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RESUMO

O tratamento sistémico do cancer de mama é complexo e concorre com efeitos colaterais que podem
comprometer a qualidade de vida. Dentre efeitos prevalentes como nduseas e vOmitos, o
comprometimento da funcdo cognitiva, dor, alteracbes de humor e a qualidade do sono sdo
frequentemente prejudicados. Atualmente ndo existe terapéutica disponivel com a finalidade de
auxiliar como adjuvante profilatico na reducéo deste conjunto de sintomas sistémicos. Evidéncias
apontam a melatonina como um agente protetivo para os efeitos adversos dos quimioterdpicos. O
objetivo do estudo foi avaliar o efeito da melatonina em pacientes com cancer de mama submetidos
ao primeiro ciclo de quimioterapia nos seguintes desfechos: (i) Funcdo cognitiva relacionada a
flexibilidade mental, memadria episddica e atencdo; (ii) Relacdo da performace cognitiva e niveis
séricos de BDNF e TrkB; (iii) Sintomas depressivos; (iv) Qualidade de sono; (v) funcdo do sistema
modulador descendente da dor (DPMS), avaliado pela modulac&o da dor condicionada (CPM); (vi)
efeito no estado neuropléstico por meio dos niveis séricos de BDNF, TrkB e S100B. Neste ensaio
clinico randomizado, duplo-cego, controlado com placebo, foram incluidas 36 mulheres, com
diagnostico de cancer de mama e com indicacdo de quimioterapia adjuvante. Elas foram
randomizadas para receber 20 mg de melatonina diéria, ou placebo, antes de dormir, tendo inicio
trés dias antes do primeiro ciclo de quimioterapia e se mantendo até o sétimo dias apds a
quimioterapia. O efeito do tratamento foi avaliado por meio de mudancas (valores pds menos pré
tratamento) nos seguintes desfechos: Funcao cognitiva por meio do teste de trilhas partes A e B
(TMT-A-B), teste de aprendizagem auditivo-verbal de Rey (RAVLT), teste de associacdo
de palavras controladas (COWAT) e uma tarefa de acéo inibitdria do tipo Go / No-Go; a qualidade
sono, por meio do indice de Qualidade de Sono de Pittsburgh; os niveis de sintomas depressivos
por meio do Inventario de Depressao de Beck II; DPMS, limiar de dor ao calor (HPT), e tolerancia
a dor pelo calor (HPTO0), pelo teste sensorial quantitativo da dor (QST) e modulacdo da dor
condicionada (CPM). Os resultados desse estudo demonstraram que a melatonina melhorou fungéo
executiva no TMT-A-B, aumentou pontuagdo na memoria episodica (imediata e tardia) e o
reconhecimento no RAVLT e aumentou a fluéncia verbal no COWAT ortografico. TMT-A-B foram
negativamente correlacionados com os niveis basais de TrkB e BDNF, respectivamente. No final
do tratamento, as alteragdes no TrkB e BDNF foram inversamente associadas com sintomas
depressivos e qualidade do sono, mas ndo com 0 TMT-A-B. As altera¢des na NPS durante a tarefa
de CPM no grupo placebo e melatonina foram de [1,70 (1,45) vs. -1,35 (1,11), P <0,001; n*= 0,60],
respectivamente. A poténcia do DPMS aumentou em 43,5% no grupo melatonina e diminuiu em
93% no grupo placebo. A melatonina aumentou 0 HPT e a HPTo enquanto reduziu os niveis séricos
de BDNF, TrkB e proteina S100-B. De acordo com os resultados deste estudo, sugere-se que 0 uso
da melatonina pode contra-regular os efeitos adversos da quimioterapia adjuvante para cancer de
mama na fung&o cognitiva e do sistema somata-sensorial, com benéficios na qualidade de vida e
bem estar das pacientes durante o tratamento.

Palavras-chave: cancer de mama; quimioterapia adjuvante; cogni¢do; dor; depressao; distirbios do
sono; fator neurotréfico derivado do cérebro; receptor TrkB.

Registro dos estudos: WebGPPG 14-0701 e clinical trials.gov: NCT03205033.



ABSTRACT

The systemic treatment for breast cancer is complex and competes with side effects that may
compromise quality of life. Among the prevalent side effects include nausea and vomiting,
impairment of cognitive function, pain, mood changes and poor sleep quality. There is currently no
available therapy with prophylactic adjuvant action to reduce this set of systemic symptoms.
Evidence points to melatonin as a protective agent for the adverse effects of chemotherapy. This
randomized, double-blinded, placebo-controlled trial included 36 women with the diagnosis of
breast cancer and with a prescription for adjuvant chemotherapy. They were randomized to receive
20 mg of melatonin or placebo every night before bedtime, starting three days prior to their first
cycle of chemotherapy and continuing until the seventh day after. To evaluate the effect of
melatonin in breast cancer patients submitted to the first cycle of chemotherapy in the following
outcomes: (i) Cognitive function related to mental flexibility, work memory and attention; (ii)
Relation of cognitive performace and serum levels of BDNF and TrkB; (iii) Depressive symptoms;
(iv) Sleep quality; (v) Pain modulating system (DPMS) evaluated by 0-10 changes on the Numerical
Pain Scale (NPS) during the conditioned pain modulation test (CPM); (vi) Effect on the neuroplastic
state through the serum levels of BDNF, TrkB and S100B, and (vii) the effects of melatonin on pain
and if it’s relationship with the neuroplastic state is due to the impact on sleep quality. The treatment
effect was evaluated by means of changes (post-pre-treatment values) in the following outcomes:
Cognitive function by the Trail Making Test parts A and B (TMT-A-B), Rey's auditory-verbal
learning test (RAVLT), Controlled word association test (COWAT) and an inhibitory action task
type Go / No-Go; quality of sleep by the Pittsburgh Sleep Quality Index; levels of depressive
symptoms by the Depression Inventory of Beck II; DPMS, heat pain threshold (PTH), heat pain
tolerance (HPTo), and serum levels of BDNF, TrkB and S100B. Melatonin improved executive
function in TMT-A-B, increased scores of episodic memory (immediate and late) and recognition
in RAVLT, and increased verbal fluency in COWAT. TMT-A-B were negatively correlated with
the basal levels of TrkB and BDNF, respectively. At the end of treatment, changes in TrkB and
BDNF were inversely associated with depressive symptoms and sleep quality, but not with TMT -
A-B. Changes in NPS during the CPM task in placebo and melatonin groups were [1.70 (1.45) vs.
-1.35 (1.11), P <0.001; n? = 0.60], respectively. The power of DPMS increased by 43.5% in the
melatonin group and decreased by 93% in the placebo group. Melatonin increased HPT and HPTo
while reducing serum levels of BDNF, TrkB and S100-B protein. According to the results, it is
suggested that the use of melatonin may counteract the adverse effects of adjuvant chemotherapy
for breast cancer on cognitive and somato-sensory system function with benefits to quality of life
and well-being of patients during treatment.

Keywords: breast neoplasms, adjuvant chemotherapy, cognition, pain, depression, sleep disorders,
brain-derived neurotrophic factor (BDNF), TrkB receptor.



1 INTRODUCAO

O cancer de mama é a neoplasia mais prevalente e a maior causa de morte por cancer
em mulheres (GLOBOCAN, 2012). No Brasil, é 0 mais incidente em mulheres, principalmente
apos 0s 50 anos de idade (Cecilio et al., 2015). Segundo o Instituto Nacional do Céncer (INCA),
a expectativa de novos casos de cancer de mama no pais era de 57.960 para o ano de 2016. Mais
da metade dos casos de cancer de mama (51,3%) estimados para este ano ocorreu na regiao Sul,
sendo 5.210 novos casos no Rio Grande do Sul (130,99/100 mil), e, destes, 1.040 na capital
(INCA 2016). Apesar dos esforgos para melhorar o diagndstico e o tratamento, essa neoplasia
representa um dos principais desafios enfrentados pelo governo brasileiro (Celico et al., 2015).

O tratamento do cancer de mama envolve uma abordagem multidisciplinar e inclui
cirurgia (tumorectomia ou mastectomia), radioterapia e terapia sistémica (Kesson et al., 2012).
A quimioterapia é responsavel por grande parte da reducdo na mortalidade e resulta em uma
melhoria tanto na sobrevida livre de doenca como na sobrevida geral (EBCTCG, 2018). Porém,
os efeitos do cancer per se e do tratamento comprometem a qualidade de vida das pacientes
(Debess et al., 2009) e podem se manisfestar em diferentes dimensées. Os efeitos adversos
incluem nauseas e vomitos (Grunberg et al., 2004), fadiga (Bower et al., 2000), dor (Ripamonti
et al., 2012), disturbios do sono (Savard et al., 2001), prejuizo cognitivo (Wefel et al., 2004),
sintomas depressivos (Hansen et al, 2014). Sabe-se que estas manifestacbes devem-se a
processos complexos mediados pela desregulacao de varias cascatas de sinalizacdo ao nivel de
Sistema Nervoso Central (SNC). Embora tenha ocorrido avancgos terapéuticos com o objetivo
de atenuar estes efeitos, ainda existe a caréncia de intervengGes que possam prevenir ou
diminuir este conjunto de sintomas que, com frequéncia, dificultam o seguimento do
tratamento.

Dentre terapéuticas disponiveis e com evidéncia a partir de estudos experimentais
(Borin et al., 2016) e clinicos (Lissoni et al., 1999), existe a melatonina. Estudos in vitro e in
vivo demonstraram efeitos oncostaticos da melatonina em varios tipos de cancer (Goradel et al.,
2017), incluindo células de cancer de mama (Alvarez-Garcia et al., 2013; Yeh et al., 2017). A
melatonina possui  efeitos multifacetados que envolvem multiplos mecanismos
neuromodulatorios, avaliados por meio de diversas dimensdes de funcionamento, tais como o
efeito cronobiotico, que sincroniza o ritmo circadiano (Laste, et al., 2013), propriedades

imunomodulatérias (Najafi et al., 2017), coanalgésicas (Stefani et al., 2013; de Zanette et al.,
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2014), antidepressivas (Hansen et al., 2014) e cognitivas (Liet et al., 2015).

No contexto da quimioterapia, 0s sintomas neuropsiquiatricos e a dessincronizacdo do
ritmo sono-vigilia envolvem a acéo de citocinas pro-inflamatdrias e consequente alteracdo dos
fatores de crescimento neural, como o fator neurotréfico derivado do cérebro (BDNF) (Lévi,
2006). No contexto da dor e inflamacéo, a melatonina possui efeitos co-analgesicos por meio
de acdes em diversas vias neurobioldgicas, tais como a opioidérgica, GABA-érgica,
glutamatérgica, dentre outras. Parte do seu efeito analgésico esta relacionada a alteracGes
neuroplésticas, como sugerido pela reducdo dos niveis de BDNF no seu uso em condi¢des de
dor crénica, como na endometriose (Schwertner et al., 2013) e na fibromialagia (Zanette et al.,
2014).

O BDNF regula o crescimento e a sobrevida neuronal, e os niveis desta neurotrofina
estdo correlacionados de maneira direta com o estado de excitabilidade / inibi¢cdo do SNC,
conforme mensurado por meio de medidas de excitabilidade das vias de comunicacéo cortico-
espinhal através do potencial evocado motor (MEP) (da Silva et al., 2015) e da poténcia do
sistema inibitorio descendente de dor (Botelho, 2016). No processamento da memoria, 0 BDNF
é um mediador chave por meio de seus efeitos em diferentes niveis moleculares: regula canais
i6nicos, incluindo canais de Na * e K *; aumenta positivamente a expressdo dos receptores
AMPA, induzindo sua rapida translocacéo de superficie para aumentar a transmissao excitatdria
(Cunhacetal., 2010); também modula a transmissao excitatdria e inibitéria por meio da ativacao
dos receptores NMDA glutamatérgicos e dos receptores GABA inibitorios (Whitehead; Rose;
Jenner, 2004).

O receptor primario do BDNF, receptor tropomiosina quinase B (TrkB), tem sido
associado a metastase tumoral (Descamps et al., 2001, Blasco-Gutiérrez et al., 2007). A
expressdo excessiva de TrkB em pacientes com cancer de mama pode ser um marcador
preditivo de fraco prognostico clinicopatoldgico (Zhang et al., 2017). A expressdo da via
BDNF/TrkB ¢ frequentemente aumentada em pacientes com cancer de mama (Zhang et al.,
2010), e um estudo recente demonstrou que a regulacdo dessa via estaria associada com a

melhora do aprendizado e da memoria (Chen et al., 2017).

A melatonina é um hormonio indélico produzido principalmente pela glandula pineal,
distribuida de forma ubiqua, com diversas fungdes biologicas (Reiter et al., 2010). A maioria

das a¢Bes da melatonina ocorre pela ligacdo aos seus receptores acoplados a proteina G, MT1
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e MT2, que desencadeiam vias de sinalizacao celular (Hill et al., 2015). O declinio na producao
de melatonina com a idade contribui para a imunossenescéncia e potencial desenvolvimento de
doencas neoplésicas (Asayama et al., 2003). Em metanalise, Seely et al. (2012) incluiu 21
ensaios clinicos com pacientes de tumores sélidos. Nos ensaios que combinavam melatonina
com quimioterapia adjuvante, houve diminuicdo da mortalidade em um ano e melhora nos
resultados gerais. A melatonina pode beneficiar pacientes com cancer em quimioterapia e
radioterapia, melhorando a sobrevida e os efeitos colaterais da quimioterapia, como
demonstrado na metanélise de Wang (2012), que inclui oito ensaios clinicos randomizados,
com o uso de melatonina adjuvante a terapia empregada em pacientes com cancer de tumores
solidos. Os ensaios clinicos utilizaram a dose de 20 mg de melatonina demonstraram remissdo
do tumor, aumento da sobrevida de um ano e reducdo dos efeitos colaterais relacionados a

quimioterapia.

Diante dos potenciais beneficios da melatonina para contrarregular os efeitos adversos
da quimioterapia, neste estudo testou-se a hipdtese de que, em pacientes submetidas a
quimioterapia por cancer de mama, o uso de melatonina na dose de 20 mg/diéria, por via oral,
iniciado previamente a realizacdo da primeira sessdo de quimioterapia adjuvante em cancer de
mama e mantido por até sete dias ap0s, seria superior ao placebo, nos seguintes desfechos: (i)
funcdo cognitiva (flexibilidade mental, memoria de trabalho e atencdo) e sincronizadora do
ritmo circadiano (desfechos primarios); (ii) Qualidade de vida, sono, sintomas depressivos e
niveis séricos do BDNF e TrkB (desfechos secundarios).
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2 REVISAO SISTEMATICA DA LITERATURA

2.1 ESTRATEGIAS PARA LOCALIZAR E SELECIONAR AS INFORMACOES

Na revisao da literatura foram abordados fungéo cognitiva e tratamento com melatonina,
em pacientes submetidos a quimioterapia adjuvante para cancer de mama. Foi elaborada a
pergunta: Existe melhora no ritmo sono-vigilia e funcdo cognitiva em pacientes submetidos a
quimioterapia, tratados com melatonina? Utilizou-se a estratégia PICO — Populacdo: Pacientes
submetidos a quimioterapia adjuvante para cancer de mama, Intervencdo: Melatonina,
Comparacdo: Placebo e “Outcomes” (desfecho): Melhora da funcdo cognitiva e da percepcao
a dor. A estratégia de busca envolveu as seguintes bases de dados: MEDLINE
(PubMed), EMBASE e Lilacs, sem periodo delimitado. Foram realizadas buscas através dos
descritores [MeSH (MEDLINE/PubMed) e EMTREE (EMBASE)]: (1) Breast cancer; (2)
Chemotherapy; (3) Melatonin; (4) Cognition; e (5) Pain. Para acessar os marcadores
relacionados a plasticidade na quimioterapia por cancer de mama, foi realizada uma busca com
os descritores (6) Brain-Derived Neurotrophic Factor (BDNF); (7) TrkB receptor and (8); e
Protein S-100 B. A estratégia de busca envolveu as seguintes bases de dados: MEDLINE
(PubMed) e EMBASE, sem periodo delimitado. Foram realizadas buscas através dos
descritores [MeSH (MEDLINE/PubMed) e EMTREE (EMBASE)]. A seguinte pergunta foi
abordada: Ocorre modulagdo dos niveis séricos de BDNF e TrkB na quimioterapia adjuvante
por cancer de mama com uso concomintante de melatonina? A sintese da estratégia de busca
das referéncias bibliograficas usadas, com base nos aspectos que estruturam os objetivos do

estudo, esta listada na Tabela 1.

Tabela 1 — Estratégia de Busca de Referéncias Bibliograficas

Palavras-chave PubMed EMBASE  Lilacs
“Breast cancer” e “Chemotherapy” 34.518 69.564 115.359
“Breast cancer” e “Chemotherapy” € “Melatonin” 25 60 240
“Breast cancer” e “Chemotherapy” e “Cognition” 121 840 584
“Breast cancer” e “Chemotherapy” e “Pain” 374 6.077 3.070
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“Breast cancer” e “Chemotherapy” e “Melatonin” e “Cognition” 0 3 1
“Breast cancer” e “Chemotherapy” e “Melatonin” e “Pain” 0 14 5
“Breast cancer” e “Chemotherapy” e “BDNF” 1 31 31
“Breast cancer” e “Chemotherapy” e “TrkB receptor” 0 4 0
“Breast cancer” e “Chemotherapy” e “BDNF” e “TrkB receptor” 0 2 0
“Breast cancer” e “Chemotherapy” e “Protein S-100 B” 0 0 0
“Breast cancer” e “Chemotherapy” e “Melatonina” e “BDNF” 0 0 0
“Melatonin” e “Cognition” 115 2.480 302
“Melatonin” e “Pain” 171 1.937 483
“Melatonin” e “BDNF” 32 210 84
“Melatonin” e “Protein S-100 B” 4 0 19
“Melatonina” e “BDNF” e “TrkB receptor” 6 8 11
“Breast cancer” e “Chemotherapy” e “Melatonina” e “BDNF” e 0 0 0
“TrkB receptor”

“Breast cancer” e “Chemotherapy” e “Melatonina” e “Protein S- 0 0 0
100 B”

“Breast cancer” ¢ “Chemotherapy” e “Melatonina” e “Protein S- 0 0 0
100 B” ¢ “Pain”

“Breast cancer” e “Chemotherapy” e “Melatonina” “Cognition” 0 0 0
e “BDNF” ¢ “TrkB receptor”

“Breast cancer” e “Chemotherapy” e “Melatonina” e “Pain” e 0 0 0

“BDNF” e “TrkB receptor”

Fonte: da autora, 2019.
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2.2 CANCER DE MAMA

2.2.1 Epidemiologia

O céncer de mama é a neoplasia ndo cutdnea mais diagnosticada em todo o mundo,
incluindo paises de baixa e média renda (Ghoncheh et al., 2016). Prevé-se que, até 2020, o
cancer de mama seja diagnosticado em mais de 1,97 milhées de mulheres em todo o mundo, e
622 mil morrerdo desta doenca (GLOBOCAN, 2012). As taxas de incidéncia mais altas sdo na
América do Norte, na Australia / Nova Zelandia e no Oeste e Norte da Europa. As taxas mais
baixas sdo Asia e Africa (Torre et al., 2015). Essas diferencas internacionais provavelmente

estdo relacionadas a mudangas societarias, como resultado da industrializacéo.

De acordo com um relatério da Organizacdo Mundial da Saude (OMS), o aumento da
renda e as melhorias nos padrées de vida nos paises em desenvolvimento sdo acompanhados
por aumento na incidéncia de cancer de mama (WHO, 2013). Isso pode ser reflexo da vida mais
longa, maior exposicéo a fatores de risco, maior consumo de gordura, aumento de obesidade e
menores taxas de gravidez (Fitzmaurice et al., 2013; Rocha-Brischiliari et al., 2017). No Brasil,
€ 0 cancer que ocorre com maior incidéncia em mulheres, além de ser a maior causa de
mortalidade. Segundo o Instituto Nacional do Céancer (INCA), a taxa de incidéncia no pais €é
56,20/100 mil habitantes, sendo que a regido Sul tem as maiores taxas de incidéncia (74,30 /
100 mil), que aumenta para 90,20/100 mil no Rio Grande do Sul e 130,99/100 mil para a capital
deste estado (INCA, Estimativas para o0 ano de 2016).

Como resultado da disponibilidade de servigcos de detecgdo precoce em combinacéo
com o tratamento, as taxas de sobrevida de cancer de mama no Brasil melhoraram
acentuadamente nos Gltimos 10 anos (Allemani et al., 2015). No entanto, as desigualdades
persistem no acesso ao rastreio do cancer, que geralmente é associado com disparidades
geograficas e socioecondmicas (De Castro et al., 2013). Como néo existe um programa nacional
organizado de triagem de cancer de mama, as mulheres acessam 0s servigos de prevengao por
meio dos sistemas publicos ou privados (Marchi; Gurgel, 2010). Além disso, € importante
considerar que, no Brasil, a distribui¢do da incidéncia e da mortalidade por cancer de mama

pode variar de acordo com a regido, sendo maiores nas regides mais desenvolvidas (Sul e
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Sudeste) em comparacdo com as regides mais carentes (Norte, Nordeste e Central) (Figueiredo
etal., 2017).

2.2.2 Diagnostico e tratamento

Importantes avangos aconteceram no tratamento e na abordagem terapéutica do cancer
de mama nos ultimos anos. O tratamento cirdrgico é mais conservador, a radioterapia utiliza
doses de radiacdo mais altas e localizadas, e a quimioterapia passou a utilizar moléculas
especificas, como antagonistas hormonais (Xing et al., 2016), anticorpos monoclonais (Mendes
et al., 2017) e modalidades da terapia com drogas-alvo dirigidas (Nicolini et al., 2017). Apds o
diagnostico de cancer de mama, os desafios imediatos no manejo do paciente sdo a
determinacdo do prognostico e a identificacdo da terapia sistémica adjuvante mais apropriada.
O uso de quimioterapia apds a cirurgia é administrada com o objetivo de erradicar focos
microscopicos de células cancerigenas. No entanto, o tratamento esté associado a complicacoes
a curto e longo prazo para o sobrevivente de cancer de mama. Em geral, pacientes com cancer
de mama em estagio inicial sdo submetidos a cirurgia primaria (tumorectomia ou mastectomia)
aos seios mamarios e regionais com ou sem radioterapia (RT). Apds o tratamento local
definitivo, a terapia sistémica adjuvante pode ser oferecida com base nas caracteristicas
primarias do tumor, como tamanho, grau, numero de linfonodos envolvidos, status de
receptores de estrogénio (ER) e progesterona (PR) e expressdo do receptor do fator de
crescimento epidérmico humano (HER2).

Os compostos quimioterapicos sdo geralmente aplicados por infusdo intravenosa,
visando células com alta taxa de renovacdo. A quimioterapia é recomendada apds a cirurgia
(quimioterapia adjuvante). Os tratamentos mais utilizados ap6s a cirurgia séo radiacéo,
quimioterapia, terapia direcionada e terapia hormonal (Maughan et al., 2010).

A terapia neoadjuvante refere-se a tratamentos que sdo administrados antes da cirurgia.
O beneficio da quimioterapia neoadjuvante € que pode causar uma diminuigdo no tamanho do
tumor, facilitando a remocdo, com uma cirurgia menos invasiva (Mamounas, 2015). Além
disso, a administracdo de quimioterapia antes da remocdo do tumor, pode auxiliar o
monitoramento subsequente da doenca, pois, no caso de o primeiro coquetel de drogas nao

diminuir o tamanho do tumor, outros compostos podem ser considerados (Masood, 2016).
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2.2.2.1 Quimioterapia Adjuvante

A quimioterapia consiste em tratamento farmacol6gico, administrado por via
intravenosa ou oral, com a finalidade de matar as células cancerigenas. Geralmente s&o
empregados combinacdes de farmacos para tratar tumores mamarios em estagios iniciais da
carcinogénese, enquanto o cancer avancado € tratado com uma unica molécula quimioterapica
(Suter; Marcum, 2007). A quimioterapia é geralmente administrada em sessfes alternadas com
periodos de repouso, para permitir a recuperacdo do paciente e minimizar os efeitos colaterais
da terapia. Para pacientes com cancer de mama em estagio inicial, o tratamento baseia-se nas
caracteristicas do tumor, no estado do paciente e nas preferéncias dos pacientes. O tratamento
geralmente inclui quimioterapia combinada com diferentes agentes antineoplésicos. As
recomendag0des baseadas em evidéncias para o tratamento sdo fornecidas pelo guia do National

Comprehensive Cancer Network (NCCN) e estdo apresentados no Anexo 1.

2.2.2.1.1 Efeitos negativos associados a quimioterapia

Partridge e colaboradores (2001) caracterizaram a frequéncia e a gravidade dos efeitos
adversos agudos mais comuns na quimioterapia adjuvante para o cancer de mama, usando 0s
efeitos toxicos relatados em 12 experimentos que avaliaram a qualidade de vida. Os efeitos
agudos mais observados na andlise foram nauseas, vomitos, diarreia, estomatites, alopecia,
neutropenia, infeccdes, trombocitopenia, neuropatia e mialgias. Estes efeitos podem ser
observados ja no primeiro ciclo de quimioterapia e variam de intensidade conforme o tipo de
droga utilizada. Outros efeitos observados incluem dor (Wang et al., 2016; Eversley et al.,
2005), depressdo (Badger et al., 2005), distarbios do sono (Berger; Farr, 1999), alteracdes
cognitivas (McDonald et al., 2012) e disrup¢do do ritmo circadiano (Liu et al., 2013). Alguns
sintomas podem ser observados antes do terapia sistémica, em consequéncia da doenga, e

magnificados durante o tratamento.

2.2.2.1.1.1 Dor
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A dor é um sintoma prevalente entre as pacientes em tratamento e reduz, de maneira
significativa, a qualidade de vida (Eversley et al., 2005; Given et al., 2001). Vérias etiologias
para a dor pds-tratamento do cancer foram identificadas, incluindo dor pds-cirurgica,
neuropatias, mucosite, linfedema, metastase e neuralgias pos-herpética (Longman et al., 1999;
Shapiro; Recht, 2001). A sensibilizacdo central, presente em pacientes com dor, esta associada
ao aumento do campo receptivo e é consequéncia da lenta somacao temporal nos neurénios
dorsais da medula, por impulsos repetidos a partir dos nociceptores primarios (fibras C),
fendmeno também conhecido como somagdo temporal ou windup (Price, 2005). Cabe ressaltar
que a informacdo primaria transmitida pela via nociceptiva ascendente € modulada por varias
vias descendentes, as quais se originam de diferentes areas no cérebro, incluindo a substancia
cinzenta periaquedutal (PAG), o lécus cerdleos e o eixo hipotdlamo-pituitaria-adrenal (HPA)
(Abeles, 2007), ativando comportamentos reflexos e protetivos subsequentes e influenciando a
percepcao da dor (Price, 2005).

Além do controle inibitdrio, o processamento da dor pode ser facilitado por circuitos no
SNC. Esse processo contribui para o desenvolvimento da dor crénica ou persistente (Vanegas;
Schaible, 2004; Gebhart, 2004). Além disso, a dor anormal apds a lesdo esta ligada ao
aprimoramento neuronal envolvido na modulacdo da dor (Ren; Dubner, 2007). O aumento da
excitabilidade nos circuitos moduladores da dor é dindmico e envolve a ativacao de mediadores
quimicos, incluindo aminoécidos excitatorios e seus receptores, recrutamento de cascatas de
transducdo de sinalizacdo intracelular e mudancas sinapticas duradouras (Ren; Dubner, 2002).
A plasticidade dependente da atividade dos circuitos moduladores da dor é complementar aos
mecanismos de hiperexcitabilidade. Esse mecanismo é semelhante a plasticidade observada nas
sinapses do hipocampo envolvidas na potenciacao de longa duracéo (L TP, do inglés long-term
potenciation) e na depressdo de longa duracdo (LTD, do inglés long-term depression), que

parece imitar estados funcionais de aprendizagem e memoria (Malenka; Bear, 2004).

2.2.2.1.1.2 Declinio Cognitivo

O declinico cognitivo é comumente observado em pacientes com cancer de mama e tem
sido amplamente estudado desde o final da década de 1990 (Ganz, 1998). O termo amplamente
utilizado no inglés chemo brain ou brain fog descreve pacientes que experimentaram os efeitos

neurotdxicos da quimioterapia e apresentam comprometimento cognitivo na capacidade verbal,
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habilidade visuo-espacial, resolucdo de problemas, concentracdo e memdria (Selamat et al,
2014). Entre todos os pacientes submetidos a quimioterapia, 10-40% apresenta deficits
cognitivos. No entanto, a neurotoxicidade induzida por quimioterapia que leva a disfuncéo
cognitiva em pacientes com cancer tem sido questionada, uma vez que a disfungdo cognitiva
também foi encontrada em pacientes cujo tratamento sistémico ainda ndo havia comecado (Cox;
Reid-Arndt, 2012; Ahles et al ., 2008). Essa evidéncia é sustentada por Jansen e colaboradores
(2011), os quais demonstram que, antes da quimioterapia, 23% das mulheres com céancer de
mama apresentaram comprometimento cognitivo, no entanto, esse nimero aumentou para 52%

durante a quimioterapia.

Na maioria dos estudos, as queixas subjetivas sdo constituidas principalmente por
sintomas associados a depressao e ansiedade (Castellon et al., 2004; Ahles et al., 2002), embora
0 desempenho cognitivo também possa ser influenciado pela dor, insénia e fadiga (Asher,
2016). Em um estudo de Castellon et al. (2004), os dominios mais afetados, em pacientes com
cancer de mama, sao a memoria visual, a funcdo visuoespacial e a aprendizagem verbal, com
tamanhos de efeito moderado e grande, observados em comparagdes entre pacientes expostos
e ndo expostos ao tratamento adjuvante. Uma meta-analise realizada por Jim et al. (2012),
confirma que o periodo de pés-tratamento, com quimioterapia de dose padrdo, pode causar

déficits estatisticamente significativos na capacidade verbal e visuoespacial.

Os comprometimento cognitivo associado ao tratamento do cancer pode ter um efeito
dramaético sobre a qualidade de vida das pacientes. Dam e colaboradores (1998) demonstraram
que o risco de déficit cognitivo, nas pacientes que receberam quimioterapia em altas doses, foi
8,2 vezes maior do que o risco do grupo controle e 3,5 vezes maior do que no grupo de pacientes
que receberam quimioterapia em dose-padréo. Estudos de imagem cerebral comegaram a
fornecer mais informacdes sobre a biologia da funcéo cognitiva apos exposic¢des ao tratamento
do cancer. Em estudo prospectivo, controlado, em que foram aplicados teste de desempenho
neuropsicoldgico e ressonancia magnética antes e apds a quimioterapia, foram encontradas
mudancas na massa cinzenta associadas ao tratamento com quimioterapia, 0 que sugere uma
explicacdo fisiologica para o disturbio cognitivo (McDonald et al., 2012). Dois estudos de
imagem adicionais demonstraram que as pacientes com cancer de mama expostas a

quimioterapia relataram queixas cognitivas (memoria e funcdo executiva) que se alinhavam
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com os dominios de ensaio pertinentes (neuropsicolégicos), bem como com as regides cerebrais

anatdmicas associadas (Kesler, 2011).

2.2.2.1.1.3 Sintomas Depressivos

Sintomas depressivos sdo frequentemente observados em paciente com cancer de
mama. Depresséo ou ansiedade ocorrem em até 50% das mulheres com a doenca (Burgess et
al., 2005). Porém, a depressao é subdiagnosticada e subtratada em muitos pacientes (Fann et
al., 2008). Os sintomas depressivos tém efeitos adversos na qualidade de vida, podem afetar o
tratamento, reduzindo a aderéncia (Mausbach et al., 2015), e estdo associados a menor

satisfacdo do paciente (Bui et al., 2005), maior morbidade e mortalidade (Hjerl et al., 2002).

2.2.2.1.1.4 Disturbios do Sono

Disturbios no sono sdo uma queixa comum entre pacientes em tratamento adjuvante
para o cancer de mama. Os problemas relacionados ao sono tém um impacto negativo sobre as
funcbes fisioldgicas e psicoldgicas, incluindo funcdo imune (Savard et al., 1999), declinio
cognitivo (Caplette-Gingras et al., 2013), depressdo (Hsiao et al., 2013) e fadiga (Berger et al.,
2007), e também é um forte preditor de qualidade de vida (Rand et al., 2011).

Em uma metanalise de Costa et al. (2014), foi demonstrada uma tendéncia de distarbios
do sono em mulheres submetidas a quimioterapia, € quando comparado a radioterapia, a
quimioterapia também foi associada a maiores niveis de distdrbios do sono. Quando comparado
os diferentes tipos de quimioterapia, os regimes de doxorrubicina e FEC [fluorouracil (5-FU) +
epirrubicina + ciclofosfamida] sugerem maior prevaléncia de disturbios do sono. As mulheres
tratadas com agentes taxanos apresentaram menor prevaléncia de distdrbios do sono do que as

tratadas com quimioterapia sem agentes taxanos.

O tratamento adjuvante quimioterapico para cancer de mama tem varios efeitos
colaterais associados. O efeito cumulativo de agentes toxicos nas funcgdes corporais, 0 impacto
fisico de sintomas angustiantes (nduseas, vomitos, diarreias), alteracdo da imagem corporal e
hospitalizacdo, além de outras condi¢6es associadas, como dor, fadiga, depressdo, ansiedade e
estresse, que sdo fatores agravantes da qualidade de sono (Vena et al., 2004). A alta proporcao
de sintomatologia vasomotora, como ondas de calor e suores noturnos, como efeito colateral da
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interrupcao do ciclo mestrual induzido pela quimioterapia, é outro fator relevante para piora do
sono (Savard et al., 2009).

Para o diagnostico clinico, essas dificuldades séo tipicamente associadas a incapacidade
diurna, como fadiga ou sonoléncia excessiva pelo menos 3 vezes por semana, durante 30
minutos ou mais, durante pelo menos 1 més (Palesh et al., 2013). Quase 80% das mulheres
submetidas a quimioterapia para cancer de mama sofrerd sintomas de insbnia, e
aproximadamente metade atenderd critérios clinicos completos para insonia (Palesh et al.,
2010). Antes da cirurgia, 69% das mulheres com cancer de mama ndo metastatico relatou ter
sintomas de insbnia e, embora essas taxas tenham diminuido ao longo do tempo, 42% das

mulheres ainda estava com sintomas de ins6nia 18 meses apos a cirurgia (Savard et al., 2011).

Os disturbios e a privacdo de sono podem levar a supressdao da funcdo imune e
desequilibrio na producéo de citocinas, com predominio de citocinas tipo 1, incluindo citocinas
anticancerigenas, como a IL-2 e INFy, e citocinas estimuladoras de cancer tipo 2, como a IL-
10 (Dimitrov et al., 2004). Como parte do mecanismo humoral da regulacdo do sono, citocinas
como IL-1, IL-2 e TNFa pode induzir sintomas associados a distirbios do sono, como
sonoléncia, fadiga e déficit cognitivo (Jewett & Krueger, 2014). Sugere-se que os distarbios do
sono exercam influéncias estimulantes no cancer por alteracbes diretas no equilibrio de

citocinas e/ou pela ruptura circadiana da melatonina.

2.2.2.1.1.5 Disrupgéo do ritmo circadiano e cancer de mama

Evidéncias demonstram que pacientes oncoldgicos exibem uma disrup¢do do ritmo
sono-vigilia (Lévi et al., 2014; Parganiha et al., 2014) e o nivel de ruptura piora durante as
infusdes de quimioterapia (Lévi et al., 2010; Roscoe et al., 2002). Esse padrdo e também
observado em pacientes com cancer de mama durante a quimioterapia (Ancoli-Israel et al.,
2014; Cash et al., 2015; Hansen, 2006). Em estudo, Savard e colaboradores (2009) sugerem
que a primeira administracdo de quimioterapia esta associada a interrupcao transitoria do ritmo
sono-vigilia, enquanto a administracdo repetida resulta em pioras progressivas e mais
duradouras nos ritmos de atividade-repouso. Além da interrupg¢éo dos ritmos circadianos poder
acelerar a progressao da doenca (Escobar et al., 2011; Fu; Lee, 2003), é também sugerido que
0 desacoplamento dos sistemas circadianos e de sono-vigilia resulta em uma maior incidéncia

de patologias, como envelhecimento acelerado (Kondratova; Kondratov, 2012), sindrome
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metabolica (Garaulet; Madrid, 2010), deficiéncias afetivas e cognitivas (Cochrane; Robertson;
Coogan; 2012) e também maior incidéncia de cancer (Innominato et al., 2010). A disrupcéo
circadiana e a qualidade de vida s&o consideradas preditores importantes da sobrevida em
pacientes com cancer (Innominato et al., 2009; 2012).

Considerando os danos negativos associados a quimioterapia adjuvante e diante de
poucos recursos terapéuticos a fim de atenuar esses efeitos, emerge a melatonina, uma molécula
anticancerigena que demonstrou afetar as células malignas por multiplos mecanismos, porém,
ainda ndo foi demonstrado como ela atua em beneficio dos pacientes em tratamento

quimioterapico.

2.2.2.1.1.6 Sistema Circadiano no Cancer de Mama

A primeira hip6tese sobre uma possivel relagdo entre a fungdo pineal e a carcinogénese
mamaria foi publicada em 1978, por Cohen e colaboradores. Esta hipotese foi examinada em
varios estudos clinicos e experimentais. Os primeiros estudos clinicos demonstram uma
diminuicdo no pico plasmético noturno de melatonina em pacientes com cancer de mama ER
positivo (Tamarkin et al., 1982). Em mulheres cegas, 0 risco de cancer de mama era mais baixo
(Coleman; Reiter, 1992; Kliukiene et al., 2001), e foi demostrada uma correlacdo inversa entre
incidéncia de cancer de mama e grau de deficiéncia visual (Verkasalo et al., 1999). Em
individuos com deficiéncia visual, supbe-se que a supressdo total ou parcial da entrada de luz
resulte em niveis aumentados de melatonina circulante, que poderiam explicar a baixa
incidéncia de tumores. Algum tempo depois, foi demonstrado, em um estudo prospectivo de
casos e controles, em enfermeiros, que niveis mais altos de melatonina estavam associados a
um menor risco de cancer de mama (Schernhammer; Hankinson, 2005). E, ao contrario, foi
observada a maior incidéncia de cancer de mama entre as mulheres expostas a luz durante a
noite, como as que trabalham em turnos norturnos (Kheifets; Matkin, 1999). Esse aumento da
incidéncia de cancer de mama pode ser explicado pela sintese reduzida de melatonina sob essas
condi¢cdes ambientais. Em estudos experimentais, essa evidéncia ficou comprovada com o
aumento do crescimento de tumores mamarios em ratos expostos a luz de baixa intensidade
durante a escuriddo noturna, com subsequente reducdo da sintese e secrecdo de melatonina (Cos
et al., 2006).

Os estudos experimentais realizados com diferentes modelos animais de céncer de

mama e linhagens celulares confirmaram que a melatonina, in vivo, reduz a incidéncia e o
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crescimento de tumores mamarios induzidos quimicamente ou espontaneamente em roedores.
Enquanto que, in vitro, em concentracdes correspondentes aos niveis fisioldgicos no sangue
humano (1 nM), durante a noite, a melatonina inibe a proliferagdo, aumenta a expressao de p53
e reduz a invasividade das células de cancer de mama do tipo MCF-7 (Linhagem celular

responsiva ao estrogénio Blask) (Blask et al., 2002).

Figura 1 — Modelo biopsicossocial de dessincronizacdes circadianas e de sono na

oncogénese mamaria
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Fonte: Adaptado de Samuelsson et al., 2018.

O sistema circadiano € uma organizacao hierarquica de reldgios enddgenos e oscilantes
em todo o corpo que sdo regulados pelo ndcleo supraquiasmatico (SCN), localizado no
hipotalamo (Fuller et al., 2006). O SCN recebe sinal dos zeitgebers ou ZTs (do alemao, Zeit =
tempo; geber = dar), que séo pistas externas que sincronizam o sistema temporal endogeno. O
zeitgeber mais potente é a percepcao da luz por meio de células localizadas na retina (Altimus
et al., 2010). Por diversas projecGes, 0 SCN coordena inimeros processos autondmicos,
neuroendocrinos e reprodutivos, que estdo envolvidos na oncogénese mamaria (Kalsbeek;
Buijs, 2002). O SCN também esta envolvido no controle do sistema de hormonio liberador de
gonadotropina (GnRH) no hipotdlamo e, assim, comanda a atividade circadiana do
eixo hipotalamo-hipd6fise-gonadal (HHG) (Tonsfeldt; Chappell, 2012). Por conta da

diversidade de projecdes, a ruptura do SCN resulta na interrupcdo de numerosos sistemas
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coordenados, que é o argumento fundamental subjacente a hipotese de ruptura circadiana no
cancer de mama.

A melatonina foi o primeiro sinal anticancer identificado em seres humanos, que faz
conexdo entre o sistema circadiano e o cancer de mama (Blask, 2009). A liberagdo de
melatonina depende da glandula pineal e do SCN, e ocorre a noite pelo SCN (Pevet; Challet,
2011b, Shah et al., 1984). Rupturas no SCN, seja por meio de perturbacdes do sono e/ou

dessincronizagéo circadiana, podem alterar a liberagdo de melatonina (Figura 1).

2.3 MELATONINA

A melatonina (N-acetil-5-metoxitropamina) € uma indolamina, caracterizada e isolada
por Lerner hd mais de 50 anos (Lerner et al., 1959). Lerner e colaboradores (1960) definiram a
estrutura quimica e mostraram a acdo antagonista do hormonio estimulante dos alfa-
melandcitos (a-MSH). Logo apos, foi estabelecida a via biossintética da melatonina (Figura
2).

Figura 2 — Via Biossintética da Melatonina
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TRPH, do inglés, tryptophan hydroxylase; AAD, do inglés, aromatic amino acid decarboxylase; AANAT, do

oA

inglés, arylalkylamine N-acetyltransferase; HIOMT, do inglés, hydroxyindole-O-methyl transferase. Fonte:
Adaptado de Slominski et al., 2012.

2.3.1 Biossintese e Metabolismo

A sintese de melatonina € um processo de multiplas etapas que se inicia com a
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hidroxilacdo do aminoacido aromatico L-triptofano em 5-hidroxitriptofano, catalisado pela
enzima triptofano hidroxilase (TPH, EC 1.14.16.4). A 6-tetrahidropterina (6-BH4) é um co-
fator essencial para esta reacdo (Mclsaac; Page, 1959; Schallreuter et al., 1994). O 5-
Hidroxitriptofano é entdo convertido em serotonina (5-hidroxitriptamina) pelo aminoécido
aromatico descarboxilase (AAD, EC 4.1.1.28) (Lovenberg et al., 1962). A serotonina é
subsequentemente convertida em N-acetilserotonina pela enzima arilalquilamina N-
acetiltransferase (AANAT, EC 2.3.1.87) (Lovenberg et al., 1967). Por fim, ocorre a conversdo
de N-acetilserotonina em melatonina pela hidroxiindole-O-metil transferase (HIOMT, EC
2.1.1.4) (Weissbach, 1960).

Existem trés vias de degradacdo da melatonina: (1) a via hepatica, que gera 6-
hidroximelatonina (Reiter, 1991c); (2) a via inddlica, que produz acido 5-metoxindole acético
(5-MIAA) ou 5-metoxitroptofol (5-MTOL) (Grace et al., 1991); e (3) a via da quinurenina, que
produz N1-acetil-N2-formil-5-metoxicinuramina (AFMK) (Hardeland et al., 1993; Tan et al.,
2007). Na via hepatica classica, as enzimas CYP1Al, CYP1A2 e CYP1B1, do CYP P450, do
figado, metabolizam a melatonina em 6-hidroximelatonina (Ma et al., 2005). Este produto é
entdo conjugado com sulfato ou glucuronido e depois secretado na urina (Arendt, 1988). No
figado, a melatonina pode ser desmetilada em N-acetilserotonina pela CYP2C19 ou CYP1A
(Facciola et al., 2001).

A melatonina é sintetizada na glandula pineal (Reiter, 1991c). Quando entra na
circulacdo, atua como fator endocrino e mensageiro quimico de claro e escuro (marca-passo
circadiano) (Reiter, 1993). Ha evidéncias de que a melatonina também é produzida em varios
Orgdos extra-pineais, incluindo cérebro, retina, epitélio pigmentar da retina, trato
gastrointestinal, medula éssea, linfocitos e pele (Bubenik, 2002; Pandi-Perumal et al., 2008;
Slominski et al., 2008). Nesses 6rgdos, a melatonina pode sinalizar em modos autocrinos ou
paracrinos, incluindo a possibilidade de esses modos atuarem como receptores intracelulares
expressos pelas mesmas células que produzem as moléculas. Além disso, a melatonina
produzida localmente poderia proteger a célula de danos mediados por radicais livres
(Slominski et al., 2008).

2.3.2 Efeitos da melatonina

A melatonina é amplamente distribuida em plantas, organismos unicelulares, algas,
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bactérias, invertebrados e vertebrados (Stehle et al., 2011). Sua ampla distribui¢do permite que
ela desempenhe funcdes pleiotropicas. Nos vertebrados, a melatonina pode atuar em diversas
fungdes, como na regulagéo do ritmo circadiano (Bonmati-Carrion et al., 2014), na modificagao
da resposta neuronal (Tan et al., 2011), hormonal e inflamatéria (Reiter et al., 2000). Também
pode atuar nas funcdes imunes (Slominski, et al., 2012), gastrointestinais (Chojnacki et al.,
2011), cardiovasculares (Rodella et al., 2013), renais (Stacchiotti et al., 2014) e &sseas
(Slominski et al., 2014), além de como uma molécula oncostatica (Reiter et al., 2017) e anti-
envelhecimento (Jung-Hynes; Reiter; Ahmad; 2010). Muitas das a¢des da melatonina sdo
mediadas pela interacdo com receptores de membrana especificos, MT1 e MT2. Os exemplos
incluem a atividade anticonvulsivante e vasoconstritora, pela ativacao de receptores MT1, e
vasodilatacdo, via ativacdo de receptores MT2 (Masana et al., 2002). A melatonina também
mostrou ter um efeito protetor contra o infarto do miocérdio, limitagdo do ganho de peso e
inibicdo dos efeitos do estrogénio (Boutin et al., 2005; Tengattini et al., 2008).

A melatonina também pode atuar por mecanismos ndo mediados por receptor, por
exemplo, como eliminadora de espécies reativas de oxigénio e nitrogénio (Gomez-Moreno et
al., 2010). As espécies reativas com acdo da melatonina incluem: o radical hidroxila (HO),
peroxido de hidrogénio (H202), oxido nitrico (NO"), entre outros (Galano, 2011; Tan et al.,
2001). Tan e colaboradores (2001) descreveram a melatonina como “antioxidante suicida”, pela
capacidade de reagir com esses agentes e formar produtos ndo reciclados novamente a
melatonina. Além de ser um potente antioxidante, a melatonina também pode ativar enzimas
citoprotetoras (Rodriguez et al., 2004). Nas concentracdes fisiologicas e farmacoldgicas, a
melatonina atenua ou neutraliza o estresse oxidativo e regula o metabolismo celular (Korkmaz
et al., 2009; Slominski et al., 2008; Tan et al., 2007).

2.3.2.1 Sinalizacdo dos receptores MT1 e MT2 no cancer de mama

E sabido que os receptores de melatonina ligados & membrana estdo acoplados & proteina
G, no entanto, a melatonina também mostrou inibir a acdo do horménio estimulante de
melandcitos (MSH) e prevenir a formagdo de AMPc (Abe et al., 1969). Os receptores acoplados
a proteina G incluem dominios transmembranares helicoidais 7a e ativam vias de sinalizagao
da proteina G . O receptor MT1 é acoplado as subunidades de proteina Giz, Giz € Gq/11 (Brydon

et al., 1999). O receptor MT1 acoplado a proteina G; reduz os niveis de AMPc (Capsoni et al.,
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1994).

Os receptores de melatonina nos tecidos mamarios modulam a ligacdo ao receptor de
estrogénio (Danforth et al., 1983). O receptor MT1 é expresso em MCF-7 e MDA-MB-231
(linhagens celulares de cancer de mama humano) e nos tecidos de cancer de mama (Ram et al.,
2002; Rogelsperger et al., 2011). Nas células MCF-7, a melatonina inibiu reversivelmente a
proliferacdo e invasdo celular (Mao et al., 2010). Confirmado por imuno-histoquimica e
microscopia imunofluorescente, o sinal do receptor MT1 foi localizado em caveolina, uma
proteina da membrana plasmatica, por Lai e colaboradores (Lai et al., 2008, 2009). Existe uma
interferéncia entre o receptor MT1 e as vias dos receptores de estrogénio no cancer de mama.
Em células MCF-7A, a expressdao de MT1 foi infrarregulada por estradiol exdgeno e
melatonina. Além disso, a expressdao de MT1 é suprarregulada em células negativas dos
receptores de estrogénio (MDA-MB-231) e infrarregulada nas células positivas dos receptores
de estrogénio (MCF-7) (Girgert et al., 2009).

2.3.2.2 Receptores Nucleares

A melatonina também pode mediar suas acdes por meio do grupo ROR/RZR (receptores
retinoides orfaos / receptores retinoides Z) (Smirnov, 2001). As subfamilias que, de acordo com
alguns autores, ligam-se & melatonina incluem: RZRa, RORa, RORa2 ¢ RZRf (Becker-Andre
etal., 1994; Carrillo-Vico et al., 2005). Os grupos de receptores nucleares (NR) sdo distribuidos
de acordo com seu subtipo, sendo que o RZRp ¢ encontrado em tecidos neuronais, € 0 RZRa,
em tecido adiposo, pele, testiculos, cartilagem e figado (Smirnov, 2001). Ainda nédo foi
estabelecido como a melatonina interage na sinalizagcdo desses receptores, mas alguns
pesquisadores propdem que ocorreria ativagdo indireta por meio de receptores MT1 (Dai et al.,
2001; Ram et al., 2002).

A metade dos NR sdo os chamados receptores "6rfdos" porque a identidade do seu ligante,
se houver, é desconhecida. O termo "receptor” implica que deva existir um ligante fisiologico,
embora ndo haja consenso sobre isso ser verdade para todos 0s NR 6rfdos. Como a auséncia de
prova ndo € a prova de auséncia, é extremamente dificil demonstrar que um determinado NR
orfao realmente ndo tenha um ligante endogeno (Korkmaz et al., 2009). Dois exemplos
principais sdo 0s PPARs e RXRs, que foram descobertos como NR 6rfaos, mas que, agora, Sao

claramente considerados receptores (Lu et al., 2006).
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2.3.2.2.1 Receptores Nucleares no Cancer de Mama

Os NR, também chamados fatores de transcricdo dependente, desempenham um papel
essencial no desenvolvimento, na homeostase, na reproducao e na funcdo imune (Mangelsdorf
et al., 1995). Eles regulam a transcri¢cdo e podem ativar e inibir a expressdo génica (Glass;
Rosenfeld, 2000). Os NR incluem os fatores da transcricdo esteroidal, tais como o
glicocorticoide (GR), estrogénio (ER), receptor do hormonio da tireoide (TR), receptor do
figado X (LXR), receptor farnesoide X (FXR), receptor de vitamina D (VDR), receptor de acido
retinoide (RAR), receptores retinoides X (RXR) e receptores ativados por proliferadores de
peroxissoma (PPARs) (Lu et al., 2006; Benoit et al., 2006).

Considerando o envolvimento nuclear e epigenético do cancer de mama no contexto da
melatonina, € notavel que a atividade transcricional dos receptores ERa, GR e RAR, que estdo
envolvidos na regulacdo do crescimento celular do cancer de mama, sdo moduladas pela
melatonina (Schneider et al., 1999; Kiefer et al., 2005). No mesmo contexto, 0s agonistas de
PPARy inibem significativamente o crescimento do cancer de mama (Jarrar; Baranova, 2007),
e 0s agonistas de RXR potencializam os efeitos antiproliferativos e apoptéticos dos agonistas
de PPARYy (Crowe; Chandraratna, 2004).

2.3.2.2.1.1 Receptor Nuclear de Estrogénio e melatonina

O estrogénio desempenha um papel importante no desenvolvimento do cancer de mama,
atua em receptores nucleares de estrogénio (ER) e induz a expressao de genes estrogénio-
dependentes. Além disso, a exposicao prolongada ao estradiol (E2), que exerce efeito direto nas
celulas epiteliais ou por meio de células estromais, permite que as células propaguem mudangas
hereditérias, incluindo a metilacdo de DNA (Szyf et al., 2004). Assim, por mais de um século,
a supressao das acOes estrogénicas tem sido uma ferramenta terapéutica no tratamento do cancer
de mama. A melatonina neutraliza os efeitos do estradiol e xenoestrégenos na proliferacdo de
células de cancer de mama, na invasividade e atividade de telomerase (Leon-Blanco et al., 2003;
Martinez-Campa et al., 2006), aumenta a sensibilidade de células MCF-7 a outros anti-
estrogénios, como o tamoxifeno, e regula a expressdo de proteinas, fatores de crescimento e

proto-oncogenes regulados por estrogénios (Molis et al., 1995). A melatonina diminui a
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expressdao do ERa e inibe a ligagdo do complexo E2-ER ao elemento de resposta do estrogénio
no DNA (Molis et al., 1994; Rato et al., 1999). Esses efeitos dependem da ligacdo da
melatonina aos receptores especificos de membrana MT1, também encontrados no tecido
mamario humano, ambos normais e tumorais (Dillon et al., 2002).

A calmodulina (CaM) exerce acdo mediadora nas interacGes da melatonina (Garcia et al.,
2002). A melatonina atua como antagonista de calmodulina, induzindo alteracdes
conformacionais no complexo ERa-CaM, prejudicando a ligagédo do complexo E2-ERa-CaM
ao DNA e impedindo a transcrigéo de Era; enquanto que a transativacdo mediada por ERf} ndo
é inibida ou ativada, por isso ndo interage com a calmodulina. Curiosamente, a melatonina ndo
afeta a ligacdo de coativadores ao ERa, indicando que a agdo da melatonina ¢ diferente da dos
anti-estrogénios atuais utilizados na terapia do cancer de mama (del Rio et al., 2004).

A perda de expressdo do ER indica um mau progndstico para um numero significativo de
pacientes com cancer de mama (Giacinti et al., 2006). Aproximadamente um terco dos tipos
de cancer de mama nédo expressam ERa. Estes tumores apresentam uma maior agressividade e
ndo respondem a terapia enddcrina com estrogénios (Korkmaz et al., 2009). A perda da
expressdo de estrogénio é resultado da hipermetilacéo das ilhas de dinucleotideo CpG no ERa
promotor (Giacinti et al., 2006). Alguns estudos demonstraram que o p53 suprarregula a
expressdo de genes, e ERa ¢ pRb2/p130 também tém um papel importante na regulacdo
transcricional dos promotores do ERa (Macaluso et al., 2003; Martin et al., 2004). Esses
achados sugerem que tanto p53 como pRb2/p130 podem ser alvos para o desenvolvimento de
novas estratégias terapéuticas no tratamento de cancer de mama ER-negativo, ao restabelecer a
expressao de ER (Giacinti et al., 2006).

2.3.5 Efeitos da melatonina na secrecéo de citocinas

A melatonina exerce seu efeito modulador no céncer controlando a produgédo e a
secrecdo de varias citocinas. Essas citocinas sdo produzidas por células do cancer de mama e
regulam a diferenciacéo dos fibroblastos localizados nas proximidades das células epiteliais
malignas (Martinez-Campa et al., 2017). Demonstrou-se que as citocinas produzidas por células
cancerigenas estimulam a expressao e atividade da aromatase nesses fibroblastos e nas células
endoteliais proximais (Alvarez-Garcia et al., 2012, 2013). O fator de crescimento vascular

endotelial (VEGF) é um fator de crescimento essencial na angiogénese. Ele é produzido e
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secretado por células epiteliais malignas e € responsavel pelo reconhecimento dos seus
receptores localizados na superficie celular das células endoteliais. A ligacdo do VEGF ao seu
receptor desencadeia uma cascata de eventos intracelulares que estimulam as células endoteliais
a proliferacdo e migracdo (Zarychta et al, 2019; Gingis-Velitski et al., 2004).

A melatonina é capaz de regular os mecanismos paracrinos que conectam as células
epiteliais tumorais e as células endoteliais circundantes (Martinez-Campa et al., 2017). Um dos
principais resultados no tratamento com melatonina é a reducéo na expressdo do VEGF em
celulas de céncer de mama ER-positivo. Os niveis reduzidos de estrogénio e a menor
capacidade de formacdo de novos vasos, como resultado da presenca de melatonina, diminuem

a capacidade tumoral de se espalhar e crescer (Alvarez-Garcia et al., 2013).

2.3.6 BDNF / TrkB no Céancer de Mama

Entre todas as neurotrofinas, o fator neurotrofico derivado do cérebro (BDNF) se
destaca pelo alto nivel de expressdo no cerébro e seus potentes efeitos nas sinapses. Esses
efeitos provém de complexas cascatas de sinalizacao e por efeitos em receptores distintos, como
o TrkB (Figura 3).

A ativacdo de TrkB pelo BDNF pode promover mecanismos de resisténcia a
quimioterapia. BDNF e TrkB séo preferencialmente expressos em tumores agressivos e o
aumento da sinalizagdo BDNF/TrkB em células de neuroblastoma pode representar um sistema
autocrino para promover o crescimento, invasao e metastase do tumor (Roesler et al., 2011). O
TrkB, quando ativado pelo BDNF, pode induzir a fosforilacdo de Pyk2 em Tyr402, o que leva
a ativacdo ERK e promove invasdo celular (Zhang et al., 2010).

Evidéncias recentes enfatizaram a importancia da via de sinalizagdo BDNF/TrkB na
regulacdo da carcinogénese e metastase (Figura 4) (Lawn et al., 2015). Além disso,
demonstrou-se que a expressao aumentada de BDNF e TrkB é um preditor de desfecho clinico
adverso e pior sobrevida em pacientes com cancer de mama (Tajbakhsh et al., 2017). A
sinalizacdo BDNF/TrkB desempenha um papel importante na metastase tumoral e ¢é
reconhecida como um alvo terapéutico no tratamento do céncer de mama, porém, 0S

mecanismos envolvidos ainda ndo estao claros.
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Figura 3 — Via de sinalizacdo BDNF/TrkB
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Fonte: Adaptado de Alam et al., 2016.

A expressdo de BDNF é maior em amostras de cancer de mama em comparagdo com
tecido normal, e niveis elevados de BDNF foram significativamente associados a parametros
patoldgicos desfavoraveis e desfechos clinicos adversos, incluindo pior progndstico e morte por
cancer de mama (Patani et al., 2011). O BDNF induz resisténcia a apoptose em células de cancer
de mama (Vanhecke et al., 2011), e o bloqueio de BDNF reduz o crescimento tumoral (Huang
et al., 2010).

Alguns estudos sugerem que o tratamento com melatonina, em condigdes dolorosas,
podem reduzir os niveis séricos de BDNF (Schwertner et al., 2013; de Zanette et al., 2014).
Considerando as possiveis a¢fes da melatonina na regulacdo de BDNF, uma associagdo entre
declinio cognitivo e supraexpressao da via BDNF/TrkB tem sido especulada. Os mecanismos

envolvidos no cancer de mama e o envolvimento da melatonina em Vvarios desses processos,
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apontam como sendo uma molécula promissora para atenuar os efeitos negativos da

quimioterapia no cancer de mama.

Figura 4 — Sinalizagcdo BDNF / TrkB no desenvolvimento de cancer de mama
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lustracdo esquematica de varios fatores que influenciam a sinalizagdo BDNF/TrkB, que consequentemente

levam ao cancer de mama. Fonte: Adaptado de Tajbakhsh et al., 2017.

2.3.7 Efeitos da melatonina na qualidade de sono e regulagdo do ritmo

Os distarbios do sono sdo comuns em pacientes de cancer de mama (Fiorentino; Ancoli-
Israel, 2006). A melatonina foi amplamente avaliada como tratamento para jet lag e insbnia
(Buscemi, 2006; Herxheimer; Petrie, 2002). O tempo do ciclo sono-vigilia, que ¢é
adequadamente sincronizado com a noite, na maioria dos individuos (Roenneberg; Merrow,
2007), é regulado pelo sistema de tempo circadiano. A Classificacdo Internacional de Distarbios
do Sono (2014) define os distdrbios do sono-vigilia do ritmo circadiano como padrdes
persistentes ou recorrentes de distirbios do sono por conta, principalmente, das seguintes
possibilidades: alteragdes do sistema de ritmo circadiano ou desalinhamento entre o ritmo
circadiano enddgeno; e fatores exdgenos que afetam o tempo ou a duragdo de sono. Os
disturbios de sono relacionados ao ritmo circadiano levam & insdnia, sonoléncia diurna

excessiva, ou ambos.
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A melatonina, comercializada como suplemento alimentar dietético nos Estados
Unidos, esta disponivel em formulagdes e doses variadas. Porem, como suplemento dietético,
néo foi avaliado ou aprovado pela Food and Drug Administration (FDA) para prevenir ou tratar
qualquer doenga ou condi¢do. Com base na revisao da literatura disponivel, as diretrizes clinicas
da American Academy of Sleep Medicine (AASM) determinaram uma série de recomendacdes
para 0 uso de melatonina em disturbios do sono (Auger et al., 2015). E importante levar em
consideracdo a variabilidade substancial em poténcia, pureza, dissolucdo e seguranga entre
diferentes marcas de melatonina comercializadas. J& em estudos clinicos, geralmente, é
utilizada uma composicdo de melatonina com declaracdo de pureza comprovada, concedida
pelo fornecedor, 0 que se aplica ao presente estudo. O desenvolvimento farmacéutico dos
agonistas dos receptores de melatonina produziu uma colec¢do de compostos que, em virtude do
processo de aprovacdo, possuem o beneficio de perfis farmacoldgicos bem caracterizados e
com dados de seguranca. Dois desses compostos, ramelteona e tasimelteona, sdo aprovados
pela FDA e disponiveis comercialmente nos Estados Unidos, e dois compostos - melatonina de
liberagéo prolongada e tasimelteona - séo aprovados pela Agéncia Europeia de Medicamentos
e estdo comercialmente disponiveis na Europa. No Brasil, a ramelteona foi aprovada para a
comercializacdo no Brasil em junho de 2017, pela ANVISA, e ¢ indicada para o tratamento de
insOnia, com acdo agonista de receptores MT1 e MT2.

O beneficio da melatonina, para reduzir distdrbios do sono, foi demonstrado em uma
meta-analise que investigou a laténcia, a qualidade geral e o tempo total de sono em pacientes
com distarbios do sono primario (Ferracioli-Oda; Qawasmi; Bloch; 2013). A anélise incluiu 19
estudos aleatorizados controlados com placebo (n = 1683), no quais 0s pacientes receberam
melatonina em doses que variaram de 0.1 mg - 5 mg e 0.05 mg/kg — 0.15 mg/kg. A melatonina
reduziu a laténcia, melhorou a qualidade geral e aumentou o tempo de sono. Mais tarde, um
estudo conduzido com pacientes com cancer de mama, submetidos a cirurgia oncoldgica, o
tratamento com melatonina 6 mg aumentou a eficiéncia do sono e o tempo de total de sono
(Hansen et al., 2014).

Dessa forma, destaca-se a importancia de estudos que avaliem o potencial efeito da
melatonina como sincronizadora do ritmo sono-vigilia, na reducéo de distarbios do sono em
diferentes tipos de doenga e em tratamentos que causam a disrupgdo circadiana com

consequentes efeitos na qualidade do sono, como na quimioterapia para cancer de mama.
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2.3.8 Efeitos da melatonina na funcgédo cognitiva

Além dos potenciais efeitos benéficos da melatonina nos disturbios do sono, tem sido
considerado que a melatonina pode ser benéfica para a cognicéo. Porém, ndo foi encontrado na
literatura nenhum estudo que avaliou o tratamento com melatonina na cogni¢cdo em pacientes
submetidos a quimioterapia para cancer de mama. Apenas um estudo (Hansen et al., 2014)
avaliou funcdo cognitiva no tratamento com melatonina oral 6 mg, em pacientes com cancer de
mama submetidos a cirurgia oncologica, porém, ndo foram encontrados resultados
significativos.

O sono perturbado e a funcdo cognitiva podem surgir em torno do tempo do diagndstico,
do tempo de cirurgia, no curso ou apds a terapia adjuvante (Bower et al., 2008), tornando a
etiologia dificil de estabelecer diante de tantos fatores que podem contribuir para o
desenvolvimento. A disfuncdo cognitiva pos-operatdria tipicamente apresenta prejuizo de
memoria ou concentracdo a curto prazo (Krenk; Rasmussen; Kehlet; 2010). E sabido que a
fragmentacéo e a perda geral do sono podem ter consequéncias cognitivas negativas (Walker,
2008; Durmer; Dinges, 2005). Foi demonstrado que os distarbios do sono podem surgir no p6s-
operatorio, apés a cirurgia de cancer de mama (Hansen et al., 2013) e podem persistir por meses
ou até mesmo anos (Savard et al., 2001).

Alguns estudos mostraram que a melatonina pode influenciar a cognicéo positivamente
em homens saudaveis expostos a um teste de estresse e em adultos com comprometimento
cognitivo leve (Furio et al., 2007; Rimmele et al., 2009). Portanto, pode-se considerar que a
melatonina teria um efeito benéfico sobre a funcdo cognitiva em pacientes submetidos a

quimioterapia para cancer de mama.

2.3.9 Efeitos da melatonina na modulagéo da dor

Evidéncias demonstram que a elevacdo endogena da melatonina melhora a tolerancia a
dor, e a variacdo diurna da toleréncia a dor pode ser atribuida a variacdo de melatonina (Aviram
et al.,, 2015). O BDNF é um importante mediador e um modulador central da dor (Pezet;
McMahon, 2006; Ren; Dubner, 2007; Guo et al., 2006). Na dor neuropatica, a liberacdo de
BDNF foi observada na medula espinal e esta relacionada a dor crénica (Ulmann et al., 2008).

Outro estudo demonstrou que o BDNF contribuiu para a hiperpatia por meio da inibicéo pré-
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sinaptica GABAEérgica (Chen et al., 2014). Em pacientes com sindrome do intestino irritavel, o
aumento da expressdo de BDNF foi correlacionado com hiperalgesia visceral e aumento da dor
abdominal (Yu et al., 2012). Os mecanismos para essas observagdes podem estar envolvidos
na elevacdo da expressdo de BDNF e do seu receptor TrkB (Yu et al., 2012). O BDNF € um
importante regulador da dor, e 0s mecanismos antinociceptivos da melatonina podem ser
atribuidos a diminuicéo dos niveis de BDNF (de Zanette et al., 2014).

Um estudo randomizado, duplo-cego, controlado com placebo, conduzido pelo grupo
de pesquisa de Dor e Neuromodulagdo do HCPA, investigou o efeito analgésico da melatonina
exogena em humanos (Stefani et al., 2013). O estudo incluiu 60 voluntarios saudaveis e
empregou testes sensoriais quantitativos (QST) para medir limiar/tolerancia de dor a presséao e
limiar/tolerancia de dor ao calor. Melatonina sublingual (0,05 mg/kg; 0,15 mg/kg; 0,25 mg /
kg) ou placebo foram administrados 30 min antes dos testes. As varidveis do QST foram
significativamente aumentadas de acordo com a dose de melatonina exdgena. Além disso, a
melatonina e os niveis plasmaticos correlacionaram-se aos efeitos analgésicos. Da mesma
forma, em outro estudo randomizado controlado com placebo, incluindo 33 pacientes, indicadas
para histerectomia, foi administrado 5 mg de melatonina oral antes da cirurgia (Caumo et al.,
2007). A melatonina reduziu o consumo de analgésicos pds-operatorio e reduziu a intensidade
da dor no p6s-operatério em comparacao com o placebo.

Estes achados sugerem que a melatonina produz efeitos analgésicos clinicamente
relevantes, bem como destacam a importancia de estudos que avaliem as propriedades

analgésicas da melatonina em diferentes condic6es patoldgicas.

2.3.10 Efeitos da melatonina na depressao

A melatonina exdgena demonstrou acdes antidepressivas em modelos animais
(Detanico et al., 2009). Em estudos clinicos, a melatonina diminuiu significativamente a
incidéncia de sintomas depressivos em pacientes com cancer de mama submetidos a cirurgia
oncologica (Hansen et al., 2014), provavelmente por seu efeito na regulacéo circadiana central
(Srinivasan et al., 2009) e melhora da funcdo cognitiva (Furio et al., 2007). Foi demonstrado
que a depressao € um fator de risco para 0 ndo cumprimento do tratamento médico, as chances
de que os pacientes deprimidos ndo cumprirdo as recomendacdes de tratamento médico s&o trés

vezes maiores (DiMatteo; Lepper; Croghan; 2000). Especificamente em pacientes com cancer
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de mama, demonstrou-se que a depressao representa um fator crucial para a aceitacdo de
quimioterapia adjuvante (Colleoni et al., 2000). A Figura 5 mostra a complexidade da relacédo

entre o cancer de mama e a depressdo, e 0s possiveis alvos da melatonina.

Figura 5 — Relagdo entre cancer de mama e depressao
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Fonte: Adaptado de Hansen et al., 2014.

Apds a cirurgia oncologica, a secrecdo de melatonina pode estar agudamente perturbada
(Ram et al., 2005), com um atraso na secrecdo e amplitude reduzida (Kérkela et al., 2002;
Gogenur et al., 2007). Os pacientes deprimidos tambem podem apresentar distdrbios tanto na
amplitude quanto na forma do ritmo de secre¢do de melatonina (Srinivasan et al., 2009). Além
disso, observou-se que 0s niveis séricos de melatonina diminuem com a idade (Toffol et al.,
2013) e estdo significativamente diminuidos em pacientes com cancer de mama (Toffol et al.,
2014). Considerando os baixos niveis de melatonina em pacientes com cancer de mama e que
os efeitos antidepressivos da melatonina podem estar associados a baixa melatonina enddgena,

0 uso adjuvante na quimioterapia para cancer de mama € promissor.
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2.3.11 Possiveis efeitos adversos do tratamento com melatonina

Na revisdo sistemética de Mills et al. (2005), observa-se que a melatonina tem sido
amplamente avaliada em pacientes com cancer e ndo parece ter nenhum efeito adverso
significativo em uma ampla gama de doses e periodos de uso. Um estudo mais recente,
randomizado, duplo-cego, controlado com placebo, em pacientes com cancer de mama,
submetidos a cirurgia oncologica, demonstrou que os efeitos secundarios mais comuns,
encontrados no grupo da melatonina, foram tonturas (14%), dor de cabeca (10%) e parestesia
na regido da boca, bracos ou pernas (10%). No grupo placebo, foi relatado dor de cabeca (27%),
dificuldade em adormecer (13%) e nauseas (13%). Dos pacientes do grupo da melatonina, 56%
(15/27) experimentou pelo menos um efeito colateral, enquanto que isso se aplicou a 50%
(12/24) no grupo placebo (P = 0,78) (Hansen et al., 2014). Assim, pode-se concluir que a

melatonina ndo parece ter nenhum efeito adverso significativo.
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3 OBJETIVOS

3.1 OBJETIVO GERAL

Este estudo avaliou as respostas da melatonina como adjuvante ao primeiro ciclo de
quimioterapia na fungédo cognitiva e do sistema soma-sensorial, assim como seus efeitos nos
marcadores de neuroplasticidade (BDNF, TrKB e proteina S100B) em mulheres submetidas

ao primeiro ciclo de quimioterapia por cancer de mama.

3.2 OBJETIVOS ESPECIFICOS

Este estudo avaliou o efeito de 20mg/dia de melatonina, por via oral, comparados ao
placebo, ambos iniciados trés dias prévios ao primeiro ciclo de quimioterapia, e continuos por
sete dias apds, em pacientes com cancer de mama, para responder as seguintes questdes,
hipotetizando que fosse superior ao placebo, para melhorar os aspectos mensurados por meio
dos seguintes desfechos:

Q) Funcéo cognitiva relacionada a flexibilidade mental, memoria de trabalho e
atencéo;

(i) Relacdo da performance cognitiva e niveis séricos de BDNF e TrkB;

(iii) ~ Limiar de dor e funcdo do sistema modulador descendente da dor;

(iv)  Efeito nos processos de plasticidade avaliados por meio dos niveis séricos do
BDNF, TrkB e S100B;

(V) Sintomas depressivos;
(vi)  Qualidade de sono.
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4 MAPA CONCEITURAL

Figura 6 — Mapa conceitual
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Abstract

This randomized, double-blinded, placebo-controlled trial tested the hypothesis that 20
mg of melatonin before and during the first cycle of adjuvant chemotherapy for breast cancer
(ACBC) reduced the neurotoxicity associated with the chemotherapy. We evaluated the effects
of melatonin on cognition, depressive symptoms and sleep quality, and if these effects were
related to serum levels of Brain Derived Neurotrophic Factor (BDNF) and its receptor
tropomyosin kinase B (TrkB). Thirty-six women were randomly assigned to receive melatonin
or placebo for 10 days. To evaluate cognitive performance, we used the Trail-Making-Test A-
B, Rey Auditory-Verbal Learning Test (RAVLT), Controlled Oral Word Association Test
(COWAT) and an inhibitory task type Go / No-Go. Our results revealed that melatonin
improved executive function on TMT-A-B, enhanced episodic memory (immediate and
delayed) and recognition on RAVLT, and increased verbal fluency in the orthographic
COWAT. TMT-A-B were negatively correlated with baseline levels of TrkB and BDNF,
respectively. At the end of treatment, changes in TrkB and BDNF were inversely associated
with depressive symptoms and sleep quality, but not with TMT-A-B. These results suggest a
neuroprotective effect of melatonin to counteract the adverse effects of ACBC on cognitive

function, sleep quantity and depressive symptoms.

Key words: breast cancer, chemotherapy, melatonin, cognition, Brain-Derived Neurotrophic

Factor, Tropomyosin Receptor Kinase B, depression, sleep quality.
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Introduction

Cognitive impairment in patients receiving chemotherapy for breast cancer can manifest
with acute and/or delayed complications™?. According to Jansen et al.3, 23% of women with
breast cancer had experienced cognitive impairment before chemotherapy. However, this
increased to 52% during chemotherapy®. The most impacted domains in breast cancer patients
are related to visual memory, visuospatial function and verbal learning, with a moderate to large
size effect*®. The neurotoxicity associated with chemotherapy for breast cancer is also
substantiated by the persistent cognitive deficits related to volume reduction in the hippocampal
gray matter one year after treatment completion®. Also, there is evidence that the reduction in
hippocampal volume is associated with a decrease in cognitive function in patients with major
depression’. The mechanisms underpinning these symptoms need to be further investigated.

Current evidence points to a central role of inflammatory cascades activated by cancer
or chemotherapy on disruptive cognitive and behavioral changes®. According to pre-clinical
studies, these effects involve an interplay between neuro-inflammation and neuroplasticity
states, especially on neurogenesis processes mediated by Brain-Derived Neurotrophic Factor
(BDNF)®. This neurotrophic factor is essential to long-term potentiation, learning and
memory?, also it serves as a critical regulator of synaptic plasticity, neuronal survival and
neurogenesis*!. In fact, BDNF expression in the brain activates many biological functions via
cell surface tropomyosin receptor kinase B (TrkB). Also, the BDNF / TrkB signaling pathway
may act as a regulator of carcinogenesis and metastasis'? and its overexpression may predict a
poor clinical outcome and a worse prognosis in patients with breast cancer®2.

Among multiple mechanisms involving neuroplasticity processes and neurotoxicity
effects, salient candidates are the pro-inflammatory cytokines. They mediate neuro-

inflammatory processes that disrupt the blood-brain barrier with consequent neuronal
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dysfunction and activation of astrocyte activity, myotoxicity and eventual apoptosisi.
Increased serum levels of IL-6 and TNF-alfa were found in breast cancer survivors treated with
chemotherapy. This finding was correlated with persistent changes in hippocampal structural®®
and reduction in verbal memory processing during chemotherapy infusions®. A gap persists in
understanding the mechanisms involved in cognitive dysfunction, depressive symptoms and
poor sleep quality in breast cancer patients and during the adjuvant chemotherapy for breast
cancer (ACBC). In the same way, there is limited evidence regarding neuroprotective
treatments to counteract the neurotoxic effects on neuroplasticity processes involving cognitive
and emotional dysfunctions.

According to several studies, exogenous melatonin has demonstrated a positive
influence on depressive symptoms and sleep quality in breast cancer patients’~1° however, its
neuroprotective effect to contra-regulate the neurotoxicity induced by ACBC on cognitive
function needs more exploration. All together, we hypothesize a central mechanism of ACBC
involved in the dysfunction of neural plasticity and that melatonin has neuroprotective qualities.
Thus, we evaluated the effect of melatonin prior to the first cycle and during ACBC on cognitive
function related to mental flexibility, episodic memory (immediate and delayed), verbal fluency
and inhibitory control, and if patient performance is related to baseline the neuroplasticity state
assessed by BDNF and TrkB. Also, we evaluated the effect of melatonin on mental flexibility
along with the changes on pre- and post-treatment assessed by the delta-value (A) of the Trail
Making Test (A-TMT-A-B (primary outcome), A-sleep quality and A-depressive symptoms and

its relationship with A-BDNF and A-TrkB.
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Results
Socio-demographic and clinical characteristics, blinding and side effects

We selected one hundred and ten women for eligibility, and we excluded 74 of them
because they did not meet the inclusion criteria. The sample comprised of 36 women scheduled
for adjuvant chemotherapy. The characteristics of the participants is presented in Table 1.
Randomization produced balance groups for most of the characteristics, except in years of
school.

In the melatonin and placebo group, 13 (54.2%) vs. 11 (45.8%) assumed to have
received melatonin, respectively. In the melatonin and placebo group, 4 (44.4%) vs. 5 (55.6%)
assumed that they received placebo. Two in the melatonin and 1 in the placebo group assumed
to not know their treatment (P=0.69). Regarding the side effects, the severity of the side effect
scores was compared using the Wilcoxon- Mann-Whitney test. The median and interquartile
(Q25-75) at baseline was 10 (Q25.75 = 2; 20) vs. 9 (Q25.75 = 0; 24), P=0.35, in the melatonin and
placebo group, respectively. We observed that melatonin treatment reduced the severity of side
effects and the median and interquartile (Q25-75) was 7 (Q2s.75= 2; 19) vs. 12.5 (Q2s-75 = 3; 25),

P=0.01, in the melatonin and placebo group, respectively.

Univariate analysis of the according to treatment group and their correlations

Mean and standard deviation at baseline and end of treatment of the cognitive tests
according to the treatment group as well as their A-value are presented in Table 2. The t-test

for independent samples was used to compare the A-value of cognitive measures.
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Primary and secondary outcomes: Multivariate analysis to compare the treatment group
effect on the measurement of cognition according to the neuroplasticity state at baseline
assessed by serum TrkB and BDNF

MANCOVA analyses with the A-value of cognitive measurements as dependent
variables, the factor was the treatment group and the baseline serum level of BDNF and TrkB
as covariates are presented in Table 3. This analysis revealed significant effects of treatment,
Pillai’s Trace’s F (6, 23) =7.98; p<0.001; n?partial=0.68. Linear regression analysis
demonstrated that the TrkB level at baseline was negatively correlated with the A-TMT-B-time
(Standardized Beta=-0.19; t=-.68, P=0.001, n?partial=0.32). The serum BDNF level at baseline
was negatively correlated with the A-TMT-A-time (Standardized Beta=-0.005, t=-2.92

P=0.007, n?partial=0.24).

Exploratory analysis: Effects of treatment on the neuroplasticity state assessed by A-BDNF,
A-TrkB and measures of cognitive flexibility (TMT-A-B), depressive symptoms (BDI I1) and
sleep quality (PSQI)

Univariate analysis to compare between treatment groups the A-value of depressive symptoms,
sleep quality and serum levels of BDNF and TrkB

The score on BDI-II at baseline and end of treatment and respective A-value presented
as mean and SD was [11.41(7.73) vs. 6.71(4.57), A-value=-4.70 (5.83)] and [10.83 (5.11) vs.
14.56 (7.76), A-value=3.72 (5.21)] (t=-3.62, P<0.001), in the melatonin and placebo group,
respectively. The score on the PQSI at baseline and end of treatment and respective A-value
presented as mean and SD was [8.24 (3.98) vs. 5.06 (3.34), A-value=-3.18 (2.00)] and [8.44
(2.83) vs. 11.06 (3.35) (A-value=2.61 (2.06)] (t=-8.40, P<0.001), in melatonin and placebo
group, respectively. Serum levels of BDNF at baseline and end of treatment and respective A-

value presented as mean and SD was [41.65 (17.72) vs. 21.32 (7.190), A-value=-0.43 (0.22)]
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and [40.88 (23.78) vs. 43.76 (17.74), A-value=0.12 (0.20)] (t=-.76, P<0.001), in melatonin and
placebo group, respectively. Serum levels of TrkB at baseline and end of treatment and
respective A-value presented as mean and SD was 0.56 (0.40) vs. 0.41(0.37), A-value=-0.19
(0.33) and 0.47 (0.50) vs. 0.52 (0.46), A-value= 0.42 (0.65) (t=-.3.42, P=0.002), in melatonin

and placebo group, respectively.

Multivariate analysis to compare A-value of cognitive flexibility (TMT-A-B), depressive
symptoms and sleep quality considering the effect of treatment on the neuroplasticity
biomarkers

The MANCOVA model was used to compare the effect of treatment between groups
and its relationship with the neuroplasticity state assessed by A-values of BDNF and TrkB.
Dependent variables were A-value (pre- to post-treatment) on the cognitive flexibility (TMT-
A-B), depressive symptoms (BDI 1), and the sleep quality (PSQI). The factor was the treatment
group, and covariates were A-BDNF and A-TrkB. To assess if the effect of treatment in the
outcomes (TMT-A-B, BDI Il and PSQI) was associated with changes in the neuroplasticity
state (A-BDNF, A-TrkB), we analyzed the interaction between groups and A-values of the
biomarkers of neuroplasticity state. These results are presented in Table 4. This analysis
revealed significant effects of treatment, Pillai’s Trace’s F (4, 26)=12.67; p<0.001;
n?partial=0.66.

The beta coefficients of MANCOVA analyses with A-TrkB as covariate demonstrated
that the interaction between the A-TrkB and the treatment group was related to higher changes
in A-TrkB compared to placebo, and the A-TrkB was correlated with a higher reduction in
depressive symptoms (Standardized Beta=-9.31; t=-2.13, P=0.04, confidence interval (Cl 95%=
-18.26 to -0.37, n?partial=0.14). In the same way, the interaction between the A-TrkB and the

treatment group was related with higher changes in A-TrkB compared to placebo and was also
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correlated with a higher reduction in the sleep index quality scores (Standardized Beta=-4.50;
t=-2.98, P=0.006, confidence interval (Cl 95%= -7.59 to -1.42, n?partial=0.24). However,
neither the A-BDNF nor its interaction with the treatment group was associated with the effect

of treatment on depressive symptoms, sleep and cognitive flexibility assessed by the TMT-A-

Scatter plots of the raw A-changes on A-BDI-Il and A-PSQI with A-TrkB according to
placebo and melatonin group is presented in Figure 3 (A, B, C, D). The A-Changes on A-TrkB
in the melatonin showed a statically significant negative Pearson correlation (r) with A-BDI-11
and A-PSQI. However, in the placebo group we not observed correlation of A-TrkB neither

PSQI nor with BDI-II.

Discussion

These findings confirm the benefits of melatonin use compared to placebo prior to
ACBC in reducing performance time on the TMT-A-B, increasing the score in immediate and
delayed recall, and improving recognition in the RAVLT and increasing words recited during
the orthographic COWAT. TMT-B and TMT-A were negatively correlated with baseline levels
of TrkB and BDNF, respectively. At the end of treatment, TrkB changes were inversely
associated with depressive symptoms and sleep quality, but not with TMT-A-B. However,
melatonin did not change the capacity for sustained attention and control of responses assessed
by the inhibitory control (a Go/No-Go task).

This study extended data that 20mg of melatonin use prior to the first cycle of ACBC
has a neuroprotective effect on cognitive functions evaluated by a set of tests that measures

several dimensions of cognitive flexibility allied to attention. However, a study that used 6mg
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of melatonin prior and post ACBC did not find a similar benefit in cognitive function'’. In fact,
our results are in the sense of most clinical studies that demonstrated a benefit of 20mg of
melatonin use in cancer patients on clinical outcomes (i.e. mortality, tumor remission, etc.)?%"
22 Accordingly, two meta-analyses demonstrated benefits of melatonin as an adjuvant to
ameliorating radio chemotherapy-related side effects (i.e., asthenia, nausea and vomiting,
hypotension, and thrombocytopenia), and improve tumor remission and survival®®?*, Although
some of these previous studies reported neuroprotective effects of melatonin on neurotoxicity,
all studies that used melatonin in a dosage of 20mg or higher did not design to evaluate
performance on cognition, depressive symptoms, and sleep quality. In this way, the novelty of
this study reveals the benefits of melatonin prior to ACBC on different dimensions of cognition
(cognitive flexibility, attention, immediate and delayed episodic memory, executive control and
verbal fluency), depressive symptoms and sleep quality allied to the baseline neuroplasticity
state and changes in serum BDNF and TrkB induced by melatonin. Indeed, these results showed
a statistical difference in these outcome measures, and they have potential clinical relevance to
highlight evidence of the neuroprotective effect of melatonin. Additional reasons for the
importance of these findings is the scarcity of treatments available to contra-regulate
neurotoxicity induced by chemotherapy, as well as the lack of proof of complementary therapies
with potential neuroprotective benefit. Thus, melatonin’s properties present an attractive option,
since it can blunt the most prevalent complaints related to breast cancer chemotherapy, which
are comprised of memory deficits, depressive symptoms, and sleep disorders.

Although our results revealed the benefits of melatonin as neuroprotective during
ACBC, the underlying mechanism of this is unknown. In fact, this is the first study that
investigates the interplay between the neuroplasticity state, neuroprotective effect of melatonin

and performance in cognitive flexibility and attention (i.e., TMT-A-B). The trail making test
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evaluates mainly personal differences in speed and fluid cognitive abilities and both abilities
vary according to a particular context?. Indeed, in the present study this test was chosen to
assert a specific paradigm of executive functioning according to a specific contextual analysis,
in this case, the chemotherapy for breast cancer®. Although studies generally indicate that
large-scale brain networks including prefrontal and parietal structures mediate the trail making
test performance, according to Cole and colleagues?, higher scores on measures of cognitive
control (i.e. standard fluid intelligence tests) may be related to a higher degree of global
functional connectivity in the lateral prefrontal cortex. Importantly, fluid intelligence tests and
the TMT are all based on visual information, for which patients receiving ACBC are found to
have an impaired processing®. Over this set of the findings related to chemotherapy
neurotoxicity, preclinical studies have elicited that melatonin effects can modulate the
neuroplastic processes implied in cognitive impairment?’.

Overall, this set of evidence supports our finding that the neuroplasticity state may be
considered as a marker to explain the substantial differences between cognitive capacity and
impairment in breast cancer patients. Also, it can help to comprehend the susceptibility to
neurotoxicity attributed to additive or synergistic mechanisms of anti-cancer drugs. In fact,
these results open an avenue to embrace and to investigate variations of cognitive tests in breast
cancer patients on chemotherapy, as well, they emphasize the importance to account for the
baseline neuroplasticity state as a measure to explore the impact of future melatonin
neuroprotective treatment effects. In this way, the relationship between the baseline BDNF and
TrkB with cognitive flexibility may be explained by the influence of pro-inflammatory
cytokines on BDNF secretion. According to Dietrich et al.?®, the inflammatory cascade drives
many processes of neuroinflammation, such as oxidative stress, direct cellular toxicity, and

inflammation contributing to altered cellular kinetics in the hippocampus as well as
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neurovascular blood barrier brain disruption. Even though melatonin’s action is not fully
elucidated, previous studies have reported that melatonin increased activity of natural killer
cells (T and B) and cytokine production®2°. Also, it demonstrated antiestrogenic effects
through the termed MT1 high-affinity G protein-coupled receptors®®-32, Thus, melatonin’s
effect on neuroplasticity processes may be explained partially by its multifaceted anti-
inflammatory properties. Besides, it could modulate astrocyte reactivity or death through
upregulation of astrocytic anti-oxidative defenses®®. Overall, we see consistency in existing
literature regarding the anti-inflammatory effects of melatonin.

Given our findings, the effects of melatonin on cognitive flexibility are not concurrent
with changes in the biomarkers of the neuroplasticity state (Table 5). However, the mechanisms
involved in the neuroprotective effect are complex and need to be further elucidated. In the
same way, the current results need to be interpreted with parsimony due to the fact that BDNF
represents a bridge between inflammation and neuroplasticity. This does not permit us to
consider that the effect of melatonin on cognition could be a consequence of its anti-
inflammatory properties as there was a previous pre-clinical study in rodents which
demonstrated that melatonin elicits all stages of neuroplasticity (i.e., neurogenesis, axogenesis,
dendritogenesis, and synaptogenesis)?’. Indeed, in the present study, the neuroprotective effect
of melatonin on neuroplasticity processes is confirmed by a reduction in serum levels of BDNF
and TrkB. Also, the relationship between BDNF secretion and the effect of melatonin is further
validated in earlier studies of conditions that concur with excessive activation of the stress
system associated with inflammation3 such as in fibromyalgia®, endometriosis®.

Also, this study produces evidence that the effect of melatonin on depressive symptoms
and sleep quality involves interplay of neuroplasticity processes as demonstrated by changes in

A-values of BDNF and TrkB. The leading role of melatonin is to regulate sleep and circadian
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rhythm, and this counteracting circadian misalignment has been proved to be beneficial for the
clinical management of mood disorders37. It is important to emphasize that in this study, the
effects were observed in a sample of women living under intense stressful conditions (i.e.
undergoing their first cycle of ACBC), hence, the improvement in these symptoms does not
allow definite conclusions regarding melatonin effects as an antidepressant in humans.
However, this beneficial effect of melatonin on depressive symptoms and sleep quality are
supported by its anti-stress and antidepressant actions. The effects of melatonin involve an
interaction with several neurotransmitter systems, including the GABAergic, serotoninergic38,
glutamatergic and nitrergic39, as well as the modulation of the hypothalamic-pituitary-adrenal
axis40. As aforementioned, its effect also involves the neuroplasticity mechanism, which can
explain the concurrent changes in neuroplasticity markers and the improvement of depressive
symptoms and sleep quality in the current study. This hypothesis is supported by pre-clinical
evidence demonstrating that the antidepressant effects of melatonin stimulate dendritogenesis
and synaptogenesis in the hippocampus, which is disrupted by chronic psychosocial stress as
seen in depression4l. In the same way, the effects of melatonin on neuroplasticity in the
hippocampus attenuated cognitive and memory deficiencies caused by sleep deprivation42.
We did not observe a significant difference between groups in accuracy or response time
on the Go/No-Go task. Several details should be considered in the interpretation of these
findings such as the differences observed between groups in regards to task performance and
neuropsychological testing, as this does not necessarily suggest that the underlying
neurocircuitry is normal. In the same way, these findings could reflect factors related to the
nature and difficulty level of the task as well as specific sample characteristics. Consistent with
this idea, a review of functional magnetic resonance imaging (fMRI) studies in breast cancer

demonstrated a pattern of hyperactivation or recruitment of additional neural resources at low
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difficulty tasks*:. However, other studies have shown that when the task difficulty increases,
breast cancer patients may be unable to maintain this compensatory response, resulting in
decreased neural activation or connectivity*. As far as we can discern, the neurobiological
process as well as the function of neural networks underpinning the results of these
psychometric tests are complex. However, one should realize that the aim of this study was to
assess the effects of melatonin on neural networks involved in the inhibitory control mechanism
utilizing the psychometric Go/No-Go test. Hence, we cannot associate its pharmacological
effects as a response related to a specific biological system, although pre-clinical studies
showed that melatonin’s effect involve candidates of the neurobiological systems leading to the
response on the Go/No-Go task® (i.e., dopaminergic, serotonin, and noradrenaline systems).
Overall, our results suggest that the effects of melatonin, according to the protocol of this study,
was not sufficient to influence a typical Go/No-Go decision task of sustained attention linked
to inhibitory control.

We addressed several limitations concerning our study: First, we agree that our research
has an exploratory nature and the results of secondary outcomes should be interpreted as
explanatory by increased type | and type Il error. Second, although our sample is homogeneous
and this is methodologically advantageous, the issue of external validity arises. Third, we
assessed serum levels of BDNF and TrKB as measures of the neuroplasticity state, which are
less prone to suffer some influences of evaluators. Fourth, a potential limitation is the short-
term treatment with melatonin. It would have been difficult to justify a prolonged treatment
period in patients undergoing ACBC if they had a high incidence of severe side effects.
However, our results are in line with previous studies revealing the benefits of melatonin at
improving side effects induced by chemotherapy®. Therefore, future studies are required with

more substantial number of patients before defining conclusions regarding melatonin’s impact
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on the neurotoxicity due to chemotherapy. Finally, all analyses were conducted comparing the
A-values to adjust for changes within each individual subject, and to promote a better control
for personality-related variability in self-reported measures*®.

In conclusion, these findings show the benefit of melatonin use prior and concurrent
with the first cycle of ACBC when compared to placebo in improving cognitive flexibility and
attention. These cognitive benefits are modulated by the baseline neuroplasticity state as well
its neuroprotective effect on depressive symptoms and sleep quality and are allied to changes

in neuroplasticity biomarkers assessed by serum BDNF and TrkB.

Materials and Methods
This trial was structured according to the Consolidated Standards of Reporting Trials
(CONSORT) 2010 guideline and was carried out in accordance with the Declaration of

Helsinki*’. The flow of the study is presented in Figure 1.

Study Design and Eligibility

This randomized, double-blinded, placebo-controlled trial was approved by the
Institutional Review Board of Hospital de Clinicas of Porto Alegre (IRB HCPA/Approval
number: 14-0701). The study was registered on http://www.clinicaltrials.gov/ (No
NCT03205033 Study start: January 1, 2016 End date: January 1, 2017). We obtained oral and

written informed consent from all patients before participating in this study.

Inclusion and Exclusion Criteria
The patients were selected from the Mastology and Oncology Service at HCPA, which

is a public tertiary teaching Medical School located in the South of Brazil. Initially, they were
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invited to answer a questionnaire to check inclusion and exclusion criteria. All evaluations were
performed at the HCPA Clinical Research Center.

We included 36 females, age range 18 to 75 years. Inclusion criteria: Patients scheduled
for the first cycle of ACBC one month after lumpectomy or mastectomy and with a read and
write capacity Exclusion criteria: We excluded patients with previous chemotherapy treatment,
those who planned for neoadjuvant chemotherapy, and those with another current or prior
cancer. We also excluded patients with a history of allergic reaction to melatonin, sleep apnea,
diabetes, autoimmune disease (i.e. systemic lupus erythematosus, rheumatoid arthritis, multiple
sclerosis, etc.), decompensated liver cirrhosis, severe kidney disease, rotor or Dubin—Johnson
syndrome, epilepsy, multiple sclerosis, cerebrovascular stroke, Body Mass Index (BMI) above

35 kg / m?, pregnant and breastfeeding.

Sample Size

We estimated the sample size based on previous studies that used the TMT-A-B to
assess cognitive flexibility in breast cancer patients*®, Accordingly, for two dependent variables
(TMT-A with a standard deviation equal to 9.64) and (TMT-B with a standard deviation equal
to 11.85) with a moderate effect size (f°=0.3) to compare melatonin and placebo by
MACONVA, with two predictors in a 1:1 ratio, the estimate indicated a sample size of 32 for a
power of 90% and an a of 0.01. Considering possible dropouts, we increased the sample by
12.5% so the final sample size comprised of 36 patients (18 per group). The G-Power 3.0.10

software was used to estimate sample size.

Randomization and Masking

Randomization was generated using a computer software. To solve the problem of some
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researchers or evaluators predicting what the next patients will be assigned for treatment, we
used a randomly different block size of 8 and 6. Thirty-six women were allocated to receive
melatonin or placebo, an allocation of 1:1. Before the recruitment phase, envelopes containing
the protocol materials were prepared by two investigators who made the randomization and
they were not involved in the patient’s assessments. Each envelope was sealed and numbered
sequentially and included an allocated treatment. The envelope was opened following the
sequence of numbers registered in the envelope after the participant consented to participate in
the trial. During the entire protocol timeline, the participants, health care providers, research
staff, and investigators assessing the outcomes were all blinded to allocation and sequence by
receiving numbered sealed envelopes. Further, to assess whether blinding was adequate, at the
end of treatment we asked patients to guess the treatment received, with three answer options:

melatonin, placebo or unknown.

Interventions

Patients were randomly assigned to receive melatonin or placebo for ten days, beginning
three days prior to the first session of adjuvant chemotherapy. The intervention group received
20 mg of oral melatonin daily approximately 1 hour before bedtime. The placebo group
received placebo capsules within the same time. Melatonin capsules were produced using
crystalline melatonin with a certificate of purity (M-5250, Sigma Chemical, Saint Louis, MO,
USA) from a compounding pharmacy. Placebo capsules contained only cellulose, an
indigestible fiber. The tablets and packages were physically identical. The pharmacy packed
the melatonin or placebo sequentially numbered in sealed containers. We employed the
following strategies to measure adherence to medication use: i) At the end of treatment a

researcher counted the number of tablets consumed during the study period. ii) The patients
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were asked to record a diary entry if they failed to use the medication. iii) Eligible patients were
strongly encouraged to remain on the drug throughout the ten days of treatment, and they visited
the clinical center at the end of treatment. Regardless of the patients’ decision to continue or
discontinue melatonin after randomization, the patients continued to be assessed during the

study period.

Assessments and Instruments

The baseline evaluations were performed up to 4 days prior to the first cycle of
chemotherapy. Melatonin was initiated three days prior to first cycle of adjuvant chemotherapy
and continued during and seven days following chemotherapy. Day eight following
chemotherapy, the subjects returned for the final evaluation. All assessments were conducted
by two independently trained researchers to apply memory and psychological tests. They were
monitored by a supervisor psychologist from the Pain and Neuromodulation Research Group

at HCPA. The timeline of assessments is presented in Figure 2.

Outcomes

The primary outcome was the total time to accomplish the Trail Making Test parts A
and B (TMT-A-B). Secondary outcomes were the scores from the Rey Auditory-Verbal
Learning Test (RAVLT), Controlled Oral Word Association Test (COWAT) and an inhibitory
task type Go / No-Go. Additionally, other secondary outcomes were evaluation of depressive
symptoms and sleep quality. All tests used to measure cognitive function were selected

according to recommendations described by Wefel et al.*° to harmonize studies in patients with
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cancer.

Primary Outcomes Assessment
Trail Making Test (TMT A-B)

The trail-making test is a brief two-part test that evaluates processing speed, divided
attention, and cognitive flexibility®®. The test consists of two parts (A and B). Each part has 25
points on a sheet of paper, which participants connect with a pencil. Part A contains only
sequential numbers 1 to 25. Part B consists of numbers and letters alternately mixed: 1 to A, A
to 2, 2 to B, and so on. The test results were analyzed as total time to accomplish each part, as
well as the proportion and individual differences. Scoring is based on time required to complete
the task and number of errors. It has been hypothesized to reflect a wide variety of cognitive
processes including attention, visual search and scanning, sequencing and shifting,
psychomotor speed, abstraction, flexibility, ability to execute and modify a plan of action, and

ability to maintain two trains of thought simultaneously®*.

Secondary outcomes assessment
Cognitive Tests
Rey Auditory-Verbal Learning Test (RAVLT)

This measures episodic memory, verbal learning, susceptibility to interference
(proactive and retroactive), information retention after a certain period of time following
performance of other activities, and memory recognition®. It is a rapid and direct test, and its
use has been widely recognized in the neuropsychological literature. In this study, the adapted
test by Malloy-Diniz et al.> for the Brazilian population was utilized. In the RAVLT, a list of

15 nouns (list A) is read aloud five consecutive times. Each trial is followed by a spontaneous
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recovery test. Following the fifth attempt, a list of interferences, which also includes 15 nouns
(list B), is read to the patient, followed by recovery (attempt B1). After trial B1, the investigator
requested that the patient recall the words from list A without reading it again (attempt A6). To
evaluate the learning curve of words during attempts Al to A5, the learning rate during the
attempts is used and are incorporated into the following formula: sum total of Al to A5. After
an interval of 20 to 30 minutes, the patient has to remember the words from list A (tentative
AT), without the list being read again. Following the A7 trial, the patient underwent a memory
recognition test comprised by reading a list with 15 words from list A, 15 words from list B,
and 20 words of distraction (similar to words in list A and B in phonological or semantic terms).
With each word read aloud, the patient was asked to indicate whether she belonged to list A or

not.

Controlled Oral Word Association Test (COWAT)

This test assess lexical knowledge, lexical retrieval ability and executive control
abilities® and involves word fluency organized into two categories: orthographic and semantic.
In orthographic fluency, patients were asked to name as many words as possible, beginning
with a certain letter, that is, F, A, and S. Sixty seconds were given for each letter. Patients could
not use proper names or words with different tense or suffixes, since the root word was given.
In semantic fluency, the patients had to name as many animals as possible in sixty seconds®®.
Go / No-Go Task

It is a simple and sensitive test of frontal lobe dysfunction, developed to evaluate
response inhibition (language and motor function) in a computerized evaluation format. The
frequency of Go stimuli relative to No-go is 80%, which maintains a bias and tendency to

respond at each trial. The Go / No-Go test was used to measure the capacity for sustained
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attention and control of responses>®. On the center of the computer screen were shown a fixation
cross (1000 ms) followed by a go letter (e.g., “A”, “G”, “T”, etc.) or a no-go letter (e.g. “H”)
for 500 ms. Subjects were instructed to press the “space” key as fast as possible for the go letters
and do not press any key for no-go letters (“H”, “X” and “K”). Total task time was 17 minutes.
Test instructions were translated to Brazilian Portuguese, but task stimuli and procedures were

according to the English version.

Clinical measurements: depressive symptoms and sleep quality
Beck Depression Inventory (BDI-I1)

Is a questionnaire composed of 21 multiple-choice questions with four options each
(0 - 3). The total BDI score ranges from 0 - 63, with a higher score indicating a higher degree

of depressive symptoms °’.

Pittsburgh Sleep Quality Index (PSQI)

PSQI is a self-reporting questionnaire that comprises 19-items to assess quality of
sleep and identifies sleep disorders. Results are reported with a score ranging from 0 to 21 and
is composed of seven domains: (1) subjective quality of sleep; (2) sleep latency, (3) sleep
duration; (4) usual sleep efficiency; (5) sleep disorders; (6) use of sleeping pills; and (7) daytime
dysfunction. Each item has a response scale ranging from 0 to 3, and lower scores indicate
better sleep quality. A total score of 5 or more on the PSQI suggests high sensitivity and
specificity of sleep deficiency (Cole et al., 2006). For cancer patients, a cut-off score of 8 was
recommended (Carpenter et al., 1998), and a cutoff score of 10 needed to diagnose clinical

insomnia®®. The PQSI reliability and internal validity have been tested in cancer patients®”°,
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Biomarkers of neuroplasticity state measured by BDNF and TrkB
Serum levels of BDNF and TrkB

Blood samples were collected at the HCPA Clinical Research Center. The samples were
centrifuged in plastic tubes for 10 minutes at 4,500 rpm, 4°C and stored at the Unit of Molecular
and Protein Analyzes in the HCPA in a —80°C freezer for further BDNF and TrkB assays.
Serum-mediator concentrations were determined using BDNF (Chemicon CYT306, lower
detection limit 7.8 pg/mL; EMD Millipore, Billerica, MA, USA) and TrkB (MYBI —
MBS9346917, lower detection limit 0.25 ng/ml; MyBiosource, San Diego, CA, USA) enzyme-
linked immunosorbent-assay kits, according to the manufacturer’s instructions. These serum

markers were measured at baseline and after treatment with melatonin.

Other Instruments and Assessments

We used demographic questionnaires to collect data such as age, weight, height, years
of study, medications, use of cigarettes, alcohol and other drugs. Also, medical comorbidities
were assessed using a standardized questionnaire. To determine side effects related to
chemotherapy we applied questionnaires from the European Organization for Cancer Research
and Treatment validated for the Brazilian population (EORTC QLQ-C30 and QLQ-BR 23)
before and after treatment®®. The symptoms analyzed in this study composed of dry mouth, sick
feeling, hot flushes, headaches, weakness, lack of appetite, nausea, vomit, constipation,
diarrhea, tiredness, difficulty concentrating, worriedness, irritability and memory difficulty.

The score for each question varies from absent, mild, moderate and severe.

Statistics analysis

Descriptive analysis were performed using mean, standard deviation and frequency.
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Inferential tests for demographic and clinical measures, as well as for cognitive outcomes, were
based on independent sample t-Tests for continuous variables and the Mann-Whitney non-
parametric test was used. To control for core cognitive trait of the individual and some
imbalance between groups at baseline differences, we assessed change in cognitive, depression,
sleep quality scores and BDNF and TrkB levels based on the mean differences [deltas (A-value),
mean at treatment end minus mean prior treatment]. To analyze the treatment effect on all
primary and secondary outcomes, we conducted multivariate analyses of covariance
(MANCOVA). The MANCOVA model was used to examine the influence of BDNF and TrkB
levels as modulators of the treatment’s effectiveness in the A-value of the cognitive
measurements. The dependent variables were the A-value of cognitive tests; the treatment group
was the factor, and BDNF and TrkB were covariates. Linear regression analyses to examine the
relationship between cognitive flexibility and BDNF and TrkB biomarkers were run when
appropriate. A MANCOVA model was also used to examine if the treatment effect on the
cognitive flexibility scores, depressive symptoms, and sleep quality was mediated by its effect
on neuroplasticity state. The dependent variables of the MANCOVA model were the A-Trail
Making-Test (TMT-A-B), A-BDI-II and A-PSQI; the factor was the treatment group, and A-
BDNF and A-TrkB were covariates (see Table 4). Bonferroni’s Multiple Comparison adjusted
all analyses. We considered all of the randomized patients as part of the analysis using the
intention-to-treat (ITT) method, with the worst-case observation carried forward in the
respective treatment group (melatonin or placebo). For all analyses, we considered a Type |
two-sided error (bicaudal) a< 0.05. For statistical analyses, the IBM SPSS Statistics for

Windows Version 20.0 was used (IBM Corp., Armonk, NY, U).
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Legends of Figures

Figure 1. Flowchart of the study.

Figure 2. Timeline of assessments and chemotherapy schemes used.

Figure 3. Scatter plots of the Pearson correlation between A-TrkB with both A-BDI-11 (A

melatonin, B placebo) and with A-PSQI (C melatonin, D placebo).
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Table 1. Baseline demographic and clinical characteristics according to treatment group. Data are

presented as mean standard deviation (SD) (n=36).

Variables Melatonin (n = 18) Placebo (n = 18) P-value
Age (years) 54.24 (10.59) 54.11 (9.15) 0.97
Formal education (years) 9.29 (4.04) 6.94 (2.57) 0.08F
Body Mass Index (kg/m?) 28.0 (6.14) 29.94 (5.70) 0.25%
Visual Analogue Scale (0-100) 50 (20.00) 50 (16.48) 0.80
Brain-Derived Neurotrophic Factor (ng / mL) 42.92 (17.54) 42.24 (23.95) 0.92
Tropomyosin receptor kinase B (ng / mL) 0.48 (0.25) 0.47 (0.50) 0.49
Protein S100 Beta (pg / mL) 38.16 (12.42) 32.37(8.93) 0.21
Pittsburgh Sleep Quality Index 8.24 (3.97) 8.44 (2.83) 0.86
Beck Depression Inventory Il 11.41 (7.73) 10.83 (5.11) 0.79

Chronic disease

Hypertension
Hypothyroidism
Diabetes mellitus
Asthma

7 (38.9%) / 11 (61.1%)
3 (16.7%) / 15 (83.3%)
1 (5.6%) / 17 (94.4%)
1 (5.6%) / 17 (94.4%)

8 (44.4%) / 10 (55.6%)
1 (5.6%) / 17 (94.4%)
1 (5.6%) / 17 (94.4%)
1 (5.6%) / 17 (94.4%)

Psychotropic medication (yes / no) *

Selective serotonin reuptake inhibitors
Tricyclics
Benzodiazepines

Antipsychotics

3 (16.7%) / 15 (83.3%)
1(5.6%) / 17 (94.4%)
3 (16.7%) / 15 (83.3%)
1(5.6%) / 17 (94.4%)

3 (16.7%) / 15 (83.3%)
2 (11.1%) / 16 (88.9%)
4 (22.2%) | 14 (77.8%)

Chemotherapy regiments (yes / no)

ACT (doxorubicin plus cyclophosphamide followed by
weekly paclitaxel) *

AC (doxorubicin plus cyclophosphamide) *

ACTH (doxorubicin plus cyclophosphamide followed by
paclitaxel plus trastuzumab) *

TAC (docetaxel, doxorubicin, and cyclophosphamide) 2
TC (docetaxel plus cyclophosphamide) 2

9 (50%) / 9 (50%)

5 (27.8%) / 13 (72.2%)
2 (11.1%) / 16 (88.9%)

1 (5.6%) / 17 (94.4%)
1 (5.6%) / 17 (94.4%)

9 (50%) / 9 (50%)

2 (11.1%) / 16 (88.9%)
3 (16.7%) / (83.3%)

2 (11.1%) / 16 (88.9%)
2 (11.1%) / 16 (88.9%)

7 Mann-Whitney non-parametric test was used. Independent t-tests were applied to all other measures.

* Three patients use more than one psychotropic medication.

Prophylaxis for infusion reactions:

! Dexamethasone 20 mg 1V 30 minutes before drug administration.

2 Dexamethasone 8 mg orally every 12 hours starting one day prior to docetaxel administration.
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Table 2. Cognitive measures at baseline and end of treatment according to melatonin or placebo groups.

Data are presented as the mean and standard deviation (SD) (n=36).

Placebo (n=18)

Melatonin (n=17)

Mean (SD) A-value Mean (SD) A-value P-value*

Primary outcome
Trail Making-Test (TMT-A)
Baseline 48.06 (29.27) 44.71 (26.52)

0.02 (0.29) -0.19 (0.13) 0.009
End treatment 49.72 (29.46) 35.14 (18.57)
Trail Making-Test (TMT-B)
Baseline 109.50 (55.69) 122.58 (68.21)

0.12 (0.19) -0.23 (0.16) <0.001
End treatment 123.72 (60.59) 92.29 (48.25)
Secondary outcomes
Rey Auditory-Verbal Learning Test List A1-A5
Baseline 42.33 (10.84 39.10 (9.64)

-0.04 (0.27) 0.25(0.24) 0.002
End treatment 39.44 (11.99) 49.47 (8.65)
Rey Auditory-Verbal Learning Test List A7
Baseline 8.33 (4.10) 7.82(3.78)

-0.14 (0.32) 0.17 (0.22) 0.002
End treatment 6.83 (3.40) 9.62 (4.82)
Rey Auditory-Verbal Learning Test Recognition
Baseline 42.94 (6.67) 44.47 (4.91)

-0.05 (0.10) 0.06 (0.06) <0.001
End treatment 40.50 (6.48) 46.89 (3.70)
Controlled Oral Word Association Test Orthographic
Baseline 30.22 (9.05) 32.88 (9.47)

-0.04 (0.27) 0.24 (0.13) 0.001
End treatment 28.17 (8.62) 39.92 (9.40)
Controlled Oral Word Association Test Semantic
Baseline 14.44 (3.54) 16.89 (4.02)

-0.02 (0.20) 0.02 (0.21) 0.563
End treatment 14.06 (4.12) 17.05 (4.54)
Go / No-Go Hit
Baseline 0.84 (0.11) 0.85 (0.11)

0.02 (0.14) 0.03 (0.16) 0.884
End treatment 0.85(0.12) 0.86 (0.11)
Go / No-Go False alarm
Baseline 0.16 (0.12) 0.16 (0.10)

-1.90 (4.15) -0.28 (3.70) 0.286
End treatment 0.14 (0.13) 0.15 (0.14)
Go /No-Go - D"
Baseline 2.27 (0.91) 2.28 (0.95)

0.15 (0.41) 0.17 (0.49) 0.894
End treatment 2.49 (1.10) 2.46 (1.03)

* Correspond to comparisons of A-value by the t-test for independent sample.
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Table 3. MANCOVA model to compare the treatment effect in the A-value of memory measures

according to the baseline neuroplasticity state evaluated by the serum BDNF and TrkB (n=36).

Type 11 Sum Mean

F P value #%artia
Corrected Model of Squares Square
Dependent Variables
A-Trail Making-Test (TMT-A) 0.89* 3 0.30 8.07 <0.01 0.47
A-Trail Making-Test (TMT-B) 1.19° 3 040 2299 <0.01 0.72
A-Rey Auditory-Verbal Learning Test List A1-A5 0.44¢ 3 0.15 3.2 0.04 0.26
A-Rey Auditory-Verbal Learning Test List A7 0.89¢ 3 030 331 0.04 0.27
A-Controlled Oral Word Association Test Semantic 0.02¢ 3 <0.01 0.17 0.92 0.02
A-Controlled Oral Word Association Test Orthographic 0.60F 3 0.20 3.87 0.02 0.30
Intercept
A-Trail Making-Test (TMT-A) 0.13 1 0.13 342 0.08 0.11
A-Trail Making-Test (TMT-B) 004 1 0.04 212 0.16 0.07
A-Rey Auditory-Verbal Learning Test List A1-A5 007 1 0.08 154 0.23 0.05
A-Rey Auditory-Verbal Learning Test List A7 002 1 0.02 0.19 0.66 <0.01
A-Controlled Oral Word Association Test Orthographic <001 1 <0.01 0.02 0.88 <0.01
A-Controlled Oral Word Association Test Semantic 011 1 0.11 205 0.16 0.07
Treatment group
A-Trail Making-Test (TMT-A) 054 1 054 1455 <0.01 0.35
A-Trail Making-Test (TMT-B) 084 1 0.84 4860 <0.01 0.64
A-Rey Auditory-Verbal Learning Test List A1-A5 043 1 043 925 <0.01 0.26
A-Rey Auditory-Verbal Learning Test List A7 08 1 0.85 945 <0.01 0.26
A-Controlled Oral Word Association Test Orthographic <001 1 <0.01 o0.10 0.75 <0.01
A-Controlled Oral Word Association Test Semantic 056 1 056 1081 <0.01 0.29
Baseline tropomyosin receptor kinase B (TrkB)
A-Trail Making-Test (TMT-A) 001 1 001 0.27 0.60 0.01
A-Trail Making-Test (TMT-B) 022 1 0.22 1278 <0.01 0.32
A-Rey Auditory-Verbal Learning Test List A1-A5 004 1 0.04 081 0.38 0.03
A-Rey Auditory-Verbal Learning Test List A7 205 1 2.05E <0.01 0.99 <0.01
A-Controlled Oral Word Association Test Orthographic 0.02 1 0.02 0.35 0.56 0.01
A-Controlled Oral Word Association Test Semantic 008 1 0.08 152 0.23  0.05
Baseline Brain Derivate Neurotrophic Factor (BDNF)
A-Trail Making-Test (TMT-A) 032 1 032 855 <0.01 0.24
A-Trail Making-Test (TMT-B) 001 1 001 0.78 0.39  0.03
A-Rey Auditory-Verbal Learning Test List A1-A5 <001 1 <0.01 o0.01 0.92 <0.01
A-Rey Auditory-Verbal Learning Test List A7 004 1 0.04 044 0.51 0.02
A-Controlled Oral Word Association Test Orthographic <001 1 <0.01 0.04 0.84 <0.01
A-Controlled Oral Word Association Test Semantic <001 1 <0.01 0.05 0.83 <0.01

To perform the analysis, we calculated the A-value before and after treatment for all outcomes measures.

R Squared = 0.473 (Adjusted R Squared =0.414) a
R Squared = 0.719 (Adjusted R Squared = 0.687) b
R Squared = 0.262 (Adjusted R Squared = 0.180) ¢
R Squared = 0.269 (Adjusted R Squared = 0.188) ¢
R Squared = 0.019 (Adjusted R Squared = 0.091) e
R Squared = 0.301 (Adjusted R Squared = 0.223) ¢
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Table 4. MANCOVA to compare the effect of treatment between groups and its relationship with A-

values of BDNF and TrkB and cognitive flexibility (TMT-A-B), depressive symptoms and sleep quality

(n=36).

Type 111 Sum Mean

F Pvalue  #%artia

Corrected Model of Squares Square
Dependent variables
A-Trail Making-Test (TMT-A) 0.612 5 0.12 245 0.06 0.30
A-Trail Making-Test (TMT-B) 1.12° 5 023 7.35 <0.01 0.56
A-Pittsburg Sleep Quality Index (PSQI) 336.3¢ 5 67.26  20.9 <0.01 0.78
A-Beck Depressive Inventory — 11 (BDI 11) 841.7¢ 5 168.33  6.22 <0.01 0.52
Intercept
A-Trail Making-Test (TMT-A) 0.13 1 0.13 256 0.12 0.08
A-Trail Making-Test (TMT-B) 0.09 1 0.09 3.04 0.09 0.10
A-Pittsburg Sleep Quality Index (PSQI) 9.62 1 9.61 299 0.10 0.09
A-Beck Depressive Inventory — 11 (BDI 11) 2.48 1 248 0.09 0.76 <0.01
Treatment group
A-Trail Making-Test (TMT-A) 0.03 1 0.03 055 0.46 0.02
A-Trail Making-Test (TMT-B) 0.24 1 024 7.70 0.01 0.21
A-Pittsburg Sleep Quality Index (PSQI) 126.09 1 126.09 39.19 <0.01 0.58
A-Beck Depressive Inventory — 11 (BDI 11) 157.70 1 15770 5.83 0.02 0.17
A- Tropomyosin receptor kinase B (TrkB)
A-Trail Making-Test (TMT-A) <0.01 1 <0.01 0.015 0.91 <0.01
A-Trail Making-Test (TMT-B) 0.03 1 0.03 0.85 0.37 0.03
A-Pittsburg Sleep Quality Index (PSQI) 35.05 1 35.05 10.89 <0.01 0.27
A-Beck Depressive Inventory — 11 (BDI 11) 169.57 1 169.56 6.27 0.02 0.18
A-Brain derivate neurotrophic factor (BDNF)
A-Trail Making-Test (TMT-A) 0.05 1 0.05 0.99 0.33 0.03
A-Trail Making-Test (TMT-B) <0.01 1 <0.01 0.23 0.63 0.01
A-Pittsburg Sleep Quality Index (PSQI) <0.01 1 <0.01 <0.01 0.97 <0.01
A-Beck Depressive Inventory — 11 (BDI 11) 6.03 1 6.03 0.22 0.64 0.01
Interaction
Treatment group * A-Tyrosine Kinase receptor-B (TrkB)
A-Trail Making-Test (TMT-A) 0.07 1 0.08 1.48 0.23 0.05
A-Trail Making-Test (TMT-B) <0.01 1 <0.01 0.0 0.91 <0.01
A-Pittsburg Sleep Quality Index (PSQI) 28.63 1 28.63 8.90 0.01 0.24
A-Beck Depressive Inventory — 11 (BDI 11) 122.7 1 12269 454 0.05 0.14
Treatment group * A-Brain derivate neurotrophic factor (BDNF)
A-Trail Making-Test (TMT-A) 0.01 1 0.01 0.23 0.64 0.01
A-Trail Making-Test (TMT-B) 0.03 1 0.03 1.07 0.31 0.04
A-Pittsburg Sleep Quality Index (PSQI) 1.66 1 1.66 0.56 0.48 0.02
A-Beck Depressive Inventory — 11 (BDI 11) 41.43 1 4143 153 0.23 0.05

R Squared =0.297 (Adjusted R Squared =0.175) a
R Squared =0.559 (Adjusted R Squared =0.483) »
R Squared =0.783 (Adjusted R Squared =0.745) ¢
R Squared =0.518 (Adjusted R Squared =0.434) 4
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Abstract

Background: Adjuvant chemotherapy for breast cancer (ACBC) has been associated with fatigue, pain,
depressive symptoms, and disturbed sleep. Accordingly, previous studies in non-cancer patients showed that
the melatonin could improve the descending pain modulatory system (DPMS). We tested the hypothesis that
melatonin use before and during the first cycle of ACBC is better than placebo to improve the DPMS
function assessed by changes on the 0-10 Numerical Pain Scale (NPS) during the conditioned pain
modulating (CPM-task) (primary outcome). The effects of melatonin were evaluated in the following
secondary endpoints: heat pain threshold (HPT), heat pain tolerance (HPTo) and the neuroplasticity state
assessed by serum brain-derived neurotrophic factor (BDNF), Tropomyosin Kinase Receptor B (TrkB), and
S100B-protein also, whether melatonin’s effects on pain and the neuroplasticity are due more so to its impact
on sleep quality.

Methods: Thirty-six women, age 18 to 75 years old, scheduled for their first cycle of ACBC were
randomized to receive 20mg of oral melatonin (n=18) or placebo (n=18). The effect of treatment was
assessed by changes delta [A-values (prior minus treatment end)] in psychophysical pain measures, serum
BDNF, TrkB, and S100B.

Results: MANCOVA revealed that the changes in the NPS (0-10) during the CPM-task evaluated by A-
means of each group, mean difference (md) between two groups with their respective confidence interval
(Cl, 95%) was (-1.07 vs. 2.76); md=-3.83, (-5.66 to -2.00)], respectively. The n?partial=0.60 indicates that
the melatonin effect explains 60% of the variance in the CPM-task. The melatonin reduced the serum levels
of neuroplasticity markers: BDNF [A-means (-30.64 vs. 1.29); md=-32.93; (-50.19 to -13.67)]; TrKB [A-
means (-0.33 vs. 0.09), md=-0.43; (-0.66 to - 0.25)] and SO0B-protein [A-means (-14.85 vs. 2.22); md=-
16.87; (-31.30 to -2.45)]. However, melatonin’s effect increased in the HPTo and HPT, and its effects on
pain and the neuroplastic state are not due to its impact on sleep quality.

Conclusions: These results suggest that oral melatonin together with first ACBC counteracts the dysfunction
in the inhibitory DPMS and improves pain perception measures. Also, it shows that changes in the
neuroplasticity state mediate the impact of melatonin in on pain.

Key words: breast cancer, chemotherapy, melatonin, BDNF, S100-B protein, sleep quality.

Register on clinicaltrials.gov: NCT03205033.
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1. Introduction

Chemotherapy treatment for breast cancer has been associated with fatigue, pain,
depressive symptoms, and disturbed sleep (1-4). Even in healthy women, sleep deprivation
produces a significant decline in descending pain-inhibitory functions [i.e. a loss of Diffuse
Noxious Inhibitory Controls (DNIC)], and an increase in spontaneous painful symptoms (5).
Indeed, these previous findings affirm that poor sleep quality is a risk factor for exacerbation
of chronic pain (6,7). Accordingly, previous studies showed that melatonin can improve both
sleep quality and pain measures (i.e., endometriosis and fibromyalgia) (8,9). Also, it optimizes
the descending pain modulatory system (DPMS) (10).

Additionally, experimental models show that the anti-inflammatory properties of
melatonin reduced nuclear factor-kxB (NF-kB) activity, a transcription factor found within
neurons and glial cells (11-13). NF-«xB regulates cellular processes such as migration,
maturation, plasticity and synaptic communication and it is constitutively activated in
glutamatergic neurons (14,15). In vitro studies revealed that melatonin resists microglial
cytotoxicity by suppressing apoptosis and inhibiting the activity of NF-xB (16). Also, such
activated cytokines may induce the secretion of neurotrophins such as BDNF and S100-f-
protein (1,17).

BDNF has been positively correlated with the potency of the DPMS (18). Also, it
modulates excitatory and inhibitory transmission through the activation of glutamatergic
NMDA receptors and inhibitory GABA receptors (19). The primary BDNF receptor,
tropomyosin kinase B (TrkB), can be a predictive marker of poor clinicopathological prognosis
in breast cancer patients (20), while preclinical studies have shown that inhibiting TrkB leads
to favorable effects in neuropathic pain (21). A positive correlation between BDNF and central
sensitization (CS) has been shown in humans and carries a central role in the pathophysiology
of chronic pain (22).

Overall, this set of evidence suggests that the benefits of neuroprotective effects of
melatonin can counteract the neurotoxic effects induced by ACBC on neuroplastic
mechanisms involved in the pathophysiology of pain associated with chemotherapy. Thus, we
tested the hypothesis that supplementing patients with melatonin before and during the first
cycle of ACBC is better than placebo. We tested the hypothesis that melatonin use before and
during the first cycle of ACBC is better than placebo to improve the DPMS function assessed
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by changes on the 0-10 Numerical Pain Scale (NPS) during the conditioned pain modulating
(CPM) task (primary outcome). The melatonin's effects were evaluated in the following
secondary endpoints: heat pain threshold (HPT), heat pain tolerance (HPTo) and the
neuroplasticity state assessed by serum BDNF, TrkB, and S100B-protein also, whether
melatonin’s effects on pain and the neuroplasticity are due more so to its impact on sleep
quality.

2. Materials and Methods
2.1. Study Design and Eligibility

This randomized, double-blinded, placebo-controlled trial was approved by the
Institutional Review Board of Hospital de Clinicas of Porto Alegre (IRB HCPA/Approval
number: 14-0701) and it was registered on http://www:.clinicaltrials.gov/ (No NCT03205033
Study start: January 2016, End date: April, 2017) before inclusion of the first patient and the
Good Clinical Practice Unit at HCPA monitored the trial. We obtained oral and written
informed consent from all patients before participating in this study. The identified data related
to interventions and primary outcomes will be available upon request to interested to Caumo W
(wcaumo@hcpa.edu.br) with no time restriction. Flow of this study is presented in Figure 1.

------------------------- Figure 1- mmmmmmneen

2.2. Participants

Patients were selected from the Mastology and Oncology Service at HCPA, a public
tertiary teaching Medical School. Females aged 18 to 75 years with the capacity to read and
write were selected. Inclusion criteria: females scheduled for their first cycle of ACBC one
month following lumpectomy or mastectomy. Exclusion criteria: patients with previous
chemotherapy, patients planned for neoadjuvant chemotherapy, or those with prior or other
concurrent malignancies. Also excluded were patients with a history of melatonin allergy, sleep
apnea, diabetes, autoimmune disease (i.e. systemic lupus erythematosus, type | diabetes,
rheumatoid arthritis, inflammatory bowel disease, etc.), decompensated liver cirrhosis, severe
kidney disease, epilepsy, cerebrovascular stroke, Body Mass Index (BMI) above 35 kg / m2,

pregnant or breastfeeding, and a predictable likelihood of poor compliance.
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2.3. Sample Size Considerations

We estimated the sample size based on previous studies that assessed melatonin’s effect
on the DPMS measured by the change on the NPS during the CPM-task (9). Accordingly, with
six dependent variables and a large effect size (f°=0.35) to compare melatonin and placebo by
MACONVA, with two predictors in a 1:1 ratio, the estimate indicated a sample size of 32 for a
power of 80% and an a of 0.05. Considering possible dropouts, we increased the sample by

12%, and the final sample size comprised of 36 patients (18 per group).

2.4. Randomization and Masking

We used a randomly different block size of 8 and 6. Thirty-six women were allocated
to receive melatonin or placebo, an allocation of 1:1. Before the recruitment phase,
randomization was computer generated by two investigators uninvolved in the patients’
assessments. Envelopes containing the allocated treatment were prepared, sealed and numbered
sequentially. The envelope was opened following the sequence of numbers registered in the
envelope after the participant consented to participate in the trial. Following the conclusion of
treatment, we assessed the effectiveness of the blinding protocol by asking patients to guess

which treatment they each received (i.e. melatonin, placebo or unknown).

2.5. Interventions

Patients were instructed to take 20 mg of oral melatonin or placebo daily approximately
1 hour before bedtime. Melatonin capsules were produced using crystalline melatonin with a
certificate of purity (M-5250, Sigma Chemical, Saint Louis, MO, USA) by a compounding
pharmacy. The tablets of melatonin and placebo were physically identical. Assessments to
confirm adherence to treatment included: i) Pill counting during the study period. ii) Patient
diaries were kept in order to record if they failed to use the medication. iii) Patients were

encouraged to remain on melatonin throughout the ten days of treatment.
2.6. Assessments and instruments

All assessments were conducted by two independently trained research personnel to

apply psychophysical pain measurements. The timeline of assessments is presented in Figure
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2.6.1. Outcomes

The treatment effect on primary and secondary outcomes were evaluated by the A-value,
defined by measurements at treatment end minus values at baseline. Changes in the NPS during
the CPM-task assessed the function of the DPMS (primary outcome). The secondary outcomes
were the changes produced by treatment in the following measures: HTP, HPTo, BDNF, TrkB,
S-100B-protein.

2.6.2. Assessment of primary and secondary outcomes

a) QST was the method utilized in the assessment of heat pain thresholds using the method of
limits with a computer Peltier-based device thermode (30 x 30 mm) [26] that was attached to
the skin surface of the ventral portion of the mid-forearm. The initial temperature of the QST
is set at 32°C and it increases at a rate of 1°C/s to a maximum of 52°C. The average temperature
in °C of three consecutive assessments sufficient to induce pain comprises the HPT.

b) HPTo is the temperature induced by the QST to induce the maximum pain tolerated, with a
ceiling of 52°C.

c) DPMS was evaluated by the changes on the NPS ranging from 0 (no pain) to 10 (worst pain
imaginable). The CPM was induced by a heterotopic noxious stimulus administered
concurrently with a QST sufficient to produce a pain score of 6/10. The
conditioned pain modulation (CPM) test was provoked by immersions nondominant hand into
cold water (0°C) for one minute. During the CPM-task, subjects were asked to rate the pain
induced by a thermal stimulus pre-defined to produce a score of 6/10 on the NPS, then 30
seconds later the heterotopic stimulus with cold-water hand immersion was performed. The
CPM was defined as the difference between the average pain rating on the NPS before and after
cold water immersion.

d) Neuroplasticity state biomarkers were evaluated using serum levels of BDNF, TrkB and
S100B collected in plastic tubes and centrifuged for 10 minutes at 4,500 rpm at 4°C in a —80°C
freezer for further BDNF and TrkB assays. Serum-mediator concentrations were determined
using BDNF (Chemicon CYT306, lower detection limit 7.8 pg/mL; EMD Millipore, Billerica,
MA, USA), TrkB (MYBI - MBS9346917, lower detection limit 0.25 ng/ml; MyBiosource, San
Diego, CA, USA) S100B (EZHS100B-33 K, Millipore, Missouri, USA, lower detection
limit 2.7 pg/mL), and enzyme-linked immunosorbent-assay Kkits in accordance with the

manufacturer’s instructions.
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2.6.3. Clinical Measurements: Depressive Symptoms and Sleep Quality

Beck Depression Inventory (BDI-1I) is a questionnaire composed of 21 multiple-choice
questions with four options each (0 - 3). The total BDI score ranges from 0-63; higher scores
indicate a higher degree of depressive symptoms (23).

Pittsburgh Sleep Quality Index (PSQI). The PSQI is a self-reporting questionnaire that
comprises 19-items to assess the quality of sleep and identifies sleep disorders. The score

ranging from 0 to 21.

2.6.4. Other Instruments and Assessments

The patients' demographic data were assessed using standardized demographic
questionnaires. The side effects related to chemotherapy were assessed by the questionnaire of
the European Organization for Cancer Research and Treatment validated for the Brazilian
population (EORTC QLQ-C30) before and after treatment.

2.7. Statistical Analysis

Inferential tests for demographic and clinical measures, as well as for the
psychophysical pain measures and biomarkers of neuroplasticiity (i.e. BDNF, TrkB, S100-B),
were based on independent sample t-Tests for continuous variables and utilization of the Mann-
Whitney non-parametric test. To control the individual variability, existing imbalances between
groups, and baseline differences of the descending pain modulatory system function assessed
using the NPS, HPT, HPTo, BDNF, TrkB and S100-B protein, we used the mean differences
[delta(A)-values of mean difference averages of measures at treatment end minus baseline
means]. To analyze the treatment effect on all primary and secondary outcomes, we conducted
multivariate analyses of covariance (MANCOVA). The dependent variables were the A-values
of outcome measures (Change on NPS (0-10) during CPM-task, HPT, HPTo, BDNF, TrkB, S-
100B); the treatment group was the factor and the A-values of sleep quality and depressive
symptoms were covariates. Regression analyses to examine the relationship between primary
and secondary outcomes were run when appropriate. Bonferroni’s Multiple Comparison

adjusted all analyses. Using the intention-to-treat (ITT) method, we considered all of the
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randomized patients as part of the analysis with the worst-case observation carried forward in
the respective treatment group (melatonin or placebo). For all analyses, we considered a Type
| two-sided error (bicaudal) a= 0.025. For statistical analyses, the IBM SPSS Statistics for
Windows, Version 20.0 was used (IBM Corp., Armonk, NY, U).

3. Results
3.1. Socio-demographic and Clinical Characteristics

The characteristics of the participants are presented in Table 1. Randomization produced
balanced groups for most of the characteristics, except in years of school. In the melatonin and
placebo group, 13 (54.2%) vs. 11 (45.8%) assumed to have received melatonin, respectively.
In the melatonin and placebo group, 4 (44.4%) vs. 5 (55.6%) assumed that they received
placebo, respectively. Two in the melatonin group and 1 in the placebo group assumed that their
treatment was unknown (P=0.69). Regarding the severity of the adverse effect scores, according
to EORTC the median and interquartile (Q25-75) were observed to be at 10 (Q2s.75 = 2; 20) vs.
9 (Q25.75 = 0; 24), P=0.35, in the melatonin and placebo group, respectively. We observed that
melatonin treatment reduced the severity of adverse effects as the median and interquartile
(Q25-75) was 7 (Q2s.75= 2; 19) vs. 12.5 (Q25.75 = 3; 25), P=0.01, in the melatonin and placebo

group, respectively.

3.2. Primary and Secondary Outcomes
3.2.1. Univariate analysis of the primary outcome to compare the treatment group effect on
the NPS (0-10) during the CPM-task

The efficiency of the DPMS assessed by the change on the NPS during the CPM-task
increased 43.5% from TO to T1 in the melatonin group, whereas it decreased 93% in the placebo
group [t = -4.14, df = 33.57; P< 0.001]. The mean on the NPS during the CPM-task at TO, T1

and the A-value is presented in Figure 3.

3.2.2. Multivariate analysis of primary and secondary outcomes to compare the treatment

group effect on the psychophysical pain measures considering melatonin’s effect on the
neuroplasticity state and sleep quality

The MANCOVA analysis to compare between groups of mean differences [delta(A)-
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values of mean difference averages of measures (at treatment end minus baseline means)]with
the adjustment for multiple comparisons is presented in Table 3. The MANCOVA analysis
revealed a significant main effect of treatment; Pillai’s Trace’s F (6, 24) =5.11; p<0.001;
n?partial=0.56 (Table 3A).

The change on the NPS(0-10) during CPM-task in the melatonin vs. placebo group
presented as mean A-values of each group, the mean difference (md) between two groups with
their respective confidence interval (CI, 95%) was (-1.07 vs. 2.76); md=-3.83, C1 95% (-5.66
to -2.00)]. It confirmed that melatonin’s effect optimizes the DPMS supported by the change
on the NPS during the CPM-task. Also, it increased the HPT and HPTo, while reducing the
serum levels of BDNF, TrkB, and S-100B. In Table 3B, the coefficients of the linear regression
analysis of MANCOVA are presented. was shown in Table 3B the regression coefficient. The
result showed that the A-Pittsburgh Sleep Quality Index was negatively correlated with the A-
value of Changes on NPS (0-10) during the CPM-task (Standardized Beta=-0.37; t=-2.20,
P=0.03, n?partial=0.13). It is important to remember that a higher change on the A-PSQI means
a better effect of melatonin on sleep quality, while a larger change on the NPS during the CPM-
task indicates that the heterotopic stimulus was more effective. Hence, the difference in the
NPS (PPT1 minus PPTO) produced a higher negative value. Thus, this explains the coherence
of this negative correlation. The interaction analysis showed that melatonin’s effect on the
DPMS was not related to its impact on the improvement of sleep quality. (Standardized
Beta=0.20, t=0.78 P=0.44).

The A-values of means (A-means) of each group (mean at treatment end minus mean
before treatment) and the mean difference between the melatonin vs. placebo group, with their
respective confidence interval (Cl; 95%) compared the MANCOVA and adjusted for multiple
comparisons showed that the melatonin reduced the serum levels of neuroplasticity markers
BDNF [A-means (-30.64 vs. 1.29); md= -32.93;Cl 95%, -50.19 to -13.67)]; TrKB [A-means (-
0.33 vs. 0.09), md= -0.43; CI 95% (-0.66 to - 0.25)] and SO0B-protein [A-means (-14.85 vs.
2.22); md= -16.87; CIl 95% (-31.30 to -2.45)]. However, it was observed that melatonin
compared to placebo increased in the HPTo [A-means (1.94 vs. -3.06); md= 5.00, CI95% (
2.34 t0 7.65)] and HTP [( 3.50 vs. -4.31); md=7.81, C195% (4.68 to 10.94)], respectively.
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4. Discussion

These findings confirm the benefits of melatonin compared to placebo prior to and
during the first cycle of ACBC by counteracting the neurotoxic effects on the inhibitory
function of the DPMS evaluated by the change on the NPS during the CPM-task. Melatonin
also increased the HPT and HPTo, while reducing the serum levels of the neuronal and astrocyte
neuroplastic markers (i.e., BDNF, TrkB, and S100-B-protein). The analysis showed that the
effect of melatonin on the DPMS and the neuroplasticity state was not related to its impact on
sleep quality.

The novelty of this study was to reveal that melatonin may counteract processes related
to ACBC that produces dysfunction in the inhibitory DPMS and in the neuroplastic state. These
findings corroborate our previous results of melatonin’s effect on the DPMS in fibromyalgia
patients (9) and provides mechanistic support to explain the high prevalence of pain claims in
patients receiving ACBC. Also, these findings extend evidence as to how melatonin’s effects
on improving the inhibitory DPMS and changes in the neuroplastic state are independent of its
impact related to improving sleep quality. Thereby, these findings show that the influence of
melatonin on the neural plasticity field can induce improvement in clinical outcomes related to
pain and sleep quality. Even though the effect of melatonin on neuroplasticity in pre-clinical
studies has been vastly studied (24-27) persists a gap to confirm the pre-clinical potential
benefits in clinical settings.

Although extensive literature support the relationship between poor sleep quality and
chronic pain, this relationship has been comprehended as a vicious cycle (5,28). However,
according to pre-clinical studies, sleep deprivation induces a synaptic instability in spinal cord
neurons (29), which may encompass the imbalance between the excitability and inhibitory
mechanisms. In the same way, this study indicates that melatonin’s effect on sleep quality
concurs with an improvement of the DPMS function, as well as reducing serum levels of BDNF.
These results are in line with evidence from previous studies on chronic pain using melatonin,
as serum BDNF was found to be reduced in patients with endometriosis (8), while in
fibromyalgia the DPMS was improved (9). Accordingly, mechanistic studies indicate that
melatonin up-regulates gene expression of serum BDNF while pharmacological studies showed
adirect role of TrkB signaling in the development of neuropathic pain (30). Thus, these results
support the notion that melatonin contra-regulates the disruption in the BDNF-TrkB signaling
induced by ACBC, which is crucial for the development, plasticity, and remodeling of neuronal
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circuits (31). In this way, preclinical studies have demonstrated that TrkB inhibition has
significant favorable effects in animal models regarding neuropathic pain, depression, cancer
and addictive behavior (32-34).

Other additional mechanisms to explain the neuroprotective impacts of melatonin’s
ability to counteract the neurotoxicity of ACBC include anti-apoptotic, anti-inflammatory, and
antioxidant effects (35,36). Indeed, it is possible that the multiplicity of melatonin’s properties
reduces transient apoptosis in the brain induced by chemotherapy, as well as reducing
neurotoxicity by reversing the microvasculature changes or cytokine activity responsible for
diminishing neurogenesis and neuroplasticity. Additionally, a decrease of serum S100B
concentration in our results supports that melatonin provides a modulatory effect on astrocytic
activity (37). In this way, it is also congruent with the function of serum S100B, a neurotrophic
factor that may increase neural survival, neurite extension, and suppression of glial reactivity
(38). However, S100B-protein is toxic at very high concentrations (39). Present data further
supports, due to its ability to surpass biological barriers such as the blood-brain barrier (BBB)
(40), that S100B inhibits inflammatory pathways that would cause brain damage. According to
most pre-clinical studies on neuronal damage, melatonin is often given within a 1-20 mg/kg
dose range (24-26), while at doses higher than 5 mg/kg it provides maximum neuroprotection
in ischemic stroke models (27). However, we cannot transpose the doses used in pre-clinical
studies to humans without evaluating its effects on humans due to pharmacokinetic differences.

Similarly, BDNF can cross the BBB bidirectionally, therefore a substantial portion of
its serum levels originate from neuronal and glial cells, reflecting its neuronal concentration.
Thus, BDNF concentrations found in the brain have been correlated with its serum
concentrations (41), suggesting that the neuroprotective effects of melatonin may involve a
reduced release of BDNF. Similarly, in a study examining subjects with depression, melatonin
safeguarded hippocampal neurons from damage via BDNF or glial cell-derived neurotrophic
factor activation (42). Contrarily, the S100B astroglial protein released in response to neuronal
injury, exerts neurotrophic effects on neurons and glial cells (39). As an astrocytic marker,
S100B can be easily detected in the serum (37), and an increase or decrease in levels has been
observed in multiple known brain disorders. Although serum S100B may be elevated in acute
neuronal damage, S100B levels were decreased in patients with underlying neurodegenerative
disease (43) and also observed in patients who carry lower pain thresholds diagnosed with

fibromyalgia (10).
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Several concerns related to our study must be addressed: Firstly, the homogeneity of
our sample gives rise to the issue of external validity as it is methodologically advantageous to
answer the question of this study. Secondly, the awareness of group allocation assessment
(either active or placebo) demonstrated that blinding was guaranteed, since the rate of patients
of the melatonin group believed to have received placebo, or vice-versa, was very similar.
Thirdly, our objective surrogate biomarkers and psychological measurements are less
susceptible to bias, hence the unblinding issue is unlikely to have affected our conclusions. A
positive effect of melatonin was to reduce the adverse effects due to ACBC.

In conclusion, these results suggest that oral melatonin together with first ACBC
counteracts the dysfunction in the inhibitory DPMS and improves pain perception measures.

Also, it shows that changes in the neuroplasticity state mediate the impact of melatonin on pain.
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Legends

Figure 1. Flowchart of the study.

Figure 2. (A) Timeline of study. (B) Conditioned pain modulation — CPM-task.

Figure 3. Change on NPS (0-10) during CPM-task at baseline (T0Q), treatment end (T1) and the
A=values (T1 minus TO). Error bars indicate standard error of the mean (SEM). Asterisks (*)
positioned above symbols indicate significant differences (p<0.01) at those time points using

Bonferroni’s test. BO = baseline.
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Table 1. Baseline demographic and clinical characteristics according to treatment group. Data

are presented as mean standard deviation (SD) (n=36).

Variables

Age (years)

Formal education (years)

Body Mass Index (kg/m?)

Visual Analogue Scale (0-100)
Brain-Derived Neurotrophic Factor (ng / mL)
Tropomyosin receptor kinase B (ng / mL)
Protein S100 Beta (pg / mL)

Pittsburgh Sleep Quality Index

Beck Depression Inventory Il

Melatonin (n = 18)
54.24 (10.59)
9.29 (4.04)
28.0 (6.14)

50 (20.00)
42.92 (17.54)
0.48 (0.25)
38.16 (12.42)
8.24 (3.97)
11.41 (7.73)

Placebo (n = 18)
54.11 (9.15)
6.94 (2.57)
29.94 (5.70)
50 (16.48)

42.24 (23.95)
0.47 (0.50)
32.37 (8.93)
8.44 (2.83)
10.83 (5.11)

P-value

0.97

0.08+

0.25+
0.80
0.92
0.49
0.21
0.86
0.79

Chronic disease

Hypertension
Hypothyroidism
Diabetes mellitus
Asthma

7 (38.9%) / 11 (61.1%)
3 (16.7%) / 15 (83.3%)
1 (5.6%) / 17 (94.4%)
1 (5.6%) / 17 (94.4%)

8 (44.4%) 1 10 (55.6%)
1 (5.6%) / 17 (94.4%)
1 (5.6%) / 17 (94.4%)
1 (5.6%) / 17 (94.4%)

Psychotropic medication (yes / no) *

Selective serotonin reuptake inhibitors
Tricyclics

Benzodiazepines

Antipsychotics

3 (16.7%) / 15 (83.3%)
1 (5.6%) / 17 (94.4%)
3 (16.7%) / 15 (83.3%)
1(5.6%) / 17 (94.4%)

3 (16.7%) / 15 (83.3%)
2 (11.1%) / 16 (88.9%)
4 (22.2%) | 14 (77.8%)

Chemotherapy regiments (yes / no)

ACT (doxorubicin plus cyclophosphamide followed by
weekly paclitaxel) *

AC (doxorubicin plus cyclophosphamide) *

ACTH (doxorubicin plus cyclophosphamide followed by
paclitaxel plus trastuzumab) *

TAC (docetaxel, doxorubicin, and cyclophosphamide) 2
TC (docetaxel plus cyclophosphamide) 2

9 (50%) / 9 (50%)

5 (27.8%) / 13 (72.2%)
2 (11.1%) / 16 (88.9%)

1 (5.6%) / 17 (94.4%)
1 (5.6%) / 17 (94.4%)

9 (50%) / 9 (50%)

2 (11.1%) / 16 (88.9%)
3 (16.7%) / (83.3%)

2 (11.1%) / 16 (88.9%)
2 (11.1%) / 16 (88.9%)

7 Mann-Whitney non-parametric test was used. Independent t-tests were applied to all other measures.

* Three patients use more than one psychotropic medication.
Prophylaxis for infusion reactions:

! Dexamethasone 20 mg 1V 30 minutes before drug administration.
2 Dexamethasone 8 mg orally every 12 hours starting one day prior to docetaxel administration.
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Table 2. Pain psychophysical measures and serum markers of neuroplasticity state at

treatment end according to melatonin or placebo groups. Data are presented as the mean

prior, post-treatment and A-value (post-minus prior) and standard deviation (SD) (n=36).

Placebo (n=18)

Melatonin (n=18)

Mean (SD) A-value Mean (SD) A-value P-value*

Primary outcome
Conditional Pain Modulation: change on NPS (0-10) during CPM-task
Baseline -1.81 (1.67) -0.94 (1.61)

1.70 (1.45) -1.35 (1.11) <0.001
End treatment -0.10 (1.52) -2.29 (1.61)
Secondary outcomes
Heat Pain Threshold
Baseline 40.99 (2.52) 38.47 (2.58)

-3.05 (2.74) 2.46 (1.98) <0.001
End treatment 37.94 (2.99) 40.99 (1.92)
Heat Pain Tolerance
Baseline 49.78 (2.62) 49.01 (2.66)

1.18 (1.95) 1.32(2.07) 0.001
End treatment 48.59 (2.96) 50.33 (1.79)
Brain-derived neurotrophic factor (BDNF)
Baseline 40.88 (23.78) 41.65 (17.72)

1.87 (7.17) -20.44 (17.17) <0.001
End treatment 42.76 (17.75) 21.31(7.18)
Tropomyosin Kinase Receptor B (TrkB)
Baseline 0.47 (0.50) 0.56 (0.39)

0.46 (0.17) -0.15 (0.18) 0.003
End treatment 0.52 (0.46) 0.41 (0.37)
S100 calcium binding protein B protein (S100B)
Baseline 33.21 (9.25) 38.17 (12.42)

2.89 (11.18) -11.16 (9.75) <0.001
End treatment 36.11 (12.19) 26.96 (8.45)
Pittsburgh Sleep Quality Assessment
Baseline 8.44 (2.83) 8.24 (3.98)

2.83(2.31) -3.18 (2.01) <0.001
End treatment 11.06 (3.35) 5.06 (3.34)
Beck Depression Inventory 11
Baseline 10.83 (5.11) 11.41 (7.73)

3.72 (5.21) -4.71 (5.83); <0.001
End treatment 14.56 (7.76) 6.41 (4.57)

* Correspond to comparisons of A-value by the t-test for independent sample.
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Table 3. MANCOVA model to compare the treatment effect in the A-value of psychophysical pain

measures and the neuroplasticity state considering melatonin’s effect, depressive symptoms and sleep

quality (n=36).

(A) Main effects

Corrected Model Type 11 Sum of  df Mean F P-value

Squares Square
Dependent Variables
A- Changes on NPS0-10 during CPM-task 102.472 4 25.62 1099 <0.01
A- Heat pain threshold 285.03P 4 71.26 13.18 <0.01
A-Heat pain tolerance 79.17¢ 4 19.79 556 <0.01
A-Brain-derived neurotrophic factor (BDNF) 5176.77¢ 4 129419 7.89 <0.01
A- Tropomyosin receptor kinase B (TrkB) 0.62¢ 4 0.16 6.13 <0.01
A- S$100 calcium binding protein B (S-100B) 1871.64 4 467.91 3.88 0.01
Intercept
A- Changes on NPS0-10 during CPM-task 4.40 1 4.40 1.89 0.1¢
A- Heat pain threshold 1.18 1 1.18 0.22 0.65
A-Heat pain tolerance 1.47 1 1.47 0.41 0.5:
A-Brain-derived neurotrophic factor (BDNF) 2133.52 1 213352 13.01 <0.01
A- Tropomyosin receptor kinase B (TrkB) 0.16 1 0.16 6.37 0.0z
A- S100 calcium binding protein B (S-100B) 405.62 1 405.61 3.36 0.0¢
Treatment group
A- Changes on NPS0-10 during CPM-task 59.85 1 59.85 25.69 <0.01
A- Heat pain threshold 154.14 1 154.14 28.50 <0.01
A-Heat pain tolerance 60.56 1 60.56 17.01 <0.01
A-Brain-derived neurotrophic factor (BDNF) 2375.01 1 2375.01 14.48  <0.01
A- Tropomyosin receptor kinase B (TrkB) 0.45 1 0.46 18.01 <0.01
A- S100 calcium binding protein B (S-100B) 703.52 1 703.52 5.83 0.0Z
A-Pittsburgh Sleep Quality Index
A- Changes on NPS0-10 during CPM-task 9.95 1 9.95 427  0.04¢
A- Heat pain threshold 2457 1 2457 454  0.04z
A-Heat pain tolerance 14.37 1 14.37 4.04  0.054
A-Brain-derived neurotrophic factor (BDNF) 208.11 1 208.11 1.27  0.26¢
A- Tropomyosin receptor kinase B (TrkB) 0.11 1 0.11 432  0.047
A- S100 calcium binding protein B (S-100B) 8.18 1 8.175 0.08  0.79¢
A-Beck Depression Inventory-I1
A- Changes on NPS0-10 during 0.32 1 0.32 0.14 0.71
A- Heat pain threshold 0.03 1 0.03 0.01 0.94
A-Heat pain tolerance 4.79 1 4.79 1.35 0.2€
A-Brain-derived neurotrophic factor (BDNF) 2.47 1 2.47 0.06 0.9C
A- Tropomyosin receptor kKinase B (TrkB) 0.04 1 0.04 1.59 0.2z
A- S100 calcium binding protein B (S-100B) 14.71 1 14.71 0.12 0.7:
Grupo * A-Pittsburgh Sleep Quality Index
A- Changes on NPS0-10 during CPM-task 1.42 1 141 0.61 0.44
A- Heat pain threshold 0.13 1 0.11 0.02 0.8¢
A-Heat pain tolerance 3.86 1 3.86 1.09 0.31
A-Brain-derived neurotrophic factor (BDNF) 419.34 1 419.34 2.56 0.12
A- Tropomyosin receptor kinase B (TrkB) 0.08 1 0.08 3.00 0.0¢
A- S$100 calcium binding protein B (S-100B) 71.13 1 71.13 0.59 0.4¢
(B) Coefficients

Beta SEM t  P-value Cl 9
Dependent variable: A- Changes on NPS (0-10) during the CPM-task
Treatment group Melatonin -4.97 0.98 -5.07 0.00* (-6.98 to

Placebo oreference



A-Pittsburgh Sleep Quality Index -0.37 0.17 -2.20 0.03* (-0.70 t
A-Beck Depression Inventory-I| -0.02 0.05 -0.37  0.71 (-0.12t
Interaction
Melatonin* A-Pittsburgh Sleep Quality Index 0.20 0.27 0.78 0.44 (-0.33t
Placebo* A-Pittsburgh Sleep Quality Index Qreference
Dependent variable: A- Heat pain threshold
Treatment group Melatonin 7.981 1.49 534 0.00* (4.92tc
Placebo Oreference
A-Pittsburgh Sleep Quality Index 0.44 0.25 1.75 0.09 (-0.07t
A-Beck Depression Inventory-I| -0.006 0.08 -0.08 0.94 (-0.16t
Interaction
Melatonin* A-Pittsburgh Sleep Quality Index -0.06 0.40 -0.14 0.88 (-0.88 t
Placebo* A-Pittshurgh Sleep Quality Index Qreference
Dependent variable: A-Heat pain tolerance
Treatment group Melatonin 5.00 1.21 412 0.00* (2.52 t
Placebo Oreference
A-Pittsburgh Sleep Quality Index 0.49 0.20 2.38 0.02* (0.06 t
A-Beck Depression Inventory-I| 0.07 0.06 116 0.25 (-.006 t
Interaction
Melatonin* A-Pittsburgh Sleep Quality Index -0.34 0.33 -1.04 0.30 (-1.0 tc
Placebo * A-Pittsburgh Sleep Quality Index Qreference
Dependent variable: A-Brain-derived neurotrophic factor (BDNF)
Treatment group Melatonin -31.33 8.23 -3.80 0.00* (-48.16t
Placebo Qreference
A-Pittsburgh Sleep Quality Index 0.58 1.39 042 0.68 (-2.26 t
A-Beck Depression Inventory-I1 -0.05 0.42 -0.12  0.90 (-0.93t
Interaction
Melatonin* A-Pittsburgh Sleep Quality Index -3.55 2.22 -1.56 0.12 (-8.09t
Placebo* A-Pittshurgh Sleep Quality Index Qreference
Dependent variable: A- Tropomyosin receptor Kinase B (TrkB)
Treatment group Melatonin -0.43 102 -4.24 0.00* (-0.64 ti
Placebo Qreference
A-Pittsburgh Sleep Quality Index -0.004 .017 020 0.84 (-0.04 t
A-Beck Depression Inventory-II -0.007 .005 -1.26 021 (-0.02 t«
Interaction
Melatonin* A-Pittsburgh Sleep Quality Index -0.05 0.03 -1.73  0.09  (-0.10 tc
Placebo* A-Pittsburgh Sleep Quality Index Qreference
Dependent variable: A- S100 calcium binding protein B (S-100B)
Treatment group Melatonin -17.05 7.06 -2.41  0.02* (-31.491
Placebo Oreference
A-Pittsburgh Sleep Quality Index 0.49 1.18 0.41 0.68 (-1.94 t
A-Beck Depression Inventory-I11 -0.13 0.36 -0.35 0.73 (-0.88 t
Interaction
Melatonin* A-Pittsburgh Sleep Quality Index -1.46 1.90 -0.77 0.45 (-5.35t
Placebo* A-Pittsburgh Sleep Quality Index Qreference

R Squared = 0.603 (Adjusted R Squared = 0.548) a
R Squared = 0.645 (Adjusted R Squared = 0.596) b
R Squared = 0.434 (Adjusted R Squared = 0.356) ¢
R Squared = 0.521 (Adjusted R Squared = 0.455) 4
R Squared = 0.458 (Adjusted R Squared = 0.384) ¢



7 DISCUSSAO

Os resultados deste estudo confirmam os beneficios do uso da melatonina em
comparacdo com o placebo antes do primeiro ciclo de quimioterapia para cancer de mama
(ACBC), na reducdo do tempo de execucdo no teste de trilhas (TMT-A-B), aumento da
pontuacdo na recordagdo imediata e tardia e melhora do reconhecimento de palavras no teste
de memoria de Rey (RAVLT) e aumento das palavras recitadas durante o teste de fluéncia
verbal ortografico (COWAT). O teste de trilhas foi negativamente correlacionado com os niveis
basais de TrkB e BDNF, respectivamente. No final do tratamento, as alteracdes de TrkB foram
inversamente associadas com sintomas depressivos e qualidade do sono, mas ndo com o teste
de trilhas. No entanto, a melatonina n&o alterou a capacidade de atengéo sustentada e controle
das respostas avaliadas pelo controle inibitério (Go / No-Go). Quando avaliada a funcdo do
sistema somato-sensorial, a melatonina neutralizou os efeitos neurotoxicos na funcéo inibitoria
do sistema modulador descendente da dor (DPMS) avaliado pela mudanca na escala numérica
da dor durante a tarefa modulacdo condicionada da dor. A melatonina também aumentou o
limiar de dor ao calor e a tolerancia a dor pelo calor, enquanto reduziu os niveis séricos dos
marcadores neuronais e astrociticos (BDNF, TrkB e proteina S100-B). A analise mostrou que
o efeito da melatonina no DPMS e no estado de neuroplasticidade ndo foi relacionado a
qualidade do sono.

No geral, estes resultados sugerem que o estado de neuroplasticidade pode ser um
marcador para explicar as diferencas substanciais do comprometimento da capacidade
cognitiva de pacientes com cancer de mama. Embora o efeito da melatonina parece contrapor
os efeitos neurotoxicos relacionados aos quimioterapicos, 0s niveis basais do BDNF e do seu
receptor TrkB predisseram o efeito da melatonina na flexibilidade cognitiva. Hipotetiza-se que
este efeito esteja relacionado ao efeito da melatonina na neuroinflamacdo com reducdo da
sintese de citocinas pro-inflamatorias e de BDNF. De acordo com Dietrich et al. (2008), este
efeito da melatonina na cascata inflamatoria atenua o efeito do estresse oxidativo, a toxicidade
celular direta e inflamacé&o, contribuindo para a alteracdo da cinética celular no hipocampo, bem
como ruptura neurovascular da barreira hematoencefalica. Embora a redugdo nos marcadores
séricos relacionados a neurolpasticidade esteja alinhada ao efeito clinico que mostrou beneficio
da melatonina, os mecanismos subjecentes ainda ndo séo conhecidos.

Outros efeitos obeservados nesta pesquisa, foi a capacidade da melatonina em neutralizar
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os efeitos adversos da ACBC relacionados a disfuncdo no DPMS inibitério e o estado
neuropléstico. Também observamos redu¢do do BDNF enquanto melhora do DPMS, o que
corrobora estudos anteriores em dor crénica em pacientes com endometriose (Schwertner et al.,
2013) e fibromialgia (de Zanette et al., 2014). Assim, estes resultados suportam que a
melatonina contra-regula a disrupcdo na sinalizacdo BDNF-TrkB induzida pela ACBC, que é
crucial para o desenvolvimento, plasticidade e remodelacdo de circuitos neuronais (Yu & Chen,
2011). Aléem disso, observamos uma diminuicdo da concentracdo sérica de S100B, o que
sustenta que a melatonina fornece um efeito modulador na atividade astrocitica (Gongalves et
al., 2008).

Nossos resultados estdo de acordo com estudos anteriores e revelam os beneficios da
melatonina na melhora dos efeitos colaterais induzidos pela quimioterapia. Porém, estudos
futuros sdo necessarios com um numero mais substancial de pacientes antes de definir

conclusdes sobre o impacto da melatonina na neurotoxicidade devido a quimioterapia.
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8 CONSIDERACOES FINAIS

Em concluséo, os resultados desta tese demostram os beneficios do uso de melatonina
antes e durante com o primeiro ciclo de quimioterapia adjuvante para cancer de mama quando
comparado ao placebo na melhoria da flexibilidade e atencéo cognitiva, e protecao da disfungéo
do sistema modulador descendente da dor. Os beneficios cognitivos sdo modulados pelo estado
de neuroplasticidade, bem como pelo efeito neuroprotetor dos sintomas depressivos e a
qualidade do sono, e estdo alinhados a alteracdes nos biomarcadores de neuroplasticidade. Além
disso, aponta que as mudancas no estado de neuroplasticidade mediam o impacto da melatonina
na dor. Dessa forma, demonstramos com este estudo que o uso da melatonina pode contra-regular
os efeitos adversos da quimioterapia adjuvante para cancer de mama na funcdo cognitiva e do
sistema somata-sensorial, com benéficios na qualidade de vida e bem estar de pacientes durante o

tratamento.
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9 PERSPECTIVAS FUTURAS

O estudo dos efeitos e mecanismos da melatonina na adjuvancia quimioterapica
constitui um importante passo no campo cientifico. O aumento da amostragem do estudo, com
0 objetivo de alargar os resultados e a analise dos marcadores relativos a resposta ao tratamento
e monitorizagdo de pacientes com cancer de mama, constituem objetivos futuros importantes
para este trabalho. O estudo podera também ser expandido a outros modelos tumorais, de forma
a avaliar o papel da melatonina em diferentes tipos de tumor.

Neste estudo, avaliou-se os efeitos da melatonina adjuvante ao tratamento
quimioterapico na primeira sessdo de quimioterapia adjuvante e diante dos resultados faz-se
importante estudos que extendam o tempo de tratamento e o acompanhamento a longo prazo
destas pacientes. A continuacdo deste estudo é, entdo, importante, de forma a melhorar a

compreensdo dos mecanismos da melatonina a longo prazo.
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ANEXO A - REGIMES DE TRATAMENTO ADJUVANTE E NEOADJUVANTE

PARA CANCER DE MAMA

Quimioterapia Neoadjuvante / Adjuvante Baseada em Evidéncia *

Regimes preferiveis para doenca HER2-negativo® f

Regime

Dose-densa de doxorubicina +
ciclofosfamida (AC) seguida de paclitaxel
(Categoria 1) 2

Dose-densa de AC seguida de paclitaxel

semanal (Categoria 1) 2

Docetaxel + ciclofosfamida (TC)
(Categoria 1) @

Dosagem

Dia 1: Doxorubicina 60mg/m? IV
Dia 1: Ciclofosfamida 600mg/m? IV
4 sessdes (a cada 14 dias) seguido de:
Dia 1: Paclitaxel 175mg/m? IV

Dia 1: Doxorubicina 60mg/m? IV
Dia 1: Ciclofosfamida 600mg/m? IV

4 sessdes (a cada 14 dias) seguido de:

Dia 1: Paclitaxel 80 mg/m? IV semanal por12 semanas

Dia 1: Docetaxel 75 mg/m? IV
Dia 1: Ciclofosfamida 600mg/m? IV
4 sessOes (a cada 21 dias)

Outros regimes para doenga HER2-negativo® f

Dose-densa AC (Categoria 1) 2

AC (Categoria 2B) *

Docetaxel + doxorubicina +
ciclofosfamida (TAC) (Categoria 1) °

Ciclofosfamida + metotrexato + 5-
fluorouracil (CMF) (Categoria 1) ©

AC seguido de docetaxel (Categoria 1)

Dia 1: Doxorubicina 60mg / m? IV

Dia 1: Ciclofosfamida 600mg / m? IV

4 sessdes (a cada 14 dias)

Dia 1: Doxorubicina 60mg / m? IV

Dia 1: Ciclofosfamida 600mg / m? IV

4 sessdes (a cada 21 dias)

Dia 1: Docetaxel 75mg / m? IV

Dia 1: Doxorubicina 50mg / m? IV

Dia 1: Ciclofosfamida 500mg / m? IV

6 sessOes (a cada 21 dias)

Dias 1 a 14: Ciclofosfamida 100mg / m? VO
Dia 1 e 8: Metotrexato 40mg / m? IV
Dia 1 e 8: 5-fluorouracil 600mg / m? IV,
6 sessOes (a cada 28 dias)

Dia 1: Doxorubicina 60 mg/m? IV

Dia 1: Ciclofosfamida 600mg / m? IV.
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4 sessOes (a cada 21 dias) seguido de:
Dia 1: Docetaxel 100 mg/m? IV
4 sessdes (a cada 21 dias)
Dia 1: Doxorubicina 60mg / m? IV
AC seguido paclitaxel semanal Dia 1: Ciclofosfamida 600mg / m? IV
(Categoria 1) 8 4 sessdes (a cada 21 dias) seguido de
Dia 1: Paclitaxel 80 mg/m? IV semanal por 12 semanas
Dia 1: Epirubicina 100mg / m? IV
Dia 1: Ciclofosfamida 830mg / m? IV

8 sessOes (a cada 21 dias)

Epirubicina + Ciclofosfamida (EC)
(Categoria 1) °

Regimes preferiveis para doenca HER2-positivo 9N

Dia 1: Doxorubicina 60mg / m? IV
Dia 1: Ciclofosfamida 600mg / m? IV

AC seguido de paclitaxel + 4 sessOes (a cada 21 dias) seguido:

trastuzumab04: Paclitaxel 80mg / m? IV semanal por 12 semanas
Trastuzumabe 4mg/kg 1V ¢/ 12 dose paclitaxel, seguido
Trastuzumab 2mg/kg IV semanal por 1 ano
Dia 1: Doxorubicina 60mg / m? IV IV
Day 1: Ciclofosfamida 600 mg / m? IV
4 sessdes (a cada 21 dias) seguido de:

AC seguido de paclitaxel + Dia 1: Pertuzumabe 840mg IV seguido de 420mg IV

trastuzumabe +pertuzumabe®Jk Dia 1: Trastuzumab 8mg/kg 1V seguido de 6mg/kg IV
Dias 1, 8, e 15: Paclitaxel 80mg/m2 IV
4 sessdes (a cada 21 dias)
Dia 1: Trastuzumabe 6mg/kg IV a cada 21 dias/ 1 ano
Dia 1: Doxorubicina 60 mg/m? IV
Dia 1: Ciclofosfamida 600mg/m? IV.
4 sessOes (a cada 14 dias) seguido:

Dose-densa AC seguida de paclitaxel + Dia 1: Paclitaxel 175 mg/m? IV

trastuzumabe!Jk 4 sessbes (a cada 14 dias), mais:
Trastuzumabe 4mg/kg IV com a primeira dose de
paclitaxel, seguido de:
Trastuzumabe 2mg/kg IV semanal até completar 1 ano

Docetaxel + Carboplatina + Dia 1: Docetaxel 75 mg/m? IV
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Trastuzumabe (TCH)!%k Dia 1: Carboplatina AUC 6mg « min/mL IV
6 sessdes (a cada 21 dias), com:
Trastuzumabe 4mg/kg IV na primeira semana, seguido
de: 2mg/kg IV por 17 semanas, seguido de:
Trastuzumabe 6mg/kg 1V a cada 21 dias até completar
1 ano com trastuzumabe, OU
Trastuzumabe 8mg/kg IV primeira semana, seguido:
Trastuzumabe 6mg/kg 1V a cada 21 dias / 1 ano
Dia 1: Trastuzumabe 8mg/kg IV seguido de 6mg/kg IV
Dia 1: Pertuzumabe 840mg IV seguido de 420mg 1V
Dia 1: Docetaxel 75 mg/m? IV
Dia 1: Carboplatina AUC 6mg ¢ min/mL IV

6 sessOes (a cada 21 dias), seguido de:

TCH + pertuzumabe®®*

Trastuzumab 6mg/kg IV a cada 21 dias / 1 ano
Outros regimes para doenga HER2-positivo 19N
Dia 1: Doxorubicina 60 mg/m? IV
Dia 1: Ciclofosfamida 600mg/m2 1V
4 sessOes (a cada 21 dias), seguido de:
AC seguido de docetaxel + Dia 1: Docetaxel 100 mg/m? IV
trastuzumabe!?k 4 sessOes (a cada 21 dias), com:
Trastuzumabe 4mg/kg 1V na primeira semana, seguido
de 2mg/kg 1V semanal por 11 semanas, seguido de:
Trastuzumab 6mg/kg IV a cada 21 dias / 1 ano
Dia 1: Doxorubicina 60 mg/m? IV
Dia 1: Ciclofosfamida 600mg/m2 1V
4 sessOes (a cada 21 dias), seguido de:
AC seguido de docetaxel + trastuzumabe | Dia 1: Pertuzumabe 840mg IV seguido de 420mg IV
+ pertuzumabe!3* Dia 1: Trastuzumab 8mg/kg IV seguido de 6mg/kg IV
Dia 1: Docetaxel 75-100mg/m? IV
4 sessOes (a cada 21 dias), seguido de:
Trastuzumabe 6mg/kg 1V a cada cada 21 dias/ 1 ano
Dia 1: Docetaxel 75 mg/m? IV
Dia 1: Ciclofosfamida 600mg/m? IV

4 sessoes (a cada 21 dias), mais:

Docetaxel + ciclofosfamida +

trastuzumabel*k
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Trastuzumab 4mg/kg IV na primeira semana, seguido:
Trastuzumab 2mg/kg IV semanalmente/11 semanas,
seguido de:

Trastuzumab 6mg/kg IV a cada 21 dias até completar 1
ano de terapia OU

Trastuzumab 8mg/kg IV na primeira semana, seguido:
Trastuzumab 6mg/kg IV a cada 21 dias / 1 ano

Dia 1: Fluorouracil 500 mg/m? IV

Dia 1: Epirubicina 100 mg/m? IV

Dia 1: Ciclofosfamida 600mg/m2 1V

3 sessOes (a cada 21 dias) seguido de:

Dia 1: Pertuzumabe 840mg IV seguido de 420mg IV
Dia 1: Trastuzumab 8mg/kg IV seguido de 6mg/kg IV
Dia 1: Docetaxel 75-100mg/m2 IV

3 sessOes (a cada 21 dias), seguido de:

Fluorouracil + Epirubicina +
Ciclofosfamida (FEC) seguido de

pertuzumabe + trastuzumabe + docetaxel*
3.k

Dia 1: Trastuzumabe 6mg/kg IV a cada 21 dias/ 1 ano
Dia 1: Fluorouracil 500 mg/m? IV

Dia 1: Epirubicin 100 mg/m? IV

Dia 1: Ciclofosfamida 600mg/m? IV

3 sessOes (a cada 21 dias), seguido de:

Dia 1: Pertuzumab 840mg IV seguido de 420mg IV
Dia 1: Trastuzumab 8mg/kg IV seguido de 6mg/kg IV
Dias 1, 8, e 15: Paclitaxel 80 mg/m? IV

3 sessOes (a cada 21 dias), seguido de:

FEC seguido de

pertuzumab + trastuzumab + paclitaxel*)
k

Dia 1: Trastuzumab 6mg/kg IV a cada 21 dias / 1 ano
Dia 1: Paclitaxel 80 mg/m? IV semanal/12semanas, +
Paclitaxel + trastuzumabe 5! Trastuzumab 4mg/kg IV ¢/ 12dose paclitaxel, seguido:
Trastuzumab 2mg/kg IV semanalmente por 1 ano
Dia 1: Pertuzumab 840mg IV seguido de 420mg IV
Dia 1: Trastuzumab 8mg/kg IV seguido de 6mg/kg IV
Pertuzumab + trastuzumab + docetaxel Dia 1: Docetaxel 75-100mg/m? IV
seguido de FEC6Jk 4 sessOes (a cada 21 dias), seguido de:
Dia 1: Fluorouracil 600 mg/m? IV
Dia 1: Epirubicina 90 mg/m? IV
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Dia 1: Ciclofosfamida 600mg/m? IV
Dia 1: Trastuzumab 6mg/kg IV
3 sessOes (a cada 21 dias), seguido de:
Dia 1: Trastuzumab 6mg/kg IV a cada 21 dias / 1 ano
Dia 1: Pertuzumab 840mg IV seguido de 420mg IV
Dia 1: Trastuzumab 8mg/kg 1V seguido de 6mg/kg IV
Dias 1, 8, e 15: Paclitaxel 80 mg/m? IV
4 sessOes (a cada 21 dias), seguido de:
Pertuzumabe + trastuzumabe + paclitaxel | Dias 1: Fluorouracil 600 mg/m? IV
seguido de FEC6k Dia 1: Epirubicina 90 mg/m? IV
Dia 1: Ciclofosfamida 600mg/m? IV
Dia 1: Trastuzumab 6mg/kg IV
3 sessOes (a cada 21 dias), seguido de:

Dia 1: Trastuzumab 6mg/kg IV a cada 21 dias/ 1 ano
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ANEXO B - CARTA DE ACEITE DO COMITE DE ETICA

HCPA - HOSPITAL DE CLINICAS DE PORTO ALEGRE
GRUPO DE PESQUISA E POS-GRADUACAO

COMISSAQ CIENTIFICA

A Comisséio Cientlfica do Hospital de Clinicas de Porto Alegre analisou o projeto:

Projeto: 140701
Data da Verséo do Projeto:  19/12/2014

Pesquisadores:

WOLNEI CAUMO

LUCIANA DA CONCEIGAO ANTUNES
ANA CLAUDIA DE SOUZA

ALICIA DEITOS

ALINE PATRICIA BRIETZKE
JOANNA RIPOLL ROZISKY

Titulo: - MELATONINA COMO SINCRONIZADORA DO RITMO SONO-VIGILIA,
NEUROMODRULADORA E MIELOPROTETORA NA QUIMIOTERAPIA POR CANCER
DE MAMA: ENSAIQ CLINICO, RANDOMIZADO, DUPLO-CEGO, EM PARALELO,
CONTROLADO COM PLACEBO

Este projeto foi APROVADO em seus aspectos éticos, metodolégicos, logisticos e financeiros para
ser realizado no Hospital de Clinicas de Porto Alegre. .

Esta aprovagfio estd baseada nos pareceres dos respectivos Comités de Etica e do Servigo de Gestao
em Pesquisa.

- Os pesquisadores vinculados ao projeto nao participaram de qualguer etapa do processo de avaligdo
de seus projetos.

- O pesquisador devera apresentar relatorios semestrais de acompanhamento e relatdrio final ao Grupo
de Pesquisa e Pés-Graduagéo (GPPG)

Porto Alegre, 15 de maio de 2015.

Coordengdor CEP/HCPA
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