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RESUMO
Introdugao:

A dor crénica é um problema de saude publica, afetando cerca de 40% da populacdo
portuguesa. A incidéncia e a prevaléncia das deméncias aumentam exponencialmente
com a idade, sendo que em Portugal existirdo cerca de 6% de pessoas com mais de 65
anos diagnosticadas com uma deméncia. Mais de 50% das pessoas com deméncia terdao
dor crénica. Sendo Portugal um pais envelhecido (cerca de 24% da populagao sao idosos)
e em envelhecimento (em 2050 serdo mais de 34% de idosos), perspectiva-se uma

dificuldade crescente na abordagem farmacolégica da dor.

A medida que a deméncia evolui, provoca limitagdes crescentes, dificultando a
comunicacdo (compreensdo e expressao), afectando a capacidade do doente em
expressar dor e conseguir caracteriza-la. Em doentes com deméncia avanc¢ada, a dor
causa frequentemente delirium/agitacdo psiquica ou psicomotora, tornando a
abordagem terapéutica mais dificil e complexa. Para além disto, muitas das alteragdes
das caracteristicas corporais associadas aos doentes com deméncia e com sindrome de
fragilidade sdo idénticas ao envelhecimento, e acarretam importantes mudancas da
farmacocinética. Desta forma, o perfil de seguranca dos farmacos fica alterado e é
necessaria a personalizacdo das terapéuticas de acordo com as caracteristicas
individuais.

Objectivos:

Esta dissertacdo tem o objetivo principal de contribuir para a descoberta de potenciais
biomarcadores de dor, associados a plaquetas e a mondcitos, no sangue periférico em
doentes com deméncia em cuidados paliativos. E também analisada e revista a evidéncia
cientifica relativamente a alteracdo dos perfis de seguranca do paracetamol, dos anti-
inflamatdrios ndo esterdides (AINEs) e dos opidides no contexto de alteracdes
farmacocinéticas que ocorrem com o envelhecimento, com a sindrome de fragilidade e
na evolucdo das deméncias, particularmente na distribuicdo, no metabolismo e na

eliminacdo dos farmacos.
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Metodologia:

Os estudos laboratoriais foram observacionais, transversais, e retrospectivos sem
intervencdo e efectuados em células sanguineas periféricas (plaquetas e mondcitos
de doentes com deméncia (com e sem dor) e em doentes controlo (com e sem
deméncia). Para a identificagdo de biomarcadores de dor, o estudo laboratorial foi
efectuado em plaquetas e mondcitos recorrendo a citometria de fluxo. Nas plaquetas
foi avaliada a expressao membranar absoluta e relativa de Cluster of Differentiation
(CD) 36, CD49f, CD61, CD62p, CD59 e CD40 e nos mondcitos e seus subtipos, classicos,
intermediarios e ndo classicos, os niveis de CD1lc, CD86, CD163 e CD206. Os
resultados foram correlacionados com varias varidveis incluindo idade, sexo, tipo de
deméncia, tipo e intensidade de dor (ou dor controlada vs. ndo controlada através do
valor da Escala de Avaliacdo da Dor na Deméncia Avancada (PAINAD) menor ou
superior a 5, respectivamente), analgésicos utilizados (opidide, AINEs, paracetamol),

utilizando métodos estatisticos adequados.

Foi ainda realizada uma revisdo da literatura publicada nos ultimos 20 anos referente
a farmacocinética e farmacodinamica relacionadas com os fdrmacos mais usados na
abordagem terapéutica da dor, tendo como variavel alteracdes individuais fisioldgicas
e fisiopatoldgicas que possam afetar o comportamento dos farmacos, comparando

eficacia e seguranca para opidides, AINEs e paracetamol.

Foi efetuada adicionalmente uma revisdo narrativa sobre o papel da apoptose na dor
crénica, com a identificacdo de varias vias de sinalizacdo celulares que poderao conter

biomarcadores de tipos de dor diferentes e potenciais novos alvos terapéuticos.
Resultados:

Relativamente ao estudo laboratorial, foram selecionados 95 doentes com doenca ndo
oncolégica, e foram realizadas colheitas de sangue periférico em 53 doentes, 44 doentes
com dor (38 dos quais com deméncia grave) e nove sem dor ou deméncia (controlos). A
idade média dos doentes era 74,8 anos, sendo a maioria do sexo feminino (73,6%). Entre
os 44 doentes com dor, 19 estavam sob tratamento com opidides (15 com deméncia e
4 sem demeéncia). Dos doentes com deméncia, cerca de 84% tinham dor ndo controlada

(PAINAD > 5).
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A percentagem de plaquetas que expressam CD36, CD49f e CD61 decresce com a
presenca de dor e os niveis de expressao de CD49f e CD61 reduzem significativamente
guando comparados com os doentes sem dor. A percentagem de plagquetas
expressando CD40 esta significativamente aumentada em doentes com dor moderada

a severa.

Relativamente a populagao monocitaria, observamos nos doentes com dor um aumento
significativo da subpopulagdo de mondcitos classicos, assim como da expressao de
CD206 e uma reducédo do ratio CD163/CD206 quando se compara com os doentes sem
dor. O CD11c est4 significativamente aumentado nos doentes com dor mista, enquanto
os niveis de CD163 e CD206 estdo aumentados nos doentes com dor nociceptiva,
independentemente do tipo de deméncia apresentado pelos doentes. No entanto, os
valores de CD163 estdo significativamente mais baixos na presenca de opidides, o que
parece confirmar o papel anti-inflamatério dos opidides, através da inativagdo

monocitaria.

Para a revisao dos AINEs, foram selecionados 18 artigos, entre os quais se obteve niveis
de evidéncia | (o naproxeno tem pior perfil de seguranca renal e cardiovascular que os
coxibes e que o ibuprofeno), forcas de recomendacdo B (a acemetacina tem melhor
perfil de seguranca renal e cardiovascular) e forcas de recomendacdo C (a acemetacina

apresenta melhor perfil de seguranca hepatica).

Para a revisdo dos opidides, foram selecionados 22 artigos, entre os quais se obteve
forcas de recomendacdo A (a hidromorfona, fentanilo e buprenorfina tém melhor perfil
de seguranca renal, ndo necessitando de ajuste posolégico na disfuncionalidade do rim),
forcas de recomendacdo B (todos os opidides, excepto a hidromorfona e a morfina,
deverdo alargar a posologia nas popula¢des com aumento do tecido adiposo) e forca de
recomendacdo C (os opidides com melhor perfil de seguranca hepatico sdo o

tapentadol, a hidromorfona e a morfina).

Na revisdao sobre o papel da apoptose na dor crénica, o NF-KB, as citocinas pro-
inflamatdrias como o TNF-a e o stresse oxidativo demonstraram estar envolvidas na
modulacdo da apoptose e na mediacdo da dor neuropatica periférica. A apoptose

envolvida nos ganglios da raiz dorsal tem sido associada a lesGes de nervos espinhais,
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através da sinalizacdo pela caspase e/ou pela ativacdo da PKA através da via da p38
Mitogen-Activated Protein Kinase (p38MAPK), originando e mantendo a dor

neuropatica.
Discussao e Conclusoes:

As alteragOes corporais e de funcionalidade organica tém uma influéncia significativa na
farmacocinética do paracetamol, dos AINEs e dos opidides. Os farmacos hidrossoluveis
obrigam habitualmente a uma reduc¢do da dose, enquanto os farmacos lipossoluveis
obrigam a um ajuste da posologia (menos administracdes didrias se o doente é obeso
ou idoso). Os farmacos com grande eliminacao renal obrigam a ajustes posoldgicos e de
dose. Finalmente, os farmacos com metabolizacdo hepdtica na fase 1 de
biotransformacdo devem ser substituidos sempre que possivel por farmacos com
metabolizacdo hepdtica na fase 2 ou as posologias devem ser ajustadas para

administracdes mais espacadas e com doses inferiores.

As caracteristicas corporais e a funcionalidade hepatica e renal sdo essenciais para a
farmacocinética dos farmacos mais prescritos para o tratamento da dor (paracetamol,
AINEs e opioides), pelo que a caracterizagao individual deve ser central na escolha do

farmaco mais eficaz e seguro, e na dose e posologia a utilizar.

A modulac¢ao da apoptose podera potenciar o controlo da dor crdénica, com mais armas
terapéuticas para novos alvos. A inibicdo da apoptose, através da modulacdo do BCL-2,
da caspase 3, do TNF-a, do NF-KB, do proteasoma (utilizacdo de inbidores do
proteasoma) e do stresse oxidativo (como por exemplo os flavondides), tem potencial
para contribuir para o controlo da dor neuropatica, embora ainda careca de confirmacao

por ensaios clinicos.

Foram identificados vdrios potenciais biomarcadores de dor: o aumento da
percentagem de plaquetas que expressa CD62p e dos mondcitos, particularmente da
subpopulacdo de mondcitos classicos e da expressdao de CD206 monocitaria, bem como
diminuicdo da percentagem de plaquetas que expressam CD36, CD49f e CD61 e dos
niveis de expressdao de CD49f e CD61 plaquetarios poderdo vir a ser considerados

biomarcadores de dor.
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Além disso, foram caracterizados potenciais biomarcadores periféricos da intensidade e
tipo de dor, sendo de salientar o CD40 plaquetario na identificacdo de dor moderada a
severa, e o CD62p plaquetario na identificacdo da dor nociceptiva. Para além disso, nos
mondcitos classicos, o CD11c esta significativamente aumentado nos doentes com dor
mista, enquanto que os niveis de CD163 e CD206 estdao aumentados nos doentes com
dor nociceptiva, independentemente do tipo de deméncia. Estes resultados sugerem a
relevancia destes marcadores na caracterizacdo da intensidade e tipo de dor e poderao
contribuir para um melhor ajuste terapéutico dos adjuvantes utilizados no tratamento

farmacoldgico da dor.

Apesar de ser o maior estudo realizado com doentes com necessidades paliativas
especializadas, totalmente dependentes e préximos do fim de vida, particularmente
doentes com dor e deméncia avancada, os dados que apresentamos nesta tese
necessitam de estudos confirmativos, multicéntricos, com maiores amostras,
comparando doentes saudaveis com doentes com diferentes causas de dor e diferentes
mecanismos de deméncia, assim como diferentes respostas aos tratamentos instituidos.
Serd igualmente importante avaliar a farmacogendmica e o seu potencial para interferir

na farmacodinamica e na farmacocinética.

Esta tese tem a vantagem de apresentar uma visao de futuro para o tratamento da dor,
apoiando a medicina de precisdao, que acreditamos que reduzird a iatrogenia,
melhorando a eficacia e a seguranca da farmacoterapia instituida em doentes com dor

cronica.
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ABSTRACT
Introduction:

Chronic pain is a public health problem, affecting around 40% of the Portuguese
population. Dementia incidence and prevalence are rising, with nearly 6% of diagnosed
patients in Portugal with more than 65 years. More than 50% of dementia patients will
have chronic pain. As Portugal is an aged (nearly 24% are elderly) and aging country (in
2050 more than 34% of Portuguese population will be elderly), an increasing difficulty is

expected in the pharmacological approach to pain.

As dementia progresses, it causes increasing limitations, making communication
(understanding and expression) difficult and affecting patient’s ability to express and
characterize pain. In patients with advanced dementia, pain often causes delirium,
making the therapeutic approach more difficult and complex. Furthermore, many of the
changes in body characteristics associated with patients with dementia and frailty
syndrome are identical to aging and lead to important changes in pharmacokinetics. In
this way, the safety profile of drugs is altered, and it is necessary to personalize therapies

according to individual characteristics.
Objectives:

This thesis aims to discover potential pain biomarkers, associated with platelets and
monocytes in peripheral blood. It is also analyzed and reviewed the scientific evidence
regarding changes in safety profiles of paracetamol, non-steroidal anti-inflammatory
drugs (NSAIDs), and opioids in the context of pharmacokinetics changes that occur with
aging, frailty syndrome, and the evolution of dementias, particularly in the distribution,

metabolism, and elimination of drugs.
Methodology:

The laboratory studies were observational, cross-sectional, and retrospective without
intervention and carried out on peripheral blood cells (platelets and monocytes from
patients with dementia (with and without pain) and in control patients (with and

without dementia).
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For the identification of pain biomarkers, the laboratory study was carried out on
platelets and monocytes using flow cytometry. In platelets, the absolute and relative
membrane expression of CD36, CD49f, CD61, CD62p, CD59 and CD40 was evaluated and
in monocytes and their subtypes, classic, intermediate and non-classical, the levels of

CD11c, CD86, CD163 and CD206.

The results were correlated with several variables including age, sex, type of dementia,
type and intensity of pain (or controlled vs. uncontrolled pain through Advanced
Dementia Pain Assessment Scale (PAINAD) value less than or greater than 5,
respectively), analgesics used (opioid, NSAIDs, paracetamol), using appropriate

statistical methods.

A review of the literature published in the last 20 years was also carried out regarding
pharmacokinetics and pharmacodynamics related to the most used drugs in the
therapeutic approach to pain, taking as variables individual physiological and
pathophysiological changes that may affect the behavior of drugs, comparing efficacy

and safety for opioids, NSAIDs and paracetamol.

Additionally, a narrative review was carried out on the role of apoptosis in chronic pain,
with the identification of several cellular signaling pathways that may contain

biomarkers for different types of pain and potential new therapeutic targets.
Results:

Regarding the laboratory study, 95 patients with non-oncological disease were selected,

and peripheral blood samples were collected from 53 patients.

The percentage of platelets expressing CD36, CD49f and CD61 decreases with the
presence of pain and the expression levels of CD49f and CD61 are significantly reduced
when compared to patients without pain. The percentage of platelets expressing CD40

is significantly increased in patients with moderate to severe pain.

Regarding the monocyte population, we observed in patients with pain a significant
increase in the subpopulation of classic monocytes, as well as in the expression of CD206
and a reduction in the CD163/CD206 ratio when compared to patients without pain.

CD11c is significantly increased in mixed pain, whereas CD163 and CD206 levels are
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increased in nociceptive pain, regardless of the type of dementia presented by the
patients. However, CD163 values are significantly lower in the presence of opioids,
which seems to confirm the anti-inflammatory role of opioids through monocyte

inactivation.

For the review of NSAIDs, 18 articles were selected, among which levels of evidence |
were obtained (naproxen has a worse renal and cardiovascular safety profile than coxibs
and ibuprofen), strengths of recommendation B (acemetacin has a better profile of renal
and cardiovascular safety) and strengths of recommendation C (acemetacin has a better

hepatic safety profile).

For the review of opioids, 22 articles were selected, among which strengths of
recommendation A were obtained (hydromorphone, fentanyl and buprenorphine have
a better renal safety profile, not requiring dosage adjustment in renal dysfunction),
strengths of recommendation B (all opioids, except hydromorphone and morphine,
should increase the dosage in populations with increased adipose tissue) and strength
of recommendation C (the opioids with the best hepatic safety profile are tapentadol,

hydromorphone and morphine).

In the review on the role of apoptosis in chronic pain, NF-KB, pro-inflammatory cytokines
such as TNF-a and oxidative stress were shown to be involved in modulating apoptosis
and mediating peripheral neuropathic pain. Apoptosis involved in dorsal root ganglia
has been associated with spinal nerve injuries, through caspase signaling and/or PKA
activation through the p38MAPK pathway, originating and maintaining neuropathic

pain.
Discussion and Conclusions:

Body changes and organic functionality have a significant influence on the
pharmacokinetics of paracetamol, NSAIDs and opioids. Water-soluble drugs usually
require a dose reduction, while fat-soluble drugs require an adjustment in dosage (less
frequently daily administrations if the patient is obese or elderly). Drugs with extensive
renal elimination require dosage and posology adjustments. Finally, drugs with phase 1

hepatic metabolism should be replaced whenever possible by drugs with phase 2
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hepatic metabolism or the dosages should be adjusted for more spaced administrations

and with lower doses.

Body characteristics and liver and kidney functionality are essential for the
pharmacokinetics of the most prescribed drugs for pain treatment (paracetamol, NSAIDs
and opioids), so individual characterization must be central for choosing the most
effective and safe drug and its dosage. Modulation of apoptosis could enhance the

control of chronic pain, with more therapeutic weapons for new targets.

The inhibition of apoptosis, through the modulation of BCL-2, caspase 3, TNF-a, NF-KB,
the proteasome (use of proteasome inhibitors) and oxidative stress (such as flavonoids),
has potential to contribute to the control of neuropathic pain, although it still needs to

be confirmed by clinical trials.

Several potential biomarkers of pain were identified: an increase in the percentage of
platelets that express CD62p and of monocytes, particularly the subpopulation of
classical monocytes and the expression of CD206, as well as a decrease in the percentage
of platelets that express CD36, CD49f and CD61 and of platelet expression CD49f and

CD61 levels could be considered pain biomarkers.

Furthermore, potential peripheral intensity and type of pain biomarkers were
characterized, with emphasis on platelet CD40 for identifying moderate to severe pain,
and platelet CD62p for identifying nociceptive pain. Furthermore, in classical
monocytes, CD11c is significantly increased in patients with mixed pain, while CD163
and CD206 levels are increased in patients with nociceptive pain, regardless of the type
of dementia. These results suggest the relevance of these markers in characterizing the
intensity and type of pain and could contribute to a better therapeutic adjustment of

adjuvants used in the pharmacological treatment of pain.

Despite being the largest study carried out with patients with specialized palliative
needs, totally dependent and close to the end of life, particularly patients with pain and
advanced dementia, the data we present in this thesis require confirmatory, multicenter
studies, with larger samples, comparing healthy people with patients with different

causes of pain and different mechanisms of dementia, as well as different responses to
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established treatments. It will be equally important to evaluate pharmacogenomics and

its potential to interfere with pharmacodynamics and pharmacokinetics.

This thesis has the advantage of presenting a vision of the future for the treatment of
pain, supporting precision medicine, which we believe will reduce iatrogenesis,
improving the efficacy and safety of pharmacotherapy instituted in patients with chronic

pain.
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INTRODUCAO E OBJETIVOS

O envelhecimento da populagdo, particularmente em Portugal, tem consequéncias
epidemioldgicas assinalaveis, com repercussdes nos sistemas de saude (Verissimo,
2014). Pelo mesmo facto, assistimos a um aumento da prevaléncia de doengas crénicas
degenerativas, como as deméncias, que originam varias dificuldades ao nivel dos

cuidados geridtricos e paliativos (Jaul & Barron, 2017; Verissimo, 2014).

Apesar da prevaléncia estimada das deméncias em Portugal ser conhecida (cerca de 6%
em individuos com mais de 60 anos, ou seja, cerca de 190 mil pessoas) (Fundacdo
Francisco Manuel dos Santos, 2023; Santana et al.,, 2015) a dor em doentes com
demeéncia costuma ser abordada de forma inadequada (Abreu, 2016; Achterberg et al.,
2020; Batalha et al., 2012; Burks et al., 2021; Dementia Australia, 2023; Frampton, 2003;
H. Ribeiro et al., 2017).

A dor crénica, definida pela existéncia de dor com trés ou mais meses de duracdo (Raja
et al., 2020), é um dos fatores geradores de sofrimento mais frequentes, afectando
cerca 40% da populacdo geral (Azevedo et al., 2012), cerca de 50% das pessoas idosas
que vivem na comunidade e 83% das que estdo institucionalizadas (Direcao-Geral da
Saude, 2010). Em 2022, cerca de 24% da populacdo portuguesa tinha 65 ou mais anos
(Fundacdo Francisco Manuel dos Santos, 2023), sendo expectdvel que em 2050

tenhamos cerca de 34% de idosos (Verissimo, 2014).

A caracterizacdo da dor, sempre necessaria, é fundamental na abordagem dos doentes
com dor crénica, o que exige boas aptiddes comunicacionais, além de bons
conhecimentos cientificos e competéncias clinicas. No entanto, em doentes com
deméncia avangada, onde a comunicagao estd diminuida em todas as suas dimensdes,
ndo existe a possibilidade de caracterizar adequadamente a dor (Frampton, 2003).
Muitas vezes, é até dificil aos profissionais de salde aperceberem-se da existéncia da
dor. Desta maneira, a definicdo de uma estratégia analgésica fica gravemente

comprometida.

A Escala de Avaliacdo da Dor na Deméncia Avancada (PAINAD) é uma escala de
heteroavaliacdo, ja validada para a populacdo Portuguesa (Batalha et al., 2012; Warden

et al., 2003), permitindo atribuir a probabilidade da existéncia de dor em doentes com

23



Hugo Ribeiro | Programa Doutoral em Cuidados Paliativos | Faculdade de Medicina da Universidade do Porto

demeéncia avancada. Ainda assim, a incapacidade para caracterizar a dor, segundo as
suas varias dimensdes, particularmente a intensidade e etiologia, impede a aplicagdo da
escada analgésica da Organizacdo Mundial de Saude (OMS) (Anekar & Cascella, 2023), o

que dificulta a abordagem terapéutica dirigida.

A presente tese teve como objetivo principal a caracterizagao da dor, em doentes com
deméncia em cuidados paliativos, e contribuir para a seleccdo da melhor abordagem

terapéutica.
Como objectivos especificos, pretendemos:

- Identificar biomarcadores no sangue periférico que possibilitem a caracterizacdo da
dor, em intensidade e etiologia, em doentes com deméncia avancada, de modo a
contribuir para uma melhor personalizacdo da terapéutica e para a medicina de

precisao;

- Sistematizar a abordagem das principais terapéuticas analgésicas segundo as
caracteristicas individuais dos doentes, tendo em conta a fisiologia do envelhecimento,
a fragilidade, a polimedicacdo, a disfuncionalidade orgéanica e outras condicdes que
estao frequentemente presentes em doentes com necessidade de cuidados paliativos

especializados;

- Contribuir para a avaliacdo de novos alvos terapéuticos, que acrescentam sinergismos
as terapéuticas hoje existentes, reduzindo necessidade de titulacdo de doses, contendo
os respectivos efeitos adversos, e promovendo a melhoria do estado geral dos doentes

e a reducdo do seu sofrimento.

Esperamos conseguir definir uma estratégia terapéutica personalizada tendo em conta
as caracteristicas mais importantes da dor, bem como as caracteristicas individuais,
otimizando resultados e prevenindo efeitos adversos. Deste modo espera-se contribuir

também para uma melhor qualidade de vida dos doentes.
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OS BIOMARCADORES E A DOR

A dor é uma experiéncia multidimensional e multifactorial que pode prejudicar
significativamente a qualidade de vida do doente. Uma vez que multiplos fatores
influenciam a dor e a sua caracterizacdo depende muito do doente e da sua
interpretacdo individual (Organizacdo Mundial da Saude, 2009), hd uma necessidade
urgente de caracterizagdo da dor de uma forma mais objetiva através da identificagao

de biomarcadores por métodos ndo invasivos.

Um biomarcador é uma caracteristica ou pardametro que é observavel e mensuravel
como um indicador de processos bioldgicos normais, processos patolégicos ou de
respostas a uma exposicdo ou intervencao, incluindo intervencdes terapéuticas (FDA-
NIH Biomarker Working Group - Food and Drug Administration (US), 2016). Pode
apresentar-se como uma caracteristica fisiolégica, molecular, histoldgica ou

imagioldgica, entre outras.

A identificacdo e doseamento de um biomarcador do sangue periférico implica uma
técnica de colheita de sangue, minimamente invasiva (Lin et al., 2021), geralmente por
puncdo da veia cubital mediana, da veia cefdlica, ou da veia basilica do membro superior

(Liu, 2020).

Tém sido publicados alguns estudos que relacionam biomarcadores com dor, com o
objetivo primario de a identificar e caracterizar o mais precocemente possivel, existindo
ainda o objetivo secundario de definir estratégias terapéuticas direcionadas (Davis et
al., 2020; Niculescu et al., 2019; Reckziegel et al., 2019; Tonelli Enrico et al., 2022) e

monitorizar a resposta as terapéuticas e estudar novos farmacos.

A descoberta e o desenvolvimento de biomarcadores da dor deverd comecar com o
autorrelato do doente e a identificacdo de uma série de sinais e sintomas, associando-
os a processos fisiolégicos, fisiopatoldgicos e etioldgicos da dor. Depois de obtidos, os
biomarcadores poderao ser utilizados para a identificacdo da predisposi¢cdo para a dor
e dos mecanismos, para a caracterizacdo da dor, e para o seguimento e avaliacdo da
resposta ao tratamento (sucesso ou falha terapéutica), como esta representado na

Figura 1.
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Figura 1: Utilidade dos biomarcadores da dor (adaptado de Davis et al., 2020)

Perante um doente que refere dor aguda, é fundamental avaliar, no caso da dor ndo
desaparecer, se esta evolui para dor crénica com necessidade de tratamento adequado. O
objectivo é que este tratamento permita o alivio da dor, sem o desenvolvimento de resisténcia
a terapéutica. Em todo este processo é fundamental encontrar biomarcadores que permitam
avaliar a predisposicdo para dor cronica (biomarcadores de predisposicdo ou risco), os
mecanismos de dor e sua estratificacdo diagndstica e progndstica (evolugdo para dor crénica-
cronificagdo/cronicidade — biomarcadores de diagndstico/progndstico/cronicidade), e de

resposta ao tratamento (biomarcadores de resposta — recuperagao ou resisténcia)

O processo para a validacdao de biomarcadores que permita posteriormente o seu uso
clinico implica, como ja foi dito, primeiramente a identificacdo e quantificacdo do
biomarcador. Seguidamente, deverdao fazer-se ensaios que avaliem e atestem a sua
validade no que se refere a identificacdo da condi¢gdo/doenca, ao progndstico, como
alvo terapéutico e resposta a intervengdo, prevenindo enviesamentos. Para este
processo é igualmente fundamental confirmar a reprodutibilidade, a precisdo, a

estabilidade e a flexibilidade (Davis et al., 2020), como se visualiza na Figura 2.
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Figura 2: Passos para a identificacdao e desenvolvimento de biomarcadores para utilizagdo

clinica (adaptado de Davis et al., 2020)

Apesar dos multiplos esforgos, ainda ndo foi possivel identificar biomarcadores robustos

de dor. Alguns dos que estdo em estudo estdo representados no quadro 1 (Davis et al.,

2020).

Quadro 1: Alguns dos principais biomarcadores para a dor em estudo (adaptado de Davis et al.,

2020)

Biomarcador

Microneurografia
(Ackerley & Watkins, 2018;
Serra et al., 2012)
Eletrofisiologia (Zurier, 2018)

Electroencefalograma (EEG)
(LeBlanc et al., 2016; Levitt &
Saab, 2019; Pinheiro et al.,
2016; Ploner & May, 2018; van
der Miesen et al., 2019)
Calcitonine Gene-Related
Peptide (CGRP)
(Goadsby et al., 2017a; Scuteri
et al., 2019)

Bidpsia tecidular
(Smith et al., 2017; VI¢kova-
Moravcova et al., 2008)
Microscopia da cérnea

Técnica

Registo de potenciais de agdo
espontaneos em fibras
nervosas nociceptivas
Neurdnios nocicetivos

induzidos derivados de stem

cells pluripotentes e bidpsias
tecidulares
Laser e potenciais evocados
Espectro de frequéncia
temporal
Coeréncia
Conectividade efetiva
Bioquimica

Densidade de fibras nervosas
epidérmicas

Terminais de fibras nervosas na
camada cornea

Possibilidade de utilizagdo

Em investigagao

Em investigagao

Disponivel e calibrado ou em
calibracdo

Apenas em laboratérios
especializados

Apenas em laboratérios
especializados

Equipamento disponivel clinicas
especializadas e oftalmologistas

27



Hugo Ribeiro | Programa Doutoral em Cuidados Paliativos | Faculdade de Medicina da Universidade do Porto

Genoma
(Dorsey et al., 2019; LaPaglia et
al., 2018; Ramsden et al., 2017;
Tracey et al., 2019; Zorina-
Lichtenwalter et al., 2016)
Epigenoma
(Douglas et al., 2015; Lépez-
Gonzélez et al., 2017;
Ramanathan & Ajit, 2016)
Transcriptoma
(LaPaglia et al., 2018; Ramsden
etal., 2017)
Imunoma
(Gaudilliere et al., 2014; Ji et al.,
2016; Raoof et al., 2018; Tsai et
al., 2019)

Imagem estrutural
(Ressonancia magnética (RMN),
Tomografia computorizada
(TC)

(Bosma et al., 2018; Goadsby et
al., 2017b; Jones et al., 2004;
Kutch et al., 2017; Staikopoulos
et al., 2016; Wager et al., 2013)
Tomografia por Emissdo de
Positrdes (PET)

(Bosma et al., 2018; Goadsby et
al., 2017b; Jones et al., 2004;
Kutch et al., 2017; Staikopoulos
et al., 2016; Wager et al., 2013)
Testes sensitivos quantitativos
(Ashraf et al., 2009; LaChapelle
et al., 1999; Sikka et al., 2015)

Movimento e atividade
(Gholami et al., 2010; M. Yang
etal., 2012)
Resposta auténoma
(Geuter et al., 2014; Smith et
al., 2017)

Genotipagem e sequenciacao

Metilagdo do ADN e matrizes de
microARN

Sequenciagdao de ARN

Citometria de fluxo
Parametros de estimulacdo de
células mononucleares no
sangue periférico
Analise espectral da pele e
sangue

Fluxo sanguineo
Metabolismo de
neurotransmissores
Biomarcadores da microglia

Detecdo de parametros de
sensibilidade a estimulos
nociceptivos e ndo nociceptivos
Modulagdo da dor
Alteragdes da dor com o tempo
Alteragdes de musculos faciais
relacionados com dor
Dispositivos médicos ndo
invasivos

Condutancia cutanea, diametro
pupilar e indicadores
fisiolégicos de atividade
autondémica

Disponivel e calibrado ou em
calibragao

Apenas em laboratérios
especializados, ainda ndo
calibrado

Disponivel e calibrado ou em
calibragao

Disponivel e calibrado ou em

calibragdo

Disponivel e calibrado ou em
calibragao

Em investigacao

Disponivel e calibrado ou em
calibragao

Disponivel e calibrado ou em
calibragao

Disponivel e calibrado ou em
calibragao

No contexto da abordagem terapéutica da dor, os marcadores bioldgicos (omic-based)
poderdo ser extremamente relevantes ndo sé na identificacdo e caracterizacdo da dor,
dos seus mecanismos fisiopatoldgicos mas também na individualizacdo terapéutica

(Mamas et al., 2011).

Alguns estudos tém demonstrado que a dor nociceptiva e a dor neuropatica tém

associados diferentes biomarcadores (Marchi et al., 2009). Todavia ainda ndo foi
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possivel relacionar nenhum biomarcador com a durag¢do da dor e com a sua intensidade,
mantendo-se estas e outras caracteristicas da dor ainda dependentes do autorrelato dos

doentes (Ribeiro et al., 2017).

Embora alguns modelos pré-clinicos de dor crénica mimetizem o que se passa na pratica
clinica, poucos biomarcadores tém tido ampla utilidade na pratica clinica (Sam Eldabe
etal., 2022). Aidentificacdo e doseamento de biomarcadores por técnicas minimamente
invasivas, pode ser extremamente util em doentes com deméncia. As células
sanguineas, nomeadamente as plaquetas e os mondcitos, devido a sua participacdo na
resposta inflamatéria e imune, poderdao apresentar relevantes biomarcadores para

caracterizacdo e monitorizacdo da dor de uma forma regular.

AS PLAQUETAS E ADOR

As plaguetas tém um papel fundamental comprovado na hemostase, na trombose e na
cicatrizacdo. Além disso, tem vindo a ser avancada a sua importante atuacdo na reacao
inflamatdria e imune (Lievens & Hundelshausen, 2011; Thomas & Storey, 2015; von

Hundelshausen & Weber, 2007).

J4 é reconhecido o potencial papel das plaquetas para a nocicepc¢do e a dor, uma vez
gue nos seus granulos armazenam e libertam substancias alogénicas como a serotonina,

a histamina e a bradicinina (Arman et al., 2015; Ringkamp et al., 1994).

Os antiagregantes plaquetarios inibem a dor (Barkai et al., 2019; Kwon et al., 2020;
Salem, 1980; Weth et al., 2015), pelo que, em doentes com dor, a avaliacdo da atividade
plaquetdria podera ser um passo importante para a identificacdo e caracterizacdo da
dor, o que poderd beneficiar um follow-up clinico mais objetivo (Gianazza et al., 2020;

Ludwig et al., 2022).

As fungbes plaquetarias de reconhecimento, adesao, agregacao, ativacdo, inflamacdo e
modulacdo da resposta imune, apresentam varias moléculas, receptores e vias de
sinalizacdo celular que podem ser utilizadas como marcadores da dor (Gianazza et al.,
2020; Ludwig et al., 2022). Alguns receptores da membrana plaquetdria, como o CD62p

(P-selectina) e o CD41 (GPllIb-llla) tém vindo a ser identificados como marcadores da
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ativacdo das plaquetas (Akingbade et al., 2018). Neste contexto, na investigacdo desta
tese foram utilizados como biomarcadores a glicoproteina IV (CD36), as moléculas de
adesdo, a integrina a6 (CD49f), a integrina B3 (CD61) e a P-selectina (CD62p), a proteina
de ativacao do complemento (CD59) e o receptor da familia do Tumor Necrosis Factor
alpha (TNF-a) (CD40). O CD36 é um receptor da familia scavenger classe B, que
reconhece e interage com varios ligandos e esta envolvido na hemostase, trombose,
malaria, inflamacdo, metabolismo lipidico e aterogénese (Daviet & McGregor, 1997). O
CD49f é uma molécula de adesdo, que tem vindo a ser associada a inflamacgao, através
da regulacdo da adesdo e da diferencia¢do das células pluripotentes (Barbar et al., 2020;
Z.Yang et al., 2015). O CD61 é uma glicoproteina com um papel relevante na agregacao
plaquetdria, sendo igualmente um receptor para fibrogénio, fibronectina, factor de von
Willebrand e vitronectrina (Heemskerk et al., 2013). O CD62p é uma proteina
membranar das plaguetas envolvida na ativacdao e degranulacao plaquetdria e medeia a
interacdo entre as plaquetas e as células endoteliais com os leucdcitos (Hegazy et al.,
2021; Kappelmayer & Nagy, 2017). O CD59 é uma proteina inibidora da ativa¢do do
complemento, que impede a polimerizacdo de C9, impedindo a formac¢do do membrane
attack complex (MAC) (Weinstock et al., 2015; Xie et al., 2020). O CD40 é um receptor
da familia TNFa, uma citocina produzida por multiplas células, com efeitos citotdxicos,
envolvida na apoptose, inflamacao, proliferacao celular e diferenciacdo (Dostert et al.,

2019).

Recorrendo a estes potenciais biomarcadores plaquetarios, pretendemos avaliar de que
forma poderdo estar relacionados com a dor (através do aumento ou reducdo da sua
concentra¢do e/ou quantidade), e se estdo associados a diferentes tipos de dor (dor
nociceptiva, dor neuropatica ou dor mista) e de diferentes intensidades (dor ligeira ou

moderada-severa), avaliando a possibilidade de definicdo de cut-offs para estes efeitos.

0S MONOCITOS E A DOR

Os mondcitos sdao células envolvidas na promogdao e na resolugdo de processos
inflamatdrios (Charach et al., 2019). Estdo descritos 3 subtipos de mondcitos, os

classicos (aproximadamente 85%), os ndo classicos (aproximadamente 10%) e os
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intermediarios (aproximadamente 5%), que tém diferencas de expressdo de CD14 e de
CD16 (Kapellos et al., 2019; Marimuthu et al., 2018). Estes subtipos tém diferentes
papéis na homeostasia, na inflamacao e em varias doencas causadoras de dor, como a
artrite reumatdide, a sindrome dolorosa regional complexa, as neoplasias malignas, a
sindrome da imunodeficiéncia adquirida (SIDA) e a tuberculose (Kapellos et al., 2019;
Oggero et al., 2022; Ritz et al., 2011; Tippett et al., 2011). O CD14 é uma glicoproteina
membranar dos mondcitos, macréfagos e alguns granuldcitos, embora também possa
circular livre no espaco extracelular, tendo como fungdo a ativacao celular apds
reconhecimento de padrdes moleculares associados a patogénios (Zanoni & Granucci,
2013; Ziegler-Heitbrock & Ulevitch, 1993). O CD16 é uma proteina membranar
encontrada nos mondcitos, macrofagos, neutrdfilos, células NK e alguns linfécitos T,
envolvida na ativacdo da desgranulacdo, fagocitose e stresse oxidativo (Aguilar et al.,

2022; Georg et al., 2022).

Alguns estudos tém demonstrado um aumento significativo dos mondcitos
intermediarios em doencas inflamatdrias (Kapellos et al., 2019; Marimuthu et al., 2018)
e dos mondcitos totais em varias patologias cujo principal sintoma é a dor (Goehler et
al., 2014; Ozanska et al., 2020; Taylor et al., 2016). Para além disso, os mondcitos
apresentam varias moléculas, receptores e vias de sinalizagdo celular que podem ser

utilizadas como marcadores da dor.

A presente investigacao avaliou o impacto da dor nos valores de mondcitos totais e nas
populagdes de subtipos de mondcitos, no sangue periférico, e nas proteinas
transmembranares CD11c, CD86, CD163 e CD206, que estdo relacionados com varias
condigdes, incluindo a resposta imunitaria, a inflamacdo e a resposta a infecao (Auffray
et al., 2009; Espinoza & Emmady, n.d.; Moura, 2011; Santoni et al., 2015). O CD11c é
uma proteina da cadeia a da integrina, com afinidade para fragmentos do
complemento, fibrinogénio e moléculas de adesdo celular, envolvida na fagocitose,
quimiotaxia e producdo de citocinas pelos mondcitos/macréfagos, assim como na
proliferacdo de Linfécitos T (Sadhu et al., 2007; Stuhlmiller et al., 2010; Wu et al., 2018).
O CD86 é uma proteina transmembranar expressa em células dendriticas, células de
Langerhans, macrdéfagos e células B, envolvida na ativacao de linfocitos T e na producgao

de citocinas (Halliday et al., 2020; Sansom et al., 2003). O CD163 é uma proteina com
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grande afinidade para o complexo hemoglobina-haptoglobina e, na auséncia de
haptoglobina, apenas para a hemoglobina, envolvido na resposta imune e inflamatéria,
estando aumentada em doencas como a artrite reumatdide, cirrose hepatica, diabetes
tipo 2, linfoma de Hodgkin e varias infecdes (Kowal et al., 2011; Pey et al., 2014; Roberts
et al., 2004; Tippett et al., 2011). O CD206 é uma proteina membranar dependente de
calcio, presente nos macréfagos, nas células dendriticas imaturas, em células endoteliais
do figado e em fibroblastos e queratindcitos da pele, envolvida na resposta imune inata
e adaptativa, nomeadamente na fagocitose de patdgenos, apresentagdo de antigénios
ao complexo major de histocompatibilidade, na producdo de citocinas, na ativacdo e
libertacdo de hidrolases lisossomais anti-inflamatdrias e de plasminogénio, na ativacao
de neutrdfilos e libertacdo de mieloperoxidase, cujo objetivo principal é o controlo das
infecOes e a contencdo da inflamacdo (Holder et al., 2014; Tanaka et al., 2021; Tsuchiya

et al,, 2019).

Com estes potenciais biomarcadores monocitarios, pretendemos avaliar de que forma
estdo relacionados com a dor (através da variacdo da sua concentracdo), e se estdo
associados a diferentes tipos de dor (dor nociceptiva, dor neuropdtica ou dor mista) e a
diferentes intensidades de dor (ligeira ou moderada-severa), avaliando a possibilidade

de se apresentarem cut-offs para a melhor caracterizagao da dor.

O PAPEL DA FARMACOCINETICA NA ABORDAGEM INDIVIDUALIZADA DA DOR

A farmacocinética determina o inicio, a intensidade e a duracdo de acdo de um farmaco
(Lotsch, 2005; Ribeiro et al., 2017; Verissimo, 2014). Ou seja, enquanto a
farmacodinamica se refere aos mecanismos de acdo dos medicamentos, a
farmacocinética relaciona-se com o seu perfil de seguranca (Katzung et al., 2014; H.
Ribeiro et al., 2017), incluindo a absorcdo, a distribuicdo, o metabolismo e a eliminagdo

dos farmacos.

Os doentes em cuidados paliativos apresentam habitualmente alteracdes na sua
composicao corporal, incluindo altera¢des da agua, da gordura, e também alteracdes da
funcionalidade hepatica e da funcionalidade renal (Franken et al., 2016; Gaertner et al.,

2012; Riechelmann et al., 2008; Scotton et al., 2019), que no caso de doentes idosos
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poderdo ser ainda mais marcadas, atendendo a fisiologia do envelhecimento (Katzung
et al., 2014; Verissimo, 2014). Todas estas altera¢des, assim como a maior probabilidade
de intera¢Oes farmacoldgicas pela polimedicacdo mais frequente (Bowie & Slattum,
2007; Bruno et al., 2014; Forrest et al., 1982; Overholser & Foster, 2011; H. Ribeiro et
al., 2017; Verissimo, 2014), devem obrigar a uma reflexdo sobre ajustes posoldgicos e

de doses a administrar aos doentes, atendendo as suas caracteristicas individuais.

Assim sendo, de acordo com a férmula de calculo para o volume de distribuicdo dos
farmacos (volume de distribuicdo = quantidade / concentracdo do medicamento)
(Katzung et al., 2014), e tendo em conta que os doentes em cuidados paliativos poderao
ter menos 20 a 40% de agua corporal (Freire, 2021; Ribeiro et al., 2017; Verissimo, 2014),
é importante determinar até que ponto serdo necessarios ajustes posoldgicos, de doses
e de titulacdes adequadas a cada doente, de forma a promover o beneficio dos
medicamentos e atenuar ou limitar os seus efeitos adversos. Por outro lado, em doentes
obesos, e durante o envelhecimento, hd um aumento do tecido adiposo, sendo
igualmente importante determinar se sdo necessarios ajustes posoldgicos e de dose
relacionados com esta alteracdo do bidtipo, nomeadamente para farmacos

lipossoluveis.

Relativamente a funcionalidade hepatica, reconhece-se que existem duas fases de
biotransformacdo hepatica: fase 1, com as rea¢bes de oxidacdo (onde esta presente o
complexo enzimatico do citocromo P450), reducdo e hidrdlise e fase 2, com as reacées
de conjugacdo e glucuronidac¢do (Almazroo et al., 2017; Katzung et al., 2014). Cerca de
80% dos farmacos sao metabolizados por vias do citocromo P450, ou seja, pela fase 1
de biotransformacdo hepdtica (Zhao et al.,, 2021). Uma das caracteristicas do
envelhecimento é a reducdo de cerca de 50%, dos 30 aos 70 anos, na atividade
enzimdtica da fase 1 (Katzung et al., 2014; Ribeiro et al., 2017; Zhao et al., 2021), ao
contrario da estabilidade fisiolégica que ocorre com os processos da fase 2. Atendendo
a fragilidade dos doentes em cuidados paliativos, e a polimedicacdao frequente, é
fundamental determinar que alteracdes no raciocinio e decisdo clinica deverao existir
para a escolha dos medicamentos, das suas doses, posologias e titulacdes a aconselhar

perante as condicionantes atras descritas.
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Quanto a funcionalidade renal, é reconhecida a diminuicdo fisioldgica da funcdo renal
que ocorre com o envelhecimento (reducao de cerca de 0,75 mililitros por minuto por
ano, a partir dos 40 anos), sendo que cerca de 70% dos idosos com 75 anos terdo menos
de 50% da taxa de filtragcao glomerular que teriam quando tinham 40 anos (Katzung et
al., 2014; Ribeiro et al., 2017; Verissimo, 2014). Para além disso, mais de 90% dos
farmacos sao eliminados pela urina (Lea-Henry et al., 2018), o que significa que é
importante determinar as alteracdes de doses, posologias e titulacdes que terdo de ser

consideradas para os farmacos tendo em conta esta caracteristica.

A APOPTOSE E AS POTENCIAIS NOVAS ARMAS TERAPEUTICAS PARA A DOR

A apoptose é a morte celular programada, na qual estdo envolvidos varios mecanismos
bioquimicos e caracteristicas morfoldgicas (EImore, 2007; Hacker, 2000). Varios destes
mecanismos estdo também relacionados com a dor crénica, particularmente com a dor

neuropatica (Teixeira-Santos et al., 2020; van Hecke et al., 2014).

A apoptose tem um papel vital na resposta a lesdo de tecidos, a inflamacdo e a
neuroinflamacao, e nos processos de reparacdo e de regeneracao de tecidos (Arienti et
al., 2019; Y. Yang et al., 2015). Intervém na apoptose varias vias de sinalizacdo celular,
intrinsecas e extrinsecas. A via extrinseca inicia-se pela ativacao de receptores da familia
do TNF, através do FAS-L, TRAIL e NGF, que por sua vez ativam uma cascata de caspases
(caspase 8 e 3). No caso da via intrinseca, mediada pelas mitocondrias, sdo libertadas
proteinas da familia BCL-2 e citocromo ¢, que se ligam ao APAF-1 e caspase 9, formando
um complexo (apoptosoma), que recruta as caspases 3 e 7, induzindo a apoptose (Du et
al., 2000; Green, 2000; Verhagen et al., 2000). O stresse oxidativo pode ativar a proteina
p53, que por sua vez ativa proteinas proapoptéticas da familia BCL-2, como as proteinas
BAX e BAK. Para além disso, o stresse oxidativo pode induzir apoptose neuronal ativando
a proteina BAX através da PKA e p38 (Deng et al., 2020; Duitama et al., 2020; B. Li & Dou,
2000).

Todos estes processos estdo relacionados com a inflamacdo e dor crénica,
particularmente com a dor neuropdtica, havendo uma investigacdo acentuada para

encontrar biomarcadores de dor relacionados com os mecanismos da apoptose e,
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também, para procurar descobrir novos alvos terapéuticos e produzir novas armas
terapéuticas (Bittar et al., 2017; Ge et al., 2014; Gloire et al., 2006; Sandoval et al., 2018;
Yowtak et al., 2013).
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MATERIAL E METODOS

Para os artigos de revisdo narrativa sobre os opidides e sobre os AINEs, foram
realizadas pesquisas bibliograficas nas bases de dados PubMed/MEDLINE, Database
of Abstracts of Reviews of Effects, The Cochrane Library, National Guideline
Clearinghouse, National Health Service Evidence e Index das Revistas Médicas
Portuguesas. Relativamente ao artigo sobre os opidides, para a selegdo dos artigos e
outros documentos foram utilizadas equacdes com os seguintes termos Medical
Subject Headings (MeSH): Analgesics, Opioid and Pharmacology, Clinical. Foram
também utilizados os resumos das caracteristicas do medicamento de todos os
opidides disponiveis em Portugal, através de pesquisa na pagina eletrénica da
Autoridade Nacional do Medicamento e dos Produtos de Saude (INFARMED), assim
como as caracteristicas farmacocinéticas e farmacodinamicas destes medicamentos
registadas no DrugBank®. Relativamente ao artigo sobre os AINEs, para a sele¢do dos
artigos e outros documentos foram utilizadas equacdes com os seguintes termos
MeSH: pharmacokinetics sequencialmente e juntamente com alguns dos AINEs mais
prescritos a nivel mundial, ibuprofen, diclofenac, acemetacin, naproxen, etodolac e
etoricoxib. Foram também utilizados os resumos das caracteristicas do medicamento
de todos os AINEs disponiveis em Portugal, através de pesquisa na pagina eletrdnica
da Autoridade Nacional do Medicamento e dos Produtos de Saude (INFARMED),
assim como as caracteristicas farmacocinéticas e farmacodinamicas destes

medicamentos registadas no DrugBank® e no Pharmgkb®.

Para o artigo de revisdao sobre a apoptose, foi realizada uma pesquisa bibliografica
nas bases de dados PubMed/MEDLINE, Database of Abstracts of Reviews of Effects,
The Cochrane Library, National Guideline Clearinghouse, National Health Service
Evidence e Index das Revistas Médicas Portuguesas, tendo sido escolhidos os termos

MeSH pain and apoptosis.

Os estudos laboratoriais foram observacionais, transversais, retrospetivos sem
intervencdo. A amostra foi seleccionada de uma populacdo de 95 doentes com
patologia ndo oncoldgica seguidos por uma Equipa Comunitdria de Suporte em
Cuidados Paliativos da regidao Norte de Portugal, entre 1 de setembro de 2021 e 1 de

junho de 2022. Em cinco doentes os seus representantes legais recusaram a
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participacdo no estudo, 20 doentes estavam em situacdo de ultimos dias de vida na
data agendada para a colheita de sangue, pelo que foi decidido ndo a efetivar. Por
razdes éticas, em 17 doentes, dado o seu estado de fragilidade, hipovolémia e maus
acessos venosos, nao foi possivel efetuar uma colheita adequada. Assim, para os
estudos laboratoriais, a amostra foi constituida por 53 doentes, a quem foram
realizadas colheitas de sangue periférico depois de se terem verificado todos os

critérios de inclusao e exclusao.

INSTRUMENTOS DE RECOLHA DE DADOS — ESTUDOS LABORATORIAIS

A colheita de dados dos doentes utilizados nos estudos laboratoriais foi feita através de
registo em folha de Excel® devidamente protegida, ndo sendo transferida a identidade
do doente, sendo este identificado pelo numero de doente do estudo, que sera
eliminado a posteriori de acordo com o Regulamento Geral de Prote¢ao de Dados
(Parlamento Europeu e o Conselho da UE, 2016). As varidveis constantes nessa base de
dados sdo apresentadas no Anexo 1. Os questiondrios/instrumentos de medicdo a
aplicar presencialmente encontram-se disponiveis no Anexo 2. O modelo do

consentimento informado encontra-se no Anexo 3.

Os estudos foram aprovados pela Comissdo de Etica da Faculdade de Medicina da
Universidade do Porto, no dia 21 de Outubro de 2021 (parecer 13/CEFMUP/2021) e pela
Comissdo de Etica da Administragdo Regional de Saude (ARS) do Norte, no dia 13 de

Janeiro de 2022 (referéncia CE/2022/5).
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VISAO GERAL DA TESE - ARTIGOS PUBLICADOS

Os doentes com deméncia avancada tém um estado de dependéncia e fragilidade
severas, habitualmente com défices funcionais acentuados, motores, cognitivos,
mentais, nutricionais e organicos. A abordagem farmacoldgica da dor nestes doentes é

ainda mais dificil pelo facto de o autorrelato estar seriamente comprometido.

Neste contexto, a presente tese comecou por abordar as caracteristicas dos fadrmacos
mais utilizados no controlo da dor (paracetamol, opidides e AINEs), contrapondo-as com
as caracteristicas individuais dos doentes, procurando uma medicina de precisdao, tendo

sido publicados 2 artigos:

- Ribeiro, H., Rocha-Neves, J., Lopes-Mota, C., Teixeira-Verissimo, M., Dourado, M., &
Andrade, J. (2021). Opidides em ambulatdrio na dor ndo oncolégica: uma revisao sobre
os desafios da farmacologia no envelhecimento. Revista Portuguesa De Medicina Geral

E Familiar, 37(3), 233-41.
https://doi.org/10.32385/rpmgf.v37i3.12852.

- Ribeiro H, Rodrigues |, Napoledo L, Lira L, Marques D, Verissimo M, Andrade JP,
Dourado M. Non-steroidal anti-inflammatory drugs (NSAIDs), pain and aging:
Adjusting prescription to patient features. Biomed Pharmacother. 2022

Jun;150:112958.

https://doi.org/10.1016/j.biopha.2022.112958. Q1; FI 7,419

Procurou-se depois avaliar novos alvos terapéuticos, através do conhecimento de
biomarcadores incluidos nas vias de sinalizacao relacionadas com a apoptose, tendo sido
publicado 1 artigo de revisdao numa edicdo especial dedicada aos 50 anos da descoberta

da apoptose:

- Ribeiro H, Sarmento-Ribeiro AB, Andrade JP, Dourado M. Apoptosis and (in) Pain—
Potential Clinical Implications. Biomedicines. 2022; 10(6):1255.

https://doi.org/10.3390/biomedicines10061255. Q1; Fl 4,65
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Prosseguiu-se ainda com a avaliacdo de efeitos secundarios dos opidides na ultima
semana de vida, a necessidade de ajustes terapéuticos adequados ao maximo bem-estar

do doente e dos cuidadores, tendo sido publicado um artigo original:

- Ribeiro, Hugo; Magalhades, Julia; Cardoso, Tatiana; Chaves-Castro, Isabel; Lopes-Mota,
Carla; Costa, Elisabete; Rocha, Patricia; Lopes, Luisa; Bouga, Angela; Pereira, Cristina;
Paulo Andrade, José; Dourado, Marilia. Opioids and constipation therapy in the last
week of life: Their impact on patients, caregivers, and the location of death. Medicine

102(3):p €32718, January 20, 2023.

https://doi.org/10.1097/md.0000000000032718. Q3; FI 1,817

Por fim, com base nos estudos de investigacao laboratorial, recolheram-se e analisaram-
-se os resultados dos biomarcadores no sangue periférico relacionados com a

caracteriza¢do da dor, em plaquetas e mondcitos:

- Ribeiro H, Alves R, Jorge J, Gongalves AC, Sarmento-Ribeiro AB, Teixeira-Verissimo M,
Dourado M, Andrade JP. Platelet Membrane Proteins as Pain Biomarkers in Patients

with Severe Dementia. Biomedicines. 2023; 11(2):380.

https://doi.org/10.3390/biomedicines11020380. Q1; Fl 4,65

- Ribeiro H, Alves R, Jorge J, Gongalves AC, Sarmento-Ribeiro AB, Teixeira-Verissimo M,
Andrade JP, Dourado M. Monocytes in the characterization of pain in palliative
patients with severe dementia — A pilot study. International Journal of Molecular

Sciences. 2023; 24(13):10723

https://doi.org/10.3390/ijms241310723. Q1; 6,208
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RESUMO

Ob|etivos: Sistematizar e contribuir para o melhor conhecimento das caracteristicas fanmacocinéticas e farmacodinamicas dos
medicamentos opioides disponiveis em Portugal para o tratamento da dor nao oncoldgica e, desta forma, contribuir para a es-
colha mais informada e adaptada ao doente, 0 que permitira potenciar a eficiéncia, reduzindo a incidéncia de efeitos adversos.
Métodos: Realizacio de uma revisdo namativa da bibliografia sobre esta tematica, utilizando os termos Medical Subject Hea-
dings (MeSH) Analgesics, Opioid e Pharmacology. Clinical. Foram também utilizados os resumos das caracteristicas do medi-
camento de todos os opioides disponiveis em Portugal, assim como as caracteristicas farmacocinéticas e farmacodinamicas
destes medicamentos registadas no DrugBank.

Resultados: Selecionados 22 artigos para leitura, dos quais 14 5a0 revistes da literatura, quatro manuais de referéncia e qua-
tro normas de orientacao clinica, para além da utilizagao das bases de dados do INFARMED e do Drugbank. Mo envelhecimen-
to had uma diminuicdo de cerca de 50% da taxa de filtrac3o plomerular dos 40 até aos 70 anos, obrigando a redugdes de dose
e cuidados especiais na utilizacao de farmacos eliminados por esta via, sendo que no caso dos opioides 05 GNICOS que N&o tém
eliminacao renal 530 a hidromorfona e a buprenorfina. 530 igualmente mais frequentes a obesidade central e 0 aumento da
o 1-glicoproteina dcida, aumentando o volume de distribuicao de farmacos lipossolveis e de bases, como 530 05 opicides, sen-
do que 05 dnicos que nao sao lipossoliveis sio a morfina e a hidromorfona. Relativamente ao metabolismo, para além de ocor-
rer uma diminuicao do metabolismo de fase 1, a polifarmacia nos idosos € mais frequente, pelo que poderdo ser preferencial-
mente escolthidos os opicides com metabolismo de fase 2, como o tapentadol, a hidromorfona e a morfina.

Conclusdes: O reconhecimento das caracteristicas individuais de cada doente idoso, associado ao conhecimento da farmacologia
basica de cada opioide disponivel em Portugal, podera garantir maior seguranca e salvaguardar uma maior adesao & terapautica,

Palavras-chave: Opioides; Geriatria; Dor crdnica; Farmacologia.

INTRODUCAO
egundo a Organizacio Mundial da Saide
{OMS), o envelhecimento é “um processo de
diminuigdo orginica, luncional e social, nio
consequente de doenca ou de acidente, e que
ocorre inevitavelmente com o passar do tempo” [ sa-
bido que, com o envelhecimento, os individuos apre-
sentam particularidades e necessidades de satde que
sdo diferentes das apresentadas pelos mais jovens. Sen-
do assim, os idosos, pessoas com idade igual ou supe-
rior a 65 anos, além de cada vez mais numerosos, ne-
cessitam de abordagens médicas e terapéuticas dife-

renciadas que podem ser obtidas com os cuidados ge-
riditricos.! Como grupo altamente heterogénen, consi-
deramos que nio & possivel balizar a decisdo da esco-
Iha de um farmaco e da sua dose numa idade fixa, mas
nas caracteristicas individuais dos doentes.

De modo sucinto, a geriatria é o ramo da medicina
que se ocupa da satide nos aspetos clinicos, sociais,
preventivos e curativos das doencas no envelhecimen-
10.” Fstas doencas sdo maiorilariamente incapacitantes,
cronicas ¢ degenerativas, quase sempre acompanhadas
por dor ou que contribuem para a génese da dor? De
facto, cerca de 50% dos idosos na comunidade e 83% se
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institucionalizados tém dor eranica moderada a seve-
ra.! Poresta razdo, o conhecimento da medicina da dor,
abrangendo desde a neurofisiologia 4 farmacologia e te-
rapéutica, ¢ fundamental para uma prestagao de cui-
dados geridtricos otimizados.

A dor crénica, como qualquer outra doenga, neces-
sila de tratamento adequado. A OMS preconiza a utili-
zagio de medicamentos opioides para o tratamento da
dor moderada a severa! Sabe-se que a utilizagio des-
tes firmacos acarreta riscos, mas também se reconhe-
ce que os opivides disponiveis em Portugal nio sio
iguais, apresentando caracteristicas farmacocinéticas
diversas.

Assim, o objetivo deste trabalho é sistemalizar e con-
tribuir para o melhor conhecimento das caracteristicas
farmacocinéticas e farmacodindmicas dos medica-
mentos opioides disponiveis em Portugal para o trata-
mentodador nde oncologica e, desta forma, contribuir
para a escolha mais informada e adaptada ao doente,
o que permitird reduzir a incidéncia de efeitos adver-
s0s ¢ aumentar a eficiéncia dos cuidados. Nio existia,
até ao momenio, uma abordagem totalmente centra-
da no doente como a que é proposta neste trabalho.

METODOS

Para este antigo de revisio narrativa foi realizada uma
pesquisa bibliogrifica nas bases de dados PubMed/ME-
DLINE, Database of Absiracts of Reviews of Effects, The
Cochrane Library, National Guideline Clearinghouse,
National Health Service Evidence e Index das Revistas
Médicas Portuguesas. Para a seleciio dos artigos e ou-
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tros documentos foram utilizadas equacdes com os se-
guintes termos Medical Subject Headings (MeSH): Anal-
gesics, Opioid e Pharmacology, Clinical. Foram também
utilizados os resumos das caracteristicas do medica-
mento de todos os opioides disponiveis em Portugal,
através de pesquisa na pigina eletronica da Autorida-
de Nacional do Medicamento e dos Produtos de Satide
(INFARMELY), assim como as caracleristicas farmaco-
cinéticas e farmacodindmicas destes medicamentos re-
gistadas no DrugBank.

Critérios de inclusdo

+ Artigos e outros documentos publicados no periodo
de tempo compreendido entre 1 de janeiro de 2000
a1 de margo de 2020, nas linguas inglesa, portugue-
sa e espanhola.

= Artigos originais, meta-andlises, revisoes sistemati-
cas € normas de orientagio clinica, cujo contetdo
correspondesse aos objetivos da pesquisa.

Critérios de exclusdo

= Excluidas revisoes de literatura nio sistematizadas e
publicacies que ndo abordassem as caracteristicas
farmacocinéticas e farmacodindmicas dos medica-
mentos opioides ou que abordassem o tratamento
de dor oncolagica.

= Artigos e documentos noutras linguas, que ndo por-
tuguesa, inglesa ou espanhola.

Avaliagio da qualidade

Para avaliar a qualidade ¢ interesse dos artigos fez-
-se inicialmente a leitura do titulo e resumo do artigo,
excluindo os que nio se relacionavam com o tema. Pos-
teriormente foi feita a leitura dos artigos restantes na
integra, verificando quais cumpriam os critérios de in-
clusio estabelecidos e quais contribuiam com infor-
macio relevante para a realizagio desta revisao.

RESULTADOS

Foram encontrados 42 artigos, 27 dos quais através
da pesquisa pelos termos MeSH definidos e 15 artigos
através de pesquisa direta nos enderegos eletranicos
de sociedades relevantes e utilizagio de manuais de re-
feréncia.

Relativamente aos 27 artigos encontrados através
da pesquisa pelos termos MeSH, foram excluidos 20
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- — . Particularidades da farmacologia no
TABELA 1. Alteragies farmacodinéticas mais frequentes no envelhecimento
thed
O envelhecimento origina alteragtes corpo-
Adultos jovens | Adultos idosos rais imPorl,a:nu?::;]J:;a a f':mn:lmcinét_ica e far-
Varigvel {20-30 anos) {60-80 anos) macodinamia >*®2 Na Tabela 1 estio repre-
r— sentadas as alteracies mais frequentes, relacio-
(% do i &1 53 nadas com a absorgio, distribuicio, metabolis-
mo e excreciio de grande parte dos Frmacos.
g 19 12 A absorcdo nio é consideravelmente afetada
(% do peso corporal) .
= = pelo envelhecimento per se, mas pelo acumular
Tecido adi 26-33 (mulheres) | 38-45 (mulheres) | 4o p s que interagem com o avangar da ida-
% do paso corpora 18-20 (homens 36-38 (homens
( — 0 ( ) ( ) de, nomeadamente: alteracio dos hibitos nu-
e A7 e tricionais, consumo de medicamentos de ven-
Funco renal (TFG) (%) da livre {e.g., antifcidos; laxantes), redugiio da
“0'?5"'”"'”"“3 LT <IREL motilidade gdstrica e intestinal, reducio do es-
ol vaziamento gastrico ¢ aumento do sen pi, re-
F““C"D e dugio do fuxo sanguinen esplincnico, menor
':at""_"'ad"d“ e 1Y SisL secregiio de enzimas e atrofia da mucosa.™?
Sloreter Quanto i distribuigiio, como os idosos apre-

Mota: Adaptada de Katzung (2014).% sentam maior probabilidade de diminuigio da
dguacorporal, relativamente 4 populagiio adul-
artigos, por serem repetidos (10 artigos) e por se afas- (@ jovem, € necessdria cautela na wilizacao de firma-

tarem dos objetivos desta revisio (10 artigos), nomea-  cos hidrossolGveis, visto que atingirio facilmente a con-
damente por se centrarem na eficicia dos opioides no centracin critica de toxicidade. " Por outras palavras,
tratamento da dor e nos seus mecanismos de agiio (qua-  as doses médximas toleradas serdo inferiores. Em con-
tro artigos), em dados laboratoriais relacionados com  traste, os firmacos lipossoltiveis apresentam um pro-
biomarcadores (dois artigos), na dependéncia dos longamento do tempo de agio, relacionado com o au-

opioides encontrada nos Estados Unidos da América  mentoe do tecido adiposo (sobretudo a nivel abdomi-
(dods artigos) ¢ na dor oncologica (dois artigos). Dos 10 nal), pelo que deve haver precaugio na tdrulacioe des-
artigos excluidos por se afastarem dos objetivos dare-  tes Birmacos e na posologia aconselhada, devendo
visiio, dois foram excluidos pela leitura do titulo, cinco  alargar-se os periodos entre administragies. > Hi ain-
pelaleitura do resumo e wés pelaleitura integral, oque . daqueconsiderara diminuigio da albumina sérica, ca-

resultou numa selecio de sete artigos. ™" O mais im-  racteristica do envelhecimento, e o aumento da o 1-gli-
portante e completo foi o de Petrovic (2012)," que abor- coproleina dcida,” que se repercutem na farmacocing-
dou as reaciies adversas a fdrmacos, com um enfoque  tica quer de firmacos cationicos/dcidos [e.g., os anti-
especial na prevencio. inflamatdrios nao esteroides (AINE)], com maior
(Juanto aos restanies 15 artigos, destacam-se quatro  ligagiio 4 albumina, que terdo tendéncia para reduzirem
manuais de referéncia na drea,™” " quatro normas de o seu volume de distribuicio, quer de [irmacos anio-
orientagio clinica™ =% equatro documentos de traba- — nicos/bdsicos (e.g. os opioides), que terdoe tendéncia
lho de sociedades cientificas.'™" Dos restantes trés ar- para aumentar o seu volume de distribuigiio ™"
tigos, dois foram obtidos através da bibliografia dos ar- Relativamente ao metabolismo, o envelhecimento

tigos selecionados anteriormente®? e um através do causa nio sé a diminuiciio do Muxoe sanguineo hepsti-
Repositorio do Estudo Geral da Universidade de Coim-  ©0,5" como também a diminuigio da atividade de en-

bra.® zimas envolvidas na oxidaciio, reduciio e hidrolise (fase
Segue-se uma compilacio dos elementos mais im- 1 de biotransformagio, que inclui o citocromo P450),
portantes coligidos durante esta pesquisa. mantendo-se praticamente inalterada a fase 2 de
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TABELA 2. Caracteristicas farmacocinéticas dos opicides disponiveis em Portugal
Farmacocinética Tramadol Codeina Morfina Fentanilo Buprenorfina
Ry; SNRI Ry Rys; RS; Ric R Ry (parcial); Rx
Absorcao Ldelgado Idelgado Ldelgado 1.delgado | delgada
Pela Pele
Distribuicao 80% Livre 90% Livre TO% Livre 50% Livre Livre
20% GPA 10% GPA 30% GPA 50% GPA Lipossolivel
Lipossolivel Lipossolavel Hidrossolineel Lipossolovel
Metabolismo Fase 1 Fase 1e 2 Fase 2 (90%) Fase 1 Fase 1
M1 M3G™ MEG™, Morfentanilo 3 metabolitos
normorfina®™* (inativo) [inativos)
Eliminagao Renal 100% Renal 90% Renal 20% Renal 75% Biliar 90%
Biliar 10% Biliar 15%
{norfentanila)

Legenda: Ry = recetor opioide um; SNRI = inibidor da recaptacio da serotonina e noredrenaling B2 = recetor opioide delta; Px = recetor opioide kap-
pa; | delpado = Intesting delgado; OROS = tecnologia de libertagdo prolongada osmotic-controfled refeased oral; GPA = o T-glicoproteina acids; M30
= morfina-3-glucoronido; M&G = morfina-&-glucoronido; H3G = hidromorfona-3-glecoronido.

*metabolite neurcexcitatdnio (epilsptogénico). **metabolito responsével pelo efeito analpésico. ***metabolito neurctdxico.

bintransformacao (glucoronidagio, acetilagio e sulfa-
tacio).** Assim, os medicamentos que apresentem me-
tabolismo hepdtico de fase 1 terdo um prolongamento
da sua aciio e maior potencial wixico, para além de apre-
sentarem maior potencial de inlerages medicamen-
tosas e alimentares.

A eliminacio renal é a caracteristica farmacocinéti-
camais requentemente alterada com a idade.” Depois
dos 40 anos, a taxa de filtraciio glomerular diminui cer-
ca de 0,75ml/min/ano,” ou seja, pelos 70 anos hd uma
redugio esperada da fungiio renal de cerca de 50%.

Relativamente  farmacodinamia, cerca de 20 a 40%
dos idosos terdo anualmente reagbes adversas a fdr-
macos.* Os principais fatores que contribuem para esta
elevada incidéncia de efeitos laterais sao: medicagio
miillipla, incluindo a automedicacdo, maior nimero
de comorbilidades, uma vez que o estado de doenca al-
tera a disponibilidade efou o efeito de um firmaco,
maior afe¢io sistémica por estas, maior sensibilidade
aos efeitos dos firmacos e farmacocinética alterada.>512

05 idosos apresentam frequentemente reagdes exa-
geradas a firmacos com efeito no sistema nervoso cen-
tral (SNC), o que se deve em parte 4 perda de fungio e

Rew Port Mied Geral Fam 2021,37-233-41

também a coexisténcia de miltiplos medicamentos
nestas idades com aciio no SNC, como as benzodiaze-
pinas, os antidepressivos e os opioides.

0s critérios de Beers e de START-STOPP sio ferra-
mentas disponiveis para a identificagio de medica-
mentos potencialmente inadequados a utilizar nos ido-
sos, particularmente na presenga de determinada con-
digzio ou patologia ou ainda outra medicacio.

Para aumentar a adesdo & terapéutica e evitar efei-
tos adversos dos firmacos ¢ fundamental respeitar al-
gumas regras de prescrigio, nomeadamente:™
1. Comegar com doses reduzidas e titular até a dose

minima eficaz;

2. Esperar trés semividas (ajustadas para a idade) an-
tes de aumentar a dose;

3. Searesposta nido surgir, medir os niveis plasmaticos
ou substituir por outro.

A escolha por um grupo firmaco-terapéutico e, den-
tro deste, de um medicamento particular devera ser
efetuada respondendo a alguns pontos, de que se des-
taca a fundamentagio da eficicia, a informagao sobre
a seguranga, a conveniéncia do medicamento e o cus-
to da terapéutica.™
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Hidromorfona Oxicodona Tapentadol
Rp (+); Rx Rp [+): R R IRM
Cdlon
{OROS) I.delgada Ldelgado
Livre G0% Livre B0%: Livre
Hidrossolivel A% GRA 20% GPA
Lipossolivel Lipossolivel
Fase 1e 2 Fase 1 Faze 2
(80%) H3G* MNoroxicodona; Glucoronide
oximorfona (inativa)
Cdlon 80% Renal 70% Renal 100%
Renal 20% Fecal 30%

Particularidades do uso de opicides no
envelhecimento

05 opioides 530 um grupo de analgésicos com virios
efeitos periféricos, espinhais e centrais, devido a ativa-
¢io dos seus recetores mu (), kappa ) e delta (8), que
se encontram em todo o SNC, especialmente no nicleo
do trato solitdrio, drea cinzenta periagquedutal, cortex
cerebral, tilamo e substancia gelatinosa da medula es-
pinhal. Inibem a sensibilizacio periférica e a condugio
nervosd, as sinapses nociceplivas na substincia cin-
zenta medular e ativam a modulagio descendente de-
pendente de opicides (mecanismo mediado por sero-
tonina, f-endorfina e dinorfina/met-encefalina). ™"

De acordo com as caracteristicas dos opioides, € pos-
sivel perceber que existem determinados grupos de
doentes com caracteristicas perante as quais devemos
optar preferencialmente por determinado medica-
menton.

Na Tabela 2 sdo apresentadas as caracteristicas far-
macocinéticas dos opioides disponiveis para uso clini-
co em Portugal,®* as quais devem ser consideradas
quando se pretendem usar estes analgésicos para tra-
tar a dor moderada a severa em idosos.

revisges

Assim, na dor moderada para a qual a OMS aconse-
Iha a utilizagio de opivides menos potentes,' tramadol
e codeing, realca-se o facto destes firmacos serem li-
possoltiveis, ambos em distribuigiio maioritariamente
livre. Este facto implica o prolongamento do seu tem-
pode acdio, o que poderd ter grande impacto nos doen-
tes idosos obesos, sobretudo os que tenham obesida-
de central. O facto destes firmacos apresentarem me-
tabolismo de fase 1 implica o agravamento do prolon-
gamento de agio, sobretudo na populagio idosa, o que
pode justificar e ser a razdo para grande parte dos efei-
tos adversos reportados com estes medicamentos, nes-
te grupo etdrio. Ou seja, nos doentes idosos e nos
doentes obesos poder-se-d considerar o alargamento
dos tempos de administraciio de 8/8h para 12/12h. Para
além disso, as doses médximas didrias niio devem ser as
mesmas que para a populagio geral. Sugerimos que de-
vam ser diminuidas para 200mg de tramadol e 210mg
para a codeina, comparativamente a 400mg e 330mg,
respetivamente, nas populacies mais jovens. O facto de
terem eliminagio renal reforga a necessidade de limi-
tagao da dose mixima, especialmente em idosos e em
doentes com doenga renal cronica.

Relativamente aos doentes com necessidade de
opioides fortes, por dor severa, e assumindo que se
abordari apenas a dor nio oncolagica, existem quatro
medicamentos disponiveis em Portugal pela via oral:
maorfina, hidromorfona, oxicodona e tapentadol.

Amorfina, apesar do seu baixo custo e absorcio qua-
se completa por via oral, apresenta uma biodisponibi-
lidade de cerca de 30% pela via oral e metabolitos ati-
vos com maior toxicidade, pelo que é uma hipotese in-
ferior em relacio aos restantes, sobretudo para os doen-
ies idﬂmsli.lﬂl'l-?.'

Em relagio & absorcido, o Gnico que poderd solrer
menos com as variagoes individuais € a hidromorfona,
pois apresenta absorcio colica.™ Como tal ndo é tio
afetada por fatores jd descritos como sendo mais co-
muns com o avangar da idade, como hibitos nutricio-
nais diferentes, outros medicamentos que esteja a to-
mar quecompitam com os mesmos locais de absorgio,
aumento do pH gastrico, reducio do esvaziamento gis-
trice, reducao do fluxoe sanguineo esplincnico e menor
secrecdo de enzimas.™"™

A morfina e a hidromorfona sdo os dnicos opioides
hidrossoliveis,”* o que quer dizer que apresentam um
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limiar de toxicidade inferior em doentes idosos, devi-
do & menor proporgio de dgua corporal. Em doentes
obesos dever-se-d considerar que a oxicodona e o ta-
pentadol poderdo ter um prolongamento da sua agio,
pelo que a posologia deve ser mais alargada, para além
de que as titulagies deveriam ser mais lentas.'*=

Relativamente ao metabolismo, o tapentadol apre-
senta um metabolismo de fase 2, evitando vias enzi-
miticas onde sio metabolizados outros farmacos, re-
duzindo por isso as interagdes. A hidromorfona tam-
bém apresenta metabolismo maioritariamente de fase
2,3 pelo que seria outra boa alternativa de primeira li-
nha em doentes polimedicados.

Quanto a eliminagio, o inico que nio apresenta eli-
minagio renal é a hidromorfona,® pelo que deveria
ser considerado prioritirio em idosos e em doentes
com doenga renal cronica.

Segundo a OMS,'" as regras bdsicas no tratamento da
dor cronica implicam uma predilecio pelavia oral, ain-
tervalos fixos e regulares, respeitando a escada analgé-
sica, adaptada ao individuo e as suas caracteristicas
tnicas, sempre que possivel com utilizagao de tera-
peuticas adjuvantes e tendo atengio aos detalhes de
cada doente e de todas as suas dimensdes. Assim,
apenas em alguns doentes com dor cronica tratada em
ambulatdrio se deverd optar pela via transdérmica, para
a qual existem em Portugal o fentanilo e a buprenorfi-
na. Relativamente & farmacocinética destes dois medi-
camentos realga-se a sua eliminagiio. Enguanto a bu-
prenorfina apresenta uma eliminacido predominante-
mente biliar™* o fentanilo tem maioritariamente eli-
minagio renal. No entanto, salienta-se o facto de esta
eliminacio renal acontecer com metabolitos inativos,™
pelo que a fungio renal destes doentes estd mais sal-
vaguardada. ' Assim, tendo em atengiio a seguranca far-
macocinélica, os dois apresentam perfis idénticos, em-
bora alguns autores mantenham como prioritiria a uti-
lizacio de buprenorfina em doentes idosos e com doen-
¢a renal cronica.?

Relativamente & farmacodinamia dos opicides, é de-
saconselhada a viilizagdo concomitante de antide-
pressivos triciclicos com os opioides, a utilizacio de
opioides em doentes com quedas frequentes e/ ou com
deméncia. Fstes medicamentos também s6 deverdo ser
prescritos por mais de duas semanas se acompanhados
delaxante para prevengiio da obstipagio™ 2 e por me-
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didas nio farmacologicas como aumento de fibra e li-
quidos, que devem acompanhar a terapéutica desde o
inicio. A prescrigiio cronica de opioides para a dor ndo
oncologica é discutivel, pois nido apresentam eficicia
demonstrada alongo prazo. Também a quantidade e a
gravidade dos efeitos adversos tendem a aumentar com
o lempo de ulilizagdo, motivo pelo qual deverd equa-
cionar-se a descontinuagio em cada reavaliagio, que
deverd ser efetnada em frequéncia nunca superior a
triés meses.™

Um dos conselhos para reduzir os efeitos adversos
dos Firmacos nos idosos é comecar com doses reduzi-
das e titular a resposta desejada.® Relativamente aos
opioides na populagio adulta preconiza-se que a dose
inicial seja equivalente a Smg de morfina oral.*" No
casodos idosos & aconselhdvel que esta dose inicial seja
equivalente a 2,5mg de morfina oral. * Esta recomen-
dagio estd relacionada com o potencial iatrogénico da
morfina, a que se associa o risco de iniciar uma tera-
péutica com opioides de libertagio prolongada ou re-
IﬂIdﬂdﬂ.u'u'?','

Dutra das recomendagoes para reduzir efeitos ad-
versos nos idosos é esperar rés semividas (ajustadas
para a idade) antes de aumentar a dose.® As caracteris-
ticas do doente sio fundamentais para determinar se a
semivida de um firmaco aumenta ou diminui em rela-
¢iio ao esperado para o adulto jovem saudivel, como foi
amplamente abordado neste trabalho relativamente as
alteragies da farmacocinética.

Por fim, outra das principais recomendagies para
reduzir o potencial iatrogénico dos farmacos em ido-
805! S 4 Tesposta niéo surgir, medir os niveis plasmati-
cos ou substituir por outro. Relativamente aos opioi-
des existem algumas razdes que devemn levar a rotagio
entre [irmacos desta classe: auséncia de resposta tera-
péutica, desenvolvimento de efeitos adversos, dificul-
dade com a administragio da medicagio (alteragio do
estado do doente) e outras (disponibilidade de opioi-
des, consideragoes de formulirio, mitos/ crengas do
doente e da familia sobre determinado opioide). 1=
Em primeiro lugar, deverd ser calculada a dose equia-
nalgésica através de tabela de equianalgesia entre
opicides. 1= No ideso, sobretudo se apresentar sin-
droma de [ragilidade efou estiver acamados muito de-
pendente para atividades de vida didrias, deverd pro-
ceder-se a uma reducio de 50% na dose” Em seguida,

45



deverd ser efetuada uma reavaliacio (esperar cerca de
trés semividas) psicossocial da intensidade da dor e das
comorbilidades que podem implicar reajustes de cer-
cade 15% de 72/72 horas. =

DISCUSSAO E CONCLUSOES

A farmacologia bdsica é o melhor suporte de decisiio
clinica na utilizagio de firmacos, conferindo seguran-
¢d na opgio estratégica tomada pelo médico. B neces-
sdrio conhecer as caracteristicas do doente, nomeada-
mente dados antropomérficos (bigtipo, peso, massa
gorda/massa magra), fun¢io hepdtica e fungio renal,
para além de antecedentes pessoais, medicagio habi-
tual, avaliagio fisica e nutricional, mental, cognitiva e
funcional o mais completas possivel.

s resultados demonstram, além da escassez de es-
tudos nesta drea especifica do tratamento da dor, que
o tramadol, a codeina, o tapentadol, a oxicodona, o fen-
tanilo & a buprenorfina, sendo medicamentos liposso-
liveis e com forte afinidade & «1-glicoproteina dcida,
aumentam o seu volume de distribuicio nos doentes
obesos e na generalidade da populagio idosa. Ou seja,
a posologia preconizada para estes [irmacos deveria ser
alargada, tendo em conta o prolongamento da sua acio,
que é uma forte possibilidade, e as titulagies devem ser
mais lentas, tendo igualmente em conta a regra de
aguardar por trés semividas plasmadticas antes de qual-
quer aumento de dose.

No caso dos opioides hidrossolGveds, como a morfi-
na & a hidromorfona, dever-se-d considerar o seu maior
potencial tixico para a maioria dos doentes idosos e
doentes desidratados, ou seja, as tulaghes devem ser
feitas de forma mais cautelosa, aumentando a dose
equivalente de morfina em menor quantidade em cada
ajuste. Por apresentarem um volume de distribuicio e
uma semivida inferior, deve ser considerada uma po-
sologia mais estreita.

Poder-se-d ainda aferir que o tramadol, o fentanilo,
a buprenorfina e a oxicodona serdo os medicamentos
com maior potencial de wxicidade nos doentes idosos,
sobretude os muito idosos e os polimedicados, pelo
seu metabolismo de fase 1. Assim, no caso de auséncia
de eficicia deveriio ser consideradas doses maximas
inferiores para eventual rotacio de opioides (que se
considera realizar em dose equivalente didria de 90mg
de morfina).

Hugo Ribeiro | Programa Doutoral em Cuidados Paliativos | Faculdade de Medicina da Universidade do Porto

revisdes

Outra concluséo importante deste trabalho & que a
hidromorfona e a buprenorfina, apresentando uma eli-
minacioe renal residual, devem ser consideradas os
opioides mais seguros em doentes com doenca renal
crinica ¢ doentes idosos, sobretudo aqueles gque apre-
sentam alteractes relevantes da funcio renal (TFG in-
ferior a 60ml/min). O fentanilo também apresenta um
perfil de seguranca semelhante pois, apesar de apre-
sentar uma eliminacio renal relevante, esta ocorre para
os seus metabolitos inativos, que nido sdo nefrotoxicos.
Mos restantes opioides, as doses devem ser adaptadas
de acordo com a fungio renal que os doentes apresen-
tam em cada momento.

Comao limitagio deste estudo, realee-se que o traba-
Iho ndo se centrou em estudos comparativos em seres
humanos, o que poderia atestar as relagiies apontadas
de maior ou menor seguranga em algumas populaches
especiais. Tal deve-se ao facto de ndo haver suficientes
estudos comparatives efou 0s que exislem apresenta-
rem marcada heterogeneidade metodoldgica. Outra li-
mitacioimportante é ndo considerar a eficdcia dos me-
dicamentos opioides, incluindo nos diferentes tiposde
dor.

I: necessdria mais investigacio nesta drea. Com o en-
velhecimento populacional ter-se-d certamente um au-
mento exponencial de patologias que cursam com dor
cronica, pelo que sdo cruciais abordagens eficares e se-
guras baseadas na evidéncia.
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ABSTRACT

OPIOIDS IN THE AMBULATORY SETTING IN MOM-OMCOLOGICAL PAIM: A REVIEW ABOUT THE CHALLENGES
OF PHARMACOLOGY IN AGING

Objectives: Systematize and contribute to a better understanding of the pharmacokinetic and pharmacodynamic characteris-
tics of opioid drugs available in Portugal for non-oncological pain and contribute to a more informed and adapted choice for
the patient, which will enhance the efficiency and reduce the incidence of adverse effects.

Methods: A narrative review of the bibliography on this theme was done using the terms Medical Subject Headings (MeSH)
"Analgesics, Opioid’ and "Pharmacology. Clinical’. The Summary of Product Characteristics of all opioids available in Portugal was
also used, as well as the pharmacokinetic and pharmacodynamic characteristics of these drugs registered in the DrugBank.
Results: Twenty-two articles were selected for reading, of which 14 are literature reviews, four reference manuals, and four cli-
nical guidelines, in addition to the use of INFARMED and DrugBank databases. In aging, there is a decrease of about 50% in the
renal function from 40 to 70 years old, forcing dose reductions and special care in the use of drugs eliminated by this route.
Hydromorphone and buprenorphine are the only opioids that don't have renal eimination. Central obesity and an increase in
acid cu1-glycoprotein are also more frequent, increasing the volume of distribution of fat-soluble drugs and bases, such as opioids.
Morphine and hydromorphine are the only ones that are not fat-soluble opioids. Reparding metabolism, in addition to a de-
Crease in phase 1 metabolism, polypharmacy in the elderly is more frequent, so opioids with phase 2 metabalism, such as ta-
pentadol, ydromorphone, and morphine, may be preferable.

Conclusions: The recognition of the individual characteristics of each elderly patient, associated with knowledge of the basic
pharmacology of each opioid available in Portugal, may ensure greater safety and safeguard greater adherence to therapy.

Keywords: Opioids; Geriatrics; Chronic pain; Pharmacology.
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ARTICLE INFO ABSTRACT

Keywandc Amnu\vmdcwdpampuhummmmllwmb«ml munmmmuma
Anti-inflermatury drog databases using the terms “pharmacokinetics™, “ibupeofen” cia”, dolac”
Phesmacolinstics and “etoricoxid” was perfoemed. From 828 articles identified, only ap: mes the tnclusian eriterta. Selective
tg COX-2 inhibisors are associated with higher cardiovascular risk, while noo-selective COX inhiditoes are associ-

aved wirth higher gastrofntestinal risk. NSAIDs with Jower renal excretion with phase 2 metabolism are less lkely
10 induce adverse effects and drug-drug leseractions. Patienss with frequent NSAID use needs, such as elderly
[ and p with ular disease or mpaired resal function, will benefit from lower renal
(eg th dick and etodolac) (evel of evid dderly
patiesas, andp-lcmswlmmmnkamhdahnwmbenlnmnsk!madmeuuuwlmmm
undergo phase 2 liver b oamely, thacin and (level of evidence 3). Young
patienas, palkmsdaung with acute pain, or with active and/or chroaic P ) Cox-2
b or db mnybeabemnqxhn(lcwlalevldme!] mm;mmwmau
s of the p bined with knowledge on basie ph Ry, offers greater safety and better
adherence 1o thesmapy.
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and g d side effects, despiie the age of the patlent. 1n this
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Narrative review

3). Polymed A aice

1. Introduction

According to the World Health Organization (WHO), aging is "a
process of organic, functional and social decline, not a consequence of
illness or accident, and which mevitably occurs over time” (WHO,
2015). It is known that, wixhaging. individuals present specificities and
different health req inguishable from those presented by
ywrgcrmﬂndnﬂx%th:dkdy,mmngthmagdé&ymm
m.magmﬁgmwhﬂnm:pwhmn&atmdsdlﬂm

this is a highly heterogencous group, it is not passible to decide the
cholce of a drug and its dose based only on age as a guide but instead oa
the individual characteristics of each patient.

The physical and functional characteristics of the elderly mean that
diseases in aging are mostly disabling, chronic and degenerative, and
almast always accompanied by pain or ibuting to the genesis of
pain ("[11); Directorate-General for Health, 2013; Verissmo et al,
2014). In fact, about 50% of the elderly in Portugal live in the com
munity, and 83% of institutionalized have moderate or severe chronic
pain (Azevedo et al, 2013). For this reason, adequate knowledge on

1 approaches and therap inter (WHO, 20185). Since
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[geristric patients [1].

Like any ather dissase, chronic pain nesds treatment that is saited to
its pathophysickagical features and intersity, among other factors. The
WHO recommiends the use of non-stercidal anti-inflammatory drugs
[MNSAID:) for the trextment of mild, moderate and severe pain (WHO,
). We know that using these drugs entails risks, bat we also
recognize that the NSAIDs currently availabde to us are quite different,
with distinct pharmacckinetic chamcteristics (Brane & Patrignami,
HIS; Dmghn]: 2021; INFARMED, 3021; Ribeiro et al., 2017).

Therefore, the main ohjective of this work is to systematize available
information that would comiribute to a betber understanding of the
pharmacokinetic and pharmacodynamic features of NSALDs for pain
manxgement in the elderly, thus contributing to a more informed,
patient-adapted choice and, consequently, reducing the incidence af
adverse effects and increase the efficiency of care. The lack af infor
mation oa the subject in a totally patient-centered approsch that would
help in daily clinical practice justified our proposition to carry out the
present marrative review.

% Methods

A lieratare search was carried out in Pubmed, MEDLINE, the Data-
bame of Abstracts of Reviews of Effects, Cochrane, National Guidelines
Clearinghouse and Kational Health Service Evidence (WICE) databases.
For the selection of articles and other documents, equatians the term
Mediral Subject Headings (MeSH) “pharmacokinetics” sequentially and
together with the name of some of the main MNSAIDs wordwide,
“ibuprafen”, “diclofenac”, “acemetacin®, “mapraxen”, “stodolac™ and
“etoricoxth” were wed. Absiracts of the drug charactenstics of the
MSAIDs targeted in the study were also used, throagh a search an the
‘website of the Partuguese National Authority for Medicines and Health
Broducts (INFARMED), as well a5 their pharmacokinetic and pharma-
codynamic chamcteristics registered in DrugBank® and Pharmgkb®.

2.1, Inclusion criteria

Articles published in English and Portuguese, from Jamuary 20141 to
Descember 2020

22 Evrkusion criteria

Publicaticns that did mat address the pharmacokinetic and pharma-
codynamic characteristics of MSATDs.

Articles and documents in bnguages other than Portuguese or
English.

2.3, Cality assessment

To assess the quality and interest of the articles, the title and abstract
of the article were mitially read, and those not related to the topic were
excluded. Afterward, the remaining articles were read in full, verifying
which ones met the established inclusion criteria and contributing
relevant information to this review.

To assign evidence kevels and establish recommendation strengths,
the Strength of Becommendation Taxomomy (SORT) of the American
Academy of Family Physiciars was used (Ebell et al., 2004).

3. Results

BT articles were identified (57 in Pubmed, 742 in Cochrane and 28
in NICE), of which 800 articles were eliminated after reading the tithe
and abstract. OF the 28 articles sebected for full reading, 20 did not meet
the incluston criteria. This process resulted in 8 articles (Bacchi, 2012a;
Baker & Perazella, 2020; Bally et al., 2017; Bruno A, 2014; Li, 2030;
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ngnera] . 201 6; Stanas, 2016; Tai & McAlindon, 200 ) that met the

werin nnd were Incladed to onrry cat this rovicw. Guddclize
and textbooks were also included (American Geristrics Society, 2009
Cardosa, 2014; Directorate-General for Health, 3013; Directorate-
General for Health, 2013; Katung, 2004; O'Mahoney, 3015; Ritio,
200°7; Verissimo ef al., 2014; Warld Health Orgamization, 2007, 20045,
which addressed issues related to bath the topic and abjectives af the
reswiew. Fig. 1 represents the idemtification process of the articles used.

Globally, the cost of NSAID prescripeion reached 98.02% million US
dollars in 2020 and is projected io rise to 125,552 million dollars by
208 ([H).

According to a liverature review carried out by Brano et al. (2004]),
the analgesic benefit and anti-inflammatory  properties of NSAIDs
depend on C0X-2 activity (Brume A, 2014). Parthermore, a meta-
amalysis performed by Li et al. (2020) revealed that oral NSAIDs da
oot yield significant differences in terms of analgesic potency (Li et al.,
200,

S0%: of patients taking NSAIDs chranically develop muccsal damage
of the small intestine, and 2-4% of these individuals develop Gl ulcers
and blseding [16,14].

Therefore, the main ssue related to the use of NSAIDs should focus
om their safety profile [217], particalardy in the elderly (Bowie, 2007,
Directorate-General for Health, 2013; Li, 2030; Petrovic, 20012 Ribeira
et al, 2017), which, in turn, is related to the pharmacokinetic, phar.
macodynamic and pharmacogenomic profile of each NSAID (Bowie,
2007, Petravic, 2012; Versimo et al, 20014 Considering that each
MSAID can exhibit a different safety profile, according to van der Pet-
ravic (2012), itis the patient s individual characteristics that needs to be
comsidered, since these are key to therapeuatic adaptation and adequacy
(Petrowic, 2012]).

A1. Features of the elderly patient chat iméerfere with the
plarmocokinetics amd plaermacodynamics of NEADs

Aging causes important changes in the body that mberfere with drug
pharmacckinetics [4,5] and ynamics (Azevedo, 2012, Kat-
zung, 200; Petrowic, 2012; Ribeiro et al., 2007, Veristimo et al., 20040
lable | shows the most frequent changes related to absorption, distri-
bution, metabolism, and excretion of most drugs.

Drug absorption is not significantly affected by aging per ==, but
eszentially through the adding-up of mualtiple factars that interact with
each oiber ax we age, mamely: changes in nutritional habdts, consump
tian of over-thescounter drugs (eg., antacids; laxatives; and others),
reduced gastric and infestinal motility, reduced gasiric empeying and
increased pH, reduced splanchric blood flow, bess enzyme secretion and
mucasal atrophy (Katzung, 2004; Verssimo et al., 2014).

‘When analyzing drug distribation, since the elderly show a decrease
in body water when compared te the young adult population, caution is
warranted with the use of watersoluble drugs, as they will easily reach
critical toxicity concentrations (Katzumg, 2004; Petrosic, 2012 Ver-
fssimo et al., 2014). In other words, the maximam ioberated doses will be
bowwer in geriatric age [4). Incontrast, fat-soluble drnags have a prolonged
time of action due to the body's increase in adipose tssae with aging,
especially abdominal fat [4]. Care must be taken in the titration of
fat-zoluble drugs, in the recommended /administersd doses and the
timing between doses, which should be extended to assure betier safety
(Katzung, 200M; Petrovic, 201 Verisimo et al, 2014). It is also
mecessary to consider the decrease in seram albamin, a known feature of
aging, and the increase in al-acid glycoprotein (Verisimo et al., 20045
These aspects affect bath the pharmacokinetics of cationic/acidic drugs
(e.g. MSALDs), with greater binding to albumin and the reduction of their
walume of distribution, like that of anianic/basic drugs (e.g., opioids),
which tend to increase their volume of distribution (Katmung, 20d;
Petrovic, 201%; Verimimo et al., 2014).

Hegarding metabolism, aging causes a decrease in hepatic blood flow
(Eatzung, 20{M; Petrovic, 2012) and a decrease in enzyme activity
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involved in oxidabion, reduction, and hydrolysis (phase 1 of bictrans.
farmation, which includes cytochrome PA450 activity) (9], The activity
of enzymes imvolved in glooaronidation, acetylation, and sulfation
[phaze 2 of hepatic bictransformation) remaies practically unchanged
(Petrovic, 200 X, Verisdmao et al., 204 4). Thus, dnags that undergo phase
1 hepatic metabolism will have an extended duration of action, higher
toxicity potential, in addition to presenting grester potential for drug
and food imteractions [9).

Remal elimination is the mast frequently altered pharmacokinetic
featare with age (Katmang, 2004). Afier age 40, the glomernalar filiration
rate decreases by about 0.7 5 ml/minyear (Verisimo et al., 2014), so at
age 70, a reduction in renal function of about $0% is expected [4].

Regarding pharmacodymamics, around 20-40% of the eldedy will
experience adverse drug reactions annually (Bowie, 2007, Verisimo
et al, 2014L The main faciors contributing 1o this high side-efiect
incidence in the eldedy are polymedication, including self-medication,
amd a greater pumber of comorbidities, with a change in dmug avail
ability/effect due to diseame. This change translates into a greater sys-
temic effect, an increased sensitivity to the drug's effect, and altered
pharmacokinetics (Bowie, 2007; Katzung, 2004; Verisima et al., 2014).

Considering those adverse reactions, dnag interactions and side ef.
fects are Fresquent and relevant in the elderdy. Theredore, it is important
to have instraments that make it possible to avoid them due o their

ahility to predict the onset. The Beers and START-STOPP criteria
(0 Mahaney, 2015} are iools avadlable to help identify potentially
inapprapriate drug use in the elderly, specifically in the presence of
certain health ronditions, diseases, or other drugs, thus avoiding con-
seqquences that could be disastrous for the slderly (Venssimo 2t al,
200 4).

To increase adherence to therapy and avaid adverse drug effects, it is
essential to respect some prescription rules, namely (Ribeino et al,
27

1. Siart with reduced doses and trimie io the lowest effective daose;

2. Wait for three age-adjusted halflives before increasing the dose;

3. If the thempeutic response does not appear, measure the plasma
levels ar switch to another drug.

Choosing a specific pharmacological group and, within it, a partic-
ular drug should be dose by answering a few paints in which the reasons
for efficacy, the safety data, the convenience of the drug, and its cost
should stand out (Ribedro et al, 3047).

2.2 Mechanism of action and safety profile of differest NSAID;

MNSAIDs inbibit cyclooxygenases-1 and - 2 emzymes (O0X-1 and
COX-2) [13], both responsible for archidonic ackd metabolism that
rezubts in the production of prostaglandins and thromboxame (Fig. 2]
(Bacchi, 200.2).

However, NSAIDs have different affinities with the COX enryme,
conditioning different potential for adverse effects (Baker & Perazella,
2020y, Batlound, 201 0; Stanas, 2016)

As shown in Figs. 2 and 4, the preferemtial inhibition of COX-1 entaiks
greater risks af adverse gastrointestinal (GI) effects due to the consti-
tutive presence of this enzyme in the gastroduodenal musde. On the
other hand, the preferential inhibition of CO0X<2 halds greater risks of
adverse cardiovascular effects (CV), essentially due to the higher con-
centration af this enzyme in the vascular endothelium of the kidney,
which leads to the inhibirion of prostaglandin production, esseotially at
a tubular or glomerular level, compromising the GFR and comtribating
to greater sodivm retention, edema, thus contributing to beart and
kidney failure [1.5,15]. Fig. 5 depicts the main effects of NSAIDs an the
kidney (Baker & Perazella, 2020)

lable 2 identifies the main adverse efects of NSAIDs by NSAID
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“subclass” (Bacchi, 2012; Wongmkpanich, 2018]).

The separation of NSAIDs into “subclasees" as shown in Table 2 is not
corsensual {INFARMED, 2021; Kxtrung, 2004; [10]). Howewver, this
separation helps us understand the corsequences that may resalt from
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= PGIZ and PGED symithesiy
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ik differences in the mechanism of action of warious NSAIDs, however
slight.

Fogamaling plasus chiocin s, WAAD bave diffcrc puoliles, o
shown in Tabde 2

All NSAIDs directly and indirectly i the gastroimtestinal (GI)
mucasa (Tai & McAlindon, 20181 It is believed that NSAID prodrugs
{acemethacin) may have a less direct impact, although further stadies
are needed to support existing evidence (DragBank, 2021; (6,12 141

Regarding distribution, fat-soluble NSAIDs, such as ibuprofen, ace-
methacin, and naproxen, have loager halflives in patiemts with more
adipose tssue, such a5 the obese and elderly. Regarding water-soluble
MSAIDs (diclofenac, etodalac, and etoricoxib), patients with Jess body
water moay have a greater potential for taxicity (DragBank, 2021; [4])

Looking at metabolizm, the only RSAID, among those studied here,
that presents phase 2 metabalism & acemethacin (DrugBank, 2021}

Hegarding elimination, the drags with less renal excretion are, in
ascending crder of percentage of dmag excreted by the urinary systemc 1-
acemethacin; 2= diclofenac; 3- etodolac; 4- etorcoxib; 5- ibaprofen; 6-
mapraxen [DrugBank, 20210

A randomired controlled clinical trial imvolving 24081 patients
demanstrated that naproxen and ibuprofen do not have a better car-
diovascular safety profile than O0¥-2 selective NSAIDs, suggesting that
mon-selective NSAID: do ot bave a better cardiovascular sufety profile
compared to OON-selective 2 NSAIDs. (Mizsen et al, 2016). In this shady,
mapraxen exhibited no cardioprotective effect, with a 25% higher mor-
eality rate due to CV dizeaze in the group taking napraxen. [buprafen had
the highest rate of CV events, with the highest relative risk of major CV
events. It was also observed that the risk for Gl events was significantly
lowwer with celecoxib compared to naproxen, even with a proton pump
inhibitor (FPI). The risk of remal events associated with thuprofen was
sigmificantly higher (64%]; than that observed with celecoxib. Globally,
mapraxen and ibuprofen showed a higher risk for OV, Gl, and renal
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Tabde 2

Maln adverse affects of NSAIDD by drug class, Adapeed from 5. Baochd, & al,
2012 and Wongrakpanich 5., eral, 2018,

events than celecoodb,

Baly, =t al. (2007} demorstrated, in a meta-analysis of individual
data from Canadizn and Buropean databases, with a sample of 446,763
patients, that there was a general increase of 30-5{M in acube

Druyclom D Clalcilug  Adesdn sl myocardial infarction (AMI) in individuals taking NSAIDs (diclofenac,
i ylulicylic acid il [ | probibems; ibuprofen, maproxen, celerocib, rofecoxib]). In this study, the greatest
nx-1 biswding; pulmonary, probability of increased risk was found with ibuprofen and naproaen
uktiecy bemstclogical and (755). Short-term use (830 days), 2s well as the use of higher doses of

P+ it 1 NSAIDs, showed the greatest increase im risk (doses: diclofenac -
prndar (—) 100 mg; ibuprofen > 1300 mg; naproxen = 750 mg), (Bally etal, 20070

Hon. P il L | probibems; These resulis are in line with what would be expected due bath to the
ﬁi" :“’“““""-’- ] I.-‘-“::'.I'- mechanism of action and the pharmacokinetic profile of the analyzed
. I ; . s T gmmumﬁ,mii; DrugBank, 2021; INFARMED, 2021; Katzang,

=)
" il 0 F ) i 4. Discusdon
Lok i ] iodaler, bissecbnng; pulmanary,
:;,_,H, rutaneos probiems (- Although OO0X-2 selective NSAIDs are often considered to have a
var o vitar prslmmm. greater patential for CV adverse effects and some guidelines assume that

_— +1 mapraxen is the NSAID with the best CV safety profiles, cumrent evidence
wnr Cbionk i , | probilezss; demanstrates that naproxen has a waorse safety profile than C0X-2 s
sl b 3 N .

i e pleny bective NSAIDs (lewed of evidence 1) (Bally et al., 2007 DrugBank, 2021;
inkibiners rutanous problm (—k Li, 2020 Missen of al., 2006; [7]).
var v uar prl e According to the pharmacokinetic profiles, we can assume that doses
[+ should be administered more sparingly in time for Gtsoluble MSAIDs
(ibuprofen, acemetacin, and napraxen) both elderly and obese patients,
Tabde 3
Pharmacakinetic charactesisties of NSAIDs, [Drugbank; Pharmghb, INFARMED 3021).
Pl . Dk beaperuien Acrmrdueme Repronm Elndoler Crlerusib
o teedadeea] T i troadhacleral P Caradaderl P ——
Lerution Allyiznin [F%) ,\u._l {9 Alpﬂhmﬁ!‘,m nj.l._hpdl“m] mm::w;- Hmm.ﬂm
Eiyudreerkabil Lkl L - -
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Ebmiration umal Bow Reral s Ferral AP Rerual ww ermd P Tumal B0
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due to the expected extended duration of action of these NSAIDs. On the
other hand, water-soluble NSAIDs (diclofenac, etodolac, and etoricoocb)
should maintain the recommended rate of administration, although with
a reduction in the dose suggested in the summary of the product’s
characteristics (5PC), due to the lower toxicity threshold seen in the
elderly (strength of recommendation B) (Bacchd, 301 2a; Bowie, 2007;
DrrugBank, 2021; Katzung, 2004; Petravic, 20012 Ribeiro et al, 2007;
Wangrakpanich, 2008; [4,9]1].

Eegarding metabolism, in polymedicated patients, elderly patients,
and patients with chronic alcobol abuse, NSAIDs with the best safety
prafile will be those with phase 2 hepatic biotransformation, such as
acemetacin and diclofenac (strength of recommendation ©) (DrugBank,
H021; Pura, 2006; Guengerich, 2003; Wilkinson, 2005, Woagrakpanich,
2018; [2,9.1100.

As for the elimination process, the NSAIDs with the best safety profile
‘will be those with lower renal excretion, such as acemethacin, etodalac,
and diclofenac (strength of recommendation B) (Baker & Perazella,
2020 Batlound, 2010; Bowie, 2007; DrugBank, 2021; Missen et al., 2006;
Petrovic, 2012 Wongmkpanich, 2018]).

In conclusion, we ran say that greater knowledge concerning a
drug's pharmacological features is exsential for a physician to uphold
safer thermpeutic chodces. It also means knowing and taking into account
the patient's individual features, incloding amthropomorphic data
(bdotype, weight, fat mass/mass leanl; liver and kideey fancticn; per-
sonal history; usual mesdicaticn; physical, outritional, mental, cognitive,
amed functional assessment, all as complete as poassible.

Fharmacokinetic data should support therapeutic decision-making,

namely because they belp make decisions based on safety, in addition
to efficacy.
In the case of NSAIDs, if oo NSAID stands out for having greater
efficacy, safety profiles must be carefully considered before making a
therapeutic decision, always consdering the type of pain eliciting
treatment and individual patient features. Owerall, when comparning
NSAIDs, differences in pharmacokinetics and pharmacodynamics are
obvious. [n the absence of prospective rmndomized studies, drug choice
can be guided by these paramesters, bearng in mind risks impossd by
dmg-drug interactions, advanced age, organ impairment, dosage,
formulation, protein binding, therapeutic half:life, and other clinically
relevant pharmacological features. Curcent data allows NSAID pre-
scriptions to be tailored according o specific patient peeds, improving
nat anly therapeutic outoames but, above all, minimizing the iatrogenic
risk.

More studies are nesded in this area, mamely controlled and mn-
domired clinical trials that allow us to assign higher levels of evidence
and strengths of recommendation.
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Abstract: The deregulation of apoptosis is involved in the development of several pathologies, and
recent evidence suggests that apoptosis may be involved in chronic pain, namely in neuropathic
pain. Neuropathic pain is a chronic pain state caused by primary damage or dysfunction of the
nervous system; however, the details of the molecular mechanisms have not yet been fully elucidated.
Recently, it was found that nerve endings contain transient receptor potential (TRP) channels that
sense and detect signals released by injured tissues and respond to these damage signals. TRP
channels are similar to the voltage-gated potassium channels or nudeotide-gated channels that
participate in calcium and magnesium homeostasis. TRP channels allowing calcium to penetrate into
nerve terminals can activate apoptosis, keading to nerve terminal destruction. Further, some TRPs are
activated by acid and reactive oxygen species (ROS). ROS are mainly produced in the mitochondrial
respiratory chain, and an increase in ROS production and /or a decrease in the antioxidant network
may induce oxidative stress (OS). Depending on the O5 levels, they can promote cellular proliferation
and /or cell degeneration or death. Previous studies have indicated that proinflammatory cytokines,
such as tumor necrosis factor-a (TNF-a), play an important role in the peripheral mediation of
neuropathic pain. This articdle sims to perform a review of the involvement of apoptosis in pain,
particularly the role of OS and neuroinflammation, and the clinical relevance of this knowledge.
The potential discovery of new biomarkers and therapeutic targets can result in the development
of more effective and targeted drugs to treat chronic pain, namely neuropathic pain. Highlights:
Oxidative stress and neurcinflammation can activate cell signaling pathways that can lead to nerve
terminal destruction by apoptosis. These could constitute potential new pain biomarkers and targets
for therapy in neuropathic pain.

Keywords: apoptosis; pain; cell signaling; oxidative stress; inflammation; biomarkers; targeted
therapies; transient receptor potential (TRP) cation channels

1. Introduction

Almost 20% of the European population suffers from chronic or intermittent pain, re-
sulting in patient suffering and disability, and increases the economic burden on society [1].
In this context, severe pain is a major health care problem.

Biomedicines 2022, 10, 1255. https:/ / dod.ong/ 10.3390/ blomedicines 10061255

https: // www.mdpicom/ poumal /blomedicines

55



Hugo Ribeiro | Programa Doutoral em Cuidados Paliativos | Faculdade de Medicina da Universidade do Porto

Buomeadicines 2022, 10, 1255

20f23

Neuropathic pain is a condition caused by a lesion or disease of the somatosensory
system in agreement with the International Association for the Study of Pain (IASP) [2].
The neuropathic pain can be peripheral following peripheral nerve injury, postherpetic
neuralgia, trigeminal neuralgia, painful radiculopathy, or painful polyneuropathy caused
by metabolic and infectious diseases or chemotherapy. It can be central if associated with
a spinal cord or encephalic lesion [3]. This type of chronic pain has a prevalence in the
population between 7 to 10% [4,5]. Contrary to nociceptive pain, common analgesics
are frequently unable to alleviate neuropathic pain. It is accompanied by hyperalgesia,
allodynia, spontaneous pain, and causalgia [6], which can persist for years [7]. Therefore,
neuropathic pain can become a chronic condition and hardly bearable. In extreme cases, it
may lead to depression, anxiety, sleep disturbances, and impaired cognition [3].

Numerous mechanisms are involved in the pathogenesis of neuropathic pain, such as
peripheral and central sensitization, changes in transient receptor potential (TRP) cation
channels, ectopic activity in primary afferent fibers, and disturbance of the excitatory and
inhibitory signaling [9] However, there is increasing evidence that neuroinflammation [10]
and oxidative stress related to mitochondrial dysfunction and apoptosis are critically in-
volved in inducing and maintaining neuropathic pain [9,11]. Apoptotic programmed cell
death is now thought to be a principal pathway of neuronal death in many neurodegener-
ative diseases, including Alzheimer s, Parkinson’s, and Huntington's diseases, and also
in neuropathic pain [12]. Mitochondria have a central role in apoptosis [12] as the per-
meabilization of the mitochondrial membranes leads to the release of cytochrome ¢ and
of the complex formation that begins the cleavage and activation of proteases known as
caspases [ 13], inactivating molecules essential for cell survival. Other molecules that medi-
ate a program of cell suicide are activated [13]. The reduction of the membrane potential
of mitochondria, the generation of free radicals and reactive oxygen species (ROS), and
intracellular acidification are some other features of apoptosis [12]. Supporting the idea
that apoptosis occurring in sensory neurons may contribute to neuropathic pain condi-
tions, multiple apoptosis-related genes were observed to be upregulated in the dorsal root
ganglion in a spinal nerve ligation model of neuropathic experimental pain [14].

Our aim with the present narrative review is to understand the fine molecular mech-
anisms involving apoptosis and neuropathic pain and the relationship to nociceptive
signaling, oxidative stress, and neuroinflammation. Special attention is paid to the clinical
relevance of biomarkers and the development of potential new therapeutic targets.

2. Definition and Mechanisms of Pain—A Brief Review

The [ASP conducted a review about the definition of pain in 2020, and it is now con-
sidered as an "unpleasant sensory and emotional experience associated with, or resembling
that associated with, actual or potential tissue damage” [15].

It was Charles Sherrington, winner of the Nobel Prize in Medicine in 1932, who divided
for the first time the mechanisms of propioception, exteroception, and interoception [16],
with pain, temperature, and pressure also part of exteroception [17].

Nociception refers to the processing of a noxious stimulus resulting in the perception
of pain by the brain. Various neurotransmitters, nociceptors, and cellular components are
involved in the mechanisms of transduction, perception, transmission, and modulation of
pain [18], as shown in Figure 1.

Transduction is the conversion of a noxious stimulus (mechanical, chemical, or thermal)
into electrical energy by a peripheral nociceptor (free afferent nerve ending). Transmission
describes the propagation through the peripheral nervous system via first-order neurons.
Modulation occurs when first-order neurons synapse with second-order neurons in the
dorsal horn cells of the spinal cord, and perception is the cerebral cortical response to
nociceptive signals that are projected by third-order neurons to the brain [19].
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Figure 1. Pain regulation by non-r ! cells and inflammation. The figure shows the interactions
between distinct parts of a nociceptor (periphery, dorsal root ganglion, and spinal cord) with different
types of non-neurons cells (keratinocytes, Schwann cells, satellite glial cells, oligodendrocytes, and
astrocytes), immune cells (macrophages, T cells, and microglia), cancer cells, and bone marrow stem
cells. These cells produce pronoceeptive (highlighted in blue) and antinociceptive (highlighted in
red) mediators, which modulate the nociceptor sensitivity and excitability through binding to their
respective receptors. In the spmal cord dorsal horn, the central terminal of the nocceptor forms a
nociceptive synapse with a postsynaptic neuron to mediate pain transmission in the Central Nervous
Systemn (CNS).

Pain depends on a multifactorial system with multiple pathways for numerous cortex
areas, the cortical body matrix [20], which explains why it is a multidimensional experience
that can significantly impair an individual’s quality of life [21].

The most abundant pain sensors are in the skin and are called the transient receptor
potential cation channels (TRP) [22]. The TRP family contains many members, such as the
vanilloid receptors (TRFPV), the canonical receptors (TRPC), the ankyrin repeat receptors
(TRPA), the polycystin recaptors (TRPP), the melastatin receptors (TRPM), and the mucol-
ipin receptors (TRPML) [22]. TRP channels are activated by histamine, bradykinin, fatty
acid metabolites, endocannabinoids, cannabinoids, adenosine triphosphate (ATP), acid,
heat, cold, prostaglandins, cytokines, capsaicin, monoterpenoids, among other stimuli. The
initial sensation can be heat, cold, pain, or itching that can be several minutes in duration.
Usually, prolonged activation of the TRP channels (for more than 20-30 min or so) results
in long-term deactivation and pain relief [22]. Recently, nine TRP channels (TRPA1, TRPCS,
TRPM2, TRPM4, TRPM7, TRPV1, TRPV2, TRPV3, and TRPV4) have been demonstrated to
be activated by oxidative stress [23] and in neurons related to nociception (as in dorsal root
ganglion (DRG) and trigeminal ganglia neurons), the expression levels of four TRP channels
(TRPA1, TRPM2, TRPVI, and TRPV4) are high [11]. From [24,25], TRPV1 and TRPA1 have
been demonstrated in neuropathic pain associated with diabetes or the administration of
chemotherapeutics, probably mediated by the synthesis of reactive oxygen and nitrogen
species [26,27], which are well-known TRPA1 activators [25,29]. Further, TRP channels
have been associated with pain in neurodegenerative disorders (NDD) through oxidative
stress-induced cell death, particularly related to inflammation and calcium homeostasis
deregulation [29]. All these processes are connected with microglial activation, a proposed
mechanism inductor of inflammation and neuropathic pain [30], which leads to neuronal
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degeneration and cell death in NDD, and simultanecusly to neuropathic and inflammatory
pain [31,32].

Mitochondria play important roles in a myriad of cellular processes, and mitochondrial
dysfunction has been implicated in multiple neurclogical disorders [7]. The five major
mitochondrial functions (the mitochondrial energy generating system, ROS generation,
mitochondrial permeability transition pore, apoptotic pathways, and intracellular calcium
mobilization) may play critical roles in newropathic and inflammatory pain [7]-

Onddative stress is a central mediator of apoptosis, neursinflammation, metabolic
disturbances, and bicenergetic failure in neurons [33]. Oxidative stress and apoptosis, as
observed in the DRG neurons, play an essential role in inducing and developing pain
hypersensitivity [34].

It should alse be noted that apoptosis is also regulated by proinflammatory cytokines,
such as Interferon gamma (IFN-g), tumor necrosis factor-o (TNF-x), interleukina-1 beta
{IL-1 b}, and IL-& [35]. The roles of IL-1 and TNF- « in apoptosis in neurodegenerative
diseases such as Alzheimer's disease were previously described [35,36]. More importantly,
it is known that these proinflammatory cytokines have crucial roles in the modulation of
neuropathic pain [35,.37].

3. Apoplosis Pathways as Mediators of Pain Formation
3.1, Apoptesis Cell Signaling Pallmays

The homerstasis of a multicellular organism depends on cell turnover, as it is related
to the capacity to maintain the equilibrium between cell proliferation and death | 358,3%].

Physiclogical cell death occurs primarily through an evelutionary and conserved form
of cellular suicide, called apoptosis (from the Greek word for decay, as with leaf fall, for
example], in response to a series of intrinsic and extrinsic stimuli [38,29]. It was discovered
in 1952. However, in 1972, the Australian pathologist John FE Kerr and the Scots Andrew H.
Whylie and Alistair R. Currie showed the importance of this cell death process in developing
an adult organism [33]. Unlike the other type of death, cell mecrosis, in which the cell is a
passive victim, cell apoptosis is an active form of death, in which the cell expends energy
to carry out this genetically programmed cellular suicide process. For this reason, it is often
called programmed cell death [25,40].

The induction of apoptosis can be divided into three steps: the inducing agent’s inber-
action with the cell, the biochemical transduction of the death signal, and the execution
by the apoptotic machinery. Different extracellular signals, such as an increase in ROS
production [41] and/or a decrease in antioxidants resulting in oxidative stress, inflamma-
tory mediators such as TNF- & and IL1-5 [42], moderate hyperactivity stimulation of the
M-methyl-D-aspartate (NMDA) receptors 1], and the endoplasmic reticulum stress [43]
could activate signal transduction pathways that converge on a final common pathway
leading to the execution phase of cellular apoptosis. At least two pathways are involved, the
mitochondria-dependent pathway {intrinsic or mitochondrial pathway), which is mediated
by mitochondria and the B-cell lvmphoma-2 (BCL-2) family proteins, and the extrinsic
or membrane pathway involving external signaling via membrane receptors from the
tumor necrosis factor (TINF) family, such as TNF-R1, FAS, TNF-apoptotic inducing ligand
receptors 1 and 2 (TRAIL-R] and 2, or death receptors DE4 and 5 [44], and the low-affinity
nerve growth factor (NGF) receptor, p75-NTR [27 45]. Moreover, the p33MAFK pathway
causes the activation of apoptosis in nearonal cells, inducing pain (such as bone cancer
pain-related hyperalgesia) [46].

However, all the pathways culminate in the activation of a series of cysteine proteases,
called caspases. The effector caspases, such as caspase 3, cleave a wide variety of protein
targets that are responsible for the characteristic changes in apoptotic cells. These include
cell shrinkage, nuclear condensation, membrane blebbing, fragmentation into apoptotic
bodies, and membrane changes that can lead to phagocytosis of the affected cell [25,33].
An alternative, proinflammatory form of apoplosis [40] in macrophages infected with
Salmonella or Shigella, termed “pyroptosis™ [47]. Since its discovery, pyroptosis has been
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observed in the central nervous system [45] and the cardiovascular system, suggesting that
this form of cell death is biologically significant. [46,47].

The knowledge of this active physiologic mode of cell death has profound implications
on our understanding of several diseases. In fact, the deregulation of apoptosis is involved
in the development of several diseases, such as cancer [49], neurodegenerative diseases as
Alzheimer's and Parkinson’s, and autoimmune or rheumatoid arthritis. Recent evidence
suggests that apoptosis may be involved in pain, namely neuropathic pain [1].

The involvement of apoptosis in pain and the clinical relevance of this knowledge in
the discovery of new potential biomarkers and therapeutic targets may be useful for the
development of more effective and targeted drugs to treat pain.

3.1.1. The Extrinsic or Membrane Pathway of Apoptosis

The activation of membrane receptors of the TNF family, namely TNF-R1, FAS, TRAIL-
R1/R2 (or death receptor 1 and 2, DR1/2) [44] and NGF-R/p75-NTR [45] by the respective
ligands, TNF-alpha, FAS-L, TRAIL, and NGF, triggers the activation of enzymes called
caspases, which are the effectors of the apoptotic process (Figure 2).

These cell surface receptors are mainly type I transmembrane proteins (TRAIL-DR4
and DRS are the exception, as they are type II), which have cysteine residues in their
extracellular domain. They are activated by oligomerization upon binding of the respective
ligand to their extracellular domain. The cytoplasmic domain of these TNF family receptors
shares a sequence with about 60 to 70 amino acid residues, which has been called the death
domain. This death domain interacts with other proteins possessing the same domain,
namely with FADD (FAS-associated death domain) proteins, in the case of FAS, or TRADD
(TNF receptor-associated death domain), in the case of TNF-R1. For apoptosis to occur,
an N-terminal death domain effector is required, through which these proteins bind to
identical amino acid sequences in other proteins, recently identified as procaspase 8 that is
cleaved with the consequent release of the active caspase 8 (Figure 2). Subsequently, caspase
8 activates caspase 1, formerly called ICE (interleukin converting enzyme). Caspase 1, in
turn, activates caspase 3 by cleaving the respective procaspase, which is the true executor
of apoptosis (Figure 2). The activation of caspase 3 leads to the inactivation of a factor
that inhibits deoxyribonucleic acid (DNA) fragmentation, leading to its cleavage by the
endonuclease responsible for the internuclecsomal cleavage of chromatin, characteristic of
cells undergoing apoptosis.

The low-affinity p75 neurotrophin receptor (NGF-R/p75-NTR) also activates the
extrinsic or membrane pathway of apoptosis through its ligand, the nerve growth factor
(NGF). NGF is one of the neurotrophins (NTs) family members, discovered in 1950, and
is essential for the neuronal survival, growth, and development of neurons as well as the
maintenance of neuronal phenotype in the mature nervous system via interaction with
specific nerve surface receptors, such as tyrosine receptor kinases A (TRK-A). Although
NGF is a well-known neurotrophic factor, it also acts as a mediator of pain (namely in
orofacial pain), itching, and inflammation by inducing cell death through the low-affinity
P75 neurotrophin receptor (NGF-R/p75-NTR), which activates caspase 8 (Figure 2) [45].

3.1.2. The Intrinsic or Mitochondrial Apoptotic Pathway

In view of the above, caspase 8 appears to be the first direct signaling link between
events at the plasma membrane level and the apoptotic execution machinery. Alterna-
tively, caspase 8 can act on the socalled mitochondrial transient permeability pore (MTPP)
through BIDt, linking mitochondria to apoptotic execution. This binding was initially
suspected after the existence of a protein in the inner/outer membrane of the mitochondria
with apoptotic inhibitory functions, the BCL-2 protein, was demonstrated [50,51]. Other
members of this family of proteins with antiapoptotic functions include the BCL-XL, BCL-
W, MCL-1, and Al proteins, among others. Contrary to the action of these proteins, there
are others with proapoptotic functions, of which we highlight the BAX, BAD, BID, BIK, and
BAK proteins, also members of this same family, but for which increased expression leads
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to cell death. Although the BCL-2 protein appears to be exclusively membrane-bound, par-
ticularly in the mitochondria, other related proteins, such as the BID and BAD proteins, are
cytoplasmic, and are transported to the mitochondria during the process of apoptosis [52].
The change in mitochondrial membrane potential with the opening of the MTPP leads to
the release of cytochrome ¢, a mitochondrial inner membrane protein, into the cytoplasm,
which induces cell death by apoptosis. Cytochrome ¢ binds to apoptotic protease activating
factor (APAF-1), leading to a conformational change in the latter and forming a protein
complex with activated caspase 9, called the apoptosome. Caspase 9 cleaves and activates
other effector caspases, namely caspase 3, as mentioned above, triggering cellular apop-
tosis. In turn, caspases are inhibited by the inhibitor of apoptosis proteins (IAPs), such
as survivin and XIAP (X-linked IAP), which are modulated by the proapoptotic proteins,
SMAC (second mitochondria-derived activator of caspase) and DIABLO (direct inhibitor
of apoptosis-binding protein with low PI) (Figure 1) [53-55]. Thus, the susceptibility of a
cell to enter into apoptosis is determined, in part, by the relative concentrations of the pro
and antiapoptotic proteins, namely the BCL-2 family members.

Figure 2. Representation of cell signaling pathways leading to apoptosis. Apoptosis can result from
the activation of the extrinsic and intrinsic apoptosis pathways. The extrinsic or membrane pathway
starts by the interaction of a death ligand from the TNF (tumor necrosis factor) family, TNF, FAS-L,
TRAIL (INF related apoptotic inducing ligand), and NGF (nerve growth factor) to the respective
receptors, TNF-R1, FAS, TRAIL-R1-R2, and p75-NTR, which subsequently activate a caspase cascade
(caspase 8 and 3). In mitochondria-mediated apoptosis or intrinsic pathway, proteins of BCL-2
family (BAX, BAK; BCL2) and cytochrome ¢ are released, binding to the apoptotic protease-activating
factor-1 (APAF-1) and caspase 9 (CASP 9) forms a complex called the apoptosome, which is capable of
recruiting caspase-9, -3 (CASP3) and -7, and inducing apoptosis. Several apoptotic regulators are also
represented, such as the CASP inhibitors (namely the [APs—inhibitor of apoptosis proteins) and the
IAPS inhibitors SMAC /DIABLO (second mitochondria-derived activator of caspase /direct inhibitor
of apoptosis-binding protein with low pl). In neuropathic pain (NP), oxidative stress (OS)/ROS
generated exogenously or endogenously can activate p53, which activates the proapoptotic BCL-2
proteins that can inhibit the functions of the antiapoptotic proteins, such as BAX and BAK. Besides,
OS can induce nerve apoptosis by activating BAX through protein kinase A (PKA) and p38 pathway.
Transmembrane death receptors such as FAS, TRAIL-R1/2, and TNF-R1 can also be activated by ROS.
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Death pathways may also be triggered by excessive stimulation of the NMDA re-
ceptors that may result in necrosis (strong receptor hyperactivity) or apoptosis (moderate
receptor hyperactivity), making NMDA receptors potential therapeutic targets in pain by
using antagonists of these receptors to reduce excitotoxic neuronal death [1]. Moreover,
P73, a pivotal gene in DNA damage belonging to the p53 family, regulates neuronal cell
differentiation and oligodendrocyte precursors. This gene regulates the transcription of
two protein isoforms with opposite effects on the regulation of apoptosis: TAp73, with
proapoptotic function, and DeltaNp73, with antiapoptotic activity. The balance between the
two protein isoforms and, thus, the control of cell proliferation and death are affected by
the ubiquitin-proteasome degradation system and mediated by ligases of NEDD family [1].

As previously mentioned, oxidative stress (OS)/ROS, generated exogenously or en-
dogenously, are involved in neuropathic pain (NP) through the intrinsic and extrinsic
apoptotic pathways. Further, TRPM2 and TRPM7 channels can induced cell death medi-
ated by oxidative stress (which could be also be related to inflammation), contributing to
the observed relationship between pain, neurodegeneration, and TRPs [29,46,56].

3.2. Ubiquitin Proteasome Patlway and Apoplosis

Regulatory proteins involved in normal cell proliferation and differentiation are de-
graded by a proteolytic pathway, which involves lysosomal enzymes, and a non-lysosomal
pathway, known as the ubiquitin-proteasome pathway (UPP) [56].

The UPP encompasses several enzymes, namely the ubiquitin-activating enzyme
(E1), the ubiquitin-conjugating enzyme (E2), and a ligase (E3) that catalyzes the binding
of ubiquitin to the target protein, the deubiquitinating enzyme (DUB), and proteasomes
{namely the 265 proteasome) [57].

The degradation of proteins by the UPP involves two successive and distinct steps:
first, several ubiquitin molecules bind to the target protein to be subsequently degraded
in the proteasomes. Some of the regulatory proteins with levels are controlled by this
degradative pathway include proteins involved in cell death by apoptosis, namely the
BCL2 family proteins such as BAX protein [56], and the C-terminal fragment of the BID
protein the BIDt [58], and the IAP family and the inhibitor of the NF-kB, IkB [59,60].

The UPP is relevant in neural development and brain structure and also in maintenance
of their functions, and is implicated in synaptic plasticity, formation, and maintenance of
memory. Recently, it was found that the dysfunction of this proteasomal degradation path-
way leads to changes in cell death by apoptosis in diverse cell types and may be implicated
in the pathogenesis of several diseases, either through hypofunction, as in neurodegen-
erative diseases [61,62], or by hyperfunction, as in the case of neoplastic diseases [57,62].
More recently, ubiquitin system dysfunction has been implicated in chronic pain, mainly in
neuropathic pain (NP) and inflammatory pain, through ubiquitination modified protein
receptors and ion channels to affect synaptic activity and efficiency [57].

One of the most important enzymes is the ubiquitin-conjugating enzyme E2B (Ube2b),
also known as RAD6B. Ube2b is a member of the ubiquitinconjugating enzyme family
that has been identified to be vital in neural DNA double-strand DNA breaks (DSBs). Fur-
ther, the Ube2b modulates the DNMT3a (DNA methyltransferase 3 alpha) ubiquitination
degradation and CaMKKI (calcium/calmodulin-dependent protein kinase) gene promoter
demethylation increasing CaMKKI1 level. Moreover, the depletion in Ube2b reduces H2B
(histones H2B) ubiquitination, contributing to elevation of the instability of the genome and
neurodegeneration [62]. These studies indicate that Ube2b is essential in modulating nerve
function, being a potential target to treat neuropathic pain. However, the role of Ube2b in
neuropathic pain is not yet clarified [63]. Other UPP enzymes are the E3-ubiquitin protein
ligases, a group of proteins that mediate ubiquitination and regulate chronic inflammatory
pain via controlling the level of substrate proteins and then possibly adjust synaptic effi-
cacy. The roles of these enzymes are being studied in inflammatory pain. The deubiquitin
enzymes (DUBs) are ubiquitin-specific proteases that remove the ubiquitin groups from
the degraded target proteins, improving protein stability. One of these DUBs is USP5,

61



Hugo Ribeiro | Programa Doutoral em Cuidados Paliativos | Faculdade de Medicina da Universidade do Porto

Biomeadicines 2022, 10, 1255

Sof23

which increases the Cav3.2 protein level and calcium current contributing to inflammatory
pain. The knockout of UPS5 by shRNA can increase Cav3.2 ubiquitination, decrease Cav3.2
protein level, and decrease calcium current. Thus, targeting Cav3.2 deubiquitination by
USPS5 is a potential therapeutic target for pain associated with inflammatory disorders [62].

Moreover, the nuclear factor-xB (NF-kB) is a key regulator of molecules and pathways
important for inflammation and pain [64-66]. NF-xB can exist as homo or heterodimers
composed of the Rel family proteins (the p65/p50 subunits in humans) and is bound
to the kB inhibitor (IxBa) in the cytoplasm, when in an inactive state. Upon activation
by proinflammatory cytokines and growth factors, among others, the IkB kinase (IKK)
phosphorylates IkBx, targeting its degradation in the UPP. As a result, IxBa releases
the p65/p50 complex, which subsequently translocates to the nucleus and initiates the
transcription of several genes, including inflammatory genes such as TNFa, IL-1§, and
cyclooxogenase-2 (COX-2) that directly or indirectly influence pain [64-66]. Thus, targeting
the NF-kB pathway, namely by inhibiting the IkB degradation in the UPP could be a new
therapeutic approach to treating pain [43,64,65].

3.3. Endoplasmic Reticulum Stress Signalling and Apoptosis

Endoplasmic reticulum (ER) stress causes the activation of caspase signaling pathway-
dependent apoptosis in neuronal cells and induces bone cancer pain-related hyperalgesia.

The ER is the cellular organelle in which protein folding, lipid biosynthesis, and
calcium storage take place. Many factors can cause an imbalance in the homeostasis of
ER function, resulting in ER stress. Such ER stress initiates an evolutionarily conserved
signaling cascade called the unfolded protein response (UPR), which is a self-protective
signaling pathway. The accumulation of unfolded proteins in the ER can activate the
UPR to restore ER function. Besides the increase in ER stress as a self-protective signal
transcription pathway after mild injury, the failure of this system to relieve prolonged or
excessive ER stress may cause cell apoptosis, and plays an important role in neuropathic
pain, specifically in rat models of bone cancer pain [43].

3.4. Oxidative Stress

When the synthesis of oxidative species is superior to the capacity of the cells to
counteract them, there is the occurrence of oxidative stress. The generation of reactive
oxygen species (ROS) in mitochondria is a consequence of oxidative phosphorylation
related to the respiratory chain [67]. ROS acts physiologically as signaling molecules,
but when produced in abundance has deleterious consequences to DNA, protein, lipids,
initiation of inflammatory events, excitotoxicity, and apoptosis [6].

Mitochondrial dysfunction, the increase in ROS and reactive nitrogen species (RNS), is
involved in the pathogenesis of chronic neuropathic pain [68], leading to the degeneration
of primary afferents [69], and ROS accumulation originates a feed-forward mechanism of
nitroxidative lesion that triggers proapoptotic factors [70,71].

In fact, mitochondrial dysfunction is observed in various neuropathic pain phenotypes,
such as chemotherapy-induced neuropathy, diabetic neuropathy, HIV-associated neuropa-
thy, Charcot-Marie-Tooth neuropathy, and trauma-induced painful mononeuropathy [71].

More recently, it was shown that damage to mitochondria and aberrant mitochon-
drial transport in peripheral neurons are common features of peripheral neuropathy [72].
The complex and highly energy-consuming processes of neurotransmission by peripheral
neurons are critically dependent on mitochondrial metabolic functions [73]. Moreover,
peripheral neurons are primarily reliant on axonal transport of mitochondria, which facili-
tates the rapid movement of mitochondria to areas of high-energy demand along axons up
to one meter in length. A key regulator of both mitochondrial movement and function is
the epigenetic modifier histone deacetylase 6 (HDACS6) [72]. The accumulated evidence
shows that HDACS inhibition is strongly associated with alleviating peripheral neuropa-
thy and neuropathic pain, and mitochondrial dysfunction in vivo and in vitro models
of peripheral neuropathy [72]. Although it is accepted that free radicals and the altered
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lipids and proteins have a crucial role in developing peripheral and central sensitization,
the fine molecular mechanisms regulating their action in pain processing have not been
elucidated [24] in man.

Some experimental studies demonstrated that the increase of ROS levels induces
nociception [74,75]. However, removing excessive ROS or RNS by free radicals scavengers,
a decrease in neuropathic and inflammatory pain is achieved [7,76,77].

Concerning the synapses at the spinal cord level, laboratory studies demonstrated that
ROS increases excitatory signaling [78] using several pathways, including NMDA receptor
activation [77] and the alteration of the proteins involved in glutamatergic homeostasis [79).
ROS-induced pain sensitivity that activates NMDA receptors increases Ca®* influx to the
cytoplasm, increasing mitochondrial ROS production and pain enhancement of neurons 7).
In contrast, there is a decrease in inhibitory transmission due to a reduction of Gamma-
Aminobutyric Acid (GABA) release or death of GABAergic neurons [26].

ROS can also activate directly and indirectly the Ca*'-permeable channels [23], mem-
bers of the TRP family, known to be involved in neuropathic pain [24,29]. Members of the
subfamilies A (TRAP1), M (TRPM2 and 7), and V (TRPV1 and 4) have been demonstrated to
play a role in nociception mediated by sensory neurons [24]. These channels are expressed
in primary afferent nociceptors, abundant in the skin, and related neurons [24,80]. TRP
channels allow calcium to enter the nerve terminals, activating apoptotic mechanisms
leading to nerve terminal degeneration [81].

Finally, oxidative stress is involved in neuroinflammation by modulating neuroin-
flammatory signaling involving the NFKB, MAPK [382,53], TNF-« [83], and nuclear factor
erythroid 2 (NFE2)-related factor 2 (NRF2) signaling pathways [84]. NRF2 is a transcription
factor encoded by the NFE2L2 gene that remains bound to Kelch-like ECH-associated
protein 1 (KEAP1) in the cytoplasm that ultimately leads to proteasomal degradation. Dur-
ing peripheral neuropathy, NRF2 can translocate to the nucleus and binds to antioxidant
response elements (AREs), leading to the transcription of several antioxidative enzymes
and cytoprotective proteins that can ameliorate neuropathy and neuropathic pain in rodent
medels. Thus, modulating NRF2 activity is a promising pharmacological approach in
inflammatory and painful diseases [85-87].

Rodrigo Sandoval et al. (2018) demonstrated that TNF-« increased ROS production
in nociceptive neurons and p35 expression followed by TRPV1 phosphorylation and an
increase in Ca®* influx in nociceptive neurons and increased pain sensation, which may be
targeted therapeutically [83].

3.5. Inflammation

For five decades, apoptosis has been recognized as fundamental for almost all the
critical biological processes that occur in multicellular organisms, since embryogenesis and
throughout life, to maintain the homeostatic balance of tissues and organs as well as the
progression and final resolution of inflammation [85-90].

However, this physiological form of cell death was very early on associated with
the absence of an inflammatory reaction by the surrounding tissues. This was initially
explained by the preservation of membrane integrity in such a way that cellular content
does not come into contact with neighbouring cells [87,88,91-94].

Inside, they contain well-preserved organelles and nuclear fragments, which will be
prompt digested and removed from tissues by professional phagocytes or non-professional
neighboring cells that specifically recognize apoptotic cells [87,92

Although initially it was considered that the maintenance of the integrity of the cellular
membrane was the only reason why apoptosis did not cause inflammation, it is now known
and consensual that the mechanisms involved in the recognition and subsequent phagocy-
tosis and clearance of apoptotic cells will determine whether apoptosis is immunologically
“silent” or anti-inflammatory [93-98].

It seems clear that during apoptosis, the inflammatory response could be blocked [93]
Regarding biochemical explanation, the fact that the inflammatory response is absent dur-
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ing apoptosis was initially explained by the exposure of phagocytes to phosphatidylserine
after a process of translocation from the inner 1o the outer leaflet of the cell membrane ([99]
This “eat me” signal that attracts and allows the recognition of apoptotic cells and their
subsequent elimination plays a central role in phagocytosis and is one of the hallmarks of
apoptosis [97,100,101].

Caspase activation, changes in mitochondrial membrane potential, and DNA cleavage
are also players in apoptosis, as they contribute to disrupt cellular functions and mark cells
for a “silent” phagocytic clearance [102,103].

Due to activation of caspases that cleave membrane channel proteins results in the
release of adenosine monophosphate (AMP) [103].

Then, through the 5'-nucectidase a phosphate group is removed from the AMFP o
produce adencsine that binds to the A2a receptors on the surface of phagocytes to generate
the anti-inflammatory response | 102].

Currently, other molecules, such as lysophosphatidylcholine, ATF and wridine
5'-triphosphate (UTF), sphingosine-1-phosphate, C(3CL1/ fractalkine, thrombospondin-1,
monocyte chemoattractant protein-1 (MCP-1), lactoferrin, are also known as effective in
the "silent” clearance of apoptotic cells [104] These molecules act by sending chemotactic
signals that attract phagocytes that recognize apoptotic cell-associated molecular patterns
(ACAMPs) on the surface of apoptofic cells, therefore contributing to the anti-inflamrmatory
characteristic of apoptosis. Besides, apoptotic cells can stimulate macrophages to gener-
ate anti-inflammatory mediators such as [L-10 or TGF-§, prostaglandin E2, and platelet
activating factor (PAF) [105-109].

Considered as a tvpe of physiological cell death, apopiosis also has a vital role in
the responses o tissue injury or infection, determining the tissue’s ability to repair and
regenerate after injury [57,110-112].

It is also important in controlling the number of inflammatory cells present at sites of
inflammation. The fact is that many factors and signaling pathways that are activated and
intervene in the inflammatory response are also involved in the regulation of apoptosis,
and vice versa [108,113,114].

Thus the concept that apoptesis is non-inflammatory is not always a correct one [115]
For example, it was observed in an experimental model that the injection of agonistic anti-
body against the Fas receplor causes hepatocyles apoptosis and inflammation response. In
the same experimental model, the authors also observed that if they inhibited or prevented
apoplosis by administering a caspase-3 inhibitor, hepatic inflammation would also be re-
duced [116]. These findings indicate that, at least, in this case, apoptosis and inflammation
share signaling pathways and others signaling factors | 105].

Although apoptosis does not cause an inflammatory response, inflammation does
sometimes occur, which is a matter that is not yet fully clarified. Some studies suggest that
this may be due to how quick the apoptotic process scours and how quick and efficient
apoptotic cells are removed by phagocytes since, if this clearance is not effective, over time,
the apopiotic cells develop a process known as secondary necrosis [93,97,117].

In case of excess of apoptosis or failure in cleaning cells in secondary necrosis, the
membranes are degraded and become permeable allowing the escape of intracellular
contents with proinflammatory molecules, thus stimulating the inflammatory response [%7].

This inflammatory response to apoptotic cells should be viewed with optimism and
properly explored, as it can be helpful in certain pathologies in which apoptosis has an
important role, such as some viral infections and cancer. In these cases, the existence of
an acute inflammation, associated with or in response to the abundance of apoptosis, may
play an important role in promoting tissue healing/ repair [ 109,115,115,119].

The presence of unremdaoved apopiotic cells has been linked to several different diseases,
such as some infections or diseases with a marked inflammatory background, in the course of
which Pathogen-Associated Molecular Patterns (PAMPs) and Damage-Associated Molecular
Patterns (DAMPs) are detected and elicit leukocytes aggregates to destroy the pathogen
and to start the repair process [120]. After, leukocyte recruitment ceases, and those that had

64



Hugo Ribeiro | Programa Doutoral em Cuidados Paliativos | Faculdade de Medicina da Universidade do Porto

Biomedicines 2022, 10, 1255

1nof23

previously been recruited will be rapidly ingested by resident phagocytes and eliminated.
In normal conditions, this clearance process can be remarkably efficient, and because of it,
it is actually difficult to see apoptotic cells in organs and tissues. This failure can lead to a
prolonged inflammatory response, causing apoptotic cells to accumulate locally, which often
leads and has been observed in some diseases with an inflammatory background. This points
to a tight link between cell death and inflammation [ 104,109,110,121].

In summary, apoptosis plays an important role in normal wound healing and tissue
regeneration, and could fulfill the clinical need to prevent the harmful consequences of
inflammation, for which apoptotic cells dlearance is crucial. Finally, strategies to avoid
defective clearance of apoptotic material could constitute new approaches for treating
inflammatory or autoimmune diseases.

3.6. The p38MAPK Patlnoay and Apoplosis

Numerous studies have shown that activation of Mitogen-activated protein Kinases
{MAPK), particularly c-Jun N-terminal kinase (J]NK) and p38, contributes to neuropathic
pain pathology [43,122-124].

The activation of the p3SMAFK signaling pathway plays an essential role in the gener-
ation and maintenance of neuropathic pain by regulating transcription, protein synthesis,
receptor expression, and inducing apoptosis. The protein kinase A (PKA) is a key protein
involved in neuropathic pain signaling, which by activating the p38MAPK intervenes
in the apoptosis of spinal cord cell [46]. Studies have shown that PKA is closely related
to inflammatory pain and bone cancer pain [124] but it is not clear its involvement in
neuropathic pain caused by nerve damage. Authors hypothesized that PKA is involved in
neuropathic pain by mediating spinal cord cell apoptosis through p3SMAPK pathway acti-
vation, which culminates in a decrease in the antiapoptotic protein BCL2 and an increase in
the proapoptotic proteins, TNF-alfa, ILI-beta, BAX, Caspase3 and 9 (Figure 1) [46]). Further,
it has been suggested that the inhibition of either JNK or p38 may represent a potent clinical
target for neuropathic pain management [46,122].

4. Apoptosis and Clinical Implications

The deregulation of cell death contributes to the development of numerous pathologies,
namely cancer, ischemia, autoimmune, neurodegenerative diseases, and pain. The changes
in cell death in these pathologies are not the same. There is a characteristic increase in some
of them, and in others, there is a decrease in apoptosis.

Neuropathic pain is a kind of pain caused by damage to somatosensory nervous
system mediated by multiple risk factors, including toxicity, surgery, and trauma. It
reduces the quality of life of patients, being considered a public health problem worldwide.
In this context, it becomes evident the need to deepen and improve the knowledge of the
pathogenesis and pathophysiology in order to identify new biomarkers for the treatment
of neuropathic pain.

4.1. Apoptosis and Neuropathic Pain

Nerve damage due to oxidative stress and mitochondrial dysfunction is a key pathogenic
mechanism involved in chemotherapy-induced peripheral neuropathy (CIPN) [23,24,26-29,120].
On the other hand, TRP channels allow calcium to penetrate into nerve terminals. This can
activate apoptosis mechanisms that result in nerve terminal destruction [33] in the skin which
can cause long-term pain relief [33]. Further, cisplatin, oxaliplatin, and paclitaxel-induced
mitochondrial oxidative stress, inflammation, cold allodynia, and hyperalgesia, through an
increase in TRPA1 and TRPV4, leading to Ca®* influx through direct channel activation or
excessive production of oxidative stress and induction of apoptosis. The pain resulting from
this Ca®* overload is mediated through substance P (SP) and excitatory amino acid production.
This chemotherapy-induced oxidative stress in DRG neurons that contribute to peripheral pain
may be prevented with TRPA] and TRPMS antagonists such as reduced glutathione (GSH) and
selenium [11,24,28,55,125,126].
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Several studies have demonstrated that apoptotic activities in injured dorsal root
ganglia increased after injury in different rat models [42,127,125] and that some agents
could simultaneously suppress pain behavior and apoptotic activities [129,130]. However,
there is no direct evidence that agents resulting in inhibition of apoptotic activities in the
injured neurons could attenuate pain behavior [35].

4.2 Biomarkers and Circulating Mediators in Pain

Oxidative damage to peripheral neurons can cause damage to the myelin sheath,
mitochondrial proteins, and other antioxidant enzymes [33]. Identification of levels of
malondialdehyde, glutathione (GSH), superoxide dismutase (SOD), and activities of mito-
chondrial enzymes such as citrate synthase and ATP synthase can help monitor the course
of peripheral neuropathy and response of neuropathy to the treatment [33].

Previous studies have indicated that proinflammatory cytokines, such as TNF-a, play
an important role in the peripheral mediation of neuropathic pain and that altered dorsal
root ganglion (DRG) function and the degree of DRG neuronal apoptosis are associated
with spinal nerve injury. The level of TNF-alpha expressed in DRG after distal nerve crush
injury is higher than that after proximal crush injury. The expression of DRG apoptosis in
the distal crush injury was higher than in the proximal crush injury [42]. Nerve root crush
injuries proximal to the DRG, such as those that may occur in the cauda equina, are less
painful than spinal nerve crush injuries. The mechanism for these results may relate to
DRG TNF-alpha expression and apoptosis [34,42,74,129,130].

Various stimuli, such as oxidative stress, TNF-x, and FAS antigen activation, can the
phosphorylate serine/threonine kinase domain and activate Apoptosis signal-regulating
kinase 1 (ASK1), an upstream protein in the p38 and JNK pathways. ASK1 has an important
role in neuroinflammation during the induction and maintenance of chronic pain. Therefore,
besides its potential as a pain biomarker, the inhibition of ASK1 may be a new therapeutic
approach for neuropathic pain [131].

A study developed by Yuanzhi Peng and colleagues [62] shows that the upregulation
of Ube2b, ubiquitin-conjugating enzyme E2B (Ube2b) as previously mentioned, ameliorates
neuropathic pain by regulating potassium voltage-gated channel subfamily A member 2
(Kcna2) in primary afferent neurons, suggesting that this might be a novel biomarker for
neuropathic pain-targeted therapies. This new knowledge opens perspectives for new
therapeutic targets in various diseases, namely chronic pain [62].

Several recent studies have found that ubiquitin system failure is implicated in chronic
pain, mainly including neuropathic pain (NP) and inflammatory pain [57]. Inflammatory
pain is caused by an increase in the excitability of peripheral nociceptive fibers due to
changes in ion channel activity caused by inflammatory mediators. Pain is triggered by
normally innocuous stimuli during the inflammatory process and becomes chronic if the
inflammation is not resolved. The mechanisms of NP are partly distinct from those of
inflammatory pain, and potential therapeutic targets mediated by the ubiquitin system are
different in NP and inflammatory pain [57].

4.3. Pain Therapy through Modulating Apoptosis Activities

Only one-third of patients receive pain relief from current analgesics, such as opiates,
nonsteroidal anti-inflammatory drugs, local anesthetics, tricyclic antidepressants, and
anticonvulsants, including carbamazepine and gabapentin. Therefore, it seems notable
that recent developments in understanding the mechanisms that produce pain, either
individually or collectively, have disclosed new potential therapeutic targets for developing
more effective drugs [1].

The identification of antioxidant molecules with pleiotropic activity in other patho-
physiological pathways involved in the CIPN could aid in the development and improve-
ment of new therapies [120].

Isoflurane, a general inhalation anesthetic used for the induction and maintenance
of general anesthesia, promotes PI3K/AKT activation, upregulates B-cell lymphoma
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2 {Bcl-2)-associated X prodein Bcl-2 expression levels, and reduces the expression levels of
caspase 3 and caspase 8 in myocardial cells. Isoflurane is beneficial for pain attenuation and
inhibits apoptosis in myocardial cells via the PISK/ AKT signaling pathway in mice during
cardiac surgery |132]. Further, Masahiko Kawaguchi et al. (2004) showed that isoflurane
reduced the early development of neuronal apoptosis in rats subjected to focal cerebral
ischemia [133]. Other studies demonstrated that low concentrations of isoflurane attenu-
ated the AP-induced reduction in Bel-2/Bax ratio and led to a mild elevation in cytosolic
calcium levels. However, these results are dose-dependent, suggesting that isoflurane
may have dual effects on Ap-induced toxicity (prodection or promotion) [134]. INK and
P-INK were found to continually increase with prolonged AOPTPs stimulation. They were
activated maost significantly under the treatment of 50 pg/mL AQOFPs-RSA. By using a JNK
inhibitor (SPE0K125), DRG newrons were protected from AOPPs stimulation [34].

Paeoniflorin can not only significantly inhibit the activation of ASK1 and simulate the
analgesic effect of ASK]1 inhibitors, but also significantly inhibit the response of glial cells
and meurcinflammation induced by CCI [131]. Acting in the same pathway, administration
of a p38 inhibitor and a [NK inhibitor ameliorates neuropathic pain symptoms in rodent
models [135,134].

Spare nerve injury (SNI} induces a significant increase in PKA expression in the spinal
cord, and FEA is involved in neurcpathic pain by activating the p33MAPK pathway o
mediate spinal cord cell apoptosis [46].

Granulocyte colony-stimulating factor (G-CSF) s a cytokine that promotes the survival,
proliferation, and differentiation of neutrophils. Recent studies have indicated that G-CSF
also has non-hematopoietic functions and can potentially be used for the treatment of
neurcnal injury, including stroke and neurodegenerative disease. A clinical trial has
shown that G-CSF may have a therapeutic effect on spinal neuropathic pain [137]. Several
mechanisms and different signaling pathways are involved in the therapeutic role of G-
C5F in neuropathic pain, including the upregulation of Mu-opioid receptor (MOR) and
autophagic activity, through the suppression of BCL-2 expression in the injured nerve in
the sarly phase [35].

Tetramethylpyrazine (TMP) attenuated neuropathic pain-associated hyperalgesia and
neurcnal apoptosis in the spinal dorsal hom, which was demonsirated by a decreased
number of TUNEL-positive cells, upregulation in BCL-2 expression, and downregulation in
caspase-3 expression in the spinal dorsal hom. These results suggest that TMP is beneficial
for treating newropathic pain by inhibiting apoptosis via the modulation of BCL-2 and
caspase-3 proteins [133].

The crucial role of NF-kB in several pathologies that accompany pain provides evi-
dence that targeting the NF-kB signaling cascade, including UPF, might have beneficial
antinociceptive effects [p4—66]. Several proteasome inhibitors are already approved to treat
hematological neoplasias, such as multiple myeloma [139]. The generation of new protea-
some inhibitors may represent a new pharmacotherapy for inflammatory pain [57]. Several
studies show that UPF inhibitors can prevent inflammatory pain following injury and
infection. The proteasome inhibitor MG132 can inhibit the activation of NF-xB, reversing
the inflammatory pain [ 140].

Drrugs that neutralize TNF have been developed and are wused clinically to treat in-
flammatory and autoimmune diseases, such as rheumatoid arthritis, inflammatory bowel
disease, and psoriasis [141]. However, despite their clinical success, the use of anti-TNF
drugs is limited, but antibodies and bio-engineered ligands are currently in the preclinical
and early clinical stages of development (such as infliximalb, adalimumab, golimumab, and
several bicsimilars). Preclinical data obtained in different disease models show that the
selective targeting of TNFRs has therapeutic potential and may be superior to global TNF
blockade in several disease indications [141].

Moreover, studies have demonstrated that chemotherapy drugs, such as vincristine
(Vin), could cause newropathic pain and mitochondrial dysfunction. The mitochondrially
targeted antioxidant, mitoquinene (MitoQ), can modify mitochondrial signaling, resulting
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in beneficial effects on variows diseases. Chen et al. investigated whether Mito() could
regulate vincristine-induced neuropathic pain and the underlyving molecular mechanisms.
They observed reduced expression of cleaved caspase 3 and BAX and increased protein
lewvels of the antiapoptolic factor BCL-2 in the spinal cord of Mito(Q-treated mice after
vincristine stimulation. Further, MitoQ) could alleviate vincristine-induced newropathic
pain by inhibiting oxidative stress and apoptosis via the amelioration of mitochondrial

dysfunction (Figure 3) [142].
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Figure 3. The effects of flavonoids and mitequinone on neurcspathic pain induced by vincristine.
Flavonoids attenuate different peripheral neuropathic pain conditions by inhibiting or dewnregulat-
ing, different neurcinflammatory, cellular, bicenergetic, and oxidative stress markers. Mitogquinome
alleviabes vincristine-nduced n.cumpal:hi.n: pain b}- Improving mitochondrial d}lx[‘uru:l‘iﬁm and mhibit-
i.'r||5 ocidative stress and ﬂP-I:IPtL‘HﬁiA. Flavonoids; Mrf-2: nudear factor n-}'ﬂu'ui.d I—related factor 2;
Drp-1: dymamin-related protein 1, Fis: mitochondrial fssion protein; Min: mitofusing 02: reactive
ORYgEn 5]:u:in_.".-|upﬂ\cmi.|:h.~ anion; PARP- Pu]_ﬂ.‘nDI?-r.ibtmeb Pul}-mera.w: MAL nicotmamide adenine
dinucleotde; AGE: advanced EJ}-mlim end pcmdul:lx; PELC: protein kinase C: PL: proteasomae inthibitor.

Joseph et al. demonstrated that the caspase inhibitors could decrease the pain behav-
iors of rats that received chemotherapy (vincristine) and HIV therapy drugs [143]. Scholz
et al. also showed that the caspase inhibitor could decrease pain behavior and the apoptosis
of the dorsal horn of rats that received partial peripheral nerve injury [ 144].

There is also scientific evidence showing that anticxidants may be used preventively
and therapeutically not only to reduce oxidative stress-related parametors, but also in-
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flammatory response and pain in several diseases 11,145,146, and these effects could
contribute to the reduction in apoptosis observed in neurcpathic pain.

A randomized controlled study reported that L-carnosine exerted neuroprotective ac-
tivity by significantly decreasing proinflammatory (WF-kB, TNF-a) and apoptotic (caspase 3)
markers and increasing Nri2 in colorectal cancer patients treated with oxaliplatin-induced
PN. Therefore, the use of Nril inducers in treating neuropathic pain in clinical settings
holds great promise in the future |54].

The use of conventional analgesics, such as nonsteroidal anti-inflammatory drugs,
opioids, tricyclic antidepressants, and anticonvulsants are reported to exhibit a wide
spectrum of adverse effects, some of which limit their use for the treatment of neuropathic
pain. Thus, the identification of new therapeutics with minimal side effects that can be used
to alleviate neuropathic pain is important. For this purpose, the research and identification
of analgesic molecules from natural sources could be considered. For instance, favonoids
and other antioxidants may attenuate neuropathic pain in different models summarized in
Figure 3 [11,147].

Moreover, there are several ongoing preclinical studies targeting apoptosis mech-
anisms in order to treat chronic pain (Table 1). However, future studies are needed to
translate these results into clinical practice.

Table 1. Some pu’n:cli:liml.-"cljni:ﬂ] studies with dmgj’m‘npdmnd: invalved in apoprtosis that could
potentially treat pain.

Administration Localization of
Drags and Time of the Ex Main Resulls Bodel Cha Referemces
Intrathecal lumbar injection; . Animal meodel of Behavioral _
Apocynin studied 43 days after injury 1 ME meschanical sensithvity Sl Rat besting only [145]
. 1 Ohadative stress, NEKE, | .
Carilagin IF imjection for 4 wees THF-x, L& "‘“""Sc‘:’ HR?: Lof Spinal card [145]
Ty ) Caspase 3, | Pain o
IF injectian for 28 days L IL-2, MF-KB, TNFP-x Animal meodel of .
Croreenin after injury 1 Pain SCI—Rat Sppimal con (4]
[P ingection an the first day L Owidative stress Asimal Lof "IM::ﬁﬂ g
Dhefero wamine after injury, follovwed by once + Iron owerload markers Sl Rat b . [150]
aweek during 12 weeks 1 Pain o L
thalamus
| . 4 Ghal activity
Epigallocatechin 1Y infusion for 36 bafier 4 b INP Animal model of . .
-gallale pnm-l::mnqacl.ne:lmd after 1 Leslon size anca Sl Rat Spinal cord [151]
B months {eheoni) 1 Mumber of spinal neurors
IV infusion &h after lesbon; ATHFaa, [NMDAR] .
Geraniol evaloabion at 4 weeks and 1 Caspase 3, glial actvation Mlmsc‘: Rat Lot Spinal cord [153]
H works  HO-1, Nrf2. | NP o
4 Inflammation inhibitor, ROS
Onice a day an 31 to 354 scavenger, | ERK inhibitor, | Animal meodel of Spinal cord .
Armpnzions after lesion PAEMAPE inhibitor SCI—Rat (L4-L5) =2
I NP
Diaily sc ingecbores . . . .
X 1 NEKB, COX-2, iMNOS Animal meodel of Spinal cord _
Progrstermne & h-;:’-htdr?ﬁ)d"l ¥e INP SCI—Rat {L4-L5) (154
SE203580 35 days SCI1-PEMAPK . Epinal cord
(P3EMAPK Intraspinal injection in | PISMAFE, NP "‘“""Sc‘:’ “h'd: Lof {dorsal [155]
antagomndst) L4/L5 space with antagondst o haovrm newrons]
Resiniferatoxin TR
imolecular O e ! N;cam:lpan Clinical trial phase 2 [154]
DELFDS WEgeryh N
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Table 1. Cont.
Adminlstration Localizatiom of
Drogs and Time of the Ex Mlaim Resulis Blmde] Cha Heferemces
Amimal model of CC1
Hyperioum L TRPYVi, TRPM= BOS L Sdatic nerve .
perfi o Castric gavage for 4 weeks | NP injury of the sciatic and DRG [157]
mervie—Rat
WVAS2870
(NADPH
oxidase h MO, MOX2 AN ATPE Primary culture af Trigeminal ganglia,
inhibitor 1h onddase complex, TRNF-x eLsE DR, and [=3]
Roscovitine nflammatory pain nockeptive Neurons HEK295 cells
ICAKS activity
Inhibitark
Isoflurane (Low T PIAK/ AKT activation el Limg Lb::t':‘m -
concentration) Chrig g {§ b o 20 ) tCytomolic calcium levels Moy - H4 human (134
F : neuroglioma cells
ADPP ¢ INK, and 1 DRG
SPelIS Nearons apopinsis by Celll culhure .
{JNK inhibitarh ooyt activating caspase 3 and Rat model Bt IRL maunons [+
PARP.1. | by SPa00 25
Faconiflorin 1 ASK1, glial cells, and Amimal model of CC1
ASK1 Ohre o meursdnflamenakion, | ) | injury of the sciatic Spinal daorsall horn [131]
inhibitork TiF-ax, IL-1 mieryve—Rat
C-CST O time P MOR. autophagic activity: Clinical trial [
e time 1 BCL2 Animal model of CC1 S'“P‘I ““]lh;]’:“l
Tetramethylpyrazine (3,7 and 14 days | Caspase=3 expression injury of the sciatic [1:35])
- (LA=L5)—laminae [
post-surgery) L NP merve—Rat
and [
MG132 . Rat mode] of
{Proteasome Omie timee Jl'?:mla“m jTNFT: rheumatodd arthritis DRC [1401]
inhibitar) flammatory pa and SC1
1 Caspase-3 and BAX Vincristine-induced e
Milogquina One time § BCL-2 e iy are DL [142]
toquinane I ¥incristine-induced model in LR mice o) cand (La-L5)
hic pain Primary Soatic nerve
meunapal culture of DRG

1 Decrease, T Incnease. DRG: dorsal root ganghia; COX-2: cyclonaygenase-2, HO-1: heme ooy genase-1, [L: inter-
lrukir, iM05: inducible MO synthase, ERK: extracel lular-zignal-regulated kinase, MMP- matrix metalloproteinase,
m TOR: mamealian target of rapamnycin, NF-xB: noclear factor-xB, Nrf2: nuclear factor erythroid 2-eelated factor 2,
NI neumopathic pain, PI3K: phosphoinositide 3-kirases, p3SMAPK: p3& mitogen-activated probein kinases, ROS:
reactive oxygen spedes, THF-oc tumor necrosis factar-alpha. SCI: spinal cord imjury, CCL: chronic constriction
imjury;, I intraperitonezal, IV: intravenaus, SC subcutaneosos, MMOARL: N-mattorl-D-aspartate recepdor 1, NP
neuropathic pain, SCE spinal coed irgury, DRG: dorsal root ganglion, AOPP: advanced coddative profein products,
ASK1: apoptosis signal-regulating kinase 1, G-CCF: granulocyte-colony-stimulating factor (G-C5F).

5. Conclusions and New Perspectives

The deregulation of apoptosis is involved in the development of several pathologies,
and recent evidence suggests that apoptosis may be involved in chronic pain, namely
neurspathic pain.

Neuropathic pain is a chronic pain condition caused by primary damage or dys-
function of the nervous system, but the fine molecular mechanisms have not vet been
fully elucidated.

Previous studies have indicated that NF-kB, proinflammatory cytokines such as TNF-
o, and oxidative stress play an important role in peripheral mediation of neuropathic pain
through apoptosis modulation. Further, the degree of DRG neuronal apoptosis has recently
been associated with spinal nerve injury via caspase signaling and/or PKA activation
lhmugh the ]JMHP.PK paﬂ'twa:,', ge-ruara!ins and mai.n!aining neumpaﬂ'li: Fain.
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The adoption of measures to prevent and protect mitochondrial function may consti-
tute a promising therapeutic strategy to alleviate or prevent chronic pain conditions [79]
since mitochondria are a primary source of cellular ROS [120]. Pharmacological interven-
tions aimed at maintaining normal mitochondrial function may be an alternative therapeu-
tic approach to the direct free radical scavengers for the treatment of CIPN [120]

Medications that can modulate proinflammatory cytokine expression, the NF-kB
pathway, and apoptosis, such as TNF-alpha modulators, G-CSF, proteasome inhibitors, and
flavonoids, among others, have the potential to treat neuropathic pain [35]. However, the
timing of administration, dose, and indications for neuropathic pain treatment still need to
be validated by clinical studies [35].

Further, the inhibition of apoptosis via the modulation of BCL-2 and caspase-3 is
beneficial for the treatment of neuropathic pain [135].

The involvement of apoptosis in pain and the clinical relevance of this knowledge
in the potential discovery of new biomarkers and therapeutic targets can result in the
development of more effective and targeted drugs to treat chronic pain, particularly
neuropathic pain.
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Opioids and constipation therapy in the last week of life: their impact on
patients, caregivers, and the location of death
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Opioids and constipation therapy in the last week
of life
Their impact on patients, caregivers, and the location of death

Hugo Ribeiro, MD, M3~ @, Jdlia Magalhies, Nr, MSc®, Tatiana Cardoso, Mr, MSc?,

Isabel Chaves-Castro, MD, MSc®, Carla Lopes-Mota, MD, MS3c?, Blisabete Costa, Nr, MSc?,
Patricia Rocha, Nr, MSce, Luisa Lopes, Nr, MSc*, Angela Bouga, MSce, Cristina Pereira, MSc2,
José Paulo Andrade, MD, PRD®, Marilia Dourado, MD, PhO"®

IDbservational Study

Abstract \\
The use of opioids to contral pain at the end of Be may causa constipation, a symptom that can negatively influsnca the wel-
being of patients and caregivers. The main sim of this study was to svaluate the impact of constipation on symplomatic contral
and patisnts’ owerall quality of i at this staga. A particular facus was placed an opicids. W alsa intended 1o investigats whether
canstipation and cansgiver fatique is ralated o the place of daath fhasplal vs home). The approach of 121 patients fallawed in
2021 in their Iast weask of ifs by & home team spacislized in paliative cars was analyzad in an chesnational, rirmspective, non-
intarventional study. Tha patients were followed up for an average of 30.7 days. A fotal of 82 6% wished to dia at home, which
oecurrad in T4% of the cases. The conslipation prevention protocol reduced conslipation by 55.1%. It seams that merphing
is. mora related with conetipalion and tapentadel seams Io raduce constipatian induced by apicids. Patiants tended to die in
hoepitals when their carsgivers wera exhausted: however, it was not possible to determine a cutolf paint using the Zarit scale,
which was used to assess caragiver burden. Constinalion in the last week of life doas not seem b influence the wel-baing of
palisnts or their caregivers significantly and the individualization of intensive fraatment of constipation is neaded. Different opicids
have diflerant probatilitias of causing adverss effects such as canstipation. Fulure special support machanisms can be creatad

Abbreviation: POS = paliative cutcome scale.

and activated for tha most tired caregivers to avoid exhaustion and pramate death at horme, if that is tha patient’s wil.

Keywords: caragivers, end of ife care, paliative care, apisd, pain managemant, constipatian

1. Introduction and objectives

More than 40 million people will need specialized palliarive care
every year around the world.!" Pain is one of the most com-
mon SYmproms in patients in need of palliarive care!™" and is
maar frequent ar the end of life " The use of opisids to control
pain in these situarions is not only necessary bur also ordinary.
Opioid therapy has constiparion as a side etfect,”® which is one
of the most common symproms in patients with palliative needs,
particularly ar the end of life” Keeping patients ar home, in
comfor, and accompanied by their loved ones is the best oprion,
bur it is mecessary to creare and support home reams ro artend ro
them in all suffering dimensions.

The autfhors fasve mo fnding and comficts of menest o disciose.

AN dixda genevated o anaiyzed duning this sfudy ane inciiged' n this publishad
anticie jand itz supplsmensiany niomation fes.

The authars dackne it they have Etfacal Comizmion authommbons from Group
of Heaith Canfers Gab and' Faculy of Medions of University of Porfo. This shudy
was agpvoved by fhe Etfics Commities of Facully of Medicine of Universily of
Porto and Martf Regional Haalkth Administration of Porfugal
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Portugal, © Canter for the Study and Developmant of Continuing and Palistve
Care - Faculfy of Medioine, Unsersity of Coimbra, Porfugal, © Combra inshiute
for Ciinical and Blomedical Research (C8A1 - Groue of Emaonmenst Ganebcs
and Oncobiology (ICAMAGD), Faculty of Medions of the Universtly of Coimbra,
Portugal, @ Dactoral Program in Paliative Care at tha Facully of Medicine of fhe
Linversity of Forto, Portugal, * Depertmant of Siomedfoine - Linty of Anatomy;

The existence of home palliative care reams requires
trained caregivers."* Therefore, mental and physical health
of caregivers is one of the main concerns of palliative care
reams. 7!

Since opioids are often used ro trear pain and constiparion
inevitahly appears as a side effecr, the main aim of rhis soudy
was o asaess whether constipation and its management have
a significant impact on the control of ather symproms and on
the guality of life of patients and caregivers in the last week of
life. We also inn:ndcfm evaluate the leading causes of parient
death in palliative care and their place of death with this fol-
lvw-up, aiming to assess whether the lamer contradicrs the wrend
of death in hospitals.

Facutty of Medioine of the Limversty of Poro, Porfugal, © Center ior Health
Tectmology and Services Research ([CINTES!S], Porfo, Fortugal.
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Key points

Orpinids are widely used in the lasr week of life 1o control
symptoms, such as Fain and dyspnea.

Constipation is one of the most common side effects of
opioids.

Constipation is one of the most common symproms in the
last days of life.

It is known thar constipation is challenging ro trear in
parients needing specialized palliative care.

Several studies have reporred different ourcomes regard-
ing the probability of opioid-causing constipation.
There have been no studies on the importance of treating

constipation in the last week of life.

We do not know the imporrance of palliative care home
teams in the last week of life for patients and caregiv-
ers and their wishes.

We did not have any informartion abour caregivers'
exhaustion and the probabilicy of dying ar che
hospitals.

In this study, we determined the imporance of treating
constipation when patients have symproms during the
last days of life. It seems that it is not as important as
we thought and has no infleence on the quality of life

of patients and caregivers.

We idlz‘n:iﬁcd some advantages of specialized palliative
care ar home.

We could also identify opicids with a higher probakbil-
ity of causing constipation and opiocids with a lower
prabability of cavsing thar symprom.

We could nor identify a coroff poinr using the Zarir scale,
bur parients died ar the hospiral and nor ar home (as
they wanted to) when caregivers were exhausted (with
Zarir scale points of =20).

As secondary objectives, we aimed to evaluate whether there
are opioids with less porential for constiparion while maintain-
ing the same effectiveness in controlling pain, and whether the
Frnm-cnl used for prevention and rreamment of constiparion,

ollowing the recommendarions in rhe lirerarure,* has been

effective in the control of this symprom. Finally, ir also inrends
o identify a cutoff point berween caregiver burden and place
of death.

2. Materials and methods

This study collecred dara from the last days of life of 121
patients who died in 2021, followed by a home palliative care
team in northern Portugal. This was an observational, retro-
spective, non-interventional study, using medical and nursing
records made in the last § days of life of parients followed by
the same home palliative care team.

Dara collection was carried out by recording in a pratecred
Microsoft Excel sheet, withour transferring the identiry of the
patients. Following the General Diara Protection Regulation, the
files were eliminared after the end of the srudy and publication
of the resulrs.

The following variables were included: age, sex, primary
diagnosis, rime elapsed from the start of follow-up by the eam
until deach (in days), place of death (home, hospiral, or orher),
constipation for =3 days in the last 8 days of life, type of con-
stipation {mechanical or funcrional), opioid and dose used, and
lasxarive use.

The recommended therapy to prevent constipation included
the use of Arst-line osmotic laxarives such as macrogol and lac-
talose when parients had been prescribed opicids on a fixed
regimen andfor had a history of constipation.*=* If =3 days of

Medicine

constipation, the patient stamed a huwcl-sthuIa:inﬁclaxa:ive
(such as bisacodyl).® After =4 days of constipation, they began
Senna andfor contact laxarives, such as sodium laury] sulfare
or sodium docusare.™ If the sitvarion did not improve, a man-
ual assesament was performed on the sixth or seventh day, and
as there was no possibility of obstruction (we dida't have any
partient with mechanical consriparion), a cleansing enema was
performed.

Whenever passible, the Edmonron scale was used 1o assess
symproms,'® the palliative curcome scale (POS) o assess
patients” qualicy of life,""! and the palliative performance scale
o measure functionalie™ Caregiver burden was assessed
using the Zarit scale.*

Qualitative variables were presented as absolure and relarive
frequencies and quantitative variables with means and standard
deviations. The significance level for rejecting the null hypothe-
sis was set at () =.05. Fisher exact test, Mann—Whitney U rest,
logisric regression, and receiver operating characteristic curves
were used. The normality of distribution was analyzed using
the Shapiro—Wilk rest and the homogeneity of variances using
the Levene test. The qualitative variables were rransformed into
dummy variables. The Hosmer—Lemeshow goodness-of-fir test
was used for the goodness of fir for the logistic regression.

Statistical analysis was performed using Statistical Package
for the Social Sciences software (version 28.0 for Windows, [BM
Caorp., Armonk, NY).

3. Results

In 2021, 198 patients were monitored by the same home pal-
liative care team, of which 121 died (61%). Patients who died
had a mean age of 78.1 vears, berween a minimum of 34 vears
and a maximum of 103 vears, and 69 males (67% ). They were
all bedridden and rotally dependent on daily living acriviries,
with funcrionality measured by palliative performance scale!
berween 10% and 30%.

The home palliative care team followed patients for an aver-
age of 39.7 days, bur cancer patients were followed up for a
mean of 47 dayvs (2005% more follow-up time).

As shown in Figure 1, cancer (66.9%, n = §1) was the most
frequent cause of death in this period, followed by neurological
diseases (14%), organ failure (14%), and other causes (4.2%),
which included auroimmune diseases, chronic pain syndromes,
and frailty syndrome in the elderly.

Of the 121 parients, 100 registered their domicile as the
intended place of death (82.6%). As observed in Figure 2,
approximartely 74% of the patients died ar home (n = 90), 15%
in the hospital {n = 18), and 11% in institutions (residential care
homes for the elderdy and continuing care unit).

Of the 121 parients who died during the study period, no
patient had mechanical constipation, and 95.9% (n = 116) had
opinids prescribed in the last week of life; of these, $3.7% (n =
63) did not have constiparion during rhis week.

On average, patients had a score of 28.9 in the last week of
life on the Edmonton scale!™ and a POS scorel of 175,

Regarding the degree of caregiver burden, the mean score
obtained using the Zarir scale was 40, and rthe main caregiv-
ers thus presented a moderare ro severe burden on average.
Regarding the impact of constipation in the last week of life
on caregivers, it was observed thar they were less tired (average
Zarit score of 38).

However, no significant relationships were found berween
place of death, caregiver burden, or Erﬂ;n\nmn scale score and
constipation (P = .05), as shown in Table 1.

Then, a logistic regression was performed with the variables
Edmonton, Zasic and constiparion as independent or predicrive
variables and the local variable of death as the explained or
dependent variable. The difference berween the model plus the
independent variables and the model with the constant alone
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Figure 1. Causes ol death jabsolule numbers]. Causes of death: cancer in = 81), neunological diseases (n = 17), ongan tailure |n = 17), and others jn = B).
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g
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Figure 2. Place of death [saskibe numben. Place of dealh: home i = 00
and hospital [ = 1E].

, regigiential care homes tor the sldertyeontinuing cane unils [ERPVAUCT |n = 13],

Bivariate analysis.
Home Hos=pital Slg.
Obespation s
Mo 31 (3% 15 22|
ez 34 (M%) 16 29.1%)
Tarit M; S0y 20072 (7,49 1764 14.53) a3
Edmomion®® (M 509 30.29 (14.03) 24 853 N0.E3) R

M = mean, 5 = shandard dewtion, S = significance:

was not statistically significant (3 (3) = 5.809, P = 121). The
model explains 7.8% of the decrease in uncertainty in identify-
ing the place of death. The Hosmer-Lemeshow goodness-of-fit
test was ¥ (8) = 21174, P = .007, indicating a poor fir to the

dara. The independent variables were not significant predicrors
of place of death (P » _05), as shown in Tahle 2.

Regarding the use of opicids, 35 patients were prescribed
muorphine, of which 42 were also on another major opioid, 25
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Logistic regression (place of death).

85% Gl for Exp {B)

B SE ‘Wald Sig. Exp [B) Lowwer Upper
Step Edmanton -0 20 2.369 124 .an 833 1.008
Zart -ma 124 b5 422 .21 835 1.028
Obetipation BB AT 1.7118 190 1.874 J33 4.9z
Corstant =335 633 241 B24 k-

B = coefficient for the constant in he null moddl, O = confidence inlenal, Exp [H) = sxponeniiion of he B metiicent, 5 = stndasd e, Sig. = sigriicance. Wad = Wald l=st.

were on fentanyl, 20 were on rapentadol, 13 were on buprenor-
phine, and 5 were on mpﬁnr.adnrand buprenorphine.

The occurrence of constipation in relation to the use of differ-
ent opioids varied, as shown in Table 3.

On average, 41.5% of the parients who had constipation in
the last week of life were taking opioids.

The significant relationships berween the variables under
study and constipation are listed in Table 4.

Patients treated with morphine seem o have more con-
stipation and patients treared with rapentadol seem o have
less constipation, according with orther studies™ 7 thar had
less patients."7! In patients treared wirth rhe remaining
opioids, there were no significant differences in developing
constipation.

4. Discussion and conclusions

Data related to the primary diagnosis and caunse of death
showed rhar most patients had cancer [67.8% ). Despite this,
non-cancer patients represent the majority I::IIP roximately
T0%) of patients in need of palliadve care, worldwide"! The
E::scn: results suggest thar patients with non-cancer diseases

ve increased difficulry in accessing palliarive care, which is
reinforced by the fact thar che follow-up time of patients with

Freguency of constipation in the last week of life with the
different oploids.

Regarding caregiver burden, it was not possible to define 2 gpigid Patients with constipation {%)
cutoft point for the place of death. The area under the receiver
operating characteristic curve of sensitivicy and specificity  Morphing 46 |45.4%)
berween the place of death and caregiver burden was notr sga-  Morphing + angther opioid 17 405%}
tisrically significant (P = .713), there was no reason 1o find a  Fentang 17 a4%)
cutaff point. However, all patients who died in the hospital %Bupren:tmne g::g:l“‘l

; . ; ] : i Tapertadd
g;:;lmg the smudy period had caregivers with a Zarir score i R 3 {400
Significant relationship between constipation and the other variables under study.

1] Yes
N % " % Sig.

Morphing 23 31.0% 22 48 %% arr
Tepentadol_50_100 3 42.5% q Sf1% i
Tepentadol100_200 o 0.0% 1 100.0% 455
Tapentadot200_400 o 0.0% o 0% -
Buprenarphine1 7.5_35 3 G0.0% 2 40.0% 1.000
Buprenwphines. 5 o 0.0% 1 100.0% 455
Buprenorphine 7l 1 25.0% 3 750% 328
Fentami12.5 E] 35.M% ] B4.3% 160
Fentami25 -] 47.1% ] 329% 60
Fentamtsl 2 2.7% 7 iTi% iy
Fentami?s 2 40.0% 3 B0.0% 658
Fentaryl100 1] 0.0% 1 100.0% 455
Laciilnes 1 .M 12 923% A
Macmogal 3 75.0% 1 250% 25
Macrogol + Sodium bicarbonzte 13 3A.2% 2 B58% a3
Sodium picosulfate 2 10.5% 17 B8.5% oar
|zacody ] M4.0% 19 TE0% oar
Microlax 1 3.0% 19 95.0% oar
Sanna 2 18.2% g B1.8% iy
Cleansing ensma a 0.0% 3 100.0% £
Manual a 0.0% 4 1000 DAl
N = zhsolsle rumber of palients, Si. = significance:
*Ps.05
Pz
*=Pa N
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cancer is 20.5% longer than the mean follow-up time of all
patients. Owerall, these facrs suggesr thar cancer patients are
referred earlier to palliarive care and with thar, the opportunity
for grearer satisfaction with the response to their needs and the
care provided.

The fact thar a significant number of patients expressed a
wish to die at home (100 our of 121), which happened to the
majority in this study, reinforces the benefits of palliative care ar
home since, in Pormugal, only 29.6% of patients die at home."™
However, only 8.9% referred to the hospital as their preferred
place of death in a country where 61.7% of people die in these
institutions. "

There are published papers of varying qualiry, as reviewed
by Hofmeister and colleagues, assessing different components
of palliative care in the home intervennons and measuring dif-
ferent ourcomes."™ To be meaningful n:,dpa:ients, these inter-
ventions need to be consistently evaluared wirth ourcomes that
marter to the parients and caregivers,™ as we presented in rhis
work.

Muorphine appeared o be the opioid thar is maore relared with
constiparion. In contrast, rapentadol appears o be less associ-
ared with constiparion.

Constipation occurs in approximately 97% of patients on
chronic opicid therapy.” The protocol followed by the home
palliarive care team significantly reduced constiparion by 35.1%
in the studied patienes 51

Constipation in the last week of life does not seem o influ-
ence the well-being of patients, which is noticeable by the lack
af starisrical sign?ﬁ:ance berween Edmonton and POS of con-
stipated and non-constipated patients. Constipation also had
no statistically significant influence on caregiver burden. Thus,
intensive therapies to control this symprom in the last week of
life should be considered anly in specific cases in which the gen-
eral condition worsens.

Alrhongh we cannot present a significant cutaff point berween
the caregiver burden measured by the Zarir scale and the place
of death with high sensitivity and specificity, it is evident thar
patients tend to die in the hospital when the caregiver is most
exhansted.

In this sense, it is important to develop special suppart mech-
anisms for caregivers who present with symproms and signs of
tiredness to fulfill the wishes of both (patients and caregivers) to
enable their end of life ar home.

This work has limitations, not oaly because it is a unicentric
study, burt also because of the small sample size. However, to our
knowledge, this is the first study o interprer the relarionship
berween the use of opioids, laxarives, constiparion, caregiver
burden, and the location of death. We can now understand that
some symproms, such as constipation, may have a more con-
servative approach ar the end of life, ensuring the well-being
aof both parients and caregivers. More similar srudies involving
larger numbers of patients are needed ro obrain addirional dara

solid conclusions.
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Absiract: Pain is one of the most i'n:l:]u.erlr health P-mblems. and its evaluation and Ii'berapﬂrl:ir
approach largely depend on patient self-report. When it is not possible to obtain a self-report, the
therapeutic deciion becomes more difficult and limited. This study aims to evaluate whether some
miembrane platelet proteins could be of value in pain characterization. To achieve this goal, we used
53 blood samples obtained from palliative patients, 44 with non-oncological pain and nine without
]:!ai:n. We observed in paliu'lh with ]:!a.'ina decrease In ﬂwpﬂmﬁaEE aof Fr]arbelebs Expu'ming CO3h,
CDagf, and C61 and in the expression levels of COM9F and CD61 when compared with patients
without pain. Besides that, an increase in the percentage of platelets expressing CI42p was observed
in patients with pain. These resulbs sugrest that the levels of these platelet duster differentiations
(C0s) could have some value as pain biomarkers objectively since they are not dependent on the
]:!ad:irrlt"x Pariici.]:!aﬁun. Likewise, CIM0 smems to have sume-impnrtann.- as a biomarker of moderate
and for severe pain. The identification of pain biomarkers sweh as CIO40, CD49%, CD62p and CDé1
can lead to an adjustment of the therapeutic strategy, contributing to a faster and more adequate
control of pain and reduction in patient-associated suffering.

Keywords: chromic Pain;]:hannm:]ngy;]:lal:lﬂx; binmarkers; pauial'iw: care

1. Introduction

The International Association for the Study of Pain (IASP) defines pain as an "un-
pleasant sensory and emotional experience associated with, or resembling that associated
with, actual or potential tissue damage” [1]. Pain is multifactorial, with multiple pathways
invalved | 2], which explains why it is a multidimensional experience that can significantly
impair an individual's quality of life [3]. Pain can be classified according to tissue dam-
age (nociceplive pain), nerve darnage (neuropathic pain), and altered pain modulation
(nociplastic pain) [3].

Pain characterization is essential for the correct approach for patients with chronic
pain, starting with the assessment of pain intensity [4]. The proper characterization is
dependent on patient seli-report; pain multidimensional hetero-assessment scales can be
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used as an alternative, especially for dementia patients with and for patients that cannot
characterize their pain [5-7]. However, as pain is a sensory and emotional experience, it
is subjective, and its expression is primarily determined by the perceived intensity of the
painful sensation [5].

Preclinical and clinical studies have investigated the hypothesis that biomarkers
may also be used to identify and quantify pain. Findings from a preclinical study show
that inflammatory pain and neuropathic pain have different biomarkers [5], but most
studies do not correlate with pain duration or intensity. Further studies are needed to gain
insights into pain biomarkers to enhance pain management practices improving patient
care, especially for those who suffer from severe cognitive decline or dementia and are
unable to express themselves.

Platelet heterogeneity and subpopulations may suggest distinet biological roles for
different platelet subpopulations and may be useful in evaluating inherited or acquired
platelet disorders and platelst function in health and disease [9]. Besides their role in
hemwostasis, thrombosis, and wound healing, platelets are now known to play major effector
activities in several additional functions, including inflammatory reactions and innate
immune responses [9). Further, platelets are the closest and most accessible peripheral
neurcnal-like cellular system likely to provide a wealth of information aboul neuronal
functioning [10].

Since discovered by Giulio Bizzozero in 1882 [11], platelets have been exploited
for their clinical value. Flatelet surface receptors, such as CO62p (P-selecting and CD41
(GFIIb-1IIa), have also been quantified as markers of the activation state of platelets [12].
The extravascular activation of platelets may contribute to nociceptor excitation and pain
since platelets store and, upon stimulation, release potential allogenic substances such as
sercdonin, histamine, and precursor molecules of bradykinin [13,14].

Identifying Mood and platelet pain biomarkers has been advanced as the next great
tool for pain identification and characterization, allowing tailored treatments [15,16].

Few studies relate pain with platelet activation, as pain inhibition occurs with platelet
antiaggregants [17-20]. However, there are other studies on specific situations, for in-
stance, knee cstecarthritis or post-teeth extraction pain, where platelet-rich plasma (PEF)
or fibrin-rich platelets (PRF) may have a significant analgesic effect [21-24]. However, the
role of peripheral blood platelets membrane proteins as markers for pain evaluation and
characterization is not vet clarified |2525].

Here, we evaluated the levels of membrane proteins, namely receptors related to
several recognized functions of platelets, such as recognition, adhesion, aggregation, ac-
tivation, inflammation, and immune modulation. In this context, the levels of the glveo-
protein IV {CD36), the adhesion molecules, integrin «b (CD491), integrin 3 (CD61) and
p-selectin (CD62p), the complement activation inhibitor protein (CD59) and the TNFx
family receptor CD40 were evaluated in palliative patients platelets.

The main aim of this study is to evaluate whether some known platelet membrane
proteins could be of value in pain characterization and can be used as non-invasive pain
biomarkers in patients where we cannot rely on their self-report, particularly patients with
advanced dementia.

2, Materials and Methods

For this study, we collected individual and clinical data ard peripheral blood sam-
ples from 53 palliative patients with non-oncological diseases, followed by a specialized
palliative care team between 1 September and 31 Decernber 2021.

This is an observational, analytic, transversal, non-interventional study using medical
and nursing records on chronic pain patients.

The Ethics Committees of the Faculty of Medicine of the University of Porto and
the Morth Regional Health Administration of Portugal approved the research procedures,
and the study was conducted following the Declaration of Helsinki. Before enrollment,
participanis or their legal representatives provided informed consent for participation. The
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international ethical guidelines of confidentiality, the anonymity of personal data, and the
abandonment option were followed.

For the collection of individual and clinical data, we consulted the records in the
individual clinical files, after which they were registered in a protected Microsoft Excel
sheet. To identify each patient, an alphanumeric code was used, thus keeping the identity
confidential since only the researcher knows it. Following the European General Data
Protection Regulation (GDFR), these electronic files will be deleted after the end of the study
and the publication of the results. Data were collected regarding the following variables:
age, sex, type and intensity of pain, opioid and other analgesics, such as nonsteroidal
anti-inflammatory drugs (NSAIDs) and acetaminophen, and doses in use. We also noted
whether the patient had pain control at the moment of blood sample collection.

We also collected information regarding the presence of a diagnosis of dementia
and its type. For patients that had severe dementia, we used the Pain Assessment in
Advanced Dementia Scale (PAINAD) [27] to identify and distinguish those who probably
have uncontrolled pain, and we separated PAINAD values (under 5, between 5 and 7
and 8 to 10), to evaluate a possible clinical correlation of these PAINAD values and mild,
moderate or severe pain, respectively. For patients who could self-report their pain, we
used the pain numeric scale [25].

For the purpose of analyzing the expression of the platelet biomarkers, we selected the
following: glycoprotein IV (CD36), integrin a6 (CD49f), integrin §3 (CD61), and p-selectin
{CD62p), the complement activation inhibitor protein (CD59) and TNFx family receptor
CD40, that we analyzed in absolute and relative concentration.

We proceeded to the ROC curve analysis to evaluate the significance of the area under
the curve and if we have a cut-off point for CD40.

2.1. Platelets Membrane Proteins Evaluation by Flow Cytometry

The platelet phenotyping was performed in freshly prepared platelet suspensions.
None of the participants were recently transfused. Briefly, platelets were separated by
centrifuging citrated blood specimens at 120x g for 20 min at room temperature (RT).
Then, the platelet-rich plasma was collected into a tube, and the platelets were washed
using 2 mL of wash buffer (BD cell wash). Next, 1 x 10° platelets were incubated with the
monoclonal antibodies anti-CD36 conjugated with FITC (BD Pharmingen, BD Biosystems,
San Diego, CA, USA), anti-CD49f conjugated with PE conjugate (BD Pharmingen, BD
Biosystems), anti-CD61 conjugated with PerCP-Cy5.5 (BD Pharmingen, BD Biosystems),
anti-CD62 conjugated with APC (BD Pharmingen, BD Biosystems), anti-CD539 conjugated
with BV421(BD Horizon, BD Biosystems), and anti-CD40 conjugated with BV510 (BD
Horizon, BD Biosystems) for 15 min at RT in the dark, according to manufacture instructions.
Then, cells were washed twice with FACS flow (BD Biosystems) by centrifugation at 300x g
for 5 min and immediately analyzed in a FACS Canto II flow cytometer (BD Biosystems).
At least 50,000 events were collected using FACS DIVA software (BD Biosystems), and
the results were analyzed through Infinicyte software (Cytognos, Salamanca, Spain). The
results are expressed in the percentage of cells expressing each protein marker and as mean
fluorescence intensity (MIF).

2.2. Statistical Analysis

Statistical analysis was performed using the SPSS software (Statistical Package for
the Social Sciences, version 28.0 for Windows, IBM Corp., Armonk, NY, USA). For the
statistical analysis of data, we used measures of descriptive statistics (absolute and relative
frequencies, means, and respective standard deviations) and inferential statistics. The
significance level for rejecting the null hypothesis was set at (x) < 0.05. We used the Pearson
correlation coefficient, Fisher's test, Chi-squared test of independence, Student’s !-test for
independent samples, Mann-Whitney U test, and Kruskal-Wallis test. The normality of
distribution was analyzed with the Shapiro-Wilk test, and the homogeneity of variances
was analyzed with Levene’s test. We analyzed the Chi-squared assumption that there
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should not be more than 20% of cells with expected frequencies inferior to 5. In those
situations where this assumption could not be satisfied, we used the Chi-squared test with
the Monte Carlo simulation.

The following variables were included: age, sex, type of pain, the intensity of pain,
opioid and dose used, and other analgesics, such as nonsteroidal anti-inflammatory drugs
(NSAIDs) and paracetamol, and absolute (MIF) and relative concentration levels of CD36,
CD49f, CDe1, CD62p, CD59, and CD40. We also included the type of dementia (because
most of the patients had this condition) and controlled pain time for patients diagnosed with
chronic pain, but their pain is controlled at the moment of blood collection. For patients
that had severe dementia, we used the Pain Assessment in Advanced Dementia Scale
(PAINAD) [27] to identify uncontrolled pain. Other variables that could have a relationship
with our findings were also included, such as renal function (using the Cockcroft-Gault
formula [29], body mass index (BMI), functionality (using the Karnovsky scale [30]), and
nutritional status (using Mini-Nutritional Assessment scale [31]).

2.3. Inclusion Criteria

All patients under clinical follow-up from a palliative care specialized team from the
North region of Portugal with non-oncological diseases.
All patients or their legal representatives provided informed consent for participation.

3. Results

We selected 95 patients. However, five patients or their legal representatives refused to
participate in this study and 20 of them were in their last days of life, and it was decided not
to conduct a blood collection in this clinical condition. We could not collect blood samples
from 17 patients, as they were too fragile, with hypovolemia and bad venous accesses.

So, we collected samples from a total of 53 patients with an average age of 74.8 vears
old, a minimum of 29 and a maximum of 98 years old; most were female [ = 39 (73.6%)].
Forty-four patients suffered from pain, and nine had no pain. We had no patients with
known autoimmune diseases (inflammatory bowel disease, multiple sclerosis, psoriasis, or
other of these conditions).

Among the 44 patients with chronic pain, 38 had severe dementia. We could not
evaluate the type of pain and intensity in these patients. Therefore, we used PAINAD
to distinguish those who probably have uncontrolled pain (PAINAD > 5, present in
32 patients), and we separated PAINAD values (under 5, between 5 and 7 and 8 to 10)
because in the clinical evaluation, there was a correlation between these PAINAD values and
the possibility of having mild, moderate or severe pain, respectively. Among the 44 patients
with pain, 19 were under opioid treatment (15 with dementia and four without dementia).

We had six patients with pain and without dementia and nine without pain and
without dementia (controls), as shown in Table 1.

Table 1. Characterization of the Study Population.

Total of Patients: Patients with Painand  Patients with Pain and "ﬁ:::::';“ﬂ:::z snd
53 Dementia (r = 38) without Dementia (n = 6) (Controls) (r = 9)
) Male 29% (i = 11) 50% (1 = 3) 0
¢ Female 71% (1t = 27) 50% (1 = 3) 100%
Average age (years) 84.1 625 447
< 158% (n = 6) NA NA®
PAINAD 5-7 73.7% (n=28) NA NA
8-10 105% (n = 4) NA NA
Average numeric pain scale NA 43 0
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Table 1. Cont.

Total of Patients:

Fatients with Pain and

Patients with Fain and

Patients without Pain and
without Dementia

Dementia (n = 38) without Dementia (n = &) {Conkrols) = 9)
Nociceptive 39.5% (=15 S50% (r =3) A
Type of FPain MNeuropathic Zhtin=1) 167 (n=1) A
Mliwed 579 (n=22) BiIam=I) A
Vazcular 36.8% (n = 14) A MNA
Alzheimer 36.8% (= 14) MNA MNA
Type of Dementia Mixed 7 (n=3) NA NA
Orther 16A% (m=7) MNA A
Unider npil:lid treatment 395% (m=15) 66 (n=d4) A

* M Mot Applicable.

In the platelets of patients with chronic pain, we observe a statistically significant
decrease in the percentage of platelets expressing CD36, CDM%, and CD61, but the decrease
in the expression levels of these biomarkers was only observed for CD49F and CDel,
compared with those patients without pain (Table Z). An increase in the percentage of
platelets expressing CD62p was detected when compared with patients without pain
(p = 0.002) (Table 2).

Table 2. Flatelets Membrane Probeins in Patients with and without Chronic Pain.

Fatients without Pain
and without Dementia Fatients with Fain (i = 4}
Controls (r =9
M + 5D M+ 5D r
D36 (%) UE.M 197 91.54 £+ 12.30 0.004 *=
CD346 (MIF) 647564 £ 208158 5506.31 £ Z168.98 0228
COA9 () 9916 £ 035 95,31 & 10.79 0037
IS (MIF) 53H5.83 = B35.09 454024 + 969.50 ooz1
Il (%) 9937+ 0L1E 95.18 £+ 10.76 0026 *
CD61 (MIF) 1656181 & 14M.E3 1357125 & J064.78 0.009 *=
COGZE (%) BA7 L 487 22,62 + I3.65 0.002 *=
CDR2P (MIF) TH0LTS + 114.10 1357.76 £ 260610 0499
CO5% (%) 476 = 3.03 345 £ 567 0.507
MIF CD5% (MIF) 1556.62 + 50990 1771.15 + ES58.56 0478
CIM0 (%) 015 = 0. 0.09 + 0.17 0389
COA0 {MIFY 147608 £ 352.14 1456.12 £ 50007 0411

MIF=Mean Huoresce indensiby; * p < o, - p = (1. F: median intensity flucmescence; A: hean; Sl standard
deviatian; p- sipndficanoe.

While the differemces observed in CD36, CD4%f and CD61 are age and sex independent,
the difference observed in CD62p were more accentuated in men (about three times higher)
comparatively with the observed in women (Table 3). When we compared the platelets
phenotype between patients with dementia with those without dementia, we did not
observe any statistically significant difference. Further, the relationship between the type of

pain and the tvpe of dementia is also not statistically significant (Table 3).
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Table 3. Gender And Membrame Probein Plabelets.

Female (n =301 Male (n = 14)
M = 5D M + 5D r

4 CD34 9180 = 10E9 9258 & 13.25 0.E9S
MIF CD36 539236 = 205079 666228 & 133091 009D
% CO49F 96.35 £ BED 95,18 & 1286 0445
MIE CTM9§ 4617 57 + 97A.43 ASREDD + 1057 26 0291

4 I 9635 + BAD 9513 + 1263 0172
MIF CD61 1446544 = 8159 13172.91 + 4992.24 0525
% CDG2P 1376 4 17.43 3924 + 24.50 D006 ***
MIF CDE2E E29.68 = 261.73 254957 + 4&91 50 0151

4, C159 174 £535 350 4+ 520 0834
MIF CD59 164364 & 79028 2000.70 + E15.41 0130

4 T O = 010 0.14 + 028 04349
MIF C D40 147159 =+ 50576 1473 73 + 34289 0894

== < NN MIF: median intensity fuorescence; M: mean; S0 standard deviabion; p: significance; bold: values
statistically signdficant.

As we can observe in Table 4, patients under opicids, when compared with patients
that did not receive opioids, present a statistically significant decrease in the percentage
of platelets expressing CD36 (B8.52% vs. 95.58, p = (L026) and in the expression levels of
CDA9 (4254.22 vs. 499590, pr = 0.012), CD61 (12643.79 vs. 1512872, p = 0.029) and CD59
(134535 vs. 197592, p = 0.008).

Table 4. Comparative Analysis Of Membrane Flatelets Proteing Between Fatients Receiving And Not
Receiving Opioids Medication.

Mo D‘piuid: ir = 25)

D'piuir!:{:'r =19}

M = 5D

M 4+ SI¥

r
% pos CO36 G558+ BIA B85+ 14.02 111
MIF CE6 600726 £ 209156 5T11.73 + X628 0228
% pos CD49E 9B.BZ £ 239 9178 + 14.55 (ki
MIF O 4995.90+ BS0.A4 435432+ 106523 ooz
%o pos CI61 SEBF £ 240 91.73 = 1451 07T
MIF CDW1 15138.72 & M14.28 1264379 £ 461687 171
Yo pos CD6ZP 21.08 = 2270 1793 = 2135 0290
MIF CO62F 1483.69 = 283198 B&3.3T £+ IBE08 0242
%o pos CO5% 194 £ 3.33 490 + 728 0597
MIF CD59 197592 F BRA. 1345351 444.10 oS **
T pos CO40 007 £ 0.08 015 £ 023 0742
MIF COM0 148536 + d67.55 1420.60 £ 490.21 0ASE

= 5, 7 p < 001 MIF: median intensity Buonescence; - mean; S0k standard deviation; g significance; bodd:
values statistically significant.

Regarding the type of pain and its relationship with biomarkers under study, we found
statistically significant differences, as shown in Table 5. A decrease in the expression levels
of CO62p in the platelets of patients with nociceptive pain was observed compared with
patients presenting mixed pain (72352 vs. 195363, pr = (L002) (Table 5).
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Table 5. Membrane Proteins Flatelets In Patients Su I:ﬁ.-ri:nl.; From Mociceptive Pain Or Mixed Pain.

Maociceptive {n = 18) Mixed fn = 26)
M = 5D M + 5D "

% pos CO36 91.17 £ 1190 9257 + 1054 0762

MIF COB6 475172 + 164023 SUS276 + 146846 0118
% pos CO49E 9447 £ 1214 97 46 £ 519 078
MIF CIMo$ 420669 + 99535 4859 Bl + BHL59 0056
%% pos CD61 9437 £ 1213 9745 £ 515 0762

MIF CD61 12507 53 + 521525 140125 16 + 319066 0682
" pos CDAZE 1380 + 1469 3T + K35 0117
MIF CD62P 72355 + 18449 195363 + 3679.90 ooz
% pos CIS% 449 = 659 305 + 546 078

MIF CD59 157069 + H26.36 1963 51 + 937.17 0.274
% pos CO40 016 £ 025 004 + 02 0145

MIF COM0 1530.59 + #0199 1466 59 + LI 98 0986

== p = 001, MIF: median intensity fluoresoence; M: mean; S standard deviation; p: significance; bold: values
statistically significant.

The clinical history (other diseases) of the patients does not seem to interfere with
platelet biomarkers.

With regard to pain intensity, we observed a significant relationship with the per-
centage of platelets expressing CD40. In fact, the percentage of platelets expressing COH40
is significantly higher in patients with moderate-severe pain (considering PAINAD =5)
compared with those with mild pain (0.18% vs. 0.02%, p = 0.047), as it is shown in Table 6.

Table 6. Membrane Proteins Platelets In Patients Suffering From Mild Pain And With Moderate Or
Severe Pain,

Moderate or Severe

Mild Pain {PAINAD < 5) Pain (PAINAD 5-10)

il il r
o pos CO36 905+ 1824 92B8 £ 9.6d 0563
MIF CO36 SA35.9T + 253R02 S424.41 = 215815 859
% pos CD49E 9019 £ (L66 9504 + 930 65
MIE CIMaf 431017 £ 120038 A549.61 = WIB6 0753
o pos C61 9916 + 0L66 9590 + 927 65
MIF CDal 1090050 + 461148 13915.31 + 3929.31 s
% pos CO6ZF 1662 + 2139 377 + 453 LA
MIF CD&2ZF 306654 + FIG6E.90 Y1E.A2 = 3R3.06 0533
o pos TS5 125+ 149 1.90 = 4.08 0282
MIF CD59 169958 + 104369 179388 + 856,69 0533
%a pos CD40 002 £ o2 010 £ 018 L1 Il
MIF CDd0 120200 = 232.7% 15031 + 5497 0207

* = DS MIF: median intensity flucnescence; M: mean; S0k standard deviabion; g significance; bold: values
statistically significant.

We used receiver operating characteristic curve (ROC) analysis to verify if CD40 could
be a peripheral biomarker of pain intensity. We proceed to the ROC curve analysis to
evaluate the significance of the area under the curve and if we have a cul-off point for this
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biomarker. The area under the curve is statistically significant, 0.777, with p = 0.049, as
shown in Figure 1 and Table 7.

The ideal cut-off point corresponds to 0.025 (sensitivity 74.2%, specificity 80%, positive
predictive value = 95.8%, negative predictive value = 33.3%).

ROC Carve

o6 4 { A

Sensitiviey
N
\
\

%5 02 04 s 03 o
1- Specificity

Daagoonl sepueots are prodoosd by hies

Figure 1. ROC curve of CD 40 as a biomarker of moderate or severe pain.

Table 7. ROC Analysis Data for CD40.

Asymptotic 95% Confidence Interval

Area SE* Asymptoticp ® —
Lower Bound Upper Bound
0.777 0114 0.049 0.555 1.000

3: Standard Error; ®: Significance.

4. Discussion

In patients with severe dementia, we cannot rely on self-report, and the characteriza-
tion of the pain is difficult. The identification of biomarkers could be a valuable solution to
enable targeted medical treatment. In this study, we find that CD36, CD491, percentage of
CD491, CD61, percentage of CD61, and CD62p can be considered as platelet biomarkers of
pain, CDé2p as a platelet biomarker for nociceptive pain and CD40 as a platelet biomarker
for moderate-severe pain.

The hypothesis that biomarkers may be used to identify and quantify pain was in-
vestigated in several preclinical and clinical studies. A preclinical study showed that
inflammatory and neuropathic pain have different biomarkers [5]. Further investigations
provided mixed results. For example, cystatin C levels in the cerebrospinal fluid appear
to be a predictive marker for postherpetic neuralgia in patients with varicella-zoster virus
and a pain marker in women experiencing labor pain. However, it is not correlated with
pain duration or intensity. Investigations into potential biomarkers for chest pain showed
that cardiac markers used to aid in the diagnosis and prognosis of cardiac disease correlate
with tissue damage rather than with pain [&]. Further studies are needed to gain insights
into biomarkers for pain to enhance pain management practices.

Platelet receptors are important for their normal functioning as they either activate
platelets or act as adhesion molecules interacting with the damaged endothelium, other
platelets, and leukocytes. Besides the platelet role in hemostasis, they also have a role
in inflammation, antimicrobial activity, angiogenesis, tumor growth, and metastasis. In
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the absence of their receptors, platelets are unable to perform these functions. Some
of the well-recognized platelet receptors are integrins, leucine-rich repeats receptors, se-
lectins, tetraspanins, transmembrane receptors, prostaglandin receptors, lipid receptors,
immunoglobulin superfamily receptors, tyrosine kinase receptors, and other platelet re-
ceptors [32]. The present study focused on membrane glycoproteins, such as CD36, CD491,
CD61, CD62p, CD359, and CD40.

CD36 or Glycoprotein IV is a member of the class B scavenger receptor family of cell
surface proteins, a multiligand pattern recognition receptor that interacts with a large num-
ber of structurally dissimilar ligands, including long chain fatty acid (LCFA), advanced gly-
cation end products (AGE), thrombospondin-1, oxidized low-density lipoproteins (oxLDLs),
high density lipoprotein (HDL), phosphatidylserine, apoptotic cells, beta-amyloid fibrils
(fAB), collagens I and IV, and Plasmodium falciparum-infected erythrocytes [33].

CD491 is an adhesion molecule, namely a6-integrin 1, associated with inflammation
towards the regulation of differentiation, adhesion, and migration of human mesenchy-
mal stem cells [34]. CD6l is the integrin B3, a glycoprotein that plays a role in platelet
aggregation and also as a receptor for fibrinogen, fibronectin, von Willebrand factor and
vitronectrin [35]. CD62p or P-selectin is a membrane protein that redistributes to the plasma
membrane during platelet activation and degranulation and mediates the interaction of
activated endothelial cells or platelets with leukocytes [36]. CD59 is the complement activa-
tion inhibitor protein that binds to complement components C5 and C9 and prevents the
polymerization of C9, which is required for the formation of the membrane attack complex
(MAC) [37]. CD40 is a receptor of the TNFa family, being a cytokine produced by many
cells, and was originally identified by its cytotoxic effects. In addition to inducing cell
death in some types of cells, it also elicits a wide range of physiological responses, such as
inflammation, cell proliferation, and differentiation [33]. Further, circulating biomarkers of
platelet activation, including soluble CD40 and CD62p, have also been studied as a strategy
to monitor the efficacy of combination antiretroviral therapy (cART) in patients infected
with HIV [39].

Platelet surface receptors have also been quantified as markers of the activation state
of platelets, and platelet activation is increased in dementia [40]. Both platelet CD62p
(P-selectin) expression and CD41 (GPIIb-TIla) complex activation are significantly elevated
in Alzheimer’s Dementia (AD) patients [41]. CD41 is a platelet activation marker in de-
mentia, and the increase in CD41 complex expression in platelets was associated with
faster cognitive decline in AD [41]. However, there is an overwhelming lack of additional
clinical studies. Another platelet receptor, CD62p, is present on activated platelel mem-
branes [42] and promotes platelet adhesion and thrombin formation [43]. Increased levels
of CD&2p were found in circulation in AD patients, but there was no significant change in
the membrane-bound [12,38]. The soluble form of CD62p was also significantly elevated in
HIV patients not under cART, compared with those cART-treated and with healthy control
groups, suggesting its role in monitoring combination antiretroviral therapy [39].

We already know that there is platelet activation in pain, especially inflammatory pain
(Barkai et al., 2019; Beurling-Harbury and Schade, 1989), but we are still unaware of all the
pathophysiology and molecular biology involved [19]. The identification of CD36, CD49f,
percentage of CD49f, CD61, percentage of CD61, and CD62p as platelet biomarkers of
pain was statistically significant. These new markers must be considered in the process of
obtaining pain biomarkers in peripheral blood.

For patients with well-controlled pain, in comparison with those with non-controlled
pain, we did not find statistically significant differences regarding laboratory data, including
patients with well-controlled pain for seven or more days. These data are relevant because
we could expect a reduction in platelet activation with pain control, considering that the
half-life of platelets is seven days. However, it may mean that some underlying mechanisms
and causes of pain may be equally active, and there is only pain desensitization.
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In opioid-treated patients presenting a better control of pain, there is less expression of
biomarkers such as CD36, CD49f, CD61, and CD39. These data are in agreement with the
literature on the effect of opioids on platelets, particularly in reducing their activity [44—16].

The sample was too small to assess more types of pain in addition to nociceptive and
mixed pain. However, CD62p has been shown to be a reliable marker of nociceptive pain.
Although it has not yet been specifically studied in this regard, the role of p-selectin is
already known and has been linked to inflammatory pain [47,48].

CDM0 (TNFa receptor family) was identified as a potential biomarker of moderate
or severe pain intensity. The association of a biomarker with pain severity has not yet
been established, although there are several references to platelet markers and disease
severity [49-51]. In addition to the biomarkers of the existence or not of pain, which can
be a powerful aid in the therapeutic approach of patients, the identification of biomarkers
that allow the characterization of pain, in this case by intensity, can allow the therapeutic
adjustment as quickly as possible, reducing suffering and minimizing the adverse effects
of dru

F\?ﬂher, and besides the involvement of platelets in several diseases the presented
markers, such as CD40, in autoimmune diseases such as inflammatory bowel disease,
multiple sclerosis, psoriasis, or other autoimmune diseases, we had no patients with
these di Other di from the known medical history of these patients (such as
hypertension) did not influence the platelet markers, according to what we found in the
literature [9,10,12,17 26].

This is one of the largest studies on pain biomarkers that we know of, and it is the
only study comparing patients with non-oncological pain with specific platelet biomarkers.
However, the sample is small, and further studies are needed considering these markers to
confirm their viability as pain markers and CD40 as a marker of moderate-severe pain.

In vulnerable and dependent patients, in whom we cannot rely on self-report, the
identification of pain biomarkers such as CD40 can lead to an adjustment of the therapeutic
strategy, according to the WHO ladder [4], contributing to a faster and more adequate
control of pain and reduction in associated suffering.
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Abstract In assessing and managing pain, w hen obtaining a self-report is impossible, the rapeutic
decisior-making becomes more challenging. This study aimed to irvestigaie whether monocy ks and
some membrane monocy ke probeins, identified as a cluster of differentiation (CD), could be potential
non-invagsive peripheral bicmarckers in identifying and characterizing pain in patients with sevess
dementia. We wsed 53 Blood samples from non-oncological palliative patients, 44 patients with pain
(38 of whom had dementia) and 0 without pain or dementia (controls). We evaluated the levels of
meniocy tes and their subty pes, including classic, intermediate, and non-classic, and dharacterized
the levels of specific phenotypic markers, namely CD11c, CD86, CD163, and CD206. We found that
the relative concentrations of monocytes, particularly the percentage of classic monocytes, may be
a helpful pain biomarker Furthermore, the CD11e expression kevels wene significantly higher in
patients weith mived pain, while CDMES and cleéexpr\e:ﬁiun lewvls wen ﬂﬁiﬁﬁcmﬂ}y higdher in
patients with nocice ptive pain. These findings suggest that the levels of monocybes, particularhy
the classic subtype, and their phenoty pe markers CD11c, CDM63, and CD206 could serve as pain
biomarke rs in patients with severs dementia

Keywornds: monocybes; biomarkers; chronic pain; dementia; pain characke rization

1L Introduction and Objectives

Pain is a multidimensional experience that can significantly impair a patient”s quality
of life. It can be classified according to the underlying cause, including nocice ptive pain
resulting from tissue damage, reuropathic pain caused by nerve injury, and nociplastic
pain resulting from altered pain modulation [1]. As multiple factors influence pain, it is
essential to characterize it accurately to treat chronic pain patients with success [2].

Patient self-reporting is regularly used to characterize pain. However, it is subject to
individual interpretation, which can be a problem for proper pain characterization. To over-
come this subjectivity, multidimensional hetero-assessment scales have been developed,
particularly for patients with dementia or others unable to characterize their pain [3-5].
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However, this approach is insufficient for this type of patient, and there is an urgent need
for a more objective characterization using non-invasive biomarkers.

Routine peripheral blood parameters, including white blood cell counts and mean
platelet volume (MPV), have been identified as potential diagnostic, prognostic, and pre-
dictive esponse markers in inflammatory and central nervous system diseases, such as
cerebral hemorrhage and dementia inelderly patients [6]. Further, blood plasma, blood
cells, skin fibroblasts, and peripheral blood vessels weme considered diagnostic biomarkers
for Alzheimer's disease [7]. Cur previous studies show that some platelet cluster of differ-
entiation (1Y) levels could be valuable as pain biomarkers, particularly for pain subtype
classification and pain intensity characterization [5].

Monocytes are a type of white blood cell crucial in promoting and resobving in-
flammmation and are implicated in several inflammatory diseases, such as cardiovascular
diseases, diabetes, obesity, and metabolic syndrome [9,10]. There are three main subsets
of monooytes, classical (~85%), non-classical (~10%), and intermediate (~5%), which are
characterized by their expression levels of CIM4 and CI¥6 [10,11). These subsets play
distinct roles in homeostasis, inflammation, and various diseases such as rheumatoid
arthritis, complex regional pain syndrome, cancer, tuberculosis, and HIV [11-14]. Studies
have reported an inceased proportion of intermediate monocytes in various inflammatory
states, including cardiovascular disease [9,10]. Circulating monooytes cormelate with several
diseases that cause pain [15-17). However, statistical robustness for this correlation with
pain and pain characterization is lacking,

This study aims to assess the levels of monooyte subsets (classical, non-classical, and
intermediate) [10,16] and the transmembrane proteins CD11c, CD86, CD163, and CD206,
which ame related to various monooyte functions, including immune response during
infection or inflammation [18-21] in non-oncological palliative patients. Furthermore, this
study aims to assess the potential of these membrane proteins in characterizing pain and
serving as non-invasive biomarkers for patients who canmot self-report their pain, espedally
those with advanced dementia.

1 Results

We initially selected 95 patients. However, the legal representatives of five patients
efused to partidpate in this study. Seventeen patients were excluded from blood sample
collection due to their fragile condition, hypovolemia, and difficult venous access. Also,
20 patients were in their last days of life, and we dedded to avoid blood collection in this
clinical conditiom.

We obtained blood samples from 53 patients with an average age of 74.8 years old,
a minimum of 29, and a maximum of 98 years old. Most of the patients were female
[n= 39 (73.6%])). Nine patients had no pain, and forty-four suffered from chronic pain. We
had no patients diagnosed with autoimmune diseases such as inflammatory bowel disease,
multiple sclerosis, psoriasis, or other conditions.

O the 44 patients with chronic pain, 38 also had severe dementia, making assessing
their pain intensity and type difficult. As a mesult, we elied on the PAINATY scale to
identify patients who likely had uncontrolled pain. Patients with PATNAD = 5 (present in
32 patients) are those who probably have uncontrolled pain [22]. Among the 44 patients
with pain, 19 wene receiving opioid treatment (15 with dementia and 4 without dementia).
We saw no significant differences between the prevalene of pain in males and / or females.
When we compared the monocyte phenotype between different clinical featumes such as
renal function, hepatic function, nutritional status, and biobype (weight, height), we did
not observe any statistically significant difference

We had six patients with pain without dementia and nine patients without pain and
without dementia that were considered controls, as shown in Table 1.
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Table 1. Characterization of the study population.

Total of Patients: Fatients with Pain and Patients with Pain Paﬁiﬂﬁ:;“‘&ﬂ:i‘;““d
in =53} Dementia in = 38) without Dementia {n= &) {Controls) in = 9}
Male %, n= 113 m{ﬂ: k1] 1]
Gender - - -
Female % (n=27) S = 3) 100
Average age (years) Bl 625 M7
<5 15.8% (n=6) A A =
PAIMNAD scale 57 737% (n= 28) A NA
510 105% (n=4) NA N
Av erage numeric pain scale MNA 43 0
MNociceptive 39.5% (n=15) S0 (n=3) MNA
Type of Pain MNeuropathic 26% (n=1) 167 (n=1) MNA
Mied 57.9% (n= 12) 33 in=2) N
Vascular 36.6% (n= 14) A MNA
Alrheimer 36.8% (n= 14) INA A
Type of Dementia Mixed 70 (n=13) hA N,
Other 184% (n=7) A WY
Under opivid treatment 39.5% (n=15) b6 7% (n = 4) N

* NA: Mot Applicable PAINAD: Pain Assssment in Advanced Dementia.

21. Monacyte Charadterization in Patents with and withont Chronic Pam

In patients with pain, we observed a significant increase in the percentage of total mono-
cytes (10.27% vs. 4.19%, p= 0.025), in particular in the classic monocytes (91.1% vs. 85.3%,
p = 0.003), and we saw a dectease in the intermediate (57% ws. 3.1%, p = 0.008) and
non-classic monooytes (5.53% vs. 279%, p= 0.011) compared with patients without pain
{Figure 1 and Table 2).

When we evaluated, in each monocyte subset, the expression of CD11g, CID163, and
(D206, we did not find any statistical differences in these markers in intermediate and
non-classic monooytes between patients with and without pain. However, in total and
classic monocytes, we found statistically significant differences in CD206 and CIE3,
when comparing these biomarkers with the presence of pain, as shown in Table 2. We
discovered a significant rise in the proportion of monocytes expressing CD206 in patients
experiencing pain, as opposed to those without pain (59.36% vs. 14.08%, p = 0L047). On
the other hand, we detected, in these patients, a decrease in the expression levels of
CD206 (46001 vs. 53429 MFL p = 0.019), CIM63 (257885 vs. 3061.99 MFL, p = 0.05), and
in the ratio of CIM63/CD206 (481 va 9.5, p= 00M4) in monocytes (Table 2). In classical
monocyies, all of the same protein receptors are decreased in patients with pain compared
to those without pain (pereentage of cells expressing CD1A3—95.6 va. 88.0 MFL, p = 0.01,
CI206—11.2% va. 6.7%, p=0.039, and ratio CIM63/ CD206—11.1% vs. 6.5%, p=0.038 and
expression levels of CD206 were 5004 vs. 4729 MFL, p=0.021).

Mo differences between controlled and uncontrolled pain patients were observed in
the studied biomarkers.
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Figure 1. Percentage of monocybes and their subsets, classic, intermediate, and non-classic in patients
without and with pain (A). In (B}, there ae mpresentative det-plots of the idengification of mono-
oytes based on S5C/ FSC (right dot-plot) and of monocyte subsets (left dot-plot) classic monocy tes
(CDA4+/CDE—); infermediate monocy tes (CD4+/ CD6+); noneclassic monocytes (CD14— /CD16+)
Yo— perentage; significant valees total monooptes (10.27% va. L19%, p = L025); dassic menocy tes
(¥l va B53%, p= 0L003); intermediate monocyes (37% va 3.1%, p = 00008); nor-classic monocy tes
(5.53% va. 279%, p = 0.011); p—significance.
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Table 2. Monocyte biomarkers and pain

Without Pain {n=9)

With Fain (n = 44}

M= 5D M + 5D r
Muonocytes
% 419 = 145 10.IF 1 25 0025 *
% CM1e BA52 + 7.3 M4 AT+ 971300 0.181
MIF 11c B16.96 + 31370 B20.66 + 30338 (503
o (D86 3260+ 1227 705.21 + UF333 0130
MIF 86 6320 + HL5H BOB.ES + 143.02 (.B50
% CDI63 B5.63 + 6. 11535 + 15062 0457
MIF 163 36199 =+ 1033.45 2378.85 + 1840.89 a.os0*
% CD206 14.08 + 7.80 59.36 + 23035 0047 *
MIF 206 534.79 + 54.31 46901 = 1466 0019 *
% 11c/Bé 3176+ 1210 096 + 35247 0123
% 163/206 a5+ 57 48+ 56 0004 **
Classical monocytes
% B53 1+ 54 9.1 4.2 oo **
% CM1e 9.9 +83 96+ 94 (350
MIF 11c T406 + 2862 B25.4 + 2607 01582
o (a6 301+123 217+ 137 L]
MIF 86 5421 +137 5931 + 238 (781
% CNs3 956 + 6.3 BE.D = 9.4 o1 **
MIF 163 3851+ 11198 BT+ 17995 e
% CD206 1.2 + &9 6.7 + 6.3 0o3ge*
MIF 206 500.4 1 48.6 47129 T B9.8 0ozl *
% 11c/B6 HM0+121 X0+ 130 AT
%o 163206 1.1 + &8 6.5 1+ 6.1 0036 *
Intermediate
% 57 T L6 31120 0008 **
% CMic 989 +1.0 984 +31 0770
MIF 11c 1764.1 + 6011 17438 + 5518 (947
o CDe6 a0 85 BAS5+ 225 K o
MIF 86 B137 + 903 8534 + 103.1 0174
o CD163 881 + 96 TeT+ 139 (u06d
MIF 163 XTG£+ 11255 28439 + 3182 0174
% CDx6 437 7.6 BT+ 155 0328
MIF 206 574+ 70 5444 + 1855 (LER2
% 11c /86 7B+ 96 EAd+724 0342
% 163/ 206 415+ 18.0 332+ 153 el
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Table 2. Cont
Withouot Pain {n= 9} With Pain (n = 44}
M=+ 5D M+ 5D r
Now-classical

% 53+ 3325 279 4+ 250 oo *

% CM1c 7E1 £ 304 TAT + 262 ez
MIF 11¢ 16128 + 6234 17137 = 5462 0518

o (D86 SEE + 260 642 + 2649 03a1
MIF 8& 70+ 821 8543+ 1219 0.12%

% O3 146+124 126+ 76 0771
MIF 163 B13.05 = 19672 BR5.05 + 3277 [IE g

% CD206 70+ 163 114+92 0187
MIF 204 637 + 2035 5729+ 3475 LR

% 11c/86 SBT £ 260 641+ 269 0383

o 163/ 206 41+47 38+49 0561

M—mean; SD—standard deviation * p =< L0G ** p < 001 %—percentage; MFI—mean fluorescend intensity;
F significance. The statisbcally significant differences are highlighied in bold.

22 Monacytes and Gender

When comparing the biomarkers and the gender of patients, we found significant
differences between the percentage of cells expressing CD86 and the ratio CD11c/C186,
which have higher values in men (30.0 vs. 20.5 MFI, p = 0,026 and 28.37 vs. 20.1 MFI,
r_i' = l:ll}i-?:l

23 Type of Parn and Monocyte Biomarkers

As presented in Table 3, we only detected statistically significant differences in the per-
centage of non-classic monooytes. The percentage was higher in patients with nocoeptive
pain (3.72% vs. 1L82%, p=0L.037) than in patients with mied pain.

However, we found statistically significant differences w hen comparing types of pain
and CIM1c, 163, and CO206.

The percentage of monocy tes expressing CD11c is significantly higher in patients
with mixed pain, while in patients with nociceptive pain, we observed an increase in the
expmression levels of CD163 and CD206 and the ratio CI163/ CD206.

Concerning the monocyte subpopulations, theme is an incease in the expression levels
of CD11c in all subpopulations of monooytes in patients with mixed pain companed with
those with nocieptive pain, inwhich the perentage of monocyte expression of this receptor
is only changed in classic and intermediate monocytes (Table 3). Momreover, in non-classic
monocytes, only CD11c is altered.

In patients with nociceptive pain, the expression levels of CD206 ame significantly
higher in classical and intermediate monocytes comipared with patients with mixed pain
(classic—478 16 vs. 460,28 MFL, p = 0.016; intermediate—575.94 vs. 517.74 MFI, p= 0.041),
while CD163 is only changed in classic monocytes.

Therefore, while the levels of CI163 and C1206 are significantly higher in nociceptive
pain, the levels of CD11c ame significantly higher in miced pain

With multilogistic regression, we did not find any statistically relevant differences,
sowe did not perform multinominal regression. The specificity of the model was 88.2%
and the sensibility was 77.8%. The model's discriminative capacity was exceptional (0L905),
with the area under the curve being statistically significant, as is shown in Figure 2.
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Table % Type of pain and monocyte biomarker.
Nocieptive (n= 18} Mixed (n=20)
M+ 5D M= 5D p
Grranubocytes 7L75 4 1242 7300 = 1106 (508
Linfocybes 51 + 1084 63736 + 1843.55 (395
Monocytes

T 548 + 7.3% 1577 + 29.48 (301

% CD11c 8316 + 20,92 530,46 + 133228 0.ooz *#
MIF 11c TAA56 + 165.92 B70L15 + 36237 (064
o CDs6 411+ 1378 1494 07 + 444582 649
MIF 84 B3LET + 3713 Srd51 + 20414 (464
% CD1a3 8239+ 9.20 15351 £ 217 85 &7
MIF 163 301061 + 242258 1698.99 + 79194 0013 %
% D206 8.4z 4+ 507 118.12 £ 333.30 [LE L]

MIF 206 510,91 + 5465 42507 £ 197.91 0.000 **+*
% 11c/ 86 716 + 1293 18930 + 510008 (k&5
e 163206 542 &+ 346 424 772 o.oaT*

Classical momocytes

] BY.68 + 4.39 9226+ 255 (r(¥e2

% CDN1c 9L57 £ 9.69 o768 £+ 213 0.005 **
MIF 11¢ 709.87 + 157.28 92R27 + 92D 0.008 **
o CDs6 2113 + 13.76 216 + 1410 77e
MIF B 58691 £1535 S9H.80 + 2790 (24
% CD163 BY.06 + 986 Bh85 + 900 (L2649
MIF 163 305345 1 2405.70 19059 + 55569 oon41*
o CO206 679+ 450 618 £ 792 L1646
MIF 206 478.14 + 3938 460928 + 12975 0.016**

o 1lc/ 86 20014 + 1267 205 + 1404 741
0% 163/ 206 fbd + 419 OB+ 764 137

Entermediate

T AT 237 277+l (k. 2]

% CDN1c 97.99 + 265 99,66 + 0.39 0,004 **
MIF 11¢ 1518.99 + 474.10 1976.68 + 53637 oo1s*
o CDaé G946 + 2687 oA +17.14 ord
MIF 84 B3239 + 9B A2 B7LAR + 104 54 454
% CD163 8041 + 15.61 TUAS £ 1311 644
MIF 163 67A.20 + 538599 184945 + 620.27 454
% CO206 AT+ 16T 3321 +£1531 (L6648
MIF 206 57504 1 12437 517.74 £ 247.66 oon41*
% 11c/ 86 G679 + 2682 7.8 = 17.13 (7d
9% 163/ 206 Mar+1614 .24 1510 (153

101



Hugo Ribeiro | Programa Doutoral em Cuidados Paliativos | Faculdade de Medicina da Universidade do Porto

Int [ Mol Sci 2023, 24, 10723 & of 18
Table 3. Cont.
Nm:impﬁ\ne (m =18} Mixed (n=20)
M + 5D M= 5D r
Non-classical
% 372+ 269 182 + L.09 0.037*
% CM1e 7493 £ 3012 B 43 1827 0409
MIF 11¢ 152218 1 4b6.66 1999.55 + 447,14 0.005%*
% (D6 a033 +310 A2+ 1757 0LTE
MIF 86 82817 + 104.68 86442 + 98.72 (L2609
% CDA3 1368 +7.98 1284 +777 0520
MIF 153 941.04 + 35784 TTEOE + B3 [
% D206 1246 +£ 10,10 1040 + 7.58 0,869
MIF 206 THLT + 465.06 44338 + 7024 (060
% 11/ 86 a024 +31.02 TRIZ 21765 0283
% 163 20 4454452 354 576 0.2

M—mean; S0—standard deviation; * p = 005 * p < Q01 *= p = LO0L ".‘b—pcm:rmgl:, MFl—mean fuorsenios
intensity; - significance. The statistically significant differences are highlighted in bold.

ROC Curve

aE

ae

"ha [i¥ 4 08 0a 0
1 -Spacificity

Figure 2 ROC curve of CD11c, CD163, and CD206 as biomarkers of nociceptive pain.

24 Analgesic Drugs and Monocyt e Biomarkers

We also analyzed if the treatment with opicids and paracetamol interfered with the
monocyte biomarkers. Consequently, we conducted a comyparison of monooyte biomarker
levels between patients w ho were receiving treatment with opioids and paracetamol and
those who were not. Our findings indicated that CID163 was the sole biomarker with
statistical significance. In patients receiving opioid therapy, the perentage of monooy tes ex-
pressing CI63 was lower than those not receiving opiodds (values of total monooytes and
the three subtypes), as shown in Table 4. These levels are higher in patients receiving parac-
etamol treatment, particularly in non-classical monocytes. No significant differences wene
found between the studied monocyte biomarkers and the equivalent dose of morphine.
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Table 4 Differences bebween CD163 values in patients receiving opioid therapy and in patients
without opicids.

Without Dpioids Opivid Therapy
M = 5D M + 5D P
%163 12657 + 16927 80.54 + 9.92 0135
Monocytes -
’ MIF163 264537 + 158 20661 + 965.25 0441
Classical monocytes

%163 %11 + 8.1 B&G + 107 0108
MIF163 28583 £ 19745 2303.3 + 10649 0.7y

Intermediate monocytes
%163 B57 9.2 740+ 163 0.olo -
MIF163 33630 + 42841 1755.8 + 4403 0051

Non-classical monocytes
%163 139 + 101 114+51 0334
MIF163 93697 + 212 TE252 + 12876 0056

M—mean; SD—standard deviation; * p < (L5, %—percentage; MFI—mean fluomescence intensity; | signaficance

15 Monocyte Charadterization and Dementin

In order to cormelate the phenotypic markers in monocytes with dementia, we analyzed
the levels of different monocyte subsets and C12 in patients with and without dementia of
different subtypes.

As shown in Table 5, we found some significant differences between the biomarkers
and dementia. One finding is that patients with dementia have a higher relative concen-
tration of monocytes than those without dementia (11.08% va. £73%, p= 0L037). Notably,
patients with vascular dementia exhibited the lowest levels of elative concentrations
of monocy es.

Table 5. r\r'|-::ﬂ1|.&._1.'h_' bicmarkers and dementia

Without Dementia With Dementia
M+ 5D M= 8D r
Monocytes
% 473 211 11.08 2211 037 *
% CD11e B8.20 = 1006 33011 = 99673 15
MIF 11 THLTS = 25661 B35.32 + 32177 L36
o O 2065 = 1425 B21.8 + 3319.12 0zl
MIF 86 63193+ 131 G0E.24 = 15441 079
o CDE3 B5.3% + 7.11 12054 + 16275 L33
MIF 1563 JMMNL3T £ 255746 Z10E.14 = 1055.71 o3z *
o T2 1268 + 922 6772 + 248 83 138
MIF 206 56185+ 129.08 445,56 + 123 0001 *3#
% 11c/B6 2883 £ 1373 11291 = 38071 (L2%
T 16 206 9.2 + B85 41 % 32 nonn**
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Table 5. Cont

Without Dementia

fith Dementia

M+ 5D

M= 5D

Classical monocytes

8B+ 56

u1+44

osd

T CD11c

911 =103

a3 4

Q7

MIF 11

726 + 22

it |

o (86

5+139

0114

MIF 85

S1r £ 119

IR

% C63

93.6 - 8.2

ooz *

MIF 163

Moy 5+ 259

i3

% CD20k

106 = %2

os7

MIF 206

5282 + 127

nop2**

% 11c/86

265+133

0114

T 1.(:3_-'2;:'(:

L0es

Intermediate

a

o 47125 A1+ 2]1 nozs*
o C11c 986 +21 a4 +3z a3
MIF 11c 16532 = 5659 17919 + 5529 417

o (86

7152205

697 =214

MIF 85

B203 + 441

BS7 .6+ 1018

(154

% C1163

B7.4 1+ 10

78.5 1 14.1

oo *

MIF 163 37268 = S665.9 4+ 17301 (085
o (D2 425+159 ME+158 0213
MIF 206 G076 = 2266 5185 £ 1307 [ Tiey
% 1e/B6 714 +204 G46+ 214 (L3
T 163, 206 405+159 321+156 L5
Nom-classical

% ir+3d4l 2E7 + 246 027

% CD1c TES £+ 30 75+255 (L65h

MIF 11

16366 = 5779

o (86

bl5xZr9

MIF 85 B2RS5 + 944 BlET + 1274 (664
T (63 1331497 129+ 82 (764
MIF 163 BrOLET £+ 33024 B7LBE £+ 29675 ikeg !
o (D206 146+138 115143 (L3638
MIF 206 7529 L 4073 507.9 £ 2185 0.0mg **

% 11c/86

6149

639+ 363

(640

5% 1.!!:3_-'2;:'4::

iB+d

Jox52

(450

M—mean; SD—standard deviation; *p < Q08 p < 001 *** p < 0001 MF—mean fAoorescs inensity; - signifi-
cance. The statistically significant differences are highlighted in bold.

Momover, in the monocytes of dementia patients, the expression levels of (163,
D206, and the ratio of CD163/ CD206 are lower than those detected in patients without
dementia (CM63—3420.37 vs. 2108.14 MFL, p = 0.032; CD206—562.85 vs. 44558 MFL,
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p=0.001; CIM63/ CD206—9.2 vs. 41, p = 0.01). Momover, the classic and intermediate
monocy tes of patients with dementia show a significant dectease in the percentage of
monocy tes expressing CI163, while the decrease in the expression kevels of CI206 is
mainly observed in classic and non-classic monocytes, when compared with patients
without dementia (classic—528.2 vs. 456.2 MFL, p= 0.002; nor-classic—752.9 vs. 447.3 MFI,
p = 0.008) (Table 5).

When comyparing biomarkers with types of dementia, thete are statistically significant
differences, particularly in the relative concentration of monocytes, as previously men-
tioned, and in the expression levels of CD206, which are highest in patients with vascular
dementia (17.06% ve. 473%, p = 0.028 and 465.70 vs. MFI 419,85, p= 0.007, respectively).

When we analyzed the different subsets of monocytes in patients with different types
of dementia, in intermediate monooytes, we did not observe significant differences among
Alzheimer’'s disease, vascular, and other types of dementia. Comversely, we observed a
significant increase (p = 0.045) in the expression of C206 in non-cdassical monocy tes among
patients with vascular dementia (MFI 561.1), whereas the lowest expression was observed in
patients with Alzheimer’s disease (MFI 482.0). Cur findings showed a significant decrease
(p=0.049) in the expression levels of CI86 (MFI 579.3) in classical monocyes of Alzheimer’s
disease patients compared to those with other dementias (MFI 597.1). Moreover, the relative
percentage of CD163 was significantly higher in A lzheimer's patients than in those patients
with vascular dementia (MFI 93.6 vs. MFI 849, p = L036).

216, Monocyte Charaderization and Oypionds and Other Analgesics Used to Control Pamn m
These Patimts

When we compared the percentages of monocytes, and of the monooyte subsets
characterized by the different CID, referred to before in patients receiving opicids and in
patients that did not receive opioids, we did not find statistically significant differences
between the two groups of patients. We had identical findings when comparing patients
receiving other analgesics, such as paracetamol and /or NSAIDs, with patients without any
pain treatment.

3 Material and Methods

For this study, we obtained clinical and individual data and blood samples from
53 palliative patients with non-oncological diseases, followed by a palliative care teamn
between 1 September and 31 December 2021.

This study is an observational, analytical, cross-sectional, non-interventional investi-
gation that utilizes the medical and nursing records of patients with chronic pain.

The North Regional Health Administration of Portugal (ARS Norte) and the Faculty
of Medicine (FMUF) Ethics Committee accepted the esearch procedures. The research
was conducted following the principles of the Declaration of Helsinki In compliance
with ethical guidelines on confidentiality, data anomymity, and voluntary withdrawal, the
participants or their epresentatives provided informed consent before study enrollment.

We collected individual and clinical data by reviewing the records in the patient’s
clinical files, which were then saved in a secure Focel sheet [23]. Each patient was assigned
an alphanumeric code to ensure patient confidentiality, known only to the researcher.
Following the European General Data Protection Eegulation (GIPR), the Excel files will
be eliminated upon the completion of the study and publication of the results. The data
included age, gender, pain type and intensity, opioid and other analgesic drugs, such as
nonsteroidal anti-inflammatory drugs (NSAIDs) and acetaminophen, and their correspond-
ing doses. Additionally, we recorded whether the patient’s pain was controlled during
blood sample collection.

We also obtained information regarding the diagnosis and type of dementia. In
cases whem patients had severe dementia, we utilized the Pain Assessment in Advanced
Dementia Scale (PATMNAL [22] to differentiate those w ho may present uncontrolled pain
Based om the PAINAD scores, we categorized patients into three groups, scores below 5,
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scomes between 5 and 7, and scores between 8 and 10, to investigate the potential correlation
between these scores and mild, moderate, or severe pain, respectively. We administered
the mumeric pain scale for patients who could self-report their pain (Rodrigues, 2001).

To analyze the expression of monocoy te biomarkers, we sebected CI1c [24], CD86 [25],
CIME3 [26] and CD20& [I7] both absolute and relative concentration. We conducted a
receiver—operator characteristic (ROC) curve analysis to determine the area’s significance
under the curve and establish a cut-off point for the relevant markers.

11 Evaluation of Monocytes Subsets by Flow Cytometry

We collected peripheral blood samples in EDTA tubes to analyze the monocytes.
Monocytes weme classified into three subsets based on the expression levels of C114 and
M6, These subsets are the dassical monooy tes (CIM4+C6—), non-classical monocytes
(CD14-CM6+), and intermediate monooytes (CD14+C016+) [11]. Following a 15 min inoe-
bation in the dark at room temperature, erythrocytes weme lysed using a B, Pharm Lyse™
meagent according to the manufacturer’s protocol (BD Pharmingen, BIY Biosystems, San
Diego, CA, USA). Cells weme run through a FACS Canto I flow cytometer (BD Biosystems),
and at least 100,000 events wemne collected using FACS DIVA software (BD Biosystems). Data
were studied with the Kaluza Softwame (Beckman Coulter, Jersey City, New Jersey), and the
results are expressed using a total of monocytes (C10144) and the percentage of each mono-
cyte subset based on the cells” positivity for CD14 and CIN 6 expression [monooytes classic
(CM 4+ /CIME—), non-classic (CID4+ /CD16++) and intermediates (C1 44+ /CI6+)]

12 Evaluation of Monocyte Subsets and Memlbrane Protems Using Flowe Cyfometry

The monooy te analysis was performed in peripheral blood samples collected in EDTA
tubes to identify the monooyte subsets and characterize the transmembrane protein recep-
tors related to its recognized functions.

We stained 200 pL. of whole blood with the following monoclonal antibodies (mAbs):
anti-CD14 BD Pharmingen™ (APC), anti-CI¥6 BIY Horizon™ (BY500) mAbs; anti-C111e
B Pharmingen™ (FITC), anti-CI63 BD Pharmingen™ (PE), anti-CD86 B Pharmingen™
(PerCP-Cy5.5), and anti-C[206 BIY Horizon™ (BV421). Following a 15 min incubation in
the dark at room temperature, erythrocytes were lysed using a B Pharm Lyse™ reagent
according to the manufacturer’s protocol. Cells were run through a FACS Canto 1T flow
cytometer ( BD Biosystems), and at least 100,000 events werne collected using FACS DIVA
software (BD Biosystems). Data werne studied with the Kaluza Software (Beckman Coulter),
and the results were expressed in a pereentage of positive cells for each marker and respec
tive mwean fluorescence intensity (MFI). Each marker was analyzed in the total monocyte
population (C1M4+). Additionally, a sub-analysis was performed based on monocyte
classification, using U114 and CD16 expression, into classical (CD147CIM67), non-classical
(CD147CD16%), and infermediate (CD147C16%) monocytes. In each monocyte subset, the
expressions of CD11c, CD163, and anti-C1206 were determined.

A3, Statistical Analyss

We used SPSS (version 28.0 for Windows, IBM Corp., Armonk, NY, USA) for statistical
analysis. Descriptive statistics measumes such as absolute and relative frequencies, means,
and standard deviations were employed for data analysis. Additionally, inferential statistics
were also utilized. We set the level of significance () at <0.05 to reject the null hy pothesis,
The Student’s f-test for independent samples, one-way ANOVA, Mann-Whitney U test,
Kruskal-Wallis test, and logistic, binary, and multinomial regressions weme used. The nor-
mality of distribution was analyzed with the Kolmogorov—Smimoy test. The homogeneity
of variances was evaluated with Levene's test Multicollinearity was analyzed with VIF
and Tolerance. BOC analysis and the calculation of the cut-off value for the biomarkers,
as well as the specificity, sensitivity, positive predictive, and negative predictive values,
wene performed.
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We incorporated several variables into the analysis, including sex, age, type and
intensity of pain, opicid type and dosage, and other analgesics like nonsteroidal anti-
inflammatory drugs (NSATDs) and paracetamol, as well as absolute (MFI) and melative
concentration levels of CIM1e, CD86, CIM63, and CD206. In our analysis, we factored in
the type of dementia, since it was prevalent among most patients, and controlled pain time
for patients presenting with chronic pain but whose pain was not present during blood
collection. In cases wheme patients had severe dementia, we relied on the Pain Assessment
in Advanced Dementia Scale (PAINATY) [22] to identify pain that was not controlled. We
inchaded additional variables that might have an association with our results, including
the body mass index (BMI), measures of renal function applying the Cockeroft-Ganlt
formula [258], and functionality using the Kamovsky scale [29]. The Mini-Nutritional
Assessment scale evaluated the nutritional status [30].

e to a lack of evidence in published clinical data regarding this issue, it is not
possible to firmly assume the size of the changes [31]. We assumed a grouping of two with
a 1:1 allocation, an effect size d of 0.8, and a significance alpha of 0.05. With 20 participants
in each arm, we had 30% power to detect minimal differences. In addition, the authors
expected to lose another 20% of the participants during the follow-up. Therefore, we used
a larger sample size to promote a mone statistically rigorous method.

3.4 Inclusion Criteria

Cur study involved patients followed by a specialized palliative care team in the north-
emn megion of Portugal with non-oncological illnesses. As previously stated, we only incheded
patients who provided informed consent directly or through their legal representatives.

4 Discussion and Conclusions

It is difficult to assess pain in patients receiving palliative or end-of-life care or those
with severe dementia, cognitive impairment, or speech disorders, as we cannot solely rely
on self-reporting [3.4].

Physical symptoms such as pain, fatigue, and skeep disturbances and psychosocial
factors such as stress, coping style, and the availability of emotional support interact in
a bidirectional manmer and are present at varying levels. These dynamics create a highly
personalized disease experience that calls for an individualized, multimodal therapeutic ap-
proach [32,33]. Consequently, there is an urgent need to explomre non-invasive pain biomarkers
that can aid in characterizing pain and customize therapeutic strategies individually

Several predlinical and clinical studies have investigated the hypothesis that biomark-
ers can be utilized to identify and quantify pain. A preclinical study shows that inflamma-
tory and neuropathic pain have different biomarkers [34]. Further investigations provided
mied results. For instance, cystatin C levels in cerebrospinal fluid appear to be a predictive
marker for postherpetic neuralgia in patients with varicella-zoster virus and a pain marker
in women experiencing labor pain. Mevertheless, these biomarkers have no correlation
with pain duration or intensity. Studies examining potential biomarkers for chest pain have
mevealed that cardiac markers utilized for diagnosing cardiac disease and prognosis are
assodated with tissue damage rather than pain [34].

Previously, many routine peripheral blood parameters have been used as petipheral
novel diagnostic, prognostic, and predictive response markers in several diseases [7-9,35,36],
including dementia [6]. We have recently demonstrated that membrane platelet proteins
have somwe value as pain biomarkers, namely for pain subtype dassification and pain
intensity characterization [5].

This study assesses whether monocytes, their subtypes, and membrane proteins, such
as C1c, CPas, CIMe3, and C1206, could serve as non-invasive peripheral biomarkers
for identifying and characterizing pain in patients with severe dementia. Our findings
sugmest that the relative concentrations of monooytes, specifically the percentage of classic
monooy tes, may serve as valuable biomarkers for pain, irrespective of sex, the presence
of dementia, and the type of pain. Moreover, the most evident alterations were found in
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the levels of CIM1c, CIMA3, and CD206 in classic monocytes, which may contribute to
characterizing the pain subtype. We did not detect any changes in CI86 expression related
to pain and dementia.

CIM1cis a complement receptor often exploited as a single marker to track murine
dendritic cells [24]. CI86 is a constitutively expressed phenotypic marker on interdigitating
dendritic cells (1s), Langerhans cells, peripheral blood DCs, memory and germinal
center B cells, and macrophages [25]. CIM63 is a scavenger meceptor for haptoglobin-
hemoglobin complexes expressed mainly by monooytes and macrophages induced by
inflammatory stimuli [26]. Finally, CI206 is a mannose receptor primarily found on the
surface of alternatively activated macrophages and serves as a pattern recognition receptor,
contributing to innate and adaptive immunity [27].

This study demonstrated that individuals experiencing pain had higher levels of
13206 and dassical monocytes and a lower CI¥&3,/CID206 ratio, suggesting the potential
use of these parameters as biomarkers for pain. They are independent of gender, dementia,
and pain treatment. In fact, in patients with pain, we found a significant increase in the
percentage of classic monooytes and the percentage of these cells expressing CD206 and a
decrease in the ratio of CI163/CD206 compared to patients without pain. None of these
parameters varied with sex, dementia, or treatment with paracetamol and opicids. If these
findings are validated in future studies involving a larger number of patients, they should
be incorporated into the pain identification process in the peripheral blood of palliative
patients with dementia. For patients with well-controlled pain, in comparison with those
with non-controlled pain, we did not find statistically significant differences, induding in
patients with well-controlled pain for seven or more days. These data are relevant because
we could expect a reduction in monocyte activation with pain control [13,35,37). However,
it may mean that some underlying mechanisms and causes of pain may be equally active,
and that theme is only pain desensitization.

Despite the limited sample size, which precluded the assessment of pain types other
than nociceptive and mixed pain, we could identify monocyte biomarkers assodated with
certain types of pain. The levels of CD11c ame significantly higher in patients with miced
pain, while the expression levels of C1163 and CI3206 are significantly higher in patients
with nociceptive pain, with the latter being independent of dementia, as these patients
have lower levels of these markers.

Another interesting finding is that the percentage of CD163 in intermediate monocytes
showed less expression in patients receiving opioid treatment. Freshly isolated peripheral
blood monooytes express a relatively low level of CIYA3, but this expression increases
with the differentiation of such cells into macrophages [26], a role assigned mainly to
intermediate monooytes [11,36]. Our results confirm that opioids may substantially affect
monooy tes’ inactivation, as shown by others [38,39], confirming their anti-inflammatory
effect. On the other hand, in patients e cefving paracetamol, only an increase in the ratio of
CIM63/C0206 was detected in non-classic monooy tes. According to the literature [40-42],
there are only references to the increase/activation of C1¥63 in monooytes frequently
melated to the liver injury induced by paracetamol. However, we did not find liver disease
or dysfunction in these patients.

Monocytes can be used as predictors of dementia, as the relative concentration of total
monooy tes is higher in patients with dementia, particularly in A lzheimer's disease and
vascular dementia compared with nor-demented controls. These findings are in agree ment
with others [43,44], and the hyperactivation of monocytes has been described as a potential
contributor to the progression from mild cognitive impairment to Alzheimer’s disease [45].
While the implication of microglia is well recognized, the exact contribution of peripheral
monocytes or macrophages is still largely unknown, especially concerning their role in the
various stages of Alzheimer s disease [45].

Additionally, we did not ohserve any differences in the levels of monooyte subtypes,
contrasting with the findings reported by other authors [45]. However, it should be noted
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that this report included healthy individuals as controls, in contrast to our study which
had only palliative patients, and the controls were those without pain.

Furthermore, the decreased expression levels of C1386 and C1206 could be potential
markers of Alzheimer's disease and vascular dementia, respectively [45]. Conversely, ele-
vated levels of CI0163 and CD206 were observed in patients without dementia, suggesting
that these markers may serve as negative predictors of dementia. These findings are not in
agreement with the literature [45-51], but they seem to be related with other conditions or
are related with the risk of Alzheimer s disease development, which was not the scope of
our study:

Taken together, these findings suggest that the levels of spedfic monocyte subbypes,
namely the classic subtype, along with their associated CTM1c, CI2163, and CD206 pheno-
types may hold value as objective pain biomarkers for palliative patients with dementia.
This is a significant advantage as these biomarkers can be quantified without requiring
active patient involvement.

The main limitation of our cross-sectional study is the small sample size, which limits
the formation of even groups. In this sense, a confimmatory study in a larger cohort of
patients should be performed in order to confirm our findings. Additionally, the fact
that the pain observed in severe dementia patients can result from different causes and
mechanisms, and the fact that patients with pain do not espond similarly to the same
treatment may also increase data dispersion. Also, a subbtype of dementia may be partially
linked to a specdific mechanism of neurcintflammation, and therefore this could influence
the results [43-45,52,53). Finally, some confounding factors, such as evolution in time and
previous treatments, that could affect pain assessment in dementia pain were not explored
in this study.

To our know ledge, this is one of the most exiensive pain biomarker studies conducted
to date and the only study to compare patients with non-oncological pain using specific
monocy te biomarkers. Mevertheless, given the small sample size, further studies are
warranted to confirm the viability of these markers as indicators of pain and dementia.

For vulnerable and dependent patients who cannot provide a self-report of symptoms,
identifying pain biomarkers, such as the ones presented in this study, can aid in adjusting
therapeutic strategies in line with the WHO ladder [2], contributing to a faster and more
adequate control of pain, and a reduction in asscciated suffering,
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DISCUSSAO E CONCLUSOES

Neste trabalho, foi efectuada uma extensa revisao da literatura e reflexao sobre o papel
das caracteristicas individuais na abordagem farmacolégica do doente com dor, assim
como foram identificados potenciais alvos terapéuticos, tendo por base o objectivo de
contribuir para uma medicina de precisdo, desde o diagndstico a abordagem

farmacoldgica.

Nos estudos laboratoriais, foi possivel definir um conjunto de biomarcadores
plaquetdrios e monocitarios que poderdo ter um papel relevante na identificacdo e
caracterizagao da dor, sobretudo nos doentes sem capacidade de autorrelato, como
acontece nos doentes com deméncia, permitindo uma abordagem terapéutica dirigida

e mais eficiente.

ABORDAGEM FARMACOLOGICA EM MEDICINA DA DOR — PRINCIPAIS CONTRIBUTOS

A abordagem médica ao doente com dor pressupde uma anamnese cuidada, com uma
histdria clinica e um exame fisico centralizado nas queixas do doente (Busse et al., 2017;
Direcdo-Geral da Saude, 2010; Hegmann et al., 2014; Scottish Intercollegiate Guidelines
Network, 2013; Tauben, 2013; Treede et al., 2019). Assume-se como objetivo principal
o alivio ou mesmo o controlo da dor, tendo por base a escada analgésica da OMS (Anekar
& Cascella, 2023), focada nos mecanismos de acdo e na eficdcia das terapéuticas

farmacoldgicas para a dor.

Das varias guidelines e recomendag¢des nacionais e internacionais consultadas, ha um
foco na evidéncia do uso de determinado grupo farmacolégico na presenga de uma
doenca, condicdo ou tipo de dor (Busse et al., 2017; Direcdo-Geral da Saude, 2010;
Dowell et al., 2016; M. Li et al., 2020; Pedro & Silva, 2017; Raffaeli et al., 2021; Raja et
al., 2020; Scottish Intercollegiate Guidelines Network, 2013; Tauben, 2013; Treede et al.,
2019).

Por exemplo, na dor neuropdtica estd aconselhada a utilizacdo em primeira linha de
gabapentindides e de antidepressivos (Colloca et al., 2017; Finnerup et al., 2021; Jensen

et al., 2011). Mas, as orientacbes de abordagem clinica ndo consideram as
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caracteristicas individuais dos doentes nem da propria dor neuropatica, que nem

sempre tem caracteristicas neuroimunes idénticas.

No caso da dor moderada a intensa, as recomendacdes atuais incentivam o uso de
opidides (Anekar & Cascella, 2023; Busse et al., 2017; Dire¢ao-Geral da Saude, 2010;
Dowell et al., 2016; Pedro & Silva, 2017). No entanto, mais uma vez, ndo se consideram
as caracteristicas individuais dos doentes para ajuste das doses e posologias, ndo tendo
em conta as diferengas farmacocinéticas entre os varios opidides aprovados para o
tratamento da dor. Ha ainda um grande desconhecimento acerca da farmacogendmica
e em como estas caracteristicas individuais poderdo influenciar a prescricdo médica no

futuro préximo (Cornett et al., 2020).

As caracteristicas corporais e a funcionalidade hepatica e renal sdo essenciais para a
farmacocinética dos farmacos mais prescritos para o tratamento da dor (paracetamol,
AINEs e opidides). Por estas razbes, a caracterizagao individual deve ser central na
escolha do farmaco mais eficaz e seguro, e ainda na dose e posologia mais adequadas

(Ribeiro et al., 2017, 2021, 2022, 2023).

No caso do paracetamol, este pode ser utilizado na dor aguda e na dor crénica e em
todos os tipos de dor, assim como em todos os graus de intensidade de dor. Apresenta
um perfil de seguranca confortdvel, e possuiu um mecanismo de acdo, ainda ndo
totalmente esclarecido (Alchin et al., 2022). Tem como grande vantagem ser um
farmaco multimodal e sinérgico com todos os restantes farmacos, particularmente com
os opiodides e com os AINEs (Alchin et al., 2022; Bannwarth & Pehourcq, 2003; Bertolini
et al., 2006; Forrest et al., 1982; Mian et al., 2018; Yin et al., 2022). Os ajustes de dose
sao fundamentais atendendo as caracteristicas individuais; sendo um medicamento
hidrossoluvel, em doentes idosos e doentes frageis, que tém menos agua corporal, a
dose deverd ser consideravelmente reduzida (para 500mg a 650mg em cada
administracdo), atendendo a que se atinge a concentracdo maxima de distribuicdo do
farmaco com doses mais baixas. Por outro lado, deverad manter-se a posologia maxima
de 6 em 6 horas. O paracetamol é ainda um farmaco com baixa probabilidade de
interacdo com outros farmacos, atendendo ao seu metabolismo de fase 2 de
biotransformacao hepatica (Alchin et al., 2022; Bannwarth & Pehourcq, 2003; Forrest et
al., 1982; Mian et al., 2018).
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No caso dos AINEs, este grupo de farmacos demonstra ter igual potencial de eficacia
analgésica (Ribeiro et al., 2022). Salienta-se que o naproxeno demonstra ter um perfil
de seguranca cardiovascular inferior aos coxibes e a outros inibidores ndo seletivos da
COX (Bally et al., 2017; Nissen et al., 2016; Ribeiro et al., 2022), com um nivel de
evidéncia A, o que contrasta com algumas das guidelines internacionais sobre o uso de
AINEs, incluindo a portuguesa (Direcao Geral da Saude, 2013). Os presentes resultados
levam a propor que os AINEs hidrossoluveis, como o diclofenac, o etodolac e os coxibes,
tenham uma reducao de dose nos doentes idosos e nos doentes frageis, que apresentam
menor quantidade de agua corporal, e para os AINEs lipossollveis devera ocorrer um
ajuste da posologia nos doentes idosos e obesos, nomeadamente com o alargamento
temporal das administracdes (forca de recomendacado B). Os AINEs com melhor perfil de
seguranca hepatico, para doentes alcodlicos, polimedicados e idosos, serdo a
acemetacina e o diclofenac (forca de recomendacao C), pois sdo os que apresentam
metabolismo de fase 2 de biotransformacao, que no caso da acemetacina é totalmente
de fase 2. Relativamente ao perfil de seguranga cardiovascular e renal, o AINE mais
seguro sera a acemetacina (forca de recomendacdo B), pois apresenta uma eliminacao
renal muito inferior aos restantes (apenas cerca de 40% do farmaco é eliminado pelo
sistema urinario), sendo que o presente estudo propde que a acemetacina seja o
farmaco de eleicdo em doentes com taxa de filtragcdo glomerular (TFG) entre 45ml/min
e 60ml/min. Nos doentes com TFG inferiores a 45ml/min, a alternativa para um farmaco
anti-inflamatorio de ser um corticdide (Fernandez-Juarez et al., 2018; Mose et al., 2021;

Nakahama & Sakaguchi, 2001; Qin et al., 2020).

Relativamente a dor com caracteristicas inflamatdrias, os AINEs sdo geralmente
aconselhados, em periodos curtos de tratamento (Crofford, 2013; M. Li et al., 2020;
Pelletier et al., 2016), que ndo deverdo ultrapassar 10 dias (Aminoshariae et al., 2016;

Schjerning Olsen et al., 2011).

O tratamento agressivo da dor proposto pela generalidade das sociedades cientificas e
peritos da area (Busse et al., 2017; Hegmann et al., 2014; Pedro & Silva, 2017; Ribeiro et
al., 2021; Scottish Intercollegiate Guidelines Network, 2013; Tauben, 2013) assim como
o tratamento de outros sintomas associados a doencga ou a efeitos secundarios dos

farmacos devera ter em conta as limitacdes funcionais do doente e a sua expectativa de
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vida. Com efeito, alguns destes sintomas, como a sonoléncia e a obstipacdo, poderdo
ter um efeito protetor da sobrecarga do cuidador e ndo prejudicam o bem-estar de
doentes em fim de vida (Ribeiro et al.,, 2023). A abordagem individualizada é
fundamental, com a respectiva ponderagao entre os riscos e os beneficios de qualquer

intervengdo, mas sempre focada no bem-estar e no conforto do doente.

De acordo com os resultados encontrados no dmbito da investigacdo desta tese, é
fundamental escolher o opidide mais adequado a ser utilizado perante um doente, que
apresenta uma determinada condicdo clinica, e que tem caracteristicas
farmacocinéticas individuais. Sera extremamente relevante, sobretudo para doentes em
cuidados paliativos, adaptar a dose, a posologia e a titulacdo do opidide as

caracteristicas farmacocinéticas do doente (Ribeiro et al., 2021; Ribeiro et al., 2023).

Das caracteristicas farmacodinamicas mais relevantes, salientamos que, na dor crénica,
o tapentadol e o tramadol poderdo apresentar melhor perfil de eficdcia, pelos seus
mecanismos de ac¢do. De facto, o tapentadol é um opidide major que também tem
atividade noradrenérgica e o tramadol é um opidide minor que também tem actividade
serotoninérgica e noradrenérgica (Barakat, 2019; Beakley et al., 2015; Grond &

Sablotzki, 2004; Tzschentke et al., 2014).

Relativamente ao perfil de seguranca, relacionado com as caracteristicas
farmacocinéticas dos medicamentos, destacamos a identificacdo da morfina e da
hidromorfona como Unicos opidides hidrossoluveis, comercializados em Portugal e
aprovados para o tratamento da dor em ambulatério (Franken et al., 2016; Hoskin &
Hanks, 1990). Em 2023, a hidromorfona foi descontinuada em Portugal por op¢do do
laboratério farmacéutico que detém a sua patente, o que tornou a morfina o Unico

opidide hidrossoluvel em Portugal.

Tendo em conta as caracteristicas individuais do doente, no caso de doentes frageis e
idosos (com maior probabilidade de desidratacdo e com menor quantidade de agua
corporal), o volume de distribuicdo da morfina e da hidromorfona é inferior, o que
significa que as titulacdes devem ser realizadas recorrendo a aumentos de dose mais
baixos em relacdo a dose equivalente de morfina anterior. Por outro lado, o tempo de

semivida tem tendéncia a diminuir, pois a quantidade de farmaco em distribuicdo atinge
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mais facilmente o pico de concentragcdo plasmatica (Franken et al., 2016; Hoskin &
Hanks, 1990; Klimas & Mikus, 2014; Ribeiro et al., 2021). No caso inverso, em opidides
lipossoluveis, nos doentes obesos e idosos observamos uma tendéncia para o
prolongamento da sua agao, pelo que a posologia deve ser alargada e as titulagdes mais
espacadas no tempo, limitando a probabilidade de sobreposicdo de doses e a
consequente sobredosagem (Ashburn et al., 2003; Bista et al., 2015; Dowell et al., 2016;
Ribeiro et al., 2021; Verissimo, 2014). Esta realidade é ainda mais acentuada nos doentes
idosos, pois no envelhecimento assistimos a um aumento da proteina plasmatica al-
glicoproteina acida, que apresenta afinidade ligeira a moderada para os opidides,
aumentando o seu tempo de semivida plasmatico (Katzung et al., 2014; Ribeiro et al.,

2017, 2021).

Relativamente a metabolizacdo hepatica, apenas a morfina e o tapentadol apresentam
metabolismo de biotransformacao de fase 2 (Franken et al., 2016; Gohler et al., 2013;
Hoskin & Hanks, 1990; Terlinden et al., 2007; Xu et al., 2010). Nesse contexto, sdo os
farmacos de eleicdo para doentes polimedicados, idosos e doentes com abuso crénico
do alcool, pelo menor risco de interacbes farmacoldgicas e prolongamento da

metabolizacdo e consequentes efeitos adversos provocados.

Quanto a eliminacdo renal, a buprenorfina é o opidide com excrecdo biliar praticamente
total, sendo o fentanilo um opidide com grande excre¢ao renal. No entanto, como este
ultimo é eliminado sobre a forma de metabolitos inativos, se ocorrer um atraso na sua
eliminacgao, o fentanilo ndo apresenta probabilidade de provocar sobredosagem nem os
respetivos efeitos adversos (Ashburn et al., 2003; Bista et al., 2015; Molfenter et al.,
2019; Shi et al., 2019; Van Zee & Fiellin, 2019). Assim sendo, nos doentes idosos e nos
doentes com insuficiéncia renal, o fentanilo e a buprenorfina poderdao apresentar
melhor perfil de seguranca pela reduzida alteracdo a sua farmacocinética decorrente

destas condicoes.
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BIOMARCADORES DA DOR — O PAPEL DAS PLAQUETAS

Varias alteragOes plaquetarias estdao associadas a patologias que cursam
frequentemente com dor (Cao et al., 1998; Flaumenhaft, 2004; Kwon et al., 2020; Salem,
1980). Graham e colegas demonstraram, em 2004, que as plaquetas aumentam a
expressdao de receptores membranares de taquicininas em resposta a libertacdo da
substancia P e outras taquicininas, como as neurocininas A e B, as endocininas A, B, C e

D, as hemocininas e outras menos expressivas (Graham et al., 2004).

Em doentes com dor, em resposta a substancia P, hd um aumento significativo da
agregacao plaquetaria, estimulada pela ativacdo de receptores membranares da
substancia P e da neurocinina B, tais como o NK1 e o NK3, respectivamente

(Flaumenhaft, 2004).

Varios marcadores membranares das plaquetas ainda ndo estudados poderdo estar
igualmente associados a dor. Caso seja comprovada esta ligacdo, serd conseguido o
reforco e eventualmente a padronizagao de um conjunto de marcadores celulares e
extracelulares relacionados com a dor, permitindo uma identificacdo e caracterizacao

precisa desta condicao, permitindo uma abordagem terapéutica mais dirigida.

Nestes trabalhos, foram seleccionados varios potenciais biomarcadores plaquetarios,
envolvidos na identificacdo, adesdo e agregacdo plaquetaria, e para os quais existem
estudos em que a sua expressdo se altera na presenca de patologias que
frequentemente apresentam dor (Barbar et al., 2020; Daviet & McGregor, 1997; Dostert
et al., 2019; Heemskerk et al., 2013; Hegazy et al., 2021; Kappelmayer & Nagy, 2017;
Weinstock et al., 2015; Z. Yang et al.,, 2015), nomeadamente o CD36, CD49f, CD61,
CD62p e CD40.

No caso do CD36, a reducdo da sua expressao foi associada a recuperacdo mais rapida e
a melhoria funcional apds lesdo da medula espinhal (Myers et al., 2014) e o seu aumento
tem sido relacionado com a inflamacdo e lesGes cerebrais (Balkaya et al., 2021;
Puchatowicz & Raé, 2020). Na nossa investigacdo, nos doentes com dor crdnica
observamos reducdo da expressdo de CD36. No entanto, apesar da reducdo deste CD
estar significativamente associada a existéncia de dor crénica, foi ainda observado uma

reducdo significativa do nimero de plaquetas que expressam CD36 nos doentes sob
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utilizacdo de opidides. Estes resultados sugerem que a reducdo do CD36 podera
constituir um biomarcador de resposta aos opidides. No entanto, ndao foi possivel
associar a diminuicdo da expressao desta proteina membranar com a diminuicdo da

presenca da dor.

Relativamente ao CD49f, a reducdo da sua expressao tem sido associada com a
diminuicdo de processos inflamatdrios (Yang et al.,, 2015) e neoplasicos
(Ammothumkandy et al., 2016). Na nossa investigacao, a reduc¢ado da expressao de CD49f
estd significativamente associada a existéncia de dor crénica e foi ainda observada uma

reducgdo significativa da sua expressao na utilizacdo terapéutica de opidides.

Quanto ao CD61, os dados disponiveis sdo pouco consistentes, visto que tanto o
aumento da sua expressao parece estar associada a rapida melhoria da dor em doentes
com enfarte agudo do miocardio (Ribeiro et al., 2022), como a utilizacdo de anticorpos
monoclonais anti-CD61 foi associada a melhoria da funcionalidade e dor em doentes
pos-enfarte agudo do miocardio (Carubbi et al.,, 2019). Na nossa investigacdo,
observdmos uma reducdo do numero de plaquetas expressando CD61 e uma reducdo
da expressdo desta glicoproteina em doentes com dor crénica, assim como uma reducao
da sua expressdo na presenca de opidides, ndo tendo sido possivel associar esta

diminuigao da expressao com a diminuig¢ao da dor.

O aumento da expressao de CD62p ja foi associado a atividade de doencgas inflamatérias,
como a artrite reumatéide (Qu et al., 2019), a doenca arterial coronaria (Shen et al.,
2020) e a fibrilhacdo auricular (Choudhury et al.,, 2007). Na nossa investigacdo, nos
doentes com dor crénica observdmos aumento da expressdao de CD62p , sendo esta
diferengca mais significativa nos doentes do sexo masculino, onde o aumento da
expressao desta proteina membranar foi de cerca de trés vezes superior quando
comparado com doentes sem dor. Ao contrario das proteinas membranares referidas
anteriormente, ndo detectdmos alteracbes significativas nos niveis de CD62p nos
doentes em tratamento analgésico, particularmente nos doentes tratados com
opidides. Por outro lado, verificdmos um aumento significativo da expressao de CD62p
nos doentes com dor nociceptiva, quando comparados com os doentes com dor
neuropatica e com dor mista, sugerindo a relevancia da avaliagdo da expressdo deste

CD plaquetar na identificacdo do tipo de dor, nomeadamente da dor nociceptiva.
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Quanto ao CD40, o aumento da expressao deste receptor da familia do TNFa tem sido
associado a doengas inflamatdrias (Antoniades et al., 2009; Karnell et al., 2019; Senhaji
et al.,, 2015) e aterotrombose (Karnell et al., 2019), para além de lesdes do sistema
nervoso central e dor neuropatica (L. Cao et al., 2009; Ots et al., 2022). Na nossa
investigacdo, ndo encontramos alteragdes significativas no CD40 quando comparamos
doentes com dor e doentes sem dor, embora se tenha observado um aumento
significativo da percentagem de plaquetas que expressam CD40 nos doentes com dor
moderada a severa. Estes resultados sugerem que o CD40 podera ter um papel
essencialmente na caracterizacdo da intensidade da dor, nomeadamente na detecao de
dor moderada a severa. Este resultado pode ser muito relevante e permitir uma
terapéutica mais eficaz, nomeadamente em doentes que ndo expressam a sua dor,
como os doentes com deméncia, nos quais as escalas de avaliacdo de dor sdo dificeis de

aplicar.

Estando o CD36, o CD49f, o CD61, o CD62p e o CD40 associados a promocdo da
inflamacdo e a mecanismos relacionados com a trombose e a apoptose (Barbar et al.,
2020; L. Cao et al., 2009; Daviet & McGregor, 1997; Hegazy et al., 2021; Karnell et al.,
2019; Ots et al., 2022; Puchatowicz & Raé, 2020; Qu et al., 2019; Senhaji et al., 2015; Z.
Yang et al., 2015), os nossos resultados apontam para a multidimensao da dor, e para a
multiplicidade de mecanismos que conduzem a sua cronificacdo. Além disso, apontam
para a diversidade de mecanismos associados a nocicepc¢ao, para além da variabilidade
individual, sendo de destacar a dificuldade de abordagem da influéncia das patologias

dos doentes, particularmente do tipo de deméncia, na estimulacdo e/ou inibicdo da dor.

Assim, relativamente ao estudo laboratorial envolvendo as plaquetas, somos de opinido
gue o CD36, o CD49f, a percentagem de CD49f, o CD61, a percentagem de CD61 e o
CD62p plaquetdrios sdao candidatos a biomarcadores de dor, permitindo a atuacao
célere em cendrios em que existe dificuldade no diagndstico deste sintoma ou doenca,
sobretudo em doentes com deméncia ou impossibilitados de comunicar, por outra razao

(Ribeiro, et al., 2023).

O CD40 plaquetario poderd vir a ser considerado um biomarcador periférico para a

identificacdo de dor moderada a severa, pelo que o aumento da sua concentragao
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podera significar a necessidade de utilizacdo de opidides, segundo a escada analgésica

da OMS (Ribeiro, et al., 2023).

Finalmente, o CD62p plaquetdrio podera vir a ser considerado um biomarcador
periférico de dor nociceptiva, permitindo um ajuste terapéutico relativamente aos

adjuvantes utilizados no tratamento farmacolégico da dor (Ribeiro et al., 2023).

BIOMARCADORES DA DOR — O PAPEL DOS MONOCITOS

A mielopoiese, particularmente a proliferacdo e diferenciacdo dos mondcitos, é
estimulada por citocinas pré-inflamatdrias, como a IL-3 e IL-6 (Jagannathan-Bogdan & Zon,
2013), o que pode justificar o aumento dos mondcitos em muitas condi¢des patoldgicas

que condicionem dor crdénica.

Existem trés populacdes diferentes de mondcitos, , de acordo com a sua expressao de
CD14 e CD16, os mondcitos cldssicos, os ndo cldssicos e os intermedidrios, os quais
possuem atividades distintas na inflamacao (Kapellos et al., 2019; Marimuthu et al.,

2018).

Os monécitos tém sido relacionados com varias patologias e a dor de caracteristicas
inflamatdrias (Auffray et al., 2009; Taylor et al., 2016), a insuficiéncia cardiaca (Charach
et al., 2019), a dor neuropatica (Oggero et al., 2022; Ritz et al., 2011) e a dor crdénica
inespecifica (Goehler et al., 2014; Taylor et al., 2016). Os mondcitos intermedidrios tém
sido associados a doencas inflamatérias (Kapellos et al., 2019; Marimuthu et al., 2018)
e 0s mondcitos totais a varias patologias cujo principal sintoma é a dor (Goehler et al.,

2014; Ozanska et al., 2020; Taylor et al., 2016).

Foi avaliado o impacto da dor nos valores de mondcitos totais, nas popula¢des de
subtipos de mondcitos, e nas proteinas transmembranares CD11c, CD86, CD163 e
CD206, que estao relacionados com varias condicdes, incluindo a resposta imunitaria, a
inflamacdo e a resposta a infecdo (Auffray et al., 2009; Espinoza & Emmady, n.d.; Moura,

2011; Santoni et al., 2015).
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O CD11c, é uma proteina membranar que tem sido associada a dor inflamatdria
(Raymondi Silva et al., 2022; Sadhu et al., 2007; StuhIimller et al., 2010; Wu et al., 2018)
e a dor neuropdtica (Kohno et al., 2022; Mayrhofer et al., 2021; Tsuda et al., 2023).
Segundo os nossos resultados, ndao foram observadas diferengas significativas na
expressdao de CD11c na presenca ou auséncia de dor. No entanto, a percentagem de
mondcitos expressando CD1lc e os niveis desta proteina estdo significativamente
aumentados na dor mista. Realca-se que nos mondcitos ndo cldssicos apenas esta
proteina se encontra aumentada na presenca de dor mista. Estes dados estdo de acordo
com a literatura (Mayrhofer et al., 2021; Sadhu et al., 2007; Stuhimdiller et al., 2010; Wu
et al., 2018), que relaciona o CD11c com a dor nociceptiva e a dor neuropatica, sendo
de salientar que apesar dos mondcitos ndo classicos ainda ndo apresentarem as suas
funcdes totalmente esclarecidas, estdo associados a cronificacdo dos processos
inflamatdrios. Portanto, seria expectdvel que o CD11c estivesse aumentado nos doentes
com dor crénica (Mayrhofer et al., 2021; Stuhimdiller et al., 2010). No entanto, ha que
considerar a multiplicidade de mecanismos que conduzem a cronificacdo da dor, sem o
envolvimento de inflamacdo crénica, e a diversidade de mecanismos associados a
nocicepc¢do, para além da variabilidade individual. Destaca-se ainda a dificuldade de
abordagem da influéncia das patologias dos doentes, particularmente do tipo de

demeéncia, na estimulagdo e na inibicao da dor.

Relativamente ao CD86, esta proteina transmembranar tem sido associada a dor
neuropatica (Kobiela Ketz et al., 2016; Lee et al., 2018; Rutkowski et al., 2004). No nosso
estudo, ndo foram encontradas alteragdes significativas desta proteina transmembranar
relativamente a presenca ou auséncia de dor, a intensidade da dor ou ao tipo de dor
cronica apresentada pelos doentes. Estas diferencas poderdo estar relacionadas com o
facto de na nossa amostra termos um numero reduzido de doentes com dor

neuropatica.

Quanto ao CD163, esta proteina tem sido associada a resposta imunitdria e a atividade
de doencas inflamatdérias, como a artrite reumatdide, varias infecbes e neoplasias
malignas (Kowal et al., 2011; Moura, 2011; Pey et al., 2014; Roberts et al., 2004; Tippett
et al., 2011), ja tendo sido publicados estudos que a associam a dor inflamatoéria (Kowal

et al., 2011; Ohashi et al., 2022) e a dor neuropatica (Niehaus et al., 2021). Na nossa
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investigacdo, a expressao de CD163 nos mondcitos totais e nos classicos estava
significativamente diminuida em doentes com dor crénica e nos mondcitos classicos a
expressao de CD163 estava significativamente reduzida nos doentes com dor
nociceptiva, ndo existindo diferengcas nos mondcitos intermedidrios. Estes resultados
ndo estdo de acordo com a literatura (Kowal et al.,, 2011; Ohashi et al., 2022), que
mostram um aumento da expressao deste CD na dor crénica, particularmente nos
mondcitos intermedidrios. De salientar a diversidade de mecanismos conhecidos e
associados a nocicepcao, para além da variabilidade individual fisiolégica e
fisiopatoldgica, que tem que ser considerada na estimulacdo e na inibicdo da dor, assim

como na sua cronificacdo (Raffaeli et al., 2021).

Além disso, nos mondcitos de doentes submetidos a tratamento com opidides,
observdmos uma diminuicdo da expressdao de CD163 , enquanto que nos doentes sob
paracetamol se observou aumento da expressao deste marcador, sobretudo em
mondcitos ndo cldssicos. Estes resultados sugerem a eventual relevancia do CD163 na
avaliacdo da resposta a terapéutica da dor, estando a variacdo dos niveis deste CD

dependentes do tipo de farmaco utilizado (opidide vs. paracetamol).

No caso do CD206, esta proteina membranar tem sido associada a resposta imunitdria
inata e adaptativa (Holder et al., 2014; Tanaka et al., 2021; Tsuchiya et al., 2019) e a dor
inflamatdria (van der Vlist et al., 2022) e dor neuropatica (Chen et al., 2022; Kiguchi et
al., 2015; Silva et al.,, 2022). Na nossa investigacdo, observdmos um aumento dos
mondcitos que expressam CD206 nos doentes com dor crénica, mas nos mondécitos
classicos e nos totais destes doentes, a expressdo de CD206 estava significativamente
diminuida. Além disso, nos mondcitos classicos, ha uma reducao significativa do ratio
CD163/CD206 nos doentes com dor crénica. Nos doentes com dor nociceptiva
observdmos um aumento significativo na expressdo de CD206 nos mondcitos
intermediarios e classicos e do ratio CD163/CD206. Estes resultados est3o de acordo
com o que foi encontrado por outros investigadores (Kowal et al., 2011; Moura, 2011;
Ohashi et al., 2022; Roberts et al., 2004; Silva et al., 2022; Tanaka et al., 2021) e
salientam a relevancia dos subtipos de mondcitos e dos seus niveis de CD206 e da razdo

CD163/CD206 na caracterizagdo do tipo de dor.
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Assim, a concentragdo relativa de mondcitos, particularmente de mondcitos classicos,
assim como o aumento de CD206 e a diminuig¢do do ratio CD163/CD206 podem vir a ser
considerados biomarcadores de dor. A avaliacido do CD11lc, CD163 e CD206 nos
mondcitos cldssicos, podem vir a ser considerados biomarcadores de dor nociceptiva

(Ribeiro, et al., 2023).

A redugdo da expressdao de CD163 em mondcitos intermédios em doentes submetidos
a terapéutica com opidides corrobora a evidéncia do poder anti-inflamatério dos

opidides através da inativagdo monocitdria (Ribeiro et al., 2023).

APOPTOSE — NOVOS ALVOS TERAPEUTICOS E POTENCIAIS BIOMARCADORES DE DOR

Um dos contributos importantes desta tese foi também perceber de que forma a
apoptose podera estar implicada na dor, particularmente na dor neuropatica (Ribeiro et
al., 2022) e identificar potenciais alvos terapéuticos. Foram identificados varios padrdes
de dor neuropdtica, que pode ser causada por sensibilizacdo central ou periférica,
alteragGes no Transient Receptor Potential (TRP), nos canais de sddio e de cdlcio, nas
fibras aferentes primarias e disturbios de sinal excitatério vs. inibitério (Bosma et al.,
2018; Finnerup et al., 2021; Jones et al., 2004; Serra et al., 2012; Teixeira-Santos et al.,
2020), pelo que o tratamento podera um dia ser dirigido a estas condi¢des e nao estar
apenas dependente da caracterizagdo da dor do doente, com uma generalizacao de

farmacos previstos na presenca de determinado tipo de dor.

Alguns estudos apontam para que o NF-KB, as citocinas pré-inflamatdrias como o TNF-
o e o stresse oxidativo tenham um papel importante na dor neuropatica periférica,
através da modulacdo da apoptose (Deng et al., 2020; Dostert et al., 2019; Gloire et al.,

2006; Sandoval et al., 2018; Teixeira-Santos et al., 2020).

Sendo as mitocondrias o local de maior producdo de espécies reactivas de oxigénio
(ROS) e também o alvo da lesdo oxidativa que pode conduzir a apoptose, a adopcao de
medidas para prevenir e proteger a fungdo mitocondrial pode constituir uma estratégia
terapéutica promissora para aliviar ou prevenir condi¢des de dor crénica (Muscoli et al.,

2013; Schoenberger et al., 2008). Assim, moduladores do TNF-a, inibidores do
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proteasoma, inibidores da apoptose (através da modulacdo do BCL-2 e da caspase-3), e
anti-oxidantes, como os flavondides, entre outros, podem ter potencial para tratar a dor

neuropatica (Leng et al., 2012; Liao et al., 2022).

Desta forma, somos de opinido que a apoptose e as varias vias de sinalizagdo celular
envolvidas neste processo, poderdao conduzir a que no futuro préximo sejam
encontrados biomarcadores para a identificacdo e a caracteriza¢do da dor, assim como
poderdao ser produzidos novos farmacos que, inibindo a apoptose, potenciem o

tratamento da dor crdnica.

LIMITACOES

As principais limitacdes dos estudos laboratoriais € a amostra reduzida e heterogénea
(doentes com diferentes tipos de deméncia e evolugcdes temporais da dor), a auséncia
de igualdade entre idades, sexo e outras caracteristicas para controlo, ndo tendo
igualmente uma igualdade populacional entre o grupo com dor e com deméncia face
aos controlos (com dor sem deméncia, sem dor com deméncia e sem dor e sem

demeéncia).

Por outro lado, os estudos laboratoriais ndo contemplaram pessoas saudaveis, tendo
apenas incluido doentes em seguimento por uma equipa de cuidados paliativos
domicilidria, ou seja, em situacdo de grande fragilidade, o que pode contribuir para

enviesamentos nos resultados obtidos.

Tratando-se de estudos transversais, nao foi possivel avaliar se os biomarcadores
identificados teriam altera¢cdes com novas terapéuticas nem durante o respectivo
follow-up do tratamento da dor. Também nao foi possivel avaliar todas as terapéuticas
instituidas, que podem eventualmente desenvolver importantes vieses para as

conclusdes obtidas.

Relativamente as revisdes dos opidides e dos AINEs, salienta-se que os trabalhos nao se
centraram em estudos comparativos entre os varios farmacos disponiveis em Portugal,
0 que poderia atestar as relacdes apontadas de maior ou menor seguranga em algumas

populacdes especiais. Tal deve-se ao facto de ndo haver suficientes estudos
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comparativos e os que existem apresentarem marcada heterogeneidade metodoldgica.
Outra limitagdo importante é ndo termos comparagdao da eficdcia entre os
medicamentos opidides, incluindo nos diferentes tipos de dor, sendo que no caso dos
AINEs os estudos apontaram para uma equivaléncia entre os farmacos estudados

guanto ao seu efeito.

PONTOS FORTES E PRINCIPAIS CONCLUSOES

Os trabalhos de revisdo, apesar de ndo se apresentarem como revisdes sistematicas,
procuraram atribuir niveis de evidéncia e forgas de recomendagdo para as principais

conclusoes obtidas.

As alteragBes corporais e de funcionalidade organica, nomeadamente hepatica e renal,
possuem uma influéncia significativa na farmacocinética dos farmacos mais prescritos

para o tratamento da dor, como o paracetamol, os AINEs e os opidides.

Os farmacos hidrossoluveis obrigam habitualmente a uma reducdo da dose, enquanto
os farmacos lipossoliveis obrigam a um ajuste da posologia (menos administracdes
didrias se o doente é obeso ou idoso). Por outro lado, os farmacos com grande
eliminacdo renal obrigam a ajustes posoldgicos e de dose. Finalmente, os farmacos com
metabolizacdo hepatica na fase 1 de biotransformacao devem ser substituidos sempre
gue possivel por farmacos com metabolizacdo hepatica na fase 2 ou ajustadas as

posologias para administracdes mais espacadas e com doses menores.

Quanto aos estudos laboratoriais, sendo pioneiros na utilizacdo dos biomarcadores
plaquetdrios e monocitarios em doentes com necessidade de equipa especializada em
cuidados paliativos, apresenta-se como o maior estudo do género de que temos

conhecimento.

Virios potenciais biomarcadores de dor foram identificados no sangue periférico,
nomeadamente em plaquetas e mondcitos. Salienta-se o aumento da percentagem de
plaquetas que expressa CD62p e da percentagem de mondcitos, particularmente da

subpopulacdo de mondcitos classicos e da expressdao de CD206 monocitdria, bem como
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a diminuicdo da percentagem de plaguetas que expressam CD36, CD49f e CD61 e dos

niveis de expressao de CD49f e CD61 plaquetarios.

Além disso identificAmos potenciais biomarcadores periféricos de caracterizacdo da
intensidade e tipo de dor, sendo de salientar o CD40 plaquetdrio na identificacao de dor
moderada-severa, o CD62 plaquetdrio e o CD163 e CD206 monocitdrios na identificagcdo
da dor nociceptiva e o CD11c dos mondcitos na caracterizacdo da dor mista. Estes
resultados poderdo contribuir para um melhor ajuste terapéutico dos farmacos
utilizados no tratamento farmacoldgico da dor, contribuindo para um controlo mais

rapido e adequado da dor e redugdo do sofrimento associado ao doente com dor.

A descoberta de novos biomarcadores de dor por métodos ndo invasivos e
independentes da participacdo do doente, pode contribuir para a identificacdo de novos
alvos terapéuticos e para o desenvolvimento de farmacos mais eficazes e direcionados
para o tratamento da dor crdnica, com particular relevancia nos doentes em cuidados

paliativos com deméncia grave.

O esclarecimento dos mecanismos da aptoptose poderdo levar a descoberta de novos
biomarcadores de dor e de novas terapéuticas dirigidas. Por outro lado, a
deteccdo/identificagdo de biomarcadores de dor por métodos ndo invasivos e
independentes da participacdo do doente, pode contribuir para a identificacdo de novos
alvos terapéuticos e para o desenvolvimento de farmacos mais eficazes e direcionados
para o tratamento da dor crdnica, com particular relevancia nos doentes em cuidados

paliativos com deméncia grave.

PERSPETIVAS FUTURAS

Sdo, no futuro proximo, necessarios estudos confirmativos, multicéntricos, com
amostras maiores, que comparem popula¢des diferentes, com diferentes causas de dor,
diferentes mecanismos para a demeéncia, diferentes respostas aos tratamentos
instituidos, diferentes evolu¢cbGes temporais da dor. Outras caracteristicas, como a
localizacdo, fatores predisponentes e de melhoria, sintomas associados e outros

factores também deverdo ser estudados e esclarecidos.
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Com uma coorte de doentes como o que foi enunciado e numa perspectiva prospectiva,

poderemos confirmar as hipéteses que avangdmos com os estudos laboratoriais.

Quanto aos perfis de farmacocinética e farmacodinamica, sdo necessdrios mais estudos,
nomeadamente ensaios clinicos aleatorizados, duplamente cegos, centrados em
caracteristicas especiais dos doentes (fun¢do renal, fungdo hepatica, polimedicacao,
bidtipo, massa magra e massa gorda, agua corporal), comparando os diferentes AINEs e
os diferentes opidides em que se centraram estes trabalhos, a fim de serem melhorados
os niveis de evidéncia e as forcas de recomendacao apresentadas nestes trabalhos. Para
além disso, sdo necessdrios estudos que adicionem a farmacogendmica as varidveis em
estudo, pois a sua influéncia serd determinante para a farmacocinética e a
farmacodinamica destes medicamentos, condicionando a abordagem farmacoldgica

individualizada que se pretende para o futuro.

by

Relativamente a apoptose, j& estdo em curso varios ensaios clinicos que poderdo
confirmar muitos dos potenciais biomarcadores e validar novas armas terapéuticas,

particularmente para a dor neuropatica.
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Anexo 1 — Variaveis

- Data de nascimento

- Data de morte

- Sexo (masculino ou feminino)

- Dor (utilizando a Escala de Avaliagao da Dor na Deméncia Avangada)

- Estado funcional (utilizando o indice de Karnovsky)

- Estado cognitivo (utilizando a Escala de Deterioragdo Global)

- Estado fisico e nutricional (utilizando a escala Mini Nutritional Assessment)

- Funcdo renal (através da Taxa de Filtracdo Glomerular, medida de acordo com a

equacado de Cockcroft-Gault)
- Fungao hepatica (através da classificacao de Child-Pugh)

- Tipo de deméncia (Doencga de Alzheimer, Deméncia Vascular, Doenca de Parkinson,
Deméncia de Corpos de Lewy, Deméncia Frontotemporal, Doenca de Huntington,

Demeéncia provocada pelo alcool e Doenca de Creutzfeldt-Jacob)
- Biomarcadores periféricos de dor:
Dados do hemograma: populagdes leucocitarias, indices plaquetarios (PDW)

Caracterizagdao imunofenotipica/activa¢do das plaquetas e mondcitos/macréfagos por
citometria de fluxo - expressao de CD40, CD41a, CD42a, CD61, CD62p, CD36, CD49f, e
CD59 (plaquetas); CD14, CD16 (mondcitos), CD86/CD11c (M1) and CD163/CD206 (M2)
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Anexo 2 — Escalas

1- ESCALA DE AVALIACAO DA DOR NA DEMENCIA AVANCADA (PAINAD)
(adaptado de Batalha et al., 2012)

Categoria Item Pontuagao

Normal. 0

Respiracao independente  Respiragao ocasionalmente dificil. Curto periodo de hiperventilagio. 1
da vocalizacgo Respiragao dificil e ruidosa. 5
Periodo longo de hiperventilagao. Respiragao Cheyne-Siok. -

Nenhuma. 0

S 7S x cixume ou gemido ocasional.

Vocalizagdo negativa 'IQbum de voz baig'(o com discurso negativo ou de desaprovagao. !
Chamamento perturbado repetitivo. Queixume ou gemido alto. Choro. 2

Sorridente ou inexpressiva. 0

Expressao facial Triste. Amedrontada. Sobrancelhas franzidas. 1
Esgar facial. 2

Relaxada. 0

e Gy Tcma Andar para cé ¢ para ld de forma _angustiad‘a ’lrrtquicm. _ 1
Rigida. Punhos cerrados. Joelhos flectidos. Resisténcia a aproximagzo ou 2o ;

cuidado. Agressiva. B

Sem necessidade de consolo. 0

Concolabilidade Distraido ou tranquilizado pela voz ou toque. 1
S

Impossivel de consolar, distrair ou tranquilizar.
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2- INDICE DE KARNOVSKY (adaptado de Schag et al., 1984)

100
Capaz de exercer uma atividade normal e ao 90
trabalho; nenhum cuidado especial € necessario.
30
70
Impossibilitado de trabalhar, capaz de viver em
casa ¢ cuidar de necessidades mais pessoais; 60
quantidade variavel de assisténcia necessaria.
50
40
‘ ‘ 30
Incapaz de cuidar de si mesmo, requer
equivalente de cuidados institucionais ou —
hospitalares: a doenca pode estar progredindo 0
rapidamente. -
0

Normal sem gueixas, sem
evidéncia de doenca.

Capaz de exercer uma atividade
normal, com pequenos sinais ou
sintomas da doenca.

Atividade normal com esfor¢o,

alguns sinais ou sintomas da

doenca.

Cuidados para si, incapaz de
exercer uma atividade normal ou
para fazer um trabalho ativo.
Requer assisiéncia ocasional, mas
¢ capaz de cuidar mais de suas
necessidades pessoais.

Requer consideravel assisténcia e

cuidados médicos frequentes.

Com deficiéncia; requer cuidados

¢ assisténcia especiais.

Com deficiéncia grave, a

hospitalizagao ¢ indicada, embora
a morte ndo era iminente.

Muito doente, a hospitalizacio
necessdrias; tratamento de suporte
alivo necessario.

Moribundos; processos fatal
progredindo rapidamente.
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3- ESCALA DE DETERIORACAO GLOBAL (EDG) (adaptado de Reisberg et al., 1982)

Estadios Cognitivas Comportamentos

Estadio 1: Nivel cognitivo normal A pessoa nio apresenta défice de
memoria, nem problemas ao realizar
tarefas diarias.

Estadio 2: Declinio cognitive Subjetive Demonstra sinais de um declimo

cognitivo leve, como falhas de memoria.

Estadio 3: Declinio cognitive ligeiro Dificuldades no frabalho, pode perder-se,
ndo sabe onde colocou um objeto de

valor.

Estadio 4: Deméncia ligeira Come¢a a perder conhecimento sobre s1
mesmo e eventos a decorrer, tem
dificuldades com as financas ou para

preparar uma refeigio.

Estadio 5: Deméncia moderada Nio consegue sobreviver sozinho,
dificuldades em relatar detalhes pessoais

importantes como a morada.

Estadio 6: Deméncia moderada/severa  Nio consegue relatar acontecimentos que
aconteceram ha pouco tempo, nio sabe o
nome das pessoas proximas,
incontinéncia, precisa de ajuda para se
vestir. Agitagio e problemas de

personalidade.

Estadio 7: Deméncia severa As palavras percetivels sdo escassas,
perde a capacidade verbal, vai perdendo a
capacidade de andar, de sentar sem ajuda,

de sorrir ou de mexer a cabega.

1- Auséncia de queixas subjectivas de défice de memodria
Sem défice de memaria evidente durante a entrevista

2- Queixas subjectivas de défice de memadria, mais frequentemente nas seguintes
areas:
a. Esquecimento do local onde colocou objectos familiares

b. Esquecimento de nomes antes bem conhecidos

Sem défice de memodria objectivo durante a entrevista.
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Sem défice objectivo no emprego ou ocasiGes sociais.

Preocupacao legitima em relagao aos sintomas.

3- Ocorréncias precoces de défice claro. Manifestagdes em mais do que uma das

seguintes areas:

a.

O paciente pode ter-se perdido quando viajava para um local
desconhecido

Os colegas dao-se conta do desempenho relativamente pobre do
paciente

As dificuldades em encontrar palavras e/ou nomes tornam-se evidentes
para as pessoas mais proximas

O paciente pode ler um texto, ou um livro, e reter relativamente pouco
O paciente pode apresentar facilidade diminuida em recordar os nomes
de pessoas a quem é apresentado

O paciente pode ter perdido, ou colocado em local errado, um objecto de
valor

Os testes clinicos podem evidenciar défice de concentragao

Défice de memodria objectiva, evidente sé6 no decurso duma entrevista
intensiva.

Diminuicao do desempenho em ocupacgdes laborais de maior exigéncia,
e em situagdes sociais.

O paciente comeca a manifestar negacao.

Ansiedade ligeira a moderada que acompanha frequentemente os

sintomas.

4- Défices claramente evidentes em entrevista clinica cuidadosa. Défice manifesto

nas seguintes areas:

a.

b.

Decréscimo no conhecimento de acontecimentos correntes e recentes
Pode aresentar algum défice de meméria na sua prépria histéria pessoal
Défice de concentracdo evidenciado nas subtraccdes seriadas

Diminuicdo da capacidade para viajar, gerir as financas, etc
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5- O paciente ndo consegue sobreviver sem alguma assisténcia. Durante a

entrevista o paciente é incapaz de se recordar de aspectos relevantes da sua vida

actual, por exemplo:

a.

Do seu enderego ou do seu numero de telefone, que tem desde ha
muitos anos

Dos nomes dos seus familiares mais préoximos (como os seus netos)

Do nome do liceu (escola secundaria) ou da faculdade onde se formou
Apresenta frequentemente alguma desorientacdo relativamente ao
tempo (data, dia da semana, estacdo do ano, etc) ou ao local

Uma pessoa escolarizada pode ter alguma dificuldade na subtrac¢ao em
séries de 4 em 40 ou de 2 em 20

As pessoas neste nivel retém a lembranca dos factos mais importantes
relativamente a si préprios, e a outros

Sabem invariavelmente os seus proprios nomes, e conhecem,
geralmente, os nomes do conjuge e dos filhos

N3o precisam de auxilio para os cuidados de higiene, nem para as
refeigdes, mas podem ter dificuldade na escolha da roupa adequada para
vestir.

E frequente continuarem a ser capazes de distinguir, no meio em que
vivem, as pessoas conhecidas das ndao conhecidas.

Ocorrem alteracGes emocionais e da personalidade. S3o muito variaveis
e incluem:

i. Comportamento delirante, isto é, o paciente pode acusar o seu
conjuge de ser uma pessoa impostora, pode falar para figuras
imaginarias a sua volta, ou para a sua prépria imagem reflectida
no espelho

ii. Sintomas obsessivos, isto €, a pessoa pode executar, repetida e
sistematicamente, actividades simples de limpeza

iii. Podem ocorrer sintomas de ansiedade, agitacdo, e mesmo um
comportamento violento antes inexistente
iv. Abolia cognitiva, isto é, perda de forca de vontade, por o individuo

ndo conseguir manter um pensamento até completar uma ac¢do
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6- Podem ocasionalmente esquecer-se do nome do conjuge de quem dependem

inteiramente para sobreviver.
Podem de todo nao se aperceber de todos os acontecimentos e experiéncias
recentes das suas vidas.
Retém alguma nocdo do que os rodeia, do ano, da estacdo do ano, etc.
Podem ter dificuldade em contar de 1 até 10, em ordem decrescente e, por
vezes, em ordem crescente
Necessitarao de alguma assisténcia nas actividades de vida didria:
Podem ficar incontinentes
Necessitardo de assisténcia para viajar, mas poderdo, ocasionalmente, ser

capazes de viajar para locais conhecidos
O ritmo diurno encontra-se frequentemente alterado.
Lembram-se quase sempre do seu préprio nome.

Ao longo deste nivel vao sendo perdidas todas as faculdades verbais.

Na fase inicial deste nivel as palavras e as frases sao faladas, mas o discurso é
muito limitado. Mais tarde deixa de haver discurso — apenas sons grunhidos.
Incontinente; requer assisténcia na higiene e na alimentacao.

As competéncias psicomotoras bdsicas (como por exemplo a capacidade de
andar) vao sendo perdidas com a progressao deste nivel.

O cérebro parece n3do ser mais capaz de comandar o corpo.

Presenca frequente de sinais e sintomas neurolégicos difusos e corticais.
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4- MININUTRITIONAL ASSESSMENT (MNA) (adaprado de Duque et al., 2000)

Sobrenome: Nome: Sexo: Data:

Idade: Peso (kg): Altura (cm): Leito:

Preencher a primeira parte deste questiondrio, indicando a resposta. Somar os pontos da Triagem. Caso o escore seja igual ou inferior a 11,
concluir o questiondrio para obter a avaliagdo do estado nutricional.

Triagem J  Quantas refeiges faz por dia?

0 = uma refeicao

A Nosdltimos trés meses houve diminuigdo da ingesta 1 = duas refeigdes
alimentar devido a perda de apetite, problemas digestivos ou 2 = trés refeigbes [:l
dificuldade para mastigar ou deglutir?
0 = diminuigao severa da ingesta K Opaciente consome:
1 = diminuicdo moderada da ingesta * pelo menos uma porgdo diria de leite
2 = semdiminuigéo da ingesta D ou derivados (queijo, iogurte)? sim [ ndo O
+ duasou mais porgoes semanais
B Perda de peso nos Ultimos meses de legumes ou ovos? sim O ndo O
0 = superior a rés quilos + carne, peixe ou aves fodos
1 = ndo sabe informar os dias? sim [0 ndao O
2 = entre ume trés quilos 0,0= nenhuma ou umaresposta «sim»
3 = sem perda de peso D 0,5= duas respostas «sim»
1,0= trés respostas «sim» D s D
C Mobilidade
0 = restrito ao leito ou & cadeira de rodas L Opaciente consome duas ou mais porgdes
1 = deambula mas ndo & capaz de sair de casa didrias de frutas ou vegetais?
2 = normal |:| 0 = néo 1 = sim D
D Passou poralgum estresse psicoldgico ou doenga aguda M Quantos copos de liquidos (dgua, suco, café, ch4, leite)
nos lltimos trés meses? 0 paciente consome por dia?
0 = sim 2 = ndo D 0,0= menos de {rés copos
0,5= trés acinco copos
E Problemas neuropsicolégicos 1,0= mais de cinco copos L] , L]
0 = deméncia ou depressdo graves
1 = deméncia leve N Modo de se alimentar
2 = sem problemas psicolégicos D 0 = ndo é capaz de se alimentar sozinho
1 = alimenta-se sozinho, porém com dificuldade
F indice de massa corpdrea (IMC = peso [kg) / estatura [m]?) 2 = alimenta-se sozinho sem dificuldade OJ
(1) - I:gg;,sg <21 O Opaciente acredita ter algum problema nufricional?
2 =21<IMC<23 0 = acredita estar desnutride
3 = IMC=223 D 1 = ndo sabedizer
2 = acredita ndo ter problema nutricional D
Escore de triagem (subtotal, maximo de 14 pontos) 0O P Em comparagao a outras pessoas da mesma idade,
como o paciente considera a sua propria satde?
12 pontos ou mais normal; 0,0= ndo muito boa
desnecessario continuar a avaliagdo 0,5= ndo sabe informar
11 pontos ou menos  possibilidade de desnutrigéo; ;g: ?ﬁhor D |:|

continuar a avaliagao '

Q Circunferéncia do brago (CB) emcm

Avaliagéo global 00= CB <21
05=21<CB<22

o . i L 10= CB>22 ]
G Opaciente vive em sua propria casa (ndo em casa geridtrica i
ou hospital) ! ; )
0 = ndo 1 = sim [] R Circunferéncia da panturrilha (CP) em cm
0 =CP<3 1=CP=3

H  Utiliza mais de trés medicamentos diferentes por dia? L
0 = sim 1 = ndo ] Avaliacao global (maximo 16 pantos)

Escore da triagem

| Lesbes de pele ou escaras?

Hinn
oo oo O
O O

0 = sim 1 = nao ] Escore total (maximo 30 pontos) )
Ref.: Guigoz Y. Vellas B and Garry PJ. 1994. Mini Nutritional Assassment: A practical assessment toal for

grading the nutritional state of elderly patients. Facts and Research in Geronlology. Supplement - - o

#2:15-50 Avaliacdo do Estado Nutricional

Rubenstein LZ, Harker J, Guigoz Y and Vellas B. Camprehensive Geriatric Assessment (CGA) and

the MNA: An Overview of OGA, Nutritional Assessment, and Development of a Shortened Version . P

of the MNA. In: “Mini Nutritional Assessment (MNA): Research and Practice in the Elderly”. Vellas de 17 a 23,5 pontos risco de desnutricéo [l

B, Garry PJ and Guigoz Y, editars. Nestié Mutrition Workshop Series. Clinical & Perfarmance

Pragramme, vol 1. Karger, Bale, in press. menos de 17 pontos desnutrido D

© 1998 Société des Produits Nestlé S.A., Vevey, Switzerland, Trademark Owners
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Anexo 3 — Consentimento informado aos doentes

A partir da pagina seguinte.

157



Hugo Ribeiro | Programa Doutoral em Cuidados Paliativos | Faculdade de Medicina da Universidade do Porto

[BAPORTO

FMmuPpP FACULDADE DE MEDICINA
UNIVERSIDADE DO PORTO

ANEXO 3-FORMULARIO DE INFORMACAO E
CONSENTIMENTO INFORMADO

TITULO DO PROJECTO DE INVESTIGACAO:

Controlar a Dor em doentes com deméncia avancada: o papel dos
biomarcadores na caracterizacao da dor e a importancia da farmacocinética
no apoio a decisdo terapéutica

PROTOCOLO No: Néo aplicavel

PROMOTOR (Entidade ou pessoa(s) que - Hugo Alexandre da Cruz Ribeiro
propde(m) o estudo):

- José Paulo Andrade

- Marilia de Assuncdo Rodrigues Ferreira

Dourado

- Manuel Teixeira Marques Verissimo

INVESTIGADOR COORDENADOR Hugo Alexandre da Cruz Ribeiro

CENTRO DE ESTUDO
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INVESTIGADOR PRINCIPAL Hugo Alexandre da Cruz Ribeiro

MORADA Rua Barao do Corvo, 676, 4400-037 Vila Nova
de Gaia

CONTACTO TELEFONICO 223747010

NOME DO DOENTE

(LETRA DE IMPRENSA)

NOME DO CUIDADOR

(LETRA DE IMPRENSA)

E convidado(a) a participar neste estudo porque é um doente em tratamento na Consulta da

Equipa Comunitaria de Suporte em Cuidados Paliativos de Gaia.

Este procedimento é chamado consentimento informado e descreve a finalidade do estudo, os
procedimentos, os possiveis beneficios e riscos. A sua participacdo podera contribuir para
melhorar o conhecimento sobre a dor, melhorando a abordagem médica no que diz respeito a

sua avaliagdo e tratamento.

Recebera uma cépia deste Consentimento Informado para rever e solicitar aconselhamento de
familiares e amigos. O Investigador ou outro membro da sua equipa ira esclarecer qualquer
duvida que tenha sobre o termo de consentimento e também alguma palavra ou informacdo

gue possa nao entender.

Depois de compreender o estudo e de ndo ter qualquer divida acerca do mesmo, devera tomar
a decisdo de participar ou ndo. Caso queira participar, ser-lhe-a solicitado que assine e date este
formulario. Apds a sua assinatura e a do Investigador, ser-lhe-a entregue uma cdpia. Caso ndo

gueira participar, ndo havera qualquer penalizacdo nos cuidados que ira receber.
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1. INFORMACAO GERAL E OBJECTIVOS DO ESTUDO

Este estudo ira decorrer na Equipa Comunitaria de Suporte em Cuidados Paliativos de Gaia, em
colaboragcdao com a Faculdade de Medicina da Universidade do Porto, com o objectivo de avaliar
a presenca de biomarcadores de dor que possibilitem a sua caracterizacdo e consequente
abordagem terapéutica mais dirigida, assim como estudo de farmacogenética, possibilitando a
antevisao de efeitos dos medicamentos em cada doente, aumentando a eficacia e a seguranca
dos tratamentos. O estudo permitird ainda avaliar a melhoria do estado geral dos utentes com

o controlo da dor.

Trata-se de um estudo observacional, pelo que ndo serad feita nenhuma alteracdo na sua

medicacdo ou tratamentos habituais devido ao mesmo.

Este estudo foi aprovado pela Comissdo de Etica da Faculdade Medicina da Universidade do
Porto (FMUP) e pela Comissdo de Etica da Administracdo Regional de Satde do Norte de modo
a garantir a proteccdo dos direitos, seguranca e bem-estar de todos os doentes ou outros

participantes incluidos e garantir prova publica dessa proteccao.

2. PROCEDIMENTOS E CONDUCAO DO ESTUDO

2.1. Procedimentos

A avaliagdo do estado cognitivo, mental, nutricional e fisico, funcional dos doentes é realizada
através dos registos das consultas que o doente tem no ambito do seu seguimento na Consulta

da Equipa Comunitaria de Suporte em Cuidados Paliativos (ECSCP) de Gaia.

Outras avalia¢gbes, nomeadamente a funcdo renal, cardiaca e hepatica sdo avaliadas através de

anadlises sanguineas que os doentes ja fariam com a regularidade adequada a cada situacdo.

No ambito deste estudo, pretende efectuar-se uma Unica colheita de sangue, que sera enviada
para o Laboratério de Oncobiologia e Hematologia da Faculdade de Medicina da Universidade
de Coimbra, onde serdo avaliados biomarcadores nociceptivos e polimorfismos genéticos
relacionados com a farmacocinética dos farmacos utilizados no tratamento da dor. A amostra
ficara guardada durante 5 anos, apds os quais serd destruida, de acordo com o protocolo de

atuagdo do Laboratério.
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2.2. Calendario das visitas/ Duracdo (exemplo)

Este estudo tem a duragao de 3 anos, sendo que serdo aproveitados todos os registos das visitas

da ECSCP de Gaia.

3. RISCOS E POTENCIAIS INCONVENIENTES PARA O DOENTE

A inclusdo dos doentes no estudo ndo acarreta nenhum risco nem inconveniente.

4. POTENCIAIS BENEFICIOS

Este estudo tem a vantagem de estudar a dor de forma individualizada e permitir um melhor
conhecimento da dor nos doentes com deméncia, de modo a melhorar o seu tratamento e evitar
efeitos adversos. Além disso, a informacdo que sera recolhida ird contribuir para uma melhor
informagao dos médicos de forma a melhorar os cuidados clinicos a prestar aos doentes com
situacGes de dor idénticas a sua ou a da pessoa pela qual é responsdvel pelas decisdes

relativamente a cuidados de saude.

7. SEGURANCA

A participacdo dos doentes neste estudo ndo acarreta nenhum risco.

8. PARTICIPACAO/ ABANDONO VOLUNTARIO

E inteiramente livre de aceitar ou recusar participar neste estudo. Pode retirar o seu
consentimento em qualquer altura sem qualquer consequéncia para si, sem precisar de explicar
as razoes, sem qualquer penalidade ou perda de beneficios e sem comprometer a sua relagdo
com o Investigador que lhe propde a participacdo neste estudo. Ser-lhe-a pedido para informar

o Investigador se decidir retirar o seu consentimento.

9. CONFIDENCIALIDADE

Os seus registos manter-se-do confidenciais e anonimizados de acordo com os regulamentos e
leis aplicaveis. Se os resultados deste estudo forem publicados a sua identidade manter-se-a

confidencial.
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Ao assinar este Consentimento Informado autoriza este acesso condicionado e restrito.

Ao assinar este termo de consentimento informado, permite que as suas informacdes médicas
neste estudo sejam verificadas, processadas e relatadas conforme for necessario para

finalidades cientificas legitimas.

11. CONTACTOS

Se tiver perguntas relativas aos seus direitos como participante deste estudo, deve contactar:
Presidente da Comissdo de Etica da FMUP,

Alameda Prof. Hernani Monteiro, 4200-319 Porto

Endereco electrdnico institucional (comissao.etica@chsj.min-saude.pt);

Telefone directo (225512126)

Se tiver questdes sobre este estudo deve contactar:
Hugo Alexandre da Cruz Ribeiro

hribeiroff@gmail.com

ECSCP Gaia / USF Bardo do Corvo
Rua Bardo do Corvo, n? 676, 4400-037 Vila Nova de Gaia

TELEFONE: 223747010
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CONSENTIMENTO INFORMADO

De acordo com a Declaracdo de Helsinquia da Associacdo Médica Mundial e suas

actualizagOes:

1. Declaro ter lido este formulario e aceito de forma voluntaria participar neste estudo.

2. Fui devidamente informado(a) da natureza, objectivos, riscos, duragao provavel

do estudo, bem como do que é esperado da minha parte.

3. Tive a oportunidade de fazer perguntas sobre o estudo e percebi as respostas e

as informacgdes que me foram dadas.

A qualquer momento posso fazer mais perguntas ao médico responsavel do
estudo. Durante o estudo e sempre que quiser, posso receber informacado sobre
o seu desenvolvimento. O médico responsavel dard toda a informacao
importante que surja durante o estudo que possa alterar a minha vontade de

continuar a participar.

4. Aceito que utilizem a informacado relativa a minha histdria clinica e os meus
tratamentos no estrito respeito do segredo médico e anonimato. Os meus dados
serao mantidos estritamente confidenciais. Autorizo a consulta dos meus dados
apenas por pessoas designadas pelo promotor e por representantes das

autoridades reguladoras.

5. Aceito seguir todas as instrugdes que me forem dadas durante o estudo. Aceito
em colaborar com o médico e informa-lo(a) imediatamente das alteracdes do
meu estado de saude e bem-estar e de todos os sintomas inesperados e nao

usuais que ocorram.

6. Autorizo o uso dos resultados do estudo para fins exclusivamente cientificos e,
em particular, aceito que esses resultados sejam divulgados as autoridades

sanitarias competentes.

7. Aceito que os dados gerados durante o estudo sejam informatizados pelo

promotor ou outrem por si designado.
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Eu posso exercer o meu direito de rectificacdo e/ ou oposicdo.

8. Tenho conhecimento que sou livre de desistir do estudo a qualquer momento,
sem ter de justificar a minha decisdo e sem comprometer a qualidade dos meus
cuidados médicos. Eu tenho conhecimento que o médico tem o direito de decidir
sobre a minha saida prematura do estudo e que me informara da causa da

mesma.

9. Fui informado que o estudo pode ser interrompido por decisdo do investigador,

do promotor ou das autoridades reguladoras.

Nome do Participante/Cuidador

Assinatura :

Data: / /

Confirmo que expliquei ao participante acima mencionado a natureza, os objectivos e

os potenciais riscos do Estudo acima mencionado.

Nome do

Investigador:

Assinatura:

Data: / /
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AUTORIZACOES PARA REPRODUCAO DOS ARTIGOS

(TODOS OS ARTIGOS FORAM PUBLICADOS EM OPEN ACCESS)

Kaitlyn Wu <kaitlyn wu@mdpi.com:

para IJMS, mim -
K inglés + > portugués ¥  Traduzir mensagem

Dear Dr. Ribeiro,

Thank you very much for your e-mail. [JMS5 is the open access, the
copyright of the article belongs to the author.

In case of any questions or any information you need, please feel free
to contact me. We look forward to hearing from you.

Kind regards,

Stay safe and healthy.
Best wishes,

Ms Kaitlyn \Wu
Managing Editor of [JM3
hitps:www.mdpi.com/fjournalfijms

2022 1UMS Impact Factor:- 5.6
66/285 (Q1) in the Category "Biochemistry & Molecular Biology”
52178 (Q2) in the Category "Chemistry, Multidisciplinary”
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Biomedicines

paramim «
X inglés v > portugués »  Traduzir mensagem

Dear Dr. Ribeiro,

Thanks for your email. As all our papers are fully open access and
distributed under the terms and conditions of the Creative Commons
Attribution License (CC BY), i.e., authors retain the copyright of their
own paper. You can re-use the materials under the conditions stated
here: https://creativecommons.orgllicenses/by/4.0/. Therefore, please
feel free to reuse, but cite the paper where you will reference.

We wish you all the best for your research.
Best wishes,

Ms. Eastern Zhuang
Managing Editor

Impact Factor 4.7 (Q1 in 'Pharmacelogy & Pharmacy’ category)
Submit here:

hitp:/fwww mdpi.com/user/manuscripts/upload/?journal=biomedicines
Editor's Choice:

hitps:/fwww mdpi.com/journal’biomedicines/editors_choice
Biomedicines 2024 Travel Award is open for application:

hitps/fwww mdpi.com/journal/biomedicines/awards

Hot Papers in the "Cell Biology and Pathology” Section:

hitps/fwww mdpi.com/journal/biomedicines/announcements/6386

MDPI

AuthorSupportGlobal (ELS) <AuthorSupport@elsevier.coms quarta, 1810, 22:09 (ha10 dias) ¢ €

para mim

Hp inglés + > portugués +  Traduzir mensagem Desativar para mensagens em: inglés x

Dear Dr. Ribeiro,
Thank you for your email.
With regards to your below query, please go at the below URL and view the guide on requesting permission to use Elsevier material

https-/iwww elsevier com/about/policies/copyright/permissions

The majority of Elsevier journals and many of our S&T book publications are available online on ScienceDirect enabling you to gain instant permission via Rightslink®

For questions about using the RightsLink service, please contact Customer Support via phone 877/622-5543 (toll free) or 978/777-9929, or email at;

customercare@copyright com -

| can also advise you to contact our Permissions department directly at:

https-/iservice elsevier com/app/contact/supporthub/permissions-helpdesk/

166



Hugo Ribeiro | Programa Doutoral em Cuidados Paliativos | Faculdade de Medicina da Universidade do Porto

Secretariado rpmgf
para mim -
Caro Dr. Hugo Ribeiro,

Mo seguimento do seu e-mail, informo que néo ha qualquer problema, tem autorizac&o para usar reproduzir o artigo na sua tese

Cumprimentos
Cristina Miguinhas
Secretariado
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