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Lista de Abreviaturas

ARS — Associagao Regional de Saude

CHUC - Centro Hospitalar e Universitario de Coimbra
FSC — Farmacia Santa Clara

MICF — mestrado integrado em ciéncias farmacéuticas
MNSRM — medicamentos nao sujeitos a receita médica
MSRM — medicamento sujeito a receita médica

RCM — resumo das caracteristicas do medicamento

SWOT - Strenghts, Weaknesses, Opportunities and Threats



|. Introducao

A unidade curricular “Estagio” esta contemplada no plano de estudos do Mestrado
Integrado em Ciéncias Farmacéuticas (MICF), e permite ao aluno contactar com a realidade
de trabalho em farmacia comunitaria antes terminar os estudos. Para além disso, é uma
excelente oportunidade para o aluno colocar em pratica conhecimentos tedricos que adquiriu
ao longo dos cinco anos de estudos, adquirir novas competéncias sobretudo a nivel técnico, e
também para desenvolver competéncias pessoais e sociais.

O farmacéutico comunitario é, muitas das vezes, o profissional de saude mais préximo
dos cidadaos, e a farmacia as portas que levam o doente a cuidados de salde mais especificos.
Esta proximidade acarreta responsabilidades, nao s6 a nivel do acesso seguro, eficaz, e de
qualidade ao medicamento [|] mas também a nivel da promogao para a saide da comunidade
em geral. Para além de estar sempre em estreita colaboragao com os outros profissionais de
saude de modo que o utente tenha o melhor plano terapéutico, o farmacéutico comunitario
também é um fator chave relativamente a fluidez nos cuidados de saide em urgéncias e
hospitais. Se por um lado o farmacéutico tem uma formagao académica que lhe permite ter
conhecimento cientifico acerca do aconselhamento de medicamentos nao sujeitos a receita
médica (MNSRM) e outros produtos de salde para o tratamento de determinadas patologias
e assim diminuir a sobrecarga dos servicos médicos; por outro, ele também tem de ter
consciéncia de que, apesar de ter competéncias técnico-cientificas capazes de resolver
determinadas patologias, existem situagoes que fogem da sua esfera de atuagao, e portanto a
melhor indicagao que pode dar é encaminhar para o médico.

Tive oportunidade de realizar o meu estagio em farmacia comunitaria na Farmacia Santa
Clara (FSC) entre 17/05/22 e 16/09/22 sob orientagao do Dr. Paulo Viegas de Carvalho. A
FSC localiza-se no Intermarché Santa Clara em Coimbra e tem um horario de funcionamento
extenso, o que permite, em teoria, ter um leque alargado e diversificado de utentes.
Inicialmente desempenhei tarefas de backoffice tais como rececao de encomendas e
armazenamento; e apos visualizar alguns atendimentos, rapidamente deram-me autonomia
para realiza-los numa primeira instancia acompanhado e posteriormente sozinho. Neste

relatorio teremos uma analise do estagio e por fim a exposi¢ao de cinco casos clinicos.

2. Analise SWOT

O presente relatério de estagio foi realizado tendo em consideragao o modelo de
andlise SWOT (Strenghts, Weaknesses, Opportunities and Threats). Este modelo é uma

ferramenta de gestao que permite identificar e analisar o estagio realizado de forma critica a
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nivel interno — considerando os pontos fortes e fracos — e a nivel externo — considerando as

oportunidades e ameagas.

2.1 Pontos Fortes

Ambiente de trabalho e equipa técnica

A equipa técnica da farmacia Santa Clara é constituida atualmente por 9 profissionais
onde se incluem 4 farmacéuticos e 5 técnicos superiores de salude. Desde o primeiro
momento que fui bem recebido, inicialmente pelo Dr. Paulo de Carvalho e de seguida pelos
restantes elementos da equipa. O ambiente de trabalho existente na FSC é saudavel e
predomina a clareza, a confian¢a e a empatia, o que leva a uma boa comunicagao e a um bom
entendimento entre a equipa. Considero que este aspeto foi crucial para o meu
desenvolvimento enquanto estagiario, mas também fundamental para a harmonia no trabalho

realizado diariamente na farmacia.

Ferramentas Tecnologicas

Todos nos temos consciéncia que a tecnologia assume um papel preponderante nas
nossas vidas, e a farmdcia niao é excegio. O robot BD Rowa Smart® e a caixa Cashlogy by
Azkoyer permite aumentar a eficacia das atividades desempenhadas na FSC e também ter um
atendimento mais centrado no utente. Ora o primeiro & possivelmente o grande “game
changer” de qualquer farmacia uma vez que veio substituir a utilizagao das gavetas permitindo
minimizar todos os erros associados a arrumagao de medicamentos e de stocks. Para além
disso, permite ainda otimizar o espago de armazenamento de medicamentos na farmacia e o
processo de dispensa seguindo o principio “first expired first out”. O segundo procura reduzir
o tempo investido pelo funcionario a fazer trocos durante o atendimento e na gestao de caixa
ao fim do dia. Todas as informagoes envolvidas na gestao de dinheiro sao registadas todos os

processos automatizados.

Localizacao da farmacia

A FSC localiza-se dentro do edificio do Intermarché na Rua Central da Mesura, que
por sua vez esta proxima de varias extensoes de saude tais como os Centros de Saude de
Santa Clara e Sao Martinho do Bispo, e o Hospital dos Covoes. O facto da FSC encontrar-se
dentro de um estabelecimento comercial permite, em teoria, alcangar um leque alargado e
diversificado de clientes, nomeadamente os clientes de “circunstancia” que estao apenas de
passagem no local; e o facto de estar préxima das varias unidades de saude permite suprimir

as necessidades dos utentes que estejam a sair de urgéncias e de consultas médicas. Para além
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disso, como a FSC era a antiga farmacia Duarte, a sua carteira de utentes manteve-se, o que

significa que a FSC continua a suprimir as necessidades da populagao local e de aldeias vizinhas.

Horario de funcionamento e flexibilidade de horario

O facto de se encontrar dentro de um estabelecimento comercial, significa que o seu
horario de funcionamento é bastante alargado. A FSC esta aberta ao publico de segunda-feira
a sabado das 09h-21h, e domingos e feriados das |0h-20h. Uma vez que tinha flexibilidade de
horario, consegui gerir o estagio de forma a realizar diversos turnos. Tive a possibilidade de
fazer aberturas, fechos, fins-de-semana, feriados e servigos noturnos, e relaciona-los com o

tipo e fluxo de utentes e respetivas necessidades.

2.2 Pontos Fracos

O papel proativo do farmacéutico

Apesar de, em teoria, a localizagao da FSC permitir alcangar um publico inespecifico
com necessidades heterogéneas, a maioria dos utentes pretende apenas adquirir medicagao
cronica; e foi essa a grande maioria dos atendimentos que realizei. Nestas situagoes o papel
proativo do farmacéutico acaba por ser limitado — e por vezes mal interpretado pelo utente.
Apesar de ter tido algumas oportunidades de colocar em pratica os meus conhecimentos para
um aconselhamento mais adequado, isso apenas correspondeu a uma pequena parte dos

atendimentos realizados.

Espaco da farmacia

Apesar das novas instalagoes acolhedoras e modernas, a FSC nao tem grandes
dimensoes. Esta limitagao acaba por prejudicar no aprovisionamento de medicamentos e no
atendimento. Relativamente ao primeiro a falta de espago dificulta armazenamento, gestao e
organizagao de excedentes que nao cabem no robot ou nos expositores. Relativamente ao
segundo, como a FSC dispoe de 6 balcoes de atendimento, nem sempre € possivel ter um

atendimento calmo e claro com o utente respeitando a sua privacidade.

Horario de funcionamento

Ora se um horario alargado permite atrair mais utentes as instalagoes, por outro lado
dificulta a gestao de horarios dos funcionarios. Apesar de ter tido flexibilidade no horario,
procurei sempre compatibiliza-los com as necessidades da equipa da FSC. Por vezes é notavel
o cansago dos trabalhadores, e a longo prazo isso pode refletir-se na qualidade das atividades

realizadas.
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Preparacao de manipulados

Na FSC a preparagao de manipulados é reduzida, uma vez que, atualmente, estes sao
adquiridos a farmacias que se dedicam especificamente a este tipo de preparagdes — uma vez
que a sua procura é cada vez mais residual e nao é vantajoso em termos econémicos para a
farmacia ter sempre a matéria-prima disponivel. Durante o meu estagio tive a oportunidade
de participar na realizagdo de 2 manipulados; no entanto, tinham a mesma formulagao, e

gostaria de ter tido uma experiéncia mais ampla nesse sentido.

2.3 Oportunidades

Atendimento e contacto com utentes

Os utentes nao todos iguais. Inicialmente a relagao com o utente foi muito superficial,
uma vez que ainda nao dominava o software de atendimento nem os processos de dispensa de
medicamentos. A medida que fui realizando atendimentos e que o contacto com os utentes ia
aumentando, ja ia sendo capaz de fazer um atendimento mais personalizado considerando o
tipo de utente, as suas necessidades, crengas e convicgoes; e posteriormente incluindo os

objetivos comerciais da farmacia.

Desenvolvimento de competéncias

A equipa da FSC foi o fator que determinou a minha envolvéncia durante o periodo de
estagio. Varias competéncias foram melhoradas tais como trabalho e espirito de equipa, dando
principal destaque a comunicagao e gestao emocional. O primeiro porque durante o
atendimento, o discurso tinha de ser adaptado ao utente que tinhamos connosco — e muitas
das vezes a informacgao e problemas complexos tinham de ser decompostos para se tornarem
de mais simples compreensao para o utente; e o segundo porque existem utentes que por
vezes nao tém a melhor abordagem para connosco — o que significa que temos de controlar

as nossas emogoes, manter a postura e a serenidade durante o atendimento.

Dispensa de medicamentos hospitalares

Desde 7 de abril de 2020, devido a pandemia de SARS-CoV-2, o governo permitiu
dispensar em ambulatérios medicamentos que outrora eram de dispensa exclusiva nos
servigos farmacéuticos hospitalares. Este servico permite melhorar a acessibilidade dos
medicamentos aos utentes, e permitiu ter contacto com medicagao que, anteriormente, era

apenas de dispensa exclusiva hospitalar.
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Horario noturno

Todos os dias da semana existem duas farmacias de servico noturno. O escalonamento
anual das farmacias de servigo encontra-se no website da Associagao Regional de Saude (ARS)
Centro. Durante o meu estagio tive oportunidade realizar algumas vezes o horario noturno.
A grande maioria dos casos nesse periodo eram de utentes que vinham do servico de urgéncias

do Centro Hospitalar e Universitario de Coimbra (CHUC).

2.4 Ameacas

A desvalorizacao do farmacéutico

Uma questao que, a meu ver, nao € recente. Apdés o primeiro impacto com
determinados utentes, é possivel percecionar a desvalorizagao e o pouco reconhecimento do
papel do farmacéutico durante o atendimento. E complicado encontrar uma relagio entre
estas situagoes e o tipo de utentes. Contudo, é frequente acontecer com utentes que dizem
estar com pressa e/ou quando ja fazem a mesma medicagao ha muitos anos, e com utentes

que de alguma forma estao envolvidos em ambientes relacionados com saude.

A desvalorizacdo do estagiario

Se por um lado o farmacéutico ja sente dificuldades em ser proativo e reconhecido
durante o atendimento com determinados utentes; por outro lado temos a falta de confianga
depositada pelos utentes nos estagiarios. Muitas das vezes fui confrontado com utentes que
duvidavam dos medicamentos dispensados face a prescrigao que traziam — mesmo cedendo
aqueles que tinham levado anteriormente. Para além disso, destaco ainda a recusa por parte
de alguns utentes em serem atendidos por estagiarios ouvindo algumas expressoes, por vezes,

menos agradaveis.

Os medicamentos genéricos

Algo que nem sempre é facil de explicar. Ainda é notorio o desconhecimento por parte
da populagao em saber o que é ao certo um medicamento genérico. A maioria tem a percegao
que o medicamento genérico é a “marca branca” ou “o medicamento igual, mas mais fraco”.
Destaco em particular uma situagio que ocorreu com o medicamento Zarator® que esteve
esgotado durante quase todo o meu periodo de estagio, e houve utentes que preferiam nao

levar medicamento genérico mesmo sabendo que iam ficar sem medicagao.
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Concorréncia e locais de venda de medicamentos nao sujeitos a receita

médica (MNSRM)

Podemos considerar 3 farmacias concorrentes a FSC: a Farmacia Donato, a Farmacia
do Férum e a Farmacia da Guarda Inglesa. Durante o atendimento com alguns utentes,
ouvimos comparagoes entre a FSC e as restantes — muitas delas sem fundamento e outras que
percebemos de imediato que nao sao verdade. Deste modo, a FSC teve de adotar estratégias
de forma a atrair novos clientes — sobretudo em determinados nichos — mas também para os
fidelizar — através de cartoes de fidelizacao. Considerando os locais de venda de MNSRM, a
maior ameaga é o facto de praticarem pregos altamente competitivos e que por vezes as
farmacias nao conseguem responder da melhor forma. Isto pode levar a perda de utentes no
que diz respeito a aquisicao desses medicamentos e outros produtos de venda livre, e por
outro lado aumenta a probabilidade de ocorrer interagoes medicamentosas que o utente pode

associar a efeitos secundarios da medicagao que comprou na farmacia.

Medicamentos esgotados

Infelizmente, os utentes associam a escassez de medicamentos a falta de empenho que
a farmacia tem em satisfazer as suas necessidades. No entanto, nada disso depende dos
profissionais que la trabalham, mas sim de motivos alheios. Esta situagao nem sempre é facil
de explicar a maioria dos utentes, levando por vezes a perder uma potencial venda. Estas
. ~ . . ® ®
situagoes foram particularmente frequentes com os medicamentos Zarator® Trental® e

Ozempic®.
Local de saude ou superficie comercial?

Na teoria as farmacias sao locais de saide e sao na grande maioria das vezes o primeiro
sitio onde os utentes se deslocam antes de irem ao médico ou urgéncias. Por isso, devemos
sempre dar a melhor resposta possivel aos utentes considerando sempre as suas necessidades,
dai tentar-se instituir sempre um atendimento personalizado — que as vezes é time consuming.
No entanto, a faturagao de uma farmacia depende essencialmente de vendas. Ou seja, quanto
mais tempo investirmos num atendimento, menor sera o nimero de vendas num determinado
periodo. Isto leva-nos a refletir acerca do modus operandi do farmacéutico comunitario.
Considerando uma farmacia com uma um numero consideravel de utentes a aguardar pela sua
vez: se por um lado eu devo ter um atendimento focado no utente; por outro tenho de pensar
que existem utentes que podem cansar-se de aguardar e assim perder potenciais vendas,

acabando por nao lhes suprimir as necessidades.
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3. Casos Clinicos

Caso Clinico |

Uma senhora dirigiu-se a farmacia queixando-se que desde sempre sentiu sensagao de
pernas cansadas e inchadas, mas que ultimamente devido ao calor nao consegue suportar. A
senhora fez questao de mostrar as pernas e verificou-se que o edema era evidente e nao havia
sinais de trombos nem de vermelhidao consideravel. De seguida decidi questiona-la para tentar
contextualizar a situagao: disse ser cabeleireira desde sempre, nao faz nenhuma medicagao
para além da contracegao oral, tem alguma dificuldade em beber agua e nao pratica atividade
fisica.

Avaliando a situagio, recomendei a senhora a toma diaria de Daflon® 1000 mg e a
aplicagao de Allestax® Gel 2 vezes por dia massajando de baixo para cima. O Daflon® 1000 mg
pertence ao grupo de venotonicos naturais, mais concretamente a Fragao Flavonoica Purificada
Micronizada. Atuam a nivel da macro- e micro- circulagao e exerce efeito a nivel do tonus
venoso, na permeabilidade capilar e no sistema linfatico [2]. O facto de ser micronizado
promove uma melhor absorgio intestinal e consequente um melhor efeito. O Allestax® é um
gel a base de extrato de Folha de Videira Vermelha e contém o6leo de hortela-pimenta e mentol
e promove uma sensagao refrescante [3]. Aconselhei ainda para fazer pequenas caminhadas
diariamente para promover a circulagao linfatica, para se deitar com as pernas levantadas, e
para utilizar meias de descanso durante o trabalho.

A senhora optou por levar apenas o Daflon® 1000 mg porque ja tinha em casa um gel
refrescante que utilizava pontualmente, e que ia seguir as recomendagdes nao farmacologicas
relativamente a caminhada e ao deitar com as pernas levantadas. Na semana seguinte, a mesma
senhora voltou a farmacia a dizer que sentiu algumas melhoras e que agora queria levar o

Allestax® Gel porque o gel que tinha em casa acabou e também as meias de descanso.
Caso Clinico Il

Um jovem adulto com nao mais de 30 anos deslocou-se a farmacia porque sentia dores
musculares nas pernas e queria algo que o ajudasse uma vez que essas dores o incomodavam
no seu dia-a-dia. Questionei-lhe acerca da duragao das dores ao que me respondeu que tinham
comegado no dia anterior porque tinha ido jogar futebol com os amigos (que era habitual irem
2 vezes por semana) mas que se esfor¢ou um bocado mais que o normal. Para além disso ainda
mencionou que praticava ginasio 3 vezes por semana. Perguntei se era a primeira vez que esta
situagao acontecia e se tomava alguma medicagao ou suplementagao, ao que me respondeu

“nao” as questoes.
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A situagao relatada pareceu associada ao esforgo muscular. Recomendei-lhe a toma de
Magnesium-K Active® uma vez que o seu estilo de vida surge associado a atividade fisica intensa
e € normal haver necessidades aumentadas de micronutrientes que se nao forem
correspondidas podem comprometer o processo de recuperagdao muscular [4]. Contudo,
salientei que seria normal continuar com dores apods as primeiras tomas. Recomendei ainda a
pratica de uma alimentagao saudavel que correspondesse as suas exigéncias, e ter bons habitos

de sono.
Caso Clinico 11l

Uma jovem utente apresentou-se na farmacia num estado muito nervoso e inseguro.
Diz sentir comichao nas suas zonas intimas e alguma dor quando urina, mas nao sempre.
Questionei-lhe de seguida se tinha algum corrimento anormal, se havia sinais de “vermelhidao”
e algum odor desagradavel incomum. Respondeu-me, respetivamente, que tinha um
corrimento branco “meio pastoso”; tinha alguma vermelhidao, mas nao sabia se isso seria de
se cogar muito porque parecia uma queimadura; e que em termos de odor estava normal.
Reunindo toda esta informagao — comichao, vermelhidao, corrimento branco e espesso,
sensagao de queimadura, e alguma dor ao urinar — temos um quadro semelhante a uma
candidiase vaginal [5].

Ao transmitir esta informagao a jovem, ela disse-me que de facto ja teve uma candidiase
“ha uns tempos” e que tinha levado uns comprimidos vaginais, mas tinha consciéncia que houve
dias que nao os aplicava. Deste modo recomendei-lhe Gino-Canesten® | cdpsula mole vaginal.
Expliquei-lhe que é um tratamento de aplicagao Unica e que dentro de 2-3 dias ja haveria
melhoria significativa dos sintomas [6].

De seguida, a utente questionou-me se a candidiase era transmissivel para o homem
ou se era apenas entre mulheres. Respondi que também é possivel os homens contrairem
candidiase apesar de ser menos comum e de poderem sentir alguns sintomas semelhantes. A
jovem perguntou o que podia levar para o namorado uma vez que teve relagoes sexuais
desprotegidas com ele nos ultimos dias. Aconselhei entao a aplicagao 2-3x por semana de
Gino-Canesten® creme durante duas semanas [7].

Por fim, alertei para evitarem relagoes sexuais e alimentos agucarados durante o
periodo de tratamento, e em particular para a utente, aplicar a capsula quando se for deitar o
mais profundo possivel e utilizar alguma protegao adicional para evitar sujar com eventuais

derrames de produto.
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Caso Clinico IV
Um utente chegou a farmacia com alguma pressa dizendo que pretendia uns

comprimidos para dormir iguais aos que um amigo costuma levar. Apos terminar de falar,
colocou parte da cartonagem em cima do balcao; e correspondia ao oxazepam |5 mg.
Expliquei ao senhor de forma muito sucinta que nao lhe podia dispensar aquele medicamento
porque era um MSRM, e o facto do amigo os utilizar nao significa que sejam (a melhor solugao)
para adormecer e melhorar a qualidade do sono.

O senhor ficou desapontado com a resposta e disse que ja tinha experimentado “muita
coisa” natural para dormir e nada funcionava; e que por vezes tinha de ligar a televisao a meio
da noite para ver se lhe “dava o sono”. Em desespero por ter compreendido que nao iria
dispensar o medicamento solicitado, acrescentou ainda que ia de viagem e tem dificuldades
em adormecer fora de casa.

Ouvindo estas ultimas informagoes supos que se tratasse de um caso de insonia pontual
devido ao nervosismo associado ao facto de saber que ia dormir fora de casa. Decidi entao
questiona-lo acerca disso, a0 que me respondeu “seria bem possivel porque ia sozinho e nao
estava a conseguir concentrar-se nas suas tarefas didrias”. Decidi entao sugerir-lhe a toma
3x/dia de Valdispertstress® que contém 200 mg de extrato de raiz de valeriana e 68 mg de
extrato de estrobilo de lUpulo. Estas substancia ja foram sujeitas a estudos e demonstraram
evidéncia na melhoria de sintomas associados a ansiedade e stress [8,9]. Indiquei-lhe também
a toma de Dormidina® 25 mg, que é constituido por succinato de doxilamina, um anti-
histaminico de primeira geragao com elevada capacidade sedativa utilizado no tratamento a
curto prazo da insénia [10,11].

Por fim referi a importancia da higiene do sono e que existem determinados
comportamentos que deviamos adotar e outros que deviamos evitar — de forma gradual —
para melhorar a qualidade do sono: estabelecer um horario regular de deitar e acordar, evitar
dispositivos eletronicos que imitam luz azul | h antes de deitar, nao consumir substancias
estimulantes tais como alimento agucarados e café nas 6 h antes de se deitar e criar um “ritual”

que pudesse relacionar o momento antes de deitar [12].
Caso Clinico V

Uma utente veio a farmacia com uma prescricio médica para comprar a sua
[ H ~ . ” H 4 . . . . ~ ~
medicac¢ao habitual” e queixa-se de que na ultima semana tem sentido muita comichao e nao
sabe porqué porque nunca teve alergias nem rinites. Disse que a sua medicagao era toda igual
. . ® \ . N .
exceto o Eliquis® 2,5 mg que estava a fazer a pouco mais de um més. Questionou-me se o

problema estava associado a este nhovo medicamento porque nota que pouco depois de o
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tomar fica com comichao; no entanto, nas primeiras semanas de tratamento nunca sentiu nada
disso.

A utente em questao era polimedicada e incluiam-se no seu plano terapéutico, para
além do Eliquis® 2,5 mg medicamentos anti hipertensores, antidiabéticos, e moléculas com
atividade no sistema nervoso central. Salientando o facto de que foi apenas apos inserir o
Eliquis® 2,5 mg no seu plano terapéutico que comegou a sentir a comichio, procurei
informagao no resumo das caracteristicas do medicamento (RCM) e de facto a comichao é
um efeito secundario pouco frequente (afeta cerca de | em cada 100 pessoas) [13,14].

Expliquei a situagao a utente, dizendo que a melhor solugao seria falar com a sua médica
de modo a adaptarem uma estratégia segura e eficaz que permitisse reduzir a comichao. Na
semana seguinte, a utente surge novamente na farmacia com uma nova prescri¢ao que tinha
loratadina 10 mg [I5]. A médica considerou que a comichao seria de facto um efeito
secundario do medicamento. A posologia indicava tomar a loratadina 10 mg 2x/dia apds cada

toma de Eliquis® 2,5 mg.

4, Conclusao

O estagio na FSC foi o culminar de cinco intensos anos de formagao teorica e pratica
proporcionada pelo MICF. Durante o periodo de estagio tive oportunidade de colocar os
conhecimentos que fui adquirindo ao longo do curso, mas também de desenvolver outras
competéncias — nomeadamente a nivel pessoal — que permitem enriquecer a atividade
farmacéutica.

Considero que a experiéncia que tive na FSC enquanto estagiario foi indubitavelmente
enriquecedora, e permitiu-me ajustar a visao que tinha acerca do dia-a-dia da farmacia
comunitaria. Apesar do atendimento ser a atividade em que o farmacéutico mais se pode
destacar, existe um conjunto de outras tarefas de backoffice que devem ser harmoniosamente
organizadas e realizadas para nao comprometer a fluidez do trabalho dos outros profissionais.
Estes aspetos apenas sao percebidos quando se chega ao terreno, uma vez que a realidade de
trabalho em nada se assemelha a realidade académica.

Também foi percetivel ao longo do estagio a dicotomia do papel que o farmacéutico
assume relativamente a promogao da saude: se por um lado somos o primeiro profissional de
salde que o utente procura antes de se deslocar aos centros de salde e urgéncias; por outro
somos encarados como “alguém que esta a tentar vender”. A realidade é que o farmacéutico
comunitario tem de saber desempenhar os dois papeis: € verdade que devemos defender
sempre os interesses do utente [|]; mas também é verdade que grande parte da faturagao da
farmacia depende de vendas, e se nao considerarmos os objetivos econdmicos e comerciais
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da farmacia corre-se o risco de alterar o equilibrio e a sustentabilidade do negocio. Esta udltima
visao nao é devidamente proporcionada pelo MICF.

Em suma, quero agradecer novamente a equipa da FSC pela experiéncia de estagio que
me proporcionaram. A integragao na equipa foi sem ddvida uma mais-valia para o
desenvolvimento de competéncias. Esta experiéncia permitiu-me explorar aquela que ¢ saida
profissional que mais farmacéuticos emprega, e perceber a importancia que este profissional
assume na comunidade. Foi um desafio que me obrigou a sair da zona de conforto e que me

deu ferramentas para mais tarde entrar no mercado de trabalho.
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ABSTRACT

Subcutaneous physiology is distinct from other parenteral routes that benefit the
administration of prolonged-release formulations. A prolonged-release effect is particularly
convenient for treating chronic diseases because it is associated with complex and often
prolonged posologies. Therefore, drug-delivery systems focused on nanotechnology are
proposed as alternatives that can overcome the limitations of current therapeutic regimens
and improve therapeutic efficacy.

This review presents an updated systematization of nanosystems, focusing on their
applications in highly prevalent chronic diseases. Subcutaneous-delivered nanosystem-based
therapies comprehensively summarize nanosystems, drugs, and diseases and their advantages,
limitations, and strategies to increase their translation into clinical applications. An outline of
the potential contribution of quality-by-design (QbD) and artificial intelligence (Al) to the
pharmaceutical development of nanosystems is presented.

Although recent academic research and development (R&D) advances in the
subcutaneous delivery of nanosystems have exhibited promising results, pharmaceutical
industries and regulatory agencies need to catch up. The lack of standardized methodologies
for analyzing in vitro data from nanosystems for subcutaneous administration and subsequent
in vivo correlation limits their access to clinical trials. There is an urgent need for regulatory
agencies to develop methods that faithfully mimic subcutaneous administration and specific

guidelines for evaluating nanosystems.

KEYWORDS: chronic disease; nanoparticle; nanosystem; prolonged release; subcutaneous

route.
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RESUMO

A fisiologia do tecido subcutaneo ¢é distinta de outras vias parentéricas que beneficiam
da administragao de formulagoes de libertagao prolongada. Um efeito de libertagao prolongada
é particularmente conveniente para o tratamento de doengas cronicas uma vez que surgem
associadas a posologias complexas e frequentemente prolongadas. Assim, sistemas de
administracao de medicamentos de base nanotecnoldgica sao propostos como alternativas
que podem superar as limitagoes dos tratamentos atuais e melhorar a eficacia terapéutica.

Este trabalho apresenta uma sistematizagao atualizada dos nanossistemas, focando as
suas aplicagoes em doengas cronicas altamente prevalentes. As terapias baseadas em
nanossistemas subcutaneos resumem de forma detalhada os nanossistemas, firmacos e
doengas e as suas vantagens, limitagoes, e estratégias para aumentar a sua translagao para
aplicagdes clinicas. E também apresentada uma parte dedicada a potencial contribuicio Quality-
by-Design (QbD) e da inteligéncia artificial (IA) para o desenvolvimento farmacéutico de
nanossistemas.

Embora os avangos recentes na investigacao e desenvolvimento académico (I&D) na
entrega subcutinea de nanossistemas tenham apresentado resultados promissores, as
industrias farmacéuticas e as agéncias reguladoras nao acompanham o ritmo. A falta de
metodologias padronizadas para analise de dados in vitro de nanossistemas para administragao
subcutdnea e subsequente correlagao in vivo limita o seu acesso a ensaios clinicos. Ha uma
necessidade urgente de as agéncias reguladoras desenvolverem métodos que representem
fielmente a administragao subcutinea e também guidelines especificas para avaliar os

nanossistemas.

PALAVRAS-CHAVE: doengas cronicas; libertagao prolongada; nanoparticulas;

nanossistemas; via subcutanea.
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I. Introduction

The parenteral route of administration can be subdivided into three primary modalities:
intramuscular (IM), intravenous (IV), and subcutaneous (SC), and is the most commonly used
route for drugs when per os administration is not available. This route of administration has
many advantages, including first-pass metabolism effect avoidance, high bioavailability, and
reliable pharmaceutical dosage forms [I]. It can be the preferred route in emergencies or for
noncooperative patients; however, not all parenteral routes provide the same onset of action,
as the |V route provides direct access to the systemic circulation. In contrast, the IM and SC
routes can promote slow drug release based on their anatomy and physiology [I].
Nevertheless, as SC tissue has fewer blood vessels than muscle tissue compared with the IM
route, it can provide a better prolonged effect on drug release [2].

Given its characteristics, such as the convenience of administration [3], generally
slower absorption profile [2], and lower immunogenicity after administration [4], interest in
the SC route has been growing in recent years. Table | shows the increasing number of
formulations approved by the Food and Drug Administration (FDA) for the SC route in the
last 6 years, with 2021 being the year with the highest approval. However, these formulations
have focused on high-molecular-weight drugs, such as semaglutide and dasiglucagon, and
biotechnology-based drugs, such as monoclonal antibodies.

Nanotechnology has emerged as a potential solution to overcome the limitations of
conventional drug-delivery systems, such as immediate drug release, poor therapeutic target
efficacy, and unfavorable posology often associated with frequent drug administration [5]. In
1995, the FDA approved Doxil® the first nanomedicine used for treating AIDS-related
Kaposi's sarcoma. Since then, many others have been approved by the FDA and European
Medicines Agency (EMA) (Table 2). However, the rhythm of the approval of nanosystem-based
medicines by regulatory authorities has not followed great research and development (R&D)
advances, and many do not even reach clinical trials. Therefore, there is a need to identify and
characterize major barriers that may compromise the success of nanosystem-based medicine
development. The idea of combining nanosystem-based medicines with prolonged-release
properties has emerged to develop delivery systems with improved bioavailability and safety
profiles [6]. Although prolonged-release nanosystems have been studied extensively, there are
still gaps in the literature regarding their application in drug delivery via the SC route.

The relationship between nanotechnology and SC administration may play a

fundamental role in developing therapeutic options for diseases that already benefit from
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prolonged-release systems. Knowing that a prolonged release of drugs potentially reduces the
number of administrations and systemic toxicity and improves pharmacokinetic parameters
and patient compliance [7], this relationship can be an asset in improving the quality of the
treatment of chronic diseases such as cancer and diabetes.

This review presents an updated summary of recent advances in parenteral-delivered
nanotechnology-based approaches, focusing on the SC route. A comprehensive description of
the SC route and the input of nanotechnology to improve the prolonged-release effect of
drugs within the scope of chronic disease treatment are provided. Finally, the opportunities
and challenges of nanotechnology-based medicines in drug delivery via the SC route are

discussed with the trends and perspectives in this highly competitive field.

2. Characterization of the SC tissue and absorption
pathways

The SC tissue or hypodermis, the deepest layer of skin, comprises adipocytes,
fibroblasts, connective tissue, blood, lymphatic vessels, and macrophages, among other
constituents. The aim is to deliver the drug into the interstitial space so it is essential to
understand the physiology of the hypodermis and how its components affect drug absorption
[12]. In studies involving the SC route of drug administration, concepts such as absorption,
uptake, and dispersal are used interchangeably, which can sometimes lead to difficulties in
comprehension. To facilitate the understanding of the manuscript, we proposed a definition
of these concepts. Dispersal refers to the movement of the injected formulation within the
hypodermis. Absorption is the transport of a drug from SC tissue to blood capillaries and/or
lymphatic capillaries. Uptake is the ability of cells to capture material (nanosystem and/or drug)
drugs into their interior. However, uptake may not be the most accurate term. Considering
the blood capillaries, there may be entry by diffusion. In tight-junctions lacking lymphatic
vessels, entry may occur by convection [4; 12]. For uniformity, the term uptake will be used
in this manuscript to describe transport into the blood capillaries or lymphatic vessels,
regardless of the underlying mechanism. Figure | illustrates the hypodermal physiology and
drug absorption pathways following SC administration by the SC route.

White adipose tissue is most commonly found in the hypodermis; its functions include
energy storage, heat insulation, and mechanical protection [I3]. Fibroblasts are responsible
for glycosaminoglycan production, such as hyaluronic acid and chondroitin sulfate; structural
proteins, such as collagen and elastin; and adhesive proteins, such as laminin and fibronectin
[14]. The network released by fibroblasts forms the extracellular matrix (ECM), the first

biological barrier to drug absorption upon SC injection.
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Hyaluronic acid and chondroitin sulfate are the most abundant glycosaminoglycans in the ECM,
and they are negatively charged under physiological conditions, which dictate ECM charge and
interstitial fluid volume [4].

Therefore, negatively charged drugs are absorbed more rapidly than positively charged
drugs once they do not interact with the ECM due to charge repulsion. Concerning interstitial
fluid volume, ECM limits volume injection to 2 mL; therefore, higher volumes are likely to
induce pain in patients [I5]. Interstitial fluid is also a barrier to drug transport, as 50% of its
constitution comprises protein content, including proteases that contribute to SC catabolic
activity, which may lead to incomplete drug bioavailability [16].

Among several physicochemical properties of drugs influencing pathways after their
dispersal, molecular weight plays a major role, as shown in Figure I. Drugs with molecular
weights less than | kDa are mainly uptake through blood capillary diffusion, while drugs greater
than 16 kDa are primarily uptake through lymphatic vessels [17]. When drugs are between |-
|6 kDa, they can be absorbed in both pathways [4]. It should be noted that by the lymphatic
route, drugs undergo several lymph nodes that precede their arrival in the thoracic lymphatic
duct or another duct that drains into the systemic circulation. On this path, there is contact
with professional antigen-presenting cells (APC) that may negatively affect the entry of a drug
into the bloodstream [12]. Despite being the molecular weight that assumes which absorption
pathway to take, other factors influence bioavailability [4]. These factors may be patient-
related (internal factors) or formulation-related (external factors). The relevance of patient-
related factors to drug bioavailability is beyond the scope of this review, but excellent reviews
have been published on this topic [4,12,18].

Formulation-related factors can be subdivided into drug properties and administrative
strategies. Relative to drug properties, molecular weight and charge play significant roles in
the absorption pathway. One study evaluated the absorption velocity between an anionic and
a neutrally charged dextran, concluding that the anionic molecule moved at a higher rate
through the interstitial fluid than the neutral one, suggesting that electrostatic repulsion
reduces the interaction between the molecule and the ECM [19]. Regarding the administration
strategy, parameters such as the injection site, needle length, and temperature must be
addressed [20].

There has been progress in regard of knowledge of transport and uptake of
nanosystems administered via the SC route. Rapamycin polymersomes measuring 100 nm
drain into the lymph nodes, where their uptake takes place by APC [21]. Since the size range
of nanosystems required for targeting lymphatics has been established to be between 10 and

250 nm [22], depending on the nanosystem composition, several studies have focused on
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understanding the surface chemistry properties required for lymphatic targeting. Once in the
ECM, the nanosystem might interact with cells, blood capillaries and lymphatic vessels. More
research is needed to establish the influence of nanosystems on the flow of blood and
lymphatic circulation. This is especially relevant to consider in the bifurcations and networks
of the capillaries and tissues. Because not all nanosystems are spherical, it is a priority to
determine and understand their flow, deposition patterns, and aggregation potential. Shape of
nanosystems is an important consideration and can influence the extent of cellular uptake,

circulatory system and body distribution [23].

3. Comparison between intravenous and subcutaneous
routes

In the parenteral administration of drugs, three main routes can be defined: SC, IV, and
IM. The rationale for choosing an administration route is hampered by factors related to the
patient, desired effect after administration, and formulation [2]. The IV route allows direct
drug delivery into the bloodstream, thus allowing fast drug action if needed. However, the
rapid onset of drug concentration in the blood leads to higher C,,, values and increases the
risk of side effects [24]. Furthermore, the IV route requires more steps before administration
and involves more human resources, which translates into higher costs for the patient and
healthcare system [3]. Furthermore, the SC route can provide access to APC, among which
dendritic cells can elicit tolerogenic responses upon modulation by drugs such as rapamycin
[25].

The SC route is most commonly used by patients with diabetes mellitus, multiple
sclerosis, primary immunodeficiency, and rheumatic arthritis, as there is no need for assistance
from hospital professionals. However, cancer patients still require hospital admissions, as most
anticancer drugs are delivered via the |V route. Table 2 shows the list of approved drugs. Most
clinically approved nanosystem-based medicines for cancer therapy and diagnostics are
delivered intravenously. In contrast, SC administration-approved drugs seek the treatment of
lower-prevalence diseases, such as multiple sclerosis, hepatitis C, and acromegaly. Contrary
to the IV route, the SC route under comparative conditions generally allows for a slower
increase in C,, after injection, which means a lower risk of side effects associated with plasma
drug exposure [26,27].

Despite the lower administration time and hospital professionals' assistance, the
number of administrations may increase with SC injections compared to |V injections. This

difference is mainly due to the formulation challenges in SC formulations. While IV
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administration uses formulations with considerable volume, in the SC route, there is a volume
restriction to avoid pain to the patient [28,29] while reacquiring an increase in drug
concentration in the formulations. Therefore, a higher drug concentration is expected to lead
to high viscosity, which can impact the formulation flow through the needle, among other
constraints [30]. Among the several strategies developed to overcome this volume restriction,
recombinant human hyaluronidase PH20 (rHuPH20) has been used to degrade hyaluronic acid.
Currently, rHuPH20 is used as an absorption enhancer in drugs used to treat breast cancer
under the marketed name Herceptin® SC, [31] and in patients with primary immunodeficiency
under the marketed name Hyqvia® [32]. Enhanze® is a drug-delivery technology that allows
administration volumes greater than 2 mL and promotes proper formulation flow and
dispersion through the ECM with enhanced bioavailability [33].

However, a problem common to both routes of administration is the mononuclear
phagocytic system, being predominant in the liver and the lymph nodes for the IV and SC
routes, respectively. One study has already considered temporary inhibition of the
mononuclear phagocytic system to decrease nanosystem clearance and improve efficacy and
the results revealed serum levels of the nanosystem by the SC route similar to IV
administration [34]. Despite the success of some SC prolonged drug-release systems, their
interaction with surrounding tissues remains a major challenge if therapeutic efficacy is to be
achieved [35]. Reducing host recognition and aggression (minimizing foreign body response
(FBR)) cannot be neglected when developing a drug-delivery system delivered by the SC route,
[36] and several approaches have been used to improve performance while minimizing FBR.
A recent study discussed the possibility of a scaffold in a physiological oxidative environment
with appropriate surface tension variation simultaneously releasing the nanosystem and
degrading [37]. However, this topic is beyond the scope of this review, as previously described

[38].

4. Application of nanotechnology-based controlled release
systems by subcutaneous route

Nanotechnology-based drug-delivery systems are a relatively recent but rapidly
developing science. Nanotechnology has a high drug-carrying capacity, therapeutic targeting

efficacy, and pharmacokinetic and pharmacodynamic performance [39].
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Among the nanosystem-based medicines approved by the FDA, lipid-based
nanosystems stand out, as shown in Table 2. Their success is due to their biocompatibility,
bioavailability, self-assembly, formulation simplicity, and high payload properties [40].
Liposomes are a subgroup of lipid-based nanosystems that are highly utilized because of their
ability to form phospholipid uni- or multilamellar lipid bilayer structures, which incorporate
both hydrophobic (in a lipidic bilayer) and hydrophilic (in their core) drugs. However, they are
easily taken up by the smooth endoplasmic reticulum and usually require further surface
modifications to improve their circulation time [41]. Solid lipid nanoparticles are another
subgroup of lipid-based nanosystems that differ from liposomes in structure and morphology
[42]. Because they are mainly used to deliver nucleic acids [43], their composition often
includes ionizable lipid complexes with negatively charged genetic material, phospholipids for
particle structure, cholesterol, and PEG to improve stability [44]. Upon complexation with
cationic lipids, nucleic acids can improve their endosomal escape, thus increasing their
residence time in the blood. However, these systems also possess low drug-loading capacity

and biodistribution owing to uptake by the liver and spleen [9,43].

Lipossome
y ‘& S/\ mRNA
h Histidylated linear polyethylenimine
Y cationic polymer
mRNA complexed with the cationic
polymer

Figure 2: Example of a lipid-based nanosystem.

The figure represents a lipid-based nanosystem consisting by a liposome loaded with a complex
resulting from the interaction between the negative charges of the mRNA and the positive charges of
the polymer. The figure was inspired by the original work "In Vivo bone tissue induction by freeze-dried
collagen-nanohydroxyapatite matrix loaded with BMP2/NSI mRNAs lipopolyplexes" by Pinpin Wang
et al. in which the nanosystem was used subcutaneously.

Created with BioRender.com
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Polymer-based nanosystems may have their origin in natural or synthetic polymers and
can be presented in different forms: nanocapsules (with a clear separation core-shell),
nanospheres (with a solid matrix), polymersomes (artificial vesicles whose membranes are
made of amphiphilic block copolymers), micelles (responsive block copolymers self-assemble
to form nanospheres), and dendrimers (hyperbranched polymers with a complex 3D
configuration) [9]. Polymer-based nanosystems' potential is based on their biocompatibility,
biodegradability, hydrophilicity, and stability upon storage. Drug release is controlled by
diffusion through a polymer matrix or degradation. Even the modulation of their properties
allows for better kinetics release control [45]. Furthermore, they can transport large amounts
of the drug — whether encapsulated in the core or entrapped in the matrix or even conjugated
with the polymer or on the surface — and their surface is easily modified, allowing for an
additional targeting property. The disadvantages associated with polymer-based nanosystems

are the increased risk of aggregation and the possibility of toxicity [9].

Positively charged N-trimethyl chitosan

Negatively charged poly(y-glutamic acid)

Ovalbumin

Figure 3: Example of a polymer based nanosystem.

The figure represents a polymer-based nanosystem as a result of the complexation between positively and
negatively charged N-trimethyl chitosan and poly(y-glutamic acid), respectively. The nanosystem carries
ovalbumin. The figure was inspired by the original work "Single-injecting, bioinspired nanocomposite
hydrogel that can recruit host immune cells in situ to elicit potent and long-lasting humoral immune
responses" by Chiranjeevi Korupalli et al. in which the nanosystem was used subcutaneously.

Created with BioRender.com
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Inorganic-based nanosystems are made of several materials, including calcium, gold,
iron, and silica. They have unique electrical, magnetic, physical, and optical properties. Calcium
phosphate and mesoporous silica nanosystems have been used mainly in genetic delivery [46].
Gold-based nanosystems, nanospheres, nanorods, nanostars, nanoshells, and nanocages [47],
have free electrons on their surface, giving them photothermal properties, beneficial for cancer
therapy [48]. Iron oxide is presented in most inorganic nanomedicines approved by the FDA.
Magnetite and maghemite are magnetic iron oxides commonly used in nanosystem-based
formulations due to their photothermal and superparamagnetic properties. They can also be
used as contrast agents or drug-delivery vehicles [49]. However, their utilization may be
compromised by their low solubility and toxicity properties, particularly in formulations with

heavy metals [6].

.. Au-Fe;0,4 nanoparticles

J Self assembly of polymer

+

Polyethylenimine

Ll

| Polyethylene glycol (PEG)

l Folate

; siRNA

Figure 4: Example of an inorganic based nanosystem.

The figure represents an inorganic-based nanosystem loaded with Au-Fe;O4 and small interfering RNA
(siRNA) nanoparticles through hydrophobic and electrostatic interactions, respectively. The figure was
inspired by the original work "Injectable and Quadruple-Functional Hydrogel as an Alternative to
Intravenous Delivery for Enhanced Tumor Targeting" by Zhi-Qiang Zhang et al. in which the nanosystem
was used subcutaneously.

Created with BioRender.com
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The classification of nanosystems could be smoother, making it difficult to classify them
based on their lipid, polymeric, or inorganic nature. Therefore, the nanosystems presented in
Table 3 are organized by the disease, proving that different nanosystems can be applied in
various clinical contexts, regardless of their specific characteristics. The following sections
present some of the most recently developed nanosystems under preclinical evaluation in high-

prevalence chronic diseases.

4.1 Bone diseases

Osteoporosis is a bone disease characterized by resorption by osteoclasts, which leads
to a progressive decline in bone mineral density, resulting in painful and severe fractures [75].
Besides bisphosphonates, other recommended therapies include recombinant human
parathyroid hormones such as salmon calcitonin (SCT) and teriparatide. SCT is a polypeptide
hormone with 32 amino acid residues capable of inhibiting bone reabsorption through
interaction with osteoclasts [76]. Currently, treatment with SCT is achieved by SC injection;
however, its short half-life of approximately | h leads to poor patient compliance [52]. The
self-assembled nanosystem, based on the interactions between SCT and dipeptide aspartate-
phenylalanine, continuously released 100% of SCT in vitro. Formulations containing other
dipeptides released no more than 80% of the SCT. In vivo studies revealed a continuous SCT
release and a decrease in calcium levels for over | month [52].

Teriparatide is another recombinant hormone with unique effects because osteoclast
inhibition promotes osteoblast stimulation in addition to osteoclast inhibition [77]. The
recommended treatment was based on daily SC injections daily for 2 years [78]. A
biodegradable polymeric nanosystem containing teriparatide was loaded into a hyaluronic
acid/jeffamine hydrogel to prepare a combination system for prolonged drug delivery. Despite
the burst release of 12% observed after the first 12 h, a prolonged-release pattern was

achieved for 50 d [51].
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4.2 Cancer

Taxols are chemotherapeutic and antimitotic agents used to treat cancer. Paclitaxel
(PTX) is characterized by poor water solubility, which can translate into formulation difficulties
and treatment efficacy levels [79,80]. Existing formulations are often associated with side
effects and inefficient drug delivery at the appropriate site [81]. Abraxane®, overcame the
hypersensitivity reactions of Taxol® the first PTX commercial formulation [82]. The
development of formulations containing chemotherapeutic agents for SC administration is
particularly challenging because most cytostatic agents are lipophilic. If they remain in the SC
tissue, they can lead to adverse effects, such as necrosis [83].

A nanosystem of PTX linked to the subcutaneously administered hydrophilic polymer
polyacrylamide showed a higher maximum tolerated dose of PTX than IV Taxol® with no
toxicity at the administration site [53]. PTX was detected in the blood for up to 6 d after
administration [53]. In terms of efficacy, the SC nanosystem was comparable to that of IV
Taxol ® at the same dosage. However, as the nanosystem had higher maximum tolerated dose
values, it was able to outperform Taxol® while maintaining a prolonged release [53].

Doxorubicin (DOX) belongs to the anthracycline family and is used to treat several
types of cancers [84]. Despite its efficacy, its long-term use is associated with severe side
effects, including cardiomyopathies [84]. Incorporating DOX into nanosystems decreases its
nonspecific distribution, thus reducing toxicity and improving its pharmacokinetic profile [85].
However, DOX contains large aromatic rings that confer hydrophobic properties [86], which
can lead to formulation challenges.

Polypyrrole polymer is used to develop DOX-loaded nanosystems because, in addition
to incorporating DOX and promoting pH-responsive drug release [27], it also converts near-
infrared light into heat energy [87]. A pH-responsive controlled drug release was observed,
revealing a cumulative DOX release of 42% in 24 h [27]. In vivo efficacy and safety revealed an
inhibition rate of almost 100% and less cardiotoxicity than free DOX [27].

Another strategy for sustaining DOX release is through a hydrophilic matrix [55,88].
The DOX-loaded hydrogel allowed prolonged release for one month in vitro. In vivo results
showed that DOX was detectable seven days after SC administration. In terms of efficacy,
compared with [V-free DOX, the nanosystem exhibited superior tumor growth inhibition and
prolonged survival rate with low systemic toxic effects [55].

Temperature-responsive and magnetic-responsive nanosystems are also used to
improve the efficiency of cancer treatment. Solid tumors’ leaky vasculature and defective

lymphatic drainage allow nanoparticles to migrate and accumulate in the tumor; however, it is
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not sufficient to target efficiently due to tumor heterogeneity [89]. A quadruple-functional
hydrogel developed to enhance tumor targeting was passively mediated by the EPR effect,
actively mediated by folate, and magnetically targeted by iron oxide and gold. The prolonged
release of siRNA and Au-Fe;O, depended on hydrogel dissolution at body temperature, where
Au-Fe;0;, release trended with hydrogel weight loss until 30 d and siRNA release until 18 d.
Prolonged targeting of gold to tumors enabled two cycles of photothermal therapy, resulting

in an enhanced silencing effect of siRNA and a considerable reduction in tumor volume [58].

4.3 Central nervous system disorders

Multiple sclerosis is an inflammatory and neurodegenerative central nervous system
disease with pathological features including demyelination, gliosis, and neuroaxonal injury [90].
Fingolimod is a sphingosine |-phosphate receptor modulator and was the first approved
medication to treat this disorder [91]. However, fingolimod is associated with some severe
concerns during clinical trials [92].

Poly(3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV) was utilized to encapsulate
fingolimod and then loaded into an oleic acid-grafted-aminated alginate matrix to minimize
nonspecific biodistribution [59]. The alginate matrix played a significant role in retaining the
nanosystem at the injection site, preventing phagocytosis, prolonging drug diffusion, reducing
side effects, and mitigating burst release [59]. Over 45% of fingolimod was released from the
nanosystem loaded in the alginate matrix within 28 d, whereas a 7-day 50% release from the
nanosystem alone was observed. In vivo efficacy was assessed by lymphocyte counting, which

showed excellent results for up to 6 weeks.

4.4 Diabetes Mellitus

Diabetes mellitus affects the ability of the body to process blood glucose levels [62].
There are several forms of diabetes mellitus [93]; however, in this review, only type | diabetes
(T1D) and type 2 diabetes (T2D) were considered. Regardless of the cause, the daily treatment
of diabetes to stabilize blood glucose levels (BGL) poses a challenge for patients with this
health problem. Diabetes is a long-term metabolic disorder, and its treatment lasts for the
rest of the patient's life after diagnosis [65]. Thus, developing novel strategies to improve
therapeutic efficiency and safety without compromising patient compliance is crucial.

TID patients need insulin for life and inject themselves several times a day. Currently,
T1D treatment focuses on providing insulin to lower the BGL to the near-normal physiological
range of approximately 80—140 mg/dL [62]. A possible alternative to daily and frequent insulin

administration is the encapsulation of pancreatic B-cells. A device capable of supplying
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encapsulated cells, such as pancreatic B-cells, with the nutrients needed for their survival,
would be a strategy to avoid immunosuppressive therapy and limit the effectiveness of
transplantation. To avoid nutrient deprivation, nonporous reservoirs of amino acids were
embedded in a nanoporous PEG-PLC device loaded with B-cells, in a study coordinated by
Chendke. Each amino acid was encapsulated in the device, and after 18 d, a prolonged release
was confirmed. The amino acid reservoirs provided greater than 80% viability of cells during
both short-term (24 and 48 h) and long-term (2 weeks) in vitro nutrient deprivation [61]. The
in vivo results also showed that the amino acid reservoirs of alanine and glutamine and graft
survival after 21 d were better than when they were separated and when the cell culture was
nutrient-depleted [61].

Another method to promote insulin delivery to the human body is based on hydrogel
composites. Chitosan-insulin electrosprayed nanospheres were included in a pH-temperature-
sensitive pentablock copolymer solution with in situ hydrogel properties [62]. After in vivo SC
administration, the nanosystem exhibited good biocompatibility and bioresorbable properties.
Two dosages of nanospheres were utilized, and both promoted prolonged-release effects. The
nanosystem containing insulin at 2.50 wt% and 3.75 wt% promoted steady BGL for over 48 h
and 60 h, respectively, showing a prolonged release over 2 d. Therefore, this strategy can
reduce the burden of conventional T1D therapy [62].

T2D patients are characterized by a lack of insulin release, insulin resistance, or
ineffective insulin production [64]. Pharmacological intervention with an oral antidiabetic agent
is the second step, after diet and exercise [65].

Exenatide (EX), a synthetic exendin-4, is a GLP-| agonist that is commonly used in T2D
treatment. It was the first incretin mimetic approved by the EMA and the FDA [94]. Marketed
formulations include SC twice daily (Byetta®) or once weekly (Bydureon®). Polymer-based
nanosystems are likely to enhance the efficacy and bioavailability of EX while reducing the
number of administrations.

PLGA microspheres containing EX-encapsulated lecithin nanoparticles were obtained
by the initial fabrication of EX-loaded lecithin nanoparticles via alcohol injection, followed by
encapsulation into PLGA microspheres. In vivo studies demonstrated a smooth plasma
concentration, suggesting that this PLGA-based nanosystem can provide prolonged drug
release with a reduced initial burst effect [64]. Although EX lowers the BGL, it is also used
because of its role in diabetic nephropathy. Therefore, in another study, EX was loaded into
a PEG block-brush polymer, and its role in drug delivery and nephropathy was assessed. In the
in vitro release study, almost 4/5 of the EX was released after 7 d by the nanosystem. In in vivo

experiments, the hypoglycemic action of the formulation following SC injection in diabetic
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mice lasted 7 d and significantly alleviated diabetic nephropathy. This nanosystem is a potential

EX nanocarrier with efficient encapsulation and prolonged-release effects [63].

Temperature-responsive poly(organophosphazene) hydrogels begin in situ gelification
in the human body and are characterized by their high efficiency and simplicity in protein
loading and administration, respectively [95]. Three polymers were synthesized: one not
conjugated and two conjugated to protamine at 1% and 2%, respectively. No burst release was
detected in either protamine group in vitro. Despite the prolonged release provided by both
protamine-conjugated systems, they performed better in vivo, improving bioavailability and
circulation time after 21 d. In addition, they also showed a significantly prolonged glucose-
lowering effect, where BGL returned to the original level at 14 d after a single SC injection

[65].

4.5. Immunological system: vaccination adjuvants and infections

Vaccination is a medical intervention aimed at promoting a robust and consistent
humoral immune response to infectious agents. However, additional booster immunization is
usually required to establish potent and long-lasting protective immunity [96,97], so it is
desirable to develop a system that allows for the continuous release of antigens and thus
improves immunological potency and memory [98]. Hydrogels and ovalbumin have been used
to assess the effect of prolonged release on the immune response. Hyaluronic acid hydrogel
loaded with an N-trimethyl chitosan nanosystem and carrying a model subunit vaccine,
ovalbumin, promoted an in vitro prolonged release of 40% for |4 d. In vivo results revealed
prolonged ovalbumin-specific humoral immune responses for at least |2 weeks. The
nanosystem-based formulation could be a single-injection platform for strengthening and
prolonging ovalbumin-specific humoral immune responses [66].

Human immunodeficiency virus (HIV) infection is a major concern worldwide.
Although several published studies have recently revealed the progress and new strategies for
treating HIV infection [99], there is still no effective strategy. The current treatment and
prevention therapy for acquired immunodeficiency syndrome (AIDS) is oral antiretroviral
therapy. Although this therapy improves patient survival and quality of life, it is expensive and
has a complex etiology and several side effects [100]. One of the most potent combinations
used in antiretroviral therapy is ritonavir and lopinavir, which are currently on the market
under the name Kaletra® but are characterized by gastrointestinal side effects, such as diarrhea,
nausea, and vomiting, which often occur.

Long-acting SC injections of ritonavir and lopinavir were developed based on their in

situ self-assembly ability. In vitro studies revealed that 60% of lopinavir and 40% of ritonavir
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were released after 14 d, and no burst release was observed. This nanosystem can be used to
improve patient adherence and therapeutic effectiveness, although toxicological studies still

need to be performed [69].

5. Regulatory challenges

Nanosystem-based medicines have complex and heterogeneous structures in which
each component has a particular function that needs to be characterized. Therefore, guidelines
and standardized concepts should emerge to speed up their development and subsequent
approval [101]. Nanomedicines still need to have harmonized guidelines that allow
standardized approval. The regulatory agencies, FDA and EMA, use a case-by-case approach
based on a traditional assessment of the benefit/risk ratio [102].

The first nanosystem-based medicines that hit the market were evaluated and approved
based on traditional benefit/risk principles. However, it is necessary to develop specific
guidelines for nanosystems because nanotechnology-based medicines are not medicines with
conventional formulations but on a smaller scale. Each nanosystem constituent performs a
particular function, and each property must be explicitly rationalized for its intended purpose.
A change at any stage of the manufacturing process can result in a generic nanosystem with
different characteristics (mean size, size distribution, surface properties, drug loading and
release profiles, aggregation status, and stability). This generic nanosystem may affect the
patient's health differently from the reference formulation. For example, iron nanoparticles
have been coated with carbohydrate polymers to develop parenterally administered iron
nanosystems. Different coatings and changes in the manufacturing process, while maintaining
the same core and coating, give rise to a formulation with other toxicological profiles [103].

The Federal Food, Drug, Cosmetic Act and Public Health Service Act regulate
pharmaceuticals at the FDA. The first covers the regulation of all chemical compounds and
devices, and the second covers biological derivatives. Nanosystems, as they do not fully fit into
one of these two categories, are categorized as complex formulations with multiple
components; therefore, they are combined products. A combination product is an association
between a drug and device, device and biological, drug and biological, or even the three.

At the EMA, nanosystems are classified based on their biological or non-biological
origins. For approval, a comparison with the reference formulation in terms of bioequivalence,
safety, quality, and efficacy is needed [104]. However, because the interplay between
nanosystem physicochemical characteristics and pharmacokinetic properties is not

understood, replacing traditional animal models with more adequate ones may allow
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extrapolation with greater certainty and safety. Nevertheless, the EMA has already published
several reflection papers to help the industry develop its nanosystems and expedite its market
entry [102]. Assessing the immunostimulatory profile of every nanosystem more precisely to
determine whether the loaded drug e plays a major role may avoid interference from
background immunostimulation due to the nanosystem. Unloaded blank PEG-polysulfide
nanosystems elicit low immunomodulatory activity [2]], whereas comparable PLGA
nanosystems [105] lead to alterations of immune cell populations and coreceptor expression
and changes in the inflammatory status.

An overall collaboration among several research teams working on the
characterization of materials from physicochemical and biological points of view regarding the
interactions of nanosystems with cells and biological surfaces is a step forward to advance the
knowledge from which we will benefit through guidance and guidelines that accompany the

state-of-the-art.

6. Contribution of QbD and Al

6.1 QbD approach

The potential of nanosystems to treat various pathologies has been extensively
investigated in recent decades. Nevertheless, their R&D achievements at the research level do
not translate into clinical applications. There are several reasons for their poor manufacturing
scalability and lack of regulatory harmonization [106].

Nanosystems can be complex formulations, and it is necessary to rationalize the entire
development to streamline the entire process from the R&D stage to the market. Several
parameters associated with their formulation and manufacturing are involved when quality,
efficacy, and safety are required to meet the requirements of nanosystem-based medicines.

A possible strategy to overcome these obstacles during the production of nanosystems
is the QbD approach. QbD improves the efficiency of the development of the nanosystem and
later of its manufacture, thus improving the reliability and reproducibility of manufacturing
processes, and consequently leading to a greater probability of acceptance by regulatory
authorities [107]. All concepts inherent to the QbD are included in the International
Committee on Harmonization (ICH) Q8 guidelines [108].

Each nanosystem has unique characteristics; therefore, its characterization must be
case-by-case. Nevertheless, the most common critical quality attributes (CQA) are related to
general nanosystem characterization assays, including particle size (PS) [106,109],

polydispersity index (PDI), morphology, surface properties, drug loading, encapsulation
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efficiency, drug release, and stability [ 10]. Several studies have addressed the pharmaceutical
development of nanosystem-based formulations using the QbD approach [|10]. However,
they should have targeted the SC route for the nanosystem as the target product profile.
Parenteral formulations are initially made available in liquid or powder form for IV
administration, ensuring a long shelf life to allow transport and storage.

Although many companies include experiments using the QbD approach, most adopt
one or more QbD elements to develop their formulations. Nevertheless, as mentioned above,
several publications have made QbD a successful concept in the development of nanosystem-
based formulations. The full QbD approach during the development of nanosystem-based
formulations in trends with other formulations must be described in regulatory dossiers.
Regarding the SC route, we will only consider the PS, PDI, zeta potential, and drug-release
mechanisms.

PS and PDI were the major factors to be considered. Size is one characteristic that
dictates the absorption pathway [4,27]. Besides absorption, PS is still related to clearance,
since when <5 nm, nanoparticles undergo renal clearance. At >150 nm, they accumulate in the
lungs, liver, and spleen [108]. The PDI is the value of the PS distribution. The lower the PDI
value, the more monodisperse is the nanosystem. Maintaining it at a low level is vital because
it avoids heterogeneities and hurdles in the bulk properties and stability [107]. For example, a
higher uptake is essential when studying in vitro and eventually for an in vitro/in vivo correlation.
PDI within a certain range and under control is a significant step when the safety and efficacy
of the nanosystem is a major issue [I | 1-113].

Zeta potential is the electric charge on the surface of the nanosystem. Knowing that
the cell membrane has a negative charge, nanosystem-based formulations with a positive zeta
potential may allow better uptake owing to electrostatic interactions. However, the clearance
of positively charged nanosystems is faster because mononuclear phagocyte system cells are
negatively charged [I14]. Even the ECM in SC tissue is negatively charged, which means
negatively charged formulations cross the ECM more easily due to electrostatic repulsion and
are more rapidly absorbed. In addition to influencing the interaction with biological tissues,
the zeta potential also affects the stability of the nanosystem because it reflects the
electrostatic repulsive forces between particles [| 15]. The surface charge can be changed by
functionalization. As nanosystem functionalization can improve bioavailability and circulation
time, the route of administration and intended therapeutic target should be included in QTPP
[110].

The drug-release mechanism varies depending on the nature of the nanosystem

(polymeric or lipid) and its state (encapsulated and dispersed in a matrix). Drug release must
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occur to have a proper therapeutic effect and avoid toxicity [53,110]. Drug loading and

encapsulation efficiency are crucial parameters that affect drug-release profiles [1 16].
Although some publications are related to the development of nanosystems for

parenteral administration through a QbD approach, studies addressing their administration

specifically for the SC route still need to be made available.

6.2 Al approach

Artificial intelligence (Al) englobes a family of self-learning algorithms that only require
datasets from automated synthesis practices or sources from the literature, enabling machines
to mimic, develop, and demonstrate human behavior [117,118]. Machine learning (ML) is a
fundamental Al component. An informatics system can analyze a large amount of data following
an algorithm and statistical models, and make accurate predictions based on that information
[1'19]. Integrating Al and ML into nanosystem-based formulation development can optimize
manufacturing strategies, leading to fewer experiments and lower costs, and can even be
integrated into a QbD approach to prevent undesired events and predict specific properties
of nanosystems for their characterization [I18]. Table 4 presents a few studies using Al to
develop nanosystems.

ML has already been used to predict the ability to form self-assembling dipeptide
hydrogels [120] and to predict nanocrystal PS and PDI [121]. However, one of the limitations
inherent in using ML in nanotechnology is the ability in solving complex problems involving the
perception of abstract information, rules, and patterns, and the lack of information [ 18]. It is
important to note that the quantity and quality of the collected data dramatically influence the
performance of the ML algorithm, and not all algorithms are suitable for all datasets, thus the
distribution and volume of the collected data must be evaluated [121]. To overcome these
limitations, artificial neural networks (ANNs) have been developed. ANN’s are a subset of ML
composed of hidden layers with connected nodes that can analyze big data and provide an
outcome. ANN architecture is inspired by the human brain. They typically comprise an input
layer (which corresponds to the independent factors), an output layer (which corresponds to
the responses or dependent factors), and a hidden layer (which processes and extracts
features from the input data and is used by the output layer to make decisions or predictions)
[122]. They can also outperform response surface methodology in prediction efficiency [123].
The ANN accurately predicted the role of formulation factors that influence verapamil
encapsulation in a hybrid polymer-lipid nanosystem [124]. ANN also demonstrated the
capability to predict the most impactful parameters and their respective relationships, which

affect the size and PDI of polymeric nanosystems based on polymer properties. The ANN was
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tested three times. The first round utilized polymers known by the algorithm, the second
round utilized unknown polymers unknown by the ANN but closely related to the first used
polymers, and the last round utilized unfamiliar polymers. In all rounds of testing, the ANN
could predict PS and PDI despite the lower efficiency of PDI [122]. Other studies concerning

the successful application of ANN in the development of nanosystems have already been

published [123,125-127].
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7. Conclusion and future perspectives

There have been a high number of drugs switching from the IV route to the SC route,
with many advantages, such as lower healthcare costs and higher patient adherence. Given its
specificity regarding its composition and eventual interaction with drugs, the SC route can be
considered an administration route to be explored for developing or optimizing formulations
for prolonged drug release. Nanotechnology is widely used in the development of prolonged-
release systems; however, its translation into commercial applications using the SC route has
been reduced. It is commonly used in patients with multiple sclerosis, hepatitis C, diabetes,
and acromegaly.

Despite the potential of nanotechnology to improve the efficacy, bioavailability,
targeting, and dose-response relationship of drugs, it is expensive, and not all drugs are
candidates for this type of formulation. Much effort has been made to develop nanosystems
with prolonged-release properties for drugs with a specific physicochemical and toxicological
profile. For example, hydrophobic and extensively metabolized PTX and DOX, which have a
low half-life and high toxicity, are potential candidates. Regarding SC composition,
characteristics, and nanotechnology, the SC pathway can play a fundamental role in the
prolonged administration of drugs, namely those negatively charged and with low molecular
weight. Owing to their lower nonspecific biodistribution, nanosystems can provide a
prolonged-release effect upon incorporation into hydrogels and/or microparticles.

Despite the large number of nanosystems administered subcutaneously, their potential
as drug-release modifiers remain to be explored. Many of the available results were obtained
using relevant characterization assays, such as in vitro release methodologies; however,
validations regarding their correlation with the SC route still need to be improved, perhaps
owing to the scarcity of models of the SC route.

Although major progress has been made toward the complete and comprehensive
characterization of nanosystem-based medicines using a QbD approach, experimental
approaches with the SC route in their QTPP are still lacking. In fact, given the relevance of the
state-of-the-art related to drug properties and the mechanism of absorption following SC
administration for drug molecules such as insulin, there is a need to fully understand the
nanosystem parameters governing stability properties, such as size and aggregation during and
after manufacturing. Moreover, any relationship between nanosystem-based formulation
properties and their uptake following SC administration can lead to the successful formulation.
Based on the assumption that the absorption pathway ultimately depends on size, the charge

and shape are still properties that should be addressed. A formulation of nanosystems based
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on a QbD approach should consider size, aggregation, and respective stabilities according to
ICH guidelines as CQA:s in the early stages of their development. This ambitious nanosystem
design may become a regular practice, and major and faster breakthroughs can be achieved
regarding the successful absorption pathway targeting nanoparticles via the SC route. Thus,
nanotechnology can effectively contribute to the development of prolonged drug-delivery
systems for SC administration.

In summary, it is expected that future studies will follow a path capable of filling the
gaps that we currently have. We can consider |) the characterization and understanding of
the ECM; 2) the development of models that mimic the SC pathway; 3) the development and
standardization of guidelines to evaluate and approve nanosystems; 4) studies that consider
the SC pathway in the QTPP of a nanosystem and that identify and understand the CQA; and
5) the cooperation between QbD and IA to optimize the R&D process and subsequently

improve the transition to clinical trials and successful market approval.
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