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| | Nota Introdutéria

Os cincos anos do Mestrado Integrado em Ciéncias Farmacéuticas (MICF) da
Faculdade de Farmacia da Universidade de Coimbra (FFUC) culminam com a realizagao do
estagio curricular, que é uma mais-valia para a formagao de profissionais técnico-
cientificamente competentes. O plano de estudos do MICF compreende a unidade curricular
“Assuntos Regulamentares do Medicamento” que, pessoalmente, me despertou o interesse
por esta vertente farmacéutica, dada a importancia do ciclo de vida do medicamento. O
facto de a FFUC nos possibilitar a realizagio do estagio curricular em entidades
regulamentares ¢é, sem duvida, uma otima oportunidade, tendo em conta que o setor
farmacéutico se encontra em evolugio e que houve uma grande expansao na area da
Industria Farmacéutica nos dltimos anos.

A abrangéncia do conteldo do ato farmacéutico esta prevista nos artigos 77° e 78°
do Decreto-Lei 288/2001 de 10 de novembro, que demonstra a sua aplicabilidade em
diversos setores para além da tradicional Farmacia Comunitaria [I]. Ao longo da minha
formagao académica sempre privilegiei a realizacao de estagios extracurriculares, tendo
realizado estagios de verao em Analises Clinicas e em Farmacia Comunitaria. Neste ponto,
senti a necessidade de completar a minha formagao com um estagio no INFARMED -
Autoridade Nacional do Medicamento e Produtos de Saude, |. P, na area de Assuntos
Regulamentares do Medicamento. Sendo assim, durante trés meses integrei a UMM
(Unidade de Manuteng¢ao no Mercado) da DAM (Diregao de Avaliagao de Medicamentos).

O presente relatério compreende uma apreciagao critica desta experiéncia
profissional, iniciando-se com o enquadramento do INFARMED, I. P., seguida de uma analise
SWOT (Strenghts, Weaknesses, Opportunities and Threats) onde pretendo explicitar os pontos
fortes, pontos fracos, oportunidades e ameagas que marcaram este estagio. Acrescento que

ficara salvaguardado qualquer assunto alvo de confidencialidade ou sigilo profissional.

2 | Enquadramento - O INFARMED, I.P.

Portugal sofreu uma adaptagao gradual as variadas diretivas europeias aquando da sua
adesao, em 1986, a antiga Comunidade Economica Europeia (CEE). | contribuiu para a
necessidade da criagao de um organismo que fosse credivel no controlo de todo o ciclo de
vida do medicamento. Surgiu consequentemente, em 1993, o Infarmed, que a data da sua
criagao era das poucas autoridades europeias que integrava todas as valéncias relativas ao
medicamento [2]. O Infarmed, com sede atual em Lisboa, “é um instituto publico de regime
especial, nos termos da lei, integrado na administracdo indireta do Estado, dotado de autonomia

administrativa, financeira e patriménio proprio, com jurisdigdo sobre todo o territério nacional, sem



prejuizo da colaborag¢do dos 6rgdos préprios das Regides Auténomas, de acordo com as suas
atribuicées” [3]. Tem por missao supervisionar e regular os medicamentos de uso humano e
produtos de saude (cosméticos e dispositivos médicos), garantindo o acesso a estes por
parte dos cidadaos e profissionais de salide, com a maxima qualidade, seguranca e eficacia, e
com elevados padroes de protegao da salde publica [4]. Esta autoridade nacional encontra-
se dividida em 5 orgaos (o Conselho Diretivo e respetivos 4 orgaos consultivos) e 12
unidades organicas (que se dividem consoante a sua fungao seja de suporte a autoridade ou

de negdcio), conforme no Organograma do Anexo | [5].

2.1. Direcdo de Avaliacdio de Medicamentos (DAM)

O meu estagio foi realizado na DAM, diregao dirigida pela Dra. Marta Marcelino,
cujas fungoes estao detalhadamente enunciadas no artigo 3.° do anexo da Portaria n.°
306/2015 de 23 de setembro referente aos Estatutos do INFARMED - Autoridade Nacional do
Medicamento e Produtos de Satde, I. P.. O documento supracitado encontra-se disponivel para
consulta no Anexo Il [6].

A DAM é constituida por 4 unidades organicas. Trés delas sao especializadas na area
de intervengao, nomeadamente a Unidade de Introdugao no Mercado (UIM), a Unidade de
Manutengao do Mercado (UMM) a Unidade de Ensaios Clinicos (UEC), e a restante, Unidade
de Avaliagao Cientifica (UAC), tem caracter transversal. O artigo 4.° presente na deliberagao
n.° 1991/2015 do Regulamento Interno da Autoridade Nacional do Medicamento e Produtos de
Saude, I. P. compreende as respetivas fungoes de cada Unidade, consoante a area de
especializagdo em que cada uma atua. O artigo supracitado encontra-se disponivel para
consulta no Anexo 3 [7].

O meu estagio decorreu durante trés meses na UMM, mais concretamente no
departamento da Gestao de Alteragoes aos Termos da Autorizagao de Introdugao no

Mercado (AIM) por Procedimento Nacional.

2.1.1. Unidade de Manutenc¢ao no Mercado (UMM)

A comercializagao de medicamentos na Uniao Europeia (UE) pressupde a existéncia
de uma AIM. Contudo, ao longo do tempo, para os medicamentos se manterem atualizados,
sofrem alteragoes pos-AlM que se refletem no dossier de AIM, e que, portanto, tém de ser
autorizadas pela autoridade competente. Estas alteragoes seguem procedimentos
padronizados, que sao regulados, supervisionados e avaliados pela UMM. A UMM ¢
composta por diversas equipas, entre as quais equipas responsaveis por aprovar alteragoes
submetidas por procedimentos nacionais, onde realizei o meu estagio. A esta unidade

compete ainda assegurar as atividades que visem a autorizagao de renovagoes ou revogagoes
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da AIM de medicamentos. A andlise das alteragoes aos termos da AIM por procedimento
nacional segue o Regulamento (CE) n.° 1234/2008 da Comissao, de 24 de novembro de
2008, alterado pelo Regulamento (EU) n.° 712/2012 da Comissao, de 3 de agosto de 2012

[8].

Alteracoes aos termos da AIM — definicao e classificacao

Segundo o artigo 3° do capitulo | do anexo Il do mesmo documento, uma alteragao
dos termos de uma AIM é definida como “alteragdo dos termos em que uma autorizagdo de
introdu¢do no mercado de um medicamento foi concedida, desde que ndo seja qualificavel como
extensdo, nos termos definidos na legislacdo da Unido Europeia”. De modo geral, as alteragoes
sao classificadas como alteragao minor de tipo |A ou IB ou alteragaio major de tipo I,
consoante as repercussoes na qualidade, eficacia e seguranga do medicamento e consoante o

nivel de risco para a saude publica [9].

Documentacao importante na analise de alteracoes aos termos da AIM

Atualmente na UE, os pedidos de AIM, assim como alteragoes aos termos da AlM,
tém de ser submetidos na forma de um dossier denominado CTD (Common Technical
Document). Este dossier deve incluir todas as informagoes que comprovem os resultados de
ensaios e testes realizados com o medicamento em questao. O CTD encontra-se organizado
em 5 modulos, conforme é evidenciado no Anexo 4 [10].

A submissao dos pedidos de alteragoes aos termos da AIM é efetuada pelos
requerentes exclusivamente por via eletronica, através da Plataforma de Submissao de
Pedidos de Alteragao do Sistema de Gestao de Medicamentos de Uso Humano (plataforma
SMUH-ALTER) do Infarmed [I I].

O Regulamento (CE) N.° 1234/2008 da Comissao, de 24 de novembro de 2008,
relativo a analise das alteragoes dos termos das AIM especifica os procedimentos a seguir na
analise e aprovagao de alteragoes aos termos da AIM. No n.° | do artigo 4.° atribui-se a
Comissao Europeia a missao de redigir um documento que oriente a interpretagao deste
Regulamento. Este documento fornece indicagoes sobre as etapas a seguir numa alteragao
aos termos da AIM, desde a submissao do pedido por parte do requerente (qual a categoria
mais adequada e a documentagao a apresentar) até ao resultado final emitido pela AC [12].

Com o objetivo de esclarecer duvidas relacionadas com os pedidos de alteragoes aos
termos da AIM, o CMDh (Co-ordination Group for Mutual Recognition and Decentralised
Procedures - Human) disponibiliza também online alguns documentos, como por exemplo o
resumo de perguntas e respostas frequentes (frequent Questions&Answers), templates Uteis,

agrupamentos de alteragoes que sao ou nao aceitaveis, entre outros [I3].



3| Fun¢des desempenhadas

Durante os 3 meses de estagio na DAM-UMM tive a oportunidade de analisar e gerir
processos relativos a alteragoes aos termos da AIM por Procedimento Nacional. As
primeiras semanas, mais concretamente a primeira quinzena, foram fulcrais para adquirir a
formagao base necessaria para estar apta a gerir informagao na area dos medicamentos de
uso humano e poder desempenhar as fungdes que me foram sendo atribuidas. Desta forma,
apos as formagoes iniciais dadas pela orientadora de estagio, Dra. Dina Lopes, e por outros
colegas de trabalho da DAM, realizei as seguintes atividades como gestora de processos, que
passo a destacar:

- Validagao de alteragoes IA, IB e Il - Andlise de toda a documentagao enviada pelos
requerentes (formulario, requerimento, entre outros) e verificagdo da conformidade do
pedido de alteragao (agrupamentos, tipificagoes, entre outros);

- Pedido de elementos de validagao - Comunicagao com o requerente, por e-mail ou
contacto telefénico, para solicitagao de esclarecimentos e/ou documentagao;

- Revisao de alteragoes feitas ao FI e RCM, com posterior colocagao online dos
mesmos na pagina eletronica do INFARMED, I.P;

- Envio de processos (alteragoes tipo Il) a reuniao plendria da CAM (Comissao de
Avaliacao de Medicamentos;

- Envio de documentagao a equipa de avaliagao técnico-cientifica (avaliadores) para
elaboragao/retificagao de pareceres (no caso das alteragoes do tipo IB e Il);

- Notificagao de decisoes finais aos requerentes;

- Participagao numa reuniao plenaria da CAM.

3.1 Caso Pratico - pedido de alteracao tipo Il

Um titular de AIM nacional submeteu a UMM uma alteragao B.l.z tipo Il, que consistia
na atualizagio do DMF (Drug Master File) de uma substincia ativa de um determinado
fabricante. Apés uma analise cuidadosa do processo e de toda a documentagao, verifiquei
que se cumpriam todos os requisitos regulamentares e procedi a validagao do pedido. Assim,
introduzi na plataforma SMUH-ALTER o evento “data de validagao-validado”, iniciei
calendario e agendei o processo para a CAM (através da introdugao do evento “Data CAM-
aprovagao”). Por fim, apds aprovagao superior do mesmo na CAM, notifiquei o titular da

decisao e carreguei os eventos “Data CAD-aprovagao”, “Data de notificagao ao requerente”

e “Data de fecho” na plataforma SMUH-ALTER.



4 | Analise SWOT

O termo SWOT é um acrénimo para strengths, weaknesses, opportunities e threats. A
analise SWOT, desenvolvida por Albert Humphrey na Universidade de Stanford na década de
60, é uma ferramenta muito utilizada na analise externa (ameagas e oportunidades) e interna
(pontos fortes e fracos) de uma dada organizagdo ou empresa, que permite fazer uma
reflexdo critica da envolvente global. E considerada uma ferramenta de gestio util no
planeamento estratégico de um determinado projeto, que permite a implementagao de
melhorias [14].

Devido a sua simplicidade, pode ser aplicada em qualquer tipo de andlise de ambiente,
como por exemplo com o intuito de avaliar o meu estagio no Infarmed. Desta forma,

apresento de seguida a minha andlise SWOT sobre o mesmo.

“Concentre-se nos pontos fortes, reconhega as fraquezas, agarre as oportunidades e proteja-se das ameagas” (Sun Tzu, 500 a.C.).

Tabela I. Resumo dos pontos abordados na andlise SWOT.

Pontos Fortes (Dimensao interna) Pontos Fracos (Dimensdo interna)
- Contacto com o Inglés técnico - Duragao do estagio
- Contacto com a indUstria farmacéutica / requerentes / |- Orientagao insuficiente dos estagiarios
titulares de AIM - Dependéncia dos requerentes para a
- Intranet progressao e finalizagdo dos processos
- Localizagao e Infraestruturas - Falhas nos recursos informaticos
- Recegao e integragao dos estagiarios - Formacao insuficiente na fase pés-AlM

- Unidade curricular de Assuntos Regulamentares do | dos medicamentos
Medicamento
- Equipa da DAM-UMM

Oportunidades (Dimensao externa) Ameacas (Dimensdo externa)
- Participagao numa reuniao plenaria da CAM - Brexit
- Acesso a formagoes - Transposicao heterogénea de diretivas

- Percecao de Portugal como EMR (Estado Membro de |- Falta de recursos humanos e acumulagao
Referéncia) de trabalho
- Carreira desafiante para os Farmacéuticos

4.1 Pontos Fortes

Contacto com o Inglés técnico

Durante o estagio fui confrontada diariamente com documentos redigidos em inglés,
bem como com comunicagao oral e escrita em inglés. O meu nivel e os meus
conhecimentos de inglés foram suficientes para desempenhar as tarefas diarias com destreza
mas, de facto, o contacto com toda a documentagao aprimorou a minha performance

linguistica. A lingua inglesa é a lingua da comunicagao internacional, e os termos técnicos
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com os quais fui contactando nunca representaram uma limitagdo nas fun¢oes por mim

desempenhadas.

Contacto com a industria farmacéutica/requerentes/titulares de AIM

Ao longo do estagio houve contacto com a Industria farmacéutica, tanto por e-mail
como por telefonemas. Devido a exigéncia dos titulares de AlIM, aprendi a ter uma postura
mais formal para saber lidar com as questoes colocadas por estes, o que considero ser um

ponto forte.

Intranet
O Infarmed possui uma rede interna denominada intranet, disponivel apenas para os
funcionarios internos, que permite uma agilizagdo da comunicagdo entre as diversas

Diregoes. Nesta rede é ainda possivel consultar a ementa semanal do servigo de refeitorio.

Localizacao e Infraestruturas

O Infarmed é composto por quatro pavilhoes (edificios 17-A, 21-A, 24 e 36) situados
no Parque de Saldde de Lisboa, cujo mapa detalhado se encontra em anexo (Anexo 5) [15].
Esta € uma zona privilegiada, focada em questoes de salde publica, visto que acolhe outras
instituicoes da area da saide como por exemplo o Centro Hospitalar Psiquiatrico de Lisboa
(CHPL) e o Instituto Portugués do Sangue e da Transplantagao, IP (IPST, IP). Relativamente
as infraestruturas, posso adiantar que o Infarmed proporciona as condi¢goes necessarias para
que os seus colaboradores possam trabalhar confortavelmente e de forma rentavel. Existe
um servico de refeitorio no Edificio-Sede (pavilhao 21-A) que disponibiliza diariamente, a
precos acessiveis, trés opgoes de refeicio (carne, peixe ou vegetariano) e nos restantes
edificios existem copas equipadas onde os funcionarios podem almogar, o que € uma mais-
valia dada a situagao econdémica atual.

Para a realizagao do estagio, foi-me dado o substrato necessario para desempenhar as
minhas fung¢oes, sendo que me foi disponibilizado um espago proprio que continha uma

secretaria, cadeira, computador e material de escritério.

Rececao e integracao dos estagiarios

A manha do primeiro dia de estagio destinou-se a rececao dos estagiarios. Esta foi
feita por um membro da dire¢ao dos recursos humanos, José Viana, que explicou de modo
geral o funcionamento do Infarmed e entregou um manual de acolhimento com alguma
informacgao sobre a autoridade. Durante a tarde fomos conhecer o nosso posto de trabalho
e a orientadora do estagio, Dra. Dina Lopes, apresentou um template geral sobre a DAM. O

segundo dia foi reservado a uma formagao sobre o funcionamento da Dire¢ao e respetivas
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Unidades e sobre conceitos regulamentares gerais relacionados com a introdugao e
manutengao de medicamentos no mercado. Considero uma boa recegao como um ponto
forte, porque na minha opiniao é importante que a pessoa se sinta integrada para

desempenhar as suas fungoes com estimulagao e sucesso.

Unidade curricular de Assuntos Regulamentares do Medicamento

A unidade curricular de Assuntos Regulamentares do Medicamento (ARM) é uma
ferramenta poderosa que a FFUC nos proporciona. Esta unidade curricular foi fulcral para o
meu desempenho neste estdgio. Nos primeiros dias assisti a breves formagoes no contexto
da introducao e manuteng¢ao de medicamentos no mercado (nomeadamente conceitos sobre
procedimentos de AIM nacional, categoria e tipificagdo de alteragoes, requisitos na
submissao de pedidos de alteragao) contudo, o facto de ja possuir esses conhecimentos
permitiu-me fazer uma revisao e consolidagao de ideias e ter autonomia nas minhas fungoes

muito mais rapidamente do que se fossem novos conceitos a reter.

Equipa da DAM-UMM

Estagiar na UMM revelou-se uma mais-valia, uma vez que me permitiu aprofundar
conhecimentos a nivel de procedimentos pos-AlM, visto que a nivel académico ha maior
foco nos procedimentos pré-AlM. A equipa da DAM-UMM auxiliou a minha aprendizagem
devido a sua unidao e competéncia técnico-cientifica. Nesta equipa reflete-se o espirito de
entreajuda, sendo que quando surgem duvidas estas sao debatidas entre varios colegas a fim
de se encontrar a solugao mais apropriada, como tive oportunidade de presenciar inUmeras
vezes. Durante os trés meses de estigio tive a experiéncia de trabalhar em equipa em
contexto profissional, sendo que varios colaboradores me apoiaram, dos quais destaco a
Dra. Rute Nogueira, Dra. Ana Teresa Simoes e Dr. Carlos Mendes. Abdicando muitas vezes
das tarefas acumuladas que tinham a seu cargo, estes profissionais mostraram-se sempre

disponiveis em me ajudar, facto que valorizo e considero um ponto forte.
4.2 Pontos Fracos

Duracio do estagio

Considero como ponto fraco do estagio a duragio do mesmo. Apesar de ter feito a
gestao de processos muito heterogéneos, apenas lidei com alteragoes a nivel farmacéutico.
Dada a complexidade de alteragdes que existem, a minha aprendizagem sobre tipificagao de
alteragoes poderia ter sido maior caso a duragiao do estagio fosse maior. Os 3 meses nao
sao suficientes, por exemplo, para passar pela area das alteragoes clinicas, que € uma area da

qual eu gostaria de ter levado algum feedback. Na minha opiniao, ambos os semestres do 5°
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do MICF poderiam ser reservados exclusivamente a realizagao dos estagios, ou pelo menos

o estagio em ARM deveria ter uma carga horaria equivalente ao de farmacia comunitaria.

Orientacao insuficiente dos estagiarios

Devido ao volume de trabalho na DAM-UMM e a sobrecarga dos colaboradores, por
vezes nao houve disponibilidade para orientagao dos estagiarios. Isto limitou, de certo modo,
as atividades que poderia ter realizado a mais, o que se refletiu na minha aprendizagem. Se
houvesse mais orientacao, talvez fosse possivel fazer uma planificagdo mais cuidada das

tarefas a desenvolver pelos estagiarios.

Dependéncia dos requerentes para a progressao e finalizacio dos processos

Quando se analisa um pedido de alteragao aos termos da AIM, é necessario
confirmar toda a documentagao submetida. Em varias ocasioes os gestores dos processos
(como foi o meu caso) necessitam de fazer um pedido de elementos em falta, para que o
processo possa ser aprovado. O problema é que é recorrente que os requerentes apenas
respondam passado meses. Isto limita a aprendizagem e faz desperdigar algum tempo do

estagio.

Falhas nos recursos informaticos

As limitagoes a nivel de software e hardware sao uma fraqueza do Infarmed. Sao
frequentes as falhas a nivel das plataformas eletrénicas de gestao da informacgao, das bases de
dados e do e-mail. Como estas sao ferramentas indispensaveis para a realizagao das minhas

tarefas, estes acontecimentos dificultavam a execugao das minhas fungoes.

Formacao insuficiente na fase pos-AlM dos medicamentos

Apesar de considerar uma grande vantagem a existéncia da unidade curricular de
ARM no MICF, a verdade é que esta foca maioritariamente os aspetos que concernem a fase
pré-AlM. Este facto dificultou um pouco os primeiros dias de estagio, dificuldades essas que
foram rapidamente ultrapassadas. Como se adquire pouca experiéncia pratica académica, a
minha sugestao seria a inclusio de uma vertente mais dindmica nas aulas de ARM, incluindo
debates de casos praticos que mimetizassem casos reais, visto que o Professor Doutor Joao

José Sousa tem conhecimentos e experiéncia para que esta sugestao fosse plausivel.
4.3 Oportunidades

Participacao numa reuniao plenaria da CAM

Como parte integrante do estagio realizado, foi-me permitido assistir a uma reuniao

plenaria da CAM, realizada no dia || de margo de 2019. A CAM é um drgao consultivo do
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Infarmed, constituido por avaliadores competentes que avaliam a qualidade, seguranca e
eficacia dos medicamentos e emitem pareceres relativos a estas questoes. Nesta reuniao
assisti a aprovagao de algumas alteragoes aos termos da AIM tipo ll, inclusive alteragoes por
mim agendadas para essa CAM. As alteragoes tipo |l requerem aprovagao por esta comissao,
e posteriormente pelo Conselho Diretivo, e esta oportunidade permitiu-me perceber a

complexidade de algumas decisoes que sao tomadas.

Acesso a formacoes

No decorrer do estagio, tive a oportunidade de participar na formagao intitulada
“Implementagao de Dispositivos de Seguranga”, orientada pela Dra. Maria Fernanda Ralha,
diretora da Dire¢do de Inspecao e Licenciamentos (DIL), que incidiu basicamente na
tematica da detecao de medicamentos falsificados no circuito legal do medicamento. Mais
acrescento que o regime dos dispositivos de seguranga surgiu com a diretiva 201 1/62/UE do
Parlamento Europeu e do Conselho, de 8 de junho de 201 I, que veio introduzir alteragoes a
Diretiva 2001/83/CE que estabelece um cédigo comunitario relativo aos medicamentos para
uso humano [16]. O acesso a esta formagao permitiu-me adquirir novos conhecimentos
relativamente a dispositivos de seguranga, como por exemplo quais sao os dispositivos de
seguranga que tém que ser implementados nas embalagens de medicamentos (Dispositivo de
prevencio de adulteracdes e Identificador Unico), quais os medicamentos que tém que ter
estes dispositivos, o que devem fazer as autoridades quando detetam um medicamento

falsificado/roubado, entre outros temas.

Percecao de Portugal como EMR (Estado Membro de Referéncia)

Portugal tem reforcado a sua atuagdo como EMR, aumentando assim a sua
participagao no Sistema Europeu de Avaliagio de Medicamentos. A emissao rigorosa de
pareceres técnico-cientificos por parte do Infarmed na gestao dos processos de pedidos de
AIM resulta num crescente grau de desempenho nesta area, consolidando assim a sua
projecao e relevancia em relagao aos restantes Estados-membros e agéncias congéneres.
Ainda assim, o Infarmed deve continuar a apostar na qualidade do seu trabalho e ter uma
atitude proactiva no acompanhamento de processos, para que haja um crescente nimero de

pedidos submetidos pela industria farmacéutica ao Infarmed.

Carreira desafiante para os Farmacéuticos

A area regulamentar tem sido uma opgao profissional em grande expansao por parte
dos recém-formados. Ao contrario do que acontecia ha alguns anos atras, envergar pela

Farmacia Comunitaria tem sido muitas vezes a ultima opgao dos alunos, dada a situagao atual



da mesma devido a alteragdes na politica do medicamento. Esta area revela-se, assim, uma
alternativa profissional estimulante e entusiasmante, visto que tem uma vertente

multifacetada.
4.4 Ameacas

BREXIT — saida do Reino Unido da UE

O Reino Unido pertence ao EEE (Espago Econémico Europeu), que é uma drea
geografica criada por instancias europeias para permitir a livre circulagao dos bens, servigos,
capitais e pessoas (que sao as “quatro liberdades fundamentais” que sustentam o EEE). A
possivel saida do Reino Unido da UE implica a adogdo de medidas que garantam a mais
adequada transicao para esta nova realidade. “Esta saida leva a necessidade de transferéncia,
por parte das empresas detentoras de AIM, de vdrias etapas do fabrico e da libertacdo de lotes dos
medicamentos a data realizadas nesse Estado-Membro.” Num cendrio de saida sem acordo, no
qual o Reino Unido passara a ser considerado um pais "terceiro” da UE, os requisitos
regulamentares passam a ser diferentes, demorando mais os medicamentos a serem
aprovados. “Os principais receios prendem-se com problemas nas redes de fornecimento que
poderiam resultar num cendrio de escassez de medicamentos e de material médico.” Coloca-se a
questao nos dispositivos médicos para testes rapidos, por exemplo, visto que sao quase
todos do Reino Unido e tém um prazo de validade curto. Pode haver falta de acesso aos
medicamentos, porque os custos também passam a ser diferentes e o Reino Unido pode
mesmo deixar de comercializar em Portugal [17].

Em estreito alinhamento com a UE, com os restantes Estados-membros e com a
EMA, o Infarmed tem vindo a desenvolver agoes preventivas para assegurar a continuidade
do fornecimento dos medicamentos de uso humano e produtos de saide no mercado

portugués, de forma a cumprir a sua missao e salvaguardar a saude publica [17].

Transposicao heterogénea de diretivas

As diretivas sao atos legislativos da UE que fixam um objetivo geral que todos os
paises da UE devem alcangar, sem ditar os meios para atingir esse objetivo. Cada pais decide
as regras a serem adotadas, logo, estas tém alguma flexibilidade de utilizagao, sendo que as
mesmas devem ser transpostas pelos EM para o seu direito interno. O que acontece é que
por vezes estas transposi¢oes para a lei nacional resultam em falta de homogeneidade nos
procedimentos a nivel europeu, conduzindo a necessidade de adogao de Regulamentos, que

ao contrario das diretivas sao auto-executivos, nao tendo qualquer flexibilidade de utilizagao.



Falta de recursos humanos e acumulacao de trabalho

Durante a minha passagem pela DAM apercebi-me de que ha falta de recursos
humanos. Apesar de haver um aumento do volume de trabalho, o Infarmed nao tem
conseguido preencher as suas lacunas de recursos humanos dadas as circunstancias
economicas em que o pais se encontra. Esta problematica é reconhecida e é relatada no
plano estratégico 2017-2019 do Infarmed [4]. Considero que esta realidade representa uma
ameaga nao sO6 ao posicionamento externo desta AC (podendo transparecer falta de
competéncia dos profissionais), como ao préprio trabalho realizado pelo Infarmed ja que,
devido a constante alteragao do panorama regulamentar dos medicamentos, sao frequentes
as situacoes em que a documentagao respetiva ao pedido submetido se encontra
desatualizada. Em suma, a falta de recursos humanos teve um impacto negativo no meu
estagio, porque como isto leva a que os colaboradores tenham dificuldade em cumprir as
suas fungoes, limitou a sua disponibilidade para me ensinar e para responder as dlvidas que

iam surgindo.

5 | Consideracoes Finais

A FFUC oferece variadas ferramentas aos seus alunos, com o intuito de construir
profissionais de saude de exceléncia. Pela abrangéncia da fungao Farmacéutica, é natural que
a vertente tedrica seja privilegiada. Contudo, a realizagao deste estagio curricular é uma
experiéncia pratica essencial para ter uma percegao do mundo profissional. O valor do
farmacéutico é enorme na area da saude. Sendo o especialista do medicamento e agente da
salde publica, o farmacéutico contacta com tudo o que é intrinseco ao medicamento, desde
a sua descoberta até a vigilancia durante o seu ciclo de vida. Neste sentido, é de realcar que
este estagio curricular permitiu-me adquirir competéncias a nivel regulamentar que serao
uma mais-valia para o meu futuro. Esta oportunidade oferecida pela FFUC revelou-se
extremamente enriquecedora, a nivel da integracio no contexto regulamentar do setor da
saude. Tive o privilégio de ser orientada e formada por profissionais competentes, o que
resultou na consolidagao de conhecimentos e na aquisicdo de novos conceitos e valéncias.

A apreciagao global do estagio curricular é bastante positiva. Acrescento que foi sem
divida uma experiéncia compensatoria, tanto a nivel pessoal como profissional, tendo em
conta que melhorei diversas competéncias como o trabalho em equipa, a capacidade de
resolugao de problemas e a autonomia.

Apesar da realidade profissional nao se apresentar atualmente promissora, cabe-me a
mim, como futura Farmacéutica, criar oportunidades para que me possa destacar e ocupar

um lugar relevante neste setor.
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7 | Anexos

Anexo |. Organograma do Infarmed.
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Anexo 2. Fungoes da Diregao de Avaliagao de Medicamentos (DAM).

Daarro da Repuidlica, 1.° zéme—N 7 186—23 de setembro de 2015

ANEXD
ESTATUTOS DO INFARMED — AUTORIDADE NACIONAL
DO MEDICAMENTO E PRODUTOS DE SAUDE, | P.
Amgo 1°
Estrwturs

1. A orzanizagio meema do INFARMED. I P, & cons-
onuda pelas segumtes umdades orgamicas.
a)DregaodeA\xham&Mmos
b)m&mmmxo&\m
c)Due;aoderdtmschSmde.
d)mvegodehspegoehcmms
e)Dne;aodeCoupmwgaoannhdade
§/) Dn'e;ao deAnha;ao das Tecnologias de Sande:
g)Du'e;aodeGestxo hﬁmnapoe(ma;m
#) Direcdo de Sistemas e Tecnologias de Informagio:
7) Direcao de Recursos Humanos, Financeiros e Pam-
mMonias;
J) Gabmete de Planeamento e Qualidade:
F) Diregdo de Informacio e Planeamento Esgatégico:
I) Gabmete Jundico e de Contencioso.

2. Por deliberagio do conselho direqvo podem ser cnia-
das modificadas ou extnas ate catorze umdades orzanicas
ﬂm\mmmgmoummsd:egoesaqmurefeeo
mimero antenor. sendo as respetivas competéncias defi-
mdas naquela deliberagdo, @ qual & objeto de publicacio
no Didrio da Repridiica.

3. [Revogado ]

4. [Revogado ]

Amgo2°
Cargo: dirigente: intermedios
1.As d:re;oeseoGabmetedePLmeamemernahdade
530 dirizidos por diretores de direcdo. cargos de direcdo
intenmedia de 1.° grau.
2. O Gabinete Jundico & de Conzencioso e as unidades
ag_amcasﬂmmssaodmndospcrdmmchm
cargos de dire¢3o intermedia de 2 ° gran

Amgo 3°
Diregio de Avaliacio de Medicamento:

A Diregiio de Avaliag3o de Medicamentos, abreviada-
mente designada por DAM. compete.

a) Assegurar as atrvidades necessanas 30s procedi-
mentos de registo. mﬂngzochaneﬁcmseg!nm;a
e qualidade. e&:mxm;aodemodxaommsmdo
de medicamentos de molnmnoeamnmmpono
mercado. bancomagesmdesses;mcedmos

b) Genr as anvidades relativas 3 intervencgio do
INFARMED. I P, no procedunento de reconhecamento
mumoe(hscennhndo nomeadamente como Estado

c)Emmpumaesdenhmtemco—cgnnﬁcosohea
qualidade sezuranga e eficacia dos medicamentos de uso
bumano, bem como sobre 03 produtos que ncorporam
substancias ativas ou produtos biologicos:

d) Assegurar o desenvolvimento das suvidades inerentes
a2 svaliacdo da qualidsde, eficacia e seguranga dos medica-

8435

mentos. inchuindo 0s experimentals. nas areas da qumuca,
dabwloga&nmdoplfsmxmedamcdcga.
bem como no @mbito de ensatos climicos e avaliagio de
relatorios periodicos de seguranga;

e)Assegmrumldadesmcasmsaospocchm-
ms&a\'alm;zoemmmdospedados&monnpo
demhn;mespeaﬂemeaomlbancomdem
tagoes paralelas, de medicamentos de uso umano:

ﬂhmasmﬂ&smaa&mﬂnm
;aoepmlpn;aom ambuodosxstmdabmwfmopm
relan\vaa\:hagaoempe\wdem:mosdem
umano, nxhnndoanucnh;aocomaA.gmaEwopaa
de\(zdxm('ELM). a Comissao Europeia e as de-
mas MEUNNEOes SUropeias:

£) Assegurar as atividades necessarias so cumpni-
mento das normas lphcavnsamonu;zoecondnpo
de ensai0s clinicos, bem como o controlo da observancia
dasboaspnucas climicas na sua realizagio. incluindo 2
gestaodosproced:mmos tendentes 3 essa allonzagxo
e suas alteragoes, e dos de controlo @ monitonzagdo
desses ensaios:

h)Gemosprocednnmxﬂamosaconcesmtk
autonzagoes de unlizacio especial dos medicamentos ex-
penmmn,nombnodosewoachmco; de uso humano:

1) Assegurar a arnculag3o com a conussio de avaliagio
de medicamentos e 0 respetivo secretanado;

})Assegwaramulacmcamosnmsdemfam-
;aommempemnombmd.b'nbcompamns

k) Assezwurar a elaboragio de normas e onentagoes des-
tinadss aos utilizadores dos servigos do INFARMED, L P,
Do ambito das suss amTbwgoes:

QCoa’dmrasm\mdsdewmhn;wehsnm
za5a0 de conceitos, definic 5e: e terminologias relacionadas
com 05 medicamentos:

m) Colaborar nas atvidades de aconselhamento regu-
lamentar e cieanfico;

n) Assegurar a representa¢3o a nivel nacional e meema-
cional do INFARMED.L P, 0o ambito das suas ambui-
goes, nomeadamente nas esTunEas € Zupos de mabalbo
cmmwse;modnAgmaExmchMuhmm—
105, 0o Ambito das suas compesencias.

Amigo 4°
Direcio de Geztho do Rizco de Medacamento:

A Diregio de Gestdo do Risco de Medicamentos. abre-
viadamente designada por DGRM, compete:

@) Assegurar 3 coordenagdo e funcionamento do Sis-
tema Nacional de Farmacovigilancia de Medicamentos
de Uso Humano, designadamente no que respeita a
recolha, avaliagdo e dm:lga;ao da informagdo sobre
as suspeitas de ru;oes adversas dos medicamentos, a
anah;e de relacdes de causalidade entre medicamentos e
reagoes adversase s u'knuﬁcxao precoce de problemas
desegmnpcomannhnpodemdxmntos bem
como 2 vigilancia de ensalos clinicos, amraves da co-
lheits, registo e avaliag3o dos acontecimentos adversos
ocomdos 0% Mmesmos;

b)Gsuomdealansdeﬁmncongﬂmada
Umniao Europe:s e assegurar a pArticIpacao 0o programa de
mouitonzacio de mecicamentos da Orgamzacio Mamdial
de Sande (OMS):

€)Assegurara monitorizagao de SeEUranca dos medica-
mentos, aTaves dos planos de gestio de nsco, bem como
enutir parecerss sobre esses planos:
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Anexo 3. Subunidades organicas da DAM e respetivas fungoes.

Amgo4-®
Direcao de Avaliacao de Medicamentos (DAM)
1 — Sem prejuizo do estabelecido nos arugos 2° e 3°, a esgutura
daDAMassmnnmm&lomamaLdetrssubmndadesm

specuhndaspamsdemwven;aoemdecxmmusalm
33SEZUra SerIgos as demals, que s30 3s segunes.

a) Subumidades orgzamicas especializadas por areas de intervengio:
1) Unidade de Ensalos C‘ln:n(os(UEC)
u)Umda&chInnodn;aono\ﬁettado(UIM).

i7) Unidade de Manutencao no Mercado (UMM):

b) Subumdade organica de carater ransversal: Unidade de Avaliagao
Ciennfica (UAQ).

2 —AUEC compets:

@) Assegurar as atividades necessarias a awtorizagdo da realizagio
de ensaios clinicos com medicamentos, bem como a autorizagao das
alteracoes substancials 3 esses ensaios:

b)Gmoacompanhmodarealm;aodosmosdmcos,de
acordo com 0s termos das autorizagdes. sem prejuizo das competencias
da DI e da DGRM.

3—AUM compete.

a) Assegurar as atividades necessanias 20 registo ou a autorizacio,
com vista a mtrodugao de medicamentos no mercado;

b) Assezurar as atividades necessarias a atmonn;ao de wrilizagao
especial e excecional de medicamentos e de importagoes paralelas.

4— A UMM compete assegurar as atvidades necessanas 3 ma-
umen;aonomcadodenndlcamemoslaregmdos ou autonzados,
designadamente as que visem a mmgaodealmgoes renovagoes.
bencomodetn'oga;aomcbdam;aochcadtndade.&regxsmson
awonzagoes de mtrodugio no mercado de medicamentos.

5 — A UAC compete:

a) Assegurar as atividades necessanas a avaliagao da eficacia. segu-
ranca e qualidade de medicamentos. mclundo os experimentais. com
ustaannm\'esnnpoemn'odn;ao ot manuten¢io, no mercado, bem
Como enutir pareceras relacionados com aquelas atvidades;

b)Assegtmdesugmdamemeasdmmsnhnndades orzamicas da
DAM. os servigos de avaliagao solicitados.
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Anexo 4. Estrutura do CTD (Common Technical Document).

-

Not part
of the CTD

Module 2

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

Anexo 5. Mapa detalhado do Parque de Salde de Lisboa.

N
Edificios do Infarmed: : /o
36 - Edificio Tomé Pires
17-A - Edificio 17-A ;

24 - Edificio 24
21-A - Sede

14

r
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“A principal responsabilidade do farmacéutico é para a saude
e 0 bem-estar do doente e do cidaddo em geral, promovendo o direito

a um tratamento com qualidade, eficacia e seguranca.”

In Boas Praticas Farmacéuticas para a Farmacia Comunitaria - Ordem dos Farmacéuticos



Lista de Abreviaturas

ANF - Associacao Nacional das Farmacias

BPF - Boas Praticas Farmacéuticas

BZD - Benzodiazepinas

DCI - Denominagao Comum Internacional

DM - Dispositivos Médicos

FA - Farmacia Avenida

FEFO - First Expired, First Out

FFUC - Faculdade de Farmacia da Universidade de Coimbra
FIFO - First In, First Out

MICF - Mestrado Integrado em Ciéncias Farmacéuticas
MM - Medicamentos Manipulados

MNSRM - Medicamentos Nao Sujeitos a Receita Médica
MSRM - Medicamentos Sujeitos a Receita Médica

PTS - Programa de Troca de Seringas

SNS - Servigco Nacional de Saude

SWOT - Strengths (Forgas), Weaknesses (Fraquezas), Opportunities (Oportunidades) e Threats

(Ameagas)

VIH - Virus da Imunodeficiéncia Humana
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| | Nota Introdutéria

O Mestrado Integrado em Ciéncias Farmacéuticas (MICF) da Faculdade de Farmacia
da Universidade de Coimbra (FFUC) culmina, obrigatoriamente, com a realizagio de um
estagio em Farmacia Comunitaria. Este estagio é de extrema importancia, pois proporciona
o contacto inicial com a realidade profissional, estimulando o desenvolvimento de
competéncias necessarias para o desempenho da profissio de forma auténoma, responsavel
e competente.

O farmacéutico é um elemento fundamental na prestagio de cuidados de salde a
sociedade, sendo reconhecido como o especialista do medicamento e agente de salde
publica. Neste sentido, existe um cédigo deontoldgico que deve ser respeitado aquando do
exercicio da atividade farmacéutica. “O ato farmacéutico é da exclusiva competéncia e
responsabilidade dos farmacéuticos”, sendo que nele se incluem diversas atividades que dizem
respeito aos medicamentos de uso humano e veterinario, dispositivos médicos, bem como a
analises toxicologicas, hidrologicas e bromatologicas [I]. Ao farmacéutico  comunitario
cabe recorrer de forma plena aos seus conhecimentos, de forma a saber ouvir, comunicar,
informar e aconselhar os utentes, com o intuito de sensibiliza-los para a relevancia da
adogao de comportamentos de salde e utilizagao racional dos medicamentos. Estas valéncias
demonstram-se fundamentais na conjuntura atual, em que os utentes reconhecem a farmacia
como um local de confianga.

A escolha do local do estagio baseou-se numa prévia experiéncia enriquecedora
aquando da realizagdo de um estagio extracurricular. O profissionalismo de toda a equipa
tornam esta farmacia num local de exceléncia de prestagao de cuidados de saude, e, como
tal, todas estas variantes foram fulcrais para a minha decisao. O estagio curricular decorreu
entre os meses de abril e julho de 2019, na Farmacia Avenida (Lamego), sob a orientagao do
Dr. Manuel Felisberto.

O presente relatério resume uma reflexao critica sobre os conhecimentos técnico-
cientificos e pessoais adquiridos e sobre as atividades desenvolvidas ao longo dos quatro
meses de estagio. Esta reflexao baseia-se numa analise SWOT, onde pretendo explicitar os
pontos fortes, pontos fracos, oportunidades e ameagas que marcaram o mesmo. Acrescento

que ficara salvaguardado qualquer assunto alvo de confidencialidade ou sigilo profissional.
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2 | Enquadramento — Farmacia Avenida

A Farmacia Avenida (FA) abriu as portas ao publico na década de 60. Tem dois pisos
que individualizam diversas areas, de modo a criar o maximo conforto para o utente. O
andar de cima esta dividido em: zona de acesso ao publico (com 5 postos de atendimento);
gabinete de atendimento personalizado para avaliagdo da pressao arterial e parametros
bioquimicos/sala de consultas de nutrigao; areas de exposicao de lineares (produtos de
cosmética, dietéticos, infantis, de puericultura, etc.); gabinete de direcao técnica; casa de
banho; zona de rececao de encomendas e zona de arrumagao de medicamentos em gavetas.
O piso inferior divide-se em 3 areas: armazém de medicagao excedente; sala de
convivio/descanso; laboratério de manipulados atualmente fora de funcionamento.

A localizagao central da FA maximiza a afluéncia de utentes durante todo o dia. O
facto de a farmacia nao encerrar durante o periodo de almogo é uma mais-valia para clientes
que trabalham nas proximidades, visto que desta forma estes podem deslocar-se a farmacia
neste periodo e rentabilizar o seu tempo livre.

Lamego pertence a sub-regiao do Douro (provincia tradicional de Tras-os-Montes e
Alto Douro) e é considerada uma cidade historica e monumental, o que leva muitas vezes a

que os turistas procurem os servigos da FA.

Tabela |. Parametros de contextualizacao da Farmacia Avenida.

Localizacdo Praceta Dr. Veiga de Macedo 22-28; 5100-103 (Centro da cidade)

Horario de

. 8.30h-19.30h (ininterruptamente em dias Uteis); 9h-13h (sabado)
funcionamento*
Direcdo Técnica Dr.? Maria Teresa Saraiva Rego

Dr.* Maria Teresa Saraiva Rego; Dr. Manuel Felisberto; Dr.* Angela

Farmacéuticos
Barros; Dr.? Mariana Almeida

Técnicos de Diagnoéstico | Dr.” Catarina Ribeiro; Dr.” Sara Martinho; Dr.* Claudia Gomes; Dr.?
e Terapéutica Sandra Moura
Auxiliar operacional Ana Maria Pinto

. . Todas as faixas etarias e classes socioeconémicas, com enfoque para
Populacdo abrangida .
a populagao idosa

*Para além do normal horario de funcionamento, cerca de uma vez por semana (inserida no regime de rotatividade das
farmacias de Lamego) esta de servigo de forma ininterrupta, desde o horario de abertura até ao horario de encerramento

do dia seguinte.

3| Fun¢des desempenhadas
No presente estigio foi-me dada a oportunidade de realizar uma série de tarefas,
resumidamente descritas no cronograma do Anexo |, de entre as quais destaco as seguintes:

— Rececio, conferéncia e armazenamento de encomendas (esta foi a minha primeira tarefa,
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que permitiu uma maior consciencializagdo dos nomes comerciais dos medicamentos);
— Prestagao de servigos aos utentes - determinagao de parametros fisiologicos e bioquimicos
(pressao arterial, glicémia capilar, colesterol total e triglicerideos); os resultados obtidos na
pressao arterial eram interpretados de acordo com a tabela do Anexo 2 [2];
— Atendimento ao balcao - dispensa de medicamentos sujeitos e nao sujeitos a receita
médica (MSRM e MNSRM), dispositivos médicos (DM) e outros produtos farmacéuticos;
As regras de dispensa, segundo a validade, instituidas na FA sao:
- First Expired, First Out (FEFO) - para medicamentos ou outros produtos com validade
- First In, First Out (FIFO) - principalmente em produtos de cosmética que, pela
auséncia da mesma, implica que a dispensa seja de acordo com a ordem de chegada a FA;
— Avaliacao critica de prescrigoes médicas;
— Prestagao de aconselhamentos na area de cosmética, dietética e alimentagao especial,
puericultura e obstetricia, fitoterapia e suplementos, e produtos de uso veterinario (as
marcas de cosmética mais significantes na FA sio Avéne®, Bioderma®, Galénic®, Vichy®);
— Conferéncia e organizagao do receituario;

— Controlo de prazos de validade e confirmagao fisica de stock.

3.1 Caso Pratico

Tosse: Um utente do sexo masculino, com cerca de 30 anos, deslocou-se a FA e
referiu que andava com episddios de tosse ha 2 dias. Foi-lhe questionado se a tosse era seca
ou produtiva, se tomava alguma medicagao e se era diabético (devido aos xaropes com
aculcar). O utente referiu ainda que tinha dores de garganta. Posto isto, foi-lhe aconselhada a
toma de Bisolvon® (bromexina — mucolitico) para a tosse, e para a dor de garganta foi-lhe
dispensado Strepfen® (flurbiprofeno — anti-inflamatério). Em dltimo lugar, foram-lhe
recomendadas algumas medidas nao farmacoldgicas (ex: boa hidratagao, de forma a facilitar a

libertagao da expetoragao).

4 | Analise SWOT

A andlise SWOT engloba duas dimensoes - a interna (strengths; weaknesses) e a
externa (opportunities; threats). Apresento, de seguida, a analise SWOT relativa ao meu estagio
na Farmacia Avenida. Transmitirei com espirito critico e de forma contextualizada os
aspetos mais relevantes do meu estagio, salientando a importancia deste no término da

formacao continua do MICF.
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Tabela 2. Resumo dos pontos abordados na andlise SWOT.

Pontos Fortes (Dimensao interna) Pontos Fracos (Dimensado interna)
- Filosofia Kaizen - Lacunas no plano curricular do MICF
- Sistema informatico - Medicamentos manipulados
- Competéncia e afabilidade da equipa - Reconhecimento de marcas comerciais
- Contacto com a receita eletronica desmaterializada através da prescrigao por DCI
- Prestagao de servigos farmacéuticos aos utentes - Inseguranca inicial

- Outras valéncias da FA
- Desenvolvimento de autonomia na cedéncia de MNSRM

Oportunidades (Dimensdao externa) Ameacas (Dimensao externa)
- Acesso a formagoes - Medicamentos esgotados ou rateados —
- Grande afluéncia da populagao uma problematica
- Proximidade ao utente - Competitividade do mercado

- Utentes de idade avancada
- Conjuntura econémica atual

4.1 Pontos Fortes

Filosofia Kaizen

O estagio curricular na FA deu-me a possibilidade de conhecer a filosofia Kaizen. Esta
filosofia assenta em 9 pontos, como ilustrado no Anexo 3, e “baseia-se nos principios
socioculturais do oriente, que exigem um grande comprometimento de todos os individuos que
fazem parte de uma empresa, consistindo numa forma de gestdo orientada para a maximizagdo da

produtividade e da rentabilidade, e consequente redugdo de custos” [3].

Sistema informatico

O sistema informatico utilizado na FA é o Sifarma2000°, criado pela Glintt Farma. Este
software constitui um instrumento de suporte ao profissional de saide para um ato centrado
no utente, otimizando os procedimentos de aconselhamento e dispensa. Para além disso, é
fulcral para a gestao diaria contabilistica e financeira da farmacia e do circuito do
medicamento, pois auxilia o pedido e recegao de encomendas, o controlo de stocks e de
prazos de validade, o controlo de estupefacientes, psicotropicos e benzodiazepinas (BZD), a
escolha do organismo de comparticipagao (ver Anexo 4) e permite a consulta de
informagoes sobre os medicamentos e os utentes. Enquanto estagiaria, este software
constituiu uma mais-valia no atendimento, no sentido em que no ato da dispensa, permite o
acesso a diversa informacao cientifica: composigao, indicagoes, posologia, reagoes adversas,
contraindicagoes e interagoes. Apesar de ser muito completo, o seu funcionamento é muito
intuitivo o que me permitiu familiarizar facilmente com o programa. E de salientar que este

sistema nao substitui, de maneira alguma, a importancia que o farmacéutico tem como
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especialista do medicamento e agente de saude publica. Considero, assim, um ponto forte
do meu estagio, pois permitiu a realizagao das tarefas do quotidiano com grande facilidade,

rapidez, e efetividade.

Competéncia e afabilidade da equipa

Os recursos humanos sao uma base essencial em qualquer empresa, portanto, de
forma a assegurar o seu bom funcionamento, é necessario ajustar a equipa em termos de
quantidade e qualidade. A equipa de FA é constituida por varios profissionais que garantem
uma prestagao de cuidados farmacéuticos com qualidade e competéncia (ver Tabela I). Nao
ha duvidas acerca do quao é mais facil trabalhar diariamente com uma equipa acessivel,
disposta a partilhar conhecimentos, e capaz de criar um agradavel ambiente laboral. Foi
possivel encontrar precisamente esse ambiente na FA, que me permitiu desenvolver
competéncias profissionais e pessoais. O espirito de entreajuda na resolugao de problemas

revelou-se, assim, uma mais-valia no meu estagio.

Contacto com a receita eletronica desmaterializada

A receita médica pode ser definida como um documento que permite a comunicagao
entre o médico, o farmacéutico e o utente. Atualmente estao em vigor trés tipos de receita
médica: manual, eletrénica materializada e eletrénica desmaterializada (ou receita sem papel)
(ver Anexos 5 e 6). Nao obstante, como pode ser verificado no Anexo 7, em todas elas
existem itens a verificar na sua validagao [4]. A legislacio correspondente a prescricio de
medicamentos e outros produtos de saude foi recentemente alterada, sendo incentivada a
prescricao por DCI, de modo a ser focada a escolha farmacolégica. Contudo, existem
justificagoes técnicas para as excegoes a prescricao por DCI. Estas excegoes tém que estar
inequivocamente descritas na receita e sao: Medicamentos com margem ou indice
terapéutico estreito; Reagao adversa prévia; Continuidade de tratamento superior a 28 dias.
Nas alineas a) e b) é proibido dispensar outro que nao seja a denominagao comercial
prescrita. No caso da alinea ¢) pode ser dispensado outro do mesmo grupo homogéneo,
desde que o P.V.P. deste seja inferior ao indicado na receita [5].

Devido a legislacao que vigora atualmente, a dispensa de medicagao em formato
manual é cada vez menos frequente nas farmacias. Existem também excecoes, sendo que as
justificacdbes sao assinaladas no quanto superior direito e sao: faléncia informatica;
inadaptacao do prescritor; prescricao no domicilio; até 40 receitas/més. Em cada receita
manual pode podem ser prescritos até 4 medicamentos diferentes, num total de 4
embalagens por receita, sendo que no maximo s6 podem ser 2 embalagens por

medicamento. Em casos de embalagens unitarias, podem ser prescritas até 4 embalagens do
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mesmo medicamento. A dispensa através da receita médica manual comporta mais erros,
uma vez que a introdugao dos farmacos é feita manualmente [5].

Através do Despacho n.° 2935-B/2016, a prescricao da receita eletronica
desmaterializada passou a ter carater obrigatorio para todo o Servico Nacional de Saude
(SNS), a partir do dia | de abril de 2016 [6]. Este modelo eletrénico tem inUmeras
vantagens: permite que sejam prescritos num Unico receituario todos os produtos de saude
(o que antes nao era possivel); permite ao utente optar no ato da dispensa se quer aviar
toda a medicagao prescrita ou apenas parte dela, sendo que o resto pode ser aviado em
datas e estabelecimentos distintos; permite que o utente possa ter a opgao de receber o
guia de tratamento em suporte de papel, ou que receba os codigos de acesso, dispensa e
direito de opgao por mensagem no telemovel; diminui o tempo gasto em atividades de back
office como o receituario. Devido a todas estas razoes, considero que o contacto com a

receita sem papel foi um ponto forte do meu estagio curricular.

Prestacao de servicos farmacéuticos aos utentes

A diversidade de servigos prestados na FA constituiu para mim, enquanto estagidria,
um ponto bastante positivo. Para além da cedéncia de medicamentos e outros produtos de
salde, merece destaque na FA a possibilidade de medigao e controlo da pressao arterial (o
servico mais requisitado), a determinagao de parametros bioquimicos como a glicémia
capilar, triglicerideos e colesterol total, a administragao de injetaveis, e ainda a existéncia de
consultas de nutricao semanais. No final da prestagao de cada servico (a excegao das
consultas de nutrigao que sao realizadas por um profissional da area), estabelecia um dialogo
com o utente acerca do seu estilo de vida, a fim de recomendar alteragoes benéficas para a
sua saude tais como praticar exercicio fisico, reduzir o consumo de sal, beber agua
regularmente e adotar uma dieta o mais equilibrada possivel.

A FA dispoe ainda do Programa de Troca de Seringas (PTS), cujo objetivo principal é
“prevenir infecoes pelo VIH e pelos virus das Hepatites B e C, por via sexual, endovenosa e
parentérica, nas pessoas que utilizam drogas injetaveis”. O kit “Redugao de riscos” inclui duas
seringas+ agulhas, um preservativo, dois filtros, dois toalhetes desinfetantes, dois recipientes,

duas ampolas de agua bidestilada e duas carteiras de acido citrico (ver Anexo 8) [7].

Outras valéncias da FA

VALORMED

A FA faz a recolha de residuos de medicamentos fora de uso e embalagens vazias em

colaboragao com a VALORMED - sociedade sem fins lucrativos, criada em 1999, que
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resultou da colaboragao entre a Industria Farmacéutica, Distribuidoras e as proprias
Farmacias [8]. Sao recolhidos residuos de medicamentos fora de prazo ou ja nao utilizados,
bem como materiais utilizados no seu acondicionamento, embalagem e administragao
(folhetos informativos, cartonagens vazias, blisters, frascos, copos, colheres, conta gotas,
seringas doseadoras, canulas, etc.) [9]. Existe um contentor na FA onde se colocam todos os
residuos entregues pelos utentes. O contentor é selado quando esta cheio e posteriormente
os armazenistas procedem a sua recolha, ficando na farmacia o duplicado da “ficha do

contentor”.

Cartao Sauda - Cartdao das Farmacias Portuguesas

A FA é aderente ao cartao salda, que faz parte do programa ‘“Farmacias
Portuguesas” da Associagao Nacional das Farmacias (ANF). Este cartao pode ser
considerado como uma forma de fidelizagao de clientes, pois permite que os utentes
acumulem pontos consoante a compra realizada. A compra de MSRM origina a atribuigao de
| ponto por dia, sendo que os produtos cosméticos e MNSRM permitem acumular mais
pontos. Estes pontos podem ser trocados por produtos de salde identificados no respetivo
catdlogo, ou podem originar vales de desconto na compra. Durante o estagio, foram
inUmeras as vezes que atribui e rebati pontos, trazendo vantagens para os utentes que, com

este cartao, viram muitas vezes a sua despesa na farmacia reduzida.

Desenvolvimento de autonomia na cedéncia de MNSRM

Com a crescente divulgacao de publicidade, a ida a0 médico é cada vez menos a
primeira opgao do utente que procura uma solu¢ao rapida para os seus problemas de saude.
E neste contexto que a cedéncia de MNSRM e a pritica de indicagio farmacéutica se
revestem da maior importancia, sendo esta ultima definida nas BPF como o “ato profissional
pelo qual o farmacéutico se responsabiliza pela selecgdo de um medicamento ndo sujeito a receita
médica elou indicagdo de medidas ndo farmacolégicas, com o objetivo de aliviar ou resolver um
problema de saude considerado como um transtorno menor ou sintoma menor, entendido como
problema de saude de cardter ndo grave, autolimitante, de curta duragdo, que ndo apresente
relacdo com manifestacdes clinicas de outros problemas de saude do doente” [10]. A indicagao
farmacéutica pressupoe que se faga uma entrevista ao utente (ver Anexo 9) por forma a
identificar as suas queixas, para que o farmacéutico possa posteriormente intervir,
abordando algumas medidas nao farmacologicas, em associagao ou nao com MNSRM (ou
encaminhar para o médico). Se forem cedidos MNSRM, o esquema terapéutico deve ser o
mais simples possivel para que haja adesao a terapéutica [10].

Fui diariamente confrontada com situagoes em que foi necessario, depois de avaliar
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cuidadosamente todo o quadro clinico, dispensar MNSRM ao utente, sendo que isto

contribuiu para que me tornasse cada vez mais autbnoma neste tipo de atendimentos.

4.2 Pontos Fracos

Lacunas no plano curricular do MICF

Durante o meu estagio curricular, deparei-me com situagdes que nao consegui
executar com a autonomia que pretendia, devido a existéncia de algumas lacunas no plano
curricular do MICF. Destaco essencialmente as unidades curriculares de Dermofarmacia e
Cosmética e Preparagoes de Uso Veterindrio, cuja adequagao a pratica profissional
constituiu entraves a minha performance diaria. Na minha opinido, os conhecimentos
transmitidos nestes casos foram insuficientes para a prestacio de aconselhamentos
consistentes. Relativamente a Dermofarmacia e Cosmética, saliento que existe uma enorme
variedade de marcas e produtos, o que dificultou inicialmente a minha resposta face a
algumas solicitagoes. O mesmo se passa com produtos de uso veterinario. Cada vez mais
utentes se deslocam especificamente a farmacia para adquirir este tipo de produtos. A FA
tem uma zona reservada a produtos veterinarios, sendo a maioria deles desparasitantes
internos e externos, e apesar de existir uma unidade curricular sobre o assunto, considero
que esta nao esta adequada a pratica profissional. Quanto a outras areas que na minha
opiniao sao abordadas muito superficialmente destaco a puericultura e obstetricia e os
MNSRM de uso auricular o ocular. Nao obstante, todas as dificuldades foram facilmente
colmatadas com o auxilio da equipa da FA, que se demonstrou sempre disponivel para me

ajudar a ultrapassar as mesmas.

Medicamentos manipulados

O Artigo 1.° do Decreto-Lei n°95/2004 de 22 de abril, que regula a prescrigao e
preparagao de medicamentos manipulados (MM), define medicamento manipulado como
“qualquer férmula magistral ou preparado oficinal preparado e dispensado sob a responsabilidade
de um farmacéutico” [ 1]. Devido ao crescente desenvolvimento da industria farmacéutica, o
pedido de preparagao de MM nas farmacias diminuiu nos ultimos anos.

A FA escolheu nao produzir MM nas suas instalagoes, sendo solicitado, sempre que
necessario, a Farmacia Lordelo (Vila Real) a sua preparagao. Considero um ponto fraco pelo
simples facto de que ao longo do estagio nao tive a oportunidade de aplicar conhecimentos

de farmacia galénica na preparagao destes.
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Reconhecimento de marcas comerciais através da prescricao por DCI

Ao longo da formagao académica, os farmacos sao lecionados por DCI e nao por
marca comercial. Numa fase inicial de estagio foi relativamente dificil associar ambos,
contudo, a recegao de encomendas, uma das primeiras tarefas por mim desempenhadas, foi
atil para me ajudar a familiarizar com as marcas comerciais dos medicamentos. Apesar da
prescricao por DCI ser uma mais-valia, na medida em que da um maior leque de escolha ao
utente, traz o inconveniente deste nao estar familiarizado com a mesma. Gera-se assim uma
confusao nos utentes, visto que nao ficam esclarecidos em relagao as prescrigoes médicas,
podendo resultar em duplicagao da terapéutica (casos em que tomam em simultineo o

medicamento de marca e o genérico).

Inseguranca inicial

Apesar de ter realizado um estagio de verao em farmacia comunitaria, senti uma
pequena inseguranga quando iniciei o atendimento ao publico. O relacionamento
interpessoal com os utentes e a adaptagao de linguagem nunca constituiram um entrave,
contudo, existiu inicialmente o receio de transmitir informagoes incorretas ou nao cumprir
corretamente os procedimentos informaticos. O publico é cada vez mais impaciente e
exigente, pelo que um bom servigo é visto atualmente como um atendimento de qualidade
no menor tempo possivel. Apesar do MICF nos proporcionar formagao em diversas areas, a
auséncia de estagios obrigatorios ao longo do mesmo, traz dificuldades quando nos
deparamos com a realidade diaria de uma farmacia comunitaria. Apesar de tudo, com a
pratica, rapidamente adquiri a confianga necessaria para dar resposta a todas as solicitagoes
dos utentes. Apesar de apontar este topico como um ponto fraco, considero que todos os

atendimentos iniciais foram um desafio que impulsionaram a minha rapida evolugao.

4.3 Oportunidades

Acesso a formacoes

Para o farmacéutico ser capaz de responder aos desafios do quotidiano, é preciso
estar em constante atualizagao. Neste contexto, &€ preponderante que as indUstrias e
entidades cientificas organizem formagoes. Ao longo do meu estagio tive a oportunidade de
participar em diversas formagdes promovidas por entidades comerciais, quer na proépria
farmacia (ex: Nestlé®, Easyslim®, Halibut®, Previpiq® — através de visitas de delegados
comerciais, que constituem uma fonte de atualizagao), quer em espacos fora da farmacia (ex:
Avene® solares, Klorane®, Elancyl® — Hotel Mira Corgo, Vila real; Curso geral da Bioderma®

- Hotel Porto Palacio, Porto). Considero que estas formagdes sao uma oportunidade de

conhecer gamas completas de produtos e novos langamentos no mercado, bem como uma
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oportunidade de recordar matérias lecionadas ao longo dos cinco anos de formagao

académica.

Grande afluéncia da populacao

A localizagao central da FA, como anteriormente referido, permite um grande afluxo
de utentes, principalmente as quintas-feiras de manha que é quando se realiza a feira da
cidade de Lamego. Para além disso, a competéncia e simpatia de toda a equipa sao fatores
que originam uma rapida fidelizacao por parte dos utentes. Esta grande afluéncia a farmacia
constituiu para mim, enquanto estagiaria, uma oportunidade de contactar com diversas
situagoes clinicas e diferentes realidades socioculturais e socioeconomicas, contribuindo para

uma aprendizagem mais enriquecida.

Proximidade ao utente

Este estagio curricular permitiu complementar conhecimentos em diversas areas, e
ofereceu-me ferramentas para construir uma atitude deontolodgica e eticamente correta.
Estes pilares foram fundamentais para conseguir adquirir a empatia e confianga dos utentes,
sendo que a proximidade gradual que fui criando com os mesmos fomentou a minha fungao

de farmacéutica enquanto agente de saude publica.
4.4 Ameacas

Medicamentos esgotados ou rateados — uma problematica

O setor farmacéutico sofre constantes alteragoes e a realidade econémica que existe
em Portugal faz com que as companhias farmacéuticas racionalizem o abastecimento de
medicamentos para o nosso mercado. Durante o estagio, foram quase didrias as situagoes
em que a resposta da farmacia as necessidades dos utentes foi posta em causa devido ao
pedido de medicamentos esgotados (ex: a Aspirina GR® 100mg, usada por uma grande cota
da populagao, esteve imenso tempo esgotada na fase inicial do meu estagio) ou rateados (ex:
Daivobet®). Esta realidade de falhas no mercado farmacéutico pde em causa a credibilidade
das farmacias e dificulta o acesso dos utentes a medicagao, o que representa uma ameaga a

salde publica e a qualidade de vida dos utentes.

Competitividade do mercado

A farmacia comunitaria lida diariamente com a concorréncia, desde outras farmacias
e locais de venda de MNSRM, até a existéncia de espagos de saude em superficies comerciais
(ex: Well’s). A preocupagao major quanto a estes espagos de saude é que haja pouco ou

nenhum aconselhamento e/ou acompanhamento farmacéutico.
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Uma simples dispensa de um xarope com agucar para a tosse pode trazer
consequéncias se por acaso o utente tiver diabetes e nao forem feitas questoes acerca da
existéncia da patologia aquando da dispensa e aconselhamento. Isto constitui uma
preocupagao quer a nivel da saude publica, que pode ser neglicenciada, quer a nivel
economico, devido a incapacidade das farmacias competirem com estes espagos a nivel de

pregos.

Utentes de idade avancada

Uma das ameagas que identifico € que a maioria da populagao que recorre a farmacia
ja tem idade avancada, o que pode facilmente conduzir a uma perda de utentes e,
consequentemente, perda de rentabilidade. Para além disso este grupo etario ¢, de fora
geral, polimedicado, sendo que este facto pode ser um obstaculo em horas de maior afluxo
de clientes, pois € necessario dispender mais tempo do que o normal nestes atendimentos,
devido a confusao em relagao a medicagao habitual e respetivos esquemas terapéuticos.

Surge, portanto, a necessidade de conquistar novos clientes, recorrendo, por

exemplo, a meios de divulgagao da farmacia (ex: redes sociais).

5 | Considerag¢des Finais

O farmacéutico comunitario desempenha fungoes extremamente importantes no
quotidiano da sociedade. Estas fungoes sao cautelosamente exercidas de forma discreta, mas
sempre com grande eficacia, profissionalismo e relevancia inegavel. A sua aptidio para
prestar aconselhamentos e sensibilizar os utentes para o uso racional da medicagao sao
exemplos que evidenciam o valor do farmacéutico comunitario e o conotam como um
profissional de saiude essencial a nivel da saiude publica. As novidades e mudangas do setor
farmacéutico fazem com que haja necessidade de investir na formagao continua desta classe
de profissionais de saude, para que haja uma adaptagao diaria e gradual as necessidades dos
utentes, sendo que a premissa geral é a integragao em redes multidisciplinares de cuidados
de saude centrados no utente.

Apos a andlise SWOT do estagio curricular, considero que a Farmacia Avenida é, sem
davida, um local onde os utentes podem recorrer para esclarecer duvidas e/ou otimizar os
seus cuidados de saude. Tive o privilégio de ser orientada por uma equipa de profissionais de
exceléncia, o que contribuiu para o meu crescimento quer a nivel profissional como a nivel
pessoal. Posto isto, resta-me referir que a apreciagao global do estagio curricular é
extremamente positiva. Foi sem duvida um complemento didatico e enriquecedor a minha

formagao académica, e cada situagao singular foi uma experiéncia compensatoria.
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7 | Anexos

Anexo |. Cronograma das tarefas desempenhadas.
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Anexo 2. Classificagdo dos diferentes niveis de Pressao Arterial (Segundo a Norma
026/201 I: Abordagem Terapéutica da Hipertensao Arterial).

Normal 120-129 80-84

Normal Alta 130-139 85-89

Hipertensao grau | 140-159 90-99
Hipertensao grau 2 160-179 100-109

Anexo 3. Os 9 pontos da filosofia Kaizen.

NOVE PONTOS DA
FILOSOFIA KAIZEN

TRABALHO FOCO
EM EQUIPE ESTRATEGICO

RESULTADOS APRENDER REDUCAO DE
IMEDIATOS FAZENDO DESPERDICIO

QUEBRA DE NOVO MEIO DE
PARADIGMA ADMINISTRAR [l CRATIVIDADE

Anexo 4. Coédigos do Sifarma2000® correspondentes a alguns organismos de
comparticipagao que surgiram durante o estagio.

CODIGO ORGANISMO DE COMPARTICIPAGCAO
ol SNS - Regime Geral
41 SNS - Doencas Profissionais
45 SNS - Diplomas
47 SNS - Manipulados — Regime Geral, Pensionistas, Trabalhadores Migrantes

48 SNS - Pensionistas

67 SNS - Lupus/Hemofilia/lHemoglobinopatia

DS SNS - Diabetes
AA Savida — Medicina Apoiada, S.A. — SNS
AC Savida — Medicina Apoiada, S.A — SNS — Pensionistas
M9 S. Bancarios Centro — Socios — SNS

77 Seguradoras Unidas

13 Caixa Geral de Depésitos (nao SNS)

RI Caixa Geral de Depésitos (CGD — SNS)
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Anexo 5. Modelo da receita médica materializada da prescrigao por via eletronica e guia de

tratamento.

Racaita Médica N*

em codigo de bamas e caacteres)

Guia de tratamento para o utente

Receila Médiza N em cidigo da barras

Local de Prescrigho:

Médico presoritor: Tekafena:
Lhants: (N.* do utente em cidige TEORECETA Ulente:
de barmas & caracteres)
Taleforn: RE: Chdign Azesio: Cidigo Direko opedio:
Enidacls Resparmingi: VO TG0 1 LAIISSI B0 MDA IE NEIGIMENIN 18 fmidas)
" D0 £ neeme, dasagarm, fonsa Bmagiulis, enbalsgen, poickgs
M cidign de barras e ]
(N2 da cédula {Mome profissicnal) (Losal do Proscrcdo) [
profssianal, emcodigode | {representagta em
hatras u cancians codigo de baras e
Suvinheta de prescrtor] | racreny l =]
R, DSt tnome, dosagem, forma ‘armacéutics, embalgem, posocgls N Exteran Idanklicazda Olica [
1
I B
| B
|
g I Encargo para o utenis de accrdo com os medicamentos comerciskizados que cumprem a prascrigio
; madica
i | e
f | @o
E [ | Bl
afy
1 |
s l Para obter mals sobre o d
# - oau . no chia do P
= + Contectea Linh; 232 444 09 06-13.00 g 14 00-17.00)
Validade: 30 gias I + Fale como seu médico cu famacéutco
Duta: asna-mirred [ Doter sasy it
ot & Midix prascrio [ aor - S, vertBa - BINMEY

Anexo 6. Modelo do guia de tratamento de uma receita médica eletronica desmaterializada.

ég REPUBLICA
%~ PORTUGUESA

SAUDE

Guia de tratamento da prescrico n®:

Guia de Tratamento para o Utente
N2o deixe este documento na Farmécia

"134589466636494994°

Data: 2017-09-08

Local de Prescri¢ao:

Utente:
Cédigo de Acesso e Dispensa: *000000* Codigo de Opgdio: *0000* Prescitor:
Telefone:
OC1/ Nome, dosagem, forma farmacdutica, embalogem, posoioge Cuarnt V::'"," Encargos®

]

2]
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Validagio da preseri¢io por via eletrénica

1 — Areceita. resultante da materializagao da prescri-
¢fo por via eletronica, so € valida se incluir os seguintes
elementos:

a} Niumero da receita;

b} Local de prescrigiio:

) Identificacdo do médico prescritor;

d} Nome e nimero de utente on de beneficidrio de sub-
sisterna:

e) Entidade financeira responséavel:

1) Se aplicavel, referéncia ao regime especial de com-
participagio de medicamentos. nos termos previstos no
artigo 6.%;

¢} Denominacdo comum intemacional da substancia
ativa:

i1} Dosagem. forma farmacéntica. dimensio da emba-
lagem. numero de embalagens:

i) Se aplicavel. designacio comercial do medicamento:

J) Se e consoante aplicavel a informacgido nos termos
previstos do 1.° 4 do artigo 6.° ou n.° 4 do artigo 7.°

k) Se aplicavel, identificacdo do despacho que estabelece
o regime especial de comparticipagio de medicamentos:

1) Data de prescricio:

nr) Assinatura do prescritor,

2 — Arveceira € vilida pelo prazo de 30 dias a contar da
data da sua emissio. sem prejuize do disposto no nmimero
seguinfe.

3 — A receita pode ser renovivel. contendo até trés
vias, com o prazo de validade de seis meses para cada
via, contado desde a data de prescrigdo, com a indicagio
«l P vian. «2. vian e on «3." vian.

Validacsio da prescricio por via manual

1 — Areceita manual sé € valida se incluir os seguintes
elementos:

a) Se aplicavel. vinheta identificativa do local de pres-
crigio;

b) Vinheta identificativa do médico prescritor:

c} Identificacdo da especialidade médica, se aplicavel,
e contacto telefonico do prescritor:

oy Identificagdo da excecio nos ermos do n.° 2 do ar-
tigo 8.%

e) Nome e niimero de utente e, sempre que aplicavel,
de beneficiario de subsistema:

/) Entidade financeira responsdvel;

2) Se aplicavel, referéncia ao regime especial de com-
participacfio de medicamentos, nos ternios previstos no
artigo 6.°;

i) Denominaciao comum internacional da substincia
ativa;

i} Dosagent. forma farmacéutica. dimensio da embala-
gem, nimero de embalagens:

) Se aplicavel. designacio comercial do medicamento:

k) Se e consoante aplicavel a informagfio nos termos
previstos no n.° 4 do artigo 6.° oun.® 4 do artigo 7.%;

1) Se aplicavel. identificacédo do despacho que estabelece
o regime especial de comparticipacio de medicamentos:

ni) Data de prescrigio:

1) Assinamira do prescritor.

2 — Nio é admitida mais do que wma via da receira
manual.

Anexo 8. Kit “Reducao dos riscos” do Programa de Troca de Seringas.

Anexo 7. Itens a verificar na validagao das prescrigoes por via eletronica ou por via manual.
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INTERVENCAD E MOMNITORIZACAD

Anexo 9. Exemplo de um fluxograma de indicagao farmacéutica: diarreia aguda.
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Abstract

Cutaneous melanoma (CM) is the most alarming form of skin cancer, being an
aggressive and multidrug-resistant tumor. Over the last decades, the incidence rate of CM
has increased in Caucasians. The multidrug resistance and the toxicity attributed to
conventional systemic chemotherapeutic agents remain the major challenges in CM
treatment. The surgical excision continues to be the first-line therapeutic option,
nevertheless fresh innovative technological strategies, such as nanotechnology are being
explored in order to offer therapeutic alternatives aiming the reduction of CM morbidity
and mortality.

Scientists are expecting medical advances with the application of nanosystems in CM
diagnosis and treatment. Nanotechnology represents a paradigm shift with the potential to
improve drug delivery, minimize drug toxicity and mitigate drug resistance. Several
studies have demonstrated that a diverse array of nanosystems can be used to circumvent
the current limitations of CM available treatments. Under these circumstances, there is an
urgent need to reformulate drugs of interest using nanotechnology as an alternative
promising approach.

The first part of this review provides a summary of CM pathophysiology and available
therapies. The second part presents a comprehensive review of the different

nanotherapeutic approaches hitherto investigated against CM.

Keywords: Cutaneous melanoma; Drug delivery system; Nanotechnology; Nanosystem;

Nanoparticle; In vitro; In vivo.
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Resumo

O melanoma cutaneo é a forma mais alarmante de cancro de pele, sendo um tumor
agressivo e amplamente resistente aos tratamentos. Nas ultimas décadas, a sua incidéncia
aumentou nas populagoes Caucasianas. A resisténcia e a toxicidade atribuidas aos farmacos
quimioterapéuticos convencionais continuam a ser os principais desafios no tratamento do
melanoma cutaneo. A excisao cirurgica continua a ser a opgao terapéutica de primeira linha,
contudo novas estratégias tecnologicas inovadoras, como a nanotecnologia, tém sido
estudadas no sentido de oferecer alternativas terapéuticas cujo objetivo é reduzir a
morbidade e a mortalidade do melanoma cutaneo.

Os cientistas esperam avangos médicos com a aplicagdo de nanosistemas no
diagnostico e tratamento do melanoma cutaneo. A nanotecnologia representa uma mudanga
de paradigma, com o potencial de melhorar a administragao de farmacos, minimizar a sua
toxicidade e atenuar a resisténcia aos tratamentos. Diversos estudos demonstraram que
uma gama diversificada de nanosistemas pode ser utilizada para contornar as limitagoes
atuais das terapias disponiveis para o melanoma cutaneo. Nestas circunstancias, ha uma
necessidade urgente de reformular farmacos de interesse usando a nanotecnologia como
uma abordagem alternativa promissora.

A primeira parte desta revisao contempla um resumo da fisiopatologia do melanoma
cutaneo e das terapias disponiveis. A segunda parte apresenta uma revisao abrangente das
diferentes abordagens nanoterapéuticas até agora investigadas para o tratamento do

melanoma cutaneo.

Palavras-chave: Melanoma cutineo; Sistema de administracio de farmacos;

Nanotecnologia; Nanosistema; Nanoparticula; In vitro; In vivo.
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Figure 1. The five stages representing the progress of cutaneous melanoma (CM)
pathogenesis.

Figure 2. Schematic representation of the complex interaction of risk factors of cutaneous

melanoma (CM).

Figure 3. Available therapies for cutaneous melanoma (CM) divided into different

approaches.

Figure 4. Classification of nanosystems used for cutaneous melanoma (CM) therapy,
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Figure 5. Nanosystems physicochemical properties that affect their therapeutic
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Figure 6. Types of nanotherapeutic approaches for cutaneous melanoma (CM) treatment.
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Table 1. Non-invasive tools in dermatology which are usually applied for CM detection,

divided in category-l, II, lll and IV devices.
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| | Introduction

The skin is the largest organ of the body and evidences three main functions:
protection, regulation and sensation. It consists of two main layers that work as a single
structure: epidermis (the superficial layer) and dermis (anchorages skin appendages and
contains blood vessels and abundant immune cells). Beneath the dermis lies the hypodermis
or subcutaneous fatty tissue (SIMOES et al., 2015).

Skin cancers are one of the most common malignancies in Caucasians and their
incidence increases significantly with age. They are classified according to their precursor cell
and the clinical behavior. Generally, skin cancers are subdivided into nonmelanocytic skin
cancers (NMSCs) and cutaneous melanoma (CM). Subsequently, the NMSCs can be divided
in two types: squamous cell carcinomas (SCCs) and basal cell carcinomas (BCCs) (NAVES et
al, 2017). NMSCs show a higher incidence than CM, but they have a better prognosis and
are easier to treat. The incidence of NMSC:s is higher in Caucasians and mortality rates are
much higher in women and men from southern european countries (e.g., Spain, Portugal)
compared to nordic countries. BCCs are the most common form of NMSCs (80% of
NMSCs) and rarely metastasizes, thus, despite causing significant morbidity, the mortality
rates of BCCs are low. SCCs (20% of NMSCs) are more likely to cause death than BCCs
due to the higher capacity to invade other tissues (SIMOES et al, 2015). The most
problematic, treatment-refractory and deadliest form of skin cancer is CM, since it quickly
invades adjacent healthy tissues and metastizes (SIMOES et al,, 2015).

CM arises from the uncontrolled growth of melanin-producing cells (melanocytes)
and it is notorious for its challenging multidrug resistance mechanisms (MISHRA et al., 2018).
Melanocytes are cells that produce the skin-darkening pigment, melanin, which is a
macromolecule that absorbs UV (ultraviolet) radiation which, in turn, stimulates its
production. There are about 3 billion cutaneous melanocytes in the skin, mostly localized at
the basis of the epidermis. Melanocytes are not exclusive skin cells, being also present in the
hair follicles, in the uveal tract of the eye and in other tissues, thus, besides being less
common, the occurrence of melanoma is not confined to the skin (SHAIN and BASTIAN,
2016). The major subtypes of CM are superficial spreading melanoma (SSM), nodular
melanoma (NMM) and lentigo maligna melanoma (LMM). The most common subtype of CM
is SSM, accounting for about 70% of cases. NMM represents 5% of cases and usually occurs
in the 60" decade of life. LMM a type of in situ melanoma, accounts for 5% to 15% of CM
cases, and it is correlated with increasing age and long-term UV exposure (RASTRELLI et al.,
2014). CM shows a particular physiopathology, being characterized by five stages: nevus,

dysplastic nevus, melanoma in situ, invasive melanoma and metastatic melanoma (Figure I)
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(SHAIN and BASTIAN, 2016).

CM exhibits a complex epidemiology and the incidence varies according to age, sex,
ethnicity and geography. CM affects women and man distinctively, but the epidemiological
studies are not always coincident, because, according to some of them, it is necessary to
simultaneously correlate incidence with sex and age (BERWICK et al, 2016). There are
variations in incidence rates across different ethnic groups. CM has become one of the
commonest cancers in Caucasians (fair-skinned) and this variation can be attributed to lower
photoprotection due to the fact that they have less melanin. The melanin barrier reduces the
effects of ultraviolet A (UVA, of long wavelength) and ultraviolet B (UVB, of average
wavelength) radiations, providing protection against UV-induced skin cancers (AUTIER and
DORE, 2019). CM incidence also varies by geographic location. As a matter of fact,
differences in geography changes several factors, namely the atmospheric absorption,
altitude, latitude and cloud cover, which influence the amount of UV radiation that
penetrates the skin (KILIC et al, 2017). Summarizing, data on CM has shown that the
incidence of this skin cancer has steadily increased over the last decades. The rising
incidence may be due to earlier detection and diagnosis of melanomas as well as the
enhanced public education. Owing to such, it is crucial to find effective alternative therapies
in order to alter the growing trend of the CM incidence rate (RASTRELLI et al., 2014).
There are several risk factors solidly correlated with CM incidence, such as UV exposure,
skin type, hair and eye pigmentation, acquired melanocytic nevi, geographic location and
iatrogenic exposures. In addition, the epidemiologic data indicates that genetic factors and
gender may influence the histopathologic characteristics of the CM lesions and their body
surface distribution (NIKOLAOU and STRATIGOS, 2014).

The diagnosis is usually made by simple visual examination of the skin but several
non-invasive diagnostic strategies that use assisted optical devices exist, and those are
classified into different categories (FINK and HAENSSLE, 2017). Currently, several
treatments are available for CM, including surgery, radiotherapy, systemic chemotherapy,
topical chemotherapy, immunotherapy, and the recent targeted therapy (MISHRA et dal,
2018). However, the available therapies still present some challenges that need to be
surpassed, such as their low response rate, which may be due to the intrinsic resistance of
melanoma cells and the resistance gained after treatment, which is one of the greatest
problems related to cancers nowadays. The available CM therapies are mainly systemic and
their effectiveness is reduced due to the tortuous and fenestrated vasculature of these solid
tumors. The heterogeneity of CM also offers a limitation in the design of current therapies,

once melanoma cells exhibit a multipotent phenotype (expressing, e.g., embryonic and
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cancer stem cell capabilities) that contributes for CM functional adaptation and makes these
cancer cells resistant to therapy. Chemotherapy, e.g., fails to treat CM due to melanoma
cells resistance and induces instead the apoptosis of healthy cells, resulting in toxic side
effects that lead to poor therapeutic outcomes (SHANNAN et al,, 2016).

Facing the aforementioned problems, the design of new therapeutic strategies to
treat or mitigate this chronic skin condition is imposed. Nanotechnology has been showing
promising potential applications in the field of biomedicine, with particular emphasis on drug
delivery systems development. Several nanosystems have been explored to be applied in CM
treatment, either as drug carriers (including nanoemulsions, liposomes, lipid nanoparticles
(NPs), among others) or as anti-melanoma agents per se(due to their physicochemical
properties; as, e.g., gold nanoparticles (AuNPs) for phototherapy purposes), as it is going to
be exposed further in this review (VINES et al,, 2019). To overcome the disadvantages of the
conventional systemic drug administration, namely the toxic off-target effects and short
circulation time, researchers have focused their efforts in the design of smart
nanotechnology-based drug delivery systems. The significant advances in nanotechnology-
based drug delivery systems, or nanosystems, have led to the development of effective
treatments by researchers (WANG et al,, 2017). The encapsulation of drugs in nanosystems
presents several advantages, as: longer circulation time, higher stability, higher bioavailability,
controlled drug release and reduction of the total dose required, minimizing the toxic off-
target side effects (RIGON et al,, 2015).

The aim of this review is to briefly discuss, in a first section, the CM physiopathology,
risk factors, the oncogenic pathways and biomarkers, and the available diagnosis and
treatment options. Afterwards, in a second section, a comprehensive review regarding the
potential of nanotechnology-based drug delivery systems in CM treatment is presented,

reinforcing the future perspectives and challenges of cancer nanomedicine.
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2 | Cutaneous melanoma

2.1. Physiopathology

CM is a skin cancer derived from melanocytes. CM development is a multistep
process and the pathogenesis can be divided into five stages (Figure 1) (LEONARDI et dl,
2018).
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Figure |. The five stages representing the progress of cutaneous melanoma (CM) pathogenesis.

In stage one, as a result of increased melanocyte proliferation, the acquired nevus, a
benign skin lesion, begins to form (WANG et al,, 2017). Caucasian individuals usually have 25
nevi on average that measure, in diameter, at least 2 mm. Although nevi are unlikely to
progress to CM, their high prevalence increases the possibility of progression (SHAIN and
BASTIAN, 2016).

In the second stage, melanocytes grow into a dysplastic nevus, i.e., an intermediate
neoplasm (WANG et al,, 2017). Similar to melanoma, dysplastic nevus appear to result from
the complex interaction of environmental, genetic and host factors, showing abnormal
proliferation and differentiation. A dysplastic nevus can exhibit a mixture of colors, from pink
to dark brown and usually appears in areas more exposed to the sun and UV radiation.
Usually, it is flat, slightly scaly and it has an irregular edge (SHAIN and BASTIAN, 2016).

In the third stage, the dysplastic nevus keep growing into the radial growth phase
(RGP) primary tumor, resulting in melanoma in situ formation (WANG et al, 2017).
Melanoma in situ refers to a proliferation of melanocytes that do not have the capability to
invade the dermis but can grow entirely within the epidermis in an irregular pattern. This
stage can persist for many years leading to the accumulation of additional genetic
modifications (i.e., mainly mutations) in the cancer cells that will increase their invasive
potential (SHAIN and BASTIAN, 2016).

The stage four is the vertical growth phase (VGP). An invasive potential is acquired

through genetic and epigenetic modifications and the cells become able to leave the
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epidermis and enter the subjacent mesenchymal tissue (dermis). In this stage, melanomas
have the potential of being self-sufficient growth signals, thus making the treatment more
restricted (WANG et al., 2017).

In the last stage, melanoma becomes metastatic. VGP melanomas begin to invade
surrounding healthy tissues and continue to grow larger (WANG et al, 2017). Melanoma
metastases (similar to other solid tumours) usually appear initially in the lymph nodes of the
draining area of the primary tumor, whereas distant metastases, mainly in the lung, only tend

to appear later (SHAIN and BASTIAN, 2016).

2.2 Risk factors

CM is considered a multi-factorial skin cancer that arises from a complex interaction
between UV radiation exposure, phenotypic factors, genetic susceptibility, and additional risk
factors, as depicted in Figure 2. This interaction among the different risk factors influences
the oncogenic pathways through which the tumor develops, as well as the clinical
characteristics of melanoma. It is important to be aware of the causative factors to better

manage the prevention of this type of skin cancer (SIMOES et al,, 2015).

* UVA vs UVB radiation ] » Number of nevi

* Intermittent vs chronic ‘ « Skin type
exposure * Hair and eye colors

* Geography- latitude, elevation « Tanning ability

* Ozone depletion
* Weather conditions

* Propensity to burn
* Freckling

* History of NMSC
* Immunosuppression
* Pharmaceutical agents

*CDKN2A and CDK4 genes
inherited mutations

*NRAS and BRAF genes
mutations

Figure 2. Schematic representation of the complex interaction of risk factors of cutaneous melanoma (CM).
BRAF v-Raf murine sarcoma viral oncogene homolog Bl, serine/threonine kinase; CDK4 cyclin-dependent
kinase 4 gene; CDKNZ2A cyclin-dependent kinase inhibitor 2A gene; NMSC nonmelanocytic skin cancer; NRAS
neuroblastoma RAS viral oncogene homolog, GTPase; UVA ultraviolet A; UVB ultraviolet B.

The major environmental risk factor of CM is the uncontrolled exposure to UV
radiation, which has a potential genotoxic effect. UV-associated harmful effects include cell
oxidative stress, gene mutations and immunosuppression. The fair skin of Caucasians is a
consequence of the presence of lower levels of UV-blocking pigment (eumelanin). In this

sense, Caucasians are more prone to suffer from UV radiation harmful effects because these
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populations are exposed to increased doses of UV that easily reach the deeper layers of the
skin, which contain melanocytes. In addition, factors such as the altitude, latitude, ozone
depletion and weather conditions influence the UV radiation exposure. The exposure to UV
radiation is classified as chronic (e.g. occupational exposure), intermittent (e.g. short and
intense, such as sunbathing) and total sun exposure (the sum of both). There is solid
evidence that an intermittent pattern of sun exposure enhances CM risk, but chronic
exposure shows no association or a very weak association. This may be due to the fact that
chronic exposure promotes epithelial thickening and this may offer protection against
further exposure to UV radiation. Most of UVB (315-280 nm) and all UVC (280-100 nm)
radiations are removed by stratospheric ozone so the UV radiation that reaches the earth is
mainly UVA (400-315 nm) and UVB. It is known that UVB is a risk factor for sunburn, but
both UVB and UVA might cause CM (SAMPLE and HE, 2018).

The phenotypic risk factors for CM include: the type, size and number of melanocytic
nevi; skin, hair, and eye color; tanning ability; propensity to burn and freckling (NIKOLAOU
and STRATIGOS, 2014). Melanocytic nevi might be congenital or acquired. Data from a
recent meta-analysis indicates that individuals with more than 100 standard nevi have a 7-fold
increased risk for CM than individuals with few nevi (<I5). The size also increases the risk to
develop CM, particularly those larger than 2.0 mm in diameter. Dysplastic or atypical nevi
are also associated with a greater risk of CM. In fact, this type of nevi are typified due to
their cytological abnormality and patients with only one atypical nevi are already at a 1.6
times greater risk of developing CM (DAMSKY and BOSENBERG, 2017).

The genetic susceptibility, namely family history and heritable factors increase the
predisposition for CM. Some familiar cases are related to inherited mutations of the cyclin-
dependent kinase inhibitor 2A (CDKNZ2A) and cyclin-dependent kinase 4 (CDK4) genes, that are
two high-penetrance genes. The CDKNZ2A gene encodes two proteins, pl4ARF and
pl6INK4A, which are involved in melanocyte senescence and tumor suppression. The
CDKNZ2A gene is localized on the band 21 of the short arm of chromosome 9 (9p21) and was
identified in 1994 as the first high-penetrance CM susceptibility gene. Among the low-risk
genes, the most associated with melanoma is the melanocortin-I receptor (MCIR) gene, a G-
protein coupled receptor that binds to a-melanocyte stimulating hormone (a-MSH). MCIR
gene polymorphisms cause modifications in the melanogenesis, ie., the photoprotecive
eumelanin turns into pheomelanin, resulting in a phenotypic spectrum of fairness skin, UV
sensitivity, red hair color, freckles and, thus, enhanced melanoma risk (VALLONE et al,
2018). Additional mutations considered as somatic genetic risk factors exist, such as

mutations in the neuroblastoma RAS viral oncogene homolog, GTPase (NRAS proto-
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oncogene) and v-Raf murine sarcoma viral oncogene homolog Bl, serine/threonine kinase
(BRAF proto-oncogene). The NRAS gene is involved in the regulation of cell division and BRAF
gene regulates cell growth. Mutations in the NRAS and BRAF genes are common in CM,
although rarely detected simultaneously in the same tumor. BRAF-mutant melanomas are
diagnosed at earlier ages and are associated with intermittently sun-exposed sites (e.g. the
trunk), while NRAS-mutant melanomas are diagnosed at later ages and are not associated
with a particular anatomical location (ELLERHORST et al,, 201 1).

Additional risk factors of CM include: personal history of NMSC; immunosuppressed
individuals (e.g. acquired immune deficiency syndrome (AIDS), organ transplantation or
lymphoproliferative diseases). More recently, the association of some drugs (e.g., Tumor
necrosis factor o (TNF-a) inhibitors and NSAIDS (nonsteroidal anti-inflammatory drugs)

with melanoma has also been investigated (NIKOLAOU and STRATIGOS, 2014).

2.3. Oncogenic pathways and biomarkers

CM, similarly to other cancer types, results from the association of epigenetic and
genetic modifications that cause the neoplastic transformation. As melanoma exhibits
considerable resistance to most of the available systemic therapies, it is critical to deeply
investigate potential molecular targets and signaling oncogenic pathways (PALUNCIC et al.,
2016). In the past decades, it was discovered that key oncogenic pathways are involved in
melanoma onset and progression. Major signaling pathways in the physiopathology of CM
include the classical mitogen-activated protein kinase (MAPK) cascade involving the kinases
Ras/Raf/MEK/ERK and the phosphoinositide-3-kinase (PI3K) pathway. The activation of these
oncogenic pathways can occur without external stimuli, through the constitutive activation
of oncogenes, or by an external stimuli that initiate the transmission of the signaling cascade
to intracellular effectors. These pathways play a major role in CM progression and have been
the target of recent strategies to treat this skin cancer (PALUNCIC et al., 2016).

The MAPK pathway regules acute hormone responses, cell growth, differentiation,
proliferation and apoptosis. The existence of a physiological negative feedback is very
important to prevent the systematic activation of this pathway (AMARAL et al., 2017). The
activation of this oncogenic pathway generates signals that are transmitted via the RAS
GTPase, culminating in the activation of MEK1/2 kinases, subsequently activating ERKI and
ERK2, which become able to translocate to the nucleus and regulate some transcription
factors. In CM pathogenesis, MAPK pathway activation occurs differently. BRAF gene

stimulation can directly activate MEK and ERK, but in BRAFV600 mutated cells the negative
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feedback does not exist, being, thus, the MAPK pathway systematically activated, culminating
in an uncontrolled cellular proliferation (AMARAL et al., 2017).

PI3K and their downstream mediators (protein kinase B (AKT) and the mammalian
target of rapamycin (mTOR)) are the main components of the PI3K/AKT/mTOR signalling
pathway, which is another oncogenic pathway critically involved in CM. PI3K belongs to a
group of lipid kinases and participates in various functions, including cell growth and
proliferation, metabolism, protein synthesis and also multidrug resistance (DAVIES, 2012).
This pathway is activated by the stimulation of the tyrosine kinases extracellular receptor
and, as a consequence, phosphatidylinositol-diphosphate (PIP2) is phosphorylated by PI3K to
phosphatidylinositol-triphosphate (PIP3). The resultant PIP3 functions as a binding ligand for
AKT. Activated AKT inhibits, by phosphorylation, the activity of its protein targets and
induces a strong anti-apoptotic effect, promoting CM development. This signaling cascade
can be inhibited by phosphatase and tensin homolog (PTEN), which is a relevant regulatory
enzyme that prevents over-activation of this pathway by PIP3 dephosphorylation (DAVIES,
2012).

From the clinical point of view, CM diagnosis is difficult due to the lack of an ideal
biomarker. Thereby, the identification and validation of a suitable biomarker is crucial to
improve CM diagnosis and prognosis. An ideal biomarker requires specificity and sensitivity
(to minimize doubtful results). It also must be a stable molecule quantifiable in blood or in
other body fluid; and it should be collected by minimally invasive procedures. The existence
of suitable biomarkers enables the treatment of CM before its symptomatic stage, and is
mainly important to predict and follow the development of metastases (EISENSTEIN et al.,
2018). There are two categories of biomarkers: diagnostic and prognostic biomarkers. The
first ones are those that show greater expression in tumor cells compared to normal tissues,
thus, supporting the diagnosis, as the BRAF gene. Most of the CM cases are related to
mutations in the BRAF gene. These changes lead to the production of abnormal BRAF
protein, leading to melanocytes cells uncontrolled growth. Melanoma patients should be
submitted to a biopsy to determine if there is a mutation in the BRAF gene. In the other
hand, prognostic biomarkers are indicators of disease recurrence during follow-up, since
they show higher expression in CM advanced stages. As the signs of the disease become
visible, the prognostic markers assume the major relevance once the main bottlenecks of
CM are recurrence and metastasis (even after tumor removal). Some prognostic biomarkers
are mitotic count, extent of nodal involvement, depth of invasion, as well as serum lactate
dehydrogenase (LDH) and S100 family of calcium-binding proteins (WEINSTEIN et al., 2014).

LDH is a cytoplasmic enzyme that catalyzes the interconvertion of pyruvate to lactate (with
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a concomitant interconversion of NADH to NAD") and the S100 family are a group of
proteins that participate in regulation of protein phosphorylation, Ca> homeostasis,
inflammatory response and cell growth and differentiation (KARAGIANNIS et al, 2014).
Other examples of relevant biomarkers for melanoma are tyrosinase (an enzyme involved in
melanin biosynthesis), cyclooxygenase-2 (COX-2) (a negative prognostic biomarker), matrix
metalloproteinases (MMPs) (enzymes that contribute to tumor tissue microenvironment
remodeling), the melanoma-inhibitory activity (MIA) protein secreted by melanoma cells,
among many others (KARAGIANNIS et al, 2014). Neverthless, the identification and
validation of CM biomarkers is still a serious challenge. Further investigations on CM
biomarkers will allow early detection, therapeutic monitoring and prognostic evaluation

(EISENSTEIN et al., 2018).

2.4. Diagnosis

Over the last 30 years, a crucial development in the diagnosis of early CM has been
achieved. The importance of detecting CM in early and still curable stages remains the key
factor in reducing mortality and it is clearly related to non-metastatic effects (RASTRELLI et
al., 2014). The location of CM lesions in the skin constitutes an advantage as it allows early
diagnosis through non-invasive tools, since it is possible to visualize by the naked eye the
morphologic changes of nevi (FINK and HAENSSLE, 2017). The simplest method for
screening melanoma is the visual inspection on skin self-examination. A need to educate the
public to recognize early clinical signs of CM was imposed. Thus, in 1985, the ABCD criteria
(asymmetry, border irregularity, color variation, diameter >6mm) was developed. The
ABCD criteria is a simple diagnosis tool easily implemented in daily life. Other screening
techniques were developed, such as the Glasgow's 7-point checklist, however those are less
widely adopted (RIGEL et al., 2010).

Additonally, several non-invasive diagnostic strategies to detect CM are available. In
this regard, the assistive optical devices that are used can be classified into different
categories (I - V), as depicted in Table | (FINK and HAENSSLE, 2017). More studies are
needed to understand the efficacy, disadvantages and advantages of these non-invase
techniques techniques. Above all, it has to be emphasized that none of all the previously
discussed approaches is able to provide a final and definite diagnosis, or to replace the
histopathological examination of biopsies, since the excisional biopsy and histological
examination of doubtful lesions remains the gold standard to diagnose CM (FINK and

HAENSSLE, 2017).
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Table I. Non-invasive tools in dermatology which are usually applied for CM detection, divided in category-I,
I, 1l and IV devices. Adapted from: (FINK and HAENSSLE, 2017).

Category Non-invasive tools in CM Description
Dermoscopy
. Large-scal ing of pati i
Category-| devices Sequential digital dermoscopy arge-scale screening of patients in

daily clinical routine
Total body photography

Computer-aided multispectral digital analysis

Assessment of few preselected

Category-Il devices Electrical impedance spectroscopy

atypical lesions
Raman spectroscopy
Reflectance confocal microscopy Assessment of preselected lesions

Cate, -1l devices by trained experts at specialized
e v Multiphoton tomography / 2 2

centres
Stepwise two-photon-laser spectroscopy

Category-IV devices Experimental stage of development
Quantitative dynamic infrared imaging

2.5. Therapy

Surgical excision, radiotherapy, topical and systemic chemotherapy, immunotherapy
and targeted therapy are the current available therapeutic options for CM (Figure 3), which
are going to be described below. CM immunotherapy and targeted therapy are developed to
focus on specific biological mechanisms and targets, however the mechanisms of action of
the majority of the current available CM therapies are not fully understood (MISHRA et al.,
2018).

CM therapies

Radiotherapy Chemotherapy Immunotherapy Zi;%i;eyd
Topical Systemic i AL
P 4 inhibitors inhibitors

Interferon-a

Interleukin-2

Figure 3. Available therapies for cutaneous melanoma (CM) divided into different approaches. CM cutaneous

melanoma; BRAF v-Raf murine sarcoma viral oncogene homolog Bl, serine/threonine kinase.
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2.5.1. Surgery

Surgery remains the first-line therapeutic option for primary CM, and in most cases it
is curative. Surgical excision per se can treat early-detected CM but, for advanced stages, the
long-term survival is very poor (ERDEI and TORRES, 2010). Appropriate surgical
management is crucial for the diagnosis and treatment of both in situ and invasive primary
CM, with an overall 5-year survival rate of 92%.  The lesion is removed with safety
margins, and then analyzed to determine the CM stage (which depends on the lesion
location (epidermis or dermis) and thickness). However, when the surgical excision is
inappropriate or the tumor is located in the sinonasal, nasopharyngeal and oral regions, the

second-line treatment option (radiotherapy) is recommended (RIGON et al,, 2015).

2.5.2. Radiotherapy

CM was long regarded as a radiotherapy-resistant cancer. This is based on the fact
that melanocytes are known to repair DNA damage caused by low-dose radiation. Despite
this, radiotherapy remains as an efficient second-line treatment option for the management
of CM (BARKER and LEE, 2012). Definitive radiotherapy is appropriate for certain well-
defined situations to prevent recurrence, as medical inoperability, ocular melanoma, LMM
and mucosal melanoma. Radiotherapy also plays a crucial role in the management of patients

with advanced stage and metastatic CM disease (BARKER and LEE, 2012).

2.5.3. Chemotherapy
2.5.3.1. Topical

Imiquimod is a drug that can be used as monotherapy in CM in situ or as adjuvant in
later stages. It activates the innate immune system via toll-like receptor 7 and 8 (TLR7/8).
Imiquimod has been reported to be a safe and alternative treatment to control the
cutaneous metastasis evading from the primary tumor, nevertheless, its effectiveness remains
doubtful in the treatment of subcutaneous metastases (MISHRA et al, 2018, VERGA et al.,
2019). 5-fluorouracil (5-FU) is a pyrimidine analogue that has also been topically used to
treat solid tumors including CM, as an anticancer drug. It interferes with nucleoside
metabolism, especially by inhibiting the enzyme synthetase synthase, and it can be
incorporated into DNA and RNA, leading to cytotoxicity and cell death. In CM cases with
poor prognosis, topical treatment with 5-FU converts the infiltrate of inflammatory cells to

T-cells, culminating in an improved immune response (SIMOES et al., 2015).
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2.5.3.2. Systemic

Systemic chemotherapy always had an important role in the treatment of CM. There
are two anticancer drugs specifically used to treat CM, but many others are being explored,
alone or in combination. The major problem of the conventional chemotherapeutic agents is
their adverse side effects on healthy cells, since these chemicals are administered
systemically (MISHRA et al., 2018).

Dacarbazine was approved by the Food and Drug Administration (FDA) in 1975, and is
so far the unique FDA approved anti-melanoma chemotherapeutic agent. It is an alkylating
chemotherapeutic drug (inhibits cancer cells division and growth) administered by
intravenous injection, and it is considered the standard treatment for metastatic melanoma,
constituting the basis of several anti-melanoma combinations (MISHRA et al, 2018).

Temozolomide has been studied as a substitute of dacarbazine due to its oral intake
advantage. Furthermore, it can penetrate into the central nervous system, having the
potential to treat CM brain metastasis. Several studies concluded that no difference exists
between the effect and efficiency of dacarbazine and temozolamide as anti-melanoma drugs.
This drug failed to show any therapeutic advantage over dacarbazine, therefore the choice
between the two of them depends on the preferred route of administration, presence of

brain metastasis, availability and cost (MISHRA et al., 2018).

2.5.4. Immunotherapy

Melanoma cells exhibit multidrug resistance (MDR) to anticancer drugs, thereby it is
crucial to look for new therapeutic strategies. A possible alternative is immunotherapy,
which increases the clearance of skin cancer cells and improves the immune response
(RODRIGUEZ-CERDEIRA et al, 2017). Recently, immunotherapies such as immune
checkpoint inhibitors have revolutionized the CM treatment. Programmed cell death
protein-1 (PD-1) and cytotoxic T-lymphocyte-associated protein-4 (CTLA-4) are the most
studied immune-checkpoint receptors. Antibodies that blocks the expression of PD-1 and
CTLA-4 increase T-cell immune responses, leading to improved survival in patients.
However, only a subset of patients benefit from this therapy, since auto-immune toxicity,
due to their mechanism of action, requires careful monitoring (O'REILLY and LARKIN,
2017). Ipilimumab, nivolumab, interferon-alpha (IFN-a) and interleukin-2 (IL-2) are the most
commonly used immunostimulators for CM treatment (FRANKLIN et al., 2017).

Ipilimumab is a monoclonal IgGl antibody that binds to CTLA-4 receptors
(responsible for T-cell activation), blocking the interaction of the CTLA-4 receptor with its
natural ligands (CD80/CD86), therefore increasing T-cell activation and proliferation, which

consequently allows the destruction of cancer cells. Ipilimumab was approved by FDA in
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201 | for the treatment of CM and clinical studies have confirmed that it can induce durable
responses, as well as improve the overall survival rate in metastatic melanoma patients.
Treatment with ipilimumab overactivates T-cells due to the removal of CTLA-4-mediated
protection, which might lead to immune-related adverse events (FRANKLIN et al., 2017).

Nivolumab is a genetically engineered IgG4 monoclonal antibody that binds to PD-|
and inhibits interaction with its ligands: Programmed Death-Ligand | and Il (PD-LI (CD274)
and PD-L2 (CD273)). Clinical studies of nivolumab showed its effectiveness for treating
melanoma, renal cell carcinoma (RCC), non-small-cell lung cancer (NSCLC), and other types
of cancer. Based on these results, phase lll trials were initiated to compare the efficacy of
nivolumab, first in patients previously treated with the standard chemotherapeutic agent, and
then as a first-line treatment. As nivolumab is very active in some groups of patients, it is
important to keep in mind the need for predictive biomarkers that will define the therapy
(FRANKLIN et al.,, 2017).

IFN-a is a cytokine released in the presence of cancer cells or in response to
pathogens. IFN-a was the first exogenous cytokine to demonstrate anticancer activity in
advanced melanomas, and it was approved by FDA in 1996 for use in adjuvant therapy in
patients that exhibit high risk of reoccurrence after CM surgical resection. In order to
reduce toxicity, studies have been conducted to compare IFN-a administered in high doses
versus IFN-a at lower doses. Lower doses revealed less toxicity, but also lower efficacy in
delaying the disease progression (TARHINI et al., 2012).

IL-2 was the second exogenous cytokine to demonstrate anticancer activity in
melanoma. In fact, it was approved by FDA in 1998 for the treatment of metastatic
melanoma. It is a recombinant hormone of the immune system described as “growth factor
for T cells”, which acts by stimulating T-cell proliferation and function. IL-2 has been tested
in combination with other drugs, namely with dacarbazine and IFN-a and has shown
therapeutic benefits. IL-2 can cause side effects, such as cardiovascular toxicity,
gastrointestinal effects, hepatotoxicity and nephrotoxicity that can be severe. Patient

monitoring is crucial because of the risk of multiorgan failure (ROSENBERG, 2014).

2.5.5. Targeted therapy

Targeted therapies are treatments which aim to inhibit biochemical pathways that are
activated due to mutations in tumors. CM can be targeted by passive or active strategies to
ensure that the drugs lead to cancer cells’ apoptosis without causing damage to the healthy

surrounding cells. BRAF and MEK inhibitors are commonly used in targeted therapy

(AMANN et al,, 2017).
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BRAF is an oncogene that induces the constitutive activation of the RAS-RAF-MEK-
ERK signaling pathway. It corresponds to the oncogene that mutates more frequently in
melanoma, thus BRAF inhibitors can be used to induce the regression of melanoma
metastases. Two agents of this category are currently approved in Europe for the treatment
of patients with BRAF-mutant melanoma: dabrafenib and vemurafenib (GOLDINGER et al.,
2013). Dabrafenib is a potent oral BRAF inhibitor that is more selective for mutated
BRAFV600E compared to wild-type BRAF gene. This drug can also be used when melanoma
cells begin to spread to other body sites. Vemurafenib is an oral BRAF inhibitor that is also
more selective for mutated BRAFV600E. Vemurafenib evidences antiproliferative activity in
melanoma cells, which results in reduced proliferation of cancer cells (MACKIEWICZ and
MACKIEWICZ, 2018). The use of these inhibitors shows some limitations, as the toxicity
associated with their use, and the development of adaptive immune resistance. Regarding the
toxicity of each of them, a greater frequency of photosensitivity is observed in patients
treated with vemurafenib, whereas in those treated with dabrafenib the most observed
event is pyrexia (MACKIEWICZ and MACKIEWICZ, 2018).

MEK inhibitors are allosterically binding agents that cause cell cycle blockage. An
example is trametinib, which inhibits both mitogen-activated protein kinase | and Il MEKI
and MEK2. This agent blocks the activity of the previous abnormal proteins that send signals
for dividing cancer cells. As therapy with trametinib has shown promising outcomes, this
drug was approved by the FDA in 2013 for the treatment of patients holding BRAFV600E or
BRAFV600K mutations. In comparison, MEK inhibitors show a distinct toxicity profile than
BRAF inhibitors, with papulopustular rash being the most common adverse effect (AMANN
etal, 2017).

Besides the developments assisted so far, the main alarming challenges of the current
CM therapies are: (i) the low response rate; (i) CM heterogeneity; (iii) detection in
advanced stages of the disease; (iv) and recurrence. In this sense, it is important to use
incoming and reliable data to develop new alternative therapeutic and diagnostic strategies
to fight CM. One possible and auspicious innovative technological strategy is the application
of nanotechnology-based drug delivery systems to target the heterogeneous subpopulations
of CM and to prevent the disease progression (MUNDRA et al, 2015), as it is going to be

discussed next.
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3 | Application of nanosystems in cutaneous melanoma therapy
Despite the efforts in the field of CM treatment, this malignancy continues to be a
health challenge due to its aggressive nature. Amongst the pharmaceutical scientific
community, nanotechnology-based drug delivery systems encompass a range of structures
that evidence at least one dimension with a particle size inferior to 1000 nm. Nanodelivery
systems enable the synergetic combination of therapies against the recurrent and agressive
CM (BERCIANO-GUERRERO et al, 2014). This is possible due the possibility of
circumventing the two major limitations of the available CM therapies: MDR and adaptative
immune resistance, as well as the toxicity of some conventional chemotherapeutic agents,
such as dacarbazine. Thanks to the aforementioned functionalities, nanosystems provide
several particular advantages over the available CM therapies since, besides enhancing the
anticancer agents stability, those enhance the drug solubility, extend the drugs half-life, thus
improving the anticancer agents bioavailability, and also improve the drug permeability
through the cellular membrane (by targeting specifically cancer cells), ultimately delivering
the drugs in a controlled and sustained manner, subsequently reducing adverse side effects
(MARKMAN et al, 2013). Nanosystems may be classified regarding their nature in: (i)
organic nanosystems, such as nanoemulsions, vesicular systems (liposomes and micelles),
polymeric NPs, lipid NPs, protein NPs, cyclodextrins and dendrimers; and (ii) inorganic
nanosystems, which include metallic NPs (copper, gold and silver NPs), magnetic NPs,
quantum dots, calcium phosphate NPs, silica NPs and carbon nanosystems (e.g. carbon
nanotubes and graphene) (Figure 4) (BERCIANO-GUERRERO et al.,, 2014). Advantages and

disadvantages of distinct nanosystems used for CM therapy are described in Annex |.

Nanogel

Metal Nanoparticle Quantum dot

Polymeric Nanoparticle

Micelle

Inorganic

Nanoparticles

Niosome

Dendrimer

Magnetic Nanoparticle Carbon nanotube
Solid Lipid Nanostructed

Nanoparticle Lipid Carrier

Figure 4. Classification of nanosystems used for cutaneous melanoma (CM) therapy, according to their
organic or inorganic natures.
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Several physicochemical properties of nanosystems, particularly, surface charge,
particle size, and shape, are critical to pharmaceutical formulation development due to their

influence on the anticancer agents’ pharmacodynamics and pharmacokinetics (Figure 5)

(WICKI et al., 2015).
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Figure 5. Nanosystems physicochemical properties that affect their therapeutic performance.

The surface charge interferes with the uptake by the reticuloendothelial system (RES)
cells and affects the nanosystems biodistribution (PAUTU et al., 2017). The electrostatic
potential at the electrical double layer of a NP in suspension is designed zeta potential (ZP).
The ZP is the quantifiable parameter that gives information regarding the surface charge of
the nanosystem. Theoretically, ideal ZP values of nanosystems should be located between
—30 and +30 mV, for the cases of electrostatic stabilization (PAUTU et al., 2017).

Particle size is a key factor influencing the biodistribution of the nanosystems. One
one hand, nanosystems need to be small enough to prevent the capture by macrophages in
the RES, but, on the other hand, those should be large enough to prevent leakage from
capillaries, allowing for a longer circulation in the bloodstream. Thus, it has been determined
that the ideal particle size should be between 100-200 nm. Polydispersity index (PDI) is an
indicator of the particle size distribution of the NPs (BHATTACHARJEE, 2016). The shape
of the nanosystems also influences their recognition and biodistribution. The variety of
materials and producing techniques used in the development of nanosystems generate a
diversity of shapes (ellipses, spheres, disks, cubes, cones, filaments, rods and others) (TOY et
al,, 2014).

Drugs might be encapsulated, covalently attached or adsorbed to the nanosystems.
Nanosystems can encapsulate lipophilic and hydrophilic agents and might be also applied in
the delivery of hydrophilic biomacromolecules (e.g., small interfering RNAs (siRNAs)). The
encapsulation of drugs overcomes their physicochemical limitations, and avoids their
degradation, thus increasing the therapeutic effect (PAUTU et al, 2017). The encapsulation
efficiency (EE) corresponds to the ratio between the concentration of the incorporated
drug and the initial concentration used to prepare the formulation, indicating the

percentage of drug that is successfully entrapped into the NP. Differently, the drug loading
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(DL) corresponds to the amount of total entrapped drug divided by the total NP weight
(PAUTU et al., 2017).

Several studies are underway to demonstrate how a diverse spectrum of
nanosystems may be used to overcome cancer resistance and bolster the anticancer
available therapies. Currently, in the oncology field, nanosystems are being applied indifferent

approaches. A schematic overview of approaches for CM treatment is presented in Figure 6

(DAGA et al, 2016).

Physically-driven therapy

\ i 7 Nanoparticle (NP)
Physical stimulus

Photosensitizing agent

Figure 6. Types of nanotherapeutic approaches for cutaneous melanoma (CM) treatment.

A detailed discussion of the studies hitherto published concerning the application of

nanosystems in CM therapy, categorized by the administration route, is presented next.
3.1. Topical administration

3.1.1. Nanoemulsions

Zinc phthalocyanine (ZnPc) is a promising lipophilic photosensitizer agent (PS) used in
skin cancer topical photodynamic therapy (PDT). The PS is required to be applied on the skin
surface that coats the solid tumor, and must penetrate the skin and the cancer cells
membrane, as well as accumulate in the cancer cells cytosol. Afterwards, the ski-coated solid
tumor is irradiated with a light source at a wavelength suitable to excite the PS (ZnPc
absorbs light in a wavelength range between 600-800 nm), leading to the formation of
reactive oxygen species (ROS) that induce damages in the tumor vasculature and promote
cancer cells apoptosis, consequently leading to the solid tumor tissue necrosis (MONGE-
FUENTES et al, 2014). However, in technological terms, the high lipophilicity of ZnPc
impairs its direct topical administration. Oil-in-water (O/W) nanoemulsions are conventional
technological alternatives widely used to deliver lipophilic drugs to the skin. The lipophilic
nature of ZnPc enables its incorporation into the oily phase (internal) of an O/W
nanoemulsion (DALMOLIN and LOPEZ, 2018). Therefore, towards the solubilization of

ZnPc, a cationic nanoemulsion was developed using ultrasound. The nanoemulsion was
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characterized (see results in Annex 2) and the cutaneous penetration studies using
iontophoresis (physical method to enhance skin penetration) were performed in melanoma-
bearing C57BL/6 female mice. The melanoma-bearing mice were treated topically with the
developed nanoemulsion containing ZnPc using a constant electric current of 0.5 mA/cm?,
and three different iontophoresis treatment times (5, 15 and 30 min). After the treatments,
the tumor was removed for analysis. The in vivo study showed that ZnPc penetratres the
solid tumor after a iontophoresis treatment time of 30 min. According to the previous
results, the combination of iontophoresis and the incorporation of lipophilic PSs in
nanoemulsions have a positive impact in the effectiveness of CM topical PDT (DALMOLIN
and LOPEZ, 2018).

3.1.2. Liposomes

Liposomes consist of one or more phospolipid bilayers surrounding an aqueous core
that is able to encapsulate drugs. These lipid-based nanosystems are able to penetrate the
stratum corneum. The administration of liposomes using a physical skin penetration technique,
such as anodal iontophoresis overcomes the skin barrier properties improving liposomes
skin penetration (CARITA et al,, 2018).

JOSE et al. (2018) evaluated the effectiveness of the iontophoretic co-delivery of the
signal transducer and activator of transcription 3 (STAT3) siRNA and curcumin using
cationic liposomes against CM. Several studies have shown that STAT3 gene silencing inhibits
tumor development in multiple cancer types, including CM, thus it was hypothesized that
combining the STAT3 siRNA with curcumin (a natural anticancer drug) would synergetically
inhibit CM progression. Concomitantly, the iontophoresis would improve the skin
penetration of the topical nanoformulation. Curcumin was encapsulated in the aqueous core
of the liposomes, and the STAT3 siRNA was anchored to the surface of the liposomes,
forming a nanocomplex. The nanocomplex was further characterized (the results are
depicted in Annex 2). The nanocomplexes cellular uptake in BI6F10 mouse melanoma cells
occured within 30 min, and the co-delivery of both therapeutic agents significantly inhibited
CM growth, compared with either curcumin-loaded liposomes, or STAT3 siRNA surface-
functionalized cationic liposomes. Subsequently, in vivo efficacy studies were performed in a
melanoma-bearing C57BL/6 mice model. The co-administration of STAT3 siRNA and
curcumin using liposomes substantially inhibited tumor progression. Furthermore, the topical
iontophoretic co-administration showed similar effectiveness compared with intratumoral

administration. It is possible to conclude that cationic liposomes can be used for the
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combined administration of natural and biopharmaceutical anticancer agents, constituting a

promising non-invasive topical treatment for CM (JOSE et al., 2018).

3.1.3. Carbon-based nanosystems

Carbon-based materials such as carbon nanotubes (CNTs), fullerenes, nanodiamonds
and graphene have been used in several medical approaches. Several studies have been
performed with CNTs, which are cylindrical forms of one (single-wall) or more (multi-wall)
layers of graphene. Drugs can be loaded inside the CNTs or attached to the surface via
functional groups, through covalent or noncovalent bonding (MADANI et al., 2011). SIU et al.
(2014) have used CNTs to topically deliver siRNA in vivo. Therapeutic siRNAs regulate gene
expression; however, efficient delivery of siRNAs in vivo is limitated due to the siRNAs high
molecular weight and short half-life. In this sense, it has been shown that CNTs can be used
to protect siRNA and facilitate cell penetration, enhancing siRNA transdermal delivery. In
this study, single-walled carbon nanotubes (SWCNTs) were developed to deliver BRAF
siRNA. The nanocomplexes were characterized, and the gene silencing efficiency was
evaluated in vitro and in vivo. SWCNTs were noncovalently functionalized with succinated
poly (ethyleimine) (PEIl) in order to obtain a nanosuspension able to anchor and deliver the
BRAF siRNA. The gene silencing efficiency of the BRAF siRNA functionalized SWCNTs was
evaluated in BI6FI0 cells. The percentage of BRAF downregulation was about 80%, resulting
in the inhibition of BI6FIO cells proliferation. The transdermal siRNA delivery using
SWCNTs was also tested in vivo in a BI6FI0 melanoma-bearing C57BL/6 murine model
during a total of 25 days-period. After topical aplication, it was observed a significant uptake
of labeled BRAF siRNA, as well as a significant attenuation of tumor proliferation. This
carbon-based inorganic nanosystems are promising therapeutic siRNAs delivery systems, and
might be further applied in the topical treatment of CM, as well as additional types of solid
cancers (SIU et al., 2014).

3.2. Intraperitoneal

3.2.1. Albumin nanoparticles

Curcumin is a natural polyphenol capable of inhibiting cancer cell proliferation and
invasion, as it can suppress signaling pathways and inhibit the activity of important
transcription factors involved in angiogenesis. However, poor aqueous solubility and
instability at physiological pH, that result in a known low oral bioavailability, it shows limited
therapeutic activity as well as limited clinical application when administered in the free form

(KUNNUMAKKARA et al, 2017). In order to overcome these constrains, studies focused
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on the nanoencapsulation of curcumin have been performed (LIU et al.,, 2016). CAMARGO
et al. (2018) carried out a study where curcumin loaded in bovine serum albumin (BSA) NPs
were developed, physicochemically characterized, and evaluated in in vitro and in vivo assays.
The results regarding the BSA NPs characterization are depicted in Annex 2. The in vitro
drug release assay demonstrated that curcumin-loaded BSA NPs evidenced a bimodal release
pattern. First, an initial burst effect is observed, due to desorption of the drug from the BSA
NPs surface, followed by a slower release phase, explained by the diffusion of curcumin from
the BSA matrix. The BSA NPs cytotoxicity activity was evaluated in BI6FI0 melanoma cells.
In this assay, curcumin-loaded BSA NPs were less efficient than free curcumin, since the
murine melanoma cells viability was reduced to 55% after exposure to curcumin-loaded BSA
NPs, and 45% after exposure to free curcumin (CAMARGO et al,, 2018). In the in vivo assay,
a C57BL/6/] murine melanoma model was used to evaluate the anticancer activity, and the
treatments were administered intraperitoneally for 10 days. By the 29" day after treatment,
the survival rate decreased to 0% and 25% in the free curcumin treatment group and in the
group treated with curcumin-loaded BSA NPs, respectively. The animal groups that were
injected intraperitoneally with free curcumin and curcumin-loaded BSA NPs, revealed slower
tumor progression. By the end of the treatments, the tumor volume of the group treated
with free curcumin was ca. 1.5 mm?, whereas the tumor volume of the group treated with
curcumin-loaded BSA NPs was ca. 0.5 mm’. In contrast with the in vitro results, in the murine
melanoma model, curcumin-loaded BSA NPs exhibited higher anticancer activity than free
curcumin. Overall, the in vivo results revealed that BSA NPs improve the anticancer efficacy
of curcumin. Thus, BSA NPs might have relevant applications in CM therapy (CAMARGO et
al, 2018).

3.3. Intravenous administration

3.3.1. Solid lipid nanoparticles (SLNs)

SLNs are submicron-sized lipid emulsions formed by solid lipids at room
temperature, stabilized by one or more surfactants. Those emerged as alternative
nanosystems to the existing conventional delivery systems, such as liposomes, and polymeric
NPs (NASERI et al., 2015). In the context of skin cancer, a nanosystem that can co-transport
chemotherapeutic agents and microRNAs to their targets may be an attractive strategy for
skin cancer therapy. In this sense, Shi and coworkers (2014) developed a nanosystem to co-
delivery paclitaxel (PTX), a chemotherapeutic drug (ZHU and CHEN, 2019), and an
endogenous microRNA (miR-34a), a cancer specific oncogene that is usually downregulated

(LI, 2014), aiming a synergistic antimelanoma therapy (SHI et al,, 2014). This way, miR-34a
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and PTX were co-encapsulated into cationic SLNs (miSLNs-34a/PTX) and the
physicochemical properties of this nanosystem were characterized, being the results
described in Annex 2. In vitro studies confirmed the cellular uptake by endocytosis and
evidenced a synergistic anticancer activity of miR-34a and PTX, suggesting that their co-
delivery by SLNs improved their anticancer effect in comparison with miR-34a or PTX
separately loaded in SLNs. The in vivo studies were performed in mice xenografted with
CD44 antigen-expressing BI6F10 cells, after the intravenous administration of miSLNs-
34a/PTX to treat melanoma lung metastasis. The developed nanosystem protected both
therapeutic molecules from degradation in plasma serum, and exhibited passive targetability
to lung tissues. The co-delivery nanosystem was more effective in inhibiting tumor growth
and eliminating melanoma metastases in the lungs than single miR-34a-loaded and PTX-
loaded SLNs. It can be concluded that this technological approach offers a promising

antimelanoma therapeutic strategy (SHI et al., 2014).

3.3.2. Nanostructured lipid carriers (NLCs)

Docetaxel (DTX), similarly with PTX, is a semisynthetic taxoid that derives from
Taxus baccata considered as a mitotic spindle poison that blocks microtubule
depolymerization. DTX shows low water solubility, therefore an injectable formulation
denominated Duopafei®was prepared with high concentrations of Tween 80. The problem is
that Tween 80 is associated with hypersensitivity reactions (DA SILVA et al,, 2018). Bearing
this in mind, researchers have developed a lipid-based nanosystem without Tween 80 to
deliver DTX. A nanostructured lipid carrier (NLC) consists in a solid lipid matrix with
spatially incompatible liquid lipids, resulting in a flexible structure with higher drug loading
(DL) capacity when compared to a SLN. LIU et al. (2011) have produced a DTX-loaded
NLCs (DTX-NLCs) nanoformulation to improve DTX therapeutic effectiveness and reduce
its toxicity. The DTX-NLCs particle size, ZP, EE and DL were characterized (results in
Annex 2). In vitro studies were carried out to compare the Duopafei® and the DTX-NLCs.
The kinetic drug release assays showed a sustainable DTX release from the DTX-loaded
NLCs. The anticancer activity was tested in BI6F 10 cells and in three human cancer cell lines
(human hepatocellular liver carcinoma (HepG2 cell line), ovary cancer cells (SKOV3 cell line)
and lung adenocarcinoma (A549 cell line)). Duopafei® and the DTX-NLCs exhibited a dose-
dependent cytotoxicity profile, however DTX-NLCs showed higher toxicity to melanoma
cancer cells. NLCs might enhance the intracellular accumulation of DTX by endocytosis,
improving DTX therapeutic efficacy (LIU et al, 2011). The in vivo anticancer efficacy of

Duopafei® and DTX-NLCs was assessed in BI6FI0 melanoma-bearing mice, after

75


file:///D:/8-novas%20alteracoes_monografiacortada_ACS.DOCX%23_ENREF_80
file:///D:/8-novas%20alteracoes_monografiacortada_ACS.DOCX%23_ENREF_48

intravenous administration for a time-period experiment of 20 days. The inhibition ratio (IR)
was calculated. The IR values of DTX-NLCs (20 mg/kg), DTX-NLCs (10 mg/kg) and
Duopafei® (10 mg/kg) were 90.4%, 62.7% and 42.7%, respectively. DTX-NLCs were more
effective than Duopafei® in delaying the tumor development, which can be explained by the
following reasons: (i) the structure of NLCs may increase DTX solubility; (ii) the particle size
and ZP of NLCs may maintain DTX stably entrapped in the lipid matrix; (iii) DTX can be
slowly delivered from DTX-NLCs, thus the in vivo exposure to DTX is continuous, and its
plasma concentration is constant. Additionally, the mice weight loss induced by DTX-NLCs
was lower in comparison to that induced by Duopafei®. The authors have suggested that this
mice body weight loss reduction is related to the DTX-NLCs reduced in vivo toxicity. These
results have led to the conclusion that DTX-NLCs generate less toxicity than Duopafei®
when administered intravenously. The aforementioned in vitro and in vivo experiments have
suggested that DTX-NLCs might be a promising nanosystem to be applied in CM therapy
(LIU et al,, 2011).

3.3.3. Polymeric micelles

Polymeric micelles are core-shell nanostructures obtained through the assembly of
amphiphilic  block  copolymers by  hydrophobic or ion pair interactions.
Polymeric micelles can be used to enhance targeted delivery and improve the therapeutic
effects of the drugs (DESHMUKH et al.,, 2017). PEG is a hydrophilic and non-toxic polymer
commonly used to solubilize drugs; poly (lactic acid) (PLA) is a biodegradable and
biocompatible biomedical polymer. Polymeric micelles formed by block copolymers
composed of PEG-PLA have been widely studied for decades in order to improve drugs
solubility and bioavailability. Hydrophobic drugs can be encapsulated in the PLA core
(hydrophobic) and covered by the PEG shell (hydrophilic) (ZHANG et al., 2014). WANG et
al. (2017) have formulated curcumin-loaded amphiphilic PEG-PLA polymeric micelles to
improve curcumin anticancer activity and decrease its side effects. First, the PEG-PLA
polymeric micelles were physicochemically characterized regarding size, ZP, EE and DL
capacity (see Annex 2). In the in vitro drug release assay, curcumin was released from the
PEG-PLA polymeric micelles in a sustained manner. In BI6FI0 murine melanoma cells, the
PEG-PLA polymeric micelles have enhanced the curcumin uptake. In addition, the curcumin-
loaded PEG-PLA polymeric micelles evidenced higher cytotoxicity than free curcumin and
induced apoptosis. The in vivo experiments were carried out in BI6FI0 melanoma-bearing
mice. Here, the polymeric micelles suppressed tumor growth, exerting antimelanoma activity

without any significant impact on the mice body weight. An immunohistochemical assay
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revealed that polymeric micelles also inhibited the neovascularization of tumor tissues.
Summarizing, curcumin-loaded PEG-PLA polymeric micelles have clinical potential to be

applied in the treatment of CM (WANG et al,, 2017).

3.3.4. Gold nanoparticles

Gold NPs are a class of inorganic NPs. Integrins are transmembrane proteins
exploited in cancer as cancer molecular targets due to their overexpression in some types of
cancers (e.g. melanoma, glioblastoma). Integrins activation occurs only upon the binding of
extracellular ligands (lack of intrinsic enzymatic activity), resulting in the activation of
signaling pathways that regulate cancer cells survival, proliferation, invasion and migration
(DESGROSELLIER and CHERESH, 2010). The expression of the avB3 integrin has been
associated with melanoma neoangiogenesis. It was discovered that avB3 integrin recognizes
the sequence of the tripeptide arginine-glycine-aspartic acid (RGD) present in extracellular
matrix proteins (e.g. fibronectin). Recently, targeting avB3 integrin has been explored in
melanoma therapy. In this sense, several antagonists of avB3 integrin have been tested in CM
therapy (GOODMAN and PICARD, 2012).

The work of ALBERTINI et al. (2019) has described a theranostic strategy based on
AuNPs coated with the Gly-Arg-Gly-Asp-Gly-NH, (GRGDG-NH,) pentapeptide for CM.
The pentapeptide was selected because it recognizes and binds to the avB3 integrin
expressed in CM cells. For the in vitro tests, three cancer cell lines expressing avB33 integrin
were chosen: murine melanoma BI6FI0, murine gliosarcoma 9L and human glioblastoma
U87 cell lines. For the further in vivo studies, two different BI6FI0 melanoma cell models -
subcutaneous and intracranial - were selected. The first one was selected for its
reproducibility, while the intracranial one was chosen to evaluate the brain targeting ability,
since BI6F10 cells generally metastasize to the brain. In all the experiments, three different
nanosystems were tested: blank AuNPs, PEG-coated AuNPs and GRGDG-functionalized
AuNPs (ALBERTINI et al, 2019). The levels of avB3 integrin expression in vitro (in BI6F10,
9L and U87 cell lines) were assessed by flow cytometry. BI6FI0 and U87 expressed much
higer levels of av33 integrin compared to 9L cell line (54%, 81% and 9%, respectively). The
cellular uptake of NPs was assessed only in BI6F 10 cells. This murine melanoma cell line was
able to uptake all the three nanoformulations, but GRGDG-functionalized AuNPs were
internalized more effectively. The BI6F10 cell line forms a characteristic network when it
grows on Matrigel® (gelatinous protein mixture secreted by Engelbreth-Holm-Swarm (EHS)
mouse sarcoma cells). Thus, ALBERTINI et al. (2019) have studied how the three

nanosystems affected the network formation, to obtain data about their ability to minimize
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the cancer cells migration, limiting network formation and tumor invasion. Results indicated
that GRGDG-functionalized AuNPs drastically inhibited the Matrigel® network formation
compared to blank AuNPs and PEG-AuNPs, being this ascribed to the ability of GRGDG-
pentapeptide to act as an avB3 integrin antagonist (ALBERTINI et al., 2019). Given the
promising results obtained in vitro, GRGDG-functionalized AuNPs were tested in vivo. In the
subcutaneous BI6FI0 melanoma-induced mice model, nanosuspensions containing blank
AuNPs, PEG-coated AuNPs and GRGDG-functionalized AuNPs were injected intravenously.
Similarly to PEG-coated AuNPs, the GRGDG-functionalized AuNPs showed a plasma half-life
higher than blank AuNPs, but their accumulation in spleen and liver was lower (more
accumulation in the brain and lungs). This accumulation pattern may be due to the presence
of lung and brain metastases, since BI6F|0 cells have been used to create these metastases
in animal models. In this experiment the authors have not observed macroscopic
metastases, but the existence of micrometastases was not neglected. After a 2h post-
injection interval, the GRGDG-functionalized AuNPs accumulation in the tumor was 3.7-fold
higher than blanck AuNPs tumor accumulation, and |.2-fold higher than PEG-coated AuNPs.
After an 8 h post-injection period, the GRGDG-functionalized AuNPs remained in the tumor
site. In the intracranial model, five days after intracranial BI6FI0 cells injection,
nanosuspensions containing blank AuNPs, PEG-coated AuNPs and GRGDG-functionalized
AuNPs were injected intravenously. After a 2 h post-injection interval, the brain
accumulation of GRGDG-functionalized AuNPs was |.5-fold higher than that of blank AuNPs
and 5-fold higher when compared to the brain accumulation of PEG-coated AuNPs.
Thereupon an 8 h post-injection period, the GRGDG-functionalized AuNPs still persisted in
the brain, while the other AuNPs became undetectable. The biodistribution results obtained
from this model corroborated the hypothesis that the GRGDG-AuNPs brain accumulation is
due to avB3 integrin receptor-mediated endocytosis that occurs on the blood brain barrier
(BBB). Another explanation for the GRGDG-functionalized AuNPs brain accumulation is the
overexpression of avB3 integrin in the tumor itself (ALBERTINI et al, 2019). GRGDG-

functionalized AuNPs might thereby be further applied as a CM theranostic agent.

3.4. Intradermal administration

3.4.1. Nanoemulsions

Recent studies have been claimed that the combination of nanotechnology and air
cold atmospheric plasma (CAP) is beneficial for the treatment of cancer. CAP is considered
a developing biomedical technique that generates reactive oxygen species (ROS) and reactive

nitrogen species (RNS), charged particles and UV rays. CAP induces physicochemical
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changes in biological organisms, modifying the membranes permeability and leading to the
diffusion of NPs towards damaged tissues (YAN et al, 2017). In this sense, in ADHIKARI et
al. (2019) study, CAP was used along with a silymarin nanoemulsion as a CM co-treatment.
Firstly the silymarin-loaded nanoemulsion was characterized in terms of particle size and PDI
(see Annex 2) (ADHIKARI et al., 2019). Afterwards, in vitro studies were assessed on G-361
human melanoma cells, and the following parameters were evaluated: (i) ROS and RNS
levels; (ii) melanoma specific biomarkers; (iii) DNA damage; (iv) caspase activation; and (v)
the expression levels of the poly ADP-ribose polymerase-I (PARP-1) and apoptotic genes.
The effects on the hepatocyte growth factor (HGF) and on the hepatocyte growth factor
receptor (c-MET) pathway and on the epithelial-mesenchymal transition (EMT) process
were also evaluated. The results showed that the co-treatment induced a 2-fold increase in
RNS and 3-fold increase in ROS generation compared to the control samples. The DNA
damage studies were performed by estimating the level of DNA methyltransferase (DNMT).
The level of DNMT enzyme had a 2-fold reduction; the level of y-H2AX, a biomarker for
DNA double-strand breaks, suffered an |.8-fold increase; and the expression level of PD-|
had a 2-fold increase. The expression of caspases 3, 7, 8 and 9, as well as the expression of
apoptotic genes (p53, ATM, BAX, Bcl-2) and PARP-I activity levels were also increased in
the co-treated group. The co-treatment with CAP and the silymarin nanoemulsion blocked
the HGF/c-MET pathway. The binding of the HGF ligand induces the hyperactivation of c-
MET (hepatocyte growth factor tyrosine kinase receptor) - when the HGF ligand binds -
plays a crucial role in melanoma progress. The co-treatment resulted in a denoting reduction
in the c-MET expression levels. Furthermore, the results evidenced a reduction in the
expression of the stem cells (ABCB5, CDI33), melanoma-specific (e.g. BRAF) and EMT
biomarkers (SNAII, YKL-40, N-cadherin). EMT is a biological process responsible for the
cancer cellular invasiveness and the formation of metastatic cancers. The CAP and silymarin
nanoemulsion combined treatment effectively decreased the in vitro G-361 cells invasiveness
due to the suppression of the EMT (ADHIKARI et al, 2019). Due to promising in vitro
results, the co-treatment with CAP and the silymarin nanoemulsion was performed in vivo in
a G-361 human melanoma cells xenografted nude mice model. The silymarin nanoemulsion
was firstly administrated to the human melanoma xenografted mice, and after | day the CAP
treatment was intradermally administrated. The co-treatment reduced tumor weight by 50%
and decreased the tumor volume compared to the groups. Histological differences were also
observed. Nuclei were highly condensed (apoptosis) in the tumor sections of the co-treated
groups. Furthermore, the immunohistochemical evaluation has showed that the c-MET,

CDI33 and BRAF expression levels were reduced. In this study, the use of a human
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melanoma xenografted mice model has demonstrated that melanoma cells are more
sensitive to the CAP and silymarin nanoemulsion co-treatment than to each therapeutic
technology applied individually (ADHIKARI et al, 2019). In conclusion, this study has
suggested that the combination of a silymarin nanoemulsion with CAP suppresses the
HGF/c-MET signaling pathway, avoiding the EMT in melanoma cells. These results provide a
rationale to use the CAP with a targeted nanosystem as a therapy for metastatic melanoma

patients.

3.5. Intratumoral administration

3.5.1. Copper nanoparticles

Inorganic nanoparticles, such as copper NPs have acquired renewed interest for
cancer therapy due to their interesting properties (e.g. excellent electrical and thermal
conductivities; promising candidates for cell imaging). A copper NP evidences a particle size
that ranges from | to 100 nm (PUGAZHENDNHI et al., 2018).

The isolation and identification of cancer stem cells (CSCs) might be useful for cancer
diagnosis and therapy, since these cells are responsible for the tumor initiation process.
There are several studies supporting that CD271" cells are responsible for melanoma
progression and the development of multidrug resistance (KOZOVSKA et al, 2016). Yu et
al. (2017) performed a recent study with cuprous oxide nanoparticles (CONPs) to assess if
these NPs could inhibit human melanoma stem cells. Two types of CD27I"-human
melanoma cell lines (WM266-4 and A375) were used to investigate the in vitro antimelanoma
effectiveness of CONPs. The in vitro results concluded that CONPs entered in WM266-4
and A375 cells by clathrin-mediated endocytosis, and induced apoptosis in a dose-dependent
manner in both cell lines. Lower CONPs concentrations (1.75 pg/mL) have reduced A375
and WM266-4 cell viability, downregulating the expression of SOXI0 and MITF, two
transcription factors involved in the melanoma-stem cells stemness maintenance and
tumorigenesis. The in vivo experiments were performed in an A375 melanoma-bearing
nonobese diabetic-severe combined immunodeficiency (NOD-SCID) mice model. The
tumor-bearing mice model was injected intratumorally with CONPs. The in vivo
administration of CONPs suppressed melanoma growth, due to SOXIO0 and MITF
downregulation. In the histological examination the YU et al. (2017) concluded that CONPs
induced tumor tissue structural fibrosis and necrosis. These results have suggested that
CONPs have potential antimelanoma applications, since these inorganic nanosystems are

able to prevent melanoma initiation (YU et al., 2017).
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3.6. Oral administration

3.6.1. Poly (e-caprolactone) nanoparticles

Oral administration remains the most preferred route for drug delivery since it is
painless, noninvasive and it allows high dosage flexibility. In oral administration, it may be
interesting to use mucoadhesive drug delivery systems, which increase the contact of the
drugs with the mucous layer of the gastrointestinal tract, thus enhancing the drug absorption
and subsequently its bioavailability. One of the most used mucoadhesive polymers is
chitosan. Chitosan is a natural cationic polysaccharide, presenting high biodegradability,
biocompatibility and low toxicity. Chitosan interacts with mucin, a negatively charged
glycoprotein present in the mucous layer (TM et al, 2018). In the work of LOCH-NECKEL
et al. (2015), chitosan was used to coat curcumin-loaded poly (e-caprolactone) nanoparticles
(curcumin-loaded CCNPs). The nanoformulation was prepared and characterized, and the
results are depicted in Annex 2. The curcumin-loaded CCNPs melanoma antimetastatic
activity was assessed in in vitro and in in vivo models. (LOCH-NECKEL et al., 2015). In the in
vitro experiments, the half inhibitory concentration (ICs,) values of the blank chitosan-coated
poly (e-caprolactone) NPs, free curcumin and curcumin-loaded CCNPs were assessed in
B16FI0 melanoma cells. The IC;, value of free curcumin was lower in comparison to the IC,,
of curcumin-loaded CCNPs, which leads to the conclusion that curcumin-loaded CCNPs are
less cytotoxic than free curcumin, ie., the encapsulation of curcumin did not increase its
anticancer activity in vitro. It is possible that curcumin nanoencapsulation makes it less
available in the culture medium. The effects of free curcumin and curcumin-loaded CCNPs
(at their IC;, values) on the mitochondrial membrane potential of BI6F10 cells were also
evaluated. The results showed that free curcumin and curcumin-loaded CCNPs induced the
loss of the mitochondrial membrane potential of BI6FI0 cells, however the damage caused
by free curcumin was higher. The metastatic potential of cancer cells is correlated with their
ability to form clusters, therefore a cluster formation assay was performed. The results
showed that curcumin-loaded CCNPs decreased the cancer cells clusters by 76.4%.
Additionally, the effect of curcumin-loaded CCNPs on the migration of melanoma cells was
evaluated in an in vitro wound healing assay. The wound-healing assay results demonstrated
that free curcumin and curcumin-loaded CCNPs reduced the migration rate of cancer cells.
In the last in vitro test performed the MMPs activity was analyzed. MMPs play a critical role in
the degradation of the extracellular matrix, which allows cancer cells further migration.
Thus, the inhibition of MMPs activity may be crucial to prevent cancer invasion and

metastasis. The proteolytic activity of MMP-9 and MMP-2 in BI6F10 cells was evaluated after
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the treatment with free curcumin and curcumin-loaded CCNPs, and it was observed that
both treatments significantly decreased the activity of MMP-9 and MMP-2 (LOCH-NECKEL
et al, 2015). The in vivo effects of curcumin-loaded CCNPs on the development of melanoma
pulmonary metastases were evaluated in a lung cancer-bearing C57BL/6 female mice model.
Mice were submitted to the orally administration once a day for 14 consecutive days of the
developed nanoformulation and the controls. The number of lung nodules was assessed and
interpreted as an indicator of melanoma lung metastases. Oral administration of free
curcumin at doses of 3 and 6 mg/kg inhibited lung nodules formation by 20.0%, when
compared with the control group; whereas mice treated with curcumin-loaded CCNPs
resulted in 56.2% (3 mg/kg of curcumin-loaded CCNPs) and 64.5% (6 mg/kg of curcumin-
loaded CCNPs) inhibition, respectively. The histological analysis confirmed the macroscopic
results. The in vivo curcumin-loaded CCNPs antimetastatic effects could be attributed to
different mechanisms, however the main explanation is that the chitosan coating certainly
keeps the polymeric matrix degradation constant in the intestinal fluid. All the previously
discussed findings indicate that curcumin-loaded CCNPs might represent a promising oral

metastatic melanoma therapy approach (LOCH-NECKEL et al,, 2015).

4 | Concluding remarks and future perspectives

CM constitutes a heterogeneous disease that affects mostly Caucasians. The
management of this skin cancer in advanced stages is still a challenge to scientists and
physicians due to the MDR and adaptive immune resistance that reduce the effectiveness of
current available CM therapies. The limitations of the available therapies (e.g., low response
rate and recurrence) are a clear signal that is necessary to urgently design novel alternative
therapeutic approaches (SIMOES et al., 2015).

Nanotechnology offers an opportunity for innovation in the treatment of CM.
Nanomedicines present advantages and limitations in CM therapy. The advantagens are: (i)
protection of anticancer drugs from degradation; (ii) reduction of adverse side effects and
toxicity; (iii) possibility of specific tumor targeting; (iv) increase of anticancer drugs
penetration into the cytosol of cancer cells, especially when the nanosystems are topically or
intratumorally administered; and (v) increased drug tolerability and improvement of drug
bioavailability and, consequently their efficacy. The limitations are, e.g., the fact that blood
time residence and biodistribution depends on the surface properties of the nanosystems.
Other example might be the nanosystems possible kidney and liver infiltration in case of

systemic administrations. In the systemic route, drugs need to reach solid tumors which
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show tortuous and fenestrated blood vessels, which difficults the task. This fact makes
topical and intratumoral administration of NPs the most promising routes for this type of
solid tumor (PAUTU et al, 2017). Despite the advances made in recent years,
nanotechnology is still a fresh subject and the effects of the long-term exposure to
nanosystems are not known yet. Furthermore, due to the wide range of nanomaterials used,
their toxicity may range from inert to very toxic. To apply nanotechnology in the biomedical
field, it is crucial to understand the physicochemical properties of the nanosystems, their
interaction with biological organisms and their by-products. Scientific research must be now
focused on the effects of nanosystems on the machinery of biological systems, such as
intracellular molecular targets, organelles, cells, tissues and, ultimately, organs (YANAMALA
et al., 2013). For a successful translation of nanomedicines to the clinical field, features such
as pharmacokinetics, biodistribution, metabolism, degradation and long-term toxicity need to
be considered and meticulously investigated (SIMOES et al., 2015).

The new challenges and future perspectives in the development of nanotechnology-
based delivery systems for CM therapy include the potential for multifunctional
nanomedicines design that will fulfill therapeutic and biological requirements (e.g. targeting
systems to tumor cells after systemic distribution) and the viability of upscaling techniques to
readily bring the innovative CM therapeutic strategies to the pharmaceutical market. Further
challenges include research on targeted anti-melanoma drugs, as well as the definition of
international regulatory standards concerning nanosystems risk assessment and
pharmaceutical development. Future perspectives also include using nanosystems in other
breakthrough therapy regimens as phototherapy and gene therapy towards CM treatment
(RIGON et al., 2015).
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6 | Annexs

Annex |. Advantages and disadvantages of distinct nanosystems used for cutaneous
melanoma (CM) therapy.

Nanosystems

Nanoemulsions

Liposomes

Carbon
nanotubes

Bovine serum
albumin
nanoparticles

Solid lipid
nanoparticles

Nanostructured
lipid carriers

Micelles

Advantage (s)

- Small droplets size;

- Increases the rate of absorption;

- Improved bioavailability of
encapsulated materials.

- Biodegradability;

- Both lipophilic and hydrophilic

molecules can be encapsulated.

- High photostability;

- Both biomedical contrast agents and

drugs can be encapsulated.

- Low immunogenicity and nontoxicity;

- Easy preparation;

- Non-dependence on use of
surfactants.

- More than one drug can be
incorporated;

- Biocompatibility and biodegradability;

- Possibility of controlled drug release.

- More controllable release profiles
compared to solid lipid nanoparticles;

- Minimized drug expulsion during
storage and improved stability and
capacity loading, in comparison to solid

lipid nanoparticles.

- Easy preparation and good stability;

- Protection of encapsulated

substances from degradation and

metabolism.

Disadvantage (s)

- Use of a large concentration
of surfactant necessary for
stabilizing the nanodroplets.

- High-energy sonication can
cause degradation of
phospholipids.

- More research required to
evaluate mass production;

- Expensive to produce.

- Potential toxicity from dose
dumping.

- Low drug loading efficiency
due to perfect crystalline
structure of the solid lipid;

- Possibility of drug expulsion
due to the crystallization
during the storage conditions.

- Irritative and sensitizing
action of some surfactants.

- Risk of disintegration after
administration;

- More difficult to selectively
target cancer cells.
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Gold
nanoparticles

Copper
nanoparticles

Chitosan-
coated
nanoparticles

- Promising candidates for cell imaging;

- Reported to be antioxidant.

- Excellent electrical and thermal
conductivities;

- Can be manufactured using
numerous methods.
- High biocompatibility and
biodegradability;

- Mucoadhesive properties.

- The molecular interactions
with their target cells remain
largely unexplored.

- Promising candidates for cell
imaging.

- Presence of impurities,
metals and other inorganics,
proteins, pyrogenic and
endotoxic agents.

(ALBERTINI et al.,
2019)

(YU et al, 2017)

(LOCH-NECKEL
et al, 2015);
(BELLICH et dl,
2016)
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