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Resumo

Objetivo: Avaliar a associacdo entre os valores séricos de vitamina D (VD) no momento
do diagndstico e a sobrevida global (OS), sobrevida livre de doenca (DFS) e sobrevida
especifica do cancer (CSS) em mulheres na p6s-menopausa tratadas do cancer de mama.
Métodos: Trata-se de coorte prospectiva de centro Unico. Foram incluidas pacientes
recém-diagnosticadas com cancer de mama invasivo entre 2014 a 2016, com idade > 45
anos e amenorreia > 12 meses, e dosagem de VD no momento do diagnoéstico, antes de
qualquer tratamento do cancer. As pacientes foram classificadas de acordo com valores
séricos de 25-hidroxivitamina-D [25(OH)D] em trés grupos: suficiente (> 30 ng/mL),
insuficiéncia (entre 20-29 ng/mL) e deficiéncia (< 20 ng/mL). Foram coletados dados
clinicos e anatomopatoldgicos. O desfecho primério foi OS e os desfechos secundarios
foram DFS e CSS. Curva de Kaplan-Meier e modelo de regressdo de Cox foram
empregados para avaliar a associacao entre valores de 25(OH)D e a OS, DFS e CSS. As
diferencas nas taxas de sobrevida foram avaliadas por razGes de risco (HR).

Resultados: Foram incluidas 192 mulheres com média de idade no diagnostico de 61,3
+ 9,6 anos, valor médio de 25(OH)D de 25,8 ng/mL (variando de 12,0-59,2 ng/mL) e
seguimento entre 54 — 78 meses. Valores suficientes de VD foram detectados em 65
pacientes (33,9%), insuficientes em 92 (47,9%) e deficientes em 35 (18,2%). Pacientes
com insuficiéncia e deficiéncia de 25(OH)D apresentaram maior proporcao de tumores
de alto grau, localmente avancado e com metéstase a distancia, linfonodos axilares
positivos, receptores de estrogénio (RE) e de progesterona (RP) negativos e indices altos
de Ki67 (p<0.05). O tempo médio de sobrevida global foi de 54,4 + 20,2 meses (variagao
de 9-78 meses) e 51 pacientes (26,6%) foram a dbito. Patients with VD deficiency and

insufficiency at diagnosis had significantly worse OS, DFS and CSS compared to patients
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with sufficient values (p<.0001). Fatores que influenciaram significantemente a
sobrevida foram: idade, estadio e tamanho do tumor, status linfonodal, RE e RP e valores
de VD. Ap0s ajustes para essas variaveis, pacientes com valores de 25(OH)D deficientes
ou insuficientes no momento do diagnostico apresentaram risco significativamente maior
de mortalidade global (HR 4,65, IC 95% 1,65-13,12), maior risco de recorréncia da
doenca (HR 6,87, IC 95% 2,35-21,18) e maior risco de morte pela doenca (HR 5,91, IC
95% 1,98 -17,60) que aquelas com valores suficientes.

Conclusao: Em mulheres na pds-menopausa tratadas para cancer de mama, a deficiéncia
de vitamina D sérica no momento do diagnostico associou-se a menor sobrevida global,
sobrevida livre de doenca e sobrevida especifica do cancer em comparacgédo as pacientes
com valores suficientes de vitamina D, independentemente dos fatores progndésticos do
cancer de mama (idade, estadio e tamanho do tumor, status linfonodal, receptores

hormonais e subtipos moleculares do cancer de mama).

Abstract
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Objective: To evaluated the association between serum vitamin D (VD) levels at
diagnosis and overall survival (OS), disease-free survival (DFS) and cancer-specific
survival (CSS) in postmenopausal women treated for breast cancer.

Methods: This is a single-center prospective cohort. The study included patients newly
diagnosed with invasive breast cancer between 2014 and 2016, aged > 45 years and in
amenorrhea for > 12 months, and VD assessment at the time of diagnosis, before any
cancer treatment. Patients were classified into three groups according to serum levels of
25-hydroxyvitamin-D [25(OH)D]: sufficient (> 30 ng/mL), insufficient (between 20-29
ng/mL) and deficient (< 20 ng/mL). Clinical and anatomopathological data were
collected. The primary outcome was OS and secondary outcomes were DFS and CSS.
Kaplan-Meier curve and Cox regression model were used to assess the association
between 25(OH)D levels and OS, DFS and CSS. Differences in survival were evaluated
by hazard ratios (HR).

Results: The study included 192 women with a mean age of 61.3 + 9.6 years at diagnosis,
mean 25(0OH)D levels of 25.8 ng/mL (ranging from 12.0 to 59.2 ng/mL) and follow-up
period between 54-78 months. Sufficient VD levels were detected in 65 patients (33.9%),
insufficient in 92 (47.9%) and deficient in 35 (18.2%). Patients with 25(OH)D
insufficiency and deficiency had a larger proportion of high-grade tumors, locally
advanced and with distant metastasis, positive axillary lymph nodes, negative estrogen
receptors (ER) and progesterone receptors (PR) and higher Ki67 index (p < 0.05). The
mean overall survival time was 54.4 + 20.2 months (range 9-78 months) and 51 patients
(26.6%) died during the study period. Patients with VD deficiency and insufficiency at
diagnosis had significantly lower OS, DFS and CSS compared to patients with sufficient
values (p<.0001). After adjustment for clinical and tumoral prognostic factors, patients

with serum 25(OH)D levels considered deficient at the time of diagnosis had a
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significantly higher risk of global death (HR 4.65, 95% CI 1.65-13.12), higher risk of
disease recurrence (HR 6.87, 95% CI 2.35-21.18) and higher risk of death from the
disease (HR 5.91, 95% CI 1.98-17.60) than the group with sufficient 25(OH)D levels.

Conclusion: In postmenopausal women treated for breast cancer, serum vitamin D
deficiency at the time of diagnosis was associated with lower overall survival, disease-
free survival, and cancer specific survival compared to patients with sufficient vitamin D
concentration, regardless prognostic factors of breast cancer (age, stage and size of the

tumor, lymph node status, hormone receptors and breast cancer subtypes).

1. Introducéo

1.1. Cancer de Mama
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O cancer de mama é o tipo de cancer que mais acomete as mulheres em todo
0 mundo, tanto em paises em desenvolvimento quanto em paises desenvolvidos. O cancer
de mama foi o cancer mais comumente diagnosticado em 2020, com cerca de 2,3 milhdes
de novos casos, 0 que representa 25% de todos os tipos de canceres diagnosticados em
mulheres. Como a quinta principal causa de mortalidade por cancer, foi responsavel por
1 em cada 6 mortes por cancer em mulheres e 685.000 mortes no geral (6,9%), ocupando
o primeiro lugar em incidéncia em 159 paises e o primeiro em mortalidade em 110 paises
no ano de 2020 (ACS, 2021). O Instituto Nacional de Cancer (INCA) estima 66.280 casos
novos de cancer de mama no Brasil, para cada ano do triénio 2020-2022. Esse valor
corresponde a um risco estimado de 61,6 casos novos a cada 100 mil mulheres.
Excetuando-se os tumores de pele ndo melanoma, o cancer de mama feminina ocupa a
primeira posicdo mais frequente em todas as regides brasileiras, correspondendo a 29,7%
dos casos de cancer em mulheres (INCA, 2020)

Além dos fatores relacionados a vida reprodutiva da mulher estabelecidos em
relacdo ao desenvolvimento do cancer de mama, os fatores potencialmente modificaveis
associados ao aumento de risco incluem ganho de peso apds os 18 anos, obesidade (para
cancer de mama na pds-menopausa), terapia hormonal da menopausa, consumo de alcool
e inatividade fisica (ACS, 2021). Contudo, a idade é o principal fator de risco para o
cancer de mama. As taxas de incidéncia aumentam rapidamente proximo aos 50 anos, e
posteriormente, ocorrem de forma mais lenta. Essa mudanca no comportamento da taxa
é atribuida ao inicio da menopausa. De fato, cerca de 70% dos casos de cancer de mama
ocorrem em mulheres acima dos 50 anos (INCA, 2020). No Brasil, dados do estudo
AMAZONA, a mediana da idade no diagndstico cancer de mama foi entre 53 a 55 anos

(Simon et al, 2019).
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A prevencao primaria dessa neoplasia ndo é possivel devido a variacéo dos fatores
de risco e as caracteristicas genéticas que estdo envolvidas na sua etiologia. Até o
momento, o rastreamento mamografico é a principal acdo para diagnostico precoce do
cancer de mama e, consequentemente, na reducdo da mortalidade pela doenca (Tabar et
al, 2011). O American Cancer Society recomenda que: 1- mulheres entre 40 e 44 anos
com risco médio de desenvolver cancer de mama tenham a opcdo de realizar a
mamografia anual; 2- mulheres entre 45 e 54 anos realizem mamografia anual; 3-
mulheres com 55 anos ou mais facam a mamografia bienal ou continuem a mamografia
anual (ACS, 2021). A Sociedade Brasileira de Mastologia (SBM), a Federacédo Brasileira
das AssociacOes de Ginecologia e Obstetricia (FEBRASGO) e o Colégio Brasileiro de
Radiologia (CBR) sugerem o rastreamento mamogréafico anual a partir do 40 anos,
embora o Instituto Nacional de Cancer (INCA) e o Sistema Unico de Salde (SUS)
indiguem o inicio a partir dos 50 anos com periodicidade bienal (Urban et al, 2017; INCA,
2020). Tabaér et al. avaliaram 133 mil mulheres, randomizadas em dois grupos: com ou
sem rastreamento mamografico preconizado. Apo6s 29 anos de seguimento, o estudo
concluiu que o rastreamento mamografico diminuiu o risco de morte por cancer de mama
em 30% (Tabaér et al, 2011).

Apesar de ser considerado um cancer relativamente de bom progndéstico se
diagnosticado e tratado oportunamente, as taxas de mortalidade por cancer de mama
continuam elevadas no Brasil, muito provavelmente pelo diagndstico em estadios
avancados (INCA, 2020). De acordo com dados do American Cancer Society, a taxa de
sobrevida em 5 e 10 para o cancer de mama sdo 90% e 84%, respectivamente (ACS,
2021). Em relacdo ao cancer de mama na America do Sul e Central, 0 estudo CONCORD-
2 observou aumento nas taxas de sobrevida cancer-especifica entre 1995-1999 e 2005-

2009, principalmente no Brasil, de 78% para 87%, respectivamente (Alemani et al, 2014).
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Em relacéo a sobrevida global em 10 anos no Brasil, avaliando informagdes coletadas em
registros de base populacional, a sobrevida para o cancer de mama entre 1998 e 2000 era
de 41,5% e entre 1995 e 2003 de 57,8% (Nunes, 2011).

Dados do estudo AMAZONA demonstraram que mulheres brasileiras tém maior
risco de serem diagnosticadas com cancer de mama em estadio avancado e em idade mais
jovem do que as mulheres em paises de alta renda (Simon et al, 2019). Nesse mesmo
estudo, as taxas de sobrevida global no Brasil em 5 anos para cancer de mama em estagio
inicial foram de 96,8% para o estagio | e 94,2% para o estagio Il. No tumor localmente
avancado (estadio I11), a sobrevida global em 5 anos foi de 70,5%. Os subtipos triplo-
negativo e HER-2-positivo foram associados a resultados inferiores em termos de
sobrevida global em pacientes com cancer de mama em estadio Il ou Il (Simon et al,
2019). Mais recentemente, uma coorte brasileira com dados de 1113 pacientes com cancer
de mama na regido sudeste, a sobrevida global em 10 anos observada foi de 83,8%
(Caleffi et al, 2020). Estes dados, parecem mostrar a disparidade que existe entre as
regides do Brasil, um pais de dimensdes continentais, possivelmente em decorréncia da
auséncia de um programa eficaz de rastreamento populacional e pela cobertura

mamografica inadequada no Brasil.

1.2. Vitamina D

A vitamina D (VD) é uma vitamina lipossoluvel, essencial para manutencao do
esqueleto e para absorgéo de célcio. Se proveniente da sintese em animais, é denominada
de colecalciferol (vitamina D3). E adquirida pela dieta pela ingestdo de alimentos ricos
em Oleo de peixe, figado e ovos. Entretanto, a maior fonte decorre da ativacdo na pele

(derme e epiderme). A partir da exposicao aos raios UVB ocorre a ativagédo na pele (derme
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e epiderme), do composto 7-deidrocolesterol que se transforma em vitamina D3, sendo
armazenada e liberada pelas células de gordura (Rosen, 2011). Essa forma, cuja ativagdo
ndo é metabolica, necessita das funcdes hepaticas e renais preservadas. E transportada
pela corrente sanguinea até o figado, onde sofre uma hidroxilagdo no carbono 25, pelo
citocromo P450 R21, tornando-se 25 hidroxivitamina D [25(OH)D] ou calcidiol, forma
inativa da VD. Para se tornar ativa, a 25(OH)D necessita ainda de uma hidroxilacdo na
posicdo 1, pelo citocromo P450 27B1, nos tubulos proximais dos rins, sob a acdo da
enzima la-hidroxilase, transformando-se em 1,25-diidroxivitamina D [1,25(0OH)2D] ou
calcitriol, que é responsavel pelos efeitos biolégicos (Heaney et al, 2011; Roth et al,
2019).

O nome 'vitamina D' € um equivoco historico. A forma ativa, o calcitriol, pode ser
considerada um horménio, pois é sintetizado em humanos, e submetido a regulacéo
autocrina, interagindo com receptor nuclear. A VD tem importante e reconhecido papel
na mineralizacdo 0ssea, na concentracao de calcio/fésforo e na regulacdo da paratireoide
(Rosen, 2011; Bouillon et al, 2019). A forma ativa da VD regula a transcricdo de numero
expressivo de genes que codificam proteinas transportadoras de calcio e proteinas da
matriz 6ssea. A VD também modula a transcricdo de células do ciclo protéico que
diminuem a proliferacdo celular e aumentam sua diferenciacdo (precursores de
osteoclastos, enterdcitos e queratindcitos). Essa propriedade pode explicar a acdo da VD
na reabsorcao Gssea, no transporte intestinal de célcio e na pele (Rosen, 2011; Roth et al,
2019).

A 1,25(0OH)2D, produzida no rim, é secretada na circulagdo sanguinea, ligada a
proteina de ligacdo a vitamina D (VDBP) e, em seguida, transportada para 6rgdos-alvo,
onde induz respostas genémicas e ndo-gendmicas através da interagdo com o receptor

nuclear de vitamina D (VDR). A sinalizacdo da VD por meio do VDR tem um papel



23

fisioldégico importante na homeostase do calcio e em outros processos teciduais
(Voutsadakis, 2020). Muitas células e tecidos expressam o citocromo P450 27B1 assim
como VDR, o que implica que a conversao local de 25(OH)D para 1,25(0OH)2D, a forma
ativa, possa ocorrer em varios tecidos (Bouillon et al, 2019). Em tecidos cancerigenos, a
VD tem efeitos anticancer que sdo mediados por meio de VDR atuando como um fator
de transcricdo e regulando varias dezenas de genes com acdo antiproliferativa, pro-
apoptotica e de diferenciacéo celular (Shao et al, 2012).

A dosagem de 25(OH)D ¢ considerada o melhor marcador para se avaliar e
monitorizar o estado nutricional de VD no organismo humano, pois os valores
plasmaticos sdo os principais indicadores das reservas corporais (Holick, 2010; Roth et
al, 2019; Amrein et al, 2020). Em diretriz clinica da Task Force Norte-Americana, a
insuficiéncia de VD foi definida como valores entre 21-29 ng/mL (52,5-72,5 nmol/L) e
a deficiéncia como valores inferiores a 20 ng/mL (50 nmol/L) (Holick et al., 2011). No
Brasil, segundo as diretrizes da Sociedade Brasileira de Endocrinologia e Metabologia,
valores superiores a 20 ng/mL sdo considerados desejaveis para populacdo saudavel com
idade até 60 anos, ao passo que valores entre 30-60 ng/mL sdo recomendados apenas para
grupos de risco (Maeda et al, 2014).

Entretanto, numero crescente de estudos sugere que sdo necessarios valores acima
de 30ng/mL para garantir melhor disponibilidade de VD (Dawson-Hughes et al., 2010;
Holick, 2010; Amrein et al, 2020). Caracterizam-se como hipovitaminose D
concentracdes plasmaticas de 25(OH)D abaixo do limiar de 30ng/mL, ou seja, do limiar
considerado suficiente para manutencdo da secre¢do normal de paratorménio (PTH) pelas
paratireoides (Holick et al., 2011; Bouillon et al, 2019). Na insuficiéncia de VD
evidencia-se elevacdo do PTH circulantes, traduzindo um hiperparatireoidismo

secundario, com reducdo da fragdo ativa de 1,25(0OH)2D, que aumenta a reabsor¢do 6ssea
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(Holick, 2010; Bouillon et al, 2019). A deficiéncia da VD pode ser confirmada pela
afericdo plasmatica de 25(OH)D, devido a sua meia-vida longa (15 dias), estabilidade
relativa, concentracdo abundante no sangue e capacidade de resposta a suplementacao de
VD (Roth et al, 2019). Por outro lado, as concentracdes de 1,25(0OH)2D estdo usualmente
dentro dos valores normais de referéncia ou mesmo aumentada em pacientes deficientes/
insuficientes, razéo pela qual ndo sdo utilizadas como referéncia na pratica clinica diaria
(Holick, 2010).

Reconhece-se que a deficiéncia de VD é condicdo médica frequente em todo
mundo (Hilger et al, 2014; Amrein et al, 2020). Mesmo moradores de regides proximas
a linha do equador, com alta incidéncia de sol, apresentam valores inadequados de VD.
Importante estudo epidemioldgico em 18 paises de latitudes variadas, avaliando a
prevaléncia de concentracfes plasmaticas de 25(OH)D em mulheres na pds-menopausa,
observou valores baixos em quase todo o planeta, sendo que em média 64% das
participantes apresentavam valores inadequados (Lips et al, 2006). Imaginava-se que 0
Brasil, por ser um pais tropical e ensolarado, ndo apresentasse populacdo exposta a
deficiéncia de VD. No entanto, pesquisas brasileiras tém revelado numeros alarmantes
(Unger et al., 2010; Maeda et al., 2013; Schmitt et al 2018). Estudo clinico de corte
transversal avaliou a ocorréncia da hipovitaminose D em 463 mulheres na p6s-menopausa
(idade entre 45-75 anos), sem suplementacdo de VD, atendidas no Ambulatério de
Climatério e Menopausa da Faculdade de Medicina de Botucatu (FMB). Valores
suficientes de 25(OH)D foram detectados em 148 pacientes (32%), insuficientes em 151
(32,6%) e deficientes em 164 (35,4%) (Schmitt et al, 2018). Entre as provaveis causas da
hipovitaminose D em mulheres na pds-menopausa descrevem-se: baixa exposic¢ao solar
e capacidade reduzida de producgéo de VD; funcdo renal diminuida; menor absorcao de

VD pelo trato gastrintestinal; e uso de maltiplas drogas que podem interferir absorcao e
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metabolizacdo da VD. Outros fatores também influenciam a capacidade de producédo de
VD pela pele: uso de filtro solar, cor da pele, roupa e idade (Maeda et al 2014).
Sabendo-se que as fontes dietéticas de VD sdo inadequadas, € interessante que
mulheres na pos-menopausa recebam suplementacéo para garantir a satde 6ssea (Holick,
2010; Eastell et al, 2019). Em 2010, a International Osteoporosis Foundation publicou
posicionamento sobre a VD, com base em dados observacionais, recomendando
manutencdo de valores séricos de 25(OH)D de 30ng/mL para pessoas idosas e afirmando
que o consumo de VD de até 2000 Ul/dia pode ser necessario para atingir valor
recomendavel em alguns pacientes (Dawson-Hughes et al., 2010). Em contraste, o
Institute of Medicine baseado em evidéncias a partir de estudos observacionais e
randomizados sugere que nivel sérico de 20 ng/mL protegeria 97,5% da populacéo contra
efeitos adversos na massa 0ssea, tais como fraturas e quedas (Rosen et al., 2012). A
suplementacdo diaria de 1000Ul de VD (dentro de um periodo minimo de seis meses)
aumenta os valores séricos em torno de 10 ng/mL, dose esta sugerida para pacientes com
idade inferior a 65 anos e com idade superior deveriam receber dose diaria de 2000 Ul
(Mason, 2011). Em geral, para cada 100Ul de VD suplementada hd aumento de 1 ng/ml
a nivel sérico de 25(OH)D e quanto menor os valores séricos basais, melhor a resposta a
suplementacdo. Quando os valores séricos de 25(OH)D estdo muito abaixo do desejado
(abaixo de 20 ng/mL), o esquema de ataque € necessario para repor os estogques corporais.
O esquema mais utilizado atualmente é de 50.000 Ul/semana (ou 7.000 Ul/dia) de VD
por 6 a 8 semanas. Apds esse periodo, a dose de manutencdo deve ser instituida e varia
de acordo com a faixa etaria e com as condi¢des concomitantes. Para adultos, doses de
manutencdo variam entre 400 e 2.000 Ul, a depender da exposicédo solar e da coloracdo
da pele. Para idosos, as doses recomendadas variam de 1.000 a 2.000 Ul/dia ou 7.000 a

14.000 Ul/semana (Holick et al, 2011; Maeda et al, 2014). A suplementacdo destina-se a
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elevar valores séricos de 25(OH)D acima de 30ng/ml de modo a aproveitar a0 maximo

os beneficios da VD (Bouillon et al, 2019; Roth et al, 2019).

1.3. Vitamina D e o Cancer de mama

A vitamina D parece desempenhar papel no desenvolvimento do cancer de mama,
atuando atraves da ligacdo ao receptor de vitamina D (VDR), que € expresso no tecido
mamario (Mishra et al, 2013; Welsh, 2018). Vérias pesquisas pré-clinicas demonstraram
que seu ligante, a 1,25(0OH)2D3, modula o desenvolvimento normal da glandula mamaria
e a sensibilidade a carcinogénese (Welsh, 2018). O VDR foi identificado pela primeira
vez em linhagem de células do cancer de mama em 1979 (Eisman et al, 1979). A ativacédo
de VDR pela 1,25(0OH)2D3 resulta em heterodimerizacdo com o receptor de retindide X
e ligacdo a elementos de resposta cognatos de VD em genes alvos que participam na
diferenciacdo celular, crescimento celular, apoptose, inflamacdo e modulacdo imune
(Welsh et al, 2003; Lopes et al, 2012; Sheng et al, 2018). Em estudos experimentais em
cancer de mama, a VD diminui a proliferacéo celular, induz a apoptose, diminui a invasao
e induz a diferenciacdo de células cancerosas (Welsh, 2011). As células cancerosas
sofrem alteraces fisiologicas, que diminuem a sua susceptibilidade a VD. As células
malignas t€m niveis intracelulares diminuidos de la-hidroxilase (enzima ativadora
codificada pelo CYP27B1) em comparacdo com as células normais, o que diminui a
producdo intracelular de VD. Além disso, ha uma maior degradacdo da VD nas células
tumorais, causando resisténcia aos efeitos antitumorais da VD (Thanasitthichai et al,
2015).

O ligante VD-VDR exibe atividade antiproliferativa em muitos tipos de tumor,

assim como os membros da familia p53 ativada, atraves da inducdo do bloqueio do ciclo
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celular, da senescéncia, da diferenciacdo e de apoptose (Feldman et al, 2014; Welsh,
2018). Evidéncias suportam ligacdo cruzada entre as vias da VD e da sinalizacdo p53.
Todos os trés membros da familia p53 - p53, p63, p73 - participam da ativacdo do gene
VDR, enquanto VDR regula varios genes que também séo alvos das proteinas da familia
p53, incluindo p21, Bax, Bcl-2 e MDM2 (Kommagani et al, 2007; Feldman et al, 2014).
Alguns estudos tém demonstrado reducéo na expressao do VDR em células de cancer de
mama em comparacdo a células normais da mama, devido a polimorfismos do gene do
VDR (Engel et al, 2012; Lopes et al, 2012; Abd-Elsalam et al, 2015; Francis et al, 2021).
No cancer de mama a expressdo do VDR varia de 58% a 80%, com relatos de pacientes
portadoras de tumores VDR positivos apresentarem maior sobrevida livre de doenca
(Mishraet al, 2013). Recente estudo demonstrou que a alta expressao de VDR em tumores
de mama invasivos associou-se a fatores de bom prognostico e a menor risco de morte
por cancer de mama (Huss et al, 2019).

A forma biologicamente ativa da VD, a 1,25(0OH)2D3, regula a diferenciacao,
proliferacdo e apoptose das células epiteliais, dando peso a evidéncia cientifica que
associa a deficiéncia de VD a incidéncia e mortalidade pelo cancer de mama (Sheng et
al, 2018). A deficiéncia de VD é frequente em pacientes com cancer de mama e algumas
evidéncias sugerem que valores reduzidos de 25(OH)D aumentam o risco de
desenvolvimento e progressdo da doenca (Welsh, 2018). Crew et al identificaram que
74% das pacientes com cancer de mama apresentavam deficiéncia de VD (<20 ng/ml) e
que apesar da prescricdo de 400Ul de VD/dia, poucas pacientes (<15%) atingiram valores
desejaveis de VD (>30 ng/mL) (Crew et al, 2009). Em estudo retrospectivo com avaliagéo
de 500 mulheres recém-diagnosticadas com cancer de mama, 69% eram deficientes para
VD (Vashi et al, 2010). Entretanto, alguns estudos que encontraram associagdo entre

valores reduzidos de 25(OH)D com a maior incidéncia do cancer de mama obtiveram as
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dosagens de VD em algum intervalo ap6s o diagnostico de cancer de mama, com
potenciais alteracGes pelo tratamento do cancer (Chlebowski, 2011).

Recente estudo realizado no Centro de Avaliacdo em Mastologia do HCFMB,
avaliando 209 mulheres com cancer de mama comparadas a 418 mulheres (controle), com
idade entre 45-75 anos, observou que as pacientes com cancer de mama apresentaram
significativamene maior ocorréncia de valores de 25(OH)D insuficientes (20 a 29 ng/mL)
e deficientes (<20 ng/mL) quando comparadas as pacientes do grupo controle (55.6% vs
49.3%, e 26.2% vs 20.3%, respectivamente). As dosagens de 25(OH)D foram realizadas
no momento do diagndstico do cancer de mama (Machado et al 2018). Em 2020 foi
realizada uma revisdo sistematica e meta-analise de estudos que relatavam os valores
séricos de VD em pacientes com cancer de mama diagnosticado recentemente. Um total
de 25 estudos (10 com controles e 15 sem controles) forneceram dados sobre os desfechos
de interesse. No grupo de pacientes com cancer de mama, 67,4% apresentaram valores
de 25(OH)D abaixo de 30 ng/mL, enquanto no grupo controle esta porcentagem foi 33,7%
(p<0.05). Os autores concluem que alta prevaléncia de hipovitaminose D é observada em
pacientes com cancer de mama recém-diagnosticado e pode estar relacionada com o
desenvolvimento ou a progressao do cancer de mama (Voutsadakis et al, 2020).

Resultados de estudos epidemiologicos que examinaram a associacdo entre
valores circulantes de 25(OH)D e o risco de cancer tém sido inconsistentes (Voutsadakis
et al, 2020). Alguns estudos prospectivos ndo demonstraram associa¢do (McCullough et
al, 2009; Almquist et al, 2010; Eliassen et al, 2011; Scarmo et al, 2013), enquanto outros
encontraram associacao inversa significativa (Rejnmark et al, 2009; Engel et al, 2010;
O’Brien et al, 2017). Scarmo et al conduziram estudo caso-controle com duas coortes
prospectivas: a New York University Women’s Health Study, que envolveu 14.274

mulheres saudaveis (34 a 65 anos idade) de uma clinica de mamografia da cidade de Nova
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York; e a Northern Sweden Mammary Screening Cohort com 28.800 participantes de um
programa de rastreamento do cancer de mama na Suécia. Foram incluidos 1585 casos
novos de cancer de mama para 2940 controles. N&do houve associacao entre os valores
circulantes de 25(OH)D e risco global do cancer de mama (Scarmo et al, 2013). Por outro
lado, o estudo de coorte francés E3N demonstrou efeito protetor da VD no risco de cancer
de mama em mulheres abaixo dos 53 anos de idade. Os investigadores sugeriram que a
VD pode atuar inibindo o fator de crescimento insulino-like (IGF-1), que tem acéo
proliferativa e que diminui com a idade; assim seria esperado um efeito anti-
carcinogénico mais forte da VD em mulheres na pré-menopausa (Engel et al, 2010). E o
estudo de coorte norte-americana com mais de 50.000 mulheres com idade entre 35-74
encontrou associacao entre niveis sericos mais baixos de 25(OH)D e maior risco de cancer
de mama na pos-menopausa ao longo de um acompanhamento de 5 anos (O’Brien et al,
2017).

A concentracao de VD poderia ser considerada um fator prognéstico em pacientes
com cancer de mama (Kim et al, 2011, Mohr et al, 2012; Almeida-Filho et al, 2017;
Welsh, 2018). Goodwin et al. observaram que mulheres com valores deficientes de VD
apresentaram maior risco de recorréncia e morte pelo cancer de mama quando
comparadas as mulheres com valores adequados de VD (Goodwin et al, 2009). Estudo de
revisao sistematica avaliou o papel da VD sobre o prognostico em pacientes com cancer
de mama. Entre janeiro de 2009 e setembro de 2013, seis estudos investigaram as
associacOes dos niveis de 25(OH)D com a sobrevida global em pacientes com cancer de
mama. As concentragcbes de 25(OH)D circulantes elevadas foram associadas com
significante melhora na sobrevida em dois estudos, com tendéncia a melhor sobrevida em
outros dois e nenhuma associagao nos ultimos dois. Esta revisdo destacou a necessidade

de mais estudos avaliando o papel da VD no progndstico entre pacientes com cancer
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(Toriola et al, 2014). Outra meta-analise foi realizada a partir de cinco estudos que
avaliaram a relacédo entre a VD e a mortalidade pelo cancer de mama. Valores plasmaticos
elevados de 25(OH)D estiveram associados com menores taxas de mortalidade apos o
diagnostico de cancer de mama. Pacientes no quartil mais alto de 25(OH)D tiveram
aproximadamente metade da taxa de mortalidade por cancer de mama quando
comparadas aquelas no menor quartil. Os autores sugerem que valores de 25(0OH)D
deveriam ser restaurados ao seu valor normal (30-80 ng/mL) em todas as pacientes com
cancer de mama. Entretanto mais estudos clinicos devem ser iniciados para confirmar esta
associacdo (Mohr et al, 2014).

Recente estudo de coorte norte-americana envolvendo 1666 pacientes com cancer
de mama encontrou que apos 8 anos de seguimento as concentracdes séricas de 25(0OH)D
foram menores em mulheres com tumores em estadio avancado e com tumor triplo-
negativo. Os valores de 25(OH)D também foram inversamente associados aos riscos de
progressdo da doenca e morte. Em comparacao com o tercil mais baixo, as mulheres com
o tercil mais alto de 25(OH)D tiveram sobrevida geral superior. Esta associacdo
permaneceu apos o ajuste para fatores prognosticos clinicos (Yao et al, 2016). De forma
similar, estudo avaliando mulheres egipcias com cancer de mama nao-metastatico
demonstrou que a deficiéncia de VD impactou negativamente na sobrevida livre de
doenca apds 30 meses de seguimento (Ismail et al, 2018). Em 2020, estudo dinamarqués
com 2510 mulheres evidenciou que, ap6s um seguimento médio de 5,59 meses, valores
baixos de 25(0OH)D foram associados a menor sobrevida global e livre de doenca
(Kanstrup et al, 2020). Por outro lado, Mizrak Kaya et al., investigando o efeito dos
valores de VD no prognostico de cancer de mama ressecavel, ndo conseguiram
estabelecer qualquer relacéo entre a VD e as caracteristicas do tumor ou a sobrevida das

pacientes (Mizrak Kaya et al, 2017).
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Uma meta-analise explorou as possiveis relacbes dose-resposta entre os valores
de VD e a sobrevida geral em pacientes com cancer de mama, permitindo diferencas entre
as populac@es dos varios estudos. Seis estudos com um namero total de 5.984 pacientes
foram identificados. Os valores médios de 25(OH)D nos estudos variaram de 23,3 nmol/L
(9,3 ng/mL) a 187,5 nmol/L (75 ng/mL). Utilizando analise de dose-resposta, 0 HR
(hazard ratio) combinado para a sobrevida global foi de 0.99 (p<0.001). Partindo de um
limite de 23,3 nmol/L (9,3 ng/mL) para um incremento de 10 nmol/L, 20 nmol/L, ou 25
nmol/L nos valores circulantes de 25(OH)D, o risco de mortalidade geral por cancer de
mama diminuiu 6%, 12% e 14%, respectivamente Os resultados sugerem que ha uma
relacdo dose-resposta linear significativa entre os valores circulantes de 25(OH)D e a
sobrevida geral em pacientes com cancer de mama. No entanto, estudos de coorte
prospectivos e ensaios clinicos mais bem desenhados sdo necessarios para confirmar
esses achados (Hu et al, 2017). No Brasil ndo temos estudos prospectivos avaliando o
impacto dos valores de VD ao diagnéstico sobre o progndstico de pacientes com cancer

de mama.

1.4. Justificativa

Com a demonstracdo do efeito anticarcinogénico da VD, varios estudos foram
realizados avaliando seu efeito sobre o risco de cancer de mama e o papel da
suplementacédo da vitamina D. Entretanto, o impacto das concentracGes sericas de VD no
momento do diagnostico e o progndstico de pacientes com cancer de mama € menos
analisado, com alguns estudos mostrando pior sobrevida em pacientes com

hipovitaminose D e outros ndo demonstrando uma relacdo causal entre valores séricos de
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25(0OH)D e a letalidade do cancer de mama. Pelo nimero crescente de sobreviventes do
cancer de mama e a alta prevaléncia de deficiéncia de VD entre pacientes com cancer,

uma avaliacdo do papel da VD no progndstico entre pacientes com cancer é essencial.

2. Objetivo

2.1. Objetivo Principal

Investigar a associagdo entre os valores séricos de vitamina D (VD) no momento

do diagndstico do cancer de mama e a sobrevida em mulheres na pés-menopausa.

2.2. Objetivo Especifico
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Avaliar a associacdo entre os valores séricos de vitamina D (VD) e a sobrevida
global, a sobrevida livre de doenca e a sobrevida especifica pelo cancer em mulheres na

pOs-menopausa tratadas de cancer de mama.

3. Métodos

Desenho do Estudo e Sele¢do da Amostra

Trata-se de uma coorte prospectiva de centro Gnico. O grupo populacional foi
constituido de pacientes atendidas no Centro de Avaliagdo em Mastologia (CAM) da
Faculdade de Medicina de Botucatu (FMB) — UNESP. Foram incluidas as pacientes com:
1- diagndstico histoldgico de cancer de mama invasivo entre 2014 a 2016; 2- idade > 45

anos e data da ultima menstruacéo ha pelo menos 12 meses; 3- dosagem sérica de VD no
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momento do diagnostico do cancer de mama. Foram excluidas mulheres: 1- usuarias de
doses farmacologicas de VD; 2- cancer de mama bilateral; 3- em terapia neoadjuvante;
4- portadoras de cancer prévio. Todas as voluntarias participantes do estudo foram
informadas sobre 0s objetivos da pesquisa, procedimentos e confidencialidade dos dados,
sem quaisquer prejuizos para as mesmas. As pacientes assinaram um Termo de
Consentimento Livre e Esclarecido (Anexo I) de acordo com exigéncia da resolucdo
n° 466/2012 do Conselho Nacional de Satide. O projeto foi aprovado pelo Comité de Etica

e Pesquisa da FMB-UNESP (CAAE: 71399117.2.0000.5411) (Anexo II).

Dados Clinicos

Inicialmente, no dia da consulta foram coletados por meio de entrevista 0s
seguintes dados clinicos: idade no momento do diagndstico, idade da menopausa, tempo
de menopausa, paridade, tabagismo atual, uso prévio de terapia hormonal da menopausa
e historico de doencas cronicas (hipertensdo, diabetes). Foram definidas como tabagistas
as pacientes com o habito de fumar diariamente, ndo importando o nimero de cigarros
fumados. Foram obtidos os seguintes dados para avaliacdo antropométrica: peso, altura e
indice de massa corpdrea (IMC= peso/ altura?). Para mensuracdo do peso, foi utilizada
balanca antropométrica eletronica microdigital tipo plataforma (Filizola®, Brasil), com
capacidade de 150 kg com precisdo 0,1 Kg e 0,5 cm (peso e estatura, respectivamente),
com a paciente descalca e com o minimo de roupa. Para medir a estatura, a paciente
permaneceu com o0s bragos ao longo do corpo ereto, mantendo os olhos fixos em plano
horizontal paralelo ao chdo, medida por haste vertical com graduacao de 0,5 cm, acoplada
a balanga. Foram empregados os critérios da World Health Organization para
classificagdo das pacientes, conforme o IMC: < 24,9 kg/m? normal, de 25 a 29,9 kg/m?

sobrepeso e > 30 kg/m? obesidade (WHO, 2000).
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Anélise da vitamina D

Foi realizada avaliacao sérica da 25(OH)D pelo Laboratorio de Analises Clinicas
da FMB. A 25(0OH)D foi processada pelo método da quimiluminescéncia automatizada
por microparticulas (Chemiluminescent Microparticle Immunoassay, CMIA) com
Architect 25-OH Vitamin D assay Kit, pelo analisador Architect® i2000 (Abbott®, Santa
Clara, California, USA). A sensibilidade analitica foi de 1,9 ng/mL e o coeficiente de
variacdo intra e inter-ensaio foi < 10%, segundo descricdo do Kit. O intervalo de
referéncia € de 0.0-160.0 ng/mL, segundo o metodo. Foram considerados suficientes
valores > 30 ng/mL, insuficiéncia de 20 a 29 ng/mL e deficiéncia < 20 ng/mL (Bischoff-

Ferrari et al, 2006; Holick et al., 2011).

Anatomopatologico e Imunohistoquimica

A partir dos relatérios dos prontuarios das pacientes foram obtidos: diagndstico
histopatoldgico do céncer de mama, grau, estddio do tumor, status dos receptores
hormonais (receptor de estrogénio, RE; receptor de progesterona, RP) e do receptor do
fator de crescimento epidérmico humano 2 (HER2) e a atividade proliferativa epitelial
(Ki67). O envolvimento linfonodal foi avaliado apds a cirurgia ou pela avaliacdo do
linfonodo sentinela. O diametro do tumor foi obtido a partir dos laudos histopatol6gicos
e, graduados histologicamente em grau | (bem diferenciado), Il (moderadamente
diferenciado) e II (indiferenciado), de acordo com o método proposto por Elston & Ellis
(1993), que utiliza como critério 0s aspectos arquiteturais, o grau de diferencia¢do nuclear
e o indice mitético (Rampaul, 2001). O estadiamento patolégico do tumor foi definido de
acordo com a 82 edigdo do American Joint Committee on Cancer (AJCC, 2017), sistema

TNM (tamanho do tumor, status linfonodal, metastase), sendo: estadio 1 (TINOMO),
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estadio 1A (TON1MO, TIN1MO e T2NOMO), estadio 11B (T2N1MO e T3NOMO), estadio
A (TON2MO, TIN2MO, T2N2MO, T3N1IMO e T3N2MO), estadio 111B (T4NOMO,
TAN1IMO e TAN2MO), estadio 11C (qualquer TN3MO) e estadio 1V (qualquer T qualquer
N e M1).

O perfil imunohistoquimico (RE, RP, HER e Ki67) foi determinado pela técnica
de imunohistoquimica (IHQ) utilizando blocos de tecido, segundo recomendacao dos Kits
empregados (DakoCytomation®, Glostrup, Denmark). Os ensaios de IHQ visam
demonstrar a presenca e localizacdo de proteinas em seccBes de tecido, por meio de
andlise semi-quantitativa quanto a positividade ou negatividade do marcador. A coloragao
para IHQ é realizada em secgdes finas de tecido fixado em formalina que estéo sujeitas a
varios métodos de recuperacdo de antigenos. Isto é seguido por incubacédo do tecido com
um anticorpo primario dirigido contra a proteina/antigeno alvo. Uma vez que os
anticorpos sdo altamente especificos, o anticorpo ird ligar-se apenas a proteina de
interesse na seccdo de tecido. A interacdo anticorpo-antigeno € entdo visualizada
utilizando detec¢do cromogénica, em que uma enzima conjugada ao anticorpo cliva um
substrato para produzir um precipitado colorido no local da proteina, denominada
deteccdo fluorescente, sendo visualizado pela microscopia de fluorescéncia (Wells et al,
1984)

Apobs avaliacdo imunohistoquimica, os tumores foram agrupados em nenhum,
baixa, média ou alta expressao de RE, RP e Ki67, utilizando intervalos de 0-1%, 2-10%,
11-50% e 51-100% de nucleos positivos. Para os receptores de estrogénio e progesterona
foram considerados positivos quando houve marcacéo nuclear em mais de 1% das células
tumorais (Hammond et al, 2010). Para o Ki67, como néo existe consenso na literatura em
relagdo a positividade, foi considerado alto se mais de 20% das celulas tumorais

estivessem marcadas (Goldhirsch et al, 2013). Para analise do HER2 foi utilizado
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critérios da ASCO (Wolff et al, 2014), sendo 0 sem marcacdo de membrana, 1+ marcagédo
parcial de membrana, 2+ marcacdo completa de membrana, fraca ou moderada em mais
de 10% das células tumorais e 3+ marcacdo completa e intensa de membrana em mais de
10% das células tumorais. A amplificacdo do gene HER2 foi testada por hibridacao in
situ fluorescente (FISH) quando a imunohistoquimica resultou em escore 2+ (Dowsett et
al, 2003). O anatomopatoldgico e o perfil imunohistoquimico foram realizados pelo
Servico de Patologia da FMB-Unesp.

Ap0s esta avaliacdo, os canceres de mama foram categorizados em quatro subtipos
moleculares com base em perfis de imuno-histoquimica em: 1-Luminal HER2 negativo:
RE positivo e/ou RP positivo, HER2 negativo; 2- Luminal HER2 positivo: RE positivo
e/ou RP positivo, HER2 positivo; 3- HER2 puro: RE e RP negativos e HER2 positivo; 4-

Triplo-negativo: RE, RP e HER2 negativos (Szymiczek et al, 2021)

Analise Estatistica

A partir dos dados foram construidas tabelas das varidveis clinicas e dos
parametros avaliados segundo grupo de mulheres na p6s-menopausa com cancer de
mama de acordo os valores séricos de 25(OH)D em suficiente (n=65), insuficiente (n=92)
e deficiente (n=35). Para analise dos dados foi calculado média e desvio-padrdo para
varidveis quantitativas e, frequéncia e porcentagem para variaveis qualitativas. Foram
analisadas as seguintes variaveis: 1- clinicas (idade, paridade, idade e tempo de
menopausa, historia de uso de terapia hormonal da menopausa, hipertensdo, diabetes,
tabagismo e IMC); 2- Dosagem sérica de 25(0OH)D; 3- dados antomopatoldgicos e de
imunohistoquimica do cancer de mama (tipo e grau histopatolégico, tamanho do tumor,
estadio do tumor, linfonodo axilar, RE, RP, HER2 e Ki-67). Para comparacao entre 0s

grupos em relacdo as caracteristicas quantitativas foi empregado ANOVA e a
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Distribuicdo Gama (variaveis assimétricas). Na associacdo entre a frequéncia das
caracteristicas categoricas foi empregado o Teste do Qui-quadrado.

A medida de desfecho primaério foi a sobrevida global (Overall Survival, OS) e
como desfechos secundérios a sobrevida livre de doenca (Disease Free Survival, DFS) e
a sobrevida especifica do cancer (Cancer—Specific Survival, CCS). A sobrevida global foi
definida como o intervalo de tempo entre a data do diagnostico e a data do 6bito
(relacionado ao cancer de mama ou obito por qualquer causa). A sobrevida livre de
doenca foi definida como o intervalo de tempo entre a data do diagndstico e a data da
primeira recidiva ou Obito, o que ocorrer primeiro. Recidiva foi considerada como
qualquer recidiva tumoral local, regional ou a distancia. A sobrevida especifica do cancer
foi definida como o intervalo de tempo entre a data do diagnéstico e a data do oObito
relacionado ao cancer de mama. Os dados de seguimento foram coletados até 31 de
dezembro de 2020.

Para calcular os desfechos de sobrevida 0 método de Kaplan-Meier e o teste de
log-rank foram realizados para todas as pacientes. Um modelo de risco proporcional de
Cox foi empregado para analisar a associacdo entre 25(OH)D e a sobrevida. Anélises
univariadas e multivariadas foram empregadas para estimar as razdes de risco (HR) e
intervalos de confianga de 95% (IC de 95%). Variaveis clinicas, anatomopatologicas e de
imunohistoquimica foram examinadas por meio de analise univariavel. A analise
multivariavel foi ajustada para idade, IMC, tamanho, tipo e grau do tumor, estagio
tumoral, status axilar e dados da imunohistoquimica. Em todos os testes foi adotado o
nivel de significancia de 5% ou o p-valor correspondente. As analises foram realizadas
utilizando-se o programa Statistical Analyses System (SAS), versdo 9.4, pelo Escritério
de Apoio a Pesquisa (EAP) da Faculdade de Medicina de Botucatu que deu o atendimento

metodoldgico e conduziu os procedimentos estatisticos.
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Abstract

Objective: To evaluated the association between serum vitamin D (VD) levels at
diagnosis and overall survival (OS), disease-free survival (DFS) and cancer-specific
survival (CSS) in postmenopausal women treated for breast cancer.

Methods: This is a single-center prospective cohort. The study included patients newly
diagnosed with invasive breast cancer between 2014 and 2016, aged > 45 years and in
amenorrhea for > 12 months, and VD assessment at the time of diagnosis, before any
cancer treatment. Patients were classified into three groups according to serum levels of

25-hydroxyvitamin-D [25(OH)D]: sufficient (> 30 ng/mL), insufficient (between 20-29
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ng/mL) and deficient (< 20 ng/mL). Clinical and anatomopathological data were
collected. The primary outcome was OS and secondary outcomes were DFS and CSS.
Kaplan-Meier curve and Cox regression model were used to assess the association
between 25(OH)D levels and OS, DFS and CSS. Differences in survival were evaluated
by hazard ratios (HR).

Results: The study included 192 women with a mean age of 61.3 + 9.6 years at diagnosis,
mean 25(0OH)D levels of 25.8 ng/mL (ranging from 12.0 to 59.2 ng/mL) and follow-up
period between 54-78 months. Sufficient VD levels were detected in 65 patients (33.9%),
insufficient in 92 (47.9%) and deficient in 35 (18.2%). Patients with 25(OH)D
insufficiency and deficiency had a larger proportion of high-grade tumors, locally
advanced and with distant metastasis, positive axillary lymph nodes, negative estrogen
receptors (ER) and progesterone receptors (PR) and higher Ki67 index (p < 0.05). The
mean overall survival time was 54.4 + 20.2 months (range 9-78 months) and 51 patients
(26.6%) died during the study period. Patients with VD deficiency and insufficiency at
diagnosis had significantly lower OS, DFS and CSS compared to patients with sufficient
values (p<.0001). After adjustment for clinical and tumoral prognostic factors, patients
with serum 25(OH)D levels considered deficient at the time of diagnosis had a
significantly higher risk of global death (HR 4.65, 95% CI 1.65-13.12), higher risk of
disease recurrence (HR 6.87, 95% CI 2.35-21.18) and higher risk of death from the
disease (HR 5.91, 95% CI 1.98-17.60) than the group with sufficient 25(OH)D levels.
Conclusion: In postmenopausal women treated for breast cancer, serum vitamin D
deficiency at diagnosis was independently associated with lower overall survival, disease-
free survival and cancer-specific survival compared to patients with sufficient serum

levels of vitamin D.
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Introduction

Breast cancer is the type of cancer that mostly affects women in the world, both
in developing and developed countries; with about 2.3 million new cases in 2020,
comprising 25% of all cancers diagnosed in women.! In Brazil, the National Cancer
Institute (INCA) estimates 66,280 new cases of breast cancer, for each year of the 2020-
2022 triennium.? According to data from the American Cancer Society, the 5- and 10-
year relative survival rates for women with invasive breast cancer are 90% and 84%,
respectively.! Despite being considered a relatively good prognosis cancer if diagnosed

and treated in a timely manner, the AMAZONA study demonstrated that Brazilian
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women have a higher risk of being diagnosed with late-stage breast cancer and at a
younger age than women in high-income countries.

Vitamin D concentration can be considered a prognostic factor in women with
breast cancer.*® Vitamin D is a steroid hormone that has various physiologic effects in
several tissues.’. The major source of vitamin D is endogenous synthesis in the skin
(dermis and epidermis). Upon exposure of the skin to UV-B radiation, 7-
dehydroxycholesterol is converted to vitamin D3. Vitamin D3 is transported to the liver,
where it is hydroxylated at carbon 25 to 25-hydroxyvitamin D [25(OH)D]. Activation of
vitamin D requires hydroxylation of 25(OH)D at position 1 in the proximal renal tubules.
This step is catalyzed by the enzyme 1a-hydroxylase, which converts 25(OH)D to 1,25-
dihydroxyvitamin D [1,25(0H)2D3], the biologically active form of vitamin D.”8. The
main organs where vitamin D acts are those involved in calcium homeostasis, including
bones, intestine, and kidneys; but most tissues of the body express vitamin D receptor
(VDR), including the mammary gland.®

Effects of the active form of vitamin D (1,25(OH)2D3) on the breast are mediated
by VDR, which controls the expression of genes that regulate antineoplastic actions, such
as cell proliferation, differentiation, and apoptosis, which is in accordance to scientific
evidence linking hypovitaminosis D to breast cancer incidence and mortality.®° Vitamin
D deficiency is common in postmenopausal breast cancer women and some evidence
suggests that low vitamin D status increases the risk for disease development or
progression.>® A recent systematic review and meta-analysis of studies reporting data on
the role of vitamin D levels in patients with newly diagnosed breast cancer found that
67.4% of patients with breast cancer had a baseline level of 25(OH)D below 30 ng/mL,

whereas this percentage was 33.7% in the control group. A high prevalence of vitamin D
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insufficiency observed in patients with newly diagnosed breast cancer may have a
physiopatholical link to breast cancer development and progression.®

The impact of vitamin D at the time of diagnosis on the outcome of patients with
breast cancer is less well understood. A meta-analysis based on five studies assessing the
relation between VD and breast cancer mortality revealed that high serum levels of
25(0OH)D were associated with a lower mortality rate. Patients with levels in the highest
quartile had approximately half of the breast cancer mortality rate when compared to
those with the lowest quartile. However, more clinical trials should be designed to
confirm this association.!! Another systematic review identified six studies that evaluated
the association of circulating 25(OH)D with the prognosis in patients with breast cancer.
Elevated 25(OH)D levels were associated with a significantly better survival in two
studies, a borderline better survival in two, and no impact on survival in the other two
studies.'? In view of the increasing number of breast cancer survivors and the high
prevalence of vitamin D deficiency among patients with breast cancer, an evaluation of
the role of vitamin D in prognosis and survival among patients with breast cancer is
essential. Therefore, in our study, we aimed at evaluating the association between serum
vitamin D (VD) levels at diagnosis and overall survival, disease-free survival and cancer-

specific survival in postmenopausal women treated for breast cancer.

Methods
Study design and sample selection

This study is a single-center prospective cohort. The population group comprised
192 postmenopausal women diagnosed with breast cancer who attended the Breast
Disease Assessment Center of the University Hospital in Southeastern Brazil during

2014-2016. Women with the following characteristics were included: histological
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diagnosis of breast cancer, last menstruation at least 12 months prior to presentation,
aging 45 years or older and serum VD measurement at the time of breast cancer diagnosis,
before any cancer treatment. Exclusion criteria included pharmacological use of any dose
of VD; in situ or bilateral breast cancer; personal history of other cancers; patients in
neoadjuvant chemotherapy; renal failure (creatinine > 1.4 mg/dL); liver diseases; abusive
alcohol consumption and grade 111 obesity. The study was performed in compliance with
the Helsinki Declaration. Informed consent was obtained from all participants and the
study was approved by the Research Ethics Committee of the Botucatu Medical School,

Sao Paulo State University (UNESP).

Clinical assessments

All participants underwent individual interviews in which the following data were
collected: age, menopausal age, time since menopause, parity, current smoking, previous
use of hormone therapy and history of chronic diseases. Smokers were defined as patients
who reported smoking, regardless of the number of cigarettes smoked. Anthropometric
data included weight, height, and body mass index (BMI; weight / height2). BMI were
classified according to the system used by the World Health Organization in 2002: less
than 24.9 kg/m2 as normal, from 25 to 29.9 kg/m2 as overweight, from 30 to 34.9 kg/m2
as grade | obesity, from 35 to 39.9 kg/m2 as grade 1l obesity, and 40 kg/m2 or greater as

grade 11 obesity.

Vitamin D measurement
Serum VD assessment was collected immediately after diagnosis of breast cancer
prior to any proposed treatment, approximately 20 to 30 days post-diagnosis. For serum

25(OH)D dosage, we used the Architect 25-OH Vitamin D assay kit by the Architect®
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i2000 analyzer (Abbott®, Santa Clara, California, USA), which is based on the
chemiluminescent microparticle immunoassay (CMIA). The detection limit was 1.9
ng/mL and the intra- and inter-assay coefficient of variation was <10%, as described in
the assay kit. The reference range was 0.0-160.0 ng / mL, according to the method. Levels
> 30ng/mL were considered sufficient, between 20 and 29 ng/mL insufficient and < 20
ng/mL were considered deficient (Bischoff-Ferrari et al, 2006; Holick et al., 2011). All
laboratory tests were processed by the Clinical Analysis Laboratory of Botucatu Medical

School.

Tumor features

Breast cancer tumors were classified according to established prognostic
characteristics: tumor size, type and histological staging, grade, axillary lymph node
status, hormone receptor status (estrogen receptor, ER; progesterone receptor, PR),
human epidermal growth factor receptor 2 (HER2) and epithelial proliferative activity
(Ki67). Tumor diameter was obtained from histopathological reports and histologically
graded as grade 1 (well differentiated), grade 2 (moderately differentiated), and grade 3
(undifferentiated) according to the method proposed by Elston and Ellis (1993), which
uses architectural aspects, nuclear differentiation levels, and mitotic index as criteria.®
Axillary lymph node status was classified as positive lymph node involvement if there
was at least one positive lymph node according to clinical and/or histopathological
examination. Tumors were categorized according to 8th edition of the American Joint
Committee on Cancer (AJCC) TNM system (tumor size and extension, lymph node
status, metastasis),’* grouped into stages (I-1V): stage | (TLNOMO), stage Il (I1A -

TON1IMO, TINIMO and T2NOMO, IIB - T2N1MO and T3NOMO, stage Il (II1A -
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TON2MO, TIN2MO, T2N2MO0, T3N1MO and T3N2MO, stage 111B - TANOMO, T4N1MO
e TAN2MO, stage I1IC - any TN3MO) and stage 1V (any T any N and M1).

Hormone receptor status and epithelial proliferative activity were assessed by
standard methods, using immunohistochemistry (IHC) for ER, PR, HER2 and Ki-67
status performed according to the streptavidin-biotin—peroxidase complex methods
(DakoCytomation®, Glostrup, Denmark). ER and PR were considered positive if >1% of
cells stained positive on IHC.*® Ki-67 was considered high if > 20% of the tumor cells
were labeled.'® HER2 was considered positive if the fluorescence in situ hybridization
(FISH) test, systematically performed in all IHC 2+ tumors, showed HER2 genomic
amplification or, in the absence of FISH, if IHC was 3+. All histopathological and
immunohistochemical analyses were performed by the Department of Pathology of
Botucatu Medical School.

Breast cancer was then categorized into four molecular subtypes based on
surrogate immunohistochemical profiles: 1 - luminal HER-negative (ER positive and/or
PR positive, HER2 negative); 2- Luminal HER2-positive (ER positive and/or PR positive
and HER2 positive); 3- HER2 enriched (ER and PR negative and HER2 positive); 4-

Triple-negative (ER, PR and HER2 negative).'8

Statistical analysis

From all data, tables of clinical variables and parameters in each group were
created according to serum level of 25 (OH) D in sufficient (n=65), insufficient (n=92)
and deficient (n=35). For data analysis, mean and standard deviation were calculated for
guantitative variables and frequency and percentage for qualitative variables. The
following variables were assessed: 1- clinical (age, parity, age and time since menopause,

past use of menopausal hormone therapy, hypertension, diabetes, smoking and BMI); 2-
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Serum dosage of 25(OH)D; 3- anatomopathological and immunohistochemistry data of
breast cancer (type and histopathological grade, tumor size, tumor stage, axillary lymph
node status, ER, PR, HER2 and Ki-67). For comparison between groups in terms of
quantitative characteristics, ANOVA and Gamma Distribution (asymmetric variables)
were used. In the association between frequency of categorical characteristics, Chi-square
test was used.

The primary outcome was overall survival (OS) and secondary outcomes were
disease-free survival (DFS) and cancer—specific survival (CSS). Overall survival was
defined as the time interval between date of diagnosis and date of death (related to breast
cancer or death from any cause). Disease-free survival was defined as the time interval
between date of diagnosis and date of the first recurrence or death, whichever came first.
Recurrence was considered as any local, regional or distant tumor recurrence. Cancer-
specific survival was defined as the time interval between date of diagnosis and date of
death related to breast cancer. Follow-up data were collected until December 31, 2020.

To calculate survival outcomes, the Kaplan-Meier method and log-rank test were
performed for all patients. A Cox proportional hazard model was used to analyze the
association between 25 (OH) D and survival. Univariate and multivariate analyzes were
used to estimate hazard ratios (HRs) and 95% confidence intervals (95% CI). Clinical,
anatomopathological and immunohistochemistry variables (ER, PR, HER2 and Ki67)
were assessed using univariate analysis. Multivariate analysis was adjusted for age, BMI,
size, type and tumor grade, tumor stage, axillary status and immunohistochemistry data.
A level of significance of 5% or the corresponding P value was adopted in all tests. The

analyses were performed using the Statistical Analysis System 9.2 program (SAS).

Results
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A total of 192 postmenopausal women were included in the prospective cohort,
with a mean age at the time of breast cancer diagnosis of 61.3 £ 9.6 years, with a mean
serum 25(OH)D level of 25.8 ng/mL (ranging from 12.0 to 59.2 ng/mL) and a follow-up
period between 54 and 78 months. Patients were classified according to serum
concentrations of 25(OH)D at the time of diagnosis into three groups: sufficient (=30
ng/mL), insufficiency (20-29 ng/mL) and deficiency (<20 ng/mL ). Sufficient levels were
detected in 65 patients (33.9%), insufficient in 92 patients (47.9%) and deficient in 35
patients (18.2%).

Clinical features according to serum 25(OH)D levels are shown in Table 1. There
were no differences in age, time since menopause, parity, BMI, smoking, use of
menopausal hormone therapy and history of hypertension or diabetes. The associations
between 25(0OH)D levels and tumor characteristics are shown in Table 2. Patients with
insufficient and deficient 25(OH)D serum levels had a significantly higher proportion of
high-grade tumors, positive axillary lymph nodes, advanced-stage tumors and distant
metastasis, lower proportion of positive ER and PR, higher Ki-67 indices and higher rate
of triple-negative tumors (Table 2).

During the proposed follow-up period, overall and cancer-specific survivals (OS
and CSS) were 73.4% and 78.1%, respectively. The mean overall survival time was 54.4
+ 20.2 months (ranging from 9 to 78 months) and 51 patients (26.6%) died during follow-
up, 44 (22.9%) from cancer and 7 (3,6%) for other causes: 4 due to CVD (coronary
disease, stroke or venous thromboembolism) and 3 due to infection/sepsis. Overall, 47
patients had distant metastasis, 22 of whom had bone metastasis, 20 lung/pleura
metastasis, 3 liver metastasis and 2 central nervous system metastasis. Of the 168 patients
(87.5%) who were not diagnosed with distant metastasis at the time of the initial diagnosis

of breast cancer (metastasis de novo), 33 (19.6%) developed distant metastases with an
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average time from diagnosis of 24.8 £ 12.8 months. In the 9 cases in which locoregional
recurrence was identified, the patients also had distant disease.

Figures 1 to 3 show the Kaplan-Meier graphs of overall survival, recurrence-free
survival and cancer-specific survival according to serum levels of 25(OH)D. Patients with
VD deficiency and insufficiency at diagnosis had significantly inferior OS, DFS and CSS
compared to patients with sufficient values (p <.0001). Multivariate analysis was
performed to determine the risk factors that affected survival curves for breast cancer.
Among all factors analyzed, those that significantly influenced overall survival were age,
tumor size and stage, lymph node status, hormone receptors (ER and PR) and serum VD
levels. After adjusting for these variables, patients with serum 25(OH)D levels considered
deficient at the time of diagnosis had a significantly higher risk of global death (HR 4.65,
95% CI 1.65-13.12), higher risk of disease recurrence (HR 6.87, 95% CI 2.35-21.18) and
higher risk of death from the disease (HR 5.91, 95% CI 1.98-17.60) than the group with

sufficient 25(OH)D levels.

Table 1- Comparison between clinical features according to serum levels of 25-

hydroxyvitamin D, sufficient (=30 ng/mL), insufficient (20-30 ng/mL) and deficient (<20

ng/mL).
Variables Sufficient Insufficient  Deficient P value*
(n=65) (n=92) (n=35)
Age (years) 60.7 £ 9.6a 61.2 £9.2a 61.9+10.3a 0.711
Menarche age (years) 13.1+1.6a 12.8 £ 1.6a 12.8+1.2a 0.530

Menopause age (years) 48.4 + 3.8a 48.8 + 3.5a 48.1+3.1a 0.614



Postmenopausal time (years)
Parity (number of children)
BMI (kg/m?)

25(0OH)D (ng/mL)
Smoking, n (%)

Past use of MHT, n (%)
Hypertension, n (%)

Diabetes, n (%)

12.3+10.3a
29+22a
31.0+5.1a
35.0 + 6.0a
11 (16.9)a
10 (15.4)a
30 (46.2)a

9 (13.9)a

125+9.1a
2.7+19a
31.0 +55a
24.8 +2.8b
14 (15.2)a
8 (8.7)a

52 (56.5)a

20 (21.7)a

o1

13.3+10.5a 0.659%

28+1.9a  0.850°
30.0+39a 0.578

17.1+25¢c <.0001
6(17.1)a  0.809*
4(11.4)a  0.305"
18 (51.4)a  0.438*
8(22.8)a  0.295"

Values are presented as mean * standard deviation (SD) or frequency (number) and percentage.

25(0H)D, 25-hydroxyvitamin D; BMI, body mass index; MHT, menopausal hormone therapy.

* P value: (a, b) significant difference between groups and (a, a) without difference (p>0.05)
(ANOVA, Gamma distribution® or Chi-square Test?).

Table 2- Comparison between anatomopathological characteristics according to serum

levels of 25-hydroxyvitamin D, sufficient (=30 ng/mL), insufficient (20-30 ng/mL) and

deficient (<20 ng/mL).
Variables Normal Insufficient  Deficient  P* value
(n=65) (n=92) (n=35)
Tumor size (cm), n (%) 0.693
<2 19 (29.2) 25 (27.2) 13 (37.1)
2-5 40 (61.6) 57 (62.0) 17 (48.6)
>5 6 (9.2) 10 (10.9) 5 (14.3)
Histological type, n (%) 0.382
Ductal 62 (95.4) 88 (95.7) 34 (97.1)
Lobular 3 (4.6) 4 (4.3) 1(2.9)
Histological grade, n (%) 0.017
Low (grade 1) 9 (13.8) 6 (6.5) 1(2.8)
Intermediate (grade 2) 38 (58.5) 47 (51.1) 13 (37.1)



High (grade 3)
AJCC clinical stage, n (%)
|
I
"
v
Lymph node status, n (%)
Negative
Positive
Estrogen receptor, n (%)
Positive
Negative
Progesterone receptor, n (%)
Positive
Negative
HER?2 status, n (%)
Positive
Negative
Ki-67 index, n (%)
<20%
>20%
Intrinsic subtype, n (%)
Luminal HER2-
Luminal HER2+
HER2-enriched

Triple negative

18 (27.7)

19 (33,3)
23 (40.4)
10 (17,5)
5 (8.8)

39 (60.0)
26 (40.0)

61 (93.8)
4(6.2)

52 (80.0)
13 (20.0)

13 (20.0)
52 (80.0)

32 (49.2)
33 (50.8)

40 (72.7%)
12 (21.8%)
1 (1.8%)
2 (3.7%)

39 (42.4)

32 (33.3)
38 (39.6)
19 (19.7)
7(7.3)

31 (33.7)
61 (66.3)

77 (83.4)
15 (16.6)

63 (68.5)
29 (31.5)

19 (20.6)
73 (79.4)

25 (27.2)
67 (72.8)

79 (76.7%)
10 (9.7%)
8 (7.8%)

6 (5.8%)

21 (60.1)

8 (20.5)
8 (20.5)
13 (33.3)
10 (25.6)

14 (40.0)
21 (60.0)

21 (60.0)
14 (40.0)

20 (57.1)
15 (42.9)

6 (17.1)
29 (82.9)

5 (14.3)
30 (85.7)

16 (47.1%)
5 (14.7%)
2 (5.9%)
11 (33.3%)

0.0109

0.0042

0.0001

0.047

0.905

0.0006

0.0003

52

Values presented in frequency and percentage. AJCC, American Joint Committee on Cancer;

HER2, human epidermal growth factor receptor type 2.

* Significant difference if P <0,05 (Qui-Square test).
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Product-Limit Survival Estimates
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Figure 1. Kaplan-Meier graph for overall survival in patients with breast cancer
according to serum leveg of 25-hydroxyvitamin D. Sufficient (=30 ng/mL), insufficient

(20-30 ng/mL) and deficient (< 20 ng/mL).

* Significance between sufficient x insufficient p = 0.004 and between sufficient x deficient p

<.0001
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Product-Limit Survival Estimates
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Figure 2. Kaplan-Meier graph for disease-free survival in patients with breast cancer
according to serum leveg of 25-hydroxyvitamin D. Sufficient (=30 ng/mL), insufficient

(20-30 ng/mL) and deficient (< 20 ng/mL).

* Significance between sufficient x insufficient p = 0.001 and between sufficient x deficient

p<.0001
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Product-Limit Survival Estimates
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Figure 3. Kaplan-Meier graph for cancer-specific survival in patients with breast cancer
according to serum leveg of 25-hydroxyvitamin D. Sufficient (=30 ng/mL), insufficient

(20-30 ng/mL) and deficient (< 20 ng/mL).

* Significance between sufficient x insufficient p = 0.002 and between sufficient x deficient

p<.0001
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Discussion

From our analysis, in postmenopausal women, vitamin D deficiency at the time
of diagnosis was associated with lower overall survival (OS), disease-free survival (DFS)
and cancer specific survival (CSS) compared to patients with sufficient vitamin D
concentration, regardless prognostic factors of breast cancer (age, stage and size of the
tumor, lymph node status, hormone receptors and breast cancer subtypes). It is well
established that prognostic and predictive factors are of paramount importance when
dealing with breast cancer and it has been in accordance with the improving knowledge
on tumor biology and options for proper management.!® The evidence of a relationship
between vitamin D levels of breast cancer patients and their subsequent survival has been
an important subject in many recent researches and debates. In fact, several previous pre-
clinical and clinical studies assessing the role of vitamin D in breast cancer have revealed
that serum 25(OH)D levels might be independently associated with breast cancer features
and prognosis.®10.20.21

In the present study based on 192 Brazilian postmenopausal women with primary
invasive breast cancer, low levels of serum 25(OH)D at diagnosis were observed in 66,1%
of patients, in which 47.9% had insufficient and 18.2% had deficient levels of vitamin D.
This finding is consistent with previous trials, which report 50-74% vitamin D
insufficiency and deficiency in newly diagnosed breast cancer patients.?22” Our analysis
also showed that low levels of serum 25(OH)D were significantly associated with higher-
grade tumors, positive axillary status, negative ER and PR, higher Ki67 index, and higher
rates of the most aggressive intrinsic subtype, triple-negative tumors. During follow-up,
OS, DFS and CSS were also independently affected by vitamin D deficiency.

As increasing tumor grade is classically noted to lead to decreased breast cancer-

specific survival and axillary lymph node status reflects actual end-results data on the
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interaction between tumor aggressiveness and host defense mechanisms, the fact that low
levels of vitamin D was observed in 76,9% of all grade-3 tumors and in 75% of the
patients with positive axilla (N1+) suggests a prognostic effect of vitamin D related to a
more aggressive behavior, consistent with a potential role of vitamin D in breast
carcinogenesis and regulation of breast cancer cell phenotypes. In the study by Hatse et
al. 25(OH)D levels at time of diagnosis was shown to be linked to larger tumor size and
higher malignancy grade?® and two other studies by Villasenor et al. and Vrieling et al.
found that lower 25(OH)D levels were associated with more lymph node involvement
and distant metastases.?*>

An important finding in our study was the relation between vitamin D
insufficiency and deficiency and a higher proportion of locally advanced and metastatic
disease at diagnosis, which is in accordance with literature data showing that locally
advanced breast cancer patients have more severe vitamin D deficiency than those with
early-stage diseases. Thanasitthichai et al. conducted a cross-sectional analysis of
25(0H)D levels and clinicopathological characteristics in 200 cases of breast cancer. Low
25(0OH)D level (<32 ng/mL) was significantly found in the majority of cases with
advanced stage of the disease, positive node involvement and large tumors.*® In view of
the increasing number of cancer survivors and the high prevalence of vitamin D
deficiency among patients with cancer, an evaluation of the role of circulating 25-OHD
in prognosis among patients with cancer is essential. A previous study of Canadian
women with breast cancer found similar association; patients who had very low levels of
25(OH)D at diagnosis were more likely to have aggressive and metastatic disease. In fact,
women with very low levels of vitamin D were 94% more likely to develop metastases

than women with normal levels and were 73% more likely to die from breast cancer.?® In
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our study, of the 47 patients who had distant metastasis at diagnosis or during follow-up,
only 6 (12%) had sufficient 25(OH)D levels at breast cancer diagnosis.

As for biological and intrinsic prognostic factors, the measurement of ERs, PRs
and HER2 is known to be a standard practice in the evaluation of patients with primary
breast cancer because it provides phenotypical features related to tumor molecular
subtype. Our finding that insufficient and deficient level of vitamin D were associated
with a lower proportion of positive ER and PR tumors mainly characterizes higher-risk
tumors. A significant reduced rate of Ki67 expression in patients with low vitamin D
levels was also observed and, despite the controversies related to the reproducibility of
its expression, several metanalyses point to an association between Ki67 with the risk of
both relapse and overall survival and its role as an independent prognostic factor for both
disease-free and overall survival 3134

Of all 162 patients with luminal-phenotype tumors in the present study, only 21
(12,9%) had deficient 25(OH)D levels whereas, among patients with triple-negative
tumors (ER-, PR- and HER2-), 11 of 19 patients (57,8%) had VD deficiency; this is in
accordance with other studies assessing the relation of vitamin D level with receptor
expression and tumor subtypes.*811:3538 A case-control study comprising women with
breast cancer and the same number of women in the control group revealed that lower
concentrations of vitamin D were associated to poorly differentiated cell cancers and
triple-negative tumors.®> Another study, a large prospective cohort of 1666 breast cancer
survivors by Yao et al, showed that low 25(OH)D levels were associated with poor
prognostic characteristics and a higher risk of triple-negative breast cancer.®” Similar
results were observed in studies evaluating expression of VDR. In the recent study by
Huss et al, vitamin D receptor (VDR) expression was evaluated in a tissue microarray of

invasive breast tumors and it was found to be associated with favorable prognostic
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characteristics, such as low grade, ER positivity, PR positivity, low Ki67 expression, and
Luminal-like subtypes.®

In terms of mortality from breast cancer or all-cause mortality, we found
significant inverse associations between vitamin D status and cancer survival. Patients
with 25(OH)D levels deficiency or insufficiency at the time of diagnosis had a
significantly worse OS (HR 4.65, 1C95% 1.65-13.12), DFS (HR 6.87, 1C95% 2.35-21.18)
and CSS (HR 5.91, 1C95% 1.98-17.60) compared to patients with sufficient 25(OH)D
levels, which has been observed in most previous reports.? In a Norwegian study,
patients with breast cancer and higher serum 25(OH)D levels (>35 ng/mL) had a
significantly decreased risk of breast cancer-specific mortality compared to those with
lower serum 25(0OH)D levels (<20 ng/ml).>°® Three different metanalyses assessing the
impact of VD on breast cancer survival showed similar results.'*4%** Two meta-analyses
by Mohr et al and Maalmi et al assessed the relationship between vitamin D levels at
breast cancer diagnosis and case fatality rates. The analyses found that women in the
highest serum 25(OH)D concentration group were more likely to have a better prognosis
when women in the lowest serum 25(OH)D concentration group.’'4® A larger meta-
analysis by Kim et al including 30 studies revealed that among 6092 patients with breast
cancer, high 25(0OH)D status was weakly associated with low breast cancer risk, but
strongly associated with better breast cancer survival. They observed that high blood
levels of vitamin D were significantly associated with lower breast cancer mortality (RR,
0.58; 95% CIl, 0.40-0.85) and overall mortality (RR, 0.61; 95% CI, 0.48-0.79).** More
recently, a study of Kanstrup et al. with 2510 women with primary invasive breast cancer,
patients with the lowest 25(OH) D levels (<20 ng/mL) had an inferior event-free survival
with a HR of 1.63 (95% CI 1.21-2.19) compared to women in the third quartile (30—40

ng/mL)*2. Likewise, a randomized clinical trial showed that patients with high levels of
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25(0OH)D prior to chemotherapy had significantly improved overall survival and
progression-free survival.*3

In accordance with these robust data, several mechanisms through which
sufficient levels of 25(OH)D may improve survival among breast cancer patients have
been studied. Vitamin D has been associated to the control of a variety of cellular
mechanisms through interaction with a number of different genes with respect to cancer
development such as differentiation, cell proliferation, apoptosis, angiogenesis, and
metastatic potential.>'%* The net effect is characterized by slowing tumor cell growth
and progression and maintaining a more differentiated and, subsequently, less aggressive
state.>® In addition, vitamin D sufficiency seems to suppress downregulation of E-
cadherin, a glycoprotein that helps cells to keep in close contact and consequently a well-
differentiated state, thus improving breast cancer prognosis.*>“® It is well known that
breast cancer is complex and that risk factors and etiologies differ on the basis of
endogenous and exogenous exposures, underlying biology and genetics concepts. %4’
Furthermore, differing and multifactor patterns impact distant disease-free and overall
survival.*” Therefore, although our findings may indicate an association between vitamin
D and breast cancer outcome, it is unlikely that these prognostic effects of vitamin D are
casual or due to chance.

In addition to continuing to explore these non-VDR vitamin D-related genetic
associations with cancer, there may be important interactions between vitamin D status
and vitamin D-related genetic variation that have not yet been fully elucidated but deserve
evaluation.*322 Therefore, addressing these gaps should provide new data needed to help
inform evidence-based recommendations for or against the use of vitamin D supplements
for primary and secondary cancer prevention that cannot be made at this time. Until then,

and with few exceptions, the scientific community remains unable to make evidence-
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based recommendations related to optimal 25(OH)D concentrations or for or against the
use of vitamin D supplementation for primary or secondary prevention of breast cancer.

As a strength of this study, we used a longitudinal cohort and it is the first
prospective analysis assessing the impact of serum 25(OH)D levels in prognostic factors
and long-term survival in Brazilian women with breast cancer; which provides a direct
glance evidence that vitamin D may be a leading host factor influencing breast cancer
prognosis to our patients. This is encouraging, but it is very clear that more research is
needed. Other strengths of our data include no patients lost during follow-up and
homogeneity of clinical features in the three groups categorized by 25(OH)D. This is
important considering that factors related to comorbidities and lifestyle are associated
with both circulating 25(OH)D and risk of breast cancer and could interfere with data
analysis.

As limitations, it was a single-center study with a relatively low number of patients
and only a single measurement of serum 25(OH)D levels made at diagnosis. The
significant associations between 25(OH)D levels and breast cancer survival rates in our
analyses had relatively wide confidence intervals, making the level of uncertainty greater,
although there may still be enough precision to make decisions about the utility of the
findings. Considering that the width of the confidence interval for an individual study
depends to a large extent on the sample size; larger studies would certainly give more

precise estimates of the effects observed.

Conclusion
In postmenopausal women treated for breast cancer, vitamin D deficiency at the
time of diagnosis was associated with lower overall survival (OS), disease-free survival

(DFS) and cancer specific survival (CSS) compared to patients with sufficient vitamin D
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concentration, regardless prognostic factors of breast cancer (age, stage and size of the

tumor, lymph node status, hormone receptors and breast cancer subtypes).
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5. Conclusao

Em mulheres na pds-menopausa tratadas de cancer de mama, a deficiéncia de
vitamina D no momento do diagndstico associou-se a menor sobrevida global, sobrevida
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valores suficientes de vitamina D, independentemente de fatores prognosticos do cancer
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7. Anexos

7.1. Anexo I- Termo de Consentimento Livre e Esclarecido.

CONVIDO, a Senhora para participar do Projeto de Pesquisa intitulado
“Polimorfismo do receptor da vitamina D e a sobrevida de mulheres na p6s-menopausa
com cancer de mama que seré desenvolvido pelo médico Dr. Benedito de Souza Almeida
Filho e pela Professora Eliana Aguiar Petri Nahas da Faculdade de Medicina de Botucatu
—UNESP.

Estamos estudando se alteragdes no sangue da vitamina D tem efeito sobre a
evolugdo do cancer de mama. Como a senhora faz seguimento no Ambulatério de
Mastologia, do Hospital das Clinicas de Botucatu, esta sendo convidada a participar desta
pesquisa. Sua participacdo serd de responder a um questionario, com duracdo de 10
minutos. E serd coletado material de sua boca com um cotonete de algoddo que sera
passado duas vezes na bochecha. O risco dessa coleta pode ser uma ardéncia na boca que
desaparecera rapidamente. Solicito também seu consentimento para consultar seu
prontuario médico para coletar informac@es 14 contidas sobre a sua salde e resultados de
exames que estdo no seu prontudrio sobre o cancer de mama.

Para a senhora, sua participacdo nao trard beneficios nesse momento.
Esclarecemos que os beneficios desse estudo serdo para futuras pacientes, quando
tivermos o conhecimento dos resultados da pesquisa. Fique ciente de que sua participagao
neste estudo é voluntaria e que mesmo apoés ter dado seu consentimento para participar
da pesquisa, vocé podera retira-lo a qualquer momento, sem qualquer prejuizo na

continuidade do seu tratamento.
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Este Termo de Consentimento Livre e Esclarecido sera elaborado em 2 vias de
igual teor, em que 01 via sera entregue a Senhora devidamente rubricada, e a outra via
sera arquivada e mantida pelos pesquisadores por um periodo de 5 anos ap6s o término
da pesquisa. Qualquer duvida adicional vocé podera entrar em contrato com o Comité de
Etica em Pesquisa através dos telefones (14) 3880-1608 ou 3880-1609 que funciona de
2% a 62 feira das 8:00 as 11:30 horas e das 14:00 as 17:00 horas, na Chéacara Butignolli
s/n° em Rubido Janior — Botucatu - S&o Paulo. Os dados de localizagdo dos pesquisadores

estdo abaixo descritos.

ApoGs terem sido sanadas todas minhas duvidas a respeito deste estudo, EU
CONCORDO EM PARTICIPAR de forma voluntéria, estando ciente que todos 0s meus
dados estardo resguardados atraves do sigilo que o0s pesquisadores se comprometeram.
Estou ciente que os resultados desse estudo poderdo ser publicados em revistas

cientificas, sem no entanto, que minha identidade seja revelada.

Botucatu, [/

Pesquisador Participante da Pesquisa

Benedito de Souza Almeida Filho- e-mail: almeidafilhobenedito@gmail.com
Rua Joao Passos, 600 — apto 84 — Centro — Botucatu — SP Fone: 14-981652276

Eliana A. P. Nahas- e-mail:epetri@fmb.unesp.br
Av Primavera s/n — Vale do Sol Il - Botucatu - SP — Fone: 14- 38801377
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7.2. Anexo 11 — Aprovacio pelo Comité de Etica em Pesquisa da FMB.
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QObjetivo da Pesquisa:

Avaliar a associagdo do polimorfismo do receptor da vitamina D (VDR) com a sobrevida de mulheres na pos-
menopausa com cancer de mama.

Trata-se de estudo observacional e prospectivo. Serao incluidas 200 pacientes atendidas no Centro de
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Qo ™

O CEP solicita aos pesquisadores que apos a execugio do projeto em questio, seja enviado o Relatorio
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