follow-up interval might be related to the poor
results of photolyase in the treatment of advanced photodamage with actinic keratosis
and cutaneous field cancerization. Perhaps to achieve better results with photolyase,
its use should be prolonged. However, further studies must be carried out to prove this
hypothesis. In addition, as demonstrated by Eibenschutz et al (36) it is possible that
photolyase has its best indication in preventing the recurrence of actinic keratoses
treated by other methods.

Also, we consider that prolonged use of AOx might be able to improve other
sings of photoaging, since studies showed reduction in the transcription of matrix
metalloproteinase-1 e inhibit timine dimer formation, reducing the collagen breakdown
process and carcinogenesis, respectively (40).

The strength of our study was the possibility of evaluating the effects of three
interventions in a factorial study design, in a group of immunocompetent patients who

frequently present AK in their forearms.

CONCLUSIONS

The SPF 99 sunscreen containing photolyase was not superior to the SPF 99
sunscreen for the studied outcomes.

The use of the topical antioxidant formula (L - ascorbic acid 15%, alpha
tocopherol 1% and ferulic acid 0.5%), in addition to being safe and tolerable, has
shown to be effective in reducing the AK count in the forearms when associated with
sunscreen with or without photolyase. Despite not reaching statistical significance, it is
noted that the forearms that used AOx showed a greater reduction in the AK severity

score when compared to the other interventions.
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