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|I. Introducao

No final dos cinco anos do seu percurso académico no Mestrado Integrado em
Ciéncias Farmacéuticas (MICF) os estudantes da Faculdade de Farmacia da Universidade de
Coimbra (FFUC) deparam-se com um ultimo desafio, o Estagio Curricular (EC). Esta unidade
curricular engloba a realizagao do estagio em si, em uma ou mais areas profissionais, e a
elaboragao e apresentagao de uma monografia e de um relatorio de estagio (Universidade de

Coimbra, [s.d.]).

Dentro do vasto leque de saidas profissionais que o MICF oferece, a Industria
Farmacéutica (IF) mostra-se cada vez mais como uma area de grande relevo. Por essa razao a
FFUC destaca-se pela oportunidade que é dada aos seus alunos para a realizagao de parte do
seu EC nesta area profissional. Dentro do Plano Estudos do MICF constam unidades
curriculares como Métodos Instrumentais de Analise, Tecnologia Farmacéutica e Assuntos
Regulamentares do Medicamento (Universidade de Coimbra, [s.d.]) que nos dao algumas
ferramentas para um possivel futuro na area da IF, e foi pelo interesse que me despertaram
estas unidades curriculares que escolhi realizar parte do meu EC na Bluepharma, Industria

Farmacéutica, S. A. (BLPH).

A BLPH é um grupo farmacéutico que nasceu em 2001 apos a aquisi¢ao das instalagoes
do grupo alemao Bayer, em Sao Martinho do Bispo, Coimbra, onde é até hoje sediada.
Presentes em todas as fases do ciclo de vida do medicamento, a BLPH é hoje uma referéncia
no mercado farmacéutico nacional e internacional, estando presente em mais de 100 paises e
exportando mais de 88% da sua producgao (Bluepharma Marketing & Communication, 2021).
Todos estes fatores cativam para os alunos da FFUC aquando do planeamento do seu EC, aos
quais se juntam, no meu caso em particular, a proximidade de Coimbra e o método de selegao

dos candidatos ao estagio.

Entre os treze departamentos a escolha no processo de candidatura, fiz, como me foi
solicitado, uma pré-selecao dos trés nos quais desejava estagiar. Foram eles os departamentos
de Desenvolvimento de Produto — Unidade de Formulacao, Controlo de Qualidade e
Investigacao e Inovacao, muito devido ao interesse que tinha pela pratica laboratorial, que
mencionei na entrevista presencial. Terminado o processo de selegao, fui colocado no
departamento de Desenvolvimento de Produto na Unidade Analitica (recentemente
restruturado e agora designado Departamento Analitico e Galénico (DAG)), mais
concretamente na area documental da seccao de Estabilidades, sob a orientacao da minha

coordenadora de estagio, Dra. Maria Joao Pereira.



O estagio iniciou-se a |0 de janeiro e terminou dia 31 de mar¢o de 2022, tendo a
duragao aproximada de trés meses. O presente relatério apresenta uma analise SWOT do
trabalho desenvolvido e dos conhecimentos adquiridos durante este periodo, elaborando os
seus pontos fortes (S, strengths), os seus pontos fracos (W, weaknesses), oportunidades (O,

opportunities) e ameagas (T, threats).

2. Analise SWOT

2.1 Pontos Fortes (Strengths)
2.1.1 Formacao oferecida

Durante praticamente todo o estagio na BLPH, os estagiarios receberam formagao nos
mais diversos assuntos, desde formagao especifica de trabalho laboratorial, como pesagem de
substancias perigosas e uso de equipamentos HPLC (high performance liquid chromatography),
até a ciberseguranga e ao funcionamento do sistema de copias controladas, com um grande

enfase na seguranga no trabalho.

Estas formagoes deram-me uma perspetiva das diferentes fungoes desempenhadas em
cada departamento, e do funcionamento geral da empresa. Os formandos eram
posteriormente sujeitos a uma breve avaliagao, que, caso nao fosse realizada com sucesso,
implicava a frequéncia a uma sessao de esclarecimento, solidificando os conhecimentos

adquiridos.

Foi-me também facultado acesso aos Procedimentos Operacionais Normalizados
(SOP, Standard Operating Procedures) do DAG, que complementados com as varias horas de
formacao, dada na sua maioria pela Dra. Maria Joao Pereira, especificamente sobre o trabalho
de documentagao no departamento de Estabilidades, me deram as bases necessarias para

desempenhar as fungoes que me foram designadas.

2.1.2 Equipamento e condi¢des de trabalho

Logo no inicio do estagio foi distribuido por todos os estagiarios uma mochila, um
computador portatil com todo o software que necessitariamos, um rato wireless, um teclado e
um headset, aliviando os estagiarios da necessidade de utilizagao dos seus bens pessoais e até
do encargo financeiro que teriam de acarretar caso fosse necessario adquirir novos
equipamentos. Aliado a isto, as instalagoes da BLPH possuem pequenos espagos de refeigao,
onde todos os colaboradores dispdem gratuitamente de fruta e café, bem como de uma
cantina, permitindo trazer as suas proprias refeicoes ou aproveitar as refeicoes (a prego

acessivel e de boa qualidade) que eram oferecidas. Sensivelmente passado um més desde o
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comeco do meu estagio foi também inaugurado um novo parque de estacionamento,
reservado aos colaboradores da BLPH e que resolveu a escassez de lugares que ha muito se

observava para quem, como eu, se deslocava de automovel para as instalagoes.

De um modo geral, foi bastante visivel a preocupagao demonstrada pela BLPH quanto
ao bem-estar, nao s6 dos seus colaboradores, como também dos seus estagiarios. Estes sao,
na minha opiniao, tratados como funcionarios da empresa, integrados como parte da equipa e
motivados a dar o seu melhor, criando uma boa perspetiva para todos os interessados em

ingressar numa possivel carreira profissional na area da IF.

2.1.3 Subsidio de alimentacio

A BLPH da também aos seus estagiarios, de forma igual a qualquer colaborador, um
cartao refeicao com valor monetario que pode ser utilizado na cantina das suas instalagoes,
ou em superficies comerciais e restaurantes diversos. Este incentivo € uma mais-valia nao s6
pelas razoes monetarias, mas por mais uma vez mostrar igualdade com os colaboradores

efetivos da empresa.
2.2.4 Filosofia Kaizen™

O método de trabalho na BLPH assenta na filosofia Kaizen™. O Instituto Kaizen define
Kaizen como uma metodologia de melhoria continua que envolve tanto administradores como
colaboradores, procurando obter melhorias sustentaveis que oferecam uma vantagem

competitiva no seu mercado (Kaizen Institute, n.d.).

Na pratica, esta filosofia era aplicada na parte documental do departamento de
estabilidades através da elaboragao do planeamento semanal onde cada elemento da equipa
era proposto a um conjunto de objetivos. O progresso de cada um era registado
periodicamente através de uma reuniao diaria onde cada um partilhava as tarefas ja realizadas

e poderia tirar duvidas com o resto da equipa.

A minha experiéncia com este método foi positiva, dada a liberdade oferecida para
desempenhar as tarefas que me foram incumbidas, de uma forma que me fosse mais
conveniente, 20 mesmo tempo mantendo-me ao corrente do meu progresso e dos objetivos

a cumprir, reduzindo o stress e aumentando a qualidade do meu trabalho.



2.2 Pontos Fracos (Weaknesses)
2.2.1 Plano de estagio

A minha colocagao na parte documental do departamento de Estabilidades causou-me
alguma surpresa e um certo descontentamento, visto que um dos principais objetivos da minha
candidatura se refletia numa experiéncia em contexto laboratorial na IF. Esta era uma das
minha perspetivas para uma futura carreira profissional, o que mencionei na minha entrevista
presencial aquando da minha candidatura, e a realizagio de um estdgio nesta area poderia
elucidar-me sobre o quotidiano da pratica laboratorial, oportunidade que nao tive durante o

meu estagio na BLPH.

Notei, por vezes, algumas lacunas no meu plano de estagio, dado que as minhas fun¢oes
no departamento nao me pareceram totalmente definidas. Talvez motivada pela falta de tempo
causada pelo aumento da carga de trabalho que se verifica nos meses de janeiro e fevereiro
(devido a saida e analise de muitas amostras das camaras de estabilidade nestas datas), pareceu-
me haver alguma desorganizagao na atribuicao das minhas fungoes, que me pareceram muitas
vezes improvisadas, dando a sensagao de que a minha chegada ao departamento nao foi

planeada convenientemente.

Algumas das fungbes que desempenhei foram a revisio de didrios laboratoriais, a
elaboragao de relatorios formais de estabilidade e organizagao de arquivo. Esta ultima, que
ocupou uma percentagem significativa das horas totais do meu estagio, foi para mim uma
fungao pouco enriquecedora e muito pouco relacionada com a preparagao que me foi dada
durante o MICF, envolvendo apenas a organizagao por ordem sequencial de um grande

numero de sequéncias de analise.

No geral, penso que a minha colocagao no departamento de Estabilidades, apesar de
me ter dado uma perspetiva geral do funcionamento da IF, nao me permitiu esclarecer muitas
das duvidas que tinha quanto a IF como saida profissional. Isto também é muito devido ao
facto do curto tempo de estagio, que sé permite ao estagiario experienciar uma pequena parte

do setor da IF, e esta nao esta a sua escolha.

2.2.2 Regime misto de teletrabalho

O estagio decorreu em regime misto, maioritariamente em teletrabalho e com alguns
dias de trabalho presencial. O horario de trabalho era das 9h as 18h, no entanto, devido a

pandemia de SARS-CoV-2, os colaboradores e estagiarios foram divididos por turnos que



alternavam semanalmente, sendo que o primeiro turno apenas poderia estar presencialmente

nas instalagoes das 9h as 15h30 e o segundo das 16h as 18h.

Estes horarios foram, na minha opiniao, prejudiciais numa questio de produtividade,
especialmente nas semanas em que estive no segundo turno. A deslocagao para as instalagoes
acarreta um gasto de tempo uma quebra do ritmo de trabalho, que muitas vezes parece nao
ser compensado pelas duas horas de trabalho presencial. Além disso, a divisaio dos
colaboradores por turnos dificulta a formagao de boas relagoes de trabalho, especialmente
com os colegas do turno oposto, numa altura em que devido ao teletrabalho, elas ja eram

dificeis de formar.

2.2.3 Remodelacdes nas imediacoes do local de trabalho

Durante todo o decorrer do meu estagio na BLPH, as instalagoes e, mais precisamente,
o local de trabalho do departamento de Estabilidades encontravam-se em trabalhos de
remodelagao. Embora essenciais para a melhoria do espago de trabalho, os trabalhos
conduzidos provocavam ruido que muitas vezes destabilizava os trabalhadores que se

encontravam em trabalho presencial, afetando a produtividade e bem-estar.

2.3 Oportunidades (Opportunities)
2.3.1 Desenvolvimento de soft skills

O trabalho que desenvolvi no meu estagio na BLPH trouxe me valéncias que serao
certamente uma mais-valia para o meu futuro enquanto profissional, principalmente na area
da IF. Desde o relacionamento com colegas de trabalho no mundo profissional como a criagao
de habitos de trabalho, pude também aprofundar os meus conhecimentos em inglés,
especialmente o vocabulario técnico utilizado na IF. Adquiri também conhecimentos em
softwares como o Word e Excel do Microsoft Office, que utilizei extensivamente durante o
meu estagio para a elaboragao de relatorios de estabilidade. Estes conhecimentos cedo

provaram a sua utilidade, facilitando-me a elaboragao do presente documento.

2.3.2 Relevancia no setor farmacéutico

O departamento de Estabilidades é por si s6 um pequeno negécio dentro da propria
BLPH, sendo que varias empresas contratam os seus servigos para a realizagao de ensaios de
estabilidade nos seus produtos. Esta presenca da BLPH nos mercados internacionais deu-me
a oportunidade de conhecer outras empresas de relevo no setor da IF, perspetivando as

diferencgas a nivel dos requisitos regulamentares entre paises e zonas distintos.



Dentro do mercado nacional, a BLPH é uma referéncia na zona centro, que desde a
sua fundagao se encontra em constante expansao. Além das instalagoes em Sao Martinho do
Bispo e em Taveiro, foi recentemente construida uma nova unidade industrial em Eiras e
apresentado o projeto Bluepharma Park, um cluster farmacéutico que representa grande
investimento no setor da IF em Portugal que podera trazer mais oportunidades para os jovens

farmacéuticos da zona centro, atraindo outras empresas do setor.

2.4 Ameacas (Threats)
2.4.1 Plano de Estudos do MICF

Existem no Plano de Estudos do MICF varias unidades curriculares que focam o ramo
da Farmacia Comunitaria e aconselhamento terapéutico, no entanto, a IF parece nao ter o
mesmo destaque, deixando os alunos, por vezes, com uma fraca no¢ao da diversidade de
oportunidades e saidas profissionais oferecidas neste setor. Sendo a IF uma area que tem
absorvido do mercado de trabalho cada vez mais jovens farmacéuticos, penso que o Plano de
Estudos esta um pouco desatualizado neste aspeto. Embora unidades curriculares como
Tecnologia Farmacéutica, Assuntos Regulamentares do Medicamento e Gestao e Garantia de
Qualidade fornegam aos alunos os conhecimentos teéricos que os preparam para um futuro
na IF, de um ponto de vista pratico os alunos ficam com poucas no¢oes do funcionamento de
uma empresa deste setor e da forma como as diferentes areas se interligam num contexto

real.

2.4.2 Centralizacdo da Industria Farmacéutica em Portugal

A IF em Portugal encontra-se altamente centralizada em Lisboa, principalmente se
considerarmos apenas as unidades de produgao de medicamentos (Associados Archive -
Apifarma, [s.d.]). Visto que a deslocagao que acarreta um estagio fora da zona centro do pais
€ muitas vezes inconveniente para os estudantes da Universidade de Coimbra, estes véem-se

limitados em termos do nimero de empresas que estao ao seu alcance, como a BLPH.

A vinda de mais empresas do setor para a zona centro, como esta a ser tentado com
a construgao do Bluepharma Park, nao so seria benéfica para os farmacéuticos da zona centro,

como também para as empresas em si, que atrairiam mais investidores e recursos humanos.

3. Consideracoes finais

O estagio na BLPH foi para mim uma experiéncia enriquecedora que, mesmo nao
correspondendo a todas as minhas expectativas, deu-me conhecimentos e mais valias que

certamente me fizeram evoluir enquanto futuro profissional e farmacéutico. E de louvar a
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oportunidade que é oferecida pela FFUC aos seus alunos da realizagao de parte do seu estagio
na IF, um setor com uma preponderancia cada vez maior nas saidas profissionais dos jovens

farmacéuticos.

Sinto que termino este EC com uma nova perspetiva do papel do farmacéutico na IF,
mas também com uma melhor nogao da importancia da ética profissional, deontologia e
espirito de entreajuda entre colegas de trabalho, valores que me foram sendo transmitidos
pela equipa que me acolheu durante este estagio. Deixo, portanto, um forte agradecimento
ao grupo Bluepharma pela oportunidade que me proporcionou, em especial a equipa
documental do departamento de Estabilidades e a Dra. Maria Jodo Pereira, pela dedicagao e

apoio incansavel que demonstraram.
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Capitulo 1l

FARMACIA BARROS

POMBALI

Relatorio de Estagio em Farmacia Comunitaria

Farmacia Barros



Abreviaturas

EC - Estagio Curricular

FB — Farmacia Barros

FC - Farmacia Comunitaria

MICF - Mestrado Integrado em Ciéncias Farmacéuticas
PE - Plano de Estudos

UC - Unidades Curriculares



|I. Introducao

Em termos sucintos, o Farmacéutico é definido como um especialista do Medicamento,
atuando junto do utente como agente promotor da saude publica na primeira linha de cuidados
de saude. Assim, a Farmacia Comunitaria € o ramo onde estao se reunem todas as condigoes
necessarias para que exerga as suas fungoes com todo o rigor, dignidade, confianga,

competéncia e responsabilidade que sdo inerentes ao exercicio desta profissao.

Numa altura em que as competéncias do Farmacéutico Comunitario se tornam cada
vez mais abrangentes, é necessario que, paralelamente, seja exigido cada vez mais rigor e
responsabilidade. Nesse sentido, o Estagio Curricular (EC) em Farmacia Comunitaria mostra-

se vital na formagao de farmacéuticos que estejam a altura das necessidades da comunidade.

Este Estagio, parte integrante do Plano de Estudos (PE) do Mestrado Integrado em
Ciéncias Farmacéuticas (MICF), tem como objetivo aliar os conhecimentos tedricos adquiridos
ao longo dos 5 anos do MICF, em Unidades Curriculares (UC) como Farmacologia,
Deontologia e Legislagao Farmacéutica e Organizagao e Gestao Farmacéutica, ao exercicio
profissional, permitindo a consolidagao e aprofundamento destes mesmos conhecimentos,
bem como a sua adaptagao ao contexto real. O seu objetivo prende-se em dar aos futuros

farmacéuticos as ferramentas necessarias ao desempenho das suas fungoes.

O meu EC foi realizado na Farmacia Barros (FB) em Pombal, tendo a minha escolha
sido baseada na experiéncia positiva que tive no estagio de verao, onde tive a oportunidade
de conhecer a equipa da FB, que me acolheu de forma calorosa, mostrando-se sempre
disponivel para esclarecer todas as minhas duvidas e auxiliar em tudo o que necessitasse.
Estagiei sob orientacao da Dra. Ana Margarida Oliveira, nos meses de abril, maio, junho e julho
e, adicionalmente, no verao de 2020, como estiagio de verao, complementar ao Estagio

Curricular.

2. Farmacia Barros

A Farmadcia Barros esta situada na Avenida Herdis do Ultramar n.° 99, em Pombal,
perto do Centro de Saude de Pombal e do Hospital Distrital de Pombal, entre outros
estabelecimentos de salde, como clinicas dentdrias, centros de fisioterapia e clinicas

veterinarias. A Diretoria Técnica estd ao cargo da Dra. Ana Margarida Oliveira.

Com mais de 80 anos de existéncia, a FB é hoje uma referéncia para muitos

pombalenses, muito devido as relagoes ja formadas com o pessoal da farmacia, cujo foco
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absoluto é no utente. Isto reflete-se na qualidade do atendimento, que atrai habitantes que
abrangem diferentes estratos culturais e socioeconémicos, oriundos de todas as treze

freguesias do concelho de Pombal.

A FB oferece também diversos servigos como a medigao do colesterol total, pressao
arterial, glicémia, peso e altura e, mais recentemente, exame de medicao ambulatoria da

pressao arterial (MAPA) de 48h.

Nos dias uteis, o horario da farmacia é das 9h as 19h30 e aos sabados das 9h as |3h.
Adicionalmente, de 4 em 4 semanas, efetua servico permanente que alterna entre as 4
farmacias locais, estando em funcionamento 24h durante os 7 dias correspondentes conforme

o Decreto-Lei n.° 172/2012, de | de agosto (Decreto-Lei n.° 172/2012, 2012).

3. Analise SWOT

3.1. Pontos Fortes (Strengths)
3.1.1 Equipa técnica

Desde o primeiro dia, a equipa da FB esforgou-se para me integrar rapidamente na
dinamica da farmacia e mostrou-se sempre prontamente disponivel para esclarecer qualquer
duvida que pudesse surgir e para me auxiliar em tudo o que fosse necessario. Isto levou a que
fosse desenvolvida uma boa relagiao estagiario/equipa, o que se revelou uma mais-valia no
decorrer do meu EC e no desenvolvimento de conhecimentos e competéncias que me

ajudaram a crescer enquanto futuro farmacéutico e profissional de salde.

Para além do mais, foram-me transmitidos valores essenciais por parte de todos os
colaboradores, quer no que diz respeito ao trabalho individual de cada um, que mostrou ser
movido pela responsabilidade, seriedade, empatia pelo utente e dignidade, quer no que
concerne ao trabalho de equipa, que tem como pegas basilares a entreajuda, a confianga e o

respeito por cada um dos colegas.

3.1.2 Gestio da farmacia

Na FB da-se um especial foco ao marketing e merchandising, sendo estas estratégias
fundamentais para a subsisténcia da farmacia antes das mudangas de instalagoes, quando o

acesso a farmacia era de maior dificuldade traduzindo-se numa menor afluéncia.

As campanhas promocionais sao pensadas continuamente, alterando-se
frequentemente a disposi¢cao dos produtos na farmacia. Utilizam-se gondolas e expositores

para dar maior destaque no interior da farmacia, assim como suportes multimédia,
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nomeadamente os ecras na fachada e montras. As redes sociais sio também cada vez mais
usadas na promog¢ao da campanhas e informac¢ao do publico. A organizacao e cuidado na
disposicao dos produtos expostos sao também evidentes, com especial atengao aos produtos

de venda sazonal.

Outro grande foco na gestao da farmacia tem que ver com os pregos dos produtos
nao sujeitos a receita médica. O Dr. Carlos Oliveira, proprietario da farmacia, faz uma gestao
minuciosa de stocks, muitas vezes encomendando grandes quantidades de produtos para
prevenir uma eventual subida de pregos, ou até a sua rotura, o que se aplica também aos
MSRM. Esta preocupagao tem o seu fundamento na relagao proxima com o utente, que muitas
vezes vé com desconfianga uma subida no preco de um produto que compra habitualmente,

mantendo assim a confianga da clientela e a boa reputagao da FB.

Ao observar estas praticas pude reforgar os conhecimentos que adquiri em UC como
Organizagao e Gestao Farmacéutica e Marketing Farmacéutico (Universidade de Coimbra,
[s.d.]), mais ainda, ganhei uma perspetiva de todas as dimensoes da pratica farmacéutica no

ramo da FC.

3.2 Pontos Fracos (Weaknesses)
3.2.1 Aconselhamento de MNSRM

Em contexto de FC, existe, atualmente, uma grande variedade de Medicamentos Nao
Sujeitos a Receita Médica, muitos com as mesmas indicagoes terapéuticas, que diferem em
pequenos pormenores relativos a sua composi¢ao, método de toma ou, simplesmente, no seu
stock disponivel e margem de lucro para a farmacia. Quando comecei o atendimento ao balcao
foi para mim dificil o aconselhamento destes produtos quando o utente nao tinha uma ideia

definida do que pretendia,

Esta dificuldade levou a que fosse muitas vezes necessario recorrer a opiniao dos
colegas, que por serem mais experientes e por terem ja recebido mais formagoes acerca dos

diversos produtos, tém mais conhecimento acerca dos mesmos.

3.2.2. Receitas manuais e receitas de transicao

Uma das dificuldades com que me deparei no atendimento ao publico diz respeito as
receitas de prescricao manual e as de prescricao eletronica materializada. Atualmente, o
contacto com este tipo de receitas é escasso, o que faz com que haja mais dificuldade no seu

processamento.
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No caso das receitas de prescrigao eletrénicas materializadas, o problema intensifica-
se nos meses de verao (coincidentes com o periodo do meu EC), onde a afluéncia de utentes
emigrantes, que apresentam usualmente este tipo de receita, aumenta consideravelmente, e o
processo associado a dispensa de produtos comparticipados foi, para mim, complexo de
assimilar. Ja no que concerne as receitas manuais, a questao prende-se com o facto de serem
muitas vezes de dificil interpretagio ou apresentarem falta de dados. Tudo isto originou
situagoes de transtorno devido a muitas vezes ter de pedir auxilio aos colegas de equipa mais
experientes, aumentando o tempo de espera do utente e muitas vezes tendo de interromper

o trabalho dos colegas.

3.2.3. Falta de confianca no estagiario

Apesar da grande maioria dos utentes demonstrarem confianga no meu atendimento
e aconselhamento enquanto futuro farmacéutico, fui confrontado com casos em que esta
confianga nao foi tao notoria. Fui por vezes confrontado com utentes que insistiram em ser
atendidos por colegas mais experientes, retirando me algumas oportunidades de

aprendizagem.

3.3 Oportunidades (Opportunities)
3.3.1 Formacio

Ao longo dos quatro meses de EC tive a oportunidade de assistir a algumas formagoes
dadas quer por pessoal da FB quer por delegados de vendas. Essas formagoes incidiram tanto
em categorias gerais, como cosmética e puericultura, como em novos produtos especificos

das mais variadas categorias.

Assim, considero que todos os conhecimentos adquiridos constituiram uma mais-valia
para o desenvolvimento do meu estagio curricular, uma vez que resultaram num aumento de
confianga aquando do aconselhamento farmacéutico, o que faz com que o utente saia da

farmacia esclarecido e certo de que adquiriu os produtos mais adequados as suas necessidades.

3.3.2 Manipulados

No decorrer do estagio foi-me também dada a oportunidade enriquecedora de
preparar alguns manipulados, um dos servigos prestados pela FB. Isto permitiu-me explorar
mais um ramo na area da FC, sendo esta uma pratica pouco comum, atualmente, nas farmacias

de oficina.
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Aquando da realizagao destas tarefas foram bastantes Uteis os conhecimentos
adquiridos em UC como Farmacia Galénica e Tecnologia Farmacéutica, além de toda a pratica

laboratorial que esta incluida no PE do MICF.

3.4 Ameacas (Threats)

3.4.1 Pandemia de COVID-19

Durante o meu periodo de estagio, a pandemia de COVID-19 foi ainda um fator que
impactou negativamente a farmacia e o meu EC. A realizagao de testes rapidos de antigénio
(TRAg) na FB teve sempre uma grande afluéncia, o que obrigava a dispensa para estas fungoes
de pelo menos um farmacéutico, causando muitas vezes constrangimentos no atendimento ao
balcao, principalmente em horas de ponta, em que o tempo de espera dos utentes aumentava

consideravelmente.

O inicio do meu estagio passou muitas vezes por fazer o registo dos resultados dos
testes TRAg na plataforma Sifarma® e Sinave®, o que me ajudou a ganhar alguma pratica no
uso do Sifarma®, mas que por outro lado atrasou um pouco o meu progresso para o

atendimento ao publico.

Depois da minha passagem para o atendimento ao publico pude também experienciar
as dificuldades de comunicagao resultantes do uso de mascara. As dificuldades em entender o
cliente e vice-versa eram frequentes, havendo até casos de utentes com surdez ou dificuldades
auditivas profundas, que dependiam da leitura de labios para interpretar que lhes era

transmitido, onde fui obrigado a recorrer a escrita, dificultando imenso o aconselhamento.

3.4.2. Espaco fisico

A FB mudou de instalagdes em outubro de 2021, perdendo muito espago de armazém,
o que causa algum transtorno a nivel logistico, visto que muitas vezes era dificil arrumar o

stock de excedentes.

Esta diminuicao do espago fez também com que nao fosse tao facil definir locais para
formacgoes ou outros servigos da farmacia, como consultas de nutricao ou realizagao de testes

rapidos de antigénio para a COVID-19.

4., Consideracoes Finais

Mais que um espago de saude, a farmacia comunitaria € o elo entre os utentes e a
terapéutica que lhes ¢ indispensavel. Como agente promotor de saude, cabe ao farmacéutico

tornar a farmacia num local onde os utentes podem depositar a sua confianga nos momentos
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de maior fragilidade, e para isso tem de estar preparado para qualquer situagao, atuando de
forma assertiva, rigorosa e responsavel, procurando sempre expandir os seus conhecimentos
e melhorar continuamente enquanto profissional. Foi com esta mentalidade que comecei o

meu EC neste ramo.

O estagio na FB foi, para mim, uma experiéncia imprescindivel para a minha formagao
enquanto profissional e farmacéutico. A minha evolugao no atendimento ao publico foi para
mim evidente, muito devido ao constante acompanhamento por parte do pessoal da farmacia.
Os conhecimentos que adquiri abriram-me portas para o meu ingresso no mercado de
trabalho, onde espero encontrar uma equipa como a da FB, profissionais com paixao pela
profissio e com uma empatia pelo utente que certamente levarei como referéncia para a

minha vida profissional.

Pessoalmente, desenvolvi o meu sentido de responsabilidade e maturidade a medida
que me deparei com o facto de o meu trabalho impactar diretamente a saude dos utentes.
Consolidei também os conhecimentos adquiridos durante o MICF que me auxiliaram durante

todo o EC.

5. Casos Praticos

Caso | - Infecdao Urinaria

Uma utente do sexo feminino, com cerca de 40 anos, desloca-se a farmacia com
queixas de ardor ao urinar e um desconforto permanente que diz ser associado a uma infe¢ao
urinaria, sendo esta uma situagao recorrente nesta utente, que revela ja ter tido os mesmos
sintomas trés vezes nos ultimos trés meses. Nas Ultimas duas vezes diz ter tomado o
antibiético fosfomicina, prescrito pelo seu médico de familia, que resolveu a situagao
rapidamente. Acrescentou que desta vez os sintomas nao pareciam tao agravados e, estando
ciente dos riscos da toma frequente de antibidticos, pretendia experimentar um tratamento

nao farmacologico.

Inicialmente, alertei para a importancia de um consumo apropriado de agua, realgando
também que uma higiene intima apropriada era vital nestas situagoes. Informei a utente da
existéncia de suplementos de arando vermelho e uva ursina, indicados tanto no tratamento

como na prevengao das infe¢oes urinarias.

Recomendei-lhe, portanto, o gel intimo Lactacyd® Prebiéticos, para uma higiene intima
reforcada com pré-bidticos que ajudam a manter o equilibrio da microflora vaginal (Lactacyd

Prebiético | Lactacyd - Lactacyd, [s.d.]), e os suplementos Advancis® Uritabs, com arando
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vermelho e uva-ursina, numa posologia de duas capsulas depois do pequeno-almogo e jantar,
até os sintomas atenuarem, e nos dias seguintes, uma capsula depois do pequeno-almo¢o como
prevencao de recidivas (Advancis Uritabs - Cuidados Femininos | Advancis, [s.d.]). Caso nao visse
melhorias com este tratamento, reforcei a importancia de consultar um médico especialista,
informando a utente da existéncia de vacinas que poderiam adequar-se a sua situagao. A utente

adquiriu os produtos aconselhados.
Caso Il - Obstipacao

Uma utente idosa, do sexo feminino, chega a farmacia com queixas de obstipagao,
informando-me que ja nao defeca ha cerca de 5 dias. Informou que “quase todas as semanas”
utiliza comprimidos Dulcolax® que lhe foram inicialmente prescritos para um exame de
colonoscopia, embora desta vez nao parecam ter surtido efeito, ja tendo passado 2 dias desde

a sua toma.

Depois de algumas breves questoes sobre medicagao habitual e habitos alimentares,
informei-a dos riscos associados a toma regular de laxantes de agao local, que podem causar
habituagao, devendo ser usados apenas em casos pontuais de obstipagao, ou quando
necessaria uma completa evacuagao intestinal para exames de diagnéstico. Adicionalmentte,
apos ter observado que a pele da utente apresentava sinais de desidratagao, alertei para a

necessidade de uma ingestao abundante de agua para um tratamento eficaz da obstipagao.

Por fim, recomendei uma dieta pobre em gorduras e carnes processadas, evitando
quanto possivel o leite, mas rica em fibras, com abundancia de legumes, frutos com casca e
leguminosas. Aconselhei também as saquetas Dulcosoft®, um laxante osmético que contém

Macrogol 4000, acompanhado de uma elevada ingestao de liquidos.

Caso Ill - Rinite alérgica

JM de 55 anos, deslocou-se a farmacia com uma crise de rinite alérgica, apresentando
dores de cabeca fortes e congestao nasal. Natural de Franca, diz que estas crises alérgicas sao
recorrentes quando viaja para Portugal, sendo normalmente resolvidas com a toma de Sinutab

[1°, medicamento que desejava adquirir.

Por apresentar uma forte constituicao fisica, e dados os efeitos adversos da
pseudoefedrina, tive a precaugao de averiguar se sofreria também de hipertensao. Visto ser
cliente habitual da farmacia, pude aceder ao seu histérico de medicagao no sistema Sifarma®,
onde pude constatar que o utente era medicado com Telmisartan/Hidroclorotiazida 80 mg+25

mg. Apos questionar o utente, pude confirmar o seu quadro de hipertensao.
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Alertei-o para os possiveis efeitos adversos da toma de Sinutab 1I®, que pode causar
uma descompensagao da sua pressao arterial. Recomendei entao a sua substituicao pelo
Telfast 120%, um anti-histaminico indicado para a rinite sazonal. Informei que, durante a sua
estadia em Portugal, seria benéfica a lavagem diaria das fossas nasais usando uma solugao
isoténica como Rhinomer®. O utente aceitou a sugestio relativamente ao Telfast 120°, nao
sendo necessario o spray de lavagem das fossas nasais, visto que ja o tinha adquirido

anteriormente.

Caso IV - Hipertensao arterial

Um utente com cerca de 80 anos, do sexo masculino, cliente habitual da farmacia,
queixa-se de dor de cabega, persistente ja ha dois dias, afirmando “sentir o coragao a bater na
cabega”. Questionei-o se tomava algo para o controlo da pressido arterial, ao que me
respondeu afirmativamente. Fiz mais algumas questoes sobre a medicagao, as quais me foi
respondendo mostrando alguma confusio, trocando muitas vezes os nomes dos
medicamentos e a sua posologia. Recomendei-lhe que fizesse a medicao da tensao arterial,

servigo prestado pela FB.

Ao proceder com a medigao, o utente registou valores de 175 mmHg para a pressao
sistolica e 136 mmHg para a pressao diastolica. Pedi ao utente para aguardar alguns minutos
para que pudesse confirmar os valores, que se registaram novamente muito acima dos valores
recomendados. Encaminhei o utente para o hospital mais préximo, recomendando-lhe que

revesse a sua medicagao com o médico.

Caso V - Sintomatica na recuperacao da infecao por SARS-CoV2

JS, utente com 38 anos do sexo feminino, educadora de infancia, chega a FB com uma
receita da medicagao da sua mae. Apos dispensada, queixou-se de fadiga que sentia desde que
esteve em quarentena, infetada com SARS-CoV2, o que causava bastante transtorno tendo
em conta a sua profissao. Além disso, sentia ainda bastante expetoragao, que a incomodava
principalmente de noite. Procurava recomendag¢oes de algum suplemento para a fadiga e de

algo que ajudasse a expulsar as secregoes.

Sugeri-lhe entao um suplemento de magnésio e umas pastilhas efervescentes de
acetilcisteina. Aconselhei-lhe também a ingestao de bastante agua para fluidificar a expetoragao

e que elevasse o tor¢o quando se deitasse, para que a expetoragao nao fosse tao incomodativa.
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Abbreviations

ADME - Absorption, distribution, metabolism and excretion
AF - Arterial Fibrilation

AFMC - Analyte focusing by micelle collapse
aPTT - Activated partial thromboplastine time
AUC - Area under the curve

BCRP - Breast cancer resistance protein

BGS - Background solution

BID — Twice daily

C.4n— Concentration after 24 hours

CAT-Il - Calibrated automated thrombogram |l
CE - Capilary electrophoresis

CES-1 - Carboxylesterase |

CES-2 - Carboxylesterase 2

CL,;.. = Intrinsic clearance

Ciax = Peak concentration

C.s.min— Trough of concentration at steady state
CYP - Cytochrome P450

DABE - Dabigatran etexilate

DAD - Diode array detection

DDI - Drug-drug interactions

DOAC - Direct oral anticoagulant

dRVVT - Dilute Russel viper venom time

FASI - Filled amplified or enhanced sample injection
FDA - Federal Drug Administration

FXa - Coagulation factor Xa

HPLC - High performance liquid chromatography

ID - Once daily



IV = Intravenous

Kb - Base dissociation constant

LC-MS/MS - Liquid chromatography with tandem mass spectrometry

log P — Partition coefficient

MD - Multiple dose

MS/MS - Tandem mass

PBPK model - Pharmacologically based pharmacokinetic model
PD - Pharmacodynamic

P-gp - P-Glycoprotein

PK - Pharmacokinetic

pKa - Acid dissociation constant

PT — Prothrombine time

SD - Single dose

SDS - Sodium dodecyl sulphate

SOC - Standard of care

t,2 = Half-life time

TAG - Thromboelastography

tmax — Time to achieve peak concentration

TT — Thrombine time

UGT2BI15 - UDP Glucuronosyltransferase Family 2 Member B15
UPLC - Ultra performance liquid chromatography
UV - Ultraviolet

VKA - Vitamin K antagonists

V max,cesi = CES-1 maximum velocity

V max,p-gp = P-gp maximum velocity

Vs = Distribution volume at steady state

VTE - Venous thromboembolic events
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Abstract

Direct oral anticoagulants (DOAC) selectively and reversibly inhibit coagulation factors,
without direct effects on platelet aggregation. They are currently essential therapies for the
control of non-valvular atrial fibrillation and prevention of venous thromboembolic events.
The safety profiles of these drugs make them a good alternative to classical anticoagulants like
vitamin K antagonists (VKA), however there are some drawbacks such as their metabolism
mediated by cytochrome P450 enzymes or the fact that they are substrates of P-glycoprotein
(P-gp). These conditions are extremely important regarding potential drug interaction in
polymedicated patients, or simply in vulnerable populations for whom dose adjustments may

be required.

In these circunstances, that the creation of pharmacokinetic models can be crucial. These
models allow an efficient, accurate and controlled dose adjustment supported by clinical data,
reducing the risk of adverse effects and supporting treatment decisions. For the development
of these models, we need to acquire accurate pharmacokinetic data, creating the need to

further improve the methods used to monitor DOAC:s.

This work reviews the latest pharmacokinetic models of the four most commonly used
DOACs (dabigatran, apixaban, rivaroxaban and edoxaban), succinctly describing their
elaboration process and pointing out some of the cases where these models have revealed to
be clinically useful. In addition, recently developed monitoring methods are summarized for

each DOAC, discussing their advantages and limitations.

Keywords: Pharmacokinetic models; direct oral anticoagulant (DOAC); therapeutic drug
monitoring; dabigatran; apixaban; rivaroxaban; edoxaban; P-glycoprotein; drug-drug

interaction (DDI).
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Resumo

Os anticoagulantes orais diretos (DOAC, direct oral anticoagulant) atuam por inibigao seletiva
e reversivel dos fatores de coagulagiao, sem efeitos diretos na agregacao plaquetaria. Sao,
atualmente, terapéuticas essenciais no controlo da fibrilhagao auricular nao valvular e na
prevencao de acontecimentos tromboembdlicos venosos. O perfil de seguranga destes
farmacos torna-os uma boa alternativa aos anticoagulantes classicos como os antagonistas da
vitamina K (VKA, vitamin K antagonists), embora tenham algumas limitagdes como o
metabolismo mediado por enzimas do citocromo P450, e/ou o facto de serem substratos da
glicoproteina-P (P-gp). Estas condicionantes sao de extrema importancia clinica por
desencadearem o desenvolvimento de interagoes farmacologicas em  doentes
polimedicamentados, ou simplesmente nas populagoes mais vulneraveis e para as quais pode

ser necessarios ajustes de dose.

Nestas circunstancias, a criagdo de modelos farmacocinéticos pode ser determinante, pois
permitem um ajuste de doses eficiente, exato e apoiado por dados clinicos, reduzindo o risco
de efeitos adversos e promovendo uma terapéutica individualizada. Para a sua elaboragao
precisamos de adquirir dados farmacocinéticos precisos, e dai surge a necessidade de melhorar

cada vez mais os métodos utilizados para monitorizar DOAC:s.

Este trabalho sumariza os mais recentes modelos farmacocinéticos para os quatro DOACs
mais utilizados atualmente na pratica clinica (dabigatrano, apixabano, rivaroxabano e
edoxabano), descrevendo sucintamente o seu processo de execugao e destacando alguns dos
casos nos quais estes modelos nos podem ser Uteis. Além disso, resume alguns métodos de
monitorizagao recentemente desenvolvidos para cada um dos firmacos e quais as suas

vantagens e limitagoes.

Palavra-chave: Modelos farmacocinéticos; DOAC; monitorizagao de farmacos; dabigatrano;

apixabano; rivaroxabano; edoxaban; glicoproteina-P; interagao farmacoldgica.
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I. Introduction

As individualized therapy is looking more and more likely to be the future’s primary
mean of pharmaceutical prescription, the study of pharmacokinetic (PK) models is of high
relevance. These mathematical tools allow to define the right dose and reach the physiological
targets that we aim for, reducing side effects and improving patient’s drug compliance. With
the improvement of these models, we may even be able to replace certain clinical trials,
reducing a good part of the financial costs and logistics associated with pharmacokinetic drug
research. To attain this aims, analytical methodologies are required to quantify the drug in an

efficient manner.

In 2010, dabigatran was approved by the Federal Drug Administration’s (FDA),
revolutionizing anticoagulant therapy, through the introduction of direct oral anticoagulants
(DOACQC) in clinical practice (Chen, Stecker e Warden, 2020). These drugs were a very
significant step for the prevention of strokes and venous thromboembolic events (VTE) in
non-valvular arterial fibrillation (AF), with better safety profiles, compliance and maintaining

the same effectiveness of oral vitamin K antagonists (VKA), such as warfarin.

Other DOAC’s followed dabigatran, namely rivaroxaban, edoxaban and apixaban, each
one with its unique therapeutic indications and contraindications. Although clinical trials reveal
that DOACs were safer than VKA, the risk of haemorrhage and other complications remains
to be considered (Sikorska e Uprichard, 2017). Therefore, the use of PK models can useful to
choose the right posology of these drugs, particularly in special populations, such as patients

with kidney or hepatic failure, geriatric and paediatric populations.

For the elaboration of these models, clinical PK data needs to be acquired in the most
accurate, practical, safe and economical ways. Furthermore, as these drugs are frequently
administrated in elderly, polymedicated populations, medical emergencies involving
haemorrhages or trauma are common, situations where the type, dosage and time of taking
of anticoagulants needs to be known rapidly (Brickner et al, 2022). Therefore, sampling

models and methods of monitoring DOACs need to be improved and developed.

The present work summarises DOAC PK proprieties and highlights the process

underlying PK model development.
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2. Dabigatran

2.1 Pharmacokinetics and pharmacodynamics

Dabigatran is a reversible and competitive direct thrombin inhibitor that is mostly used
in the prevention of VTE and stroke (Blech et al., 2008). It is the only DOAC administrated as
a prodrug — dabigatran etexilate — which is rapidly converted in the active metabolite,
dabigatran, by carboxylesterase 2 (CES-2) in the intestine and CES-|/CES-2 in the liver (Doki
et al, 2019).

Dabigatran etexilate has a very low oral bioavailability of approximately 7.2% (Blech et
al., 2008), given its high affinity for P-glycoprotein (P-gp), an efflux protein located primarily in
the apical part of the enterocytes. Therefore, the risk for haemorrhaging is increased when
dabigatran etexilate is administered P-gp inhibitors like verapamil, tacrolimus, ritonavir,
dronedarone, among others (Sikorska e Uprichard, 2017). After hepatic metabolism mediated
through UGT2BI5 glucuronidation, dabigatran is converted to |-O-Acylglucoronide (DAG),
and active metabolite mostly eliminated in urine, resulting in a significant increase in its
concentration in renal impaired patients. Clinical studies for these drug-drug interactions
(DDI) were performed recently, but, as of this moment, clinicals still commonly decide the
adequate dosing regimen empirically (Doki et al., 2019). Other relevant PK proprieties of

dabigatran and dabigatran etexilate are summarised in Table |I.

Paediatric, renal impaired and hepatically impaired patients are the most affected as
clinical trials are, for obvious practical and ethical reasons, difficult to perform. A practical
solution to this problem is the creation of physiologically based PK models that can help by
virtually simulating dabigatran etexilate and dabigatran movements through compartments,
even in complex situations as concomitant P-gp inhibitor or inducer administration (Doki et
al, 2019). Using the patient’s absorption, distribution, metabolism and excretion (ADME)
parameters, various sets of differential equations can accurately simulate the behaviour of
dabigatran etexilate/dabigatran in the target population (Moj et al,, 2019). PK proprieties of

dabigatran and dabigatran etexilate are summarized in Table I.
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Table | = Pharmacokinetic proprieties of dabigatran etexilate and dabigatran as per Doki et al., 2019, Moj et al., 2019
and EMA, 2010.

PK proprieties DOAC

Dabigatran etexilate Dabigatran
Molecular weight (g/mol) 627.70 471.50
log P 3.80 -2.21
Compound type Diprotic base Ampholyte
pKa 4.0 (base), 6.7 (base) 4.4 (acid), 12.4 (base)
Blood/plasma ratio 1.26 0.69
Fraction unbound in plasma 0.06 0.65
Vs (L/kg) 15.16 0.96
Renal clearance (L/hour) 7.97
s e
temax (D) 2-3
tin (h) 12-17

2.2 Pharmacokinetic models
2.2.1 P-gp-mediated drug-drug interactions

In 2021, Lang et al. published the development of a PK model for dabigatran
etexilate/dabigatran that simulated the intestinal absorption of dabigatran etexilate accounting
for the distribution of P-gp proteins along the gastrointestinal tract. This model included
clinical data from dabigatran etexilate/dabigatran when administered alone and co-

administered with P-gp inhibitors such as itraconazole, verapamil and clarithromycin.

The first step in building this model, as described in Figure |, was to retrieve clinical data for
the intravenous (V) administration of dabigatran from literature, allowing to optimise model
parameters. Secondly, the input parameters were estimated using data from the oral
administration of DABE and the concomitant administration of a microdose of DABE with
itraconazole. Finally, the model was verified by comparing the DDI predicted with studies using

other P-gp inhibitors.



Step | - Dabigatran model development

Clinical data from IV administration Estimation of peripheral Kb and
studies of dabigatran peripheral compartment permeability

Step 2 - Joint dabigatran etexilate/dabigatran model
development

Clinical data from oral monotherapy of
dabigatran etexilate studies and microdose DDI
study of dabigatran etexilate and itraconazole

Estimation of V. cesisVinaxpog

,and
peripheral Kb i

Step 3 - Dabigatran etexilate/dabigatran model verification

Clinical data from multiple and single dosing of monotherapy dabigatran studies
and DDl studies with clarithromicin and verapamil + dabigatran

Figure | — Stepwise approach for the development of DABE/dabigatran reduced PBPK model and its subsequent
verification, adapted from Lang et al., 2021

Impact of DDI in dabigatran PK profile was assessed using two parameters: total area
under the curve (AUC,,) ratio, which corresponds to the fold change of the AUC; observed
after the monoadministration of dabigatran and after the co-administration with a P-gp
inhibitor; and maximum concentration (C,.) ratio, which measured the fold change of the C,,,,
between the monoadministration of dabigatran and the co-administration of dabigatran with a
P-gp inhibitor. These ratios were then compared with the simulated ratios obtained from PK
models. The logo(Predicted/Observed ratio) value represents the accuracy of the model, and
its optimal value is 0. The great majority of the observed results for the
logo(Predicted/Observed ratio) were within the limits adapted from (Guest et al., 201 1), and
close to 0, meaning the model successfully and accurately predicted DDI for various dosages

and P-gp inhibitors.

The validation of this model opened ways for other studies to be performed. An

example of this is the simulation of regional differences in intestinal P-gp inhibition, which made
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the role of each intestinal segment in dabigatran absorption clearer and allowed to optimise

dose staggering of dabigatran with P-gp inhibitors, avoiding DDI.

Ultimately, models like this one may provide the means for dabigatran to be used as a
clinical probe for the study of new entities, namely P-gp inhibitors, and can also give guidance

in clinical trials for these new substances.

2.2.2 Age- and weight-adjusted dosing of dabigatran etexilate in children with

venous thromboembolism

In 2021, Roshammar et al. developed a PK model for dabigatran etexilate with the aim
of testing the accuracy of the dosing algorithm used in the standard-of-care (SOC) of children
with venous thromboembolism. An improved version of said algorithm was then developed
and tested using this model. Authors also examined the differences between 3 different
formulations used in paediatrics and how they impacted the treatment: oral solution, pellets
and capsules. Accordingly, clinical data from five different studies in children were included,
and one from adult patients treated with 150 mg capsules twice daily, in order to stabilise the
model and help differentiate this formulation from the rest. Three of these studies were phase
2a and used a two-compartment PK model for paediatric populations, which was updated with
the data from other two paediatric clinical studies of phase 2b/3. Distribution modelling was
adjusted according to its covariates (age and bodyweight), as well as absorption modelling

(type of formulation).

To evaluate different dosing strategies, a sub-group of 500 patients (evenly distributed
in genre) was made for each age category, according to the categories of a proposed updated
dosing algorithm. This algorithm and the SOC (used in the studies mentioned above) were
tested by simulating dabigatran administration and comparing the simulated trough
concentration at steady state (C, i) With the reference exposure range of 26 to 250 ng/ml
for dabigatran. The updated algorithm results showed only a marginal percentage of patients
outside the reference exposure concentrations for oral solution, pellets and capsules, although
a larger variability in Ci, has been observed when compared to the SOC. Nevertheless, the

lack of a need for dose adjustment in this algorithm gives it an advantage for clinical practice.

In conclusion, the PK model and the updated dosing algorithm conceived could become
very useful tools for clinicals in the future, saving time and money in the processes of
monitoring and dose adjustment of dabigatran, and giving children suffering with VTE a more

practical treatment than the SOC.
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2.3 Sampling and monitoring

Validation is a crucial step during the developmet of a PK model. The concentration of
dabigatran must be monitored to test if it is in fact reaching the patients’ blood in within the
therapeutic range of concentrations. For that, sampling and quantification methods must be
optimized to give the most accurate evaluation of the models to be utilized in clinical studies

or even in day-to-day monitoring.

Dabigatran is usually indirectly quantified by measuring its effects using thrombine time
(TT), prothrombin time (PT) and activated partial thromboplastin time (aPTT) assays (Cheng
et al,, 2022; Jakimczuk et al., 2022). Although these methods may be appropriate for routine
check-ups, there is still a2 need to quantify and monitor dabigatran directly, in certain cases.
Due to numerous interferants (like low-molecular-height heparins, for example (Jakimczuk et
al., 2022) and interindividual variability, in a clinical study scenario, where measurements must
be as accurate as possible, high performance liquid chromatography with tandem mass
spectrometry (HPLC-MS/MS), ultra performance liquid chromatography with ultra violet
detector (UPLC-UV), and UPLC-MS/MS assays are the most utilized.

Inconveniently, this equipment requires an experienced operator and is too expensive
for most laboratories in hospitals and clinics. This creates a need for new methods to be
developed, in order to monitor patients using DAB as needed and as efficiently possible (Cheng

et al., 2022).
2.3.1 Capillary electrophoresis (CE)

Cheng et al. published in 2021 an alternative method for dabigatran monitoring, using
a technique known as CE. This technique uses a small amount of human plasma to quickly and
accurately separate DAB and its most predominant and active metabolite, DAG, from sample
endogenous interferants. However, in comparison to other techniques, CE has a significantly
lower sensitivity, due to its low volume for sample injection and the short optical length of
capillary. To overcome these difficulties, Cheng et al. stacked three on-line pre-concentration
methods: field amplified or enhanced sample injection, sweeping and analyte focusing by micelle

collapse.

Using this approach and optimizing parameters like buffer pH, background solution
(BGS), sodium dodecyl sulphate (SDS) and BGS plug concentrations and injection time of
analytes, electropherograms are obtained with UV detection at 214 nm wavelength. These
results show CE as an alternative with superior properties that UPLC-MS/MS, and with further

validation, this method could be suitable to be applied in clinical practice in the near future.
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2.3.2 LC-MS/MS

Park et al. developed and validated a LC-MS/MS method capable of simultaneously
quantify dabigatran, dabigatran etexilate and DAG. The third is exceptionally useful, as the
current standard methods quantify DAG indirectly, by preparing a different aliquot of the
plasma sample and using alkaline hydrolysis to convert DAG into dabigatran, requiring more
time and increasing the bias. To develop the method, the parameters for liquid
chromatography and mass spectrometry were optimised and blood samples were collected
from health volunteers after a single dose of 150 mg of dabigatran etexilate to a tube containing
K,EDTA, processed and then stored until analysis. Validation was preformed according to the
guidelines by assessing selectivity, linearity, precision, and accuracy, recovery and matrix effect,

stability, and incurred sample reanalysis.

A PK study was performed for further testing, using samples from 10 healthy
volunteers and assessing the concentration-time profile for dabigatran, dabigatran etexilate
and DAG. The results obtained were in all similar to the published data, with the exception of
the concentration of DAG being 2.4 times higher than DAB, when usually only 20% of
dabigatran is converted to DAG. The author speculates that this is due to the fact the most
common method to determine DAG concentration is to indirectly quantify it by alkalinising
the sample, turning DAG back into dabigatran and then determining the increase in dabigatran
concentration. As dabigatran can degrade in alkaline pH, these determinations may be biased,
leading to a smaller difference in dabigatran concentration after alkalinisation and a consequent
underestimation of DAG concentration. The method here presented is, therefore, a more
accurate way to determine DAG. These results show that this LC-MS/MS method has high

potential for routine laboratory use in PK studies.

3. Apixaban

Apixaban is a DOAC that directly and selectively inhibits the coagulation factor Xa
(FXa), a key enzyme in the coagulation pathways. Approved by the FDA in 2012, it is orally
administrated as tablets in dosages of 2.5 and 5 mg in patients suffering from AF to prevent
stroke and VTE. Although its safety profile makes apixaban one of the DOACs most
prescribed, its potential for DDI and PK variability in patients with renal or hepatic impaired

makes apixaban monitoring mandatory (Xu et al., 2021).

Additionally, the increase in the number of paediatric patients with VTE has made
evident the lack of studies in this population, which brought the need to develop PK models

for this drug (Xu et al,, 2021).

38



3.1 Pharmacokinetics and pharmacodynamics

Apixaban absorption occurs mainly in the small intestine, reducing along the
gastrointestinal tract. The oral bioavailability of apixaban is approximately 50% due to first-
pass metabolism and incomplete absorption but it is not affected by food intake. Protein
binding is approximately 93%, the majority being bound to albumin. This percentage has shown
to be unaffected by severe renal impairment and mild to moderate hepatic impairment (Byon

et al, 2019).

Apparent distribution volume is approximately 21L, probably comprising vascular and
interstitial fluid. Metabolic pathways include O-demethylation, hydroxylation, and sulfation of
hydroxylated O-demethyl apixaban (Raghavan et al., 2009), occurring mostly via cytochrome
P450 (CYP) 3A4/5 with minor contribution of CYPIA2, CYP2C8, CYP2C9, CYP2CI9, and
CYP2)2 (Wang et al., 2010). Apixaban is yet the major component within its metabolism with

pharmacological activity, with no active metabolites present (Byon et al., 2019).

Elimination pathways include biliary and direct intestinal excretion and renal
elimination. Apixaban is mostly excreted in its unchanged form, partially unabsorbed and
partially resulting from enterohepatic circulation (Byon et al., 2019). Clearance is mostly biliary

and renal. PK proprieties of apixaban are summarised in Table 2.

Table 2 - PK proprieties of apixaban as per Byon et al, 2019 and Xu et al, 2021.

PK proprieties DOAC
Apixaban

Molecular weight (g/mol) 459.50
log P 222
Compound type Neutral
Solubility (mg/ml) 0.11
Blood/plasma ratio 0.70
Fraction unbound in plasma 0.13
Vss (L) 21
Renal clearance (L/hour) 0.90
CYP3A4 CL,,. (LL/min/mg microsomal protein) 1.42
Additional human liver microsome CL,, 0.36
temax (D) 3-4
tin (h) 12
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3.2 PK models

Like dabigatran, apixaban is a P-gp substrate, making DDI likely to occur, specially
accounting for the fact that apixaban is also a breast cancer resistance protein (BCRP)
substrate and metabolized by CYP enzymes (Byon et al., 2019). As apixaban has a relatively
narrow therapeutical index, safety for patients taking drugs that could potentially cause DDI

could be compromised, in paediatric and renally impaired populations (Xu et al., 2021).

The elaboration of PK models could be an important step in obtaining the data needed
to create a more effective dosing regimen for the populations most affected and to decrease

the chances of DDI.

3.2.1 DDI in renal impaired and paediatric populations

In 2021, Xu et al. developed a PK model that could help in complex cases of
concomitant therapeutics in renal impaired and paediatric populations. The study began by
making a suitable model for healthy adults, and then validated. Following a second validation
process for the final model, PK profiles for apixaban were predicted, firstly for healthy subjects,

and secondly for the complex DDI cases which the model was initially designed to simulate.

The results showed an accurate assumption of the single-dose PK profiles for apixaban
in healthy adults in a broad range of dosages (from 0.5 mg to 50 mg). In multiple-dose
simulation, with dosages ranging from 2.5 mg to 25 mg BID, the accumulation of apixaban was
also predicted successfully with the exception of the 10 mg and 25 mg regime, possibly due to

the lack of clinical data in these dosages.

Most importantly, apixaban PK behaviour while virtually removing intestinal CYP3A4
metabolism impact from the model, resulted in little to no difference in the PK profile. In
opposition, removing P-gp efflux impact caused a significant increase in apixaban exposure.
This indicates P-gp plays an important role in the bioavailability of apixaban, but that seems

not to be the case for CYP enzymes.

A study was made to test DDI in renal impaired patients administered with apixaban,
by oral and IV routes, with or without other drugs that can develop DDI with apixaban
(ketoconazole and rifampicin). The model was then used to predict the PK profiles of each
scenario and the results were compared to the observed data. Accordingly, ketoconazole has
a synergistic effect with renal impairment. Therefore, it is important to consider the treatment
with these drugs that are inhibitors of P-gp when prescribing apixaban to renal impaired

patients.
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After adjusting the absorption and clearance parameters of the adult and renal
impairment model for children, the C,., AUC, oral administration clearance and IV
administration clearance parameters were predicted, both with and without DDI drugs or
renal impairment. A similarity in body weight-adjusted exposure and clearance were observed
between children and adults. However, infants younger than | year revealed higher

concentrations of apixaban probably due to the immaturity in CYP3A4 and P-gp activity.

The accuracy shown in this model predictions means that it can be used to simulate
dosing in hepatically impaired patients and other complex scenarios, but it can also be
usefulness in adult and healthy patients. This makes therapy with P-gp inhibitors a safer
possibility; otherwise, discontinuation was mandatory. In paediatric populations, however, all
the model predictions assume that the children simulated by the model underwent normal
development, which may compromise the adequateness of the model and limit its uses in

clinical practice.

3.3 Sampling and monitoring

Similarly to other DOAC’s, the gold standard method for monitoring apixaban is LC-
MS/MS, while less accurate coagulation assays like PT, aPTT and others, are used for routine
clinical testing (Park et al, 2019). More precise methods like calibrated automated
thrombogram Il (CAT-Il) are in development, but their clinical relevance is still to be

uncovered (Giesen et al., 2021).

3.3.1 Coagulation Assays

Although coagulation assays are common practice in indirectly therapeutic DOAC
monitoring, there is no on-therapy reference range, as only peak and through concentrations
are indicated by manufactures to be measured by LC-MS/MS. In 2019, Park et al. aimed to
establish these ranges for apixaban and rivaroxaban, allowing to determine what is the most

appropriate method.

For apixaban, samples of thawed plasma from 99 patients taking 2.5 and 5 mg apixaban
BID were analysed. The mean concentration for apixaban and anti-factor Xa was determined
and then compared to the coagulation test results. Linear co-relation (P-value <0.01) was
found for both dosages, in the PT (%), antithrombin (%) and dilute Russel viper venom time

confirm (dRVVT) assays. dRVVT is an assay usually performed for patients with lupus, and, if
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more studies to determine optimal reagents are performed, could be a valid alternative for

the more standard coagulation assays used for DOAC’s.

On-therapy reference ranges were then determined for the defined tests and the
results show clearly defined intervals that differ significantly from the reference ranges, as
expected. Furthermore, reference ranges observed for subjects taking 5 mg BID are broader
than those observed for subjects taking 2.5 mg BID. Due to the small sample size, clinical
relevance of the methods is still limited, though they may be of use in future studies or

emergent situations.

4. Rivaroxaban

Rivaroxaban is a direct inhibitor of FXa, with the benefit of having an increased
selectivity to this clotting factor (Kvasnicka et al., 2017), thus reducing the potential for side
effects and DDI. Mostly used in the prevention of VTE in patients with AF, rivaroxaban dosages
can go from 2.5 mg BID to 20 mg ID.

4.1 Pharmacokinetics and pharmacodynamics

Rivaroxaban absorption is distinguished from other DOAC because its bioavailability
(80-100%) may be increased in the presence of food. For the 20 mg ID dosage, the
bioavailability is increased by 39% in fed conditions, and for that reason, dosages above 10 mg
are recommended to be administered with food. The absorption is rapid, and C,,,, is achieved
between 2 and 4 hours, showing no relevant accumulation in multiple dosing (Kvasnicka et al.,

2017).

The percentage of binding to proteins is about 92-95%, mainly to albumin. Distribution
volume at steady state is about 0.62 L/kg, showcasing a moderate affinity for peripheral tissues.
About two thirds of the absorbed rivaroxaban is metabolised by CYP450 enzymes, namely
CYP3A4 (18%) and CYP2)2 (14%) (Kvasnicka et al, 2017), while the remaining third is

eliminated in its unchanged form, mainly via renal P-gp efflux (Stampfuss et al., 201 3).

Elimination of rivaroxaban is performed in its unchanged form mainly by the renal and
hepatobiliary system, derived from direct P-gp efflux and hepatic metabolism, meaning patients
with renal or hepatic impairment could potentially be exposed to concentrations off the
therapeutic range (Willmann et al, 2021). PK proprieties of rivaroxaban are summarised in

Table 3.
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Table 3 - PK proprieties of rivaroxaban as per Cheong et al,, 2019, Kvasnicka et al,, 2017 and Stampfuss et al., 201 3.

PK proprieties DOAC
Rivaroxaban

Molecular weight (g/mol) 435.88
log P 1.5
Compound type Neutral
Solubility (mg/ml) 0.01
Blood/plasma ratio 0.71
Fraction unbound in plasma 0.065
Vss (L/kg) 0.3824139
Renal clearance (L/hour) 4.73
CYP3A4 CL;,. (ul/min per picomoles) 0.06353705
CYP2)2 CL;, (ul/min per picomoles) 5.685421
temax (D) 2-4
tin (h) 5-13

4.2 PK models

Rivaroxaban’s absorption variability and unique renal clearance adds an extra challenge

in the creation of PK models, since it is, alike other DOAC, a P-gp and CYP3A4/2J2 subtract.

Several PK models have been made during the development of rivaroxaban and were
then adapted by Willmann et al. in 2014 for paediatric populations, and more recently, in 2021,

for renal and hepatic impairment and DDI potential.

4.2.1 Paediatric populations

As the paediatric patient population with VTE and AF increased, a need for adequate
dosing surged. To suit that need, Willmann et al. aimed to scale the already validated adult
model that used the clinical data from phase | studies in adult patients. By adapting the
clearance and protein binding algorithms to be age-dependent by including anthropometric
and physiological data for children, a paediatric PK model was originated, which was then used

to generate data to guide the dosing in an upcoming paediatric phase | trial.

The PK parameters simulated with this model were C,.,, AUC and concentration in
plasma after 24 hours (C,4,) (Which is equivalent to the trough concentration in an ID regimen).

Adult common dosages of 10 and 20 mg were adapted by taking the body weight of 70 kg as
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standard, thus considering 10 mg/70 kg body weight (0.143 mg/kg body weight) and 20 mg/70
kg body weight (0.286 mg/kg body weight) as reference dosages for children. The observed
90% confidence interval (Cl) for the adult population model was compared to the values that

resulted from the virtual paediatric population.

The results indicated that in children of body weight of less than 40 kg, the C,4, values
were significantly lower than in the adults, suggesting an increase of dose is needed in
paediatric population. Furthermore, it was observed that all the PK parameters (C,., AUC
and C,4,) were above the 90% Cl of the adult model. That could be explained by the fact that
doses were not weight-adjusted on the adult population, therefore, an individual above 70 kg
received the same 10 and 20 mg, while a child over 70 kg received a weight-adjusted dose,

resulting in an overestimation of the dosages for children.

Summarily, the adaptation of the adult model to paediatric patients successfully
represented the PK profiles of rivaroxaban in children and proposed an adequate dosing for

an upcoming clinical trial, and respective dose adjustment when needed.

4.2.2 Renal and hepatic impairment and DDI

In 2021, Willmann et al. used the paediatric PK model described above to access the
impact of renal and hepatic impairment in the PK profile of rivaroxaban, as well as its potential
for DDI with other P-gp and CYP3A4 substrates. To attain this aims, a sample of 1000 virtual
individuals was created for each degree of renal and hepatic impairment, and the PK
parameters were accordingly adjusted. A 10 mg ID rivaroxaban therapy was simulated in these
populations and AUC and C,,, ratios between the impaired and healthy individuals were
calculated to observe the impact of each impairment. These ratios were then compared to the
observed in previous clinical trials, which allowed to evaluate the model’s prediction accuracy.

Secondly, the same process followed for hepatic and renal impairment was done for
DDI by simulating populations treated with P-gp and CYP3A4 inhibitors of different strengths
(such as ketoconazole, ritonavir, clarithromycin, erythromycin, and fluconazole). This study
illustrated the impact of DDI in rivaroxaban’s PK profile and the model’s ability to predict
them.

Results showed that mild or moderate renal impairment had no impact in AUC values,
while severe renal impairment slightly increased the AUC, as observed in previous clinical
trials. C,..x showed not to be affected by renal impairment. Moderate hepatic impairment, as
expected, lead to an increased AUC and C,.. The simulated AUC values for hepatic

impairment are, in average, lower than those observed in clinical trials. They show, however,
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a bigger interindividual variety, as the Cl for simulated values overlap the Cl for the observed.

Regarding DDI, the model underestimates the C,, and AUC in most simulations,
comparing to the observed values. Nevertheless, both observed and simulated scenarios
showed an expected increase in PK parameters, proportional to the strength of the inhibitor.
The use of different inhibitors made it possible to draw conclusions about the influence of
each enzyme in the ADME of rivaroxaban. The simultaneous P-gp and CYP3A4 inhibition
caused a large increase in rivaroxaban levels. Although CYP3A4 sole inhibition did not have
the same accentuated effect, it is still to be considered in sensitive cases. It's noteworthy to
point out the lack of data about the concomitant administration of strong P-gp inhibitors (with
mild or no affinity to CYP3A4) with rivaroxaban, which would allow to infer the impact of this
specific enzyme.

All in all, the model successfully assessed the impacts of renal and hepatic impairment
and DDI in rivaroxaban’s PK profile. The predictions were consistent with the
recommendation of dose reduction in patients with Child-Pugh B and C and severe renal
impairment. Notice is given to the caution needed when prescribing P-gp and CYP43A4

inhibitors concomitantly with rivaroxaban for AF treatment, like amiodarone or dronedarone.

4.3 Sampling and monitoring

Similarly to other DOAC:S, rivaroxaban has a narrow therapeutic range, and in some
sensitive cases (like potential DDI or paediatric usage) the monitoring of this drug is advised.
However, there is still a lack of a standardised method to do so (Li et al., 2020). Furthermore,
in urgent situations when surgery is needed, there is no method to quantify rivaroxaban that

is readily available (Myers et al., 2020).

4.3.1 Anti-factor Xa activity, PT and aPTT

As already mentioned, the use of UPLC-MS/MS is a valid option for laboratory
monitoring of DOACs such as rivaroxaban, despite all the significant drawbacks. Li et al., in
2020, developed and validated an UPLC-MS/MS method that could accurately measure
rivaroxaban levels in Chinese patients. Significant differences were reported in this
populational PK profiles in comparison to Caucasian populations. Additionally, efforts have
been made to find a more cost-effective method to monitor rivaroxaban in laboratory and in
clinical practice, anti-factor Xa activity, PT and aPTT results were tested for correlation with

results obtained with UPLC-MS/MS.
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The validation of the UPLC-MS/MS method was successful, using a sample of 39 patients
with VTE using rivaroxaban. That population’s values were then used for the testing of other
methods. The results obtained lead to the conclusion that PT and aPTT are not valid
alternatives to monitor rivaroxaban, as linear correlation was not verified. On the contrary,
anti-factor Xa activity showed linear correlation in concentrations above 25 ng/ml and is
therefore a suitable alternative to LC-MS/MS methods. Although these results were explicit,
the small sample of 39 patients is a limitation for this study, as it might not represent the

entirety of the VTE-suffering Chinese population.

4.3.2 Thromboelastography (TEG)

Myers et al., in 2020, tested an innovative type of assay, thromboelastography (TEG),
in its most recent generation, the TEG6S platform, for its ability to accurately and rapidly
monitor rivaroxaban in point-of-care practice, allowing clinicals to quickly act in cases when
urgent surgery is needed. TEG6S differs from traditional TEG, among other specificities,
because of its incorporate anti-factor Xa assay, specific for the detection of factor Xa inhibitor

anticoagulant effect.

Previous literature reported conflicting results regarding the use of TEG, and not
TEGS6S, as a rivaroxaban monitoring assay. For that reason, this study also tests said

correlations between TEG and rivaroxaban, as for PT assay.

The PT assay showed correlation with rivaroxaban, even though not being suitable for
monitoring. The reference parameter in TEG assays was the reaction time, which quantifies
the enzymatic initiation of coagulation. Reaction time in TEG and TEG6S has shown to be
associated to rivaroxaban presence and concentration, with TEG6S having the strongest

correlation of the 3 assays.

As several studies presented different conclusions regarding TEG, more testing needs
to be done in order to assure this could be a point-of-care method in determining rivaroxaban
concentration. Moreover, even though TEG reaction time proved correlated with rivaroxaban
concentration, the reaction time values registered for the patients taking rivaroxaban fall

within the reference range, which takes away the clinical utility of this method.

The simplicity and quickness of this method, added to the correlation shown, call for
further investigation, as TEG can potentially become the standard method for rivaroxaban and

other anticoagulants monitoring.
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5. Edoxaban

Edoxaban is a direct, selective and reversible inhibitor of coagulation factor Xa
(Parasrampuria e Truitt, 2016). Approved by the FDA in 2014 for reduction of embolic events
in non-valvular AF and for VTE prevention in 2015, edoxaban is commonly administered once

daily in 15 mg to 30 mg dosages.

Despite presenting a robust safety profile, there is still a significant mortality associated
with bleeding events in patients taking edoxaban, specially with high dosages. Furthermore,
even the most recent antidotes for DOAC:S, like Andexanet Alfa, cannot reverse edoxaban
overdosing (Younis et al., 2020). For these reasons, the understanding of edoxaban PK and its

monitoring are of the uttermost importance.

5.1 Pharmacokinetics and Pharmacodynamics

Edoxaban has a generally linear and dose-proportional PK (Ogata et al., 2010). Its oral
bioavailability is about 62% (Escolar et al., 2014) and may differ in the presence of food, but
food intake has a high interindividual variability (Shimizu et al., 2017). Absorption occurs mainly

in upper gastrointestinal tract, with 13% being absorbed in the colon (Parasrampuria et al,

2015).

Distribution of edoxaban is biphasic and can be described by a 2-compartment model,
with an apparent distribution volume of 107 L at steady state. Accumulation is neglectable

even in higher doses (Parasrampuria e Truitt, 2016).

There are roughly 6 identified metabolites of edoxaban, the most relevant of them
being M-4. M-4 is an active metabolite and makes up 10% of the total edoxaban exposure,
but, due to its high protein binding, it does not have a significant contribution in edoxaban
pharmacological activity. Other active metabolites include M-6 and M-8, but these represent

less than 5% of edoxaban exposure (Parasrampuria e Truitt, 2016).

Elimination of rivaroxaban uses three different pathways: biliary secretion, urinary
excretion and metabolism. About 50% of the absorbed drug undergoes renal clearance, and
the other 50% divide between biliary secretion (~40%) and metabolism (CES-1, CYP3A4/5,

hydrolysis and glucuronidation make up about 10%) (Bathala et al., 2012).

Edoxaban is a weak P-gp inhibitor and has minimal effect on CYP 450 enzymes, thus it
is unlikely to cause DDI in patients who do not suffer from severe renal impairment

(Parasrampuria e Truitt, 2016).
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PK proprieties of edoxaban and M-4 are summarized in Erro! A origem da

referéncia nao foi encontrada..

Table 4 — PK proprieties of rivaroxaban as per Escolar et al., 2014 and Parasrampuria and Truitt, 201 6.

PK proprieties DOAC
M-4 Edoxaban

Molecular weight (g/mol) 548.06
log P |.4
Compound type Neutral
Solubility (mg/L) 93.29
Blood/plasma ratio 0.92
Fraction unbound in plasma 20% 45%
Absolute bioavalability 61.8
Vss (L) 107
Renal clearance (L/hour) 9.95
Total body clearance (L/hour) 21.8
temax (D) 1.98 1.02
tin (h) 10.5 1.5

5.2 PK models
5.2.1 P-gp influence

Although edoxaban is a weak inhibitor of P-gp, several studies indicate that it can have
an important role in the PK profile of edoxaban, and that concomitant treatment with P-gp

inhibitors increases C,.. and AUC (Parasrampuria et al., 2016).

In 2021, Kato et al. developed a PK model that allowed to determine the influence of
P-gp efflux in the gastrointestinal tract (as renal P-gp does not take interact with most P-gp
inhibitors). The constructed model was firstly used to simulate the oral administration of 10,
30 and 60 mg dosages and the results were then compared to with those observed.

Concentration/time profiles were accurately predicted, validating the model.

Several simulations were made in order to understand the regional absorption of
edoxaban in the intestine and the influence of P-gp in the amount of edoxaban absorbed in
each region. This allowed to explain the previously observed difference in the PK profile slopes

between oral and IV administration in the 8-24h interval, where a slower elimination of
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edoxaban was recorded for oral administration. This “flip-flop” phenomena can be explained
by the unabsorbed edoxaban, that resulted from P-gp efflux in the small intestine, being
posteriorly absorbed slowly in the colon. This slower absorption is also due to the P-gp efflux

in the colon and affects the clearance of edoxaban significantly.

All'in all, this model was able to predict the complex influence of P-gp in edoxaban PK

profiles and could help study potential DDI with P-gp inhibitors in the future.

5.3 Sampling and monitoring

Recent advances have been reported in bioanalytical methods that quantify edoxaban.
Beyond the more common LC-MS/MS method, recent research found high performance liquid
chromatography — diode array detector (HPLC-DAD) as an accurate method to determine
edoxaban concentrations in plasma (Gouveia et al., 2020). Furthermore, patients who undergo
edoxaban treatment commonly suffer from other co-morbidities and, therefore, a method
capable of determining the concentration of edoxaban in the presence of other co-
administered drugs, is of relevance. Younis et al., developed, in 2020, a HPLC-DAD method
capable of quantifying edoxaban in the presence of 16 other drugs that are commonly used

concomitantly.

In recent years, edoxaban was prescribed for the prevention of pulmonary embolism
caused by SARS-CoV-2 infection. As the SARS-CoV-2 pandemic aggravated, there was a rapid
increase in patients taking edoxaban, creating a need for a simple and, most of all, fast method
to monitor edoxaban. Rashid et al., developed earlier this year a surface enhanced Raman
spectroscopy method that can quickly screen edoxaban both in laboratory and in points-of-

care.

5.3.1 HPLC-DAD

Because of the cost, equipment and experience necessary to work with UPLC-MS/MS,
this method is not accessible to every laboratory, especially in developing countries. The
method designed by Younis et al., aims to have the same accuracy of UPLC methods, but in
an affordable and time-efficient way, using the sensitive HPLC-DAD to monitor edoxaban in

the presence of |16 different drugs usually prescribed along DOAC:s.

The key factor for the success of this method is equipment choice. The
chromatography column, for example, was carefully selected for this method and thoroughly
tested and compared to assure maximum selectivity for edoxaban. FDA guidelines for

validation of bioanalytical method were applied and the method was successfully validated.
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The results show the usefulness of this method in real-life scenarios, where samples
from patients can be quicky analysed without the need to isolate edoxaban from drugs that
can interfere in its quantification. The simplicity, reliability and cost-effectiveness of this assay
(derived from its small sample volume and fast chromatographic run) make it suitable for
routine monitoring or even in urgent situations where the drugs the patient has taken are

unknown.

5.3.2 Surface Enhanced Raman Spectroscopy (SERS)

A more recent approach to quantify edoxaban without the inconvenience of LC-MS
methods is SERS. Rashid et al. used this recent technology to design a sensitive and quick way

to quantify edoxaban.

This technology works by enhancing the magnitude of Raman emission in several
orders by using nanostructures of a noble metal (gold, in this case) and an excitation beam of
radiation. This emission is then detected and quantified, detecting concentrations of edoxaban
as small as | pM, and having no need for mass spectrometry, as Ramen emission detection is

also highly selective.

Using the 1436 cm™ band, that changed accordingly to edoxaban concentration, linear
regression was found between 1.4x10* M to 10"'> M concentrations. A cross-validation against
HPLC-UV method was performed, where a plasma sample spiked with edoxaban was screened
by both methods. The concentrations found were 1.34x10™* M by the SERS method and 1.4x 10

* M by the HPLC method, which translates in a 95.7% agreement.

This method showed selectivity, accuracy, practicality and cost effectiveness that show

strong potential to become the standard practice in edoxaban monitoring in the future.

6. Conclusion

DOACs came to revolutionize the treatment of AF and prevention of VTE, but their
safety in comparison with VKA anticoagulants discouraged the research for means to monitor
these drugs. Mortality associated with bleeding events while in DOAC therapy is still a problem

to be solved, and pharmacokinetic modelling is part of the solution.

PK modelling is now in the vanguard supporting clinicals optimisation of dosing
guidelines, not only for the general public, but also for the more vulnerable populations:
patients with co-morbidities, polymedicated, hepatically and renally impaired patients, and

children.
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Regarding DOACs specifically, PK models already came a long way and have
contributed to decrease the mortality in children and other sensitive patients with non-valvular
AF and VTE. Complex clinical cases regarding DDI with P-gp and CYP 450 enzymes can now
be solved without empirically dosing. ADME mechanisms of DOACs can now be better
understood by simulating diverse conditions in each compartment, opening doors to new and

more effective antidotes, molecules and formulations.

Quantifying and monitoring DOACs are crucial steps during the evolution of PK
models. As such, new methods like TAG, HPLC-DAD, SERS, among others, are a big step
forward in turning drug monitoring into a common and accessible practice and making DOAC
therapy even safer. Urgent medical situations when surgery is needed are an example where
fast and accurate point-of-care determination of DOAC is most useful and can save lives. Thus,
simplifying and reducing costs of methods like LC-MS/MS, are key factors to universalize and

improve drug monitoring.
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